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Resumo

O polimorfismo dos genes HLA-A, HLA-B e HLA-DRB1 foi estudado em trés
populacdes Portuguesas (Portugal continental, Madeira e Agores) e em duas
Africanas (Guiné-Bissau e Cabo Verde). Os dados em alta resolucédo, obtidos
por sequenciacao (SBT), foram comparados com a caracterizagdo efectuada
pelo método SSOP revelando 4,6% de incongruéncias entre os resultados
destes dois métodos.

Os alelos mais frequentes em cada um dos loci foram: HLA-A*0201 em
todas as populagdes (13,5-26%); HLA-B*5101 em Portugal continental
(12%, o mesmo para o B*440301), Madeira (9,7%) e Acores (9,8%) e
B*350101 na Guiné-Bissau (14,4%) e Cabo Verde (13,2%); HLA-
DRB1*0701 em Portugal continental (15%), Madeira (15,7%) e Acores
(18,3%), DRB1*1304 na Guiné-Bissau (19,6%) e DRB1*110101 em Cabo
Verde (10,1%0).

Os haplotipos 3-loci mais predominantes em cada populacdo foram:
A*020101-B*440301-DRB1*070101 em Portugal continental (3,1%),
A*020101-B*510101- DRB1*130101 na Madeira (2,7%), A*2902-B*4403-
DRB1*0701 nos Acores (2,4%), A*2301-B*1503- DRB1*110101 na Guiné-
Bissau (4,6%) e A*3002-B*350101-DRB1*1001 em Cabo Verde (2,8%).
O presente trabalho revela que a populagdo continental Portuguesa tem
sido influenciada geneticamente por Europeus e Norte Africanos devido a
varias imigragfes historicas. O Norte de Portugal parece concentrar,
provavelmente devido a pressdo da expansdo Arabe, um antigo pool

genético originado pela influéncia milenar de Europeus e Norte Africanos.
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Os dados obtidos nos genes do sistema HLA corroboram as fontes histéricas
que confirmam gque o povoamento dos Acores teve o contributo de outros
Europeus, essencialmente Flamengos, para além dos Portugueses. As
frequéncias alélicas e haplotipicas neste arquipélago ndo apresentam uma
distribuicdo homogénea entre as ilhas do grupo Oriental e Central. O grupo
Central revela uma influéncia clara da Europa Central e uma muito menor
afinidade a Portugal continental.

As frequéncias alélicas e haplotipicas mostram que a ilha da Madeira foi
povoada por Europeus, a maioria Portugueses, mas também por sub-
Saharianos devido ao comércio de escravos.

Cabo Verde ndo é uma populagdo tipicamente sub-Sahariana pois revela
uma importante influéncia genética Europeia, para além da base genética
Africana. A andlise dos haplotipos e dendrogramas mostram uma influéncia
genética Caucasiana no actual pool genético Cabo-Verdiano. Os
dendrogramas e a andlise das coordenadas principais mostram que 0s
Guineenses sdo mais semelhantes aos Norte Africanos do que qualquer
outra populacdo sub-Sahariana ja estudada ao nivel do sistema HLA,
provavelmente devido a contactos histéricos com outros povos,

nomeadamente Arabes do Este Africano e Berberes.
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Abstract

HLA-A, HLA-B, and HLA-DRB1 genetic polymorphism was examined in three
Portuguese (mainland Portugal, Madeira and Azores) and two African
populations (Guiné-Bissau and Cabo Verde). Data obtained at high-
resolution level, using sequence-based typing, were compared with medium
resolution typing previously obtained by SSOP, showing 4.6% incongruence
between the two methods.

The most frequent allele at each loci was: HLA-A*0201 (13.5-26%) in all
populations; HLA-B*5101 in mainland Portugal (12%, the same as
B*440301), Madeira (9.7%), and Azores (9.8%) and B*350101 in Guiné-
Bissau (14.4%) and Cabo Verde (13.2%); HLA-DRB1*0701 in mainland
Portugal (15%), Madeira (15.7%), and Azores (18.3%), DRB1*1304 in
Guiné-Bissau (19.6%), and DRB1*110101 in Cabo Verde (10.1%).

The predominant three-loci haplotype found in each population was:
A*020101-B*440301-DRB1*070101 in mainland Portugal (3.1%),
A*020101-B*510101- DRB1*130101 in Madeira (2.7%), A*2902-B*4403-
DRB1*0701 in Azores (2.4%), A*2301-B*1503- DRB1*110101 in Guiné-
Bissau (4.6%), and A*3002-B*350101-DRB1*1001 in Cabo Verde (2.8%).
The present study demonstrates that the mainland Portuguese population
has been genetically influenced by Europeans and North Africans, via
several historic immigrations. North Portugal seems to concentrate,
probably due the pressure of Arab expansion, an ancient genetic pool
originated from several North Africans and Europeans influences throughout

millenniums.
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HLA data corroborates historical sources that say the Azores were populated
not only by Portuguese but also by other Europeans, mostly Flemish people.
Haplotype and allele frequencies in this archipelago show no homogeneous
distribution between Oriental and Central islands. The Central group clearly
shows an influence of central Europeans, with much less affinity to mainland
Portugal.

HLA allele and haplotype frequencies show that Madeira island were
populated by Europeans, mostly Portuguese, but also by sub-Saharan
Africans due to slave trade.

Cabo Verde s not a typical sub-Saharan population showing an important
European genetic influence besides the African basis. Haplotypes and
dendrogram analysis shows a Caucasian genetic influence in today’s gene
pool of Cabo Verdeans. Dendrograms and principal coordinates analysis
show that Guineans are more similar to North Africans than other HLA
studied sub-Saharans, probably due to ancient and recent historical links

with other peoples, namely East Africans Arabs and Berbers.
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Capitulo 1

1. Introducéao

1.1. A descoberta do sistema HLA

O Complexo Maior de Histocompatibilidade (MHC - Major
Histocompatibility Complex), existente em todos os vertebrados, é
constituido, entre outros, por genes com importantes funcées imunolégicas
e foi descoberto em 1937 por Peter Gorer durante o estudo de transplantes
em ratos (Gorer, 1937). Mais tarde Jean Dausset (1958) publicou as suas
observagdes e conclusbes sobre a capacidade do soro de pessoas
submetidas a transfusdes sanguineas aglutinar leucécitos de outros
individuos. Dausset descobriu assim o0 primeiro antigénio humano,
denominado MAC (agora HLA-A*02), um dos produtos dos genes do
sistema humano de antigénios leucociticos (HLA - Human Leukocyte
Antigens), o correspondente humano do MHC. Mais tarde, Jon van Rood e
van Leeuwen (1963) publicaram a descoberta de outro gene do sistema
HLA a que deram o nome de FOUR (agora HLA-B). Com a invencédo da
técnica de cultura linfocitaria mista em 1964 (Bach e Hirschhorn, 1964;

Bain et al. 1964) foram-se acumulando resultados que conduziram a
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descoberta de novos genes, nomeadamente o HLA-DR na década de 70 do
século XX (Yunis e Amos, 1971; Tosi et al. 1978).

O envolvimento do MHC na resposta imunitaria do organismo so6 foi
confirmada no inicio da década de setenta do século XX (Shevach et al.,
1972) mas actualmente conhece-se ja em detalhe a estrutura e funcéo dos
genes classe | e classe Il do sistema HLA (Bjorkman et al., 1987; Brown et
al. 1993). Apesar de actualmente desconhecermos ainda o mecanismo
exacto que associa determinados alelos e haplotipos (conjunto de alelos de
diferentes loci transmitidos em bloco de geracdo em geracado) do sistema
HLA a um elevado risco de desenvolver determinadas doengas autoimunes,
ja em 1967 esta associacao era conhecida (Amiel, 1967).

Devido as suas mudltiplas fungbes, nomeadamente ao nivel da
histocompatibilidade e regulacdo imunitaria, a investigacdo em torno do
sistema HLA despertou o interesse de varias equipas de investigacado
possibilitando a descoberta de largas centenas de alelos nos diferentes

genes.

1.2. Nomenclatura do sistema HLA

Esta enorme diversidade genética tornou necessario, desde muito cedo,
0 estabelecimento de regras claras ao nivel da nomenclatura utilizada,
tendo sido organizado em 1968 por Bernard Amos o primeiro encontro do
Comité de Nomenclatura da Organizacdo Mundial de Saude (WHO-
Nomenclature-Committee, 1968).

Um coédigo de 4 digitos que distingue os alelos que diferem ao nivel das
proteinas codificadas foi implementado pela primeira vez no Relatério de

Nomenclatura em 1987 em sequéncia do X Workshop de
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Histocompatibilidade que decorreu em Nova lorque nesse mesmo ano
(Dupont, 1988). Desta forma foi possivel acomodar os diferentes alelos,
identificados através de métodos moleculares, que constituem cada grupo
serolégico. A utilizacdo de um asterisco depois da designacdo do locus
permitiu distinguir a caracterizacdo alélica por meétodos moleculares da
caracterizacdo por métodos serolégicos. Em 1990 foi adicionado um quinto
digito para distinguir as sequéncias que diferem apenas por substituicbes
nucleotidicas sinbnimas (mutacdes silenciosas) (Bodmer et al., 1991). No
entanto, este sistema de nomenclatura ja esta a atingir, para certos grupos
de alelos (e.g HLA-A*02 e HLA-B*15), o nivel maximo de alelos que
consegue comportar pelo que ja estado a ser adoptadas novas convencgoes.
Assim, para acomodar novos alelos nos grupos mais polimoérficos, assim que
estes atinjam 99 alelos, uma segunda série sera utilizada para continuacgao.
A série B*95 esta assim reservada para acomodar novos alelos quando o
B*1599 for atingido, da mesma forma que a série A*92 dara continuidade

aos alelos do grupo A*02 (Marsh et al., 2002).

1.3. Técnicas de caracterizacao do sistema HLA

A evolucdo das técnicas utilizadas na identificacdo e caracterizagdo das
diferentes formas dos genes que compdem o sistema HLA constituiu um dos
factores cruciais no desenvolvimento dos conhecimentos nesta area. Os
primeiros passos na descoberta do sistema HLA foram dados com recurso
as técnicas de leuco-aglutinagdo com as quais foi possivel definir varios
antigénios codificados por este conjunto de genes (Berah e Dausset, 1963).
Até meados dos anos 80 do século XX as técnicas seroldgicas constituiam a

Unica forma de caracterizar a diversidade alélica do sistema HLA.
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O teste linfocitotoxico foi amplamente divulgado na abordagem
serolégica para identificacdo dos antigénios do sistema HLA, existindo
actualmente multiplas variacdes desta técnica base. Esta técnica consiste na
mistura de linfécitos B com soro contendo anticorpos especificos para
determinados antigénios do sistema HLA. Os anticorpos, quando na
presenca de linfécitos B contendo antigénios complementares, ligam-se
provocando, com a adicdo de um complementar, a destruicdio membranar,
0 que permite a sua identificacdo por coloracao (Kippax et al., 1985;
Zachary et al. 1995).

Devido a problemas de reaccdo cruzada e indisponibilidade de certos
anticorpos, muitos laboratérios adoptaram técnicas de genética molecular
para a caracterizacdo do sistema HLA. No entanto, estes meétodos
serolégicos continuam a ser amplamente utilizados em testes de
crossmatching com o objectivo de validar potenciais dadores seleccionados
para transplantes de 6rgéos e tecidos. Este procedimento é desenvolvido
como salvaguarda a ocorréncia de rejeicdo aguda do transplante pois alguns
pacientes poderao ter sido previamente sensibilizados contra determinados
antigénios HLA. Mesmo que os alelos do dador e do receptor sejam
compativeis, em sequéncia de transfusfes de sangue, da realizacdo de
outros transplantes ou de uma gravidez, o paciente podera ter desenvolvido
anticorpos contra alguns dos antigénios do dador levando a uma reaccao
violenta logo no inicio do transplante, pondo em causa O Seu sucessoO
(Moore et al., 1997)".

Os métodos de restricdo enzimatica (RFLP- Restriction Fragment Length

Polymorphysm) permitiram dar os primeiros passos na identificacao

1
http://www.pharmacy.wisc.edu/courses/718-430/2001presentation/Flanner.pdf (26-09-2005)
http://www.hla.ucla.edu/labServices/labServicesABT.htm (26-09-2005)
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genética destes alelos no inicio da década de 80 do século XX permitindo
uma maior precisdo comparativamente aos métodos serolégicos. Com o
advento da PCR (Polymerase Chain Reaction) (Saiki et al., 1985, Mullis e
Faloona, 1987), particularmente apds a sua automatizacdo, depressa 0s
meétodos de caracterizacédo alélica do sistema HLA por restricdo enzimatica
evoluiram e mais tarde foram mesmo ultrapassados por outros
procedimentos mais modernos (Howell et al., 1989; Ota et al., 1992). A
associacdo entre a PCR e a restricdo enziméatica permitiu a adopc¢édo de uma
técnica de caracterizacdo alélica do sistema HLA mais eficiente e em alta
resolucdo. Apos a amplificacdo dos exdes polimorficos do locus HLA em
estudo, o DNA obtido por PCR é digerido com enzimas de restricdo
especificas e o perfil dos fragmentos produzidos € analisado apos separacéo
por electroforese (Mitsunaga et al., 1998).

Varios métodos foram desenvolvidos com base na PCR. A caracterizacao
alélica por SSOP (Sequence Specific Oligonucleotide Probes) recorre a
primers (oligonucleotidos) complementares de zonas conservadas para
amplificar os exdes polimorficos dos loci HLA (exfes 2 e 3 nos genes HLA
classe | e exdo 2 nos genes classe Il1). O DNA amplificado é fixo a uma
membrana e é hibridado com sondas oligonucleotidicas marcadas com
fluorescéncia. As sondas complementares as zonas polimorficas do DNA
amplificado produzem um padrdo de hibridacdo cuja andlise permite
identificar os alelos presentes do sistema HLA (Middleton, 2000). Esta
técnica permite a caracterizagdo do sistema HLA em baixa ou alta resolucéao
consoante o painel de sondas utilizado e é adequada para grandes

quantidades de amostras (Middleton e Williams, 1997).
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O teste SSP (Sequence Specific Priming) utiliza directamente a técnica
de PCR para identificar os alelos do sistema HLA com recurso a
oligonucleotidos complementares a sequéncias nucleotidicas polimadrficas
conhecidas (Olerup e Zetterquist, 1992; Olerup e Zetterquist, 1993; Bunce
et al., 1995). Esta técnica baseia-se no facto de um primer complementar a
cadeia de DNA ser mais eficiente na amplificacdo por PCR do que os primers
com um ou mais nucleétidos ndo coincidentes. Primers especificos para a
amplificacdo de determinados alelos, com separacgao e visualizacdo através
de electroforese em géis de agarose, permitem caracterizar em baixa ou
alta resolucédo os genes HLA (Middleton e Williams, 1997).

A caracterizacdo alélica dos genes do sistema HLA através da
sequenciacdo nucleotidica (SBT- Sequence Based Typing) € o meétodo
molecular actualmente mais fiavel, o qual permite inclusive a identificacdo
directa de novos alelos (McGinnis et al., 1995; Middleton e Williams, 1997;
Kurz et al., 1999). Esta técnica desenvolve-se com a amplificacédo, por PCR,
dos fragmentos contendo os exdes polimorficos a sequenciar. As técnicas e
tecnologias mais recentes permitem a sequenciagdo directa do fragmento
sendo que a sua natureza heterozigética implica a utilizacdo de um
programa informatico préprio para a descriminacdo dos alelos presentes em
cada amostra.

A escolha do método a utilizar na caracterizacdo alélica do sistema HLA
depende das especificidades de cada laboratorio e dos objectivos do
trabalho. Desde a rapidez necesséaria até ao numero de amostras, passando
pelo equipamento existente, orcamento disponivel e experiéncia dos
recursos humanos, inumeras sao as variaveis que influenciam a escolha do

método. Consoante as necessidades e o0s objectivos dos laboratorios,
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nomeadamente se pretendem baixa ou alta resolucéo, poderdo optar por
utilizar mais de um método. No entanto, em qualquer dos casos, qualquer
um dos métodos disponiveis necessita de ser continuamente actualizado por
forma a integrar as alteracfes que permitem a evolugcdo das técnicas e
considerar os novos alelos que continuamente sao descobertos (Middleton e

Williams, 1997).

1.4. Estrutura e funcdo do sistema HLA

Os loci HLA estao localizados no brago mais pequeno do cromossoma 6
na banda 6p21.3 formando um complexo sistema de genes funcionalmente
relacionados entre si (Figura 1) (Bender et al. 1983). O sistema HLA é
constituido por 224 genes, dos quais 128 sdo genes funcionais e 96 sao

pseudogenes (MHC sequencing consortium, 1999).
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Figura 1. Mapa da regido HLA (banda 6p21.3 do cromossoma 6). Os genes e

pseudogenes néo classicos classe | estdo representados por rectangulos ndo preenchidos.
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Os genes funcionais do sistema HLA sdo os mais variaveis do genoma
humano com capacidade de expressdo, 40% dos quais desempenham um
importante papel em fun¢des imunoldgicas. Para além destes genes existem
ainda no sistema HLA elementos repetitivos que compreendem quase 50%
da sequéncia do sistema HLA (MHC sequencing consortium, 1999; Garrigan
& Hedrick, 2003).

O sistema HLA, com cerca de 4 Mb (megabases) de extensao, esta
subdividido em trés regides: classe I, classe Il e classe Ill, de acordo com a
estrutura e funcéo dos seus genes. Os genes classe |, localizados na porcao
mais telomérica do sistema HLA, sdo constituidos por varios exdes,
intercalados por intrdes, que codificam para a formacdo da cadeia
polipeptidica alfa de receptores glicoproteicos da membrana das células
nucleadas, constituidos por uma regidao extracelular de ligacdo a antigénios,
uma regido transmembranar e um segmento citoplasmatico (MHC
sequencing consortium, 1999). Os polimorfismos nos genes classe |
localizam-se essencialmente nos exdes 2 e 3, 0s quais codificam para as
estruturas moleculares alfa 1 e alfa 2 do receptor membranar onde se
localiza o sitio de ligacdo aos antigénios (Malissen et al., 1982). Estes
receptores membranares interagem com linfécitos T CD8 positivos que
detectam alteracfGes de expressao nas ceélulas, alteracdes estas que podem
ocorrer devido a infeccbes ou ao desenvolvimento de células tumorais.
Desta forma os linfocitos T (CD8+) reconhecem as células que deverao
atacar para combater o avanco de uma determinada infeccdo ou de um
tumor (Doherty & Zinkernagel, 1975).

Os genes classe Il localizam-se na regidao mais centromérica do sistema

HLA e codificam para as estruturas alfa e beta de receptores membranares
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que se expressam nas células que apresentam antigénios, nomeadamente
linfécitos B e células dendriticas. O ex&o 2, que codifica para a estrutura
extracelular do receptor membranar, responsavel pela ligacdo aos
antigénios, concentra a maior parte dos polimorfismos nestes genes. Estes
receptores membranares, constituidos por uma por¢ao extracelular, uma
regido transmembranar e um segmento citoplasméatico, reconhecem a
presenca de elementos estranhos e estimulam os linfécitos T CD4 positivos,
reforcando a resposta imunitaria contra agentes infecciosos (Doherty &
Zinkernagel, 1975; Gatti & Pierre, 2003).

A regiao classe Il do sistema HLA localiza-se entre os genes classe | e
classe Il e, apesar de nao ser tao polimorfico como estes ultimos, constitui
0 segmento do genoma humano com maior densidade de genes (Xie et al.,
2003)". Ao contrario da regido classe | e classe Il onde existem dezenas de
pseudogenes, a regiao classe IlIl possui apenas dois (MHC sequencing
consortium, 1999). Os genes presentes nesta regido nédo sdo, na sua
maioria, relacionados entre sim nem com o0s genes da classe | e Il e ndo
possuem um padrédo comum de expressao. Os genes classes Il dos sistema
HLA possuem funcdes varias, destacando-se o seu papel na codificacdo de
proteinas sollUveis importantes na modelacdo e regulacdo da resposta
imunitaria (Xie et al., 2003)*.

Os genes classicos HLA-A, HLA-B, HLA-Cw (classe 1), HLA-DRB1, HLA-
DPB1 e HLA-DQB1 (classe Il), co-dominantes, sdo os mais polimorficos e
mais estudados do sistema HLA (Mizuki et al., 1996). Por outro lado, os
genes nao classicos, nomeadamente HLA-E, HLA-F e HLA-G (classe I), com

funcdes ainda mal conhecidas, possuem uma distribuicdo muito restrita,

! www.genome.org (10-10-2005)
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baixos niveis de expresséo e sao pouco polimérficos comparativamente aos
genes classicos, com o0s quais partiiham uma estrutura similar (Le
Bouteiller, 1997).

Os genes classe | e Il constituem no seu conjunto 1998 alelos
diferentes, sendo o mais polimoérfico o locus HLA-B com 627 alelos,
seguindo-se o0 HLA-DRB1 com 394, o HLA-A com 349, o HLA-Cw com 182 e

0 HLA-DPB1 com 116 (Marsh et al., 2005).

1.5. Evolucéao e diversificacdo do sistema HLA

O MHC, cujo correspondente humano é o sistema HLA, surgiu através de
repetidas duplicagcfes e conversdes de genes ao longo de milhdées de ano no
decorrer da evolugcao dos vertebrados desde a divergéncia dos cicléstomos
(Kasahara et al., 1996; Kasahara et al., 1997). A analise do MHC de alguns
vertebrados mostra diferencas notérias, nomeadamente ao nivel da
inclusdo, ordem e sequéncias nucleotidicas dos genes mas, por outro lado,
revela a existéncia de uma estrutura comum principalmente entre os
mamiferos (Yuhki et al. 2003)". Ao contrario do que sucede nos mamiferos,
noutros vertebrados como aves e peixes, os loci MHC nem sempre estéo
reunidos num dnico conjunto, dispersando-se no mMesmo ou em
cromossomas diferentes (Miller et al., 1994; Bingulac-Popovic et al., 1997).

A grande quantidade e diversidade de informacdo disponivel
relativamente a variabilidade, estrutura e funcdo dos genes do sistema HLA
apresentam padrdes de variagdo que mostram sinais evidentes de seleccéo.
A frequéncia de homozigéticos em varios loci HLA é significativamente

inferior ao esperado em condicbes neutrais em inumeras populacdes

! www.genome.org (10-10-2005)
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humanas. Varios loci do sistema HLA submetidos ao teste de neutralidade
Ewens-Watterson tém rejeitado a neutralidade em iniumeras populacdes
(Tiercy et al., 1992; Ellis et al., 2000; Mack et al., 2000; Renquin et al.,
2001; Piancatelli et al., 2004; Cao et al., 2004). A variacdo nos loci HLA
esta essencialmente concentrada nas regides envolvidas na codificacdo dos
sitios de ligacdo aos antigénios dos receptores membranares, situacdo que
nao € susceptivel de ter sido originada a partir de uma evolucado neutral
(Parham et al., 1988; Hedrick et al., 1991; Valdes et al., 1999). A maior
acumulacao de substituicbes ndo sindnimas nas regides que codificam para
os sitios de ligacdo aos antigénios revela também a actuacdo da seleccédo
natural, privilegiando o aumento da variagdo que neste caso é
funcionalmente relevante (Nei & Gojobori, 1986; Hughes & Nei, 1988).

O mecanismo que parece ter maiores responsabilidades na manutencéo
dos elevados niveis de polimorfismo encontrados nos genes do sistema HLA,
e que fazem deles os mais variaveis do genoma humano, é a seleccédo
oscilante, decorrente da accao de diferentes parasitas (Hedrick & Thomson,
1983; Hedrick, 1999).

A seleccdo oscilante refere-se a mecanismos de seleccdo natural que
conduzem a manuteng 8o de polimorfismos genéticos numa populacdo, em
oposicdo a seleccdo direccional que favorece um Uunico alelo. Entre os
diferentes mecanismos inerentes a seleccéo oscilante destacam-se como o0s
mais estudados a “vantagem dos heterozigoticos” e a “seleccao dependente
da frequéncia”. A “vantagem dos heterozigoticos” é baseada na ideia de que
os heterozigo6ticos sao capazes de reconhecer o dobro dos parasitas, um por
cada alelo, apresentando uma vantagem adaptativa em relacdo aos

homozigdticos (Spencer & Marks, 1988). A “seleccdo dependente da
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frequéncia” baseia-se no pressuposto de que os alelos mais raros possuem
uma forte vantagem selectiva relativamente aos mais comuns para 0os quais

0s parasitas podem ter ja desenvolvido resisténcia (Bodmer, 1972).

1.6. Importancia médica do sistema HLA

Inimeros estudos tém demonstrado que os genes do sistema HLA estéo
associados a mais de 500 doencas autoimunes ou provocadas por agentes
externos. Cerca de 4% da populagdo em paises industrializados séo
afectados por doencas autoimunes, numero este com tendéncia para
aumentar. A predisposi¢ao para o desenvolvimento destas doencgas é muitas
vezes o resultado de uma combinacdo em rede de varios alelos do sistema
HLA. Desta forma, a caracterizacdo alélica do sistema HLA pode ser usada
para identificar individuos com elevado risco de desenvolver determinadas
doencas assim como auxiliar no seu diagnéstico. Tendo em conta as
evidéncias actuais do envolvimento directo dos loci HLA e 0s progressos no
conhecimento da estrutura e funcdo dos produtos destes genes na resposta
imunitaria, poderdo, a curto prazo, ser melhor compreendidos os
mecanismos responsaveis pelo desenvolvimento destas doencas. Assim,
com esta informacgdo disponivel, sera possivel actuar de uma forma
especifica ao nivel da prevencao e combate a estas enfermidades (Thorsby,
1997; Thorsby and Lie, 2005).

A espondilite anquilosante, uma doenga reumatica cronica e
inflamatdéria, muitas vezes progressiva, que afecta a coluna vertebral e as
articulacdes sacroiliacas, esta fortemente associada a presenca do alelo
HLA-B*27. O HLA-B*27 contribui em 16 a 50% para o risco genético de

desenvolvimento desta doenca autoimune pelo que estd também

28



dependente de outros factores genéticos e ambientais ainda desconhecidos
(Reveille et al., 2001; Calin, 2002). A espondilite anquilosante tem uma
prevaléncia de 0,2 a 0,8% em populacdes Caucasianas e cerca de 90% dos
doentes sdo HLA-B*27 positivos, caracteristica que sO acontece em
aproximadamente 2% da populacdo Portuguesa (Braun et al., 1998;
Marker-Hermann & Hoehler, 1998; Khan, 2000; Gonzalez et al., 2002;
Spinola et al., 2005). As propriedades do HLA-B*27 que determinam esta
susceptibilidade a doenca s&do ainda desconhecidas mas algumas
possibilidades tém sido aventadas, nhomeadamente a hipotese do “péptido
artritogénico”. Esta hipotese propde que uma infec¢cdo bacteriana provoca
uma resposta dos linfocitos T contra um péptido estranho ao organismo
mas estruturalmente similar a outro derivado do tecido articular normal,
envolvendo os receptores HLA-B*27. Desta forma, o sistema imunitario
ataca os tecidos normais do préprio organismo nao os reconhecendo como
seus, levando ao desenvolvimento da espondilite anquilosante (Benjamin &
Parham, 1990; Ramos & Lopez de Castro, 2002).

A artrite reumatdide é uma doenca autoimune que pode assumir
varios graus de desenvolvimento e que causa inflamacdes crénicas das
articulacdes, podendo afectar também outros tecidos do organismo
(Cornelia & Goronzy, 2000). Apesar de ser ainda desconhecida a causa
exacta que origina esta doenca, sabe-se que a inflamagao da membrana
sinovial das articulagdes ocorre pela reaccdo autoimune das células T (Cope
& Sonderstrup, 1998). Varios alelos do gene HLA-DRB1 (DRB1*0101,
DRB1*0102, DRB1*0401, DRB1*0404, DRB1*0405, DRB1*0408,
DRB1*1001 e DRB1*1402) estdo associados a um risco elevado de

desenvolvimento da artrite reumatdide, sendo que a presenca de mais do
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qgue um destes alelos eleva ainda mais esse risco, suportando a ideia do
envolvimento das células T CD4 positivas, através do reconhecimento de
determinado antigénio artritogénico, no desenvolvimento desta doenca
(Weyand et al., 1992; Schmidt et al., 1996; Gibert et al., 2003).

A diabetes tipo 1, uma doenca autoimune especifica de apenas um
6rgéo, resulta da destruicdo das células beta do pancreas, responsaveis
pela producédo de insulina. A destruicdo destas células ocorre pela reaccéo
autoimune das células T CD4 positivas despoletada por mecanismos ainda
desconhecidos (Katz et al., 1995; Healey et al., 1995).

A susceptibilidade para o desenvolvimento da diabetes tipo 1 esta
associada a varias haplotipos do sistema HLA, havendo outros que conferem
proteccdo e outros que aparentemente sdo neutrais (Singal & Blajchman,
1973; Larsen & Alper, 2004). A susceptibilidade para o desenvolvimento de
diabetes tipo 1 é determinada principalmente pela combinacdo de alguns
alelos HLA-DQ e HLA-DR existentes no individuo. Os alelos HLA-DQA1*03,
HLA-DQB1*0201 e HLA-DRB1*0405 sao os que conferem maior
susceptibilidade ao desenvolvimento da doenca enquanto que os alelos
HLA-DQA1*0102, HLA-DQB1*0602, HLA-DRB1*0403 e HLA-DRB1*0406 s&o
0s que conferem maior proteccéo (Thorsby, 1997).

A doenca celiaca (DC) é a enteropatia mais comum induzida pela
ingestdao de alimentos e resulta de uma intolerancia permanente as
proteinas gluten, presentes nos cereais, que provocam uma reaccao
autoimune contra as vilosidades da mucosa intestinal. Cerca de 95% dos
doentes com DC apresentam o haplotipo HLA-DQA1*0501-HLA-DQB1*0201
que quando na presenca do haplotipo HLA-DQA1*0201-DQB1*0202 agrava

a predisposicdo para a doenga. Os receptores membranares, codificados por
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estes alelos, ligam-se aos péptidos gluten e apresentam-nos as células T
induzindo uma resposta inflamatéria que causa a doenca (Sollid et al.,
1989; van de Wal et al., 1996; Vartdal et al., 1996).

A esclerose multipla € uma doenca inflamatéria que afecta o sistema
nervoso central através da desmielinizacdo dos neurdnios, levando a uma
deficiéncia acentuada ao nivel sensorial, motor e cognitivo (McFarlin &
McFarland, 1982a; McFarlin & McFarland, 1982b).

A presenca do haplotipo HLA-DRB1*1501-HLA-DQB1*0602 é um factor
de risco no desenvolvimento de esclerose multipla, embora sejam ainda
desconhecidos 0s mecanismos responsaveis pelo desenvolvimento desta
doenca autoimune mediada pelas células T (Hillert & Olerup, 1993;
Barcellos et al., 2003; Sospedra & Martin, 2005).

Outras doencgas tém revelado uma forte associacdo aos genes do sistema
HLA, nomeadamente: o desenvolvimento de psoriase, uma doenca
inflamatéria cronica que afecta a pele, o couro cabeludo, unhas e
articulacbes, e que esta fortemente associada a presenca do alelo HLA-
Cw*0602 (Elder et al., 1994); a narcolepsia, uma doenca de perturbacao
do sono, esta associada a presenca do alelo HLA-DQB1*0602 (Chabas et
al., 2003); a hemocromatose hereditaria, uma desordem ao nivel do
metabolismo que provoca acumulacdo excessiva de ferro em alguns 6rgéaos,
esta fortemente associada a uma mutacao do gene HFE localizado na regiao
classe | do sistema HLA (yon & Frank, 2001); e o desenvolvimento de
alergias, nomeadamente ao polén e a alimentos, associadas a alguns
alelos de loci HLA classe Il (Boehncke et al., 1998).

Pelo seu papel central na estrutura e funcionamento do sistema

imunitario, os genes do sistema HLA apresentam também uma importancia
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particular na resisténcia ou progressao de doencas infecciosas. A titulo de
exemplo, a progressao da infeccao por HIV é condicionada pela presenca
de determinados alelos HLA classe | e classe Il e o alelo HLA-B*53 confere
proteccdo ao desenvolvimento da malaria em criangcas do Oeste Africano
(Hill et al., 1991; Al Jabri, 2002).

A compatibilidade nos genes HLA-A, HLA-B e HLA -DRB1 entre o dador e
receptor no transplante de 6rgaos e tecidos é fundamental para o seu
sucesso por diminuir significativamente a probabilidade de rejeicdo
(Cicciarelli, 2004). Apesar de ser mais provavel encontrar um dador entre
individuos aparentados nem sempre isso € possivel pelo que tem surgido
em varios paises registos de dadores de 6rgéaos e tecidos, nomeadamente

de medula 6ssea.

1.7. Aplicacdo dos genes HLA nas disputas de paternidade

Os genes do sistema HLA tém sido também utilizados em testes de
paternidade, tendo s6 por si um poder de exclusao superior a 90% (Ejele &
Nwauche, 2004). Por outro lado, a taxa de mutacdo nos HLA é inferior a
que ocorre nos loci STR (Short Tandem Repeat) pelo que a combinacao
destes dois sistemas na resolucdo de disputas de paternidade oferece
resultados mais fiaveis, conferindo maior informacdo e diminuicdo das

probabilidades de falsas exclusdes devido a mutagdes (Grubic et al., 2004).
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1.8. Importancia dos genes HLA em estudos populacionais

O extenso polimorfismo e o linkage desiquilibria existentes entre
diferentes loci do sistema HLA tém sido amplamente utilizados como
marcadores genéticos em estudos antropolégicos. As frequéncias alélicas e
haplotipicas dos loci HLA variam entre as diferentes populacfes e grupos
étnicos. Esta variabilidade nos genes HLA tem sido amplamente investigada
em diferentes populacdes de forma a clarificar as suas origens e relacfes
evolutivas (Pimtanothai et al., 2001; Luo et al., 2002; Piancatelli et al.,
2004 ; Ayed et al., 2004).

A caracterizacdo da diversidade alélica e haplotipica nos principais genes
do sistema HLA constitui um poderoso instrumento em estudos
populacionais. Estes genes extraordinariamente polimdrficos tém-se
revelado, a par dos microsatélites STR e do D-loop do DNA mitocondrial,
muito importantes no estudo da historia das migracdées humanas (Arnaiz-
Villena et al., 200l1la; GoOmez-Casado et al., 2001). Pela sua funcao
imunitéaria, os genes HLA sofrem ao longo do tempo a influéncia da seleccéo
natural, predominantemente uma selec¢cédo oscilante devido a irregularidade
geografica e temporal das influéncias dos elementos patogénicos. Por este
facto, este conjunto de genes pode nao ser tdo util no estudo de eventos
demogréaficos muito antigos ocorridos ha algumas dezenas de milhares de
anos (Hedrick, 1999).

As frequéncias alélicas nos genes do sistema HLA tém demonstrado ser
mais similares entre populagdes com origens comuns. Determinados alelos
sdo mesmo caracteristicos de algumas populacbes humanas com
determinadas origens geograficas (Middleton et al. 2004). Desta forma, as

frequéncias alélicas e a presenca ou auséncia de determinados alelos
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especificos permitem inferir sobre a origem e relacdes passadas das
populacdes.

A titulo de exemplo, frequéncias elevadas do alelo HLA-A*0201 (acima
de 20%) é uma caracteristica muito comum nas popula¢gdes Caucasianas
enquanto que as populacdes da Africa sub-Sahariana apresentam outros
alelos como os mais frequentes, nomeadamente o A*2301 e A*3001
(Middleton et al. 2004; Cao et al. 2004). O alelo A*0201 corresponde a
mais de 95% dos alelos do grupo A*02 em populagdes Europeias
Caucasianas enquanto que nos Chineses de Singapura corresponde apenas
a 25% e menos de 3% em Hindus Indianos (Tiercy, 2002). O A*0211, raro
noutras populacbes mundiais, € o alelo mais frequente do seu grupo no
Norte e Oeste da India (Shankarkumar et al. 2003).

