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RESUMO 

 

Um estudo envolvendo populações asiáticas e ameríndias foi realizado para 

avaliar os relacionamentos históricos e genéticos entre eles através de polimorfismos 

moleculares autossômicos. Um deles é uma seqüência polimórfica localizada na região 

16p13.3. Um total de 1558 pares de base foram investigados em 98 indivíduos da 

Mongólia, Beringia e das Américas. Estes resultados foram comparados com aqueles 

obtidos em uma prévia investigação por outros autores. Cinqüenta e cinco sítios 

polimórficos foram classificados em trinta e cinco haplótipos. Uma árvore de haplótipos 

(median joining network) baseada neles, revelou dois grupos distintos, um mais compacto 

com haplótipos derivados das cinco categorias etno-geográficas estabelecidas; enquanto o 

outro, com haplótipos mais divergentes, era composto principalmente por africanos e 

ameríndios. Quase todos os parâmetro de neutralidade apresentaram valores negativos. 

Simulações realizadas para interpretar estes resultados foram executadas com dois 

conjuntos de dados: um composto exclusivamente de ameríndios e outro com populações 

mundiais. O primeiro, sugerindo crescimento e declínio populacional, rejeitou os cenários 

com crescimento abaixo de cinco vezes e anteriores a ~18 mil anos atrás; enquanto que o 

segundo, sugerindo crescimento populacional, não rejeitou cenários nos quais a magnitude 

de crescimento foi maior que dez vezes e anteriores a ~21 mil anos atrás, provavelmente 

refletindo um crescimento antigo fora da África. 

Doze polimorfismos de inserções Alu foram também estudados em 170 indivíduos 

pertencentes a 7 grupos nativos sul-americanos, 60 a dois siberianos, e 91 a dois mongóis. 

Estes dados foram integrados com aqueles de 488 indivíduos associados a outros 13 

grupos, para determinar as relações entre asiáticos, Beringianos e ameríndios. Nestes três 

grupos, foi observado um decréscimo da heterozigosidade e da quantidade de fluxo gênico, 

na mesma ordem indicada acima. A solidez destas subdivisões foi demonstrada nas 

distâncias genéticas, nas análises de componentes principais, de variância molecular, no 

teste de Mantel, e numa abordagem Bayesiana de atribuição genética. Entretanto, não pode 

ser observada uma clara estrutura entre os nativos Sul-americanos, indicando a importância 

dos fatores dispersivos (deriva genética, efeito fundador) na sua diferenciação. 

A congruência dos resultados obtidos com os dois marcadores são: (a) não foi 

confirmada uma história de declínio populacional forte associado com a chegada do 
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homem pré-histórico nas Américas; (b) os ameríndios não apresentaram estruturação clara 

dentro do continente e não se diferenciaram dos asiáticos do nordeste da Ásia 

(beringianos); e (c) o povo Aché foi o grupo mais divergente. 
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ABSTRACT 

 
A study involving Asian and Amerindian populations was performed to evaluate 

the historical and genetic relationships among them using autosomal molecular 

polymorphisms. One of them is a polymorphic sequence located in the 16p13.3 region. A 

total of 1558 base pairs was investigated in 98 individuals of Mongolian, Beringian, and 

Amerindian affiliation, and the results compared with those obtained in a previous 

research, by other authors. Fifty-five polymorphic sites could be classified in thirty-five 

haplotypes. A median joining network based on them revealed two distinct clusters, one 

more compact with haplotypes derived from the five geographic-ethnic categories 

established; while the other, with the most divergent haplotypes, was composed mainly by 

Africans and Amerindians. Almost all neutrality parameters yielded negative values. 

Simulations to interpret these results were performed with two datasets: one exclusively of 

Amerindians and another with worldwide populations. The first, suggesting population 

growth and decline, rejected scenarios with a growth below 5-fold and before ~18 

thousand years BP; while the second also rejected population growth starting ~21 thousand 

years BP and below 10-fold of magnitude of growth, the signal of population increase 

probably being a reflection of an ancient growth out of Africa. 

Twelve Alu insertion polymorphisms, were also studied in 179 individuals 

belonging to 7 South American Native, 60 to two Siberian, and 91 to two Mongolian 

populations. These data were integrated with those from 488 persons affiliated with 13 

other groups, to ascertain the relationships between Asian, Beringian, and Amerindian 

populations. A decreasing trend concerning heterozygosities and amount of gene flow was 

observed in the three sets, in the order indicated above. Genetic distances, principal 

components analysis, analysis of molecular variance, Mantel test, and a Bayesian approach 

to genetic assignment, all indicated the validity of these subdivisions. However, no clear 

structure could be observed within South American Natives, indicating the importance of 

dispersive (genetic drift, founder effects) factors in their differentiation. 

The congruence of results obtained with the two markers are: a history of strong 

population decline associated with the prehistoric human arrival in the Americas was not 

supported; the Amerindians did not presented intracontinental structure and did not 

differentiated from Northeast Asians (beringians); the Aché people was the most divergent 

group.
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1. INTRODUÇÃO 
 

1.1. O microcosmo americano 

 

Os povos Ameríndios são uma rica fonte de diversidade cultural e genética. Muitos 

deles vivem em comunidades nas quais suas atividades de subsistência (caça, coleta de 

alimentos e agricultura incipiente) assemelham-se àquelas prevalentes entre grupos nas 

primeiras fases da história humana, o que faz deles um ótimo modelo para estudos 

evolutivos. Várias características apresentadas por estes grupos justificam sua importância. 

Um aspecto importante é o demográfico, já que os grupos geralmente são pequenos, com 

isolamento relativo e sua ecologia é simples, o que os torna adequados para investigações 

sobre a relação entre estrutura populacional e variabilidade genética. Muitos deles possuem 

uma dinâmica populacional conhecida como processo de fissão-fusão (Salzano e Callegari-

Jacques, 1988). Esse processo, com raízes sócio-culturais, leva os grupos a flutuações no 

tamanho populacional, tornando-os sujeitos a agentes aleatórios no processo de 

transmissão genética. Estes fatores interagem com aqueles determinísticos (mutação e 

seleção natural) resultando na variabilidade que vemos hoje (Salzano, 1978, 1982). Outro 

aspecto importante, é que a data de sua entrada no Continente Americano está estabelecida 

dentro de razoáveis limites. Além disso, muitos estudos têm sido realizados entre os 

Ameríndios envolvendo diversas áreas, as quais são essenciais às interpretações evolutivas, 

tais como demografia, epidemiologia, antropologia social, linguagem e arqueologia. 

Embora a informação a respeito dos povos Ameríndios seja abundante, ela é 

significativamente heterogênea em relação às populações e aos tipos de sistemas genéticos 

investigados (revisão em Salzano, 2002). De um modo geral, o nível de variabilidade 

genética dos Ameríndios é considerável quando comparado a outros grupos, mas não pode 

ser facilmente explicada de acordo com a estrutura geográfica, linguística e histórica. 

Existe restrição de variabilidade para alguns dos marcadores de mtDNA e HLA, mas não 

necessariamente para outras características genéticas. Por outro lado, a variação 

interpopulacional parece ser mais marcada em Ameríndios que em qualquer outro lugar, 

provavelmente devido à sua estrutura populacional. As diferenças mais marcantes entre 

Ameríndios e não-Ameríndios são aquelas relatadas para o sistema HLA, provavelmente 

devido a processos históricos e por exposição diversificada a agentes infecciosos. 

Certamente, muitas diferenças genéticas puderam ser detectadas ao longo do continente 
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algumas delas sendo graduais, enquanto outras são mais abruptas. De certo modo isto seria 

esperado devido à quantidade variada de movimentos populacionais e de ambientes 

distintos com os quais eles se depararam. 

Muitos estudos relacionando as populações nativas americanas e seus possíveis 

ancestrais asiáticos (beringianos, siberianos, mongóis, etc) vêm sendo realizados, os quais  

resultam em questionamentos a respeito do povoamento do Novo Mundo. As principais 

questões levantadas são: (a) quando os nativos americanos ancestrais chegaram pela 

primeira vez nas Américas ? (b) quantas expansões ou migrações populacionais estiveram 

envolvidas neste processo de colonização; e (c) de onde na Ásia/Eurásia estes grupos 

ancestrais vieram? A afinidade entre siberianos e ameríndios é apoiada por evidências 

antropológicas   (Kozintsev et al., 1999), dentais (Turner, 1984) e genéticas, incluindo os 

polimorfismos de DNA mitocondrial (mtDNA) (Starikovskaya et al., 2005), do 

cromossomo Y (Lell et al., 2002), e da variação autossômica nos genes do HLA (Human 

Leukocite Antigens) de classe II  (Uinuk-ool et al., 2002). 

Os dois sistemas genéticos mais comumente usados em estudos de populações de 

Nativos Americanos e grupos afins, têm sido o mtDNA e a porção não recombinante do 

cromossomo Y (NRY). Estes dois marcadores (mtDNA e NRY) fornecem informação 

sobre uma entrada inicial no continente pelos Nativos Americanos ancestrais entre 20.000 

e 15.000 anos atrás, o que favorece uma expansão tardia dos primeiros americanos. Como 

estas datas referem-se ao último período glacial médio, que seria antes de haver um 

corredor livre de gelo disponível para a  passagem das populações humanas, os grupos 

colonizadores podem ter usado a rota costeira durante seus movimentos iniciais em direção 

à América do Norte. Os primeiros imigrantes aparentemente trouxeram com eles para a 

América os haplogrupos A-D (talvez X) do DNA mitocondrial, o haplogrupo P-M45a e  

haplótipo Q-242/M3 do cromossomo Y, os quais se dispersaram através das áreas 

continentais no Novo Mundo. Uma expansão posterior teria trazido o haplogrupo X do 

mtDNA (e talvez mais haplótipos A-D) e contribuído com os haplogrupos P-M45b, C-

M130 e R1a1-M17 do NRY para as populações nativas Americanas. Estes teriam se 

disseminado apenas nas Américas do Norte e Central. Esta expansão poderia ter coincidido 

com a abertura do corredor livre de gelo por volta de 12.550 anos atrás. Uma outra 

expansão posterior à última mencionada provavelmente envolveu o surgimento das 

populações do Círculo Ártico, tais como Eskimós, Aleutas e Na-Dené, quando estes 
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migraram da Beringia para o norte da América do Norte depois do último período glacial 

máximo (revisão em Schurr, 2004 e Schurr e Sherry, 2004). 

Entre os polimorfismos genéticos autossômicos estão os genes do HLA de classe II, 

polimorfismos de repetições curtas em tandem (STRs) ou microssatélites, polimorfismos 

de inserção/deleção (Alu e LINE ou long interspersed elements), polimorfismos de 

comprimento de fragmento de restrição (RFLPs), polimorfismos de número variável de 

repetições em tandem (VNTRs) ou minissatélites, e polimorfismos de nucleotídeos únicos 

(SNP) (revisão em Salzano, 2002). Estes, estudados em número crescente nas populações 

Ameríndias, até o momento não foram suficientes para estabelecer um padrão geral de 

variabilidade que explique a relação inter- e intra-continental ameríndia, devido à 

heterogeneidade dos dados (conforme mencionado anteriormente).   

Estudos que envolvem sociedades humanas são complexos, porque as relações 

entre os indivíduos determinam sua estrutura populacional. Sendo assim, nenhuma área do 

conhecimento que se dedica a estes estudos é independente. Os estudos sobre linguagem, 

antropologia e arqueologia ajudam na interpretação dos dados genéticos e vice-versa. As 

populações nativas americanas continuam sendo consideradas importantes do ponto de 

vista da genética de populações e evolução porque elas unificam os conceitos de 

isolamento geográfico das populações fundadoras (com ou sem gargalos-de-garrafa), e 

diversificação lingüística. As populações ameríndias sofreram grandes baixas desde a 

chegada dos colonizadores europeus (~500 anos), estima-se uma redução populacional de 

95% (Cavalli-Sforza et al., 1994), extinguindo-se portanto grande parte desta diversidade. 

Mesmo assim, vários grupos sobrevivem até o presente em relativo isolamento. Devido ao 

rápido avanço no processo de aculturação, a perda de seus valores culturais e genéticos 

vem se tornando inevitável. Por esse motivo, os estudos referentes a eles merecem grande 

atenção e urgência. O presente estudo se propõe a fazer uso da ferramenta genética para 

analizar a dinâmica histórica dos povos ameríndios, mas sem deixar de lado o ponto de 

vista lingüístico, antropológico e arqueológico. 

 

1.2. O segmento hipervariável subterminal 16p13.3 humano 

 

A seqüência hipervariável do cromossomo 16p foi descrita por Alonso e Armour 

(2001) como um segmento altamente variável, localizado na região subterminal do braço 
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curto do cromossomo 16 humano, de aproximadamente 50 quilobases (kb) de extensão. 

Esta região é vizinha à extremidade 5’ final do minissatélite MS205 e presume-se que seja 

neutra, pois está dentro de um grande íntron do gene do canal de Ca2+ tipo T ativado por 

baixa voltagem (CACNA1H) (Badge et al., 2000). Além disto, esta região é rica em 

guanina e citosina (65% G+C), a qual, quando sujeita à desaminação mediada por 

metilação, pode alcançar taxas de transição 5 vezes maiores do que a taxa de mutação 

basal. Esta região contém CpGs metilados no DNA de células somáticas e espermáticas. 

Adicionalmente, ela localiza-se em uma região sujeita a uma alta taxa de recombinação, 

que pode ajudar a protegê-la de futuros efeitos de distorção causados por “hitchhiking” 

genético (carona genética) ou seleção basal.  

No trabalho de Alonso e Armour (2001), foi estudado o DNA genômico de 50 

indivíduos [20 africanos (10 pigmeus e 10 quenianos), 10 japoneses, 10 britânicos e 10 

bascos]. Foram detectadas 42 substituições e um evento de deleção (envolvendo 5 pares de 

bases a partir da posição 219) nesses 100 cromossomos (todas as 100 seqüências 

haplotípicas foram submetidas ao GenBank – acessos AJ391838 a AJ391937). A 

diversidade nucleotídica π estimada variou entre 0,3% para os pigmeus e 0,04% para os 

britânicos. A divergência (K) foi estimada comparando-se uma seqüência escolhida ao 

acaso de um indivíduo pigmeu com a seqüência de um chimpanzé (GenBank, acessos 

AJ252012, AJ252013 e AJ252014). A estimativa da taxa média de mutação por sítio por 

ano foi de 2,19 x 10-9. Ela é maior que aquelas encontradas em várias outras seqüências 

descritas na literatura (Harding et al., 1997; Harris e Hey, 1999; Jaruzelska et al., 1999; 

Kaessmann et al., 1999) e também mais elevada que a taxa autossômica média estimada 

em 1,28  x 10-9 (Nachman e Crowell, 2000). A taxa de mutação por seqüência (1.742 

sítios) por geração (20 anos) foi estimada em 7,63 x 10-5. A abundância de pares CpG 

poderia ser uma explicação desta taxa bastante elevada, porque mais de 40% das mutações 

detectadas estavam em dinucleotídios CpG. 

Os resultados encontrados apontam para uma maior diversidade nas populações 

africanas, enquanto que nos euro-asiáticos a variabilidade parece ter derivado recentemente 

de um pequeno subconjunto de linhagens africanas. O ancestral comum mais recente foi 

estimado ter vivido a 1,04 milhões de anos atrás. Além disso, os autores encontraram 

evidência de forte crescimento populacional para algumas das populações, conciliando 
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inferências de marcadores nucleares e mitocondriais. Os testes de neutralidade também 

mostraram evidências de crescimento populacional para as populações euro-asiáticas. 

Em relação à recombinação, mesmo que ela possa diminuir o poder dos testes de 

neutralidade, acredita-se que ela tenha uma freqüência baixa o suficiente para não distorcer 

a reconstrução genealógica da região analisada. 

Alonso e Armour (2001) acreditam que, embora deva ser analisado um número 

maior de populações, o crescimento populacional encontrado, geograficamente associado 

com populações não-africanas, estaria mais provavelmente ligado a um processo de 

expansão, de acordo com o modelo de origem africana recente (out-of-Africa). 

Como indicado, portanto, essa seqüência pode constituir-se em uma fonte rica de 

variação polimórfica, útil para estudos de evolução humana. O número de estudos 

envolvendo seqüências nucleares em povos ameríndios ainda é reduzido se comparado aos 

dos marcadores clássicos (grupos sangüíneos e proteínas) e uniparentais (mtDNA e 

cromossomo Y), e até o momento não houve investigação deste segmento em povos 

ameríndios. Estes são os principais argumentos que justificam a escolha deste marcador 

para os estudos aqui propostos. 

 

1.3. Polimorfismo de inserção-deleção: inserções Alu  

 

Uma porcentagem significante do genoma dos mamíferos consiste de seqüências 

espalhadas de DNA repetitivo. Estes geralmente são classificados como SINEs (short 

interspersed elements) ou LINEs (long interspersed elements) (Okada et al., 1997). A 

família Alu de SINEs constitui-se em um dos elementos genéticos móveis mais bem 

sucedidos e extensivamente estudados do genoma humano. Estima-se que os elementos 

Alu estejam espalhados pelo genoma com uma freqüência média de um elemento a cada 

5kb (quilobases) de DNA (Deininger et al., 1981; Rinehart et al., 1981; Jelnick e Schmid, 

1982; Batzer et al., 1990; Bailey e Shen, 1993; Novick et al., 1996), representando 

aproximadamente 10% do genoma nuclear em humanos (Smit, 1996).  Assim como outros 

SINEs, as seqüências Alu ocorrem em alta freqüência dentro de domínios não codificantes  

(por exemplo, regiões inter-gênicas, introns, UTRs 5' e 3', etc.) e nas bandas reversas (R) 

de cromossomos metafásicos (Daniels e Deininger, 1985; Korenberg e Rykowski, 1988; 

Bailey e Shen, 1993). 
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Novas cópias destes elementos deslocam-se dentro do genoma por 

retrotransposição (revisão em Weiner et al. 1986). Nos SINEs, o RNA envolvido neste 

processo é transcrito pela RNA Polimerase III (Weiner et al., 1986). As seqüências Alu 

possuem em geral aproximadamente 300 pares de bases (pb) (Schmid e Jelinek, 1982), e 

consistem de dois monômeros distintos ligados por uma região de oligo-d(A). Sua 

estrutura é semelhante à do RNA 7SL humano (Labuda e Zietkiewicz, 1994). Sugere-se 

que um “Alu fóssil” teria surgido pela deleção de um “domínio-S” central do RNA 7SL e 

pela adição de uma cauda de d(A) na porção 3’, que poderia ter facilitado a transcrição 

reversa (Quentin, 1992) do cDNA da seqüência Alu, que é a cópia que se integra ao 

genoma do hospedeiro  (Shaikh et al., 1997).  

Comparações entre membros de diferentes subfamílias de Alu mostraram que, em 

média, 70% das seqüências são idênticas, mostrando alto grau de homogeneidade. Isto 

sugere que apenas um ou um pequeno número de membros desta família estiveram 

envolvidos nas amplificações das mesmas em um dado momento (Britten et al., 1988; 

Deininger e Slagel, 1988; Matera et al., 1990; Batzer e Deininger, 1991). Estas seqüências 

com amplificação ativa no passado têm sido referidas como genes Alu master (Shen et al., 

1991). Todas as evidências atuais indicam que as subfamílias surgiram preferivelmente via 

amplificação genômica, e não através do processo de conversão gênica (Deininger et al., 

1992). 

Mudanças nos genes Alu master, devido a substituições nucleotídicas em suas 

seqüências, possibilitaram a organização da família Alu em 12 subfamílias distintas. Estas 

subfamílias são classificadas de acordo com suas idades em "velhas, intermediárias e 

jovens", sendo que as duas subfamílias mais velhas, Jo e Jb, surgiram de eventos de 

retrotransposição independentes envolvendo um único Alu ancestral, há aproximadamente 

81 milhões de anos atrás (Kapitonov e Jurka, 1996). 

A amplificação de subfamílias Alu não tem ocorrido a uma taxa constante durante a 

evolução, sendo que as principais retrotransposições de Alu  completaram-se há 30 milhões 

de anos atrás  (Mighell et al., 1997). Mesmo assim, em subfamílias jovens ainda pode 

ocorrer este processo como um evento raro (Shaikh e Deininger, 1996). A prova disso é 

que muitas seqüências Alu ainda não se encontram fixadas no genoma humano (Batzer et 

al., 1990, 1994, 1995; Batzer e Deininger, 1991; Novick et al., 1995, 1998; Arcot et al., 
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1997; Stoneking et al., 1997). Elas, portanto, são polimórficas quanto à ausência ou 

presença da inserção em um loco específico.  

Os elementos Alu polimórficos podem servir como marcadores para elucidar vários 

aspectos da evolução humana (Salem et al., 2003), além de revelar padrões de diversidade 

(Batzer e Deininger, 1991; Stoneking et al., 1997). As vantagens do seu uso como 

marcadores genéticos são substanciais. Os dados bi-alélicos dos elementos Alu são 

relativamente livres do estado de homoplasia. É altamente improvável que uma seqüência 

tenha ocupado um sítio cromossômico específico mais de uma vez na evolução humana, ou 

seja, todos os loci que possuem a mesma inserção Alu são derivados de um único evento de 

transposição. Além disso, inserções recentes representam polimorfismo estável e elas são 

raramente perdidas sem deixar vestígio (Novick et al., 1996; Stoneking et al., 1997). 

Parece não haver um mecanismo preciso de excisão dos elementos Alu do genoma 

humano, e conseqüentemente, vestígios reconhecíveis das seqüencias Alu em algum 

episódio passado de inserção e remoção parcial (Novick et al., 1996). Então, devido à 

identidade por descendência e estabilidade decorrente de deleção incompleta, as inserções 

Alu são literalmente fósseis moleculares. Outro aspecto interessante dos estudos 

populacionais é que a condição ancestral é definida pela ausência do elemento Alu. Mesmo 

sabendo-se que os elementos Alu afetam o genoma de diferentes maneiras causando 

mutações, recombinação entre elementos, conversão gênica e alterações na expressão 

gênica (Batzer e Deininger, 2002; Jurka et al., 2004), o polimorfismo de suas inserções 

continua rendendo bons resultados nos estudos de genética de populações humanas.  

As doze inserções que serão analisadas no presente trabalho incluem membros das 

subfamílias AluYa5, AluYa8 e AluYb8. Em estudos anteriores, as seqüências Alu 

mostraram ser uma ótima ferramenta, gerando resultados interessantes (Batzer et al., 1994, 

1996; Arcot et al., 1995a,b, 1996; Stoneking et al., 1997), inclusive em populações 

indígenas sul-americanas (Novick et al., 1998; Battilana et al., 2002; Oliveira, 1999). Estes 

marcadores têm se mostrado eficientes no agrupamento das populações do continente sul-

americano, separando-as das européias e africanas, mostrando, como grupo intermediário, 

os asiáticos. 
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1.4. Objetivos 

 

Os objetivos do presente estudo são os seguintes: 

 

- Descrever a variabilidade nucleotídica na seqüência 16p13.3 em populações do 

continente americano e asiático.  

 

- Descrever a variabilidade genotípica de 12 inserções Alu em 14 populações ameríndias, 2 

do Círculo Ártico e 8 asiáticas, e estabelecer o seu padrão intra e intercontinental. 

 

- Comparar os resultados obtidos com as inserções Alu e a seqüência 16p13.3 para as 

populações do continente americano, avaliando a sua variabilidade genética intra e inter 

populacional e outros parâmetros genéticos. 

 

- Inferir sobre o povoamento das Américas, comparando os resultados obtidos com os de 

outros marcadores e evidências derivadas de outras disciplinas. 
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Summary 

 

A total of 1558 base pairs in the 16p13.3 region was investigated in 98 individuals of 

Mongolian, Northern Arctic, and Amerindian affiliation, and the results compared with 

those obtained in a previous research of the same sequence. Fifty-five polymorphic sites 

could be classified in thirty-five haplotypes. A median joining network based on them 

revealed two distinct clusters, one more compact with haplotypes derived from the five 

geographic-ethnic categories established; while the other, with the most divergent 

haplotypes, was composed mainly by Africans and Amerindians. Almost all neutrality 

parameters yielded negative values. Simulations performed to interpret these results 

considered two dataset: one exclusively of Amerindians and other with worldwide 

populations. The first, suggesting population growth and decline, rejected scenarios with 

growth below 5-fold and before ~18 thousand years BP; the second also rejected 

population growth starting ~21 thousand years BP and below 10-fold of magnitude of 

growth, the signal of population increase probably being a reflection of an ancient growth 

out of Africa. 
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Introduction 
 

Studies of human genetic variation provide a powerful means for elucidating the 

genetic, evolutionary, and demographic factors shaping the human genome. Considerable 

work has accumulated over the last decades, documenting DNA sequence variation in 

humans. Early studies focused primarily on mitochondrial DNA (mtDNA) (Vigilant et al. 

1991) and Y chromosome (Hammer, 1995; Whitfield et al. 1995; Underhill et al. 2000). 

More recent single-locus studies have focused on the X chromosome (Nachman et al. 