As populagbes Hiropeias apresentam no grupo A*68 o alelo A*6801
como o0 mais predominante enquanto que nas populacfes sub-Saharianas o
A*6802 € o mais prevalente (Middleton et al. 2004; Cao et al. 2004).
Também os alelos A*3001 e A*3002 apresentam frequéncias muito mais
elevadas nas popula¢gdes Africanas do que nas Europeias (Middleton et al.
2004; Cao et al. 2004). O alelo A*0206 aparece com frequéncias elevadas
apenas em populacbes Asiaticas e Amerindias, podendo aparecer em
quantidades residuais noutras populacbes por influéncia das primeiras
(Middleton et al. 2004). Os alelos A*1101, A*2402 e A*3303 aparecem nos
Asiaticos com frequéncias significativamente mais elevadas do que noutras
populagdes. Por outro lado, os alelos B*0801 e B*4402 aparecem nos
Caucasianos com frequéncias muito mais elevadas do que noutras
populacdes (Cao et al., 2001). Entre os Caucasianos o alelo DRB1*0401 é o

mais frequente do seu grupo enquanto que nas populacfes Asiaticas o mais
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prevalente € o DRB1*0405 (Jaini et al., 2002). Alguns alelos séao
considerados especificos do continente Africano (e.g. A*0202, A*0225,
B*1503, B*1516, B*2703, B*4202 e B*5703) e a sua presenca em
populacdes de outras origens reflecte misturas ocorridas no passado (Cao et
al. 2004).

O grupo HLA-B*27 constitui mais um exemplo das diferengcas na
distribuicdo alélica entre populacbes. O B*2705 é o alelo que possui uma
distribuicdo mais alargada no globo apresentando frequéncias mais
elevadas nas regides Circumpolar e sub-Arctica da Eurasia e América do
Norte. O B*2702 possui dstribuicdo restrita as populagbes Caucasianas,
sendo particularmente predominante nalgumas popula¢gbes Caucasianas do
Médio Oriente @udeus) e do Norte de Africa. O B*2703 é o alelo deste
grupo que predomina nas populacfes sub-Saharianas e o B*2704 o mais
frequente nas populacdes Asiaticas (Blanco-Gelaz et al., 2001 ; Birinci et al.,
2005).

Os alelos dos diferentes genes do sistema HLA sdo frequentemente
transmitidos em bloco de geracdo em geracdo e certas combinacOes
(haplotipos) sdo encontradas mais frequentemente do que o esperado pelas
respectivas frequéncias alélicas. Este fendbmeno conhecido como linkage
desiquilibrium resulta de uma localizagcdo fisicamente proxima dos loci
envolvidos e do efeito das forgas selectivas (Huttley et al. 1999). Tém sido
identificados indmeros haplotipos do sistema HLA cuja distribuicao
geografica coincide com a existéncia de relacdes passadas entre as
populacbes (Goméz-Casado et al., 2000; Arnaiz-Villena et al., 20012;

Sanchez-Velasco et al., 2003).
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Por exemplo, os haplotipos A*010101-B*0801-DRB1*030101 e A*2902-
B*4403-DRB1*0701 sao de origem Europeia, considerando-se o primeiro de
influéncia Celta (Muro et al., 2001). O haplotipo A*020101-B*440301-
DRB1*070101 tem sido encontrado nas populacdes do Norte e Oeste
Europeu (Sanchez-Velasco et al., 2003). Ja os haplotipos A*3301-B*1402-
DRB1*010201 e A*020101-B*180101-DRB1*1104 s&o considerados de
origem Mediterranica (Goméz-Casado et al., 2000). O haplotipo A*020101-
B*070201-DRB1*150101 tem sido encontrado em populagdes Europeias e
Norte Africanas e o0s haplotipos A*020101-B*510101-DRB1*130101,
A*010101-B*5801-DRB1*070101 e A*3002-B*180101-DRB1*030101 tém
sido apontados como de origem Ibérica e Berbere (Goméz-Casado et al.,
2000; Sanchez-Velasco et al., 2003).

Desta forma, as frequéncias haplotipicas do sistema HLA, associadas as
frequéncias alélicas, permitem identificar a influéncia genética nas
populacfes humanas das migracdes e contactos existentes entre elas ao

longo do periodo historico e mesmo pré-historico.

1.9. Histdria das populac6es em estudo

O territério continental Portugués é habitado deste o Paleolitico, tendo
sido o receptaculo de varias migracfes de inumeros povos com diferentes
origens: Celtas, Germanicos, Fenicios e uma grande diversidade de povos
da bacia Mediterranica. Arabes e Norte Africanos ocuparam a maior parte
deste territério durante mais de 700 anos (Arnaiz-Villena et al., 1997). No
século XV, devido ao trafico de escravos, muitos individuos da costa da
Guiné, entre o Senegal e o golfo da Guiné, foram trazidos para Portugal

(Godinho, 1965). Estas populacfes da costa Oeste Africana constituem o
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resultado de uma complexa e continua rede de migracgfes, invasdes e
cruzamento de povos de diferentes origens que se iniciou ha 40 mil anos
(Alimen, 1987). O arquipélago de Cabo Verde, descoberto por volta de
1460, foi povoado por alguns Europeus e, principalmente, por escravos
originarios da costa Oeste Africana, onde se situa a actual Guiné-Bissau
(Carreira, 1983). Cabo Verde funcionou durante trés séculos como um
interposto de escravos Africanos que eram enviados para Portugal
continental, Madeira, Agores e continente Americano (Russell-Wood, 1998).

A ilha da Madeira foi descoberta pelos Portugueses em 1420 e comecou
a ser povoada por nobres Portugueses, Judeus, exilados, condenados e
escravos do Norte de Africa. Depois da descoberta de Cabo Verde, a
Madeira comecgou a receber escravos da costa Oeste Africana, 0os quais
chegaram mesmo a constituir, em meados do século XVI, 10% da
populacdo (Pereira, 1989). A partir do momento em que a Madeira se
transformou num ponto importante para o comércio no Atlantico Norte,
inimeros individuos de varias origens Europeias tais como Espanhdis,
Italianos, Franceses e Ingleses também se fixaram na ilha (Russell-Wood,
1998).

O arquipélago dos Acores foi descoberto na primeira metade do século
XV e oficialmente povoado em 1439. Este arquipélago constituido por nove
ilhas desempenhou um papel importante no comércio maritimo entre a
América e a Europa durante os séculos XV e XVI (Monod, 1991). A sua
posicdo estratégica atraiu povoadores de diferentes origens, a maior parte
Portugueses mas também Judeus, escravos Africanos, Flamengos,
Franceses, Italianos, Ingleses e Espanhois (Guill, 1993). O povoamento do

grupo Central do arquipélago dos Acores foi fortemente influenciado por
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Flamengos pois ja em 1490 estavam instalados nestas ilhas cerca de 2000

individuos provenientes de Flandres (Rogers, 1979).

1.10. Objectivos da tese

Esta tese teve por objectivo caracterizar em alta resolucdo a populacéo
Portuguesa relativamente aos principais genes do sistema HLA (HLA-A,
HLA-B e HLA-DRB1), distinguindo entre o Norte, Centro e Sul de Portugal
continental, Acores e Madeira. No sentido de obter a informacdo necessaria
para melhor distinguir a influéncia decorrente do comércio de escravos em
que Portugal esteve envolvido nos séculos XV a XVII, foram também
caracterizadas geneticamente ao mesmo nivel duas populacdes Africanas,
Guiné-Bissau e Cabo Verde.

Este trabalho pretende contribuir para a clarificacdo da origem e
influéncias genéticas da populacdo Portuguesa, em particular das sub-
populacdes consideradas, e de Cabo Verde e Guiné-Bissau. Através do
estudo do extenso polimorfismo existente nos genes do sistema HLA e do
linkage desiquilibria que ocorre entre os seus loci, pretende-se identificar
marcadores genéticos (frequéncias alélicas e haplotipicas) que clarifiquem
as suas origens e relagbes evolutivas. E ainda objectivo deste estudo
relacionar os marcadores genéticos encontrados com a influéncia das
migracbes humanas que envolveram ou afectaram as populagdes
consideradas.

Assim, a informac&o agora obtida para os loci HLA-A, HLA-B e HLA-DRB1
pretende constituir um contributo importante, a par dos dados disponiveis
ao nivel dos microsatélites STR e do D-loop do DNA mitocondrial (Brehm et

al., 2002, 2003; Gonzalez et al, 2003; Fernandes & Brehm, 2003;
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Fernandes et al., 2003; Gongalves et al., 2003; Rosa et al., 2004;
Goncalves et al., 2005), para o estudo e caracterizacdo genética das
populacdes Portuguesa, Cabo-Verdiana e Guineense.

Pelo seu importante papel ao nivel do sistema imunitario, os genes HLA
estdo sujeitos a influéncia da selec¢ao natural (Hedrick, 1999), pelo que, no
ambito deste trabalho, foram procurados sinais da sua actuagao.

Os dados obtidos pretendem ainda constituir uma base de informacao
relevante para o desenvolvimento de futuros estudos nas populagdes
Portuguesa, Cabo-Verdiana e Guineense relativamente a associacdo dos
genes HLA a multiplas doencas genéticas. No entanto, desde ja, os dados
obtidos pretendem também proporcionar informacéao sobre a prevaléncia na
populacao dos alelos e haplotipos considerados associados a essas doencgas
(Thorsby & Lie, 2005) e sobre a maior ou menor probabilidade de encontrar
dadores compativeis com determinados fenotipos para transplantes de
orgaos e tecidos.

E também propésito deste trabalho comparar a eficiéncia de duas
técnicas de caracterizacao genética dos loci HLA (SSOP e SBT) de forma a

aumentar a informacao disponivel sobre a sua fiabilidade.
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Capitulo 2

2. Material e métodos

2.1. Amostragem das populacoes

A caracterizagdo do sistema HLA na populagdo Portuguesa foi
desenvolvida numa amostra de 432 individuos ndo relacionados entre si,
saudaveis e do sexo masculino cujos pais e avOs nasceram e viveram na
mesma regido, subdividindo-se de acordo com essa informacao em Portugal
continental (n=145), arquipélago dos Acores (n=102) e ilha da Madeira
(n=185) (Figura 2). Portugal continental foi subdividido em trés diferentes
regides, com limites coincidentes com as barreiras naturais formadas pelos
rios Tejo e Douro; Norte de Portugal (n=46), Centro de Portugal (n=50) e
Sul de Portugal (n=49). A amostragem no arquipélago dos Acores
considerou a necessidade de garantir a representatividade das diferentes
ilhas, principalmente as do grupo Central e Oriental. Na analise do sistema
HLA na populagdo Acoriana foram também incluidos dados de uma amostra
de 129 individuos da ilha Terceira anteriormente publicados (Armas et al.,

2004).
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De forma a obter informacéo, ndo disponivel anteriormente, essencial na
analise comparativa da populag¢ao Portuguesa, foram incluidos neste estudo
189 individuos saudaveis do sexo masculino de dois paises Africanos;
Guiné-Bissau e Cabo Verde (Figura 2). A amostra da Guiné-Bissau consistiu
em 62 individuos pertencentes a sete diferentes grupos étnicos; balanta
(n=10), papel (n=11), mandinga (n=9), felupe (n=5), bijagés (n=10), fula
(n=10) e mancanha (n=10). A amostra do arquipélago de Cabo Verde
reuniu um total de 124 individuos cujos pais e avds nasceram e viveram na
mesma ilha. De acordo com esta informacdo a amostra foi subdividida em
duas; individuos das ilhas do Barlavento (n=62) e individuos das ilhas do

Sotavento (n=62).
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Figura 2. Mapa de localizagdo das cinco populacfes estudadas: Portugal continental,

Madeira, Agores, Cabo Verde e Guiné-Bissau.
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2.2. Genes estudados

Com o propoésito de possibilitar a caracterizacdo do sistema HLA e inferir
sobre as influéncias genéticas e origens da populacdo Portuguesa, foram
escolhidos para este estudo os genes HLA-A, HLA-B e HLA-DRB1. A escolha
destes trés loci prende-se com o facto de serem os mais polimérficos do
sistema HLA e dos mais diversos no genoma humano, caracteristicas que
Ihes conferem enormes potencialidades em estudos antropolégicos (Mizuki
et al. 1996; Marsh et al. 2005). Apesar das evidéncias de que estes genes
estdo sujeitos a pressao selectiva, varios estudos em inimeras populacdes
mundiais tém permitido identificar as influéncias genéticas resultantes de
migragdes e contactos entre populagdes ocorridos ha varios milhares de
anos (Arnaiz-Villena et al., 1997, 1999; Gomez-Casado et al., 2001;
Sanchez-Velasco et al., 2003).

Por outro lado, torna-se importante a caracterizagcdo destes trés genes
do sistema HLA por serem cruciais para o transplante de 6rgaos e tecidos,
estarem associados ao desenvolvimento de inUmeras doencas do foro
imunoldgico e possuirem grandes potencialidades forenses (Boehncke et al.,

1998; Gibert et al., 2003; Cicciarelli, 2004 ; Ejele & Nwauche, 2004).

2.3. Métodos utilizados

A caracterizacdo dos genes HLA-A, HLA-B e HLA-DRB1 nas populacdes
em estudo foi desenvolvida, numa primeira fase, em média resolucdo com
recurso a técnica SSOP (Sequence Specific Oligonucleotide Probes)
(Middleton, 2000). A extraccdo do DNA foi concretizada através de um

meétodo classico utilizando Chelex a partir de amostras de sangue total
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contendo EDTA (Walsh et al., 1991). O Chelex é uma resina que se agrega
aos diversos componentes celulares, excepto o0 material genético,
permitindo a extraccdo de DNA de forma rapida e com boa qualidade para
amplificacdo por PCR (Vigilant, 1999). Foram amplificados os exfes 2 e 3
dos loci HLA-A e HLA-B e 0 exdo 2 do locus HLA-DRB1 atraveés da técnica
PCR utilizando oligonucleotidos especificos. O DNA amplificado foi utilizado,
com recurso a técnica SSOP, para identificar os grupos de alelos do sistema
HLA. O DNA amplificado foi imobilizado em membranas e posteriormente
hibridado com sondas oligonucleotidicas marcadas complementares a
sequéncias especificas (Middleton, 2000).

A caracterizacdo em alta resolucdo dos loci HLA-A, HLA-B e HLA-DRB1
em todas as populacbes em estudo foi desenvolvida através de
sequenciacao nucleotidica (SBT- Sequence Based Typing), o método
actualmente mais fiavel que inclusive permite a identificacdo directa de
novos alelos. A extraccédo do DNA para os procedimentos de sequenciacao
foi efectuada através de uma metodologia classica utilizando fenol
cloroférmio a partir de amostras de sangue total contendo EDTA. O fenol e
o cloroférmio sdo solventes organicos que possibilitam a remocédo de
proteinas e estruturas celulares da solugcdo aquosa deixando apenas o DNA
(Sambrook et al., 1989).

Os exdes 2 e 3 dos loci HLA-A e HLA-B e o0 exao 2 do locus HLA-DRB1
foram amplificados por PCR recorrendo a oligonucleotidos especificos (Kurz
et al., 1999; Williams et al., 2004) (Tabela 1). Os fragmentos amplificados
foram purificados e sequenciados em ambas as direc¢cbes numa ABI PRISM
310 GENETIC ANALYZER (Applied Biosystems), fazendo uso do kit ABI

PRISM BigDye Terminator Cycle Sequencing Ready Reaction (Applied



Loci ; F.
P
rimers o | p.
Sense Al5 : 5° GAG GGT CGG GC(G/A) GGT CTC AGC CA 3’
Exé&o 2 . 390 | (1)
Antisense 3AIN2SQR2: 5’ CTC GGA CCC GGA GAC TGT 3’
<
; Sense 3AIN2SQF2: 5° TTA GGC CAA AAA TCC CCC 3’
3 Ex&o 3 . 419 | (1)
I Antisense 3AIn-66 : 5 TGT TGG TCC CAATTG TCT CCCCTC 3’
Sense Bx1: 5° GGG AGG AGC GAG GGG ACC (G/C)CA G 3’
Exé&o 2 . 363 | (2)
Antisense Bex2R: 5" GGT CAC TCA CCG (G/T)C CTC G 3’
0
! Sense Bex3F: 5' GGG GCC AGG GTC TCA CA 3’
3 | Exéo 3 , , 344 | @
I Antisense Bint3: 5’ GGA GGC CAT CCC CGG CGA CCT AT 3’
Sense AMP1: 5° TTC TTG TGG CAG CTT AAG TT 3’
DRB1*01 . 261 | (3)
Antisense AMPB(n): 5" CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
Sense DR2: 5" TTC CTG TGG CAG CCT AAG AGG 3’
DRB1*02 . 261 | (3)
Antisense AMPB(n): 5’ CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
Sense 3/11/6GF: 5 GT TTC TTG GAG TAC TCT ACG TC 3’
DRB1*03% . 232 | (4)
Antisense DR3R: 5 GTA GTT GTG TCT GCA GTA (G/A)T 3’
Sense AMP4: 5° GT TTC TTG GAG CAG GTT AAAC 3’
DRB1*04" ) 263 | (3)
Antisense AMPB CCG CTG CAC TGT GAA GCT CT 3
Sense DR7: 5" A CGT TTC CTG TGG CAG GG 3’
DRB1*07 . 265 | (3)
Antisense AMPB(n): 5’ CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
Sense 8/12 GF: 5 GT TTC TTG GAG TAC TCT ACG GG 3’
DRB1*08/12° . 263 | (4)
Antisense AMPB(n): 5’ CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
Sense DR9: 5 CGT TTC TTG AAG CAG GAT AAG TT 3’
DRB1*09 . 262 | (3)
Antisense AMPB(n): 5’ CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
- Sense DR10 : 5 ACC AGA CCA CGT TTC TTG GAG G 3’
m | DRB1*10 . 259 | (3)
g Antisense AMPB(n): 5’ CCG CTG CAC (T/C)GT GAA (G/T)CTCT 3’
fl Sense 3/11/6GF: 5° GT TTC TTG GAG TAC TCT ACG TC 3’
7 | DRB1*11/13¢ ) 232 | (5)
Antisense 11/6R: 5° GTA GTT GTG TCT GCA GTA GG 3’
Sense 3/11/6GF: 5 GT TTC TTG GAG TAC TCT ACG TC 3’
DRB1*14° . 234 | (8)
Antisense DR14R: 5° CC GTA GTT GTG TCT GCA A 3’
Amplifica também os alelos ®DRB1*1107, DRB1*1127, DRB1*1333; "DRB1*1122, DRB1*1410;
°DRB1*1105, DRB1*1317, DRB1*14(04/11/15/28/31); “DRB1*14 (alelos ndo amplificados pelos
outros primers); °DRB1*1113, DRB1*1117. F. (bp)= tamanho do fragmento em pares de bases.
P= programas de PCR:
(1) 94°C/20 s; 66°C/50 s; 72°C/22 s (10 ciclos) e 94°C/20 s; 65°/50 s; 72°C/22s (22 ciclos).
(2) 96°C/20 s; 68°C/30 s; 72°C/30 s (35 ciclos).
(3) 96°C/1 m; 58°C/1 m; 72°C/1 m (38 ciclos).
(4) 96°C/1 m; 64°C/1 m; 72°C/1 m (15 ciclos) e 96°C/1 m; 56°C/1 m; 72°C/1 m (25 ciclos).
(5) 96°C/1 m; 65°C/1 m; 72°C/1 m (15 ciclos) e 96°C/1 m; 62°C/30 s; 72°C/1 m (25 ciclos).
(6) 96°C/1 m; 60°C/1 m; 72°C/1 m (38 ciclos).

Tabela 1. Primers e respectivos programas de PCR utilizados na amplificagcédo e
sequenciacéo dos loci HLA-A, HLA-B e HLA-DRBL1.
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Biosystems, Foster City, CA, USA) e dos primers utilizados na amplificacdo.
Antes da sua utilizacdo na reaccdo de sequenciacdo, o produto de PCR foi
convenientemente purificado por centrifugacdo em colunas de Sephadex G-
50 (Pharmacia) para remocao do excesso de primers e nucleétidos. A
reaccdo de sequenciacdo, através da técnica de PCR, permitiu a obtencéao
de inUmeros fragmentos em cadeia simples com varios tamanhos, tantos
tamanhos quantos nucledtidos existentes na sequéncia. Estes fragmentos
foram obtidos através da utilizacdo de nucleétidos marcados com
fluorescéncia (uma marcacao diferente para cada um dos quatro nucledtidos
do cédigo genético), os quais terminam a polimerizacdo da nova cadeia
sempre que sdo incluidos. Apo6s remocao do excesso de nucleotidos
marcados, a utilizacdo do sequenciador automatico para a separagao dos
fragmentos e a identificacdo do nucleétido inserido no fim de cada um deles
permite a obtencéo da sequéncia nucleotidica do fragmento analisado®.

As sequéncias obtidas foram analisadas com o programa Matchtools
Allele ldentification (Applied Biosystems) de forma a identificar os alelos
presentes. Os casos em que os polimorfismos no coddo 86 do exao 2 do
locus HLA-DRB1 resultaram em ambiguidades na identificacdo dos alelos,
foram utilizados os primers antisense Dr86GR (5’ CTG CAC TGT GAA GCT
CTC AC 3’) e Dr86VR (5" CTG CAC TGT GAA GCT CTC CA 3’) juntamente
com os primers sense (Tabela 1) em duas amplificacdes separadas. Nestes
casos o0 programa de PCR utilizado foi o seguinte: 96°C/1 m; 66°C/1 m;
72°C/1 m (15 ciclos) e 96°C/1 m; 58°C/1 m; 72°C/1 m (25 ciclos)

(Williams et al., 2004).

1 http://www.ashi-hla.org/publicationfiles/ASHI_Quarterly/25_2_ 2001/highthrusbt3.htm (27-09-2005)
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2.4. Analise de dados

Varios parametros genéticos foram calculados ou estimados através da
aplicacdo do programa Arlequin v2.000 (Schneider et al., 2000) aos
resultados obtidos: frequéncias alélicas, diversidade genética, equilibrio
Hardy-Weinberg, frequéncias haplotipicas, linkage desiquilibrium, testes de
neutralidade selectiva (Ewes-Watterson, Slatkin e Chakraborty) e analise de
variancia molecular (AMOVA).

As frequéncias alélicas sédo calculadas pela divisdo do numero de vezes
que cada alelo for encontrado pelo total existente (equivalente ao nidmero
de cromossomas analisados). Com uma amostra adequada, as frequéncias
alélicas calculadas permitem uma boa aproximacao a real prevaléncia dos
diferentes alelos na populacdo. Esta informacdo é fundamental para a
caracterizacdo das populacfes em estudo e desenvolvimento de andlises
comparativas. As frequéncias alélicas nos genes em estudo ndo possuem
uma distribuicdo homogénea nas populacbes humanas, sendo muito
dependente da sua origem geografica transforma-se numa caracteristica
especifica das popula¢des (Middleton et al., 2004).

A diversidade genética, equivalente a heterozigotia, corresponde a
probabilidade de dois alelos escolhidos ao acaso, hum determinado locus,
nado estarem presentes no mesmo individuo (Nei, 1987). Com o
desenvolvimento e aplicagcdo das técnicas moleculares na caracterizacdo
alélica dos genes do sistema HLA é cada vez mais improvavel a identificacao
errada de individuos homozigéticos, tornando este parametro de
variabilidade genética cada vez mais robusto.

O equilibrio de Hardy-Weinberg estipula que uma populacdo em

determinadas condi¢cdes, nomeadamente na auséncia de seleccdo, migracao
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e mutacgao, atinge um estado de equilibrio no decurso de uma geracao. Este
equilibrio traduz-se na equacdo P + 2pgq + f=1, em que p e q S&0 as
frequéncias dos alelos de um determinado locus. Os principios do equilibrio
de Hardy-Weinberg sdo uma referéncia para identificar alteracdes as
frequéncias alélicas e consequentemente a ocorréncia de evolucdo (Hardy,
1908).

O termo haplotipo pode ser definido como a combinacdo dos alelos de
dois ou mais genes localizados no mesmo cromossoma e portanto
transmitidos por apenas um dos progenitores. Os haplotipos presentes num
individuo s6 podem ser determinados com exactidao através do estudo dos
seus ascendentes, particularmente pais e irméaos. No entanto, € possivel
estimar os haplotipos mais provaveis e as suas frequéncias aplicando um
algoritmo de expectativa—maximizacado (Dempster et al., 1977; Excoffier &
Slatkin, 1995; Schneider et al., 2000).

Devido a estreita relacdo entre os genes do sistema HLA e ao efeito das
forcas selectivas, muitas combinacfes haplotipicas possuem uma
prevaléncia muito superior a esperada de acordo com a frequéncia dos
alelos que as compf6em. Este fendmeno designado por linkage
desiquilibrium consiste numa associagao nao casual de dois ou mais alelos
de diferentes loci no mesmo cromossoma (Weir, 1996). Os padrdes de
linkage desiquilibrium observados nas populac¢des resultam da conjugacéo
de varios factores genéticos e eventos demograficos. A recombinacao tende
a reduzir o linkage desiquilibrium, situacdo relativamente rara entre loci
muito préximos. O linkage desiquilibrium é de primordial importancia nos
estudos genéticos populacionais pelas implicacdes biolégicas e médicas que

possui, sendo de particular interesse no mapeamento de genes
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responsaveis por doencas em humanos (Li & Stephens, 2003). O Delta (D)
€ a medida absoluta do linkage desiquilibrium e é definido pela diferenca
entre a frequéncia haplotipica observada e a frequéncia haplotipica
esperada tendo em conta a prevaléncia dos alelos que compdem o haplotipo
(Weir, 1996).

Os testes de neutralidade selectiva Ewens-Watterson, Ewens-Watterson-
Slatkin e Chakraborty baseiam-se no modelo do alelo infinito e constituem
uma forma de examinar a presenca de forgas selectivas que influenciam a
diversidade alélica em cada locus (Ewens, 1972; Watterson, 1978;
Chakraborty, 1990; Slatkin, 1994; Slatkin, 1996). Estes testes de
neutralidade, incluidos no programa Arlequin, comparam as frequéncias
alélicas observadas com as esperadas num modelo neutral, onde actua
apenas a mutacdo e a deriva genética, detectando os desvios ao modelo
neutral e o défice ou excesso de diversidade genética.

As populacdes em estudo bram comparadas entre si e com outras
disponiveis com o mesmo nivel de informacdo (Ellis et al., 2000;
Pimtanothai et al. 2001; Muro et al., 2001; Layrisse et al., 2001; Luoetal.,
2002; Tsuneto et al., 2003; Sanchez-Velasco et al., 2003; Middleton et al.,
2003, 2004; Piancatelli et al., 2004; Ayed et al., 2004; Leffell et al., 2004;
Uyar et al., 2004). Foi desenvolvida uma analise da variancia molecular
(AMOVA) com base nas distancias Euclidianas entre os diferentes pares de
alelos. AMOVA é um meétodo que estima e testa a diferenciacdo entre
populacdes a partir de dados moleculares (Excoffier et al., 1992). A variagao
genética entre as diferentes populacdes e sub-populacdes em estudo foi
estimada e os correspondentes indices de fixacdo Fst foram utilizados na

avaliacao da existéncia de diferencas significativas entre elas.
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A andlise comparativa das populacbes para a construcdo de
dendrogramas foi desenvolvida com recurso ao conjunto de programas
incluidos no pacote de software PHYLIP v.3.6 (Felsenstein, 2004). A partir
das frequéncias alélicas dos genes HLA-A, HLA-B e HLA-DRB1 o programa
SEQBOOT do PHYLIP gerou multiplas amostragens a partir dos dados
iniciais. Para cada uma destas amostragens foi gerada uma matriz de
distancias através do programa GENDIST, as quais foram utilizadas no
programa NEIGHBOR para a construcdo das arvores filogenéticas. Uma
Unica arvore de consenso foi construida a partir dos varios dendrogramas
com recurso ao programa CONSENSE. As populagfes foram também
comparadas através de uma analise das coordenadas principais (PCO-
Principal coordinates analysis) utilizando o MultiVariate Statistical Package
MVSP3 (Kovach Computing Services, Anglesey, Wales, UK)".

Os resultados obtidos na caracterizacao alélica dos genes HLA-A, HLA-B e
HLA-DRB1, nos 1242 cromossomas em estudo, efectuada através de duas
técnicas distintas, SSOP e SBT, foram comparados entre si de forma a

identificar as discrepancias existentes.

1 http://www.kovcomp.com/mvsp (25-04-2003)
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Capitulo 3

3. Distribution of HLA alleles in Portugal and Cabo Verde.

Relationships with the slave trade route.

Hélder Spinola, Anténio Brehm, Fionnoula Williams, José Jesus and

Derek Middleton

Reprinted with minor modifications from Annals of Human Genetics

2002: 66: 285-296.

3.1. Abstract

HLA-A, HLA-B, and HLA-DR frequencies were analysed in populations
from Portugal and the Madeira and Cabo Verde Archipelagos, aiming to
characterize their genetic composition. Portuguese settlers colonized both
archipelagos in the 15th and 16th centuries. Madeira received many sub-
Saharan slaves to work in the sugar plantations, and Cabo Verde served as
a pivotal market in the Atlantic slave trade and was populated by individuals
coming from the Senegambia region of the West African coast. The

population of Madeira shows the highest genetic diversity and the presence
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of alleles and haplotypes usually linked to sub-Saharan populations, the
haplotypes accounting for 3-5% of the total. Cabo Verde presents typical
markers acknowledged to be of European or lbero-Mediterranean origin,
thus revealing the admixture of European settlers with sub-Saharan slaves.
Altogether the number of European haplotypes reaches 15% of the total.
The Portuguese population shows a perceivable and significant
heterogeneity both in allele and haplotype frequencies, unveiling a
diferential input of peoples from diferent origins. A PCA of the populations
studied, plus other relevant ones, clearly shows gene heterogeneity in
mainland Portugal as well as the diferences and relationships between these

populations and Madeira and Cabo Verde.

3.2. Introduction

Human Leukocyte Antigens (HLA) class | loci (A, B and C) and class Il
(DRB1, DQA1, DQB1 and DPB1) code for proteins on the surface of cells and
are involved in the immune response. These loci belong to a class of genes
in the major histocompatibility complex (MHC) region on chromosome 6.
Some physically closely related HLA loci show strong linkage disequilibria
(Piazza & Lonjou, 1997), and thus are inherited as haplotypes. Many studies
have shown that haplotype frequencies are characteristic of particular
populations and even certain alleles are exclusively found in some ethnic
groups (Arnaiz-Villena et al., 1995; Arnaiz-Villena et al., 1999; Clayton et
al., 1997; lvanova et al., 2001). Based on clinal variation of HLA alleles and
haplotypes, associated with the fact that this class of gene system is
probably the most polymorphic of the human genome, they have also been

used to track relationships and origins of populations, as well as their
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present day genetic structure (Arnaiz-Villena et al., 2001a; Arnaiz-Villena et
al., 2001b; Martinez-Laso et al., 1995; Chimge et al., 1997; Modiano et al.,
2001; Sanchez-Mazas, 2001). The HLA composition of populations
constitutes a complement to the examination of human genetic
relationships, which is generally biased towards the maternally or paternally
inherited mtDNA or Y haplotypes. In recent years, HLA, mtDNA and Y typing
has been used to characterize the genetic composition of present day
Iberian populations (Arnaiz-Villena et al., 1997; Martinez-Laso et al., 1995;
Pinto et al., 1996; Rando et al., 1998; Pereira et al., 2000; GoOmez-Casado
et al., 2001; Scozzari et al., 2001). This Atlantic fringe of Europe is
particularly interesting because strong evidence is lacking for the origin of
its first settlers, and because this region saw, in historic epochs, several
admixtures with other peoples, mainly of North and sub-Saharan Africa
origin. The Madeira and Cabo Verde archipelagos were discovered in 1419
and 1456(-60) respectively, and throughout three centuries they acted
pivotally in the Atlantic slave trade in which Portugal was involved (as did
the Azores, but to a lesser extent). Slaves were captured from the coast of
Guinea, a West Atlantic African region known as Senegambia. They were
taken to the Cabo Verde islands, which served as a central outpost in the
slave trade and distributed to Madeira, mainland Portugal, and also North
America, the Antilles, and later Brazil (Russell-Wood, 1998). In the 16th
century, due to the slave import, 10% of the population of South Portugal
and Madeira was of sub-Saharan origin (Godinho, 1965). The settlement of
the islands of Cabo Verde is itself interesting and peculiar. The first settlers
were a few European men of Iberian and North European origin (less than

10%), while African slaves originating from the Guinea coast constituted
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most of the remaining population (Carreira, 1983). Although some HLA
research has been carried out to understand the genetic relatedness of
Iberians and North Africans or other European populations (Gomez-Casado
et al., 2001; Bruges-Armas et al., 1999; Sanchez-Velasco et al., 1999),
none has really focused on the HLA genetic imprint left by the admixture
between the colonizers and the colonized along the Atlantic islands involved
in the slave trade. Also, it is very difficult to find appropriate population
genetic HLA data for comparisons; the populations may not be correctly
identified, allele nomenclature differs in serologically or DNA typed samples,
or the results are not standardized (presenting either gene or allele
frequency data). Also serologically typed samples are dificult to use for
comparisons with DNA typed samples.

In the present work, we studied HLA frequencies from Madeira and the
Cabo Verde islands, and also mainland Portugal. The aim of this study was
to characterize the genetic composition of these populations based on HLA
markers and to uncover the genetic imprint left by slaves in mainland
Portugal and Madeira, as well as the degree of admixture that has occurred
in Cabo Verde. Little HLA data is available for West African sub-Saharan
populations so Cabo Verde may partially reflect the genetic composition of
the people of the countries from which the settlers came. The data has also
been compared with previously published results for the Azores, Portugal

and North Africa.
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3.3. Materials and methods

3.3.1. Population samples

The study population consisted of a total of 394 unrelated males from
mainland Portugal (n=145), and from the archipelagos of Madeira (MA,
n=185) and Cabo Verde (CV, n=64). The individuals from mainland
Portugal were further subdivided into three regions here regarded as sub-
populations: North (NP, n=46), Centre (CP, n=50) and South Portugal (SP,
n=49). All individuals had been subjected to an interview in order to select
those that could unambiguously certify that all relatives for three
generations were from the same region. Blood samples were collected from
donors after informed consent. These populations were compared with
others from the literature. In order to perform comparisons with our data,
we have selected from the literature a few populations for which data tables
are consistent. In this case we have chosen populations were allele
frequencies would be drectly available or could be inferred from the data
presented. Table 2 shows the origin and total number of samples included

in the analysis.
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Pop. Country/population n References

codes

NP North Portugal 46 Present study

CP Centre Portugal 50 Present study

SP South Portugal 49 Present study

MA Madeira 185 Present study

CV Cabo Verde 64 Present study

AZ Azores 174 Bruges-Armas et al., 1999

PO Portugal 240 Martinho et al., 1995; Santos et al., 1997
NI Northern Ireland 1000 Williams et al., 1999; Middleton et al., 2000
MS Spain/Murcian 173 Muro et al., 2001

BA Spain/Basque 82 Martinez-Laso et al., 1995

FR France 102 Bera et al., 2001

1T Italy 159311 Rendine et al., 1998

DU Netherlands/Dutch 98 Moghaddam et al., 1998

MR Morocco 98 Gomez-Casado et al., 2001

AL Algeria 106 Arnaiz-Villena et al., 1995

CA Cameroon 92 Ellis et al., 2000

MO Burkina Faso/Mossi 53 Modiano et al., 2001

RI Burkina Faso/Rimaibe 47 Modiano et al., 2001

FU Burkina Faso/Fulani 49 Modiano et al., 2001

MD Senegal/Mandenka 191 Dard et al., 1992; Tiercy et al., 1992

Table 2. Populations used in the present study and for comparisons. n= maximum

number of individuals analysed for the 3 loci.