1998; Harris & Hey, 1999; Kaessmann et al. 1999; Nachman & Crowell, 2000; Gilad et al. 

2002; Saunders et al. 2002; Verrelli et al. 2002; Yu et al. 2002) and autosomes [reviewed 

in Przeworski et al. (2000); Excoffier (2002)]. Particularly on autosome noncoding 

regions, the number of surveys is still low but are beginning to reveal possible 

demographic events and mechanisms of evolutionary change at the molecular level. In 

relation to Amerindians, the number of surveys and diversity of markers have been 

growing [review in Salzano (2002)]. Recent studies on noncoding regions include 

Fagundes et al. (2005) and Heller et al. (2005). 

Alonso & Armour (2001) studied a region localized immediately flanking the 5’ 

end of the minisatellite MS205 at 16p13.3 in 100 chromosomes sampled from different 

African and Euroasiatic populations. It maps within a large intron approximately 50 kb 

long of a low voltage-activated T-type Ca2+ channel gene (CACNA1H) (Badge et al. 2000) 

and is G+C rich (65%). G+C-rich regions can contain frequent CpG dinucleotides, which, 

if subjected to methylation-mediated deamination, may reach transition rates five times the 

background mutation rate. They argued that this region does contain CpGs methylated in 

both somatic and sperm DNA, and that in addition, it maps to a region of high 

recombination. This fact may help to shield it from the distorting effects of genetic 

hitchhiking or background selection. Actually, the estimate of the average mutation rate 

per site per year found by these authors (2.19 x 10-9), was higher than several others 

estimates in the literature (Harding et al. 1997; Harris & Hey, 1999; Jaruzelska et al. 1999; 

Kaessmann et al. 1999; Nachman & Crowell, 2000). Consequently, the region could 

constitute a source of sequence polymorphism useful for human evolution studies. We 

have sequenced 1558 base pairs of this region in a set of different ethnic Amerindian and 

Asian groups and integrated these date with those of Alonso & Armour (2001) with the 
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following questions in mind: (a) In what ways do the investigated region differ, in terms of 

molecular variability, from most recent studies, described after Alonso & Armour’s 

(2001)? (b) Can the extended set of data shade new light on the process of continental 

human diversification? and (c) What inferences can be made about early peopling of the 

Americas and the subsequent process of Amerindian molecular-genetic diversification? 
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Subjects and Methods 
 

Samples 

Information about the studied populations is presented in Table 1. A total of 98 

individuals had been tested, 4 Mongolians (2 Khalkh, 2 Khoton), 4 Northern Arctic (2 

Chukchi, 2 Eskimo), 12 Central Americans (from six tribes) and 78 South Americans 

(affiliated with 17 tribes or ethnic groups). As is indicated by the geographical coordinates, 

they are spread all over Central and South America, while non-Americans are located in 

places from which the prehistoric colonization of the New World presumably has taken 

place. Wide linguistic representation also occurs among Central and South Americans. 

 

DNA Extraction, PCR Amplification, and DNA Sequencing 

The region analyzed includes the first 1558 base pairs (bp) of the 1742bp sequence 

studied by Alonso & Armour (2001). Part of the genomic DNA samples were extracted 

from plasmas and glycerolized red blood cells stored in Porto Alegre, using the QIAamp 

DNA Mini Kit (Qiagen). Six primer pairs were designed with overlapping regions to 

amplify the 1558 base pairs (one of them designed by Alonso & Armour, 2001. Primer 

sequences are available on request). Different methods of amplification were performed to 

obtain the target fragments (Touchdown, Hot Start and Nested PCR). Amplification was 

performed using 10-50 ng of genomic DNA, 1.5 mM of MgCl2, 0.2 mM of each dNTP, 0.2 

µM of each primer, and 0.5 U of Taq DNA polymerase (AmpliTaq Gold [Applied 

Biosystems] or Platinum [Invitrogen Life Technologies]). Cycle conditions were 94ºC for 

1 min, 62ºC for 2 min, and 72ºC for 2 min, with an initial denaturing step of 94ºC for 1 

min and a final extension step of 72ºC for 10 min. The PCR products were purified with 

exonuclease I and alkaline phosphatase (1U/µl; Amersham Biosciences) and sequenced on 

both strands using the amplification primers. Sequencing was performed with the 

DYEnamic ET Dye Terminator Kit (MegaBACE, Amersham Biosciences) as instructed 

and read in a MegaBace1000 (Amersham Biosciences) automated system. Samples with 

uncertain phase results were sequenced again in an ABI Prism 3100 (Applied Biosystems) 

machine following the manufacturer’s protocols. All determinations which indicated 

possible variants were confirmed by exhaustive re-sequencing. 
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Haplotype Assignment 

Samples with confirmed multiple variants had their haplotypes determined 

experimentally, by cloning the PCR products with the Topo TA Cloning Kit for 

Sequencing (Invitrogen Life Technologies). Plasmidial DNA extraction was done 

according to Sambrook & Russell (2001). Sequencing of the cloned fragments was 

performed as indicated above, in the MegaBace1000 machine. 

 
Data Analysis 

All chromatograms were checked using the CHROMAS 1.45 

(www.technelysium.com.au/index.html) program, and all sequences were manually 

aligned using BIOEDIT 6.0.7 (www.mbio.ncsu.edu/BioEdit/bioedit.html). To test 

departures from the neutral model, such as selection or population change, Tajima’s D 

(Tajima, 1989), Fu & Li’s D* and F* (Fu & Li, 1993) and Fu’s Fs (Fu, 1997) statistics 

were calculated; additionally, diversity parameters such as haplotype (Hd) and nucleotide 

(π) diversity (Nei, 1987), as well as theta (θ) (Watterson, 1975) were obtained employing 

the DnaSP 4.00 (http://www.ub.es/DNASP) software. The relationships among haplotypes 

were obtained by the median joining method using NETWORK 4.1.0.8 (www.fluxus-

engineering.com). ARLEQUIN V. 2000 (Schneider et al. 2000) was used to perform the 

Analysis of Molecular Variance-AMOVA. 

Mean divergence (K) between humans (all diferent haplotypes) and one 

chimpanzee (GenBank accession no. AJ252012) was calculated using PAUP*, with a 

Tamura-Nei with invariants distance selected by MODELTEST (Posada & Crandall, 

1998). The mutation rate was inferred from the divergence value by using the formula µ = 

K/(2t), considering a divergence time (t) of 6 million years.  

To test if there are signals of past demographic fluctuations in the samples of all 

individuals (worldwide sample), and Amerindians alone, simulations were performed using 

Rogers’ algorithm (Rogers, 1995), as implemented by Wooding et al. (2004), in the DFSC 

1.0 program (http://www.xmission.com/~wooding/DFSC/). These simulations were also 

performed with the original data of Alonso & Armour (2001) alone. This algorithm 

assumes that t generations ago, a population increased suddenly from an ancient population 

size (N0) to a larger population size (N1), with an infinite-sites mutation rate (µ). The 

simulations considered a combination of demographic scenarios, from growth factors of 1- 
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fold to 500-fold, beginning 3,000 to 150,000 years ago for all individuals and for the 

Amerindians dataset. In Amerindians, assumptions about population decline were 

performed considering reduction factors of 1-fold to 50-fold, beginning 3 to 30,000 years 

ago. 

 

Results 
 

Polymorphic Sites and Haplotype Determination 

 

A total of 1558 base pairs of the 196 chromosomes were sequenced here. Of the 98 

individuals tested, 91 had their haplotypes directly determined, since they were either 

homozygous or heterozygous for a single site. The remaining seven had their phase 

assigned by cloning (seven clones of each individual were sequenced in the 

MegaBACE1000 machine) as well as by sequencing them again in other instrument (ABI 

Prism 3100). They were: one Aché, one Kaingang, one Pacaás Novos, three Parakanã, and 

one Quechua. Four of them (the Pacaás Novos, the Quechua and two Parakanã) did not 

confirm the initial indication of heterozygosis, and were classified as homozygotes while 

the Aché, Kaingang and the other Parakanã are heterozigotes. In the Aché and the 

Kaingang, we found some recombinant clones between the two alleles, that may be 

explained as an artifact of the PCR process, perhaps originated as described by Ennis et al. 

(1990). 

Combining our data with those found by Alonso & Armour (2001), 55 polymorphic 

sites (including the 5 bp indel in two haplotypes) were observed in this segment. Of these, 

12 were observed in this study for the first time. These new substitutions can be 

characterized as follows: nine transitions on sites 143, 735, 1535 (C/T); 264, 468, 491, 535, 

722 (G/A); 1510 (T/C); and three transversions on sites 1132 (A/C); and 1141, 1251 (A/T). 

The haplotypes observed by Alonso & Armour (2001) and those inferred in this 

study are assembled in Table 2. As is indicated there, a total of 35 haplotypes could be 

identified. By far the most common was HP1, occurring in 62% of the 296 chromosomes 

studied. HP5 has a frequency of 11%, while all the others had prevalence of 5% or less. 

Twelve occur in Amerindians and Northern Arctic only, and were newly identified in the 

present investigation. Nineteen others have been found by Alonso & Armour (2001) only, 
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in samples from Asian, European, and African subjects, while four were observed both by 

them and ourselves. HP1 occurs in the five ethnic-geographic categories established; HP13 

in four, HP5 in three, and HP10 in two of them. In Amerindians, among the 180 

chromosomes tested, the three most common haplotypes were (in percentages) HP1 (68), 

HP5 (14), and HP6 (8). 

Of the 27 ethnic groups listed in Table 1, seven present all individuals homozygous 

for the most common allele (HP1): South Americans, Arara, Lengua, Pacaás Novos, Wai 

Wai; Central Americans, Huetar, Teribe; and the Khalkh Mongolians. The following 

haplotypes occurred in only one ethnic group: HP3 (Quechua), HP4 (Waiãpi), HP11 

(Gavião), HP12 (Foz do Içana), HP14 (Cinta Larga), HP15 (Chukchi), and HP16 (Aché). 

Haplotype six occurs in 26 individuals belonging to the Aché, Parakanã, Suruí, and 

Xavante tribes. The Parakanã are the most diversified tribe, showing, besides HP6, the 

HP1, HP2, HP5, HP7, HP8, and HP9 haplotypes. 

 

Median Joining Network 

 
A Median Joining Network was constructed with the above-mentioned haplotypes, 

and is pictured in Figure 1. Two clusters are apparent, one with the most divergent 

haplotypes and the other with a starlike structure, where haplotype 1 is the central and most 

numerous one. This second cluster is more compact, with most haplotypes differing from 

HP1 by just one mutation. Included there are haplotypes present in the five geographic-

ethnic categories established in the present work. Of the haplotypes found exclusively in 

Amerindians, the most frequent is HP6, which differs from HP1 by a mutation in site 491. 

Four other haplotypes, HP7, HP8, HP9, HP11, also differ from HP1 by just one mutation. 

The most derived Amerindian haplotype in this cluster is HP2, found in the Parakanã, 

which differs from HP1 in three, and from HP8 in two sites. 

 The second cluster originated from HP27, that was identified by Alonso & Armour 

(2001) as the root of their tree. Represented there are mostly exclusively African 

haplotypes, but HP28 was found in only one Basque individual. HP10, found by Alonso & 

Armour (2001) in Kenya, was also observed among the Kaingang. Four other haplotypes 

in this clade were found exclusively in Amerindians: HP3 in the Quechua, HP16 in one 

Aché and HP15 in the Chukchi. The reticulations observed derive from haplotypes 

confirmed by cloning. 
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Mutation and Evolutionary Rates 

Mean divergence (K) between humans and one chimpanzee was 0.026 ± 0,00082. 

The average mutation rate, estimated from this divergence, was 2.16 x 10-9 per site per 

year. The mutation rate per sequence (1558 sites) per generation (20 years) was estimated 

as 6.75 x 10-5. 

 

Genetic Diversity 

Results of haplotype and nucleotide diversity, as well as the neutrality tests, are 

presented in Table 3. Haplotype and nucleotide diversity indices are very similar among 

the major ethnic groups, with the exception of Africans, that present significantly higher 

values. Northern Arctic populations also present higher values, but these are probably due 

to one Chukchi that is homozygote for a very divergent haplotype (HP15). Our results for 

the world sample are similar to those found by Alonso & Armour (2001), although 

diversity values from our data are usually smaller, as the low diversity Amerindians 

comprise a high proportion of the sample. Almost all neutrality statistics (Tajima’s D, Fu 

and Li’s D* and F*, Fu’s Fs) presented negative values, except those for Northern Arctic 

populations, that were positive, but not significant; and Fu and Li’s D* for Amerindians, 

that was also non-significantly positive. Europeans and the world sample present 

significant values for all neutrality tests and Amerindians for Tajima’s D and Fu’s Fs. 