3.3.2. HLA typing and statistics

Genomic DNA was isolated from whole blood containing EDTA, using a
Chelex standard method (Walsh et al., 1991). HLA Class I (A and B) and
Class Il (DRB1) allelic lineages were DNA-typed by a medium resolution
PCR-SSOP method as previously described (Middleton, 2000). For purposes
of brevity we have referred to these allele lineages as ‘alleles’ in this report.
Basic genetic parameters (allele frequencies, Hardy-Weinberg Equilibrium -
HWE), among populations at the three loci were estimated with Arlequin
v.2000 (Schneider et al., 2000). Estimation of haplotypes from genotypic
data using maximum-likelihood has proved to be the best approach to the
deductive method using pedigree information (Schipper et al., 1998). Few
software programs exist to estimate maximum likelihood haplotypes from
genotypic data. PHASE (Stephens et al., 2001) and Arlequin suit this

purpose and we have tried both. There is at present no possibility to
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objectively choose between both outputs; once we compared our results
with other published results, all estimated with Arlequin, we decided to
choose this program. An analysis of molecular variance (AMOVA) restricted
to our five populations (NP, CP, SP, MA, and CV), but including the already
published Azores (Bruges-Armas et al., 1999) (AZ), was performed based
on Euclidean distances between all pairs of haplotypes (Excoffier et al.,
1992). The total genetic variation between the populations was portioned
into hierarchical levels of grouping, and variance components were tested
for significance by nonparametric randomisation tests using 10000
permutations under the null hypothesis of no population structure.
Whenever it was necessary to compare single allele frequencies between
two populations, we used the test to calculate population proportions
between two populations proposed by D[Daniel (1987). Allelic frequencies
among populations were log transformed in order to better interpret the
analysis and used in the MVSP v.3.12 statistical package, to perform
Principal Component Analysis (PCA) displaying the population's position in

two dimensions and thus assessing the relationships among them.

3.4. Results and discussion

3.4.1. HLA class I and I1 allele frequencies

All populations studied are in Hardy-Weinberg equilibrium. Overall gene
diversity (GD) across all loci for each population, observed heterozygosity,
and the number of alleles for each locus and number of combined
haplotypes, are shown in Table 3. In all cases the observed heterozygosity

values were not statistically different from the expected. The AMOVA results
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indicate that only 0.47% of the total genetic divergence was due to

differences among the three regions (Portugal, MA and CV). Most of the

divergence was attributed to variation within each population (99.3%).

Overall differentiation among regions is small (Fct= 0.0047) and between

populations Fst values were non significant except when each one was

compared with CV (minimum value of Fst pairwise comparisons was 0.013,

in all four cases, p <0.0001). Tables 4, 5, and 6 present the HLA-A, HLA-B,

and HLA-DRBL1 allele frequencies respectivelly.

NP CP SP MA CcVv
HLA-A 13 15 14 18 17
(7]
Q
o HLA-B 20 22 22 22 19
®
< HLA-DR 11 10 12 12 11
N° haplotypes 70 75 68 199 94
Gene diversity (SD) 0.997 0.997 0.997 0.996 0.998
4 (0.002) (0.002) (0.002) (0.000) (0.001)
> HLA-A 0.913 0.940 0.877 0.821 0.921
2
o
2 HLA-B 0.913 0.880 0.877 0.870 0.937
@]
g
% HLA-DR 0.891 0.880 0.836 0.827 0.906

Table 3. Basic genetic indices for the 3

populations.
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Alleles NP CP SP MA Ccv MD? CA®
A*01 7.6 13 51 7.0 55 4.7 1.1
A*02 31.6 28 24.5 27.6 17.2 17.9 19.0
A*03 6.5 11 8.2 7.0 7.0 5.5 8.3
A*11 54 5.0 14.3 5.9 2.3 0 0
A*23 10.9 1.0 6.1 6.8 13.3 18.5 18.6
A*24 5.4 8.0 10.2 14.1 6.3 0.3 0.5
A*25 1.1 0 0 0.8 0 0 0
A*26 5.4 1.0 2.0 3.5 4.7 4.5 2.3
A*29 3.3 8.0 7.1 6.5 4.7 4.0 10.4
A*30 2.2 4.0 51 1.6 15.4 16.8 14.3
A*31 6.5 4.0 4.1 2.7 1.6 1.2 1.1
A*32 54 4.0 3.1 5.4 3.1 1.9 1.1
A*33 8.7 3.0 4.1 3.0 5.5 13.1 2.8
A*34 0 0 0.3 0.8 2.5 2.2
A*36 0 0 0 0.3 0 0 2.2
A*66 0 2 1 1.1 0 0.3 7.1
A*68 0 7 51 57 5.5 8.2 3.4
A*69 0 1 0 0 1.6 0 0.6
A*74 0 0 0] 0.7 4.7 0.6 5
A*80 0 0 0 0 0.8 0 0

Table 4. HLA-A allele frequencies in the Portuguese and Cabo Verde populations.
Mandenka and Cameroon populations are also included for comparison as typical West

African data (the 3 highest values in each population in bold). *Data from Dard et al. (1992)

and Ellis et al. (2000).
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Alleles NP CP SP MA Ccv MD? CA®
B*07 3.3 8.0 1.0 51 6.3 6.1 6.0
B*08 6.5 4.0 2.0 7.6 8.6 7.3 5.4
B*13 1.1 1.0 1.0 0.5 0 0 2.7
B*14 6.5 4.0 51 7.3 8.6 2.8 3.2
B*15 54 8.0 2.0 6.5 13.3 11.9 9.3
B*18 7.6 9.0 11.2 6.5 3.1 3.6 2.7
B*27 4.3 1.0 2.0 1.9 3.1 1.5 0.5
B*35 9.8 14.0 21.7 9.7 12.3 13.3 7.1
B*37 0 2.0 0 0.5 0 0.6 0.5
B*38 0 0 1.0 3.8 0.8 0 0
B*39 4.3 1.0 1.0 1.9 0 1.9 0.5
B*40 5.4 3.0 1.0 4.9 3.1 0 1.1
B*41 2.2 0 1.0 1.1 0.8 0.6 0.5
B*42 0 1.0 0 0 1.6 2.8 4.9
B*44 15 15.0 20.5 15.6 6.3 6.8 8.7
B*45 1.1 5.0 1.0 1.6 1.6 0.9 3.3
B*47 0 1.0 0 0 0 1.5 1.6
B*49 7.6 2.0 4.1 6.2 2.3 53 5.4
B*50 2.2 0 4.1 4.1 0.8 0.3 0.5
B*51 13.3 13.0 11.2 10.0 7.8 3.8 1.6
B*52 0 1.0 0 0.3 0 53 0
B*53 1.1 1.0 0 1.1 8.6 4.0 10.9
B*55 1.1 1.0 0 0 0 0 0
B*56 0 0 1.0 0 0] 3.1 0
B*57 0 3.0 4.1 2.2 55 1.2 2.7
B*58 2.2 2.0 2.0 2.2 55 8.2 16.5
B*67 0 0 1.0 0 0 0 0
B*78 0 0 0 0 0 7.2 0
B*81 0 0 1.0 0 0 0 4.4

Table 5. HLA-B allele frequencies in the Portuguese and Cabo Verde populations.
Mandenka and Cameroon populations are also included for comparison as typical West

African data (the 3 highest values in each population in bold). *Data from Dard et al. (1992)

and Ellis et al. (2000).
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Alleles NP CP SP MA Ccv MD?
DRB1*01 15.2 4.0 11.2 8.9 12.5 1.1
DRB1*02 12.0 14.0 51 11.6 3.9 2.9
DRB1*03 13.0 16.0 14.3 12.2 10.2 13.4
DRB1*04 9.8 14.0 13.3 9.7 10.2 0.8
DRB1*07 17.7 14.0 15.3 16.0 7.0 6.8
DRB1*08 4.0 7.0 3.1 4.1 3.0 12.4
DRB1*09 1.1 2.0 1.0 1.1 6.3 1.0
DRB1*10 0 0 1.0 0.8 5.5 3.8
DRB1*11 9.8 11.0 14.3 13.0 16.0 18.2
DRB1*12 1.1 0] 3.1 1.1 2.0 0.3
DRB1*13 13.0 16.0 17.3 19.6 23.4 38.5
DRB1*14 3.3 2.0 1.0 1.9 0 0.8

Table 6. HLA-DRB1 allele frequencies in the Portuguese and Cabo Verde populations.
Mandenka population are also included for comparison as typical West African data (the 3

highest values in each population in bold). 2Data from Dard et al. (1992).

3.4.1.1. HLA-A

Regarding HLA-A distribution, HLA-A*02 shows a clear decreasing North-
South cline in mainland Portugal, and intermediate frequencies in MA. It is
the most frequent allele in CV. HLA-A*11 and HLA-A*24 are usually linked
to Mediterranean populations with frequencies around 4-6%, and are
supposedly absent in sub-Saharans (Arnaiz-Villena et al., 2001a; Gomez-
Casado et al., 2001; Muro et al., 2001). Both are much more frequent in
SP, compared to CP and NP (one-sided test, p <0.01). Their presence in CV
suggests that they were probably introduced either by white colonizers (as
happened with Martinicans; Bera et al., 2001) or slaves, with a genetic
background originating in North Africa, as it is believed that no direct North-
African input to Cabo Verde took place. HLA-A*23 exhibits bizarre behaviour

in the sense that it reaches the highest frequency in NP and CV (11 and
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13%), 6% in SP and MA but only 1% in CP (one sided test, p<0.03). This
allele is present in European populations at frequencies around 4%
(lvanova et al., 2001; Rendine et al., 1998). HLA-A*30, found widespread
in sub-Saharan populations (Modiano et al., 2001; Bera et al., 2001 ; Uko et
al., 1997) and also in North Africa (Gbmez-Casado et al., 2001), is the
second most frequent allele in CV. HLA-A*33 attains the highest value in NP
(8.7%) being confined to percentages varying from 3-4% in the remaining
regions of the country. Strangely, in Nigeria it s the second most frequent
(Uko et al., 1997) but its frequency in CV is no different from that of
mainland Portugal. Finally, if alleles HLA-A*74 and HLA-A*80 (found in
relatively high frequencies in CV) are of sub-Saharan origin, the presence of

HLA-A*74 in MA could be due to slave introduction.

3.4.1.2. HLA-B

Within HLA-B allele distribution, HLA-B*35 shows a clear increasing
North-South cline in Portuguese mainland populations. High frequencies of
this allele have been attributed to West African (Modiano et al., 2001; Dard
et al., 1992) and Mediterranean populations (Arnaiz-Villena et al., 2001a;
Arnaiz-Villena et al., 1995; Arnaiz-Villena 2001b). HLA-B*35 is extremely
frequent in Algerians, suggesting that this cline in Portugal represents an
autosomic input of the Arab settlement in the country, which lasted for
several centuries. The presence of a high frequency of this allele in CV
suggests migration of settlers from Portugal, as previously suggested for
HLA-A*11. On the other hand, the high frequency of this allele in the
Mandenka is probably the result of North African influence in this ethnic

group, as seen in MtDNA (Brehm et al., 2002). It is worth noting the high
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frequency of the putative African HLA-B*15 allele (Bera et al., 2001) in CV
(13.3%), otherwise present in SP at 2% and in the remaining populations
with figures ranging from 5-8%. This allele has also been found in
Moroccans at 5% (G6émez-Casado et al., 2001). HLA-B*53 is an allele
showing a big variation in African populations, a fact attributed to historical
population backgrounds (Ellis et al., 2000). It is present in CV at a lower
percentage (8.6%) than that found in the nearest mainland African
population (13.9% in Serer and Mandenka from Senegal, or 14-17% in
Gambia). As expected it is present at a very low frequency in Portugal. HLA-
B*57 appears at 5.5% in CV but is also found with relatively equal
frequencies in CP and SP (3-4%) but not in NP, suggesting that its presence
in the Centre and South of Portugal is a result of the sub-Saharan slaves

that comprised 10% of the population of these regions.

3.4.1.3. HLA-DRB1

HLA Class Il DRB1*13 can be found in sub-Saharan populations at 20%,
rising to 48.8% in a Gambian population Hill et al., 1991; Tiercy et al.,
1992) (Table 6). NP shows frequencies similar to a North European
population (Ronningen et al., 1990), but this allele also shows a North-
South increasing cline in Portugal. The high frequency of this allele in SP,
and especially MA, could suggest an additional introduction of sub-Saharan
import. When the frequencies of DRB1*01, DRB1*04 and DRB1*07 are all
low and the frequencies of DRB1*13 and DRB1*14 are both high, this is
considered to be typical of sub-Saharan Africans (Tiercy et al., 1992).

However, in CV this is not the pattern. Alternatively, DRB1*10 could be
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considered to be of sub-Saharan origin since it exists in CV but is absent, or

present at very low levels, in Portugal.

3.4.2. Haplotype frequencies

3.4.2.1. West European haplotypes

A*01-B*08-DRB1*03 is thought of as keing of Indo-European Celtic
origin (Arnaiz-Villena et al.,1997) but is probably just West-European, since
no evidence was provided that only Celts carried it. It is only found in CP
(3%) (Table 7), which is rather strange if it was really Indo-European, and
its presence in MA and CV suggests a colonizing event from people
originating from the Centre of Portugal. A*02-B*44-DRB1*04 is common in
West Europe (Martinez-Laso et al., 1995) and North Africa (Arnaiz -Villena et
al., 1995). It has been found in the Azores (Bruges-Armas et al., 1999)
(2%) and in the present study only in SP (3%). A*02-B*44-DRB1*07 is
widespread over Europe but the present study shows it is the most frequent
haplotype in NP (5.4%) but absent in CP and SP. A*29-B*44-DRB1*07 was
given as the second most common haplotype in Portugal (Arnaiz-Villena et
al.,1997), but our data does not confirm this. Other haplotypes thought to
be West-European were found in NP but not in other parts of Portugal

(A*30-B*44-DRB1*07, A*32-B*08-DRB1*03).
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Frequencies (%)

Frequencies (%)

Haplotypes NP [ CP [ SP [ MA [cv | | Haplotypes NP [CP | SP | MA | CV
A*01-B*08-DRB103 3.0 22| 0.8 | | A~03-B*58-DRB1*04 | 1.1
A*01-B*08-DRB1*13 | 2.2 | 1.0 A*11-B*18-DRB1*11 2.2
A*01-B*35-DRB1*07 28] 2.0 A*11-B*35-DRB1*0L | 1.1 30| 14|08
A*02-B*08-DRB103 19 A*11-B*35-DRBL*11 2.9
A*02-B*14-DRB1*0L 2.0] 03 A*11-B*44-DRB1*13 10| 2003
A*02-B*14-DRB1*13 2.3 | [ A*23-B*07-DRB1*02 1.6
A*02-B*15-DRB1*04 | 2.2 | 1.0 | 1.0 A*23-B*08-DRB1*03 20|08
A*02-B*18-DRB1*02 | 2.2 A*23-B*15-DRB1*11 3.1
A*02-B*18-DRB103 2.0 4.0 A*23-B*49-DRB1*13 3.3
A*~02-B*18-DRB1*08 2.0 A*24-B*18-DRB1*14 2.2
A*02-B*18-DRB1*11 2.4 A*24-B*35-DRB1*11 20| 10|03 16
A*02-B*27-DRB1*04 2.3 | | A*24-B*44-DRB102 1.4
A*02-B*35-DRB1*0L | 3.3 1.1 A*24-B*44-DRB1*11 0.8
A*02-B*35-DRB1*11 2.3 | | A*24-B*44-DRB1*13 2.0
A*02-B*35-DRB1*13 2.0 0.8 | | A*24-B*51-DRB1707 3.0
A*02-B*39-DRB1*11 | 2.2 A*26-B*38-DRB1*13 1.4
A*02-B*40-DRB1*13 2.0 A*29-B*14-DRB10L 23
A*02-B*41-DRB1*13 | 2.2 A*29-B*14-DRB1*13 10| 1.9
A*02-B*44-DRB1*0L 2.0 0.6 A*29-B*44-DRB1*07 20| 20| 15|08
A*02-B*44-DRB1*02 2.9 A*29-B*44-DRB1*11 | 1.1 1.9
A*~02-B*~44-DRB1*07 | 5.4 0.6 A*29-B*44-DRB1*13 1.0
A*02-B*44-DRB1*04 3.0 A*30-B*08-DRB1*04 1.6
A*02-B*44-DRB1*13 21 A*30-B*18-DRB1*03 3.8
A*02-B*50-DRB1*07 2.1 A*30-B*~18-DRB1*13 05|23
A*02-B*51-DRB1*04 | 1.1 30|22 A*30-B*35-DRB1*03 12(03]08
A*02-B*51-DRB1*11 | 3.3 | 2.0 0.6 A*30-B*35-DRB1*10 23
A*02-B*51-DRB1*13 30| 20| 1.9] 1.6 | | A~30-B*44-DRB1*07 | 2.2
A*02-B*53-DRB1*13 2.3 | | A*30-B*57-DRB1*07 0.8
A*03-B*35-DRB1*01 3.0 A*30-B*57-DRB1*13 0.8
A*03-B*35-DRB102 2.0 A*32-B*08-DRB1*03 | 2.2
A*03-B*35-DRB1*04 2.0 A*33-B*14-DRB1*01 | 4.3 13
A*~03-B*~44-DRB1*02 | 2.2 A*33-B*14-DRB1*13 2.0
A*03-B*44-DRB1*11 2.0 A*~68-B*07-DRB1*02 2.0
A*03-B*49-DRB1*04 2.0 A*68-B*45-DRB1*04 3.0

Table 7. Three-loci haplotype frequencies (HLA-A, -B and -DR) in the Portuguese and Cabo

Verde populations (only those haplotypes greater than 2 % in any population, or mentioned

in the text are shown). Haplotype frequencies are estimate values according to the

methodology explained in the Materials and Methods section.
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3.4.2.2. Mediterranean haplotypes

Several have been given as characteristic of the circum-Mediterranean
region, such as A*33-B*14-DRB1*01 (Arnaiz-Villena et al., 1999 ;Gomez-
Casado et al., 2001; Muro et al., 2001). Previously, the highest frequency
has been attributed to Armenians (3.6%), but we have found the frequency

in NP to be 4.3%.

3.4.2.3. Iberian-North African haplotypes

Among the many recognized haplotypes of Iberian-North African extract,
A*30-B*18-DRB1*03 has been described as an Iberian Paleo-North African
marker (particularly the bi-loci A*30-B*18) (Arnaiz-Villena et al., 1995;
GOmez-Casado et al., 2001; Muro et al., 2001). It was only found in the
present study in SP (3.8%). The marker A*02-B*51-DRB1*13 has been
suggested to be characteristic of ‘lbero-Berbers’ (Gomez-Casado et al.,
2001). However, it is known historically and by the study of mtDNA (Pereira
et al., 2000) that Berbers settled in NP, rather than CP and SP, and it is
strange that we find this haplotype in all populations but NP. Haplotype
A*26-B*38-DRB1*13, defined as specific to the Portuguese and probably
present in the first Western lberians (Arnaiz-Villena et al., 1997; Gémez-
Casado et al., 2001), was not found in mainland Portugal in the present

study, although it appears in MA (1.4%).

3.4.2.4. The sub-Saharan component
Few haplotypes have been unambiguously linked to sub-Saharans.
Haplotype A*24-B*44-DRB1*11 is considered such a marker (Bruges-Armas

et al., 1999) but we did not find it in CV, despite it existing in MA (0.8%).
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Haplotype A*24-B*44-DRB1*02 also exists only in Madeira, with a
frequency of 1.4%, and is probably also of African origin. The San people
have been characterized by possessing A*03-B*58-DRB1*04 at a frequency
of 1.1%, the same percentage as found in NP. Haplotype A*30-B*08-
DRB1*04 exists in 3.3% of the San and 1.6% of CV. Zimbabweans present
haplotypes A*30-B*57-DRB1*07 and A*30-B*57-DRB1*13 (2% each),
which are also found in CV (0.8% each). Finally, we found in CV and MA
haplotypes that previously have been reported only in Afro-Americans:
A*30-B*35-DRB1*03 (0.7%); A*02-B*53-DRB1*13 (0.9%); A*23-B*07-
DRB1*02 (2.6%). Several haplotypes could be considered typical sub-
Saharan markers since they only appear in CV (Table 7). The haplotype
A*30-B*18-DRB1*13, which exists in MA at 0.5% and CV at 2.3% but not

in mainland Portugal, was most probably introduced by slaves.

3.4.2.5. The ‘Oriental component

Several haplotypes that are possibly ‘Oriental’ in their origin have been
described in the Azores (Bruges-Armas et al., 1999). This led to the
hypothesis that a Mongoloid population existed in the Azores prior to
discovery by the Portuguese. However, one of these haplotypes (A*02-
B*50-DRB1*07) was present in 2% of MA and another, A*24-B*44-
DRB1*13, that is found in 1.3% of the Western Caucasian population,
appears in 4% of SP. The previous assumption that the presence in the
Azores of these Oriental haplotypes is due to habitation by American
Indians before the Portuguese colonization in 1434 would now appear to be

unsustainable.
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3.4.3. Principal Component Analysis

The PCA depicted in Figure 3 is based on HLA-A and HLA-B and HLA-DR
loci, although Burkina Faso and Cameroon populations lacked —DR data. In
this particular case the program converts missing values into zero. We also
performed a PCA based on just loci HLA-A and HLA-B for all populations,

and the result was similar to that obtained when HLA-DR values were
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Figure 3. Principal Component Analysis (PCA) showing the relationships among the
populations described in Table 2 on the basis of their HLA allele frequencies. First axis

estracted 50.52% of the total variance, second axis 10.34%.
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Figure 4. Principal Component Analysis (PCA) restricted to the European samples in
order to clarify the relationships involving the five populations included in the present study.
The plot is based on data from the three loci. First axis extracted 20.71% on the total

variation, second axis 19.02% and the third 14.8% (not shown).

included. This prompted us not to exclude the HLA-DR data from the
analysis. In the plot it is clear that the European populations form a tight
cluster and are different from the sub-Saharan populations. The latter form
a separate group that is much more diverse than the European one. The
position of CV and MD is peculiar, as both are plotted outside the African
group, almost joining the European pool. MD is a sub-Saharan population
from Senegal, the most closely related region to the Cabo Verde islands,
and the plot clearly reveals this close relationship. CV and the European
populations are placed close by, reflecting a similitude in frequencies of the
most common alleles. Another intriguing aspect is the high heterogeneity
among the four Portuguese samples when compared with the tight cluster

formed by North-European populations (Figure 4). The Azores and SP
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appear separated from the remaining Portuguese populations, as seen in
the plot in Figure 4, a fact supported by the high number of haplotypes

unique to these populations (see Table 7).

3.4.4. Population comparisons

Two methods are at our disposal to study the genetic composition of a
population and eventually unveil the origin of its present day structure:
variation of allele frequencies, and haplotype distribution. Following the
discovery of Madeira and Cabo Verde, settlement took place with colonizers
mainly originating from Portugal. In 1670 Madeira island already had one
fifth of today's population. Apart from Iberians and North Europeans
(Flemish), other peoples contributed to the settlement: moors (white-slaves
from Mauritania), sub-Saharan slaves introduced directly from Cabo Verde
(at certain times they comprised 10% of the population), Jews, slaves from
India and a few natives from the Canary Islands (Guanches) (Pereira,
1989). It is possible to track the genetic imprint left by some of these
peoples. The population of Madeira presents rare and African like alleles
(HLA-A*34, HLA-A*36 and HLA-A*74), distinguishing it from other
Portuguese populations. Also, 3.5% of its haplotypes are of African origin
(data not shown). MtDNA data also shows the extension of typical African
haplogroups (L and M1) in Madeira, 20.4% of the total compared to only
6.5% in the Azores (Brehm et al., 2003). The same applies for STR
microsatellite distribution (Fernandes et al., 2001). It is more dificult to
track the North African input due to the slave trade. The three populations
from mainland Portugal show remarkable differences, which may not be

apparent through the allele frequencies comparison alone. For example,
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although alleles A*02 and B*44 are common in all five populations studied,
they combine with different DRB1 alleles to form different haplotypes,
enabling populations to be discriminated. Table 7 presents several examples
of such cases of haplotypes that are extremely frequent but unique to each
population (A*02-B*44-DRB1*02, A*02-B*44-DRB1*04, A*02-B*44-
DRB1*07). The heterogeneity of the three sampled populations from
mainland Portugal reveals that, contrary to what has been found previously
(Arnaiz-Villena et al., 1997), there is a strong Mediterranean and North
African genetic background in mainland Portugal (as well in Madeira and
Cabo Verde), as suggested by high frequencies of haplotypes A*33-B*14
and A*30-B*18. Nevertheless, this is not enough to support the hypothesis
of a pre-Neolithic migration of peoples from North Africa to the Iberian
Peninsula (Arnaiz-Villena et al., 1995), since two of the most common North
African haplotypes (A*03-B*49-DRB1*11 and A*26-B*44-DRB1*15) were
not found in our samples, which should be expected to occur under such an
emigrational model. The existence of a higher concentration of these ‘Ibero
Berber’ markers in the North of Portugal is in accordance with mtDNA
markers (Pereira et al., 2000). In fact, it is well documented that Berbers
were confined to the North by non-Berber Arab armies during the fight for
the control of Central and South Iberia.

European presence in Cabo Verde, although never more than 10% of the
population, is perceivable at the HLA level. Cabo Verde has alleles found in
relatively high percentages in Portuguese populations but not in typical
West African Mandenka or Cameroon populations (Table 4 and 5, HLA-A*01,
HLA-B*14, HLA-B*40 and HLA-B*51). The same is thrue for the more

frequent Ibero-Mediterranean haplotypes (A*29-B*44-DRB1*07 and A*01-
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B*08-DRB1*03) (Arnaiz-Villena et al., 1997) or even the Neolith Iberic
markers (A*30-B*18) (Martinez-Laso et al., 1995). We can only be sure
that these haplotypes are originally from the Iberia Peninsula, and not
carried with the slaves themselves, after a complete survey is performed in
the West African coast Guinean population.

All together the non sub-Saharan haplotypes in Cabo Verde comprise
15% of the total (data not shown). The presence of these markers show
that the present day population of Cabo Verde is atypical when compared
with other African ones, reflecting how its origin was due to admixture of an

African substrate with European genetic input.
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Capitulo 4

4. HLA genes in Portugal inferred from sequence-based typing: in

the crossroad between Europe and Africa.

Hélder Spinola, Derek Middleton, Antonio Brehm.

Reprinted with minor modifications from Tissue Antigens 2005: 66: 26-

36.

4.1. Abstract

HLA-A, HLA-B, and HLA-DRB1 polymorphism was examined in the
Portuguese population, discriminating between North, Centre and South
inhabitants. All data were obtained at high-resolution level, using sequence-
based typing. The most frequent allele at each loci was: A*020101 (26%),
B*440301 and B*510101 (12% each), and DRB1*070101 (15%). The
predominant three-loci haplotype was A*020101-B*440301-DRB1*070101
(3.1%), highly frequent in North Portugal (5.4%), lower in Centre (2%) and
absent in the South.

The present study demonstrates that the Portuguese population has

been genetically influenced by Europeans and North Africans, via several
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historic immigrations. North Portugal seems to concentrate, probably due
the pressure of Arab expansion, an ancient genetic pool originated from
several North Africans and Europeans influences throughout millenniums.
South Portugal shows a North African genetic influence, probably of recent
origin by means of Berbers accompanying Arab expansion. We found that
Centre Portugal is the distribution limit of some alleles and haplotypes that
characterize the North or the South of the country. Despite North, Centre
and South Portugal not being significantly different in allele frequencies, this
study shows that HLA allele and haplotype frequencies are not
homogeneous in the country. North and South Portugal shows more
similarity to North Africans in opposition to Centre which appears closer to

Europeans.

4.2. Introduction

The Human Leukocyte Antigen (HLA) genetic system is perhaps one of
the most polymorphic in humans. It consists of a closely linked set of genes
highly important in transplantation, anthropological and forensic fields
(Riley & Olerup, 1992). In the last years a considerable number of studies
linking specific HLA alleles to particular disease conditions, has appeared in
the literature. The general HLA profile of a population can be helpful in
several fields including tracing its origins relationships with neighbouring
populations. Few studies have been performed to characterize the
Portuguese at the population biology level. There are a few studies focused
on HLA-A, -B, and -DRB1 genes of Portuguese, but these are medium-

resolution surveys (Arnaiz-Villena et al., 1997; Spinola et al., 2002).
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With recent developments in DNA typing, HLA has been studied at a high
resolution level, particularly full sequencing of information which is
important in comparisons of populations and disease studies (Piancatelli et
al., 2004; Ayed et al., 2004; Anjos & Polychronakos, 2004). Unfortunately
as high resolution HLA allele typing is still scarce comparison to suitable
data available is difficult.

The Iberian Peninsula, and particularly Portugal, is situated in the
southern edge of Europe. Inhabited since the Palaeolithic, the territory has
been the receptacle of various human movements from peoples of different
origins: Celts, Germanics, Phoenicians and a myriad of peoples with origin
on the Mediterranean basin. In historical times the Arabs and North Africans
settled most of the country for more than 700 years (Arnaiz-Villena et al.,
1997). In the 15™ century there was a considerable input of sub-Saharans,
brought as slaves mostly from the West African coasts particularly from the
Senegal region to the Gulf of Guinea (Godinho, 1965). The impact of all
these peoples has been studied with various kinds of DNA markers such as
mMtDNA (Gonzalez et al., 2003), microsatellites (Fernandes & Brehm, 2003),
Y-chromosome biallelic markers (Goncalves et al., 2005) as well as HLA
surveys (Arnaiz-Villena et al., 1997; Spinola et al., 2002). Recently, mtDNA
(Gonzalez et al., 2003) and Y-chromosome binary markers as well as Y-
STRs (Short Tandem Repeat) (Gongalves et al., 2005) have shred a new
hypothesis on the presence of Berber markers in Portugal. According to
these authors, a high and almost exclusively prevalence of these markers in
the North of the country most probably points to pre-Neolithic movements

to Iberia and are not due to recent slave trade or the Arab settlement.
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The main goal of the present work is to present a clear genetic profile of
the Portuguese based on high resolution typing of the HLA-A, -B and —DRB1
loci. Allele and haplotype frequencies of three Portuguese sub-populations
and their relatedness to other European and circum-Mediterranean
populations were evaluated. The comparison of these frequencies with other
populations may also contribute to clarify the origin of the genetic

heterogeneity already found in the Portuguese (Spinola et al., 2002).

4.3. Materials and methods

4.3.1. Population samples and HLA typing

The study population consisted of a total of 145 healthy unrelated males
randomly distributed in North (NP, n=46), Centre (CP, n=50) and South
(SP, n=49) Portugal. EDTA Blood samples were collected after informed
consent, from donors whose parents and grandfathers were born and living
in the same area. Genomic DNA was isolated from whole blood containing
EDTA using a phenolchloroform procedure and frozen at -20°C until use.
All subjects were typed for HLA-A and HLA-B class | loci and HLA-DRB1
class Il locus. Sequence based typing (SBT) of the HLA-A and —B loci was
performed on exon 2 and exon 3 accordingly to Kurz et al. (1999) and Pozzi
et al. (1999) with minor modifications. DNA fragments amplified by
polymerase chain reaction (PCR) were purified and sequenced using ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kits (Applied
Biosystems, Foster City, CA, USA) in an ABI PRISM 310 GENETIC ANALYZER
(Applied Biosystems), according to the manufacturer’s instructions. HLA-

DRB1 SBT was performed on exon 2, amplified and sequenced with group
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specific primers used in SSOP typing Williams et al., 2004). All samples
were PCR amplified with each of the group specific pair of primers. The
positive reactions were sequenced with the amplification primers according
to the above description for HLA-A and -B. Sequencing was always
performed in forward and reverse directions and processed using the
Matchtools Allele Identification packet (Applied Biosystems) which assess
the typing by an updated HLA-sequence library with alleles defined up to
June 2001. In the present study we did not test for polymorphisms outside
exons 2 and 3 in HLA-A and —B and outside exon 2 in HLA-DRB1. Therefore,
a few groups of alleles could not be distinguished. A summary of the
unresolved ambiguities and the assignment label used in each of these
cases for frequency analysis is given in Table 8. Likewise, some
heterozygous samples could have more than one allele’s combination. In
these situations, for allele frequencies and haplotype calculations we used a
maximum likelihood estimation assignment, choosing the combination of

the most frequent single alleles.

Locus Ambiguous alleles assignment label
HLA-A A*010101/A*0104N A*010101
A*020101/A*020108/A*0209/A*0243N A*020101
A*2301/A*2307N A*2301
A*240201/A*240203/A*2409N/A*2411N A*240201
A*680102/A*6811N A*680102
HLA-B B*0705/B*0706 B*0705/06
B*180101/B*1817N B*180101
B*2705/B*2713 B*2705
B*350101/B*3540N/B*3542 B*350101
B*440201/B*4419N/B*4427 B*440201
B*510101/B*5111N/B*5130/B*5132 B*510101
HLA- DRB1*120101/DRB1*1206 DRB1*120101

Table 8. Ambiguous HLA alleles and their respective assignment labels under which they

appear in the text.
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4.3.2. Data analysis

Basic genetic parameters (allele and haplotype frequencies, gene
diversity, and Hardy-Weinberg equilibrium) at the three loci were estimated
with Arlequin v2.000 (Schneider et al., 2000). In the present study
haplotypes were inferred using a maximum likelihood approach. Linkage
disequilibrium (D) and relative linkage desiquilibrium (D’) between two
alleles at two different loci and their level of significance (P) was calculated
according to Weir (1996). Ewes-Watterson’s, Slatkin’s and Chakraborty’s
selective neutrality statistical tests were applied to examine the presence of
selective forces influencing allelic diversity at each locus.

The Portuguese data was compared to several populations which are
available at the same typing resolution (Ellis et al., 2000; Pimtanothai et
al., 2001; Luo et al., 2002; Middleton et al., 2003; Piancatelli et al., 2004;
Ayed et al., 2004). An analysis of molecular variance (AMOVA) was
performed with these populations based on Euclidean distances between all
pairs of haplotypes (Excoffier et al., 1992). The total genetic variation
between the 3 Portuguese sub-populations (SP, CP and NP) was estimated
and the correspondent Fst value was used to evaluate if there was
significant difference between them. Variance components were tested for
significance by nonparametric randomisation tests wusing 10000
permutations under the null hypothesis of no population structure. The
population genetic software Arlequin v2.000 was employed in all the above
analyses.

Comparative analysis of the Portuguese data set with other populations
available in the literature was achieved using the software included in the

PHYLIP v.3.6 package (Felsenstein, 2004). First, SEQBOOT was used to
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perform a bootstrap analysis from gene frequency data. The program
generates multiple data sets resampled from the original data. Distance
matrices from each replicate data set were generated using GENDIST and
used as input to NEIGHBOR to produce neighbour-joining trees. A single
consensus bootstrapped tree was obtained with CONSENSE. The topology
was visualized with TreeView (Page, 1996). Dendrograms were based on
HLA-A, —B and -DRB1 or on HLA-A and —-B, in order to include some
relevant populations with no high resolution typing for HLA-DRB1 locus.

Fst values were used to plot a principal coordinate analysis with a
restricted number of populations using the statistical package NTSYS (Rohlf,

1997).

4.4. Results

Tables 9-12 show the allele frequencies of HLA-A, HLA-B and HLA-DRB1
loci in the Portuguese population. A total of 27 HLA-A, 43 HLA-B and 36
HLA-DRB1 alleles were found. The population was in Hardy-Weinberg
equilibrium for each studied locus. The heterozygosity was high for all
examined loci (HLA-A: 0.89; HLA-B: 0.94; HLA-DRB1: 0.93). Ewes-
Watterson, Slatkin’s and Chakraborty’s tests of selective neutrality yielded
non-significant results at the 3 HLA loci (all P>0.05), suggesting lack of
selection. An AMOVA between the three sub-populations (SP, CP and NP)
shows that only 0.03% of the total genetic variation found can be attributed
to differences among populations, the remaining is due to within population
differences. The exact test of population differentiation performed by
Arlequin shows non significant results (SP/CP: P=0.23; SP/NP: P=0.056;

CP/NP: P=0.055).

79



Portugal allele frequencies

HLA-A Frequencies | HLA-B Frequencies | HLA-DRB1 Frequencies
A*010101 0.086 B*070201 0.038 DRB1*0101 0.045
A*020101 0.261 B*0705/06 0.004 DRB1*010201 0.037
A*0202 0.004 B*0801 0.040 DRB1*0103 0.020
A*0205 0.010 B*1302 0.010 DRB1*030101 0.133
A*022001 0.004 B*1401 0.007 DRB1*030201 0.004
A*030101 0.079 B*1402 0.045 DRB1*030501 0.004
A*0302 0.007 B*150101 0.040 DRB1*0315 0.004
A*110101 0.079 B*1503 0.004 DRB1*040101 0.045
A*1110 0.004 B*15170101 0.007 DRB1*0402 0.014
A*2301 0.058 B*1518 0.004 DRB1*040301 0.010
A*240201 0.079 B*180101 0.085 DRB1*0404 0.007
A*2501 0.004 B*1805 0.007 DRB1*040501 0.027
A*2601 0.024 B*2705 0.020 DRB1*040701 0.017
A*2608 0.004 B*2708 0.004 DRB1*0408 0.004
A*290101 0.004 B*350101 0.082 DRB1*070101 0.150
A*2902 0.059 B*3502 0.048 DRB1*0704 0.004
A*3001 0.010 B*3503 0.017 DRB1*080101 0.035
A*3002 0.028 B*3504 0.004 DRB1*080302 0.007
A*310102 0.048 B*3701 0.007 DRB1*080401 0.004
A*3201 0.041 B*3801 0.004 DRB1*090102 0.014
A*3301 0.048 B*3901 0.014 DRB1*1001 0.004
A*3303 0.004 B*390602 0.007 DRB1*110101 0.066
A*6601 0.010 B*4001 0.017 DRB1*1102 0.020
A*680101 0.024 B*4002 0.014 DRB1*110401 0.027
A*680102 0.007 B*4102 0.010 DRB1*1113 0.004
A*6802 0.010 B*4201 0.004 DRB1*120101 0.014
A*6901 0.004 B*440201 0.048 DRB1*130101 0.079

B*440301 0.120 DRB1*130201 0.045

B*4501 0.024 DRB1*1303 0.024

B*4701 0.004 DRB1*1304 0.004

B*4901 0.045 DRB1*1305 0.004

B*5001 0.014 DRB1*140101 0.020

B*5002 0.007 DRB1*150101 0.076

B*510101 0.120 DRB1*150201 0.004

B*520101 0.004 DRB1*160101 0.020

B*5301 0.007 DRB1*160202 0.004

B*5501 0.007

B*5601 0.004

B*570101 0.020

B*570301 0.004

B*5801 0.021

B*670102 0.004

B*8101 0.004

Table 9. HLA-A, -B and -DRBL1 allele frequencies in the Portuguese population.
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South Portugal alelle Frequencies

HLA-A Frequencies | HLA-B Frequencies | HLA-DRB1 Frequencies
A*010101 0.05102 B*070201 0.01020 DRB1*0101 0.05102
A*020101 0.23469 B*0705/06 0 DRB1*010201 0.03061
A*0202 0 B*0801 0.02041 DRB1*0103 0.03061
A*0205 0.01020 B*1302 0.01020 DRB1*030101 0.14286
A*022001 0 B*1401 0.0204 DRB1*030201 0
A*030101 0.08163 B*1402 0.03061 DRB1*030501 0
A*0302 0 B*15010101 0.02041 DRB1*0315 0
A*110101 0.13265 B*1503 0 DRB1*040101 0.05102
A*1110 0.01020 B*15170101 0 DRB1*0402 0.02041
A*2301 0.06122 B*1518 0 DRB1*040301 0.02041
A*240201 0.10204 B*180101 0.11224 DRB1*0404 0.01020
A*2501 0 B*1805 0 DRB1*040501 0.02041
A*2601 0.02041 B*2705 0.02041 DRB1*040701 0.01020
A*2608 0 B*2708 0 DRB1*0408 0
A*290101 0 B*350101 0.13265 DRB1*070101 0.14286
A*2902 0.07143 B*3502 0.06122 DRB1*0704 0.01020
A*3001 0 B*3503 0.01020 DRB1*080101 0.02041
A*3002 0.05102 B*3504 0.01020 DRB1*080302 0
A*310102 0.04082 B*3701 0 DRB1*080401 0.01020
A*3201 0.03061 B*3801 0.01020 DRB1*090102 0.01020
A*3301 0.04082 B*390101 0.01020 DRB1*1001 0.02040
A*3303 0 B*390602 0 DRB1*110101 0.07143
A*6601 0.01020 B*400101 0.01020 DRB1*1102 0.02041
A*680101 0.02041 B*4002 0 DRB1*110401 0.04082
A*680102 0.01020 B*4102 0.01020 DRB1*1113 0
A*6802 0.02041 B*4201 0 DRB1*120101 0.03061
A*6901 0 B*440201 0.09184 DRB1*130101 0.08163

B*440301 0.11224 DRB1*130201 0.05102

B*4501 0.01020 DRB1*1303 0.04081

B*4701 0 DRB1*1304 0

B*4901 0.04082 DRB1*1305 0

B*5001 0.03061 DRB1*140101 0.01020

B*5002 0.01020 DRB1*150101 0.02041

B*510101 0.11224 DRB1*150201 0

B*520101 0 DRB1*160101 0.03061

B*5301 0 DRB1*160202 0

B*5501 0

B*5601 0.01020

B*570101 0.03061

B*570301 0.01020

B*5801 0.02041

B*670102 0.01020

B*8101 0.01020

Table 10. HLA-A, -B and -DRB1 allele frequencies in South Portugal.
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Centre Portugal allele frequencies

HLA-A Frequencies HLA-B Frequencies HLA-DRB1 Frequencies
A*010101 0.13 B*070201 0.07 DRB1*0101 0.02
A*020101 0.26 B*0705/06 0.01 DRB1*010201 0.02
A*0202 0 B*0801 0.04 DRB1*0103 0
A*0205 0.01 B*1302 0.01 DRB1*030101 0.14
A*022001 0.01 B*1401 0 DRB1*030201 0.01
A*030101 0.09 B*1402 0.04 DRB1*030501 0.01
A*0302 0.02 B*15010101 0.06 DRB1*0315 0
A*110101 0.05 B*1503 0 DRB1*040101 0.02
A*1110 0 B*15170101 0.01 DRB1*0402 0.02
A*2301 0.01 B*1518 0.01 DRB1*040301 0.01
A*240201 0.08 B*180101 0.08 DRB1*0404 0.01
A*2501 0 B*1805 0.02 DRB1*040501 0.05
A*2601 0.01 B*2705 0.01 DRB1*040701 0.02
A*2608 0 B*2708 0 DRB1*0408 0.01
A*290101 0.01 B*350101 0.05 DRB1*070101 0.14
A*2902 0.07 B*3502 0.07 DRB1*0704 0
A*3001 0.02 B*3503 0.02 DRB1*080101 0.05
A*3002 0.02 B*3504 0 DRB1*080302 0.02
A*310102 0.04 B*3701 0.02 DRB1*080401 0
A*3201 0.04 B*3801 0 DRB1*090102 0.02
A*3301 0.03 B*390101 0 DRB1*1001 0
A*3303 0 B*390602 0.01 DRB1*110101 0.06
A*6601 0.02 B*400101 0.02 DRB1*1102 0.02
A*680101 0.05 B*4002 0.01 DRB1*110401 0.03
A*680102 0.01 B*4102 0 DRB1*1113 0
A*6802 0.01 B*4201 0.01 DRB1*120101 0
A*6901 0.01 B*440201 0.05 DRB1*130101 0.10

B*440301 0.11 130201 0.03

B*4501 0.05 DRB1*1303 0.02

B*4701 0.01 DRB1*1304 0.01

B*4901 0.01 DRB1*1305 0

B*5001 0 DRB1*140101 0.02

B*5002 0 DRB1*150101 0.10

B*510101 0.12 DRB1*150201 0.01

B*520101 0.01 DRB1*160101 0.02

B*5301 0.01 DRB1*160202 0.01

B*5501 0.01

B*5601 0

B*570101 0.03

B*570301 0

B*5801 0.02

B*670102 0

B*8101 0

Table 11. HLA-A, -B and -DRB1 allele frequencies in Centre Portugal.
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North Portugal allele frequencies

HLA-A Frequencies | HLA-B Frequencies | HLA-DRB1 Frequencies
A*010101 0.07609 B*070201 0.03261 DRB1*0101 0.06522
A*020101 0.29348 B*0705/06 0 DRB1*010201 0.06522
A*0202 0.01087 B*0801 0.06522 DRB1*0103 0.03261
A*0205 0.01087 B*1302 0.01087 DRB1*030101 0.11957
A*022001 0 B*1401 0 DRB1*030201 0
A*030101 0.06522 B*1402 0.06522 DRB1*030501 0
A*0302 0 B*15010101 0.01087 DRB1*0315 0.01087
A*110101 0.05435 B*1503 0.01087 DRB1*040101 0.06522
A*1110 0 B*15170101 0.01087 DRB1*0402 0
A*2301 0.10870 B*1518 0 DRB1*040301 0
A*240201 0.05435 B*180101 0.06522 DRB1*0404 0
A*2501 0.01087 B*1805 0 DRB1*040501 0.01087
A*2601 0.04348 B*2705 0.03261 DRB1*040701 0.02174
A*2608 0.01087 B*2708 0.01087 DRB1*0408 0
A*290101 0 B*350101 0.06522 DRB1*070101 0.17391
A*2902 0.03261 B*3502 0.01087 DRB1*0704 0
A*3001 0.01087 B*3503 0.02174 DRB1*080101 0.03261
A*3002 0.01087 B*3504 0 DRB1*080302 0
A*310102 0.06522 B*3701 0 DRB1*080401 0
A*3201 0.05435 B*3801 0 DRB1*090102 0.01087
A*3301 0.07609 B*390101 0.03261 DRB1*1001 0
A*3303 0.01087 B*390602 0.01087 DRB1*110101 0.05435
A*6601 0 B*400101 0.02174 DRB1*1102 0.02174
A*680101 0 B*4002 0.03261 DRB1*110401 0.01087
A*680102 0 B*4102 0.02174 DRB1*1113 0.01087
A*6802 0 B*4201 0 DRB1*120101 0.01087
A*6901 0 B*440201 0 DRB1*130101 0.05435

B*440301 0.14130 DRB1*130201 0.05435

B*4501 0.01087 DRB1*1303 0.01087

B*4701 0 DRB1*1304 0

B*4901 0.08696 DRB1*1305 0.01087

B*5001 0.01087 DRB1*140101 0.03261

B*5002 0.01087 DRB1*150101 0.10870

B*510101 0.13043 DRB1*150201 0

B*520101 0 DRB1*160101 0.01087

B*5301 0.01087 DRB1*160202 0

B*5501 0.01087

B*5601 0

B*570101 0

B*570301 0

B*5801 0.02174

B*670102 0

B*8101 0

Table 12. HLA-A, -B and -DRB1 allele frequencies in North Portugal.

83




4.4.1. Data for HLA-A

At HLA-A locus 10 alleles (37% of all alleles found) comprise more than
80% of observed cumulative frequencies. The most frequent of the 27 HLA-
A alleles found in the Portuguese is by far A*020101 found in 26% of the
samples, a common characteristic among many populations especially
Caucasians. Four alleles follow with frequencies ranging between 7-9%
(A*010101, A*030101, A*110101 and A*240201). HLA-A*010101 and
A*030101 appears in Portugal at lower frequencies than other European
populations but higher than sub-Saharans. HLA-A*010101 and A*030101
allele frequencies in Portugal is higher and lower to North African
populations respectively. HLA-A*110101 in Portugal have similar
frequencies to other European populations but its distribution is not
homogeneous throughout the country (SP: 13%, CP and NP: 5%). The SP
A*110101 allele frequencie is only similar to Oman (Middleton et al., 2003)
and Baloch of Iran (Farjadian et al., 2004). HLA-A*240201 frequency on
Portugal is similar to Europeans and North Africans. This allele presents a
decreasing gradient from SP (10%) to NP (5%).

HLA-A*2301, with 6% in Portugal, has an intermediate frequency
between Europeans (1-2%) and Africans (8-23%). This allele has a uneven
distribution along the Portuguese territory with the highest value in NP
(11%) and lowest in CP (1%), with 6% in SP.

The most diverse HLA-A groups were A*02 with four different alleles
(HLA-A*020101, A*0202, A*0205, and A*022001), in which A*0202 is
considered to be a specific African allele (Cao et al., 2004), and A*68 with

three (HLA-A*680101, A*680102, and A*6802). HLA-A*020101 allele
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account’s for 94% of its group showing no balanced frequencies. The
frequencies on HLA-A*68 have a much equilibrated distribution with
A*680101 accounting for 58.5%, A*6802 for 24.4% and A*680102 for
17.1% of this entire group, a typical European distribution contrasting with
sub-Saharans where A*6802 is more prevalent than A*6801. Other
polymorphic groups have no balanced frequencies except HLA-A*30
(A*3001 with 27.3% and A*3002 with 72.7%), a group with higher

frequencies in Africans than Europeans.

4.4.2. Data for HLA-B

Fifteen of the 43 observed HLA-B alleles (35% of all alleles found) are
responsible for more than 80% of cumulative frequencies. HLA-B*440301
and B*510101 alleles were the most frequent. HLA-B*440301 (12%)
appear at similar frequencies in Morocco (12.8%), Italy (10%) and South
African Zulu (10.5%) but has a lower prevalence in other Europeans
(France 5% and Northern Ireland 7%) and Africans (Tunisia 8%, Cameroon
7% and Zambia 2%). HLA-B*510101 (12%) have higher predominance in
Northern Italy (23%) and Bulgaria (21%) and is also present to a lower
extent in other Europeans (France 6%,; Northern Ireland 3%), North
Africans (Morocco 4%; Tunisia 8%) and sub-Saharans (Cameroon 2%;
Zambia 69%0). At this locus alleles HLA-B*180101 and B*350101 have each
a frequency of 8% and all the others appear with much lower or negligible
values. The allele HLA-B*180101 can be found in similar frequencies in
Tunisia, Bulgaria and Czech Republic, in lower frequencies in Europeans
(3%-4%) and Africans (2%-3%) and at double the frequency in Italy. HLA-

B*350101 frequency in Portugal is higher than several Europeans and
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African populations except Italy (13%) and Mali (13%), the same frequency
found in SP.

HLA-B*070201, with 4% in Portugal, has a lower frequency than
Europeans (7-17%) and sub-Saharans (5-6%) and higher than North
Africans (2%), this last frequency much more similar to SP (1%). HLA-
B*0801 differs from above in North Africa where it shows higher frequencies
than in Portugal. HLA-B*440201 (5%0), appearing generally at lower values
than other European populations and higher than Africans, shows a strong
decreasing gradient South-North in Portugal (SP: 9.2%, CP: 5% and NP:
0%0). HLA-B*4901 (5%) is similar to some African populations (Morocco and
Cameroon) and higher than Europeans (2-3%). HLA-B*4501 (2%) is higher
than in Europeans, except French, and lower than Africans. HLA-B*5002
(0.7%) is a North African Berber allele (4%) that have been found in
residual frequencies in USA Hispanics but is absent in CP. The Portuguese
present the world highest prevalence of HLA-B*3502 allele (5%) in our
knowledge reported to date, the previous highest being 2% in Bulgaria
(Middleton et al., 2003). Allele HLA-B*2708 appeared in just one individual,
is very rare and was found before in Azoreans and British (Blanco-Gelaz et
al., 2001).

The highest level of heterogeneity in HLA-B was observed in B*15 and
B*35 groups, each one with four different alleles (percentage of each allele
in the group: HLA-B*150101; 73%, B*1503; 7%, B*151701; 13%, and
B*1518; 7% and HLA-B*350101; 54.5%, B*3502; 31.5%, B*3503; 11%o,
B*3504: 3%), showing some equilibrated frequencies specially between

B*350101 and B*3502. The others polymorphic groups have only one
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highly dominate allele except HLA-B*40 (B*4001 55% and B*4002 45%)

and HLA-B*44 (B*440201 28% and B*440301 72%).

4.4.3. Data for HLA-DRB1

At HLA-DRB1 locus 14 alleles (39% of all alleles found) comprise more
than 80% of observed cumulative frequencies. Alleles HLA-DRB1*070101
and DRB1*030101 are the most common (15 and 13%), with frequencies
typical of Mediterranean and other European populations. Alleles HLA-
DRB1*110101, DRB1*130101 and DRB1*150101 appear in 6-8% of the
samples, with similar frequencies found in European and African
(DRB1*110101), European (DRB1*130101) and Mediterranean
(DRB1*150101) populations. HLA-DRB1*0101, with 5% in Portugal, has an
intermediate frequency between Europeans (8-10%) and Africans (0-2%o).
HLA-DRB1*040101 and *130201 (5% each), almost absent and with higher
frequencies in Africa respectively, have similar frequencies to neighbouring
European populations. HLA-DRB1*040501 (3%) has intermediate frequency
between European (0-2%) and North Africans (3-6%). HLA-DRB1*110401
(3%) is similar to North Africa and lower than neighbouring European
populations (5-7%0).

The most diverse HLA-DRB1 groups were DRB1*04 with 7 different
alleles (percentage of each allele in the group: DRB1*040101: 38%,
DRB1*0402: 11%, DRB1*040301: 7%, DRB1*0404 5%, DRB1*040501
23%, DRB1*040701: 13%, and DRB1**0408: 3%), and HLA-DRB1*13 with
5 alleles (percentage of each allele in the group: DRB1*130101: 50%o,
DRB1*130201: 29%, DRB1*1303: 15%, DRB1*1304: 3%, and

DRB1*1305: 3%), both groups showing balanced frequencies between
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some alleles. Other polymorphic groups have no balanced frequencies
except HLA-DRB1*01 and DRB1*11. HLA-DRB1*010201 (4%) has similar
frequency to Mediterranean and DRB1*0103 (2%), an allele absent in Africa
and vestigial in Mediterranean Europe, is similar to frequency in Murcia
(South Spain) (Muro et al., 2001). HLA-DRB1*1102 (2%) has a similar
frequency to Murcia and North Africa, and HLA-*110401 (3%) is lower than
other Europeans (5-7%) and similar to North Africa. HLA-
DRB1*0101/DRB1*010201 ratio is more equilibrated in Portugal (as well as
other Iberia populations) in a intermediate position between European and
African populations. HLA-DRB1*110101/DRB1*110401 ratio in Portugal is
similar to other Mediterranean except some Spain populations (Basques and

Murcia) where DRB1*110401 is more prevalent than DRB1*110101.

4.4.4. Haplotype frequencies

The exact test of linkage disequilibrium between the 3 pairs of loci was
statistically significant for the pairs HLA-A,-B (P<0.0001) and HLA-B,-DRB1
(P<0.0001). The most representative 2-loci (frequency 2%) and 3-loci
(frequency 1%) haplotypes are listed in Tables 13-19. The calculation of
LD, RLD, and c® excluded some non-significant combination among the
most frequent two-loci haplotypic combinations.

A*020101-B*440301-DRB1*070101 (3.1%), the most frequent three-
loci haplotype, is highly frequent in NP (5.4%), has a 2% prevalence in CP
and is absent in SP. It could be included in A*02-B*44-DRB1*0701 which is
considered a North-Western European haplotype (Sanchez-Velasco et al.,
2003) and is present in Spaniards at 2%. Tunisia presents the same high

resolution haplotype at the same frequency as Portugal (Ayed et al., 2004).
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Haplotypes Frequency s.d. D D’ P
A*010101-B*0801 0.027 0.007 0.024 0.644 **
A*020101-B*440201 0.024 0.005 0.012 0.308 *
A*020101-B*510101 0.068 0.011 0.037 1 **x
A*030101-B*070201 0.010 0.006 0.007 0.197 *
A*030101-B*350101 0.026 0.016 0.020 0.548 *x
A*030101-B*4901 0.010 0.006 0.007 0.183 *
A*110101-B*350101 0.027 0.009 0.021 0.552 **
A*2301-B*4901 0.014 0.004 0.011 0.29 *x
A*240201-B*070201 0.010 0.004 0.007 0.197 *
A*2902-B*440301 0.035 0.009 0.027 0.735 *x
A*3002-B*180101 0.020 0.010 0.018 0.486 *x
A*3201-B*4901 0.010 0.004 0.008 0.223 **
A*3301-B*1402 0.023 0.008 0.021 0.564 *x
A*680101-B*4501 0.014 0.003 0.013 0.355 **x

Table 13. Most common HLA-A, -B two-loci haplotypes

estimated by maximum likelihood (only frequencies above

linkage disequilibrium are shown). *P<0.05, ** P<0.001.

in the Portuguese population as

0.01 with statistical significance

Haplotypes Frequency s.d. D D’ P
A*010101-DRB1*070101 0.037 0.010 0.024 1 *x
A*020101-DRB1*080101 0.021 0.011 0.012 0.498 *
A*020101-DRB1*130101 0.037 0.012 0.016 0.698 *
A*030101-DRB1*0101 0.017 0.005 0.014 0.583 *x
A*030101-DRB1*040101 0.010 0.007 0.007 0.289 *
A*110101-DRB1*140101 0.010 0.005 0.009 0.37 *x
A*2301-DRB1*070101 0.028 0.011 0.019 0.796 *x
A*2301-DRB1*130201 0.017 0.010 0.015 0.621 *x
A*2902-DRB1*130101 0.013 0.006 0.009 0.366 *
A*3002-DRB1*030101 0.015 0.005 0.011 0.481 *x
A*3201-DRB1*030101 0.017 0.008 0.012 0.498 *x
A*3301-DRB1*010201 0.024 0.011 0.022 0.94 *x
A*680101-DRB1*040501 0.010 0.006 0.010 0.413 *x

Table 14. Most common HLA-A, -DRB1 two-loci haplotypes in the Portuguese population

as estimated by maximum

likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P

B*070201-DRB1*150101 0.021 0.006 0.017 0.25 *x
B*0801-DRB1*030101 0.033 0.011 0.027 0.388 *x
B*1402-DRB1*010201 0.028 0.008 0.025 0.364 *x
B*1402-DRB1*1303 0.010 0.005 0.009 0.131 *x
B*180101-DRB1*030101 0.044 0.009 0.032 0.459 *x
B*180101-DRB1*110401 0.010 0.004 0.007 0.108 Fx
B*350101-DRB1*0101 0.034 0.009 0.031 0.433 *x
B*3502-DRB1*110401 0.014 0.009 0.012 0.173 okl
B*440201-DRB1*130101 0.020 0.010 0.016 0.228 *x
B*440301-DRB1*070101 0.089 0.009 0.071 1 il
B*4501-DRB1*040501 0.010 0.005 0.010 0.136 okl
B*4901-DRB1*040101 0.010 0.006 0.008 0.117 *x
B*4901-DRB1*130201 0.017 0.005 0.015 0.214 Fx
B*510101-DRB1*080101 0.024 0.009 0.02 0.281 *x
B*510101-DRB1*110101 0.021 0.008 0.013 0.18 *x
B*570101-DRB1*070101 0.014 0.009 0.011 0.151 okl

Table 15. Most common HLA-B, -DRB1 two-loci haplotypes in the Portuguese population
as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Portugal haplotypes 3 0.01 Frequency
A*010101-B*0801-DRB1*030101 0.024
A*010101-B*440301-DRB1*070101 0.024
A*020101-B*070201-DRB1*150101 0.010
A*020101-B*180101-DRB1*030101 0.021
A*020101-B*440301-DRB1*070101 0.031
A*020101-B*510101-DRB1*040101 0.010
A*020101-B*510101-DRB1*110101 0.021
A*020101-B*510101-DRB1*130101 0.014
A*030101-B*350101-DRB1*0101 0.017
A*110101-B*440201-DRB1*130101 0.010
A*2301-B*440301-DRB1*070101 0.010
A*2301-B*4901-DRB1*130201 0.017
A*2902-B*440301-DRB1*070101 0.017
A*3002-B*180101-DRB1*030101 0.017
A*3301-B*1402-DRB1*010201 0.021
A*680101-B*4501-DRB1*040501 0.010

Table 16. Most common (  0.01) HLAA, -B, -DRB1 three-loci haplotypes in the

Portuguese population as estimated by maximum likelihood.
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SP haplotypes 3 0.02 Frequency
A*010101-B*440301-DRB1*070101 0.02
A*020101-B*1402-DRB1*010201 0.02
A*020101-B*180101-DRB1*030101 0.041
A*020101-B*440201-DRB1*0402 0.02
A*020101-B*510101-DRB1*040101 0.02
A*030101-B*350101-DRB1*0101 0.02
A*030101-B*4901-DRB1*040101 0.02
A*110101-B*180101-DRB1*110401 0.02
A*110101-B*350101-DRB1*0101 0.02
A*110101-B*350101-DRB1*110101 0.02
A*110101-B*440201-DRB1*130101 0.02
A*2301-B*0801-DRB1*030101 0.02
A*2301-B*440301-DRB1*1303 0.02
A*240201-B*510101-DRB1*070101 0.031
A*2902-B*440301-DRB1*070101 0.02
A*3002-B*180101-DRB1*030101 0.041

Table 17. Most common ( 002) HLA-A, -B, -DRB1 three-loci haplotypes in South

Portugal as estimated by maximum likelihood.

CP haplotypes 3 0.02 Frequency
A*010101-B*0801-DRB1*030101 0.03
A*010101-B*180101-DRB1*110101 0.02
A*010101-B*440301-DRB1*070101 0.045
A*020101-B*070201-DRB1*150101 0.03
A*020101-B*15010101-DRB1*130101 0.02
A*020101-B*180101-DRB1*030101 0.02
A*020101-B*1805-DRB1*080302 0.02
A*020101-B*440301-DRB1*070101 0.02
A*020101-B*510101-DRB1*080101 0.03
A*310102-B*510101-DRB1*130101 0.02
A*680101-B*4501-DRB1*040501 0.03

Table 18. Most common ( 002) HLA-A, -B, -DRB1 three-loci haplotypes in Centre

Portugal as estimated by maximum likelihood.
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NP haplotypes 3 0.02 Frequency
A*010101-B*0801-DRB1*030101 0.022
A*020101-B*350101-DRB1*0101 0.022
A*020101-B*440301-DRB1*070101 0.054
A*020101-B*510101-DRB1*110101 0.033
A*030101-B*350101-DRB1*0101 0.022
A*110101-B*0801-DRB1*030101 0.022
A*2301-B*4901-DRB1*130201 0.044
A*240201-B*180101-DRB1*140101 0.022
A*2902-B*440301-DRB1*070101 0.022
A*3201-B*0801-DRB1*030101 0.022

Table 19. Most common ( 0.02) HLA-A, -B, -DRB1 three-loci haplotypes in North

Portugal as estimated by maximum likelihood.

Three related haplotypes were found in the Portuguese: A*010101-
B*440301-DRB1*070101 (2.4%), A*2902-B*440301-DRB1*070101 (1.7%)
and A*2301-B*440301-DRB1*070101 (1%). The first one, which is most
frequent in CP (4.5%), appear at 1% in SP and is absent in NP, has not yet
been described in other populations. The HLA-A*2902 haplotype appears in
Tunisia (4%) and Northern Ireland (2.1%) (Ayed et al., 2004). Its
corresponding low resolution haplotype is considered by Sanchez-Velasco et
al. (2003) as Western European and is present in Spaniards at 5%. The
HLA-A*2301 haplotype has not yet been described in other populations.

A*010101-B*0801-DRB1*030101 (2.4%), whose corresponding low
resolution haplotype is considered Indo-European-Celtic origin (Arnaiz-
Villena et al., 2001a), is present in CP (3%) and NP (2.2%), and was found
in a high frequency (9%) in Northern Ireland (Middleton et al., 2003).

A*3301-B*1402-DRB1*010201 (2.1%), only present in NP (4.3%), was

also found in Tunisians at 4% (Ayed et al., 2004). Goméz-Casado et al.
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(2000) define A*33-B*14-DRB1*0102 as a Mediterranean haplotype and in
fact it is present in several populations in this region (Imanishi et al., 1992).

A*3002-B*180101-DR*030101 (1.7%) is exclusively from SP (4.1%),
being present in Tunisians (2%) (Ayed et al., 2004). Its low resolution
typing was considered by Sanchez-Velasco et al. (2003) as an
Iberian/paleo-North African haplotype. The related A*020101-B*180101-
DRB1*030101 (2.1%) is present in SP (4.1%) and CP (2%), was also
described in Iran (1.7%) (Farjadian et al., 2004) and in its low resolution
form, in Sardinia Italy (2.2%) (Rendine et al.,1998).

A*020101-B*070201-DRB1*150101 (1%), classified as European-North
African (Arnaiz-Villena et al., 1999), was only found in the CP (3%), is
present in Northern Ireland population in a frequency of 3% (Middleton et
al., 2003).

Other HLA haplotypes, with unknown origin, have also a differential
distribution along Portugal as for example A*2301-B*4901-DRB1*130201
which is exclusive found in NP (4.4%), A*680101-B*4501-DRB1*040501
from CP (3%), and A*240201-B*510101-DRB1*070101 found only in SP
(3.1%).

Regarding HLA-A, -B haplotypes, A*020101-B*510101 (6.8%) deserve a
special attention. This 2 loci haplotype has a similar prevalence in SP, CP
and NP and is associated in the Portuguese populations with DRB1*110101
(2.1%), DRB1*130101 (1.4%) and DRB1*040101 (1%). Other world
populations show either a lower prevalence of this bi-loci haplotype (Cuban,
Northern Ireland, Kenya, Zambia, Uganda and Taiwan with 1-2%), or
higher frequency (Oman 5.6% and Tunisia 4.5%) (Middleton et al., 2003;

Ayed et al., 2004) which could point to a possible Arab influence in Portugal.

93



4.4.5. Phylogenetic analyses

A phylogenetic tree constructed with both class | (HLA-A and —B) and
Class Il (HLA-DRB1) (Figure 5), clusters Portugal to North African populations.
In contrast, a dendrogram based on Class | loci only (Figure 6) grasps
Portugal with Europeans. The apparent contradiction of these two analyses
reflects the intermediate position occupied by Portugal between North Africans
and Europeans. A phylogenetic tree based on HLA-A, -B and -DRB1 data but
with the Portuguese population sub divided into their 3 main sub-populations
(Figure 7) unveils the reason for the discrepancy observed. In fact, NP and SP
cluster together with Africans and CP with Europeans. A principal coordinate
analysis (Figure 8) is consistent with the dendrograms and shows the

Portuguese as intermediate between Europeans and Africans.
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Figure 5. Neighbor-joining (NJ) dendrograms showing the comparative position of the
Portuguese population with other populations typed with similar resolution. Standard genetic
distances among populations were calculated using HLA-A, -B and —DRBL1 allele frequencies.
Numbers above branches are node support after the bootstrap technique implemented in

PHYLIP package program BOOT. For references of the populations used see data analysis.
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Figure 6. Neighbor-joining (NJ) dendrograms showing the comparative position of the

Portuguese population with other populations typed with similar resolution. Standard genetic

distances among populations were calculated using HLA-A and —B allele frequencies.

Numbers above branches are node support after the bootstrap technique implemented in

PHYLIP package program BOOT. For references of the populations used see data analysis.
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Figure 7. Neighbor-joining (NJ) dendrograms showing the comparative position of the
Portuguese population with other populations typed with similar resolution. Standard genetic
distances among populations were calculated using HLA-A, -B and —DRBL1 allele frequencies
on NP, CP and SP. Numbers above branches are node s upport after the bootstrap technique
implemented in PHYLIP package program BOOT. For references of the populations used see

data analysis.
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Figure 8. Principal coordinate analysis for 7 European and North African populations
constructed with conventional F-statistics calculated from HLA-A, -B, and -DRB1 allele

frequencies.

4.5. Discussion

Portugal has experienced the influence of various peoples along pre-
historic and historic times. Arnaiz-Villena et al. (1999) and Gonzalez et al.
(2003) postulated that around 6.000 years ago, Iberia could have been the
receptacle for a substantial input of Berber migration when the Sahara
experienced profound climate changes. Before Roman presence in lberia
(100 B.C.) several European and Mediterranean peoples are known to have
settled in Iberia: Greeks, Phoenicians and Celts. After the fall of the Roman

Empire, Germanics and Berbers from North Africa also settled in what is
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known today as Portuguese territory (Arnaiz-Villena et al., 1997). After the
15" century, a substantial amount of sub-Saharans entered Portugal via the
slave trade (Russell-Wood, 1998).

The present work describe for the first time HLA-A, -B and —DRB1 high
resolution allele frequencies and estimated haplotypes in North, Centre and
South Portuguese samples. This high resolution throughput shows that
several HLA generic groups identified before (Spinola et al., 2002) were in
fact constituted by a variety of alleles (Table 9). This additional information
is highly relevant for a detailled HLA structure characterization.
Unfortunately, few world populations have been well characterized to HLA
allele level, a situation that renders difficult the comparison of the available
data sets.

The Portuguese position between Europe and North Africa, shown by
dendrograms and Principal Coordinate Analysis (Figures 5-8), is also
corroborated by particular allele intermediate frequencies (e.g. HLA-
A*010101, A*030101, A*2301, B*0702, B*4901, B*4501, B*5002,
DRB1*0101, DRB1*040501). Other allele frequencies show similar values to
North African populations (e.g. HLA-A*3301, A*6601, B*440301, B*4901,
DRB1*1102 and DRB1*110401) and Europeans (e.g. HLA-A*020101,
A*110101, A*2601, A*2902, A*3101, A* 3201, B*1402, B*1501, B*2705,
B*3503, B*5802, DRB1*130101, DRB1*040101 and DRB1*130201).
Several allele frequencies and haplotypes show no homogenous distribution
along Portugal, probably reflecting different genetic influences. For example,
haplotype A*010101-B*0801-DRB1*030101, considered of Celtic origin
(Muro et al.,, 2001), and A*020101-B*440301-DRB1*070101, North-

Western European (Sanchez-Velasco et al., 2003), is only present in the
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Centre and North Portugal revealing a possible influence of Celts or
Barbarian peoples. Consistently with the presence of this two haplotypes,
B*0801 and A*020101 presents a North-South decreasing allele frequency
in Portugal.

The Mediterranean haplotype A*3301-B*1402-DRB1*010201 (Goméz-
Casado et al., 2000) is exclusive to NP (4.3%), despite appearing in SP
(1%) with B*140101, in agreement with the findings of Arnaiz-Villena and
colleagues (1997) which didn’t find the same haplotype in a population from
the Centre Portugal. B*1402 shows a clearly North-South decreasing cline,
but B*140101 is only present in SP (2%). A*020101-B*070201-
DRB1*150101 (European-North African), A*010101-B*5801-DRB1*070101
(Basque-Berber), and A*020101-B*070201-DRB1*150101 (North African-
Western European) were only found in CP. Otherwise, A*020101-
B*510101-DRB1*130101 (1%) (lbero-Berber), A*020101-B*180101-
DRB1*1104 (1%) (Mediterranean), A*3001-B*1302-DRB1*070101 (1%)
(Cretan and Middle East) and others autochthonous haplotypes (A*2301-
B*4901-DRB1*130201: 4.3%, and A*020101-B*440201-DRB1*150101:
1%) were only found in NP. This data suggests that important ancient
Mediterranean and North African markers, entered Portugal not only during
pre-history but also in historic ages. The former were forced to migrate
northward, due to the Arab expansion in 800 A.D via the Gibraltar Strait,
and for this reason the population of NP shows distinctive features that
could be the footprint of a more ancient genetic pool. This hypothesis is
much more consistent when we confirm that SP do not present any well
known haplotypes, except the Iberian Paleo-North African A*3002-

B*180101-DRB1*030101(4%), absent in CP and NP, and A*2902-
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B*440301-DRB1*070101, an ancient Western European haplotype (also
present in North African), which was the only haplotype present in all the
three NP, CP and SP sub-populations. These two haplotypes could be
brought to SP by North African Berbers newcomers integrated with the Arab
settlers. Apart from above, A*020101-B*180101-DRB1*030101 (SP 4%
and CP 2%), identified before in Sardinians (Rendine et al., 1998) and Iran
(Farjadian et al., 2004), is the only three loci SP haplotype common to CP.
A*020101-B*3502-DRB1*110101, whose low resolution correspondent
haplotype was found in Algerians (Arnaiz-Villena et al., 1997), is present in
SP at 1%.