Asian estimates were significant only for Fu’s Fs. 
These negative numbers suggest population growth (assuming selective neutrality, 

see discussion). To better investigate this implication for the worldwide data, a wide 

variety of scenarios (see Subjects and Methods) were considered using coalescent 

simulation (Figure 2B). The simulations generated for Tajima’s D statistic (at a two-tailed 

P value cutoff of 0.05) showed that we could reject for our data all scenarios in which 

population expansion occurred before ~21,000 years ago and also, reject all scenarios of a 

stationary population or of growth magnitude below 10–fold. To test if these results could 

have been influenced by the large sample size of the Amerindians, simulations were also 

run with statistics estimated exclusively with Alonso & Armour (2001) data. The results 

were very similar to those obtained with the whole dataset. 
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Two historical events were tested with an exclusively Amerindian dataset: 

population growth or decline (bottleneck) (Figure 2A). Simulations considering population 

increase rejected scenarios for all magnitude of growth inferred below ~18,000 years ago 

(calculated from an effective population size of 10,000, 20 years per generation) as well as 

any scenario of growth below 5-fold. All scenarios of population decline (>1-fold to 50-

fold) were rejected. 

To investigate the partition of variance within and among populations, an AMOVA 

analysis was performed comparing five geographic arrangements. The results are shown in 

Table 4. As is usually found in human populations, most of the variation was found within 

populations. In the first comparison, involving all the geographic-ethnic categories 

considered in Table 3, ~87% of the variance occurs at the intrapopulation level, ~10% 

among populations within these categories and ~3% among these categories. The next 

three other comparisons relate to the Amerindians and their putative ancestors (Asians and 

Northern Arctic populations). There are no clear differentiation between Central and South 

Amerindians (negative value), but there are variation among the different tribes or 

populations studied in Central and South America (~15%). The numbers in the 

Amerindians vs Asians comparison are similar, while the large among-groups variation in 

the Amerindians vs Northern Arctic contrast may be related to the small sample size of the 

latter, and the already mentioned Chukchi who presented an unusually high number of 

mutations. The last comparison (Africans and non-Africans) shows more than 10% of 

difference among these two groups, what was expected since Africans showed the most 

distinctive haplotypes. 

 

Discussion 
 

Both similarities and differences can be found when the present study is compared 

to that of Alonso & Armour (2001). In relation to haplotype frequencies, in both studies 

HP1 (or Hpa in the former nomenclature) was the most frequent (respectively 62% and 

52%). But the second most frequent haplotype was different in the two investigations, 

namely, HP5 (or HPb) here and HP13 (Hpe) in the study of these authors, both occurring at 

a prevalence of 11%. All the others had frequencies of 7% or less in both researches. The 

five geographic-ethnic categories established were differentially sampled. By far the most 
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studied is the Amerindian, with 90 individuals. Therefore, it is not surprising that they 

show the largest number (11) of specific haplotypes.  

Among Amerindian populations, a Brazilian tribe called Parakanã, showing four 

specific haplotypes and sharing three of the most numerous with the other populations 

studied, are quite peculiar in relation to this DNA region. They also showed unusual 

features in other morphological (high proportion of light skin) and genetic traits (Black et 

al. 1980, 1988). HP16 is notable because it appears in the Aché, a group that was also 

found to be different from other Amerindians in morphological and genetic traits (Hill & 

Hurtado, 1996; Battilana et al. 2002; Schmitt et al. 2004). 

Similarly to Alonso & Armour (2001), the median-joining network has two 

clusters, one with a starlike shape that suggests a strong population expansion from a 

restricted source, and another with very divergent haplotypes, mainly found in Africans. 

However, we also found some very divergent haplotypes in this cluster that are presented 

in Amerindians and Northern Arctic populations. While Alonso & Armour (2001) findings 

suggest that the out-of-Africa exodus was followed by a very small set of closely related 

haplotypes, our expanded sampling support a more diverse founding population. As these 

divergent haplotypes are found in very low frequency, they would certainly be missing if 

our sample size were small and/or ethnic diversity low. These results recommend a 

cautionary note on conclusions about genetic diversity in humans supported by samples 

from very limited sources. 

Considering the mutation and evolutionary rates estimated for all populations 

together, it differed little from those calculated by Alonso & Armour (2001). Divergence 

(K) between humans and chimpanzee as calculated here and by the indicated authors were 

very similar (respectively 0.029 and 0.026), the same being true for the mutation rates 

(respectively 2.18x10-9 and 2.19x10-9). Nucleotide diversities were recalculated to include 

the same numbers of base pairs. As expected, Africans showed the highest value (0.243%), 

Amerindians presenting a number that was of the same order of magnitude (0.064%) than 

Europeans (0.050%) and Asians (0.048%).  

When the data were hierarchically analyzed, the Central and South Amerindians 

showed no significant difference. In Central America only the two most common 

haplotypes were found (HP5 and HP1), and this low genetic variability may have occurred 

by isolation followed by a population reduction (Barrantes et al. 1990; Azofeifa et al. 
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2001). The difference observed among populations within groups (~15%) is probably due 

to a genetic structure in South America, althought it can not be explained by geography, 

language or history. 

The statistical neutrality tests for ours and Alonso & Armour (2001) worldwide 

datasets resulted in negative values, corroborating the signal of a past population growth. 

Our simulations with the worldwide sample support a minimum 10-fold population growth 

at least 21,000 years ago for humans, in special in non-African samples (Alonso & Armour 

2001), although the ancestral population may not have been as small as thought before. 

The simulations with the exclusively Amerindian dataset suggested similar demographic 

scenarios, although usually more moderate than those from the worldwide sample 

(population growth at least 18,000 years ago, Fig. 2A). Interestingly, the simulations also 

rejected all scenarios of a population decline (bottleneck) in the Amerindian sample. 

Therefore, the hypothesis of a strong bottleneck on the entrance of prehistoric humans in 

the Americas is not supported by the locus 16p13.3, which on the contrary indicates that 

the genetic variability of the source population was maintained in Amerindians. The signal 

of population growth observed in the Amerindians is probably the signal of the out-of-

Africa exodus that was not erased during and after the demographic events that led to the 

colonization of the New World.  
The history of population decline associated with the modern human arrival in 

Americas is controversial. A recent study in a noncoding region with Amerindian and 

Asian populations (Heller et al., 2005) did not find bottleneck evidence in Amerindian 

populations in the entrance of Americas, the same being true for the investigation of Hutz 

et al. (2002) in a study about five Brazilian Indian populations and fifteen short tandem 

repeat polymorphisms (STRPs). On the other hand, Fagundes et al. (2005) found a signal 

of population bottleneck in Amerindians studying the low density lipoprotein receptor gene 

(LDLR) of 222 chromosomes of individuals from African, Asian, Caucasian, and Amerind 

ancestry. Their results agreed with polymorphisms in the Y chromosome (Bortolini et al. 

2003) and mtDNA (Bonatto & Salzano, 1997). Nevertheless, mtDNA and NRY (non-

recombined region of the Y chromosome) are uniparentally inherited single loci that are 

subject to the stochastic processes of genetic drift, as well as to natural selection (including 

genetic hitchhiking), which can alter the shape of the haplotype phylogenies, patterns of 

variation, and estimates of TMRCA (the time of the most recent common ancestor) 
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(Mishmar et al. 2003; Excoffier, 1990). More importantly for this question, both mtDNA 

and NRY have effective population sizes one fourth of the autosomal locus considered 

here, and are therefore more strongly affected by population size reduction than the later. 

Therefore, scenarios of bottlenecks of moderate intensity may be compatible with these 

apparently conflicting results. 
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Table 1 Sample size, geographic location, and linguistic information about the studied populations 
 

Population No. of 
individuals Geographic location Linguistic familya References for further information 

South 
Americans     

Aché 5 23°30'-24°10'S; 55°50'-56°30'W  Guayaki Brown et al. (1974); Hill & Hurtado (1996) 

Ayoreo 5 16-22°S; 58-63°W Ayore Dornelles et al. (2004) 
Arara 3 3°30’S; 53°W Arara Salzano et al. (1991) 
Cinta Larga 4 9°50’-12°30’S; 59°10’-60°50’W Tupi Mondé Callegari-Jacques et al. (1994) 
Foz do Içana 3  1°N; 67°30’W Cubeo, Tucano, Baniwa, Tariana Salzano et al. (1986) 
Gavião 4 10°10’S; 61°08’W Tupi Mondé Hutz et al. (1997); Andrade et al. (2000) 

Guarani 3 
23°6'S, 55°12'W; 23°12'S, 

55°6'W 
23°48'S, 54°30'W 

Guarani Salzano et al. (1997) 

Kaingang 4 27º20’S; 52º45’W Ge-Kaingan Salzano et al. (1980) 

Lengua 3 23ºS; 56ºW Macro-Panoan Brown et al. (1974); Goicoechea et al. 
(2001) 

Pacaás Novos 7 11°8’S; 65°5’ W Chapacura Salzano et al. (1985) 

Parakanã 14 5°S, 50°10’W; 4°30’S, 50°W 
5°55’S; 52°42’W Tupi Black et al. (1988) 

Quechua 5 12°33’S, 75°83’W; 16°38’S, 
71°52’W Quechua Tarazona-Santos et al. (2001) 

Suruí 4 10°50’S; 61°10’W Tupi Mondé Hutz et al. (1997); Andrade et al. (2000) 
Waiãpi 3 1°N; 53°W Oyampi Mestriner & Salzano (1998) 
Wai Wai 3 0°40’S; 58°W Carib Callegari-Jacques et al. (1996) 
Xavante 4 13°20'S; 51°40'W  Gê Coimbra et al. (2002) 
Zoró 4 10°20’S; 60°20’W Tupi Mondé Heidrich et al. (1995); Andrade et al. (2000) 
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Central 
Americans     

Bribri 2 9º38’N; 82º50’W Chibchan Barrantes (1993) 
Cabecar 2 9º26’N; 83º09’W Chibchan Barrantes (1993) 
Guatuso 2 10º40’N; 84º49’W Chibchan Barrantes (1993) 
Guaymi 2 8º13’N; 82º57’W Chibchan Barrantes (1993) 
Huetar 2 9º53’N; 84º14’W Chibchan Barrantes (1993) 
Teribe 2 9º20’N; 82º35’W Chibchan Barrantes (1993) 
Northern Arctic     
Chukchi 2 64ºN; 175ºW Chukot Erdesz et al. (1994); Krylov et al. (1995) 
Eskimo 2 64ºN; 175ºW Yupic Erdesz et al. (1994); Krylov et al. (1995) 

Mongolians     
Khalkh 2 46ºN; 106ºE Altaic Kolman et al. (1996) 
Khoton 2 45ºN; 94ºE Qotong Munkhbat et al. (1997) 

     
a according to Campbell (2000) 
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Table 2 16p haplotypes observed in the present investigation and by Alonso & Armour (2001) 
showing their geographical rangea 

a Dots indicate agreement and dashes deletions in relation to the most common haplotype (HP1). 
bHaplotypes inferred in the present study and their equivalents in Alonso & Armour (2001). Those in 
boldface were found in this study for the first time. 
c1. Amerindians; 2. Northern Arctic; 3. Asians (Mongolia and Japan); 4. Europeans; 5. Africans; number of 
haplotypes found in these groups indicated in parentheses. 

 Sites   

Haplo-
typesb 

 671112222233333444455567777777888111111111111111111 
 942472367723567366938991233558015001111111223455555 
   7311944914630338151804256678905783444478567200123 
                                 442123599122326015 

N° 
found 

Geographical 
rangec 

HP1/a  GGGCA+CGCCGGGCCGGGGGACCCGCCCGACGGGGAATAAGCATAAGGTGC 184 1(122)2(4)3(17) 
4(28)5(13) 

HP2  ...T.............A.........T....................... 2 1(2) 

HP3  ..........CA.T..............A....A......AT...G..... 1 1(1) 

HP4  ..C.....................A.......................... 1 1(1) 

HP5/b  ..C................................................ 33 1(25)2(1)3(4)4(3) 

HP6  ..................A................................ 14 1(14) 

HP7  ..........................................T........ 2 1(2) 

HP8  .................A................................. 2 1(2) 

HP9  ..................................................T 5 1(5) 

HP10/n  ....G...............G............A......A....G..... 3 1(1)5(2) 

HP11  ...................................C............... 2 1(2) 

HP12  .......A........................................C.. 2 1(2) 

HP13/e  ...........................T....................... 12 2(1)3(2)4(1)5(8) 

HP14  ....G...............G....T.......A......A....G..... 2 1(2) 

HP15  ..........CA.T.....AG.......A....A..T...AT...G..... 2 2(2) 

HP16  ..........C..T......G.......A....A..T...AT...G..... 1 1(1) 

HP17/c  ............................................C...... 3 4(3) 

HP18/j  .......................T........................... 1 5(1) 

HP19/h  ..................................T................ 1 3(1) 

HP20/g  ...........................................C....... 1 3(1) 

HP21/p  .................................................A. 1 4(1) 

HP22/d  .............................C..................... 2 4(1)5(1) 

HP23/l  ..........................T...A.................... 2 5(2) 

HP24/r  ............T...............................C...... 1 4(1) 

HP25/o  .A............A.................................... 1 4(1) 

HP26/i  ..C.............A.................................. 1 3(1) 

HP27/k  ....................G........................G..... 2 5(2) 

HP28/f  .........T..........G........................G..... 1 4(1) 

HP29/w  ..........................T...A................A... 1 5(1) 

HP30/u  ...............A..........T...A.................... 1 5(1) 

HP31/s  A........T..........GT..........A............GA.... 3 5(3) 

HP32/x  ......T.............G.T...........A...ACG....G..... 1 5(1) 

HP33/t  ..........CA.T......G.......A....A......AT...G..... 1 5(1) 

HP34/y  .....-...T..........G..........A.............G..... 3 5(3) 

HP35/z  .....-..GT..........G..........A.............G..... 1 5(1) 
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Table 3 16p haplotype and nucleotide diversity, as well as neutrality test results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aSE, standard error, *: p<0.05; **: p<0.01    bAlonso & Armour (2001) 
 
 
 
 
 

Characteristics Amerindians Northern  Asian Europeans Africans World World 

 Central    South Arctic     A & Ab 

No. of chromosomes   24         156 8 28 40 40 296 100 
        

No. of haplotypes 14 4 6 9 14 35 28 
        

No. of polymorphic sites 23 13 5 11 28 49 42 
        

Haplotype diversity   
(Hd) 0.519 0.750 0.598 0.508 0.853 0.598 0.765 

        
Nucleotide diversity (π) 

 (SE)a   % 
0.064  

(0.011) 
0.335 

(0.116) 
0.048 

(0.010) 
0.050  

(0.013) 
0.243 

(0.037) 
0.098 

(0.012) 
0.147 

(0.020) 
        

Tajima’s D -2.08* 0.20 -1.18 -2.12* -1.46 -2.32** -2.14* 
        

Fu and Li’s F* -0.66 0.90 -1.58 -3.55* -2.07 -2.88* -3.76* 
        

Fu and Li’s D* 0.46 1.00 -1.44 -3.45* -1.90 -2.46* -3.80* 
        

Fu’s Fs -7.60** 2.30 -2.68* -5.97** -2.72 -32.70** -18.42** 
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Table 4 AMOVA results: intra and interpopulation variability considering different 
hierarchical arrangements 
 

Population Structure Among Groups 
Among Populations 

Within Groups 
Within 

Populations 
 (%) (%) (%) 
    

Among Geographic-Ethnic 
Categoriesa 3.32ns 9.70 86.98 

    
Central vs South Amerindians -0.34ns 15.12 85.22 

    
Amerindians vs Asian -3.33ns 14.00 89.33 

    
Amerindians vs Northern Arctic 31.52 6.45 62.03 

    
Africans vs non-Africansb 11.44 8.05 80.51 

    
aGroups: Africans, Amerindians (South and Central), Asians, Europeans and Northern 
Arctic. 
bnon-Africans: Amerindians, Asians, Europeans and Northern Arctic. 
ns: p>0.1; all the other values are significant at the 0.1% or lower level. 
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Figure 1 Median-joining network showing the relationships among haplotypes. Each circle 
represents a different haplotype, and its size is proportional to their relative frequencies. 
For each haplotype, the different colors indicate the fraction of observations in Africans, 
Amerindians, Asians, Europeans and Northern Arctic. The branches correspond to 
nucleotides substitutions and the number beside each circle is the haplotype assignment. 
Reticulations indicate ambiguous relationships. HP27 is the root of the tree. 
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Figure 2 Simulation tests considering growth and bottleneck in Amerindians (A) and growth in world populations (B). Black shading 
indicate rejected scenarios (P<0.025). Light shading indicates scenarios that could not be rejected.  
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ABSTRACT: Twelve Alu insertion polymorphisms were studied in 179 individuals 

belonging to 7 South American Native, 60 to two Siberian, and 91 to two Mongolian 

populations. These data were integrated with those from 488 persons affiliated with 13 

other groups, to ascertain the relationships between Asian, Northern Arctic, and 

Amerindian populations. A decreasing trend concerning heterozygosities and amount of 

gene flow was observed in the three sets, in the order indicated above. Genetic distances, 

principal components analysis, analysis of molecular variance, Mantel test, and a Bayesian 

approach to genetic assignment, all indicated the validity of these subdivisions. However, 

no clear structure could be observed within South American Natives, indicating the 

importance of dispersive (genetic drift, founder effects) factors in their differentiation. 

 

Key Words: Alu polymorphisms, Amerindians, Asians, Siberians. 
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The relationships among Native Americans, Northern Arctic and Northeast Asian 

populations have been extensively studied by different authors considering diverse genetic 

markers. Data gathered from the Y chromosome (Santos et al., 1999) and mtDNA (Bonatto 

and Salzano, 1997) have furnished indications that Native American haplotypes derive 

from a subsample of the genetic diversity present in Siberia, and suggested that the 

Northern Arctic populations underwent a second bottleneck by the Last Glacial Maximum 

(LGM) (review in Schurr, 2004). However, data from autosomal markers did not found 

evidences for a bottleneck in Amerindian populations (Hutz et al., 2002). It is not 

established, also, the amount of genetic diversity present in Native American ancestral 

population (s).  

Alu insertions, the most abundant and extensively studied mammalian class of 

SINEs (short interspersed elements) of repetitive sequences represent about 11% of human 

genome. With ~1 million copies, Alu insertions are found on average once every 4 kb 

interval of the human genome (International Human Genome Sequencing Consortium, 

2001). New copies of these elements can be inserted in the genome by retrotransposition 

(review in Weiner et al., 1986). Due to changes during the evolution of the source genes, 

there are at least 12 major Alu subfamilies, which may be classified as Old, Intermediate or 

Young. The two oldest subfamilies, Jo and Jb, arose from independent retroposition events 

involving a single, ancestral source gene that existed approximately 81 million years ago 

(Kapitonov and Jurka, 1996). The Young family contains approximately 100,000 

members, and can be further subdivided into several subfamilies. Many of these inserts 

reflect recent retroposition events that have not yet been fixed within the human species 

(Batzer and Deininger, 1991; Batzer et al., 1994, 1995; Novick et al., 1995, 1998; Arcot et 

al., 1997; Stoneking et al., 1997; Xing et al., 2003; Carter et al., 2004; Otieno et al., 2004). 

These polymorphic Alu elements may serve as markers to investigate various aspects of 

human evolution. There are many advantages in their use for this purpose. It is highly 

improbable that a specific Alu sequence has retroposed into a particular site more than once 

in human evolution; and recent insertions represent stable polymorphisms that are rarely 

lost without leaving a trace. Due to these properties, identity by descent and evidential 

stability due to incomplete deletion, Alu insertions are literally molecular fossils. Another 

attractive feature of Alu-based population studies is that the ancestral condition is defined 

by the lack of an Alu element (Batzer and Deininger, 2002; Jurka et al., 2004). Knowledge 
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of the original character state is useful in rooting phylogenies. Additionally, they are easily 

determined by a rapid PCR-based assay.  

Previous studies using Alu insertions in Native American populations reinforced 

its affinities to Asian populations (Mateus-Pereira et al., 2005), and suggested the 

occurrence of multiple migrations from a single, Asian, source population during the 

peopling of the Americas (Novick et al., 1998). However, these studies used limited (seven 

and five insertion loci, respectively), and therefore have to be checked with a larger 

members of markers. 

The present study furnishes new information on twelve Alu insertions for seven 

South Amerindian, two Siberian, and two Mongolian groups. They have been integrated 

with 13 other American and Asian samples, trying to answer the following questions: (a) 

do the population relationships found agree with the ethnic, historical, and geographical 

data? and (b) what can heterozygote levels and associated results inform us about the 

events that led to the colonization of the New World? 

 

 
SUBJECTS AND METHODS 

 

Subjects 
Genotypes for a total of 818 individuals from 24 populations were analyzed. The 

total sample is formed by: twelve South American (Aché, Cinta Larga, Gavião, Guarani, 

Kaingang, South-Andean Quechua [Quechua A], Central-Andean Quechua [Quechua QT], 

Suruí, Wai Wai, Xavante, Yanomami, Zoró), one Central American (Maya), one North 

American (Mvskoke), three Northeast Asians (China, Khalkh, Khoton), and four Northern 

Arctic (Chukchi, Siberian Eskimo, Alaskan Native, Geenlander) populations (Fig. 1). Two  

East Indonesian (Molucca and Nusa-Tengarra) and one population from Oceania (Papua 

New Guinea Coastal) were used as an outgroup. Data for the Cinta Larga, Gavião, 

Quechua A, Quechua QT, Suruí, Wai Wai, Zoró, Khalkh, Khoton, Chukchi and Siberian 
Eskimo populations are being reported here for the first time. The Aché, Guarani, 

Kaingang and Xavante populations had been previously studied for these markers by 

Battilana et al. (2002) and data for the remainder populations have been obtained by 

M.A.B.’s research group. All data used in this paper is available with the authors upon 
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request. 

 

DNA amplification and Alu typing 
DNA was extracted following standard procedures (Lahiri and Nurnberger, 1991; 

Miller et al., 1988). Polymerase Chain Reaction (PCR) amplification was carried out 

following Batzer and Deininger (1991) using a final volume of 25µl. Each sample was 

subjected to the following amplification procedures: one minute at 94°C, two minutes at 

the appropriate annealing temperature, two minutes at 72°C, plus 5 minutes at 72°C for 40 

cycles. Fifteen microliters of the PCR products were run in 2% 1x TEB agarose gels 

containing ethidium bromide, and the reaction products were directly visualized using ultra 

violet fluorescence. The loci studied were APO (Karathanasis, 1985), ACE (Tiret et al., 

1992), TPA25 (Batzer and Deininger, 1991), PV92 (Batzer et al., 1994), FXIII and MABDI 

(Batzer et al., 1996), A25 (Arcot et al., 1995), and HS3.23, HS4.32, HS4.59, HS4.65, 

HS4.75 (Arcot et al., 1996). Alu insertion frequencies for each population were determined 

by gene counting. 

 

Data analysis 
Since several of the methods we used require individual genotypic data, only 

those populations for which this kind of information was available were considered. 

Individuals for whom data were missing for five or more loci were also excluded from the 

analysis. To verify if the observed genotype frequencies agreed with those expected under 

Hardy-Weinberg equilibrium a chi-square test for goodness of fit using Levene’s 

correction for small sample sizes and Bonferroni’s correction for multiple comparisons 

(Brown and Russell, 1997) was performed in the BIOSYS-2 program (Black, 1996). To 

infer the historical relationships among populations, an unrooted neighbor-joining (NJ) tree 

(Saitou and Nei, 1987) was constructed from the DA distance matrix (Nei et al., 1983). 

Branch support for the population tree was assessed by 1,000 bootstrap replications using 

the DISPAN program (Ota, 1993). Principal components analysis (PCA, Sneath and Sokal, 

1973) based on the gene frequency data was done employing the NTSYSpc program 

(Rohlf, 1998). The AMOVA analysis was computed in the ARLEQUIN program 

(Excoffier et al., 1992; Schneider et al., 2000), the statistical significance of the values 

being computed with 2,000 replications. Additionally, we used the Bayesian framework 
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implemented in the STRUCTURE program (Pritchard et al., 2000). This approach 

probabilistically assigns each individual into one of the K user-defined populations. The 

“non-admixture” model, in which each individual owes its whole genome from a single K 

population, was used. Although this is a very simplistic model, it has a better performance 

when the genetic structure is not marked (Pritchard et al., 2000). The posterior probabilities 

were calculated considering 1,000,000 steps, after a burn in of 100,000 steps. For each K, 

five independent runs were performed, to check the consistency of the results. Given that 

the structure shown by these markers is not high, the populations were clustered using the 

average probabilities of its individuals belonging to each K group using UPGMA, in the 

DISPAN program (Ota, 1993). 