Several alleles from SP and CP are absent in NP but all NP alleles are
present in either one of the two other sub-populations (Tables 10-12).
These differences in North-South allele frequencies reinforce a northward
migration, because under hypothesis we expect in the North of Portugal a
lost of some alleles and an increase in some frequencies because of founder
effect. Surprisingly, in opposition to the above North-South clines, CP
present several alleles with lower frequencies than NP and SP (e.g. HLA-
A*2301, A*2601, B*350101, B*4901, B*5001, DRB1*0101, DRB1*0102,
DRB1*0103, DRB1*040101 and DRB1*130201). This decreasing gradient
from North and South to Centre of Portugal could reflect a bipolar
distribution of ancient Portuguese (NP) and recent Berber movements (SP).
In the dendrograms, CP systematically joins other European populations
rather than NP and SP (or African populations), most probably due to the
absence of common markers (Figure 7).

The input of sub-Saharan people in Portugal through the slave trade is

difficult to detect. Most of sub-Saharan populations, especially West
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Africans, do not present HLA Class | and Class Il high resolution data, which
renders difficult the identification of these markers in Portugal. Nevertheless
two-loci haplotypes spread among sub-Saharan populations (Ellis et al.,
2000; Middleton et al., 2003; Cao et al., 2004) were found in Portugal
(A*030101-B*4201, A*2301-B*0801, A*2301-B*440301, A*2301-B*5801,
A*3001-B*5301 and A*3002-B*1402) attesting to a minute but visible

genetic influence left by sub-Saharans.
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Capitulo 5

5. HLA class I and 11 polymorphisms in Azores show different

settlements in Oriental and Central islands.

Hélder Spinola, Antdénio Brehm, Bruno Bettencourt, Derek Middleton,

Jacome Bruges-Armas.

Reprinted with minor modifications from Tissue Antigens 2005: 66: 217-

230.

5.1. Abstract

HLA-A, -B, -Cw, —DRB1, -DQA1l, and —DQB1 polymorphisms were
examined in the Azorean population. The data was obtained at high-
resolution level, using PCR-SSP, PCR-SSO, and SBT. The most frequent
allele in each locus was: A*0201 (24.5%), B*510101 (9.8%), Cw*0401
(14.8%), DRB1*070101 (18.3%), DQA1*0201 (17.4%), and DQB1*0301
(19.4%). The predominant extended haplotype was A*0202-B*1503-
Cw*0202-DRB1*090102-DQA1*0303-DQB1*0202 (1.9%), which was found

to be absent in the Portuguese mainland.

103



The present study corroborates historical sources that say the Azores
were populated not only by Portuguese but also by other Europeans, mostly
Flemish people. Despite dendrogram analysis showing some remote Asian
genetic affinities, the lack of specific alleles and haplotypes from those
populations does not allow us to conclude for direct influence.

Haplotype and allele frequencies in Azores show no homogeneous
distribution between Oriental and Central islands of this archipelago. The
Oriental islands harbour several haplotypes already found in mainland
Portugal and identified as Mediterranean and European. The Central group
of islands on the contrary clearly shows an influence of central Europeans
(most probably derived from a well documented Flemish settlement), with

much less affinity to mainland Portugal.

5.2. Introduction

The highly polymorphic Human Leukocyte Antigen (HLA) System, located
in the short arm of chromosome 6, consists of a closely linked set of genes
important in transplantation, disease and anthropological studies (Anjos &
Polychronakos, 2004). HLA allele frequencies and haplotypic patterns have
great importance as markers to determine genetic relatedness and the
degree of admixture between populations (Arnaiz-Villena et al., 2002).

The Azores Islands (Portugal), located in the middle of the North Atlantic
Ocean, were found to be uninhabited by Portuguese in the first half of the
15" century and were officially populated in 1439. The archipelago is
constituted by nine islands subdivided into three groups (Oriental: Santa
Maria and S&o Miguel; Central: Terceira, Graciosa, Sao Jorge, Pico and

Faial; and Occidental: Flores and Corvo). During the 15 " and 16"
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centuries, the islands played a significant role in sea traffic between
America and Europe (Monod, 1991) being important for commerce and
slave trade between Africa, America and Europe. This central and strategic
position between the three continents, brought to Azores people from
different origins, mainly Portuguese but also Jews, Moorish prisoners, sub-
Saharan slaves, Dutch (Flemish), French, ltalians, English and Spaniards
(Guill, 1993). Some historic registries also mention the selling of Caribbean
Indians to the Azores. According to several authors, the first settlers of the
Oriental and Central groups had different origins. The Oriental group was
probably settled first, mostly by people from different regions of mainland
Portugal (Bannerman & Mary, 1966; Morison, 1965) while the settlement of
Central islands is known to be strongly influenced by Flemish people. By
1490 there were 2000 Flemings living on Central group islands (Rogers,
1979).

Few studies have been done in order to characterize the Azorean
population genetic profile (Brehm et al., 2003; Goncalves et al., 2005) but
only one used HLA generic class | and class Il typing in Terceira island
(Bruges-Armas et al., 1999). With the recent developments in DNA typing,
HLA can be studied at a high resolution level, for example by sequencing.
This high resolution throughput allows an additional amount of information
with great relevance to a more specific HLA characterization, important in
population’s comparisons and disease studies (Piancatelli et al., 2004 ; Ayed
et al., 2004). Unfortunately high resolution HLA allele typing data is still
scarce, making comparisons difficult. Previous HLA generic typing indicates
that the Azorean population most likely contains an admixture of high

frequency Caucasoid, Mongoloid and, to a lesser degree, sub-Saharan HLA
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genes (Bruges-Armas et al., 1999). In the later study it was proposed that
a Mongoloid population already existed in the Azores before the Portuguese
discovery. Y-chromosome and mitochondrial DNA show major similarities to
Portugal mainland and Europe and some genetic influence from sub-
Saharan Africans (Fernandes & Brehm, 2003; Brehm et al., 2003) but failed
to detect any Asiatic contribution to the present day gene pool.

The main goal of the present work is to present a clear genetic profile of
the Azorean based on high resolution typing of HLA-A, -B, -Cw, —DRB1, -
DQA1, and -DQB1 loci. Allele and haplotype frequencies of this population
and their relatedness to Portuguese mainland and other world populations
will be evaluated. We expect that these comparisons may also contribute to
clarify the origin of Azorean population and especially the Asian genetic

influence previous reported (Bruges-Armas et al., 1999).

5.3. Materials and methods

5.3.1. Population samples and HLA typing

The study population consisted of a total of 102 healthy unrelated
individuals from the archipelago of Azores. Blood samples were collected
after informed consent, from donors whose parents and grandfathers were
born and living in the Azores (Az1). In order to analyse internal differences
in the archipelago for HLA-A, HLA-B, and HLA-DRB1 loci this sample was
further subdivided into Azores Oriental group of islands (AzOriental, n=43)
and Azores Central group (AzCentral, n=59). The AzOriental comprise Santa
Maria and S&o Miguel islands, and AzCentral is constituted by Terceira,

Graciosa, Sao Jorge, Faial, and Pico islands. Genomic DNA was isolated from
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whole blood containing EDTA using a phenolchloroform procedure and
frozen at -20°C until use. All subjects were typed for HLA-A, HLA-B, and
HLA-DRB1 by sequence based typing (SBT) accordingly to Kurz et al.
(1999) and Pozzi et al. (1999) for HLA-A and HLA-B loci, and amplifying and
sequencing exon 2 of HLA-DRB1 locus with group specific primers used in
SSOP typing (Willilams et al., 2004). Typing procedures and allele
identification methodology were as previously outlined (Spinola et al.,

2005a).

5.3.2. Data analysis

In order to get a bigger sample for comparisons, we added data from
Terceira island already published (Az2, n=129) (Armas et al., 2004) and
typed by SSP and SSOP for HLA-A, -B, -Cw, -DRB1, -DQA1, and —DQB1.
These samples have been collected only with the information that ancestors
were from Azores with no specification of the island’s origin. Because of that
we used Az1 and Az2 samples for a global Azores analysis.

Basic genetic parameters (allele and haplotype frequencies, gene
diversity, and Hardy-Weinberg equilibrium) at the six loci were estimated
with Arlequin v2.000 (Schneider et al., 2000). The same population genetic
software was employed to calculate Ewes-Watterson’s, Slatkin’s and
Chakraborty’s selective neutrality statistical tests in order to examine the
presence of selective forces influencing allelic diversity at each locus.
Linkage disequilibrium (D) and relative LD (D’) between two alleles at two
different loci and their level of significance (P) was calculated according to

Weir (1996).
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The Azores data was compared to mainland Portugal (Spinola et al.,
2005) and several populations which are available at the same typing
resolution (Ellis et al., 2000; Muro et al., 2001; Layrisse et al., 2001;
Pimtanothai et al., 2001; Tsuneto et al., 2003; Ayed et al., 2004 ; Middleton
et al. 2004; Leffell et al., 2004; Uyar et al., 2004)*. An analysis of molecular
variance (AMOVA) was performed with these populations based on
Euclidean distances between all pairs of haplotypes (Excoffier et al., 1992).
Comparative analysis of our data set with other populations available in the
literature was achieved using the software included in the PHYLIP v.3.6
package (Felsenstein, 2004). First, SEQBOOT was used to perform a
bootstrap analysis from gene frequency data. The program generates
multiple data sets resampled from the original data. Distance matrices from
each replicate data set were generated using GENDIST and used as input to
NEIGHBOR to produce neighbor-joinng trees. A single consensus
bootstrapped tree was obtained with CONSENSE. The topology was
visualized with TreeView (Page, 1996). Various dendrograms were made
with different groups of loci depending on the level of HLA resolution typing
available for the comparisons. Principal coordinate analysis using HLA-A, -B,
and —DRB1 allele frequencies was carried out on the MultivVariate Statistical
Package MVSP3 for Windows (Kovach Computing Services, Anglesey, Wales,

UK)Z.

1 www.allelefrequencies.net (20-01-2005)
2 http://www.kovcomp.com/mvsp (20-01-2005)
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5.4. Results

Tables 20 and 21 show the allele frequencies of HLA-A, HLA-B, HLA-Cw
class | loci and HLA-DRB1, HLA-DQA1l and HLA-DQB1 class Il loci,
respectively, in the Azores population. Table 22 show allele frequencies of
HLA-A, -B, and -DRB1 in Azores Oriental and Azores Central sub-
populations. A total of 33 HLA-A, 53 HLA-B, 23 HLA-Cw, 40 HLA-DRB1, 14
HLA-DQA1 and 16 HLA-DQB1 alleles were found. The population is in
Hardy-Weinberg equilibrium at each loci except HLA-B (P<0.02). Overall,
the heterozygosity was high (HLA-A: 0.90; HLA-B: 0.96; HLA-Cw: 0.92;
HLA-DRB1: 0.94; HLA-DQA1l and HLA-DQB1: 0.89). Ewes-Watterson,
Slatkin’s and Chakraborty’s tests of selective neutrality yielded non-
significant results for HLA-A, -B, and -DRB1 suggesting lack of selection on
these three loci.

An AMOVA between Azores and mainland Portugal, with HLA-A, -B, and
—DRB1 loci, showed that only a residual genetic variation found can be
attributed to differences among populations, the remaining is due to within
population differences. An exact test of population differentiation showed
significant results between Azores and mainland Portugal (P=0.0057), but

no differences within the Azores islands.
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HLA-A

HLA-B

HLA-C

n=231 Freq. n=231 Freq. n=129 Freq.
A*0101 0.102 B*0702 0.076 Cw*0102 0.012
A*0201 0.245 B*0705 0.002 Cw*0202 0.078
A*0202 0.022 B*0720 0.002 Cw*0303 0.054
A*0205 0.022 B*0801 0.035 Cw*0304 0.016
A*0206 0.002 B*1302 0.013 Cw*0401 0.148
A*0225 0.002 B*1401 0.015 Cw*0404 0.004
A*0301 0.106 B*1402 0.05 Cw*0501 0.062
A*0302 0.007 B*1501 0.028 Cw*0602 0.097
A*1101 0.065 B*1503 0.015 Cw*0701 0.124
A*1112 0.002 B*1516 0.002 Cw*0702 0.078
A*2301 0.041 B*1517 0.004 Cw*0704 0.019
A*2302 0.002 B*1518 0.002 Cw*0802 0.062
A*2402 0.11 B*1539 0.013 Cw*1202 0.008
A*2403 0.004 B*1801 0.056 Cw*1203 0.089
A*2417 0.002 B*2703 0.002 Cw*1401 0.012
A*2418 0.002 B*2705 0.026 Cw*1402 0.016
A*2501 0.013 B*2708 0.002 Cw*1502 0.054
A*2601 0.033 B*3501 0.074 Cw*1503 0.012
A*2602 0.002 B*3502 0.011 Cw*1505 0.004
A*2605 0.002 B*3503 0.03 Cw*1601 0.027
A*2901 0.009 B*3504 0.004 Cw*1602 0.008
A*2902 0.048 B*3508 0.002 Cw*1701 0.012
A*3001 0.007 B*3527 0.013 Cw*1703 0.004
A*3002 0.017 B*3533 0.002
A*3101 0.011 B*3701 0.004
A*3102 0.004 B*3801 0.046
A*3201 0.035 B*3806 0.004
A*3206 0.007 B*3901 0.02
A*3301 0.015 B*3906 0.004
A*3303 0.002 B*4001 0.017
A*6601 0.007 B*4002 0.017
A*6801 0.039 B*4005 0.002
A*6802 0.013 B*4101 0.004

B*4202 0.004

B*4402 0.067

B*4403 0.054

B*4405 0.002

B*4501 0.009

B*4901 0.039

B*5001 0.037

B*5101 0.098

B*5108 0.007

B*5132 0.002

B*5201 0.007

B*5301 0.011

B*5401 0.002

B*5501 0.011

B*5601 0.004

B*5701 0.028

B*5703 0.004

B*5706 0.002

B*5801 0.013

B*6701 0.002

Table 20. HLA-A, -B, -Cw, allele frequencies in the Azorean population.
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VET | e | a5 | e MR
DRB1*0101 0.076 DQA1*0101 0.112 DQB1*0201 0.058
DRB1*0102 0.039 DQA1*0102 0.109 DQB1*0202 0.173
DRB1*0103 0.015 DQA1*0103 0.097 DQB1*0203 0.035
DRB1*0106 0.002 DQA1*0104 0.016 DQB1*0301 0.194
DRB1*0301 0.084 DQA1*0105 0.008 DQB1*0302 0.101
DRB1*0302 0.002 DQA1*0201 0.174 DQB1*0303 0.05
DRB1*0304 0.015 DQA1*0202 0.004 DQB1*0304 0.012
DRB1*0401 0.03 DQA1*0301 0.089 DQB1*0402 0.047
DRB1*0402 0.03 DQA1*0302 0.019 DQB1*0501 0.112
DRB1*0403 0.017 DQA1*0303 0.058 DQB1*0502 0.019
DRB1*0404 0.022 DQA1*0401 0.05 DQB1*0503 0.016
DRB1*0405 0.013 DQA1*0501 0.128 DQB1*0601 0.004
DRB1*0407 0.013 DQA1*0505 0.132 DQB1*0602 0.054
DRB1*0408 0.002 DQA1*0601 0.004 DQB1*0603 0.101
DRB1*0701 0.183 DQB1*060401 0.012
DRB1*0801 0.037 DQB1*0609 0.012
DRB1*0803 0.007
DRB1*0804 0.002
DRB1*0806 0.002
DRB1*0901 0.028
DRB1*1001 0.009
DRB1*1101 0.048
DRB1*1102 0.02
DRB1*1103 0.013
DRB1*1104 0.033
DRB1*1111 0.002
DRB1*1201 0.024
DRB1*1301 0.076
DRB1*1302 0.024
DRB1*1303 0.009
DRB1*1305 0.004
DRB1*1310 0.003
DRB1*1322 0.003
DRB1*1401 0.008
DRB1*1404 0.002
DRB1*1406 0.004
DRB1*1501 0.073
DRB1*1502 0.007
DRB1*1601 0.017
DRB1*1602 0.002

Table 21. HLA-DRB1, -DQA1 and —DQB1 allele frequencies in the Azorean population.
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HLA-A Azpres Azores Azpres Azores Az_ores Azores
Oriental | Central HLA-B Oriental | Central HLA-DRB1 Oriental | Central
n= 43 n= 59 n= 43 n= 59 n= 43 n= 59
A*0101 0.11538 | 0.08036 | B*0702 0.08978 | 0.08038 | DRB1*0101 0.0641 0.08929
A*0201 0.25644 | 0.2589 B*0801 0.0641 0.01786 | DRB1*0102 0.03846 | 0.05357
A*0202 0.01282 | 0.01786 | B*1302 0.01282 | 0.02679 | DRB1*0103 0.01282 | 0.03571
A*0205 0.01282 | 0.00893 | B*1401 0.01282 | 0.01786 | DRB1*0301 0.12821 | 0.08929
A*0301 0.0641 0.125 B*1402 0.05128 | 0.05357 | DRB1*0401 | 0.03846 | 0.04464
A*1101 0.03846 | 0.05357 | B*1501 0.01282 | 0.03571 | DRB1*0402 0.02564 | 0.02679
A*1112 0.01282 | O B*1503 0 0.00893 | DRB1*0403 0.02564 | 0.00893
A*2301 0.02564 | 0.07143 | B*1516 0.01282 | O DRB1*0404 | 0.01282 | 0.01786
A*2402 0.10256 | 0.125 B*1801 0.07692 | 0.08036 | DRB1*0405 0 0.01786
A*2403 0 0.00893 | B*2705 0.02564 | 0.01786 | DRB1*0407 0.02564 | O
A*2501 0 0.01786 | B*3501 0.08974 | 0.07143 | DRB1*0701 0.20515 | 0.14288
A*2601 0.01282 | 0.04464 | B*3502 0.01282 | 0.00893 | DRB1*0801 0.02564 | 0.03571
A*2605 0.01282 | O B*3503 0.02564 | 0.01786 | DRB1*0803 0 0.00893
A*2901 0.01282 | O B*3508 0 0.00893 | DRB1*0806 0.01282 | 0O
A*2902 0.0641 0.08036 | B*3701 0.01282 | O DRB1*0901 0.01282 | 0.01786
A*3001 0 0.00893 | B*3801 0.0641 0.05357 | DRB1*1001 0.01282 | 0.00893
A*3002 0.05128 | 0.00893 | B*3901 0 0.01786 | DRB1*1101 0.0641 0.03571
A*3101 0.01282 | O B*3906 0.01282 | O DRB1*1102 0 0.00893
A*3102 0.01282 | O B*4001 0.01282 | 0.03571 | DRB1*1103 0 0.00893
A*3201 0.05128 | 0.02679 | B*4002 0.01282 | 0.03571 | DRB1*1104 | 0.03846 | 0.03571
A*3206 0 0.00893 | B*4402 0.0641 0.07143 | DRB1*1111 0 0.00893
A*3301 0.05128 | 0.01786 | B*4403 0.07692 | 0.07143 | DRB1*1201 0.02564 | 0.03571
A*3303 0 0.00893 | B*4405 0 0.00893 | DRB1*1301 0.05128 | 0.0625
A*6801 0.03846 | 0.02679 | B*4501 0 0.00893 | DRB1*1302 0.01282 | 0.00893
A*6802 0.03846 | O B*4901 0.03846 | 0.03571 | DRB1*1303 0.01282 | 0
B*5001 0.02564 | 0.01786 | DRB1*1305 | O 0.00893
B*5101 0.08974 | 0.09821 | DRB1*1310 | O 0.00893
B*5108 0.01282 | 0.01786 | DRB1*1322 0 0.00893
B*5201 0.01282 | 0.00893 | DRB1*1401 0.03846 | 0.05357
B*5301 0.01282 | O DRB1*1501 0.08974 | 0.08036
B*5501 0.02564 | 0.01786 | DRB1*1502 0.01282 | 0.00893
B*5601 0 0.00893 | DRB1*1601 0.01282 | 0.01786
B*5701 0.01282 | 0.03571 | DRB1*1602 0 0.00893
B*5801 0.02564 | 0.00893

Table 22. HLA-A, -B, and -DRB1 allele frequencies in the Azores Oriental and Azores

Central populations.
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5.4.1. HLA-A locus

The most frequent of these alleles is by far HLA-A*0201 found in 24.5%
of the samples, which is similar to Portugal mainland. Three alleles follow
with frequencies ranging between 10-11% (A*0101, A*0301, and A*2402),
slightly higher than in mainland Portugal (7-8%). Two alleles specific of the
sub-Sahara region were found (*0202 and *0225). Surprisingly group A*24
(with four alleles in Azores) is not polymorphic in mainland Portugal, where

it is represented only by B*2402.

5.4.2. HLA-B locus

HLA-B*5101 (9.8%) was the most frequent, an allele that appears with
diverse walues in Europe (3-23%). Other alleles show frequencies varying
from 5-8% (B*0702, B*3501, B*4402, B*4403, B*1801, and B*1402).
Allele B*3801 (4.6%), despite having similar frequencies with several
Europeans populations, is rare in Portugal (0.3%). Otherwise, B*3502
(1.1%) has a much lower prevalence than in Portugal, where it is found at

the world highest prevalence (5%).

5.4.3. HLA-Cw locus

Alleles Cw*0401 (15%) are the most common, with frequency higher
than Europeans and similar to several sub-Saharan populations. The second
most frequent allele, HLA-Cw*0701 (12.4%), has similar frequencies in
sub-Sahara but lower among Caucasians. Alleles HLA-Cw*0602, Cw*1203,
Cw*0202 and Cw*0702 appear in 8-10% of the samples with similar
(Cw*0602 and Cw*0702) and lower (Cw*1203 and Cw*0202) frequencies

than those found in European populations.
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5.4.4. HLA-DRB1 locus

Allele DRB1*0701 (18.3%) is the most common showing higher
frequency than in other Europeans with the exception of some Spanish
populations (Middleton et al. 2004). Alleles DRB1*0301, DRB1*0101,
DRB1*1301, and DRB1*1501 appear in 7-8% of the samples, with similar
frequencies found in Portugal (DRB1*1301, DRB1*1501) and European

(DRB1*0101, DRB1*0301) populations.

5.4.5. HLA-DQA1 locus

DQA1*0201 (17.4%) is the most common allele, presenting a frequency
similar to Europeans (and even Chinese) but higher than sub-Saharans.
Allele DQA1*0505 (13.2%) is absent in many populations (e.g. Spain and
Cameroon), is found at similar frequencies in Tunisia, but has a much
higher frequency in Italy (30%). DQA1*0501 (12.8%) in Azores has similar
frequencies to some sub-Saharan populations (e.g. Cameroon, Congo, and

Uganda) being always lower than in Europeans.

5.4.6. HLA-DQB1 locus

DQB1*0301 (19.4%) and DQB1*0202 (17.3%) are the most common
alleles in the Azores and have frequencies rather similar or slightly higher to
other Europeans (Middleton et al. 2004). DQB1*0501, DQB1*0201 and
DQB1*0603 alleles, have also values similar to other European populations
(10-11%). Amazingly, DQB1*0203 (3.5%) is a very rare allele in other

world populations.
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5.4.7. Haplotype frequencies

The exact test of linkage disequilibrium between each of the 15 pairs of
loci was statistically significant except for HLA-A, -DQB1l. The most
representative extended haplotypes and A-B-DRB1 haplotypes (Azores
Central and Oriental) are listed in Tables 23 and 24 respectivelly. Table 25
shows the most frequent A-B-DRB1 haplotypes found in Azores Central and
Oriental islands. Tables 26-33 shows the most common two loci haplotypes
with statistical significance linkage disequilibrium found in Azores.

Only 2 of the 9 most frequent ¢ 1.2%) extended haplotypes found in
Azores, A*2902-B*4403-Cw*1601-DRB1*0701-DQA1*0201-DQB1*0202
(1.6%), considered of Western European origin, and A*0201-B*5101-
Cw*1502-DRB1*0701-DQA1*0201-DQB1*0202 (1.2%), have the
corresponding A-B-DRB1 partial haplotype in mainland Portugal with
frequencies of 0.7% and 1.7% respectively. One of these extended
haplotypes was not found in mainland Portugal: A*0301-B*0702-Cw*0702-
DRB1*1501-DQA1*0102-DQB1*0602 considered of North African/Western
European origin (Middleton et al. 2004).

Some three-loci haplotypes found in Azores were identified before as Pan
European (A*0101-B*0801-DRB1*0301: 1.3%), Mediterranean (A*0201-
B*1801-DRB1*1104: 1.3%), and North African/Western European
(A*0301-B*0702-DRB1*1501: 1.3%) (Middleton et al. 2004). Six of the 11
most frequent three-loci haplotypes were common to mainland Portugal,
including the most frequent A*0201-B*5101-DRB1*0701 (2% in Azores and

0.7% in mainland Portugal).
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Haplotypes 3 0.008 Frequency
A*0101-B*0801-Cw*0202-DRB1*0102-DQA1*0101-DQB1*0501 0.008
A*0101-B*1402-Cw*0802-DRB1*0102-DQA1*0101-DQB1*0501 0.012
A*0101-B*1402-Cw*0802-DRB1*0407-DQA1*0501-DQB1*0203 0.008
A*0101-B*5701-Cw*0701-DRB1*0701-DQA1*0201-DQB1*0303 0.008
A*0201-B*0702-Cw*0702-DRB1*0101-DQA1*0101-DQB1*0501 0.016
A*0201-B*0702-Cw*0702-DRB1*1501-DQA1*0102-DQB1*0302 0.008
A*0201-B*1539-Cw*0303-DRB1*0401-DQA1*0301-DQB1*0302 0.008
A*0201-B*4402-Cw*0501-DRB1*1301-DQA1*0103-DQB1*0603 0.012
A*0201-B*4901-Cw*0701-DRB1*1102-DQA1*0505-DQB1*0301 0.008
A*0201-B*5001-Cw*0602-DRB1*0701-DQA1*0201-DQB1*0202 0.012
A*0201-B*5101-Cw*1401-DRB1*090102-DQA1*0302-DQB1*0303 0.008
A*0201-B*5101-Cw*1502-DRB1*0701-DQA1*0201-DQB1*0202 0.012
A*0201-B*5701-Cw*0602-DRB1*0701-DQA1*0201-DQB1*0303 0.008
A*0202-B*1503-Cw*0202-DRB1*090102-DQA1*0303-DQB1*0202 0.019
A*0205-B*4901-Cw*0701-DRB1*1102-DQA1*0505-DQB1*0301 0.008
A*0301-B*0702-Cw*0702-DRB1*1501-DQA1*0102-DQB1*0602 0.012
A*0301-B*2705-Cw*0202-DRB1*0404-DQA1*0301-DQB1*0302 0.008
A*0301-B*4001-Cw*0701-DRB1*0301-DQA1*0501-DQB1*0201 0.008
A*1101-B*1801-Cw*0501-DRB1*0301-DQA1*0501-DQB1*0201 0.008
A*1101-B*4402-Cw*0501-DRB1*0403-DQA1*0301-DQB1*0304 0.008
A*2402-B*3503-Cw*1203-DRB1*1101-DQA1*0505-DQB1*0301 0.008
A*2402-B*3901-Cw*1203-DRB1*1301-DQA1*0103-DQB1*0603 0.008
A*2402-B*5101-Cw*0202-DRB1*1101-DQA1*0505-DQB1*0301 0.008
A*2601-B*3801-Cw*1203-DRB1*1301-DQA1*0103-DQB1*0603 0.008
A*2902-B*4403-Cw*1601-DRB1*0701-DQA1*0201-DQB1*0202 0.016
A*3201-B*1401-Cw*0802-DRB1*0701-DQA1*0201-DQB1*0202 0.012
A*3201-B*1402-Cw*0802-DRB1*0801-DQA1*0401-DQB1*0402 0.008

Table 23. Most common HLA AB-C-DRB1-DQA1-DQB1 extended haplotypes in the
Azorean population as estimated by maximum likelihood.

HLA A-B-DRB1 Haplotypes 3 1 Frequency
A*0101-B*0801-DRB1*0301 0.013
A*0101-B*1402-DRB1*0102 0.013
A*0201-B*0702-DRB1*0101 0.015
A*0201-B*1801-DRB1*1104 0.013
A*0201-B*4402-DRB1*1301 0.013
A*0201-B*5101-DRB1*0701 0.02
A*0202-B*1503-DRB1*0901 0.011
A*0301-B*0702-DRB1*1501 0.013
A*0301-B*3501-DRB1*0101 0.011
A*2402-B*0702-DRB1*1501 0.015
A*2902-B*4403-DRB1*0701 0.024

Table 24. Most common HLA AB-DRB1 haplotypes in the Azorean population as

estimated by maximum likelihood.
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Haplotypes Possible origin Azores Oriental Azores Central
A*0101-B*0801-DRB1*0301 | Pan European 0.026 0
A*0101-B*0801-DRB1*0401 ? 0.026 0
A*0101-B*1402-DRB1*0102 Mediterranean 0 0.018
A*0201-B*0702-DRB1*0101 ? 0 0.018
A*0201-B*1302-DRB1*0701 Central European 0.013 0.018
A*0201-B*1801-DRB1*1104 Mediterranean 0.026 0
A*0201-B*4002-DRB1*1501 ? (0] 0.018
A*0201-B*4402-DRB1*0401 3.8% in lIrish 0 0.027
A*0201-B*4402-DRB1*0701 North-Western European 0.026 0
A*0201-B*4403-DRB1*0701 North-Western European 0 0.018
A*0201-B*5101-DRB1*0701 ? 0.026 0
A*0301-B*1801-DRB1*1104 ? 0 0.018
A*0301-B*4403-DRB1*0701 ? 0 0.027
A*1101-B*4402-DRB1*1201 ? 0 0.018
A*1101-B*5101-DRB1*0101 ? 0 0.018
A*2301-B*3501-DRB1*0101 ? 0 0.018
A*2402-B*0702-DRB1*1501 ? 0.038 0
A*2402-B*0801-DRB1*0301 ? (0] 0.018
A*2601-B*1401-DRB1*0701 ? 0 0.018
A*2902-B*0702-DRB1*0103 ? 0 0.018
A*2902-B*4001-DRB1*0301 ? 0 0.018
A*2902-B*4403-DRB1*0701 | Western European 0.038 0
A*2902-B*5701-DRB1*0701 ? 0 0.018
A*3002-B*1801-DRB1*0301 Iberia/North African 0.026 0
A*3201-B*4901-DRB1*0701 ? 0.026 0
A*3301-B*1402-DRB1*0102 | Mediterranean 0.038 0.018

Table 25. Most common HLA AB-DRB1 haplotypes in Azores Oriental and Central
groups as estimated by maximum likelihood (only frequencies above 0.017 or haplotypes
common to Oriental and Central Azores Islands are shown). Haplotypes possible origin is
accordingly to Sanchez-Velasco et al. (2003), Arnaiz-Villena et al. (2001a), Goméz-Casado et
al. (2000), and Middleton et al. (2004)*.