For every population, the linear relationship between heterozygosity and the 

distance from the centroid (defined as the arithmetic mean of the allele frequencies) was 

plotted as described by Harpending and Ward (1982). The theoretical expectation is that 

populations that have experienced more gene flow than average will fall above the 

theoretical prediction (regression line), while populations that have had less gene flow will 

fall below that prediction. Correlation between the genetic and geographical distance 

matrices and their associated significance levels were obtained through the use of Mantel’s 

test (1,000 permutations) (Mantel, 1967; Smouse et al., 1986). The geographical distance 

matrix was computed using the geographical coordinates of each sample site (or average 

values when multiple sample sites were available) and the great-circle distance. 

Additionally, the distance between populations falling on opposite sides of the Pacific 

Ocean was calculated in two-steps, from one population to the Bering Strait and summed 

with the distance from this point to the second population. The DA genetic distance matrix 

of Nei (1987) was calculated using the DISPAN package (Ota, 1993). 

 

RESULTS 

 
Genotype distributions and probability values concerning Hardy-Weinberg 

equilibrium expectations, as well as allele frequencies and heterozygosity levels for the 

twelve loci in the twenty-four populations are reported in Table 1. Of 245 Hardy-Weinberg 

equilibrium tests, 7 (2.86%) showed a significant departure at the 0.05 level, considering 

the Bonferroni correction. Rejection of the Hardy-Weinberg equilibrium was evenly 

distributed among populations and loci (P>0.05, Likelihood chi-squared test). Therefore 
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these departures were considered as chance deviations. Most of the Alu insertions were 

polymorphic in all populations, the exceptions being 4.75, APO, FXIII and ACE, in which 

the Alu+ allele was fixed in eighteen, eight, six and one populations respectively; and the 

loci 4.65 and A25 that were fixed for the Alu- allele on three and five populations 

respectively. Considering the mean heterozygosity for each population, there was a general 

trend for higher diversity in Asians (0.34 against 0.30 for Northern Arctic and 0.25 for 

Amerindians). Indeed, the highest value for an Amerindian tribe was found in the 

Mvskoke, who are known to have a high degree of admixture (Kasprisin et al., 1987). The 

lowest diversity was encountered in the Aché of Paraguay. This was expected, given that 

they have been living in isolation for some hundred years and have a low genetic diversity 

in other genetic systems (Battilana et al., 2002; Schmitt et al., 2004).  

Several clusters of high historical consistency were formed in the neighbor-

joining population tree (Fig. 2), despite the generally low bootstrap values. Northern Arctic 

and Northeast Asian populations formed a first group, except for the Alaskan Natives, 

which occupied a position closer to the outgroup, while the remaining populations formed 

the second group, which contained all Amerind populations, except Mvskoke, which was 

included in the first group. Populations such as Aché and China are highly divergent in the 

tree. The last cluster was formed by populations considered as outgroup. 

The plotting of the two principal components (Fig. 3) was also informative about 

the relationships among populations, and the general picture was highly concordant with 

the distance tree. The two first principal components accounted for 34% and 17% of the 

variance, respectively. The first PC separated the populations according to their 

geographical origin, Native Americans at the left, Northern Arctic and Asians at the right, 

with an extreme displacement of the PNG Coastal population, one of the outgroup 

population. Northern Arctic tended to be in a somewhat intermediate position between 

Amerinds and Asians, the exceptions being the Alaskan Natives, closer to the Asians, and 

the Mvskoke with the Northern Arctic. The second component distinguished between 

Northeast and Southeast Asians and strengthened the distinctiveness of the PNG Coastal 

population. The model-based clustering method implemented in the STRUCTURE 

program (Pritchard et al., 2000) was used to assign individuals to genetically homogeneous 

clusters and thus infer the underlying population structure. Four different numbers of 

clusters were tested: K=2, K=3, K=4 and K=5. The highest likelihood was found for K=5. 
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However, for K=3 the structure recovered was very similar to that of K=4 and K=5. The 

results for K=3 and K=5 are shown in Fig. 4a. It is clear the high similarity of the Amerind 

populations, with exception of the Mvskoke. The clustering of the average probabilities of 

assignment for each population suggests three to four subclusters (Fig. 4b,c). For K=3 the 

first cluster was composed by the PNG Coastal population only, the second subclusters 

consisted of the remaining outgroup populations plus the Alaskan Natives, and third was 

formed by Northeast Asians, the remaining Northern Arctic, and Mvskoke. The fourth 

subcluster was formed by all South Amerinds and Maya. The inferred clustering for K=5 

was very similar to that one, except that the subcluster formed by Alaskan Natives and East 

Indonesia populations (outgroup) received now the Mvskoke, which showed a greater 

affinity with Alaskan Natives, the two East Indonesia forming a second pair of 

populations. These results are in accordance with both the allele frequency NJ tree and the 

PCA. 

A hierarchical analysis of genetic variation (AMOVA) was performed for all Alu 

loci (Table 2). As is true for all human groups, most of the genetic variability occurs within 

the population level (~80%). Several alternative groupings were tried based on a 

geographical criterion. The two larger values found among groups are 9.4 and 11%, and 

refers to comparisons of Northern Arctic with the other groups. When the Northeast Asians 

are taken in count in this comparison, the partition of variance referred among groups are 

the lesser, except in one case. It shows that Amerindian were more similar to Northeast 

Asians than to Northern Arctic, and that these last had higher variability. A similar pattern 

was observed on the NJ tree, where Northeast Asians were close to Amerindians in the 

intermediate cluster. An uncommon difference between Northern Arctic and Amerindians 

was observed among groups (11%). The variation among populations within groups were 

reasonable and represents the loci variability in the studied populations. 

To estimate the relative amount of gene flow experienced by each population 

studied, we plotted the heterozygosity of each population against its distance from the 

centroid (Fig. 5). Asians present a greater than predicted heterozygosity, indicating that 

they have had more gene flow than the average, whereas Amerindians had a lower than 

predicted heterozygosity. Northern Arctic tended to be closer to the Amerindians, below 

the expectation line. 
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This difference between Asians and Amerindians is also reflected by the Mantel 

test, since these groups of populations are the most distantly located and genetically 

distinct. Considering all populations, there was a significant correlation between genetic 

and geographical distances (r: 0.523; P=0.001). When only Northern Arctic and 

Amerindian populations were considered such correlation persisted (r: 0.430; P=0.001), 

but when only the Amerindian populations (r: 0.268; P=0.123), or when only South 

Amerindians were taken into account (r: 0.105; P=0.322) it did not. These results are also 

corroborated by the AMOVA analysis, in which further subdividing South Amerinds in 

geographical or linguistic domains did not increase the among-group component of the test 

(data not shown). 

 

DISCUSSION 

 

A trend towards a reduction in the average heterozygosity from Southeast Asians 

to South Amerinds was found in the present study. This pattern is compatible with a model 

in which the population sizes in Asia are higher than those of Native Americans, thus 

allowing genetic drift to have a stronger impact over the genetic variability of the latter, in 

accordance with other genetic studies considering independent markers (O'Rourke et al., 

1992; Tarazona-Santos et al., 2001; Bortolini et al. 2002; Fagundes et al., 2002). 

Alternatively, this pattern could have been caused by a population bottleneck during the 

peopling of the American continent, which would have caused a general reduction in 

genetic diversity in these populations. The existence and the intensity of such a bottleneck 

are controversial, being supported mainly by analysis of the Y-chromosome and of some 

mtDNA data (Bonatto and Salzano, 1997; Tarazona-Santos and Santos, 2002), but not by 

some studies on independent nuclear markers (Mattevi et al., 2000; Hutz et al., 2002; 

Heller et al., 2005) and on a smaller number of Alu insertions (Novick et al., 1998; Mateus-

Pereira et al., 2005). However, it should be stressed that uniparental loci (mtDNA and Y-

chromosome) have effective population size one fourth of the autosomal loci considered 

here, and are therefore much more affected by population size reduction than the later. 

Therefore, there are colonization scenarios involving moderate intensity bottlenecks that 

are compatible with both kinds of loci. Additionally, if our data reflect only this ancient 

bottleneck, we would expect that the Northern Arctic populations would also present a 



 

 

57

similar reduction, and this was not the case (although it should be noted that some of our 

samples from this region have records of recent admixture). We believe that the current 

pattern of diversity is probably due: an initial moderate bottleneck intensified by more 

recent historical events, such as the depopulations that happened after the European 

conquest. Genetic drift caused by the isolation and inbreeding typical of Amerind 

populations could than occur (Salzano and Bortolini, 2002). When the heterozygosity was 

plotted against the distance from the centroid, a similar pattern of differentiation emerges, 

in which Amerindians presented lower, Asians higher, and Northern Arctic intermediate 

values in relation to those expected. 

The different approaches employed to analyze the genetic structure of our Alu 

polymorphism data yielded concordant results. Considering the NJ population tree and 

PCA, three major clusters emerge, representing Southeast Asians (outgroup), Northeast 

Asians plus Northern Arctic, and Native Americans. The distinctiveness showed by one of 

the  populations considered as outgroup (PNG) was expected, as they are known to be very 

divergent in several genetic markers, including the Alu polymorphism (Stoneking et al., 

1997). This differentiation of the PNG population is also visible in the Bayesian 

assignment approach. 

Two earlier studies using Alu markers found no major differences between Asians 

and Amerindians. Novick et al. (1998) used five Alu loci, and finding a close resemblance 

between Asian and Native American populations, suggested a model of multiple 

migrations to the Americas from a single “source” population. Mateus-Pereira et al. (2005) 

used four Alu loci and three L1 insertion polymorphisms to corroborate the close genetic 

affinities between East Asians and Native American populations, but did not find support 

for claims of multiple migrations for the peopling of the Americas. Our findings 

corroborate the (Northeast) Asian genetic affinities of Native Americans, but we do find a 

gap between Amerindians and Asians, and a slight structure between Northern Arctic and 

Asians, possibly because we have studied more loci. Similarity between Northeast Asians 

and Amerindians was observed by Foster et al. (2001) in a study with mtDNA and Asian 

populations. They believe that repopulation of northern Asian latitudes occurred after the 

Last Glacial Maximum, obscured the ancestral Asian gene pool of Amerindians. 

Concerning the question of a single or multiple migrations for the origin of 

Native Americans, we think that our data do not have sufficient information to answer it 
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with confidence. For example, the grouping of Northern Arctic and Northeast Asian 

populations in one cluster and the Amerindians in other in the NJ tree do not provide 

support for a dual origin, as this kind of method is not intended to depict historical 

branching, but is a hierarchical representation of the distance matrix. And, as explained 

above, genetic drift should have played a very important role in Native American 

populations (see Fig. 5). Therefore, while the differences between Amerindians and both 

Northern Arctic and Northeast Asian populations is reinforced by the lesser diversity of the 

former, the similarity between the latter two groups of populations maybe simply because 

they maintain comparable levels of diversity since they shared a recent common ancestor, 

although their differences could be noted when compared hierarchically in AMOVA, 

reporting 10% of variability between groups (data not shown). 

Two populations consistently stood away from its geographically neighboring 

populations, the Mvskoke and Alaskan Natives. The Mvskoke were always closer to the 

Northern Arctic and Northeast Asians and the Alaskan Natives clustered with outgroup 

populations in the NJ tree, PCA, and in the Structure analysis. The position of these two 

populations did not find any historical support. However, as said above, the Mvskoke, are 

known to have a high degree of admixture (Kasprisin et al., 1987) and the Alaskan Native 

data studied here is a mixed sample of Eskimos, Native Amerindians, and Aleuts (Batzer et 

al. 1994). Therefore, the likely explanation for the results concerning these samples is that 

in both cases, genetic admixture with non-Indian populations has moved these populations 

away from their historical counterparts. 
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TABLE 1. Genotype distributions, Alu insertion frequencies(+),  heterozygosity (h), Hardy Weinberg probability fitness values, and average heterozygosities 

HS3.23 HS4.32 HS4.59 
Population Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 

                
South America                
Ache 28/06/02 0.861 36 .243 .110 03/08/25 0.194 36 .318 .097 26/01/00 0.981 27 .037 1.000 
Cinta Larga 08/11/07 0.519 26 .509 .449 01/04/19 0.125 24 .223 .298 23/03/00 0.942 26 .111 1.000 
Gavião 03/10/11 0.333 24 .454 1.000 02/04/20 0.154 26 .265 .077 05/12/08 0.440 25 .503 1.000 
Guarani 18/07/01 0.827 26 .292 1.000 01/05/16 0.159 22 .274 .430 12/11/06 0.603 29 .487 .265 
Kaingang 05/21/12 0.408 38 .489 .509 02/15/21 0.250 38 .380 1.000 29/08/02 0.846 39 .264 .196 
Quechua A 08/05/08 0.500 21 .512 .026 03/09/09 0.357 21 .470 1.000 15/04/03 0.773 22 .359 .040 
Quechua QT 04/13/06 0.457 23 .507 .684 01/10/09 0.300 20 .431 .619 13/07/03 0.717 23 .414 .299 
Suruí 07/06/09 0.455 22 .507 .039 00/09/12 0.214 21 .345 .533 08/09/05 0.568 22 .502 .419 
Waiwai 10/09/04 0.630 23 .476 .411 00/04/16 0.100 20 .185 1.000 13/05/03 0.738 21 .396 .093 
Xavante 16/13/03 0.703 32 .424 1.000 02/11/18 0.242 31 .373 1.000 14/10/02 0.731 26 .401 1.000 
Yanomami 10/13/03 0.635 26 .473 1.000 01/11/15 0.241 27 .372 1.000 06/03/14 0.326 23 .449 .001 
Zoró 06/14/09 0.448 29 .503 1.000 01/11/18 0.217 30 .345 1.000 07/08/06 0.524 21 .511 .380 
Central America                
Maya 11/12/05 0.607 28 .486 .693 03/09/16 0.268 28 .399 .349 15/06/06 0.667 27 .453 .011 
North America                
Mvskoke 24/07/00 0.887 31 .204 1.000 09/00/21 0.300 30 .427 <.001 15/13/03 0.694 31 .432 1.000 
Northern Arctic                
Alaska Natives 28/05/06 0.782 39 .345 <.001 04/10/30 0.205 44 .329 .056 12/18/10 0.525 40 .505 .537 
Chukchi 09/01/00 0.950 10 .100 1.000 00/05/02 0.357 07 .495 .441 04/03/00 0.786 07 .363 1.000 
Greenlanders 47/03/00 0.970 50 .059 1.000 13/18/17 0.458 48 .502 .089 08/23/19 0.390 50 .481 .774 
Siberian Eskimo 34/01/00 0.986 35 .029 1.000 01/05/13 0.184 19 .309 .489 06/06/03 0.600 15 .497 .600 
Southeast Asia                
Molucca 16/17/09 0.583 42 .492 .340 00/26/20 0.289 46 .410 .009 17/23/06 0.622 46 .477 .764 
Nusa-Tengarra 23/25/02 0.710 50 .416 .183 07/20/23 0.340 50 .453 .528 20/18/12 0.580 50 .492 .081 
PNG Coastal 06/19/20 0.344 45 .457 .742 04/22/23 0.306 49 .429 1.000 09/15/24 0.344 48 .456 .051 
Northeast Asia                
China 47/02/01 0.960 49 .078 .060 09/16/22 0.362 36 .467 .110 15/26/09 0.560 46 .498 .781 
Khalkh 38/03/00 0.963 41 .071 1.000 07/18/16 0.390 41 .482 .742 17/15/09 0.598 41 .487 .190 
Khoton 47/03/00 0.970 50 .059 1.000 11/25/14 0.470 50 .503 1.000 20/22/08 0.620 50 .476 .763 
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TABLE 1. (Cont.) 

HS4.65 HS4.75 TPA25 
Population Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 

                
South America                
Ache 00/00/28 0.000 28 .000 1.000 37/00/00 1.000 37 .000 1.000 30/02/03 0.886 35 .205 .001 
Cinta Larga 00/02/22 0.042 24 .082 1.000 23/00/00 1.000 23 .000 1.000 02/17/05 0.438 24 .503 .091 
Gavião 04/03/21 0.196 28 .321 .002 29/00/00 1.000 29 .000 1.000 18/10/01 0.793 29 .334 1.000 
Guarani 00/01/16 0.029 17 .059 1.000 25/00/00 1.000 25 .000 1.000 17/09/04 0.717 30 .413 .179 
Kaingang 02/08/28 0.158 38 .269 .206 37/00/00 1.000 37 .000 1.000 16/20/03 0.667 39 .450 .480 
Quechua A 00/00/23 0.000 23 .000 1.000 23/00/00 1.000 23 .000 1.000 10/07/04 0.643 21 .470 .335 
Quechua QT 00/04/18 0.091 22 .169 1.000 22/00/00 1.000 22 .000 1.000 13/04/04 0.714 21 .418 .021 
Suruí 02/00/21 0.087 23 .162 .002 24/00/00 1.000 24 .000 1.000 02/14/06 0.409 22 .495 .214 
Waiwai 00/01/17 0.028 18 .056 1.000 23/00/00 1.000 23 .000 1.000 10/08/00 0.778 18 .356 .529 
Xavante 00/12/20 0.188 32 .310 .557 28/00/00 1.000 28 .000 1.000 06/13/10 0.431 29 .499 .708 
Yanomami 00/00/26 0.000 26 .000 1.000 26/00/00 1.000 26 .000 1.000 14/09/04 0.685 27 .440 .366 
Zoró 01/00/25 0.038 26 .075 .020 30/00/00 1.000 30 .000 1.000 13/10/03 0.692 26 .434 .653 
Central America                
Maya 00/01/27 0.018 28 .036 1.000 27/01/00 0.982 28 .036 1.000 11/14/03 0.643 28 .468 1.000 
North America                
Mvskoke 00/01/31 0.016 32 .031 1.000 32/00/00 1.000 32 .000 1.000 08/18/06 0.531 32 .506 .722 
Northern Arctic                
Alaska Natives 01/04/39 0.068 44 .129 .166 43/00/00 1.000 43 .000 1.000 00/23/20 0.267 43 .396 .021 
Chukchi 00/01/03 0.125 04 .250 1.000 11/00/00 1.000 11 .000 1.000 02/08/02 0.500 12 .522 .563 
Greenlanders 00/03/46 0.031 49 .060 1.000 49/00/00 1.000 49 .000 1.000 08/30/12 0.460 50 .502 .252 
Siberian Eskimo 00/01/16 0.029 17 .059 1.000 21/00/00 1.000 21 .000 1.000 10/21/11 0.488 42 .506 1.000 
Southeast Asia                
Molucca 01/16/33 0.191 50 .298 1.000 28/08/01 0.871 37 .237 .503 18/19/13 0.564 50 .500 .097 
Nusa-Tengarra 00/18/32 0.180 50 .298 .327 42/08/00 0.920 50 .149 1.000 08/21/21 0.370 50 .471 .545 
PNG Coastal 01/07/39 0.096 47 .175 .344 48/01/00 0.990 49 .020 1.000 00/17/32 0.173 49 .290 .320 
Northeast Asia                
China 01/10/39 0.120 49 .213 .527 03/47/00 0.530 50 .503 <.001 14/22/14 0.500 50 .505 .405 
Khalkh 02/07/32 0.134 41 .235 .128 40/01/00 0.988 41 .024 1.000 10/21/10 0.500 41 .506 1.000 
Khoton 00/02/47 0.020 49 .040 1.000 50/00/00 1.000 50 .000 1.000 12/19/19 0.430 50 .495 .147 
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TABLE 1. (Cont.) 

ACE APO FXIIIB 
Population Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 Genotypes 

(++/+-/--)2 
(+) freq N1 h P-Value3 

                
South America                
Ache 39/00/00 1.000 39 .000 1.000 33/00/00 1.000 33 .000 1.000 20/14/04 0.711 38 .417 .691 
Cinta Larga 17/07/01 0.820 25 .301 1.000 23/02/00 0.960 25 .078 1.000 22/01/01 0.938 24 .120 .064 
Gavião 24/02/01 0.926 27 .140 .111 29/00/00 1.000 29 .000 1.000 29/00/00 1.000 29 .000 1.000 
Guarani 23/07/01 0.855 31 .252 .491 27/00/02 0.931 29 .131 .001 20/04/00 0.917 24 .156 1.000 
Kaingang 15/09/02 0.750 26 .382 .626 34/02/00 0.972 36 .055 1.000 29/09/00 0.882 38 .212 1.000 
Quechua A 17/04/02 0.826 23 .294 .098 23/00/00 1.000 23 .000 1.000 21/00/00 1.000 21 .000 1.000 
Quechua QT 11/07/05 0.630 23 .476 .171 22/01/00 0.978 23 .043 1.000 20/01/02 0.891 23 .198 .008 
Suruí 18/04/01 0.870 23 .232 .310 24/00/00 1.000 24 .000 1.000 24/00/00 1.000 24 .000 1.000 
Waiwai 20/01/00 0.976 21 .048 1.000 23/00/00 1.000 23 .000 1.000 19/02/02 0.870 23 .232 .023 
Xavante 15/11/03 0.707 29 .422 .662 32/00/00 1.000 32 .000 1.000 29/00/00 1.000 29 .000 1.000 
Yanomami 10/04/02 0.750 16 .387 .200 26/00/00 1.000 26 .000 1.000 06/00/00 1.000 06 .000 1.000 
Zoró 24/02/00 0.962 26 .075 1.000 29/01/00 0.983 30 .033 1.000 27/00/00 1.000 27 .000 1.000 
Central America                
Maya 16/03/07 0.673 26 .449 <.001 26/02/00 0.964 28 .070 1.000 19/04/01 0.875 24 .223 .298 
North America                
Mvskoke 09/15/05 0.569 29 .499 1.000 31/00/00 1.000 31 .000 1.000 10/07/07 0.563 24 .503 .049 
Northern Arctic                
Alaska Natives 06/28/09 0.465 43 .503 .068 38/01/00 0.987 39 .026 1.000 13/11/17 0.845 41 .501 - 
Chukchi 07/05/00 0.792 12 .344 1.000 08/04/00 0.833 12 .290 1.000 09/03/00 0.875 12 .228 1.000 
Greenlanders 17/23/08 0.594 48 .488 1.000 49/01/00 0.990 50 .020 1.000 21/14/13 0.845 48 .491 - 
Siberian Eskimo 09/12/01 0.682 22 .444 .361 44/04/00 0.958 48 .081 1.000 15/04/00 0.895 19 .193 1.000 
Southeast Asia                
Molucca 10/37/04 0.553 51 .498 .001 29/17/04 0.734 50 .379 .468 27/18/01 0.783 46 .344 .661 
Nusa-Tengarra 14/33/03 0.610 50 .481 .009 31/17/02 0.790 50 .335 1.000 34/15/01 0.830 50 .285 1.000 
PNG Coastal 19/19/05 0.663 43 .452 1.000 21/17/07 0.656 45 .457 .322 04/09/34 0.181 47 .299 .027 
Northeast Asia                
China 20/20/10 0.600 50 .485 .247 28/07/00 0.900 35 .183 1.000 33/12/04 0.796 49 .328 .089 
Khalkh 14/22/05 0.610 41 .482 .524 33/07/01 0.890 41 .198 .388 31/06/04 0.829 41 .287 .007 
Khoton 12/28/10 0.520 50 .504 .570 42/04/04 0.880 50 .213 .001 32/11/07 0.750 50 .379 .005 
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TABLE 1. (Cont.) 
PV92 MABD1 A25 