1 www.allelefrequencies.net (20-01-2005)
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Haplotypes Frequency s.d. D D’ P
A*0101-B*0801 0.021 0.007 0.017 0.742 *x
A*0101-B*1402 0.013 0.006 0.008 0.345 *
A*0101-B*5101 0.02 0.01 0.010 0.443 *
A*0101-B*5701 0.01 0.005 0.007 0.313 *
A*0201-B*4001 0.011 0.004 0.006 0.284 *
A*0201-B*4402 0.029 0.009 0.012 0.543 *
A*0201-B*4901 0.017 0.005 0.008 0.335 *
A*0201-B*5101 0.044 0.008 0.02 0.872 *x
A*0202-B*1503 0.011 0.005 0.01 0.454 *x
A*0301-B*0702 0.02 0.007 0.012 0.536 *x
A*0301-B*3501 0.03 0.009 0.022 0.964 *x
A*1101-B*3501 0.015 0.007 0.01 0.457 Fx
A*1101-B*4402 0.013 0.004 0.009 0388 *x
A*2402-B*0702 0.017 0.007 0.009 0.391 *
A*2402-B*1501 0.012 0.004 0.009 0.394 *x
A*2402-B*3503 0.011 0.006 0.008 0.329 *
A*2402-B*3801 0.011 0.007 0.006 0.267 *
A*2601-B*3801 0.01 0.004 0.009 0.377 *x
A*2902-B*4403 0.025 0.006 0.023 1 *x
A*3301-B*1402 0.015 0.007 0.014 0.63 *x

Table 26. Most common HLA-A, -B (n=231) two-loci haplotypes in the Azores population
as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P
A*0101-DRB1*0102 0.013 0.004 0.009 0.392 Fx
A*0101-DRB1*0301 0.019 0.008 0.011 0.475 *
A*0201-DRB1*0401 0.015 0.007 0.008 0.354 *
A*0201-DRB1*0402 0.016 0.006 0.009 0.383 *
A*0202-DRB1*0901 0.011 0.006 0.009 0.401 *x
A*0301-DRB1*0101 0.02 0.008 0.012 0.5 *
A*0301-DRB1*0404 0.011 0.005 0.008 0.369 *x
A*0301-DRB1*0801 0.013 0.006 0.009 0.373 *
A*0301-DRB1*1104 0.011 0.004 0.007 0.318 *
A*2301-DRB1*0701 0.015 0.009 0.008 0.346 *
A*2402-DRB1*1302 0.01 0.003 0.008 0.340 okl
A*2402-DRB1*1501 0.017 0.007 0.009 0.391 *
A*2601-DRB1*1301 0.011 0.005 0.009 0.378 *x
A*2902-DRB1*0701 0.032 0.01 0.023 1 *x
A*3201-DRB1*0701 0.017 0.007 0.011 0.475 *

Table 27. Most common HLA-A, -DRB1 (n=231) two-loci haplotypes in the Azores
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P
B*0702-DRB1*0101 0.013 0.006 0.007 0.229
B*0702-DRB1*1501 0.034 0.007 0.029 0.949 okl
B*0801-DRB1*0301 0.019 0.005 0.017 0.549 *x
B*1302-DRB1*0701 0.011 0.005 0.008 0.28 *x
B*1401-DRB1*0701 0.016 0.006 0.012 0.412 *x
B*1402-DRB1*0102 0.028 0.005 0.026 0.848 *x
B*1503-DRB1*0901 0.011 0.004 0.010 0.345 *x
B*1801-DRB1*0301 0.016 0.008 0.011 0.37 Fx
B*1801-DRB1*1104 0.017 0.007 0.015 0.491 **
B*3501-DRB1*0101 0.026 0.009 0.021 0.684 okl
B*3801-DRB1*1301 0.022 0.008 0.018 0.603 *x
B*4402-DRB1*0401 0.011 0.007 0.009 0.287 **
B*4402-DRB1*1201 0.015 0.006 0.014 0.449 okl
B*4403-DRB1*0701 0.04 0.008 0.030 1 *x
B*5701-DRB1*0701 0.024 0.009 0.019 0.623 *x

Table 28. Most common HLA-B, -DRB1 (n=231) two-loci haplotypes in the Azores
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P
A*0101-Cw*0602 0.035 0.007 0.025 0.781 *x
A*0101-Cw*0701 0.028 0.014 0.015 0.469 *
A*0101-Cw*0802 0.019 0.009 0.013 0.406 *
A*0101-Cw*1402 0.011 0.004 0.009 0.281 *x
A*0201-Cw*0401 0.04 0.017 0.003 0.009 *x
A*0201-Cw*0702 0.042 0.012 0.023 0.719 *
A*0202-Cw*0202 0.019 0.008 0.017 0.531 *x
A*0205-Cw*0701 0.015 0.005 0.012 0.375 *x
A*0301-Cw*0401 0.047 0.012 0.032 1 *x
A*1101-Cw*0401 0.022 0.006 0.012 0.375 *
A*1101-Cw*0501 0.016 0.008 0.011 0.344 *
A*1101-Cw*0602 0.019 0.008 0.013 0.406 *
A*2402-Cw*0202 0.023 0.008 0.014 0.438 *
A*2402-Cw*0303 0.03 0.009 0.025 0.781 *x
A*2402-Cw*1203 0.026 0.014 0.016 0.5 *
A*2601-Cw*1203 0.017 0.01 0.014 0.438 *x
A*2902-Cw*1601 0.019 0.006 0.018 0.563 holiel
A*3201-Cw*0802 0.019 0.007 0.017 0.531 *x

Table 29. Most common HLA-A, -Cw (n=129) two-loci haplotypes in the Azores
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P

B*0702-Cw*0702 0.066 0.018 0.06 1 *x
B*0801-Cw*0701 0.031 0.013 0.027 0.45 okl
B*1402-Cw*0802 0.047 0.013 0.043 0.717 *x
B*1501-Cw*0303 0.027 0.014 0.026 0.433 *x
B*1539-Cw*0303 0.019 0.011 0.019 0.317 *x
B*3501-Cw*0401 0.058 0.011 0.047 0.783 *x
B*4402-Cw*0501 0.043 0.016 0.038 0.633 *x
B*5001-Cw*0602 0.043 0.013 0.039 0.65 Fx
B*5101-Cw*1502 0.047 0.013 0.041 0.683 *x

Table 30. Most common HLA-B,

-Cw (n=129) two-loci haplotypes in the Azores

population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P

DRB1*0101-DQB1*0501 0.054 0.013 0.046 0.39 Fx
DRB1*0102-DQB1*0501 0.031 0.015 0.027 0.229 **
DRB1*0301-DQB1*0201 0.035 0.013 0.03 0.254 okl
DRB1*0301-DQB1*0203 0.016 0.006 0.013 0.11 *x
DRB1*0304-DQB1*0201 0.016 0.006 0.015 0.127 Fx
DRB1*0401-DQB1*0302 0.012 0.005 0.009 0.076 *

DRB1*0402-DQB1*0302 0.031 0.012 0.028 0.237 *x
DRB1*0404-DQB1*0302 0.023 0.011 0.021 0.178 *x
DRB1*0405-DQB1*0302 0.016 0.007 0.014 0.119 Fx
DRB1*0701-DQB1*0202 0.15 0.036 0.118 1 *x
DRB1*0701-DQB1*0303 0.028 0.009 0.019 0.161 *x
DRB1*0801-DQB1*0402 0.043 0.007 0.041 0.347 Fx
DRB1*090102-DQB1*0202 0.02 0.008 0.016 0.136 **
DRB1*090102-DQB1*0303 0.011 0.006 0.009 0.076 okl
DRB1*1101-DQB1*0301 0.05 0.01 0.041 0.347 *x
DRB1*1102-DQB1*0301 0.027 0.01 0.023 0.195 Fx
DRB1*1103-DQB1*0301 0.016 0.011 0.013 0.11 *x
DRB1*1104-DQB1*0301 0.027 0.01 0.021 0.178 *x
DRB1*1201-DQB1*0301 0.019 0.01 0.015 0.127 okl
DRB1*1301-DQB1*0603 0.089 0.015 0.081 0.686 Fx
DRB1*1401-DQB1*0503 0.012 0.004 0.012 0.102 **

Table 31. Most common HLA-DRB1, -DQB1 (n=129) two-loci haplotypes in the Azores

population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P

DRB1*0101-DQA1*0101 0.054 0.016 0.046 0.331 *x
DRB1*0301-DQA1*0501 0.054 0.018 0.044 0.317 *x
DRB1*0304-DQA1*0501 0.027 0.012 0.025 0.18 *x
DRB1*0401-DQA1*0301 0.012 0.008 0.009 0.065 *

DRB1*0402-DQA1*0301 0.031 0.01 0.029 0.209 *x
DRB1*0403-DQA1*0301 0.016 0.008 0.014 0.101 holed
DRB1*0404-DQA1*0301 0.019 0.012 0.017 0.122 *x
DRB1*0405-DQA1*0303 0.016 0.006 0.015 0.108 *x
DRB1*0701-DQA1*0201 0.171 0.023 0.139 1 *x
DRB1*0801-DQA1*0401 0.043 0.015 0.041 0.295 *x
DRB1*0901-DQA1*0302 0.016 0.006 0.015 0.108 *x
DRB1*0901-DQA1*0303 0.023 0.011 0.022 0.158 *x
DRB1*1101-DQA1*0505 0.047 0.011 0.040 0.288 *x
DRB1*1102-DQA1*0505 0.027 0.015 0.024 0.173 *x
DRB1*1103-DQA1*0505 0.012 0.005 0.01 0.072 *x
DRB1*1104-DQA1*0505 0.016 0.012 0.011 0.079 *

DRB1*1201-DQA1*0505 0.016 0.007 0.012 0.086 *x
DRB1*1301-DQA1*0103 0.089 0.015 0.082 0.59 *x
DRB1*1302-DQA1*0102 0.023 0.009 0.021 0.151 *x
DRB1*1401-DQA1*0104 0.012 0.008 0.012 0.086 *x
DRB1*1501-DQA1*0102 0.05 0.015 0.042 0.302 *x
DRB1*1601-DQA1*0102 0.012 0.01 0.01 0.072 *x

Table 32. Most common HLA-DRB1, -DQA1 (n=129) two-loci haplotypes in the Azores
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P

DQA1*0501-DQB1*0201 0.058 0.014 0.051 0.481 *x
DQA1*0201-DQB1*0202 0.136 0.026 0.106 1 *x
DQA1*0303-DQB1*0202 0.023 0.008 0.013 0.123 *

DQA1*0501-DQB1*0203 0.035 0.011 0.03 0.283 *x
DQA1*0505-DQB1*0301 0.132 0.017 0.106 1 *x
DQA1*0301-DQB1*0302 0.074 0.016 0.065 0.613 holed
DQA1*0303-DQB1*0302 0.019 0.009 0.014 0.132 *

DQA1*0201-DQB1*0303 0.031 0.011 0.022 0.208 *x
DQA1*0301-DQB1*0304 0.012 0.007 0.011 0.104 *x
DQA1*0401-DQB1*0402 0.047 0.016 0.044 0.415 *x
DQA1*0101-DQB1*0501 0.097 0.025 0.084 0.792 *x
DQA1*0102-DQB1*0502 0.016 0.01 0.013 0.123 *x
DQA1*0104-DQB1*0503 0.016 0.004 0.015 0.142 *x
DQA1*0102-DQB1*0602 0.047 0.01 0.041 0.387 *x
DQA1*0103-DQB1*0603 0.093 0.022 0.083 0.783 *x
DQA1*0102-DQB1*0604 0.012 0.006 0.01 0.094 holed
DQA1*0102-DQB1*0609 0.012 0.006 0.01 0.094 *x

Table 33. Most common HLA-DQAL, -DQB1 (n=129) two-loci haplotypes in the Azores
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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The most frequent A-B-DRB1 haplotypes estimated from donors whose
parents and grandfathers were born and living on the same island (Azl
samples, Table 25) do not show a homogeneous distribution in the Oriental
and Central Azores islands. Only 2 out of 26 have a distribution common to
both groups of islands: the Central European A*0201-B*1302-DRB1*0701,
which is nevertheless absent from mainland Portugal, and the
Mediterranean A*3301-B*1402-DRB1*0102 which exists in mainland
Portugal.

The Western European haplotype A*2902-B*4403-DRB1*0701 was
found only on the Oriental islands, at a frequency of 3.8%. The same
happens with the pan-European A*0101-B*0801-DRB1*0301 (present at 2-
6%), the Mediterranean A*0201-B*1801-DRB1*1104 (2-6%, roughly the
same as in Portugal), the lberian/Paleo North African A*3002-B*1801-
DRB1*0301 (2.6%, but 1.7% in Portugal), the North-Western European
A*0201-B*4402-DRB1*0701 (2.6%), and the North African/Western
European A*0301-B*0702-DRB1*1501 (1-3%, Table 25). Other haplotypes
already found in mainland Portugal in residual frequencies appear only in
the Oriental group (A*0201-B*5101-DRB1*0701: 2.6%, and A*2402-
BO702-DRB1*1501: 3.8%). Three haplotypes are an exception to this
situation: the north-western European A*0201-B*4403-DRB1*0701
haplotype (Azores Central: 1.8%; and Portugal mainland: 3.1%), the
Mediterranean haplotype A*3301-B*1402-DRB1*0102 (Azores Central:
1.8%; Azores Oriental: 3.8%; and Portugal mainland: 2.1%), and the
haplotype A*0201-B*4402-DRB1*1301 exclusive from the Central islands

and found before in the South of Portugal at a similar frequency (1%o).
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The haplotypes A*0101-B*1402-DRB1*0102 (Mediterranean) and
A*0201-B*0702-DRB1*0101 (0.3% in Northern Ireland) were present
exclusively on the Central group of islands at a frequency of 1.8% each. The
Central European haplotype A*0201-B*1302-DRB1*0701 is present in
Azores (1.8%) but is absent in mainland Portugal. The two most frequent
haplotypes in Central Azores (A*0301-B*4403-DRB1*0701, 2.8% and
A*0201-B*4402-DRB1*0401, 2.7% each), were found in Northern Ireland
at 0.5% and 3.8% respectively.

The most frequent haplotypes found in mainland Portugal have similar
frequencies  (A*2902-B*4403-DRB1*0701; and A*2301-B*4403-
DRB1*0701), lower frequencies (A*0201-B*4403-DRB1*0701; A*3301-
B*1402-DRB1*0102; A*3002-B*1801-DR*0301; and A*0201-B*0702-
DRB1*1501), or are absent (A*0101-B*4403-DRB1*0701; A*0201-
B*1801-DRB1*0301; A*2301-B*4901-DRB1*1302; A*6801-B*4501-

DRB1*0405; and A*2402-B*5101-DRB1*0701) in the Azores.

5.4.8. Phylogenetic analyses

A phylogenetic tree constructed with HLA-A, HLA—B and HLA-DRB1 allele
frequencies (Figure 9) clusters Azores to Asian and Native American
populations. The same analysis without Asian and Ameridian populations,
groups Azores to other Europeans rather than Portugal and North Africans.
When considering the two Azorean sub-populations (Oriental and Central),
dendrogram separate these two groups and cluster Central islands to Asiatic
and Amerindian populations (Figure 10). When Oriental and Central Azores
were analysed only with European and African populations, the former

emerges more similar to Portugal and North Africans but the later clusters to
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other Europeans (Figure 11). A principal coordinate analysis based on HLA-A,
HLA-B, and HLA-DRBL1 allele frequencies shows the Azorean in close proximity

to Europeans (Figure 12).
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Figure 9. Neighbor-joining (NJ) dendrogram constructed with standard genetic distances
calculated using HLA-A, -B and —DRB1 allele frequencies showing the comparative position of
the Azores with other populations typed with similar resolution. Numbers above branches are
node support after the bootstrap technique implemented in PHYLIP package program BOOT.

For references of the populations used see data analysis.
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Figure 10. Neighbor-joining (NJ) dendrogram constructed with standard genetic
distances calculated using HLA-A, -B and —DRB1 allele frequencies, considering the two sub-
populations Azores Oriental (AzOriental) and Azores Central (AzCentral). Numbers above
branches are node support after the bootstrap technique implemented in PHYLIP package

program BOOT. For references of the populations used see data analysis.
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Figure 11. Neighbor-joining (NJ) dendrogram constructed with standard genetic
distances calculated using HLA-A, -B and —DRB1 allele frequencies, considering the two sub-
populations Azores Oriental (AzOriental) and Azores Central (AzCentral), analysed only with
European and African populations. Numbers above branches are node support after the

bootstrap technique implemented in PHYLIP package program BOOT. For references of the

AzOriental
454 Portugal
691
Morocco
1000
Tunisia
558
964
Cameroon
Italy
1000 1000
Bulgaria
France
847
Norlrland
611
CzechRep

populations used see data analysis.

126



Axis Il (23.7%)

PCO

0.3

Bulgaria

Itgly

Port.ugal Tugisia

Cameroon
.

Azores
L]

Czech Republic
b Fra.nce

Morocco
.

Norther.n Irland

-0.3

Axis | (38.6%)

Figure 12. Principal coordinates analysis using HLA-A, -B, and -DRB1 allele frequencies.

For references of the populations used see data analysis.

5.5. Discussion

During its settlement after 1432, the Azores experienced the influence of
various peoples, especially Portuguese, Dutch (Flemish), Spaniards,
Africans, Jewish, and Italians (Frutuoso, 1977; Guill, 1993; Mendonca,
1996). The important role played by Azores in sea traffic between America
and Europe during the 15" and 16" century was one of the principal
reasons for a settlement involving people from several origins.

The present study describe HLA-A, HLA-B, HLA-Cw, HLA-DRB1, HLA-

DQAL1l, and HLA-DQB1 high resolution allele frequencies and estimated
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haplotypes in Azores. This high resolution throughput shows that several
HLA generic groups typed before by serology (Bruges-Armas et al., 1999)
were in fact composed of a variety of groups and alleles (Tables 20 and 21).
This additional and much more complete information is highly relevant for a
detailed HLA structure characterization. Unfortunately, many world
populations do not have HLA allele and haplotype high resolution
characterization, making difficult the comparison with the present Azores
data. However, websites such as www.allelefrequencies.net have been of
great help because it is bringing together in one source the data for HLA,
and other immunogenetic loci, in world-wide populations.

A dendrogram based on HLA-A, -B, and —DRB1 allele frequencies
clusters Azoreans to Asian and Amerindians (Figure 9), a result not
consistent with those obtained when class | and class Il allele frequencies
are used separatelly (data not shown). In fact the data shows that the
Azoreans are more similar to other Europeans than to mainland Portuguese.
Otherwise, if we look at the haplotype content prevailing in Azores we
cannot find a common stratus with the known haplotypes specific to Asiatic
or Ameridian populations. Thus, our results are not in agreement with the
previous report of high frequency Mongoloid haplotypes in Azores (Bruges-
Armas et al., 1999) and we could not find either the most common
haplotypes of Amerindians (Layrisse et al., 2001; Leffell et al., 2004). The
low resolution haplotypes previously found at high frequencies (2% each)
and considered as of Mongoloid possible origin (Bruges-Armas et al., 1999)
were found at much lower frequencies (A*0201-B*5001-DRB1*0701:
0.9%; A*2402-B*4402-DRB1*1102: 0.2%; A*2902-B*4901-DRB1*0701:

0.2%). Two of these haplotypes were also present in Madeira island and

128



South Portugal (Spinola et al., 2002) in higher frequencies than previously
reported in Azores (Bruges-Armas et al., 1999). The Azores similarity to
Asians shown by the dendrogram analysis reflects similar allele content
rather than a real genetic influence of those populations.

The haplotype and allele frequencies found in Azores reflect the influence
of Portuguese and other Europeans in the settlement of this archipelago.
Several haplotypes are common to mainland Portugal (e.g. A*0101-
B*0801-DRB1*0301, A*0201-B*5101-DRB1*0701, A*0201-B*1801-
DRB1*1104), reflecting the weight of the Portuguese in the Azorean
settlement process. However, many haplotypes are absent from mainland
Portugal (e.g. A*0301-B*0702-DRB1*1501, A*0101-B*1402-DRB1*0102,
A*0201-B*0702-DRB1*0101, A*0201-B*4402-DRB1*1301), some of those
with a clear European origin. Only 2 of the 9 most frequent (>1.2%)
extended haplotypes (Table 23) found in Azores have their partial A-B-DRB1
haplotypes common to mainland Portugal. The haplotypes not common to
mainland Portuguese could be brought to Azores by Flemish and others
European peoples involved in settling these Atlantic islands. The same
conclusions were reported on the HFE gene mutations frequency in the
Central islands of the Azores archipelago. The frequencies identified on the
C282Y or the H63D mutations in the group of individuals under investigation
were similar to those previously reported in the groups which possibly
populated the Azores (Couto et al., 2003). None of the HLA three loci A-B-
DRB1 haplotypes found in West Africa Guiné-Bissau population (unpublished
data) was found in Azores in spite of the sub-Saharan input of slaves into
the Portuguese Atlantic Islands. African specific alleles (e.g. A*0202,

A*0225, B*1503, B*1516, B*2703, B*4202, and B*5703) (Cao et al.,
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2004) were found but mostly at low frequencies. Another study performed
in the Central Group of islands identified also HLA-B*2703 which was first
described in African populations and later in other populations with known
or possible African admixture (Couto et al., 2004). This probably indicates a
minor genetic influence left by the sub-Saharan slave trade which is also in
agreement with recent Y-chromosome findings and mtDNA data (Brehm et

al., 2003; Gongalves et al., 2005).

5.5.1. Diversity between Azores islands

HLA-A, -B, and -DRBL1 allele and haplotype frequencies calculated from
Azl samples show a clear heterogeneity between Azores Central and
Oriental islands. A dendrogram based on allele frequencies separate these
two groups and cluster Central islands to Asiatic and Amerindian
populations Figure 10). This similarity of Central islands to Asians should
not reflect a real genetic influence of those populations as referred above.
On the contrary, Oriental islands have more affinity to mainland Portugal in
this analysis. A phylogenetic tree constructed only with European and Sub-
Saharan populations (Figure 11) clarify the differences between these two
groups of Azores islands. The Oriental group shows again its connection to
Portugal and North Africans but the Central group emerges more similar to
other Europeans. These results are in agreement with the different
haplotype profiles found in the two groups of islands, since only 2 of the 26
most frequent tree loci haplotypes are common to both groups. The most
frequent haplotypes found in one group are absent in the other (Table 25).
Azores Oriental present several high frequency haplotypes common to

mainland Portugal contrary to what happens in the Central group of islands
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which presents only three of those haplotypes. Several most frequent
haplotypes found in Central islands have unknown origin probably due to a
lack of HLA characterization on several European populations, from where
they could be introduced. Further HLA high resolution studies on Dutch,
Belgium and other central European populations should clarify the origin of
some of these haplotypes.

Both the dendrogram analysis and haplotype content clearly points to a
different settlement of both groups of islands from the archipelago. This
observation corroborates historical sources that say the Azores were
populated not only by Portuguese, especially on Oriental group, but also by

other Europeans, mostly Flemish people in Central islands.
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Capitulo 6

6. HLA polymorphisms in Cabo Verde and Guiné-Bissau inferred

from sequence-based typing

Hélder Spinola, JAcome Bruges-Armas, Derek Middleton, Anténio Brehm

In press Human Immunology

6.1. Abstract

HLA-A, -B, and —DRB1 polymorphisms were examined in the Cabo Verde
and Guiné-Bissau populations. The data was obtained at high-resolution
level, using sequence based typing. The most frequent alleles in each locus
was: A*020101 (16.7% in Guiné-Bissau and 13.5% in Cabo Verde),
B*350101 (14.4% in Guiné-Bissau and 13.2% in Cabo Verde), DRB1*1304
(19.6% in Guiné-Bissau), and DRB1*110101 (10.1% in Cabo Verde). The
predominant three loci haplotype in Guiné-Bissau was A*2301-B*1503-
DRB1*110101 (4.6%) and in Cabo Verde was A*3002-B*350101-
DRB1*1001 (2.8%), exclusive to Nothwestern islands (5.6%) and absent in

Guiné-Bissau.
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The present study corroborates historical sources and other genetic
studies that say Cabo Verde were populated not only by Africans but also by
Europeans. Haplotypes and dendrogram analysis shows a Caucasian genetic
influence in today’s gene pool of Cabo Verdeans. Haplotypes and allele
frequencies present a differential distribution between Southeastern and
Northwestern Cabo Verde islands which could be the result of different
genetic influences, founder effect or bottlenecks. Dendrograms and principal
coordinates analysis show that Guineans are more similar to North Africans
than other HLA studied sub-Saharans, probably due to ancient and recent
genetic contacts with other peoples, namely East Africans Arabs and

Berbers.

6.2. Introduction

One of the most polymorphic genetic systems in humans is the Human
Leukocyte Antigen (HLA), which consist of a closely linked set of genes
highly important in transplantation, anthropological and forensic fields
(Riley & Olerup, 1992). The characterization of the HLA profile of a
population, with high throughput techniques as Sequence Based Typing
(SBT), is a helpful mechanism to trace genetic relationships between
neighbouring populations. Previous studies have shown that haplotype
frequencies are characteristic of particular populations and even certain
alleles are exclusively found in some ethnic groups (Arnaiz-Villena et al.,
1995; Arnaiz-Villena et al., 1999; Clayton et al., 1997).

Some sub-Saharan African populations have been studied from the HLA
point of view (Ellis et al., 2000; Pimtanothai et al., 2001; Cao et al., 2004).

However, high resolution HLA allele typing data is still scarce among sub-
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Saharans, especially West African populations. Guiné-Bissau is one of these
African Atlantic coast countries that were never HLA typed. The human
settlement of the West Coast of Africa is the result of a continuous complex
network of migrations, invasions and admixture of peoples from different
origins that began around 40000 years before present (YBP) (Alimen,
1987). Before Sahara desertification took place (9000 YBP), several
Neolithic cultures flourished in the area, bringing together people of sub-
Saharan and North African origin (Dutour et al., 1988). Later, around 4000
YBP, this region became the centre of migrations by different ethnic groups,
namely Fula and East Africa Shuwa Arabs, through the Sahel Corridor used
for travel between East and West coasts of Africa (Ellis et al., 2000). The
most recent historic events, such as admixture of Berber and native
populations due to Muslim pressure in Northwestern Africa in the 9%
century, also affected this region (Moreira, 1964).

This region was also at the origin of most slave trade in the 15™-16"
centuries to Europe and America (Russell-Wood, 1998). The Cabo Verde
archipelago was discovered inhabited around 1460 and settled by a few
Europeans (less than 10%), while African slaves originating from the Guiné
coast constituted most of the remaining population(Carreira, 1983).

Studies on mtDNA, STR and Y-Chromosome SNPs have been done for
populations of Guiné-Bissau and Cabo Verde (Brehm et al., 2002; Gongalves
et al., 2002; Fernandes et al., 2003; Gongalves et al., 2003; Rosa et al.,
2004). The population of Cabo Verde have been already HLA typed but in a
low resolution level and in a small number of samples (Spinola et al., 2002).
The main goal of the present work is to present a clear genetic profile of

Cabo Verdeans and Guineans based on high resolution typing of the HLA-A,
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-B, and —DRBL1 loci and evaluate their relatedness to each other and other
African and European populations. HLA data comparison between Cabo
Verde and Guiné-Bissau may also contribute to clarify the origin of the
genetic heterogeneity already found but now using markers not sex-
dependent and thus qualified for analysis of admixture which is not sex-

biased (Brehm et al., 2002 ;Gongalves et al., 2003; Rosa et al., 2004).

6.3. Materials and methods

6.3.1. Population samples and HLA typing

The present study population consisted of a total of 189 healthy
unrelated males randomly distributed in Cabo Verde Nothwestern islands
(n=62), Cabo Verde Southeastern islands (n=62) and Guiné-Bissau (n=65).
Blood samples were collected after informed consent, from donors whose
parents and grandfathers were born and living in the same island (Cabo
Verde) or belong to the same ethnic group (Guiné-Bissau). Guiné-Bissau
samples were identified as belonging to seven different ethnic groups:
Balanta (n=10), Papel (n=11), Mandinga (n=9), Felupe (n=5), Bijagds
(n=10), Fula (n=10), and Mancanha (n=10). Genomic DNA was isolated
from whole blood containing EDTA using a phenolchloroform procedure and
frozen at -20°C until use. All subjects were typed for HLA-A, HLA-B and
HLA-DRB1 loci. Sequence based typing (SBT) of the HLA-A and —B loci was
performed on exon 2 and exon 3 accordingly to Kurz et al. (1999) and Pozzi
et al. (1999) with minor modifications. DNA fragments amplified by
polymerase chain reaction (PCR) were purified and sequenced using ABI

PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kits (Applied
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Biosystems, Foster City, CA, USA) in an ABI PRISM 310 GENETIC ANALYZER
(Applied Biosystems), according to the manufacturer’s instructions. HLA-
DRB1 SBT was performed on exon 2, amplified and sequenced with group
specific primers used in SSOP typing (Williams et al., 2004). All samples
were PCR amplified with each of the group specific pair of primers. The
positive reactions were sequenced with the amplification primers according
to the above description for HLA-A and -B. Sequencing was always
performed in forward and reverse directions and processed using the
Matchtools Allele Identification packet (Applied Biosystems) which assess
the typing by an updated HLA-sequence library with alleles defined up to
June 2001. In the present study we did not test for polymorphisms outside
exons 2 and 3 in HLA-A and —B and outside exon 2 in HLA-DRB1. Therefore,
a few groups of alleles could not be distinguished. A summary of the
unresolved ambiguities and the reference used in each case in the text and
for frequency analysis is given in Table 8. Likewise, some heterozygous
samples could have more than one allele’s combination. In these situations,
for allele frequencies and haplotype calculations we used a maximum
likelihood estimation assignment, choosing the combination of the most

frequent single alleles.

6.3.2. Data analysis

Basic genetic parameters (allele and haplotype frequencies, gene
diversity, and Hardy-Weinberg equilibrium) at the three loci were estimated
with Arlequin v2.000 (Schneider et al., 2000). In the present study
haplotypes were inferred using a maximum likelihood approach. Linkage

disequilibrium (D) and relative LD (D’) between two alleles at two different
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loci and their level of significance (P) was calculated according to Weir
(1996). Ewes-Watterson’s, Slatkin’s and Chakraborty’s selective neutrality
statistical tests were applied to examine the presence of selective forces
influencing allelic diversity at each locus.

The Cabo Verde and Guiné-Bissau data was compared to several
populations which are available at the same typing resolution (Ellis et al.,
2000; Pimtanothai et al., 2001; Sanchez-Velasco et al., 2003; Ayed et al.,
2004; Middleton et al. 2004)*. An analysis of molecular variance (AMOVA)
was performed with these populations based on Euclidean distances
between all pairs of haplotypes Excoffier et al., 1992). The total genetic
variation between Cabo Verde Northwestern and Cabo Verde Southeastern
was estimated and the correspondent Fst value was used to evaluate if
there was significant difference between them. Variance components were
tested for significance by nonparametric randomisation tests using 10000
permutations under the null hypothesis of no population structure. The
population genetic software Arlequin v2.000 was employed in all the above
analyses.

Comparative analysis of the Cabo Verde and Guiné-Bissau data set with
other populations available in the literature was achieved using the software
included in the PHYLIP v.3.6 package (Felsenstein, 2004). First, SEQBOOT
was used to perform a bootstrap analysis from gene frequency data. The
program generates multiple data sets resampled from the original data.
Distance matrices from each replicate data set were generated using
GENDIST and used as input to NEIGHBOR to produce neighbour-joining

trees. A single consensus bootstrapped tree was obtained with CONSENSE.

1 www.allelefrequencies.net
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The topology was visualized with TreeView (Page, 1996). Dendrograms
were based on HLA-A, —B and -DRB1 or on HLA-A and —B, in order to
include some relevant populations with no high resolution typing for HLA—
DRB1 loci.

Principal coordinates analysis using HLA-A and HLA-B allele frequencies
was carried out on the MultiVariate Statistical Package MVSP3 for Windows

(Kovach Computing Services, Anglesey, Wales, UK)".

6.4. Results

Tables 33, 34, and 35 show the allele frequencies of HLA-A, HLA-B and
HLA-DRBL1 loci, respectively, in Cabo Verde (Cabo Verde total, CVT; Cabo
Verde Northwestern, CVNW; Cabo Verde Southeastern, CVSE) and Guiné-
Bissau (GB) populations. A total of 31 HLA-A, 45 HLA-B and 32 HLA-DRB1
alleles were found in Cabo Verde and 20 HLA-A, 31 HLA-B and 23 HLA-
DRB1 alleles were found in Guiné-Bissau. The populations were in Hardy-
Weinberg equilibrium at each locus, except HLA-DRB1 in Cabo Verde. The
heterozygosity was high for all examined loci (Cabo Verde HLA-A: 0.94;
HLA-B: 0.97; HLA-DRB1: 0.95; Guiné-Bissau HLA-A: 0.86; HLA-B: 0.94;
HLA-DRB1: 0.89). Ewes-Watterson, Slatkin’s and Chakraborty’s tests of
selective neutrality yielded significant results at HLA-A and HLA-DRB1 in
Cabo Verde and HLA-DRB1 in Guiné-Bissau suggesting that selection was
acting.

An AMOVA between the two sub-populations of Cabo Verde
(Northwestern and Southeastern) shows that only 0.13% of the total

genetic variation found can be attributed to differences among them, the

! http://www.kovcomp.com/mvsp
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remaining is due to within sub-population differences. The exact test of
population differentiation performed by Arlequin show significant results
between Cabo Verde Northwestern and Cabo Verde Southeastern groups of

islands.
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HLA-A Alleles Frequencies
Guiné-B cVv(T) CV(NW) CV(SE)

A*010101 0.046 0.049 0.048 0.048
A*0102 0.008 0.008 0 0.016
A*020101 0.167 0.135 0.149 0.121
A*0202 0.062 0.016 0.008 0.024
A*0205 0 0.004 0 0.008
A*0217 0 0.004 0 0.008
A*030101 0.062 0.089 0.113 0.065
A*030103 0 0.004 0.008 0
A*110101 0 0.024 0.024 0.024
A*2301 0.156 0.113 0.081 0.148
A*240201 0.015 0.069 0.048 0.089
A*240301 0 0.008 0.008 0.008
A*2601 0.031 0.040 0.048 0.032
A*2608 0 0.004 0.008 0
A*2902 0.015 0.032 0.016 0.048
A*3001 0.038 0.044 0.056 0.032
A*3002 0.031 0.093 0.121 0.065
A*310102 0 0.020 0.032 0.008
A*3201 0.038 0.044 0.048 0.040
A*3301 0.046 0.020 0.032 0.008
A*3303 0.085 0.032 0.024 0.040
A*3402 0.054 0.004 0 0.008
A*6601 0.015 0.016 0.024 0.008
A*680101 0.023 0.024 0.040 0.008
A*680102 0 0.004 0.008 0
A*6802 0.023 0.028 0.008 0.048
A*680301 0 0.004 0.008 0
A*6815 0 0.004 0 0.008
A*6901 0 0.032 0.040 0.024
A*7401 0.077 0.028 0 0.056
A*8001 0.008 0.004 0 0.008

Table 33. HLA-A allele frequencies in Guiné-Bissau and Cabo Verde populations
estimated by maximum likelihood. CV(T)- Cabo Verde Total; CV(NW)- Cabo Verde
Northwestern; CV(SE)- Cabo Verde Southeastern.
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HLA-B Frequencies

Alleles Guiné-B CcV(T) CV(NW) CV(SE)
B*070201 0.023 0.040 0.024 0.056
B*0705/06 0.023 0.012 0.008 0.016
B*0801 0.077 0.065 0.056 0.073
B*1302 0.023 0 0 0
B*1303 0 0.004 0 0.008
B*1402 0.015 0.065 0.032 0.097
B*150101 0 0.044 0.048 0.040
B*1503 0.108 0.056 0.048 0.065
B*1510 0.038 0.004 0.008 0
B*1515 0 0.004 0.008 0
B*1516 0 0.004 0 0.008
B*151701 0 0.004 0 0.008
B*1518 0.008 0.008 0.008 0.008
B*180101 0.038 0.036 0.040 0.032
B*2702 0 0.008 0.008 0.008
B*2703 0.015 0.004 0 0.008
B*2705 0 0.020 0.024 0.016
B*350101 0.144 0.132 0.174 0.089
B*3502 0 0.004 0 0.008
B*3503 0 0.008 0.008 0.008
B*3701 0.015 0.008 0.016 0
B*3801 0 0.004 0 0.008
B*3910 0.008 0 0 0
B*4001 0 0.004 0.008 0
B*4002 0.008 0.016 0.024 0.008
B*4006 0 0.004 0.008 0
B*4101 0 0.008 0 0.016
B*4102 0.008 0.004 0.008 0
B*4103 0.031 0 0 0
B*4201 0.015 0.024 0.032 0.016
B*4202 0.008 0.004 0 0.008
B*440201 0.008 0.004 0 0.008
B*440301 0.031 0.028 0.016 0.040
B*4405 0 0.004 0 0.008
B*4501 0.062 0.012 0.008 0.016
B*4701 0 0.008 0.008 0.008
B*4901 0.031 0.032 0.024 0.040
B*5001 0.015 0.012 0.008 0.016
B*510101 0.015 0.077 0.081 0.073
B*510102 0 0.004 0.008 0
B*5108 0 0.004 0 0.008
B*520101 0 0.004 0.008 0
B*520102 0 0.004 0.008 0
B*5301 0.10 0.097 0.089 0.107
B*5601 0.008 0 0 0
B*570101 0 0.016 0.032 0
B*5702 0.008 0 0 0
B*570301 0.008 0.028 0.032 0.024
B*5801 0.078 0.036 0.032 0.040
B*5802 0 0.032 0.056 0.008
B*7801 0.023 0 0 0
B*8201 0.008 0 0 0

Table 34. HLA-B allele frequencies in Guiné-Bissau and Cabo Verde populations
estimated by maximum likelihood. CV(T)- Cabo Verde Total; CV(NW)- Cabo Verde
Northwestern; CV(SE)- Cabo Verde Southeastern.
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HLA-DRB1 Alleles Frequencies

Guiné-B CV(T) CV-NW CV-SE
DRB1*0101 0 0.048 0.081 0.016
DRB1*010201 0.023 0.052 0.016 0.089
DRB1*0103 0] 0.004 0 0.008
DRB1*030101 0.046 0.081 0.056 0.105
DRB1*030201 0] 0.048 0.073 0.024
DRB1*0303 0.008 0.008 0.008 0.008
DRB1*0307 0.008 0] 0] 0]
DRB1*040101 0 0.02 0.024 0.016
DRB1*0402 0 0.008 0.016 0
DRB1*040301 0] 0.008 0.016 0
DRB1*0404 0] 0.008 0 0.016
DRB1*040501 0.077 0.040 0.040 0.040
DRB1*070101 0.062 0.069 0.065 0.073
DRB1*080101 0 0.008 0.008 0.008
DRB1*080302 0] 0.004 0] 0.008
DRB1*080401 0.008 0.008 0.008 0.008
DRB1*0806 0.008 0.008 0.016 0
DRB1*090102 0.077 0.060 0.032 0.089
DRB1*1001 0.10 0.060 0.081 0.048
DRB1*110101 0.108 0.101 0.106 0.089
DRB1*1102 0.077 0.028 0.016 0.040
DRB1*110401 0.008 0.016 0.008 0.024
DRB1*1127 0] 0.008 0.016 0
DRB1*120101 0.008 0.016 0.024 0.008
DRB1*130101 0.031 0.069 0.073 0.065
DRB1*130201 0.077 0.088 0.089 0.081
DRB1*130301 0] 0.012 0.016 0.008
DRB1*130302 0 0.004 0.008 0
DRB1*1304 0.196 0.048 0.024 0.073
DRB1*1317 0.008 0] 0] 0
DRB1*140101 0.015 0.012 0.024 0
DRB1*140701 0.008 0] 0] 0
DRB1*1412 0.008 0 0 0
DRB1*150101 0.008 0.040 0.032 0.048
DRB1*150201 0] 0.012 0.024 0
DRB1*160201 0.031 0.004 0 0.008

Table 35. HLA-DRB1 allele frequencies in Guiné-Bissau and Cabo Verde populations
estimated by maximum likelihood. CV(T)- Cabo Verde Total; CV(NW)- Cabo Verde
Northwestern; CV(SE)- Cabo Verde Southeastern.
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6.4.1. Guiné-Bissau allele frequencies

The most frequent HLA-A alleles found in Guiné-Bissau was A*020101
(16.7%) and A*2301 (15.6%). Two alleles follow with frequencies ranging
between 7-9% (A*3303 and A*7401). HLA-A*3303 shows a higher
frequency than other sub-Saharans, except Mali (9.4%). HLA-A*7401 is a
typical African allele that present similar frequencies in other sub-Saharan
populations. Alleles A*6801 and A*6802 present the same frequency (2.3%
each) in opposition to other sub-Saharan that have a higher prevalence of
the second (Middleton et al. 2004) *.