Population Genotypes 
(++/+-/--)2 

(+) freq N1 h P-Value3 Genotypes 
(++/+-/--)2 

(+) freq N1 h P-Value3 Genotypes 
(++/+-/--)2 

(+) freq N1 h P-Value3 

                
South America                
Aché 27/11/01 0.833 39 .281 1.000 10/16/04 0.600 30 .488 .711 00/02/37 0.026 39 .051 1.000 
Cinta Larga 09/10/07 0.538 26 .507 .256 02/09/12 0.283 23 .414 1.000 00/00/27 0.000 27 .000 1.000 
Gavião 24/04/01 0.897 29 .189 .249 15/03/10 0.589 28 .493 <.001 00/00/28 0.000 28 .000 1.000 
Guarani 19/07/03 0.776 29 .354 .111 07/07/15 0.362 29 .470 .014 00/06/23 0.103 29 .189 1.000 
Kaingang 27/09/04 0.788 40 .339 .049 24/00/09 0.727 33 .403 <.001 00/02/22 0.042 24 .082 1.000 
Quechua A 13/06/04 0.696 23 .433 .127 03/07/08 0.361 18 .475 .612 01/04/17 0.136 22 .241 .324 
Quechua QT 13/08/02 0.739 23 .394 .609 13/01/06 0.675 20 .450 <.001 00/02/21 0.043 23 .085 1.000 
Suruí 21/03/00 0.938 24 .120 1.000 02/08/11 0.286 21 .418 1.000 00/04/20 0.083 24 .156 1.000 
Waiwai 17/06/00 0.870 23 .232 1.000 08/09/06 0.543 23 .507 .401 00/02/21 0.043 23 .085 1.000 
Xavante 23/06/03 0.813 32 .310 .050 10/13/08 0.532 31 .506 .470 01/13/18 0.234 32 .365 .652 
Yanomami 24/02/00 0.962 26 .075 1.000 04/06/11 0.333 21 .455 .137 00/00/24 0.000 24 .000 1.000 
Zoró 21/08/01 0.833 30 .282 1.000 09/17/04 0.583 30 .494 .472 00/01/27 0.018 28 .036 1.000 
Central America                
Maya 15/08/04 0.704 27 .425 .165 05/08/13 0.346 26 .462 .104 00/00/28 0.000 28 .000 1.000 
North America                
Mvskoke 09/16/07 0.531 32 .506 1.000 08/07/10 0.460 25 .507 .042 01/07/24 0.141 32 .246 .479 
Northern Arctic                
Alaska Natives 07/10/22 0.308 39 .432 .020 05/15/17 0.338 37 .454 .712 00/04/37 0.049 41 .094 1.000 
Chukchi 02/07/02 0.500 11 .524 .581 03/05/01 0.611 09 .503 1.000 00/01/11 0.042 12 .083 1.000 
Greenlanders 29/13/08 0.710 50 .416 .013 13/22/15 0.480 50 .504 .405 02/14/34 0.180 50 .298 .642 
Siberian Eskimo 07/11/03 0.595 21 .494 1.000 07/07/06 0.525 20 .512 .198 03/03/12 0.250 18 .386 .032 
Southeast Asia                
Molucca 26/17/07 0.691 50 .432 .183 02/11/24 0.203 37 .328 .616 00/00/47 0.000 47 .000 1.000 
Nusa-Tengarra 15/23/12 0.530 50 .503 .579 02/17/31 0.210 50 .335 1.000 00/07/43 0.070 50 .132 1.000 
PNG Coastal 05/18/25 0.292 48 .418 .498 00/07/35 0.083 42 .155 1.000 00/02/47 0.020 49 .040 1.000 
Northeast Asia                
China 36/12/02 0.840 50 .272 .589 13/14/17 0.455 44 .502 .018 20/17/11 0.080 48 .488 - 
Khalkh 20/15/06 0.671 41 .447 .294 03/06/06 0.400 15 .497 .600 01/10/30 0.146 41 .253 1.000 
Khoton 24/22/04 0.700 50 .424 1.000 04/07/10 0.357 21 .470 .335 01/19/30 0.210 50 .335 .666 
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TABLE 1. (Cont.) 

Population  Avg Het St Error 

South America    
Aché  .170 .051 
Cinta Larga  .236 .058 
Gavião  .224 .058 
Guarani  .255 .045 
Kaingang  .277 .046 
Quechua A  .271 .062 
Quechua QT  .299 .054 
Suruí  .244 .058 
Waiwai  .213 .053 
Xavante  .301 .055 
Yanomami  .221 .064 
Zoró  .235 .062 
Central America    
Maya  .295 .058 
North America    
Mvskoke  .322 .061 
Northern Arctic    
Alaska Natives  .291 .053 
Chukchi  .308 .053 
Greenlanders  .300 .061 
Siberian Eskimo  .292 .060 
Southeast Asia    
Molucca  .366 .041 
Nusa-Tengarra  .362 .037 
PNG Coastal  .303 .048 
Northeast Asia    
China  .354 .047 
Khalkh  .331 .051 
Khoton  .325 .056 
1Number of individuals; 2The presence or absence of the Alu insertion is 
denoted by + and -, respectively; 3Values in boldface, P<0.05 considering 
Bonferroni’s correction. 
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TABLE 2. Hierarchical AMOVA analysis for Alu allelic frequency results, considering different levels of population hierarchy and different sources of 

variation 

Comparisons1 
Hierarchical classification 

Among groups Among populations within 
groups Within populations 

    I.                         Northeast Asians and Northern Arctic 
vs. 

North, Central and South Amerindians 
5.8 14.0 80.2 

    

   II.                                        Northeast Asians 
vs. 

Northern Arctic, North, Central and South Amerindians 
6.0 14.6 79.4 

    
  III.                                         Northeast Asians 

vs. 
Northern Arctic 

vs. 
North, Central and South Amerindians 

9.4 11.2 79.4 

    
 IV.                                       

  Northeast Asians 
vs. 

North, Central and South Amerindians 
7.6 10.6 81.7 

    
  V.                                          

Northern Arctic 
vs. 

North, Central and South Amerindians 
11.0 10.0 79.0 

    
     1The values for the three levels of analysis refer to percentage of variation; all P values < 0.05. 
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Fig. 1. Geographic distribution of the populations considered. 1. Molucca, 2. Nusa-
Tengarra, 3. PNG Coastal, 4. China, 5. Khalkh, 6. Khoton, 7. Chukchi, 8. 
Siberian Eskimo, 9. Alaskan Natives, 10. Greenlanders, 11. Mvskoke, 12. Maya, 
13. Yanomami, 14. Wai Wai, 15. Quechua QT, 16. Quechua A, 17. Cinta Larga, 
18. Surui, 19. Gavião, 20. Zoró, 21. Xavante, 22. Kaingang, 23. Guarani, 24. 
Aché. 

 
Fig. 2. Neighbor-joining tree depicting the population relationships. Numbers on the 

branches are bootstrap values based on 1000 replications. Bootstrap values 
lower than 20% are not indicated. 

 
Fig. 3. Principal Component (PC) of the allele frequencies for the twelve Alu insertion 

polymorphic loci. Asians: circles; Northern Arctic: triangles; Amerindians: 
squares. 

 
Fig. 4. a) Estimated population structure. Each individual is represented by a thin 

vertical line, which is partitioned into K colored segments that represent the 
individual’s estimated membership fractions in K clusters. Black lines separate 
individuals of different populations; b) UPGMA tree relative to the average 
population membership probability based on K=3; c) UPGMA tree relative to 
the average population membership probability based on K=5. 

 
Fig. 5. Plot of heterozygosity vs distance from the centroid for Amerinds, Asians and 

Northern Arctic. The numbers refer to populations, as indicated in Fig. 1. 
Circles: Asians; triangles: Northern Arctic; squares: Amerindians. 
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Figure 3 
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Figure 5 
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4. Discussão Geral 

 

Os dois artigos científicos apresentados nessa tese tratam, de um modo geral, dos 

povos ameríndios e sua variabilidade genética, seus relacionamentos intracontinentais, e 

intercontinentais com povos que supostamente seriam seus ancestrais; além disso, tentam 

esclarecer algumas questões demográficas e evolutivas envolvendo estes povos. Tais 

aspectos foram avaliados pelo estudo de marcadores genéticos autossômicos (seqüência 

16p13.3 e inserções Alu) levando em conta, além dos aspectos genéticos, os culturais, 

lingüisticos, antropológicos e arqueológicos. Ambos marcadores revelaram-se 

informativos em relação às questões levantadas. Nos dois trabalhos os ameríndios 

apresentam variabilidade genética semelhante àquela apresentada pelos Beringianos, 

reforçando a hipótese de que entre os povos asiáticos estariam (ou estiveram) os povos 

ancestrais dos ameríndios. Essa relação tem sido registrada há algumas décadas por 

diferentes pesquisadores de diversas áreas (Turner, 1984; Kozintsev et al., 1999; Lell et al., 

2002; Uinuk-ool et al., 2002; Starikovskaya et al., 2005). 

Quanto à questão demográfica, não houve sinal de “bottleneck” nas populações 

ameríndias nem nas beringianas em nossas investigações. Essa questão é ainda 

controversa, porque alguns pesquisadores defendem que houve diminuição significativa no 

tamanho da população fundadora seguida de crescimento populacional na entrada do 

homem pré-histórico nas Américas (Bonatto e Salzano, 1997; Tarazona-Santos e Santos, 

2002; Fagundes et al., 2005). Por outro lado, muitos autores não têm encontrado um sinal 

significativo de que isso tenha de fato acontecido ou que, pelo menos tenha sido forte o 

suficiente para ter restringido o reservatório genético das populações atuais (Novick et al., 

1998; Mattevi et al., 2000; Hutz et al., 2002; Heller et al., 2005; Mateus-Pereira et al., 

2005). Encontramos uma redução na heterozigosidade das populações estudadas com as 

inserções Alu desde o sudoeste da Ásia até o sul da América do Sul. Isso pode ser 

explicado por eventos históricos recentes de isolamento populacional e endocruzamento e 

também por efeitos de deriva genética. Estes eventos, podem ser resumidos em dois 

modelos. De acordo com o primeiro, os grupos ancestrais estabeleceram-se em locais 

específicos muito cedo no processo de colonização e permaneceram naquelas áreas desde 

então. Este padrão levaria a significante continuidade  biológica e cultural entre os grupos 

ancestrais e seus modernos antecedentes. De fato, este modelo explicaria porque alguns 
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haplótipos da sequência 16p13.3 encontrados em quatro ameríndios (Quechua, Kaingang, 

Cinta Larga e Aché) e em um beringiano (Chukchi), aparecem em uma posição tão 

divergente na árvore de haplótipos (median joining network) localizando-se entre os 

africanos. Estes indivíduos teriam conservado os haplótipos de seus ancestrais, os quais os 

teriam trazido em suas migrações para as Américas. Alternativamente (segundo modelo), a 

composição genética das populações, poderia não ser a mesma da ancestral devido a 

fatores como reassentamentos, fusões entre tribos adjacentes, deriva genética, ou outros 

processos estocásticos que poderiam ter alterado os padrões de diversidade biológica 

através do tempo, condicionando, no entanto, uma certa similaridade entre os grupos 

modernos e os ancestrais. 

Quando houve tentativa de estabelecer relações entre os diversos grupos ameríndios 

estudados, sem considerar asiáticos e beringianos, não foi observada qualquer estruturação 

significativa. Quando todas elas eram comparadas com asiáticos (não beringianos), elas 

permaneceram unidas e distintas, principalmente em relação às inserções Alu. Alguns 

autores sugeriram que o processo de colonização ocorrido na América do Sul 

provavelmente envolveu um padrão de colonização bidirecional, que usou rotas andinas e 

amazônicas (Salzano e Callegari-Jacques, 1988; Tarazona-Santos et al., 2001; Keyeux et 

al., 2002). A partir deste modelo, os grupos colonizadores teriam inicialmente 

experimentado efeitos significantes de deriva genética devido ao relativo isolamento entre 

eles, mas teria sido conservado parte do mesmo reservatório genético devido ao fluxo 

gênico entre as populações. Logo depois da ocupação destas regiões, as populações nativas 

teriam sofrido um processo de tribalização, marcado por uma significante redução no fluxo 

gênico entre elas (Salzano e Callegari-Jacques, 1988; Torroni et al., 1993; Malhi et al., 

2002). Esta transição pôde ser vista em sítios arqueológicos do Período Arcaico, onde 

apareceram evidências de especialização e intensificação do uso dos recursos locais 

(Roosevelt et al., 1996; Dillehay, 1999; Fiedel, 1999; Fagan, 2000). O aumento no 

crescimento populacional e no sedentarismo destes grupos acompanharam estas mudanças 

e, conseqüentemente, teriam reduzido os efeitos da deriva genética nestas populações e 

aumentado o fluxo gênico entre grupos locais, contribuindo assim para a formação do 

reservatório genético regional (Malhi et al., 2002). Estas flutuações impossibilitaram, em 

certo grau, que houvesse estruturação significativa dentro da América do Sul. 
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Em relação aos resultados encontrados na sequência 16p13.3 em ameríndios,  eles 

refletem o padrão encontrado para outras populações mundiais com essa mesma seqüência 

(Alonso e Armour, 2001), sugerindo um crescimento populacional antigo ocorrido fora da 

África que, de alguma forma se manteve nas populações ameríndias atuais. 

O grupo Aché é uma população ameríndia situada no Paraguai, que possui 

características ecológicas e morfológicas de grupos caçadores-coletores, mas sua 

linguagem pertence ao tronco Tupi. Alguns trabalhos envolvendo polimorfismos genéticos 

tentaram estabelecer a origem deste grupo, se seria Tupi ou Gê (Battilana et al., 2002; 

Gaspar et al., 2002; Tsuneto et al., 2003; Schmitt et al., 2004), mas os resultados não 

foram congruentes, e até o momento esta questão não pôde ser resolvida. Na análise com 

as inserções Alu, os Aché apresentaram o menor valor de heterozigosidade entre todas as 

populações estudadas, sugerindo alto grau de endocruzamento. Nas demais análises, eles se 

posicionaram ora próximos ao grupo Yanomami, ora aos Wai Wai, os quais pertencem a 

famílias lingüísticas distintas daquelas propostas para o povo Aché (Chibcha-Paeza e 

Caribe, respectivamente). Já quanto à árvore de haplótipos da análise da seqüência 

16p13.3, além do haplótipo divergente já mencionado, os outros não apresentam padrões  

de relação que possam ser úteis à elucidação da questão proposta. 
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