HLA-B locus present the allele B*350101 (14.4%) as the most frequent
in Guiné-Bissau, a prevalence higher than in other sub-Saharans. The next
most frequent alleles found in Guiné were B*1503 (10.8%) and B*5301
(10%). HLA-B*1503 is a typical sub-Saharan allele and shows one of the
highest frequencies found in sub-Sahara. HLA-B*5301 present similar
frequencies in other sub-Saharans (Middleton et al. 2004). HLA-B*4103
present a relatively high frequency (3.1%) as it's a world very rare allele
and it was absent in sub-Saharan populations already studied (Middleton et
al. 2004).

Allele DRB1*1304 (19.6%) was the most frequent at HLA-DRB1 locus,
but is surprisingly absent in the Cameroon and residual in Morocco (0.5%)
(Pimtanothai et al., 2001; Middleton et al. 2004). The next most frequent
alleles were DRB1*110101 (10.8%) and DRB1*1001 (10%), with
frequencies much higher than in Cameroon (4.8% and 1.1% respectively)

(Pimtanothai et al., 2001).

! www.allelefrequencies.net
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6.4.2. Cabo Verde allele frequencies

The most frequent HLA-A alleles found in the Cabo Verde was A*020101
(13.5%) and A*2301 (11.3%), typical frequencies in sub-Saharan
populations (Middleton et al. 2004). Three alleles follow with frequencies
ranging between 7-9% (A*240201, A*030101 and A*3002). HLA-A*240201
(6.9%) shows a higher frequency than other sub-Saharans and similar to
Europeans (Middleton et al. 2004). HLA-A*030101 (8.9%) presents an
intermediate frequency between sub-Saharan populations (3-8%) and
Europeans (8-20%) (Middleton et al. 2004). HLA-A*3002 (9.3%) has a
prevalence in the extended range found in sub-Saharan (3-23%). Alleles
A*6801 and A*6802 present the same frequency (2.8% each) in opposition
to other sub-Saharan that have a higher prevalence of A*6802 (Middleton
et al. 2004).

Allele B*350101 (13.2%) is the most frequent at HLA-B locus in Cabo
Verde, a prevalence higher than other sub-Saharans except Mali which is
similar (Middleton et al. 2004). The next most frequent alleles found in
Cabo Verde were B*5301 (9.7%) and B*510101 (7.7%), higher and similar
to sub-Saharans respectively (Middleton et al. 2004).

The DRB1*110101 (10.1%), with a frequency similar to Guiné-Bissau,
was the most frequent HLA-DRB1 allele in Cabo Verde, followed by
DRB1*130201 (8.8%), similar to Guiné-Bissau, and DRB1*030101 (8.1%),

similar to Cameroon (Pimtanothai et al., 2001).

6.4.3. Haplotype frequencies
The exact test of linkage disequilibrium between the 3 pairs of loci was

statistically significant in Guiné-Bissau and Cabo Verde. The most
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representative (frequency =>1%) 3-loci haplotypes are listed in Table 36.
Tables 37-39 and 40-42 show the most common two loci haplotypes with
statistical significance linkage disequilibrium found in Guiné-Bissau and

Cabo Verde respectivelly.
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Haplotypes Frequencies
Guiné-B cVv(T) CV(N CV(SE)

A*010101-B*350101-DRB1*030101 0 0.008 0 0.016
A*010101-B*3701-DRB1*070101 0 0.004 0.016 0
A*010101-B*440301-DRB1*070101 0 0.008 0 0.016
A*010101-B*5801-DRB1*1304 0.015 0 0 0
A*0102-B*4901-DRB1*040501 0 0.008 0 0.016
A*020101-B*0705/06-DRB1*1304 0.015 0 0 0
A*020101-B*1503-DRB1*110101 0 0.012 0 0.016
A*020101-B*2705-DRB1*0101 0 0 0.016 0
A*020101-B*350101-DRB1*110101 0 0 0.016 0
A*020101-B*350101-DRB1*1102 0.031 0 0 0
A*020101-B*350101-DRB1*130201 0.023 0 0 0
A*020101-B*440301-DRB1*160201 0.023 0 0 0
A*020101-B*4901-DRB1*090102 0 0.008 0 0.016
A*020101-B*510101-DRB1*130101 0 0.008 0 0.016
A*020101-B*570101-DRB1*070101 0 0.008 0.016 0
A*0202-B*2703-DRB1*1304 0.015 0 0 0
A*0202-B*350101-DRB1*1001 0.023 0 0 0
A*0202-B*350101-DRB1*1102 0 0.008 0 0.016
A*030101-B*0801-DRB1*1304 0 0.012 0.016 0
A*030101-B*350101-DRB1*040501 0.015 0 0 0
A*030101-B*4101-DRB1*070101 0 0.008 0 0.016
A*030101-B*5802-DRB1*030101 0 0.023 0.040 0
A*110101-B*350101-DRB1*0101 0 0.008 0.016 0
A*2301-B*070201-DRB1*150101 0 0.008 0 0.016
A*2301-B*1402-DRB1*0806 0 0.008 0.016 0
A*2301-B*1402-DRB1*110101 0 0.012 0 0.024
A*2301-B*1503-DRB1*110101 0.046 0.004 0 0
A*2301-B*4901-DRB1*130201 0 0.012 0.016 0
A*2301-B*5301-DRB1*090102 0.015 0.016 0 0.032
A*2301-B*5801-DRB1*090102 0 0.012 0.016 0.008
A*2301-B*5801-DRB1*110101 0.015 0 0 0
A*240201-B*070201-DRB1*150101 0 0.008 0 0.016
A*240201-B*2705-DRB1*040501 0 0.008 0 0.016
A*240201-B*510101-DRB1*1102 0 0.008 0 0.016
A*2601-B*0801-DRB1*1304 0.015 0 0 0
A*2601-B*5801-DRB1*1304 0 0.012 0 0.016
A*2902-B*1402-DRB1*010201 0 0.012 0 0.016
A*2902-B*4501-DRB1*110101 0.015 0 0 0
A*3001-B*510101-DRB1*110101 0 0.008 0.016 0
A*3001-B*570301-DRB1*070101 0 0.008 0.016 0
A*3002-B*0801-DRB1*040101 0 0.012 0.024 0
A*3002-B*0801-DRB1*1304 0.015 0 0 0
A*3002-B*180101-DRB1*030101 0 0.012 0 0.024
A*3002-B*180101-DRB1*030201 0 0.008 0.016 0
A*3002-B*350101-DRB1*1001 0 0.028 0.056 0
A*3201-B*070201-DRB1*120101 0 0.008 0.016 0
A*3301-B*1503-DRB1*1001 0 0.012 0.016 0
A*3301-B*5301-DRB1*090102 0.015 0 0 0
A*3303-B*070201-DRB1*1102 0.015 0 0 0
A*3303-B*1510-DRB1*1001 0.015 0 0 0
A*3402-B*180101-DRB1*040501 0.015 0 0 0
A*6601-B*4501-DRB1*1001 0.015 0 0 0
A*680101-B*350101-DRB1*040501 0 0 0.016 0
A*6901-B*150101-DRB1*130201 0 0.024 0.032 0.016
A*7401-B*0801-DRB1*010201 0 0.004 0 0
A*7401-B*350101-DRB1*1001 0.015 0 0 0
A*7401-B*4901-DRB1*1304 0.015 0 0 0
A*7401-B*5301-DRB1*1304 0.015 0.008 0 0.016

Table 36. Most common HLA-A, -B, -DRB1 three-loci haplotypes in the Cabo Verde and
Guiné-Bissau populations as estimated by maximum likelihood. CV(T)- Cabo Verde Total;
CV(NW)- Cabo Verde Northwestern; CV(SE)- Cabo Verde Southeastern.
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Haplotypes Frequency s.d. D D’ P
A*010101-B*5801 0.015 0.01 0.012 0.28
A*020101-B*440301 0.023 0.01 0.018 0.425 *
A*020101-B*4501 0.03 0.01 0.02 0.468 *
A*0202-B*2703 0.015 0.011 0.014 0.343 Fx
A*0202-B*5801 0.023 0.016 0.018 0.433 *
A*030101-B*350101 0.031 0.015 0.022 0.518 *
A*2301-B*0705/06 0.015 0.012 0.012 0.278 *
A*2301-B*1503 0.059 0.018 0.042 1 *x
A*2601-B*0801 0.015 0.01 0.012 0.295 *
A*2902-B*4501 0.015 0.013 0.014 0.343 *x
A*3001-B*070201 0.015 0.007 0.015 0.344 *x
A*3001-B*4201 0.015 0.012 0.015 0.351 Fx
A*3303-B*5001 0.015 0.01 0.014 0.335 *x
A*3303-B*5301 0.023 0.017 0.015 0.346 *
A*3402-B*180101 0.015 0.007 0.013 0.316 *x
A*3402-B*4103 0.015 0.01 0.014 0.325 **
A*6601-B*4501 0.015 0.004 0.014 0.343 okl
A*680101-B*1402 0.015 0.014 0.015 0.357 *x
A*7401-B*350101 0.031 0.021 0.02 0.467 *

Table 37. Most common HLA-A, -B two-loci haplotypes in the Guiné-Bissau population

as estimated by maximum

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

likelihood (only frequencies above 0.01 with statistical

Haplotypes Frequency s.d. D D’ P
A*020101-DRB1*1102 0.046 0.02 0.033 0.636 okl
A*020101-DRB1*140101 0.015 0.008 0.013 0.246 *
A*020101-DRB1*160201 0.023 0.017 0.018 0.342 *
A*0202-DRB1*1001 0.023 0.013 0.017 0.322 *
A*0202-DRB1*1304 0.031 0.011 0.019 0.355 *
A*030101-DRB1*1304 0.031 0.018 0.019 0.355 *
A*2301-DRB1*110101 0.069 0.024 0.052 1 Fx
A*2601-DRB1*090102 0.015 0.018 0.013 0.248 *
A*2902-DRB1*110101 0.015 0.012 0.014 0.263 okl
A*3201-DRB1*040501 0.015 0.008 0.012 0.238 *
A*3301-DRB1*090102 0.015 0.009 0.012 0.226 *
A*3301-DRB1*1001 0.023 0.009 0.018 0.353 okl
A*3303-DRB1*070101 0.023 0.009 0.018 0.34 *
A*3402-DRB1*040501 0.023 0.013 0.019 0.361 *x
A*6601-DRB1*1001 0.015 0.014 0.014 0.265 *x
A*6802-DRB1*1304 0.015 0.008 0.011 0.208 *

Table 38. Most common HLA-A, -DRB1 two-loci haplotypes in the Guiné-Bissau

population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P
B*070201-DRB1*070101 0.015 0.01 0.014 0.329 **
B*0705/06-DRB1*1304 0.023 0.016 0.019 0.437 okl
B*0801-DRB1*1304 0.054 0.026 0.039 0.913 *x
B*1503-DRB1*010201 0.015 0.008 0.013 0.304 *
B*1503-DRB1*110101 0.038 0.023 0.027 0.631 *
B*1503-DRB1*130101 0.015 0.009 0.012 0.283 *
B*1510-DRB1*1001 0.023 0.015 0.019 0.454 okl
B*180101-DRB1*030101 0.015 0.012 0.014 0.321 Fx
B*2703-DRB1*1304 0.015 0.012 0.012 0.293 *
B*350101-DRB1*1001 0.044 0.032 0.03 0.695 *
B*350101-DRB1*1102 0.054 0.023 0.042 1 Fx
B*3701-DRB1*070101 0.015 0.006 0.014 0.34 **
B*4103-DRB1*040501 0.015 0.015 0.013 0.306 *
B*440301-DRB1*160201 0.023 0.021 0.022 0.521 *x
B*4501-DRB1*110101 0.03 0.015 0.024 0.56 Fx
B*4901-DRB1*1304 0.023 0.012 0.017 0.4 *
B*5301-DRB1*090102 0.046 0.016 0.038 0.905 *x

Table 39. Most common HLA-B, -DRB1 two-loci haplotypes in the Guiné-Bissau
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P
A*010101-B*0801 0.012 0.011 0.009 0.288 *
A*020101-B*4501 0.012 0.009 0.01 0.338 *x
A*020101-B*510101 0.028 0.011 0.018 0.575 *
A*030101-B*5802 0.032 0.009 0.029 0.949 *x
A*110101-B*350101 0.016 0.004 0.013 0.418 *x
A*2301-B*1402 0.024 0.016 0.017 0.542 *x
A*2301-B*4901 0.016 0.005 0.013 0.404 *x
A*2301-B*5301 0.024 0.01 0.013 0.427 *
A*2301-B*5801 0.02 0.014 0.016 0.519 *x
A*240201-B*510101 0.024 0.013 0.019 0.601 *x
A*2601-B*5801 0.012 0.005 0.011 0.344 *x
A*3001-B*4201 0.012 0.005 0.011 0.348 *x
A*3001-B*570301 0.012 0.009 0.011 0.351 *x
A*3002-B*0801 0.02 0.008 0.014 0.455 *
A*3002-B*180101 0.012 0.009 0.009 0.282 *
A*3002-B*350101 0.043 0.013 0.031 1 *x
A*3301-B*1503 0.012 0.005 0.011 0.354 *x
A*6601-B*5301 0.016 0.009 0.015 0.47 hoked
A*6802-B*5301 0.012 0.008 0.009 0.303 *
A*6901-B*150101 0.024 0.007 0.023 0.735 *x

Table 40. Most common HLA-A, -B two-loci haplotypes in the Cabo Verde population as
estimated by maximum likelihood (only frequencies above 0.01 with statistical significance

linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P
A*010101-DRB1*070101 0.012 0.008 0.009 0.284 *
A*020101-DRB1*040501 0.019 0.008 0.014 0.447 *
A*020101-DRB1*070101 0.024 0.015 0.015 0.484 *
A*020101-DRB1*130101 0.02 0.008 0.011 0.353 *
A*030101-DRB1*030101 0.032 0.013 0.025 0.816 *x
A*2301-DRB1*090102 0.03 0.01 0.023 0.756 *x
A*2301-DRB1*110101 0.026 0.01 0.015 0.49 *
A*240201-DRB1*110401 0.012 0.006 0.011 0.358 hoied
A*2601-DRB1*030201 0.012 0.008 0.01 0.314 *x
A*2601-DRB1*1304 0.02 0.009 0.018 0.594 el
A*3001-DRB1*070101 0.016 0.007 0.013 0.412 el
A*3002-DRB1*1001 0.036 0.014 0.031 1 Fox
A*3002-DRB1*130101 0.016 0.007 0.01 0.316 *
A*3201-DRB1*010201 0.012 0.004 0.01 0.32 *x
A*3201-DRB1*120101/06 0.012 0.007 0.011 0.371 *x
A*3301-DRB1*1001 0.012 0.006 0.011 0.355 *x
A*3303-DRB1*090102 0.014 0.007 0.012 0.405 *x
A*6901-DRB1*130201 0.032 0.011 0.029 0.959 *x
A*7401-DRB1*010201 0.012 0.009 0.011 0.347 el

Table 41. Most common HLA-A, -DRB1 two-loci haplotypes in the Cabo Verde population

as estimated by maximum

likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P
B*070201-DRB1*150101 0.02 0.006 0.019 0.747 okl
B*0801-DRB1*010201 0.012 0.007 0.009 0.351 *
B*0801-DRB1*030101 0.014 0.028 0.009 0.346 *
B*0801-DRB1*1304 0.016 0.013 0.013 0.524 *x
B*1402-DRB1*010201 0.028 0.01 0.025 1 *x
B*150101-DRB1*130201 0.028 0.009 0.024 0.98 **
B*1503-DRB1*1001 0.02 0.015 0.017 0.676 *x
B*1503-DRB1*110101 0.024 0.009 0.018 0.74 *x
B*180101-DRB1*130101 0.012 0.008 0.01 0.387 *
B*2705-DRB1*040501 0.011 0.004 0.011 0.43 *x
B*350101-DRB1*0101 0.024 0.015 0.017 0.694 Fx
B*350101-DRB1*1001 0.023 0.008 0.015 0.588 *
B*350101-DRB1*110101 0.013 0.005 0.0001 0.006 *
B*350101-DRB1*110401 0.012 0.008 0.01 0.402 **
B*4201-DRB1*030201 0.02 0.005 0.019 0.765 *x
B*440301-DRB1*070101 0.016 0.006 0.014 0.571 okl
B*4901-DRB1*130201 0.016 0.011 0.013 0.536 okl
B*510101-DRB1*110101 0.023 0.009 0.015 0.605 *
B*510101-DRB1*1102 0.012 0.01 0.01 0.4 Fx
B*5301-DRB1*090102 0.022 0.015 0.016 0.651 *x
B*5301-DRB1*1304 0.014 0.007 0.01 0.388 *
B*570301-DRB1*070101 0.012 0.005 0.01 0.49 **
B*5801-DRB1*090102 0.018 0.008 0.016 0.644 *x
B*5802-DRB1*030101 0.016 0.006 0.014 0.545 *x

Table 42. Most common HLA-B, -DRB1 two-loci haplotypes in the Cabo Verde population

as estimated by maximum

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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A*2301-B*1503-DRB1*110101 (4.6%) was the most frequent three-loci
haplotype in Guiné-Bissau, also present in Cabo Verde but with a residual
frequency (0.4%). Its partial two-loci haplotype A*2301-B*1503 (5.9% in
Guiné-Bissau) has been found in several sub-Saharan populations (Cao et
al., 2004 ; Middleton et al. 2004) and in Cabo Verde, being exclusive to the
Southeastern islands (4%). The second most frequent three-loci haplotype
in Guiné-Bissau A*020101-B*350101-DRB1*1102 (3.1%) is absent in Cabo
Verde. The partial A*020101-B*350101 haplotype (5.4% in Guiné-Bissau),
also absent in Cabo Verde, has been found in Malians at 2.2% (Middleton et
al., 2004). Three other haplotypes (A*020101-B*350101-DRB1*130201;
A*020101-B*440301-DRB1*160201; and A*0202-B*350101-DRB1*1001),
were found in Guiné-Bissau each at a frequency of 2.3%, but absent in
Cabo Verde.

The most frequent three-loci haplotype in Cabo Verde was A*3002-
B*350101-DRB1*1001 (2.8%), exclusive to Nothwestern islands (5.6%)
and absent in Guiné-Bissau. The partial haplotype A*3002-B*350101 (7.3%
in Cabo Verde Northwestern and 0.8% in Guiné-Bissau) has not been found
in other sub-Saharans (Cao et al., 2004; Middleton et al. 2004). The other
two most frequent haplotypes in Cabo Verde, A*6901-B*150101-
DRB1*130201 (2.4%) and A*030101-B*5802-DRB1*030101 (2.3%), were
also absent in Guiné-Bissau. Partial haplotype A*6901-B*150101 was not
found in other sub-Saharan and is more prevalent in Northwestern (3.2%)
than Southeastern (1.6%) Cabo Verde islands. A*030101-B*5802 is
exclusive to Northwestern islands (5.6%) and despite it was not being found
in Guiné-Bissau is present in Kenyans, Zulus, and Cameroon’s (Ellis et al.,

2000; Cao et al., 2004).
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From the haplotypes present at plus than 1% in the Cabo Verde islands
only two (A*2301-B*5801-DRB1*090102, A*6901-B*150101-
DRB1*130201) were present on both islands (Table 36). These two
haplotypes are absent in Guiné-Bissau and more prevalent in Northwestern
than Southeastern Cabo Verde islands. Only Southeastern islands present
haplotypes common to the most frequent found in Guiné-Bissau (A*2301-
B*5301-DRB1*090102 and A*7401-B*5301-DRB1*1304).

More than nine percent (9.3%) of all three-loci haplotypes found in Cabo
Verde are common to Portugal (Spinola et al., 2005) and only 2.2% are
common to Guiné-Bissau. No haplotypes common to Guiné-Bissau and

Portugal were found (data not shown).

6.4.4. Phylogenetic analyses
Phylogenetic trees constructed with HLA-A, -B, and —DRB1 (Figure 13) or
just with class | (HLA-A and —B) allele frequencies (Figure 14), show a close

relationship between Guiné-Bissau and Cabo Verde which appear clustered

with other sub-Saharan populations. A principal coordinate analysis (Figure

15) is consistent with the dendrograms but shows also that Northwestern
Cabo Verde islands are not so distance to North Africans and Europeans than

Southeastern islands.
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Figure 13. Neighbor-joining (NJ) dendrograms showing the comparative position of
Cabo Verde and Guiné-Bissau populations with other populations typed with similar
resolution. Standard genetic distances among populations were calculated using HLA-A, -B
and —DRB1 allele frequencies with Cabo Verde Northwestern (CVNW) and Cabo Verde
Southeastern (CVSE). Numbers above branches are node support after the bootstrap

technique implemented in PHYLIP package program BOOT. For references of the populations

used see data analysis.
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Figure 14. Neighbor-joining (NJ) dendrograms showing the comparative position of
Cabo Verde and Guiné-Bissau populations with other populations typed with similar
resolution. Standard genetic distances among populations were calculated using HLA-A and
—B allele frequencies. Numbers above branches are node support after the bootstrap

technique implemented in PHYLIP package program BOOT. For references of the populations

used see data analysis.
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Figure 15. Principal coordinates analysis using HLA-A, and -B allele frequencies.

CV(NW)- Cabo Verde Northwestern; CV(SE)- Cabo Verde Southeastern.

6.5. Discussion

Guiné-Bissau was strongly influenced by different historic and pre-
historic events that bring together people from different origins in Africa. In
different times during several thousands of years this area on the West
Coast of Africa received people from North Africa, Sahara and East Africa.
The coast of Guinea, known as Senegambia, was the origin of most slave
trade in the 15"-16" centuries in which Portugal was involved. African
people were captured from the coast of Guinea and taken to Cabo Verde
islands, which served as a central outpost in the slave trade to Europe and

America continents (Russell-Wood, 1998). Cabo Verde archipelago, after its
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discovery by Portuguese in 15™ century, was populated with slaves from the
West Coast of Africa and some Caucasian, mostly from Iberia.

The present work describes for the first time HLA-A, -B, and —DRB1 high
resolution allele and haplotype frequencies in Guiné-Bissau and Cabo Verde
populations.  This high resolution throughput shows that several HLA
generic groups identified before in Cabo Verde (Spinola et al., 2002) were in
fact constituted by a variety of alleles (Tables 33-35). This additional
information is highly relevant for a detailed HLA structure characterization.
Unfortunately, few African populations have been well characterized to HLA
allele level, a situation that renders difficult the comparison of the available
data sets.

Guiné-Bissau and Cabo Verde position in dendrograms (Figure 13 and
14) reflects clearly their sub-Saharan origin. However, Principal Coordinates
Analysis (Figure 15) shows that these two populations are not so distant to
North Africans as other sub-Saharans. In Guiné-Bissau, this situation could
result from ancient genetic contacts with other peoples, namely North
Africans before Sahara desertification and East Africa Arabs through the
Sahel Corridor (Ellis et al., 2000). More recent influences such as admixture
with Berbers due to Muslim pressure in Northwestern Africa in the 9™
century (Moreira, 1964) are possible. A previous mtDNA study in Guiné-
Bissau samples showed 6% of its haplogroups characteristic of North Africa,
East Africa, Arabia, Middle East and even Europe (Rosa et al., 2004).

The observed similarity between Guiné-Bissau and Cabo Verde is
consistent with the well documented origin of the archipelago first settlers.

Despite the prevalent sub-Saharan influence in Cabo Verde, we found many
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more haplotypes common to Portugal (9.3%) than to Guiné-Bissau (2.2%)
denoting a Caucasian contribution to the Cabo Verde settlement.

Principal Coordinate Analysis (Figure 15) shows that the Northwestern
group of islands is more similar to Caucasians than Southeastern Cabo
Verde islands, in agreement with previous studies based on STR’s and Y-
Chromosome typings (Fernandes et al., 2003; Gongalves et al., 2003). In
fact, these two groups have significant different HLA allele frequencies and
each one shows a specific haplotype profile (Table 36). Southeastern islands
have also more common haplotypes to Guiné-Bissau (3%) and Portugal
(10%) than Northwestern islands do (1% common to Guiné-Bissau and 7%
to Portugal). This reduced number of common haplotypes to Guiné-Bissau
could mean that Cabo Verde sub-Saharan settlers do not belong to a single
and homogeneous group. The lower number of common haplotypes to
Guiné-Bissau and Portugal in Northwestern islands is most probably the
result of a founder effect, as these islands where populated later from
slaves that fled from the Southeastern group (Goncalves et al., 2003).
Further studies on West African coast populations should clarify the origin of

sub-Saharan settlers in Cabo Verde islands.
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Capitulo 7

7. HLA genes in Madeira island (Portugal) inferred from sequence-

based typing: footprints from different origins.

Hélder Spinola, Jacome Bruges-Armas, Marian Gantes Mora, Derek

Middleton, Anténio Brehm.

In press Molecular Immunology

7.1. Abstract

HLA-A, -B, and —DRB1 polymorphisms were examined in Madeira island
populations. The data was obtained at high-resolution level, using sequence
based typing. The most frequent alleles at each loci were: A*020101 (24.6%),
B*5101 (9.7%), B*440201 (9.2%), and DRB1*070101 (15.7%). The
predominant three loci haplotypes in Madeira were A*020101-B*510101-
DRB1*130101 (2.7%) and A*010101-B*0801-DRB1*030101 (2.4%),
previously found in North and Centre Portugal.

The present study corroborates historical sources and other genetic studies

that say Madeira were populated not only by Europeans, mostly Portuguese, but
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also sub-Saharan Africans due to slave trade. Comparison with other
populations shows that Madeira experienced a stronger African influence due to
slave trade, than Portugal mainland and even the Azores archipelago. Despite
this African genetic input, haplotype and allele frequencies were predominantly

from European origin, mostly common to mainland Portugal.

7.2. Introduction

The Human Leukocyte Antigen (HLA) is one of the most polymorphic genetic
systems in humans and consists of a closely linked set of genes. HLA genes are
highly important for medical purposes (namely transplantation, autoimmune
diseases and allergies), anthropological and forensic fields (Riley and Olerup,
1992; Boehncke et al., 1998; Gibert et al., 2003).

Madeira island (Portugal), located in the North Atlantic Ocean, was
uninhabited when the settlement process began by the Portuguese in the 15™
century. Settlers were mainly Portuguese but, when the Cabo Verde islands
were discovered (1462) and begun to be an outpost for sub-Saharan African
slave trade, Madeira was one of the destinies for these African peoples. Most
sub-Saharan slaves brought to Madeira were from Northwestern African coast
(Carreira 1983; Russell-Wood 1998) and later were also introduced from
Angola. In the middle of 16" century African slaves constituted already 10% of
the Madeira population and eventually become completely integrated into the
society.

Some studies have been done in order to characterize the Madeirean
population genetic profile (Fernandes et al. 2001, Brehm et al. 2003) but only

one used HLA generic class | and class Il typing (Spinola et al.2002). These
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studies showed that, besides the greater influence of Caucasians in the Madeira
settlement, sub-Saharans left an important genetic imprint on the population.

With recent developments in DNA typing, HLA can be studied at a high
resolution level, for example by sequencing. This high resolution throughput
allows an additional amount of information with greater relevance to a more
specific HLA characterization, important in population’s comparisons and
disease studies (Ayed et al. 2004). Previous HLA generic typing revealed that
the Madeirean population has an admixture of Caucasoid and to a lesser degree,
sub-Saharan alleles and haplotype frequencies (Spinola et al. 2002).

The main goal of this work is to present a clear genetic profile of Madeireans
based on high resolution typing of HLA-A, -B, and —DRB1 loci and contribute to
clarify the origin of Madeira population and especially its sub-Saharan

component previous reported (Spinola et al. 2002).

7.3. Materials and methods

7.3.1. Population samples and HLA typing

The sample population consisted of 185 healthy unrelated males whose
parents and grandfathers were born and living in Madeira island. Genomic DNA
was isolated from blood using a phenolchloroform procedure and all subjects
were sequence based typed for HLA-A, HLA-B, accordingly to Kurz et al. (1999)
and Pozzi et al. (1999), and HLA-DRB1 with specific primers used in SSOP
typing (Williams et al. 2004), as previously described (Spinola et al. 2005a). We
choose to study only one class Il HLA loci, the HLA-DRB1, since this one is
highly polymorphic in opposition to others class Il (e.g. HLA-DQA1, HLA-DQB1)

that are much more conserved.
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7.3.2. Data analysis

Basic genetic parameters at the three loci were estimated with Arlequin
v2.000 (Schneider et al. 2000). Comparative analysis of the Madeira island data
set with other populations available in the literature was achieved using the

software included in the PHYLIP v.3.6 package (Felsenstein, 2004).

7.4. Results

Table 43 shows the allele frequencies of HLA-A, HLA-B and HLA-DRB1 loci in
the Madeira population. A total of 33 HLA-A, 42 HLA-B and 37 HLA-DRB1 alleles
were found. The population was in Hardy-Weinberg equilibrium for each studied
locus, except HLA-DRB1. The heterozygosity was high for all examined loci
(HLA-A: 0.90; HLA-B: 0.95; HLA-DRB1: 0.92).

The exact test of population differentiation performed by Arlequin shows non
significant results between the Madeira population and mainland Portugal

(Spinola et al. 2005a).

7.4.1. Allele frequencies

The most frequent HLA-A alleles found in Madeira island were A*020101
(24.6%) and A*240201 (13%). Five HLA-A alleles considered of African-specific
(A*0102, A*0202, A*3402, A*3601, and A*7403) (Caoet al. 2004) were found
albeit in small frequencies. HLA-B locus present the alleles B*5101 (9.7%) and
B*440201 (9.2%) as the most frequents in Madeira. Four HLA-B alleles
considered of sub-Saharan origin (B*1503, B*1516, B*5703, and B*5802) (Cao
et al. 2004) were found in Madeira. Alleles DRB1*070101(15.7%),
DRB1*030101 (12.2%) and DRB1*130101 (12.7%) were the most frequent at

HLA-DRB1 locus.
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HLA-A Frequency HLA-B Frequency HLA-DRB1 Frequency
A*010101 0.059 B*070201 0.049 DRB1*0101 0.035
A*0102 0.008 B*0801 0.078 DRB1*010201 0.046
A*020101 0.246 B*1302 0.005 DRB1*0103 0.008
A*020104 0.003 B*1401 0.027 DRB1*030101 0.122
A*0202 0.008 B*1402 0.049 DRB1*040101 0.024
A*0205 0.022 B*150101 0.035 DRB1*0402 0.016
A*0208 0.005 B*1503 0.022 DRB1*040301 0.005
A*030101 0.070 B*1516 0.003 DRB1*0404 0.014
A*0302 0.003 B*1518 0.003 DRB1*040501 0.024
A*110101 0.059 B*180101 0.062 DRB1*0406 0.003
A*2301 0.062 B*2702 0.005 DRB1*040701 0.008
A*240201 0.130 B*2705 0.011 DRB1*0408 0.003
A*240301 0.011 B*2707 0.003 DRB1*070101 0.157
A*2405 0.003 B*350101 0.038 DRB1*080101 0.030
A*2426 0.003 B*3502 0.030 DRB1*080302 0.003
A*2501 0.005 B*3503 0.019 DRB1*080401 0.005
A*2502 0.003 B*3508 0.011 DRB1*0806 0.003
A*2601 0.035 B*3534 0.005 DRB1*090102 0.011
A*290101 0.003 B*3701 0.005 DRB1*1001 0.008
A*2902 0.062 B*3801 0.038 DRB1*110101 0.046
A*3001 0.003 B*3901 0.014 DRB1*1102 0.008
A*3002 0.014 B*3924 0.005 DRB1*1103 0.011
A*310102 0.022 B*4001 0.022 DRB1*110401 0.055
A*3108 0.003 B*4002 0.027 DRB1*1110 0.003
A*3201 0.049 B*4019 0.003 DRB1*1111 0.003
A*3301 0.030 B*4101 0.003 DRB1*120101 0.011
A*3402 0.003 B*4102 0.008 DRB1*130101 0.127
A*3601 0.003 B*440201 0.092 DRB1*130201 0.046
A*6601 0.011 B*440301 0.054 DRB1*130302 0.016
A*680101 0.032 B*440302 0.003 DRB1*1304 0.003
A*680102 0.019 B*4404 0.003 DRB1*1305 0.003
A*6802 0.008 B*4501 0.016 DRB1*1309 0.003
A*7403 0.003 B*4901 0.059 DRB1*1310 0.005

B*5001 0.032 DRB1*140101 0.019

B*5002 0.008 DRB1*150101 0.089

B*510101 0.097 DRB1*150201 0.005

B*520101 0.005 DRB1*160101 0.022

B*5301 0.011

B*570101 0.016

B*570301 0.005

B*5801 0.016

B*5802 0.003

Table 43. HLA-A, -B and -DRB1 allele frequencies in Madeira island population.
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7.4.2. Haplotype frequencies

The most representative 3-loci and 2-loci haplotypes are listed in Tables
44-47. A*020101-B*510101-DRB1*130101 (2.7%) was the most frequent
3-loci haplotype in Madeira island, found before in North Portugal (1.1%).
The second most frequent was A*010101-B*0801-DRB1*030101 (2.4%),
considered Pan-European of Celtic origin (Arnaiz-Villena et al. 2001a), an
haplotype also present in North (2.2%) and Centre (3%) Portugal (Spinola
et al. 2005a). Most of the frequent 3-loci haplotypes found in Madeira island
are common to mainland Portugal and none of these were found in Guiné-

Bissau or Cabo Verde islands (Spinola et al. 2005b).

Haplotypes Frequency Possible origin
A*010101-B*0801-DRB1*030101 0.024 a) European
A*020101-B*0801-DRB1*030101 0.023 ?
A*020101-B*180101-DRB1*110401 0.016 a) Mediterranean
A*020101-B*440201-DRB1*040101 0.011 b) ?
A*020101-B*440201-DRB1*130101 0.016 b) ?
A*020101-B*510101-DRB1*130101 0.027 a) Ibero-Berber
A*030101-B*070201-DRB1*150101 0.014 North African/Western European
A*240201-B*1401-DRB1*070101 0.016 ?
A*240201-B*3502-DRB1*030101 0.014 a)b) ?
A*2902-B*440301-DRB1*070101 0.019 a) Western European
A*3301-B*1402-DRB1*010201 0.014 a) Western European

a) Present in mainland Portugal; b) Present in Azores Islands.

Table 44. Most common ¢ 0.01) HLA-A, -B, -DRB1 three-loci haplotypes in Madeira
island population as estimated by maximum likelihood. Possible origin accordingly to

Sanchez-Velasco et al. (2003).
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Haplotypes Frequency s.d. D D’ P
A*020101-B*0801 0.019 0.007 0.00001 0.0003
A*020101-B*510101 0.069 0.012 0.045 1 *x
A*030101-B*070201 0.022 0.008 0.018 0.406 *x
A*110101-B*350101 0.019 0.008 0.017 0.372 Fx
A*2301-B*180101 0.012 0.007 0.008 0.183 *
A*240201-B*1401 0.016 0.007 0.013 0.284 okl
A*240201-B*15010101 0.016 0.008 0.011 0.247 *x
A*240201-B*3502 0.016 0.006 0.012 0.275 *x
A*2601-B*3801 0.014 0.006 0.012 0.272 *x
A*2902-B*1503 0.011 0.005 0.009 0.211 *x
A*2902-B*440301 0.032 0.01 0.029 0.647 *x
A*3201-B*4002 0.016 0.007 0.015 0.332 Fx
A*3301-B*1402 0.024 0.008 0.023 0.51 *x

Table 45. Most common HLA-A, -B two-loci haplotypes in the Madeira island population
as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.

Haplotypes Frequency s.d. D D’ P
A*010101-DRB1*030101 0.018 0.008 0.011 0.535
A*010101-DRB1*130101 0.018 0.008 0.01 0.5 *
A*020101-DRB1*0101 0.019 0.008 0.01 0.502 *
A*020101-DRB1*110401 0.029 0.009 0.015 0.753 *
A*020101-DRB1*130101 0.052 0.015 0.021 1 *
A*240201-DRB1*070101 0.037 0.012 0.016 0.788 *
A*2902-DRB1*070101 0.021 0.008 0.011 0.558 *
A*3201-DRB1*130201 0.014 0.006 0.011 0.548 *x
A*3201-DRB1*150101 0.014 0.007 0.007 0.354 *
A*3301-DRB1*010201 0.014 0.007 0.012 0.59 **

Table 46. Most common HLA-A, -DRB1 two-loci haplotypes in the Madeira island
population as estimated by maximum likelihood (only frequencies above 0.01 with statistical

significance linkage disequilibrium are shown). *P<0.05, ** P<0.001.
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Haplotypes Frequency s.d. D D’ P
B*070201-DRB1*150101 0.019 0.008 0.015 0.229 **
B*0801-DRB1*030101 0.073 0.014 0.063 1 okl
B*1401-DRB1*070101 0.023 0.008 0.019 0.3 *x
B*1402-DRB1*010201 0.03 0.01 0.027 0.431 il
B*180101-DRB1*110401 0.019 0.007 0.015 0.24 *x
B*180101-DRB1*150101 0.016 0.007 0.01 0.163 *
B*350101-DRB1*0101 0.011 0.006 0.009 0.149 *x
B*3502-DRB1*030101 0.015 0.006 0.012 0.185 Fx
B*3801-DRB1*130101 0.022 0.008 0.017 0.265 **
B*4002-DRB1*130101 0.011 0.007 0.007 0.113 *
B*440201-DRB1*040101 0.011 0.006 0.009 0.136 *x
B*440201-DRB1*130101 0.026 0.008 0.015 0.231 *
B*440301-DRB1*070101 0.027 0.01 0.018 0.29 okl
B*4901-DRB1*040501 0.011 0.006 0.009 0.148 *x
B*4901-DRB1*080101 0.011 0.006 0.009 0.142 *x
B*4901-DRB1*130201 0.011 0.006 0.008 0.128 *
B*5001-DRB1*070101 0.019 0.007 0.0139 0.219 *x
B*510101-DRB1*080101 0.011 0.006 0.008 0.124 *
B*510101-DRB1*130101 0.029 0.01 0.017 0.263 *
B*570101-DRB1*070101 0.011 0.005 0.008 0.131 **

Table 47. Most common HLA-B, -DRB1 two-loci haplotypes in the Madeira island population
as estimated by maximum likelihood (only frequencies above 0.01 with statistical significance

linkage disequilibrium are shown). *P<0.05, ** P<0.001.

7.5. Discussion

The present study describes for the first time HLA-A, HLA-B, and HLA-
DRB1 high resolution allele and haplotype frequencies in Madeira island.
This high resolution throughput shows that several HLA generic groups,
typed before by a medium resolution technique (Spinola et al. 2002), were
in fact composed of a high variety of alleles (Table 43). This additional and
much more complete information is highly relevant for a detailed HLA
structure characterization. Comparing our HLA data with other populations
(Middleton et al., 2004, Spinola et al. 2005a, Spinola et al. 2005b, Spinola

et al. 2005c) reveals that Madeira population have an intermediate position
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between European and African populations which should be expected under
an hypothesis of a mixed origin of its settlers (Figures 16-18). This analysis
shows also that Madeira experienced a stronger sub-Saharan influence, due
to slave trade, than mainland Portugal and even the Azores islands. These
results are corroborated by the finding in Madeira population of several sub-
Saharan African specific alleles, albeit in low frequencies (e.g. B*1503,
B*1516, B*5703, B*5802, A*0102, A*0202, A*3402, A*3601, and
A*7403).

Looking at the haplotype content prevailing in Madeira island we do not
find at the 3-loci level common characteristics with the already typed sub-
Saharan populations. The haplotype structure clearly prints to a mostly
European background, mostly of Portuguese origin but also reflecting other

Caucasian affinities.
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Figure 16. Neighbor-joining (NJ) dendrograms showing the comparative position of

Madeira population with other populations typed with similar resolution. Standard genetic

distances among populations were calculated using HLA-A, -B and —DRBL1 allele frequencies.

Numbers above branches are node support after the bootstrap technique implemented in

PHYLIP package program BOOT. For references of the populations used see data analysis.
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Figure 17. Neighbor-joining (NJ) dendrograms showing the comparative position of
Madeira population with other populations typed with similar resolution. Standard genetic
distances among populations were calculated using HLA-A and —B allele frequencies.
Numbers above branches are node support after the bootstrap technique implemented in

PHYLIP package program BOOT. For references of the populations used see data analysis.
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Figure 18. Principal coordinates analysis using HLA-A, -B, and —DRB1 allele frequencies.
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Capitulo 8

8. Discrepancies on HLA typing by SSOP and SBT techniques: a case

study.

Hélder Spinola, Jacome Bruges-Armas, Antdnio Brehm.

(Submitted)

8.1 Abstract

Six hundreds and twenty one samples from Portugal, Cabo Verde
archipelago and Guiné-Bissau were SSOP and SBT typed for HLA-A, -B, and —
DRB1 in order to characterize and compare results discrepancies between these
two methods. Fifty seven alleles (4.6% of all 1242 chromosomes typed)
identified by SSOP were not concordant with SBT results. Thirty five (2.8% of
total chromosome typed) SSOP miss typing results were discrepancies inside
the same allele group and 22 others (1.77% of total chromosome typed) were
relative to non concordant results between different groups. SSOP allele miss

typing is the result of interpretation difficulties due to less intense, absent or

171



dubious hybridization patterns. SSOP method procedures are highly exigent on

human resources experience and high precision equipment.

8.2 Introduction

The Human Leukocyte Antigen (HLA) is one of the most polymorphic genetic
systems in humans and consists of a closely linked set of genes. HLA genes are
highly important for medical purposes (namely transplantation, autoimmune
diseases and allergies), anthropological and forensic fields (Boehncke et al.,
1998; Riley & Olerup, 1992).

HLA typing has experienced a rapid evolution since DNA techniques
appeared twenty years ago, especially due to the introduction of the Polymerase
Chain Reaction (PCR) method (Mullis e Faloona, 1987). Nowadays, SSP
(Sequence Specific Priming) (Bunce et al., 1995), SSOP (Sequence Specific
Oligonucleotide Probes) (Middleton, 2000) and SBT (Sequence Based Typing)
(Kurz et al., 1999) are the most generalized HLA typing techniques allowing a
high resolution throughput. The accuracy of these typing techniques is of much
importance since organ and tissue transplantation rejection, particularly bone
marrow, depends on it. HLA matching for transplantation if not correctly
assigned could be responsible for graft failures (Cicciarelli, 2004). Several
comparative studies between serology and DNA techniques have been done in
the past years showing big discrepancies that lead to the conclusion that DNA
techniques are much more reliable than serology (Mytilineos et al., 1990;
Mickelson et al., 1993; Donadi et al., 2000; Ferraz et al., 2002; Borelli et al.,
2004). However, DNA typing techniques are not free of errors since they
depend on sensible procedures with specific temperatures, good DNA quality,

adequate reagents and also a correct results interpretation. Despite the
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importance of the reliability of different HLA DNA typing methods, few
comparative studies have been performed between these techniques (Smith et
al., 1997).

In the present study we compared SSOP and SBT typing results in Portugal,
Cabo Verde and Guiné-Bissau populations in order to identify and characterize

discrepancies between them.

8.3 Materials and methods

The sample population consisted of 621 healthy unrelated males from
different origins (Portugal mainland n=145, Madeira island n=185, Azores
archipelago n=102, Cabo Verde archipelago n=124, and Guiné-Bissau n=65).
Genomic DNA was isolated from blood using a phenol-chloroform procedure and
all subjects were high resolution sequence based typed for HLA-A, HLA-B,
accordingly to Kurz et al. (1999) and Pozzi et al. (1999), and HLA-DRB1 with
specific primers used in SSOP typing (Williams et al., 2004), as previously
described (Spinola et al., 2005a). The same samples were also DNA-typed for
HLA Class I (A and B) and Class Il (DRB1) by a medium resolution PCR-SSOP
method as previously described (Middleton, 2000). Results obtained in both

methods were compared for discrepancies.

8.4 Results and discussion

The allele typing results of 621 samples detected some discrepant results
between SSOP and SBT results (Tables 48 and 49). Fifty seven alleles identified
by SSOP were not concordant with SBT results, which mean 4.6% of all 1242
chromosomes typed. These 57 miss typing results had a different distribution

along the 3 loci studied, with 16 cases for HLA-A, 39 for HLA-B, and only 2 for
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HLA-DRB1. Thirty five (2.8% of total chromosome typed) SSOP missed typing
results were discrepancies inside the same allele group and 22 (1.77% of total
chromosome typed) were in different groups. Seven of all non concordant
results revealed false homozygous samples, all of them in HLA-B locus and
showing, by SBT, another allele belonging to a different group of the already
identified by SSOP. The incongruence found between SSOP and SBT in this
study is the result of the high sensibility of the former (SSOP) technique. These
57 (4.6%) cases of miss HLA allele typing by SSOP, assuming that SBT
characterization is the one that is correct, is the result of interpretation
difficulties due to less intense, absent or dubious hybridization patterns. These
problematic hybridization patterns could be explained with poor quality and
guantity DNA amplification and the occurrence of some variations on the high
sensitive specific temperatures that probe hybridization needs on SSOP method.
The washing membrane process is also another sensitive step that, if not
completely achieved, could left behind some “background” that makes difficult
the correct interpretation of the hybridization pattern. Otherwise, SSOP is only
covering certain nucleotide bases whereas SBT covers the all nucleotide
sequence and, in addition, the computer program to analyse de SSOP results
would not take account of as many alleles as the SBT analysis program.

SSOP method procedures are highly exigent on human resources experience
and high precision equipment. For laboratory and researchers that are give first
steps on HLA typing field, SSOP will not be a recommended technique since it
will need a high time and equipment investment until achieve a satisfactory
quality level. On other way, SBT relay on most automated steps that are very

easy to implement and are not sensible to technique and interpretation errors.
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HLA discrepancies between SSOP and SBT typing

SSOP typing SBT typing Number of discrepancies
A*23 A*2901 2
A*030102 A*030101 8
A*3203 A*0101 1
A*0226 A*0201 5
B*3520/28 B*3502 2
B*15 B*4002 1
B*40 B*5001 1
B*3520 B*3503 1
- B*3508 2
B*5107 B*5101 10
B*0804/05 B*0801 3
B*3520/28 B*3508 1
- B*1401 1
B*5107 B*5201 1
- B*5101 2
B*40 B*4403 1
B*40 B*4402 1
B*2708 B*2705/13 1
- B*1402 1
B*50 B*49 1
B*23 B*0301 1
B*35 B*5301 1
B*40 B*5001 2
B*3520 B*3501 2
B*3520 B*3534 2
- B*3502 1
DRB1*07 DRB1*1301 1
DRB1*11 DRB1*1301 1
Total 57

Table 48. Descrepancies between SSOP and SBT HLA-A, -B, and —DRBL1 typing in 1242

chromosomes (621 samples) from Portugal, Cabo Verde and Guiné-Bissau.

HLA-A HLA-B HLA-DRB1 Total

Ne % Ne % Ne % Ne %
No 1226 | 98,706 | 1203 | 96.9% | 1240 | 99.84% | 1186 | 9°-5%
discrepancy
Discrepancy 16 1.29% | 39 3.14% 2 0.16% 57 4.6%
Discrepancy in 2.8%
the same 13 1.05% | 22 1.77% 0 0 35
allele group
D_|screpancy|n 1.77%
different allele | 3 0.24% | 17 1.37% 2 0.16% 22
groups
False 0 0 7 — 0 0 7 —
homozygous

Table 49. Comparisons between SBT and SSOP HLA-A, -B, and —DRBL1 typing in 1242

chromosomes (621 samples) from Portugal, Cabo Verde and Guiné-Bissau.
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Capitulo 9

9. Resultados globais

9.1. Parametros gerais

Um total de 54 alelos do gene HLA-A (15,5% de todos os alelos do
locus), 78 do gene HLA-B (12,5% de todos os alelos do locus) e 55 do gene
HLA-DRB1 (14,1% de todos os alelos do locus) foram encontrados nas
populacbes em estudo. Os numeros mais baixos de alelos foram
encontrados na Guiné-Bissau e 0os mais elevados nos Acores, para cada um
dos trés loci estudados. Todas as populacdes estavam em equilibrio Hardy-
Weinberg para cada um dos loci estudados, excepto o HLA-DRB1 na
Madeira e em Cabo Verde e o HLA-B nos Acgores. A heterozigotia nas
populacdes estudas era elevada em todos os loci variando de 0,86 a 0,94 no
HLA-A, de 0,94 a 0,97 no HLA-B e de 0,89 a 0,95 no HLA-DRB1. Os valores
mais elevados de heterozigotia em todos os loci estudados foram
encontrados na populacdo de Cabo Verde e os mais baixos na da Guiné-
Bissau (Tabela 51).

As tabelas 4-6, 9-12, 20-22, 33-35 e 43 apresentam as frequéncias

alélicas dos genes HLA-A, HLA-B e HLA-DRB1 nas cinco populacdes
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estudadas (Portugal continental, Madeira, Acores, Cabo Verde e Guiné-

Bissau).
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S

%« - -

3 3 3 3 3 ol 2|2 3
2 A B o A|B | x A|B | x AlB|gxg|@| Q]| Q[A|B|rx
o [a] a) [a] Ol <| <| m o

7]
%]
%]
%]
%]

PT 0,89| 0,94 27| 43| 36 10| 15( 14 ns| ns| ns| s n

o
©
w

"

Az 0,90| 0,96( 0,94 | 33| 53| 40 10| 19| 15 ns| ns| ns| s S S S ns

M 0,90| 0,95( 0,92| 33| 42| 37 10| 17| 12 ns| s ns{s [s |s |s |s ns

CvVv 0,94 0,97] 0,95( 31| 45| 32 13| 16 13 S ns|s [s s |[s |[s |s ns

GB 0,86| 0,94( 0,89| 20| 31| 23 11| 14| 9 ns| ns| s S S S S S S

Tabela 51. Quadro resumo de parametros gerais. PT: Portugal continental; Az:
Acores; M: Madeira; CV: Cabo Verde; GB: Guiné Bissau; ns: resultado néao
significante; s: resultado significante; Alelos >80%: N° alelos que compreendem
>80% das frequéncias observadas; E-W: Teste Neutralidade (Ewens-Watterson);

L.des.: Linkage desiquilibrium; Eq. H-W: Equilibrio Hardy-Weinberg.

A caracterizacao alélica em alta resolucdo por SBT detectou alguns erros
nos resultados anteriormente obtidos em média resolucdo por SSOP. Estes
casos correspondem a 4,6% (57 casos) dos 1242 cromossomas
caracterizados em média resolugao por SSOP (tabelas 48 e 49). Estes 57
casos de caracterizacdo alélica errada distribuem-se de uma forma muito
dispar entre os trés loci estudados, com 16 casos no HLA-A, 39 no HLA-B e
apenas 2 no HLA-DRB1. Trinta e cinco casos (2,8% de todos os
cromossomas caracterizados) foram erros de caracterizagdo dentro do
mesmo grupo de alelos e 22 (1,77% de todos 0s cromossomas
caracterizados) foram erros entre grupos diferentes. Com a caracterizagao

dos alelos por SBT foram também identificados 7 casos de falsos
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homozigoéticos nos dados obtidos por SSOP, todos eles referentes ao locus
HLA-B. A técnica SBT revelou que os alelos ndo detectados nestes 7 falsos
homozigoéticos pertenciam a grupos diferentes dos respectivos alelos ja
identificados por SSOP.

Os testes de neutralidade selectiva Ewens-Watterson, Slatkin’'s e
Chakraborty’s revelaram resultados significativos nos loci HLA-A, em Cabo
Verde, HLA-B, na Madeira, e HLA-DRB1, em Cabo Verde e Guiné-Bissau,
sugerindo que nesses casos a selecgédo natural estaria a actuar.

Uma AMOVA entre as cinco populacfes estudadas mostra que apenas
0,37% da variacdo genética total encontrada pode ser atribuida a diferencas
entre elas, sendo a restante devido a diferencas intra-populacionais. O teste
de diferenciagéo realizado pelo programa Arlequin demonstrou a existéncia
de diferencas significativas entre todas as populacdes excepto entre a
Madeira e os Acores e entre a Madeira e Portugal Continental (M/Az:

P=0,89; M/P: P=0,65).

9.2. HLA-A

O alelo HLA-A*0201 foi o mais frequente deste locus nas cinco populacdes
estudadas, variando de 13,5% (Cabo Verde) a 26,1% (Portugal continental).
Os alelos que se seguem com maiores frequéncias ndo coincidem entre as
populacdes Portuguesas (Continente, Madeira e Agores) e as Africanas (Cabo
Verde e Guiné-Bissau). Os alelos A*0101, A*0301, A*1101 e A*2402
possuem frequéncias de 6 a 13% nas trés populacdes Portuguesas. Nas
populacbes Africanas o alelo A*2301 (Guiné-Bissau 15,6%; Cabo Verde
11,3%), os alelos A*3303 e A*7401 (Guiné-Bissau 7-9%) e os alelos A*2402,

A*0301 e A*3002 (Cabo Verde 7-9%) sdo os que se seguem ao mais
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predominante. O alelo A*2301 surge em Portugal continental e na Madeira
com uma frequéncia de 6% o0 que se pode explicar por uma influéncia Norte
Africana ou sub-Sahariana. Por outro lado, o alelo A*2402 tem uma
prevaléncia de 6,9% em Cabo Verde o que resulta provavelmente de
influéncia Caucasiana.

O grupo mais diverso nas populac¢des Portuguesas estudadas foi o A*02
com 4 a 5 alelos. Em Cabo Verde, apesar do grupo A*02 apresentar 4 alelos,
0 A*68 é o mais polimorfico (5 alelos). Na Guiné-Bissau nao foi encontrado
nenhum grupo com mais de 2 alelos. Alguns dos grupos polimaorficos mostram
frequéncias mais equilibradas entre alguns dos alelos presentes; é o caso do
grupo A*68 nas cinco populac¢des estudadas, do grupo A*30 na Guiné-Bissau,
Cabo Verde e Portugal continental e do grupo A*33 na Guiné-Bissau e Cabo

Verde.

9.3. HLA-B

O alelo HLA-B*5101 foi o mais frequente deste locus nas populacfes
Portuguesas estudadas, variando de 9 a 12%. Em Cabo Verde, apesar de nédo
ser o mais frequente, este alelo tem uma prevaléncia relevante (7,7%), o que
pode ser o resultado de uma influéncia Caucasiana. Em Portugal continental o
B*4403 tem a mesma prevaléncia que o B*5101 (12%). Em Cabo Verde e
Guiné-Bissau o0 alelo mais encontrado foi o B*3501 (13,2% e 14,4%
respectivamente). Alguns dos alelos que se seguem com maiores frequéncias
coincidem entre algumas das populagdes estudadas, nomeadamente o
B*180101 em Portugal continental (8,5%) e na Madeira (6,2%), o B*0801 na
Guiné-Bissau (7.7%), Cabo Verde (6,5%) e na Madeira (7.8%), o B*4402 na

Madeira (9,2%) e nos Acores (6.7%), o B*3501 em Portugal continental
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(8,2%) e nos Acores (7,4%) e o B*5301 na Guiné-Bissau (10%) e em Cabo
Verde (9,7%). Outros alelos apresentam frequéncias nesta ordem de
grandeza em apenas uma das populacdes estudadas no presente trabalho,
designadamente o B*0702 nos Acgores (7,6%), oB*1503 (10,8%), o B*5801
(7,8%), o B*4501 (6,2%) na Guiné-Bissau e o B*1402 (6,5%) em Cabo
Verde, este ultimo poderé resultar também de influéncia Europeia.

O grupo mais diverso nas popula¢gbes Portuguesas estudadas foi o B*35
com 4 a 7 alelos. O grupo B*15 é o mais polimérfico na Guiné-Bissau (3
alelos) e em Cabo Verde (7 alelos), apresentando em Portugal continental o
mesmo numero encontrado no B*35 (4 alelos) e uma diversidade relevante
nos Acores (6 alelos). Alguns dos grupos polimaorficos mostram frequéncias
mais equilibradas nalguns dos alelos presentes; é o caso dos grupos B*35,
B*40 e B*44 nas trés populagbes Portuguesas, do grupo B*15 nos Acgores,
Madeira, Guiné-Bissau e Cabo Verde, do grupo B*07 na Guiné-Bissau e em

Cabo Verde, do grupo B*14 na Madeira e do grupo B*57 em Cabo Verde.

9.4. HLA-DRB1

O alelo HLA-DRB1*0701 foi o mais frequente deste locus nas trés
populacdes Portuguesas (15-18%). Na Guiné-Bissau o alelo predominante
foi o DRB1*1304 (19,6%) e em Cabo Verde o DRB1*110101 (10,1%).
Alguns dos alelos que se seguem com maiores frequéncias coincidem entre
algumas das popula¢cbes estudadas, nomeadamente o DRB1*0301 e o
DRB1*1301 em Portugal continental (13,3% e 7,9% respectivamente), nos
Acores (8,4% e 7,6%), na Madeira (12,2% e 12,7%) e em Cabo Verde
(8,1% e 6,9%), o DRB1*1501 em Portugal continental (7,6%), nos Acores

(7,3%) e na Madeira (8,9%) e os alelos DRB1*090102, DRB1*110101 e
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DRB1*130201, este ultimo considerado protector contra a malaria (Hill et
al., 1991), na Guiné-Bissau (7,7%, 10,8% e 7,7%) e em Cabo Verde (6%,
10,1% e 8,8%). Por outro lado, os alelos DRB1*040501 e DRB1*1102
(7,7% cada) apresentam frequéncias nesta ordem de grandeza apenas na
Guiné-Bissau.

O grupo mais polimdrfico nas populacdes Portuguesas estudadas foi o
DRB1*04 com 7 a 8 alelos. O grupo DRB1*13 & o mais polimorfico na Guiné-
Bissau (4 alelos) e, em conjunto com o DRB1*04, em Cabo Verde (5 alelos
cada).

Alguns grupos polimérficos mostram frequéncias mais equilibradas entre
alguns dos alelos que os compdem; € o caso dos grupos DRB1*11 e DRB1*13
em todas as populac¢des do presente estudo, dos grupos DRB*01 e DRB1*04
em todas as populacbes excepto na Guiné-Bissau e do DRB1*15 em Cabo

Verde.

9.5. Frequéncias haplotipicas

Todos os pares de loci estudados (A-B, A-DRB1 e B-DRB1) estavam em
linkage desiquilibrium estatisticamente significativo nas cinco populacoes,
excepto o A-DRB1 em Portugal continental. As tabelas 13-19; 23-33, 36-42 e
44-47 apresentam os haplotipos mais frequentes nas populacdes estudadas.

Cada uma destas populagbes possui um haplotipo mais frequente
diferente. Portugal continental apresenta em maior frequéncia o haplotipo
A*020101-B*440301-DRB1*070101 (3,1%), os Agores o A*0201-B*5101-
DRB1*0701 (2%) e a Madeira o A*020101-B*510101-DRB1*130101 (2,7%),
trés haplotipos com alguns alelos em comum. Os haplotipos mais frequentes

encontrados na Guiné-Bissau (A*2301-B*1503-DRB1*110101 4,6%) e em
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Cabo Verde (A*3002-B*350101-DRB1*1001 2,8%) sdo constituidos por
alelos que ndo sado comuns entre si. O haplotipo mais prevalente na Madeira
surge também em Portugal continental (1,4%) e no Barlavento Cabo-
Verdiano (1,6%).

Considerando apenas os haplotipos mais frequentes (>1%), nao foi
encontrado nenhum comum as cinco populacfes estudadas. As 3 populacdes
Portuguesas (Continente, Madeira e Acores) apresentam em comum dois
destes haplotipos mais comuns: A*0101-B*0801-DRB1*0301 e A*2902-
B*4403-DRB1*0701, dois haplotipos considerados de origem Europeia.
Portugal continental apresenta mais haplotipos frequentes comuns a Madeira
(5 haplotipos) do que aos Acores (3 haplotipos). Portugal continental possui
ainda 3 haplotipos frequentes em comum com o0 Sotavento Cabo-Verdiano
mas apenas um com as ilhas Cabo-Verdianas do Barlavento. Entre a Madeira
e os Acores 3 destes haplotipos mais comuns sado coincidentes. Entre os
Acores e o Sotavento Cabo-Verdiano, assim como entre a Madeira e este
ultimo grupo de ilhas, apenas um haplotipo com frequéncia superior a 1% é
comum a ambas as populagdes. Entre as populagbes Africanas estudadas
apenas um haplotipo mais frequente é comum entre o Barlavento e o
Sotavento Cabo-Verdiano e dois entre a Guiné-Bissau e as ilhas do Sotavento.

Apesar de na Guiné-Bissau ter sido encontrada uma diversidade alélica
inferior, o nimero de haplotipos frequentes é superior ao encontrado nas

outras populacfes estudadas.

9.6. Analises filogenéticas

As arvores filogenéticas construidas a partir das frequéncias alélicas dos

genes HLA-A, HLA-B e HLA-DRB1 (figuras 5-7, 9-14, 16 e 17) colocam
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Portugal continental entre a Europa e o Norte de Africa e reflectem uma maior
proximidade do Norte e Sul de Portugal as populacdes Norte Africanas. Os
Acores associam-se, nos dendrogramas, as populacdes Asiaticas e
Amerindias. Excluindo estas ultimas e dividindo os Agores em grupo Oriental e
Central, a analise filogenética mostra comportamentos diferentes nestas duas
sub-populagdes. O grupo Oriental revela uma maior proximidade a Portugal
continental e o grupo Central a outras popula¢cdes Europeias. A Madeira tem
um comportamento semelhante a Portugal continental posicionando-se entre
as populacdes Europeias e Africanas. As analises filogenéticas da populacéo
Cabo-Verdiana mostram uma grande proximidade a Guiné -Bissau, reflectindo
a sua origem Africana. Os dendrogramas revelam ainda que Cabo Verde se
posiciona entre as populagbes sub-Saharianas e as Norte Africanas, mais
evidente nas ilhas do Barlavento.

A comparacdo das populacdes através da analise das coordenadas
principais (PCO) (figuras 8, 12, 15 e 18) € em geral consistente com o0s
resultados das analises filogenéticas. Os Acores, nesta analise, afastam-se

definitivamente das populacfes Asiaticas e Amerindias.
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Capitulo 10

10. Discussao geral

10.1. Distribuicéo dos alelos HLA em Portugal e Cabo Verde.
Influéncias do comércio de escravos.

O povoamento da Madeira, logo apds a sua descoberta, ocorreu
maioritariamente com individuos provenientes de Portugal. Em 1670 a
Madeira possuia jA um quinto da sua populacdo actual. Para além da
contribuicdo Ibérica e Norte Europeia, outros povos contribuiram para o seu
povoamento: Mouros (escravos Caucasianos provenientes da Mauritania),
escravos sub-Saharianos introduzidos directamente a partir de Cabo Verde
(a certa altura constituiam 10% da populac&o), Judeus, escravos da India e
alguns nativos das ilhas Canarias (Guanches) (Pereira, 1989).

E possivel identificar as marcas genéticas deixadas por alguns destes
povos. Dois métodos estao disponiveis para estudar composi¢cao genética de
uma populacdo e eventualmente discernir a sua estrutura actual: variagao
das frequéncias alélicas e distribuicdo haplotipica. A populacdo Madeirense
apresenta alelos raros de origem Africana (HLA-A*34, HLA-A*36 e HLA-

A*74) que a distingue de outras populacdes Portuguesas. Por outro lado,

185



3,5% dos seus haplotipos sdo de origem Africana. Informacédo obtida a
partir do DNA mitocondrial mostra também a presenca na Madeira de
haplogrupos tipicamente Africanos (L e M1), 20,4% do total, comparado
com apenas 6,5% nos Acores (Brehm et al., 2003). O mesmo se aplica a
distribuicdo de microsatélites STR (Fernandes et al., 2001). E mais dificil
identificar a influéncia Norte Africana devida ao comércio de escravos. As
trés sub-populacdes de Portugal continental mostram diferencas marcantes
entre si, que nao sdo tao visiveis a partir da comparacgao isolada das
frequéncias alélicas. Por exemplo, apesar dos alelos A*02 e B*44 serem
comuns as cinco populacdes estudadas, eles combinam com diferentes
alelos DRB1 formando haplotipos distintos entre as populacdes. A tabela 8
apresenta varios exemplos destes casos em que o0s haplotipos apesar de
frequentes sdo Unicos de cada populacdo A*02-B*44-DRB1*02, A*02-
B*44-DRB1*04, A*02-B*44-DRB1*07). A heterogeneidade das trés
populacbes de Portugal continental revela que, ao contrario do que foi
encontrado previamente (Arnaiz-Villena et al., 1997), existe uma forte base
genética em Portugal continental (e também na Madeira e Cabo Verde)
proveniente do Mediterraneo e Norte de Africa, tal como é sugerido pelas
frequéncias elevadas dos haplotipos A*33-B*14 e A*30-B*18.

A presenca Europeia em Cabo Verde, embora nunca mais de 10% da
populacéo, é perceptivel ao nivel do sistema HLA. Cabo Verde possui alelos
encontrados em frequéncias relativamente elevadas nas populacdes
Portuguesas, ao contrario do que sucede nos Mandenka ou na populagao
dos Camardes (tabelas 5 e 6, HLA-A*01, HLA-B*14, HLA-B*40 e HLA-
B*51). O mesmo sucede relativamente aos haplotipos Ibero-Mediterranicos

mais frequentes (A*29-B*44-DRB1*07 e A*01-B*08-DRB1*03) (Arnaiz-
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Villena et al., 1997) ou mesmo aos marcadores Ibéricos do Neolitico (A*30-
B*18) (Martinez-Laso et al., 1995). S6 poderemos ter a certeza de que
estes haplotipos sdo originais da Peninsula Ibérica, e ndo foram trazidos
com 0s proprios escravos, depois de uma investigacdo completa sobre as
populacbes da costa Oeste Africana ter sido executada. Em conjunto, os
haplotipos de Cabo Verde sem origem sub-Sahariana compreendem 15% do
total. A presenca destes marcadores mostram que a populacao actual Cabo-
Verdiana é atipica quando comparada com outras populagdes Africanas,
reflectindo o quanto a sua origem se deveu a mistura de um substrato

Africano com influéncia genética Europeia.

10.2. Caracterizacao dos genes HLA na populacéo Portuguesa por
sequenciacdo: na encruzilhada entre a Europa e Africa.

Portugal experimentou a influéncia de varios povos ao longo do periodo
pré-histérico e histérico. Arnaiz-Villena et al. (1999) e Gonzalez et al.
(2003) sugeriram que ha cerca de 6.000 anos atras a Peninsula Ibérica foi o
receptaculo de uma migragcao substancial de povos Berberes proveniente do
Sahara, fugindo as profundas alteracfes climaticas que comecaram a
ocorrer nessa regiao. Antes da presenca Romana na Ibéria (100 a.C.),
varios povos Europeus e Mediterranicos povoaram esta peninsula: Gregos,
Fenicios e Celtas. Ap6s a queda do Império Romano, Germanicos e Berberes
do Norte de Africa também povoaram o territorio que hoje é conhecido por
Portugal (Arnaiz-Villena et al., 1997). Depois do século XV, um numero
substancial de sub-Saharianos entraram em Portugal através do comércio

de escravos (Russell-Wood, 1998).
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O presente trabalho descreve pela primeira vez em alta resolucdo as
frequéncias alélicas dos genes HLA-A, HLA-B e HLA-DRB1 e estima os
haplotipos no Norte, Centro e Sul de Portugal continental. Esta andlise por
alta resolugdo mostra que varios grupos identificados anteriormente
(Spinola et al., 2002) nos genes HLA estudados sdo na realidade
constituidos por varios alelos (tabela 10). Esta informacdo adicional é
altamente relevante para uma caracterizacdo detalhada da estrutura dos
genes HLA. Infelizmente, poucas populagbes mundiais tém sido
convenientemente caracterizadas até ao nivel alélico, situacdo que torna
dificil uma analise comparativa da informacgéo obtida neste trabalho.

A posicdo de Portugal entre a Europa e o Norte de Africa, revelada pelas
arvores filogenéticas e analise das coordenadas principais iguras 5-8) é
corroborada pela existéncia de frequéncias intermédias de determinados
alélos (e.g. HLA-A*010101, A*030101, A*2301, B*0702, B*4901, B*4501,
B*5002, DRB1*0101, DRB1*040501). Outras frequéncias alélicas mostram
valores similares as populacfes Norte Africanas (e.g. HLA-A*3301, A*6601,
B*440301, B*4901, DRB1*1102 e DRB1*110401) e Europeias (e.g. HLA-
A*020101, A*110101, A*2601, A*2902, A*3101, A* 3201, B*1402,
B*1501, B*2705, B*3503, B*5802, DRB1*130101, DRB1*040101 e
DRB1*130201). Vérias frequéncias alélicas e haplotipicas revelam uma
distribuicdo heterogénea ao longo do territério Portugués, reflectindo
provavelmente diferentes influéncias genéticas. Por exemplo, o haplotipo
A*010101-B0801-DR030101, considerado de origem Celta (Muro et al.,
2001),e0 A*020101-B*440301-DRB1*070101, do Norte e Oeste Europeu
(Sanchez-Velasco et al., 2003), esta apenas presente no Centro e Norte de

Portugal revelando uma possivel influéncia Celta e dos povos Barbaros. De
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forma coerente com a presenca destes dois haplotipos, o HLA-B*0801 e o
HLA-A*020101 possuem um gradiente decrescente das frequéncias alélicas
de Norte para Sul em Portugal (Figuras 19 e 20).

O haplotipo Mediterranico A*3301-B*1402-DRB1*010201 (Goméz-
Casado et al., 2000) aparece exclusivamente no Norte de Portugal (4.3%),
apesar de aparecer no Sul (1%) associado ao B*140101, em concordancia
com Arnaiz-Villena e colegas (1997) que ndo encontraram este haplotipo
numa populacdo do Centro de Portugal. O alelo B*1402 apresenta um claro
gradiente decrescente entre o Norte e o Sul, mas o B*140101 esta apenas

presente no Sul (2%) (Figuras 21 e 22).
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Figura 19- Distribuicdo geografica das frequéncias do alelo A*0201 (A) ou do grupo A*02 (B)

no continente Europeu e Africano. 1- Suécia (A*02: 28,8%); 2- Escécia ( A*02: 31%) e Pais de
Gales (A*02: 30,2%); 3 Irlanda do Norte (A*0201: 26,5%); 4 Alemanha (A*02: 28,2%); 5
Bélgica (A*0201: 26,6%); 6- Franca Sudeste (A*0201: 20,4%); 7- Portugal continental (A*0201:
NP 29%, CP 26%, SP 23,5%); 8 Espanha Norte Cabuerniga (A*02: 20,5%); 9- Espanha Norte
Catanbrian (A*02: 27,1%); 10- Espanha Bascos Arratia (A*02: 16%); 11- Acores (A*0201: grupo
Central 25,9%, grupo Oriental 25,6%); 12- Madeira (A*0201: 24,9%); 13- Cabo Verde (A*0201:
Barlavento 14,9%, Sotavento 12,1%); 14- Marrocos (A*0201: 17,6%); 15- Espanha

(A*02: 23%); 16- Algéria (A*02: 21,5%); 17- Italia (A*02: 25,4%); 18- Tunisia (A*0201:
19- Italia Norte (A*0201: 28,9%); 20- Croacia (A*0201: 26,3%); 21- Roménia (A*0201:

22- Macedoénia (A*02: 25,6%); 23-
25- Turquia (A*0201: 25,7%); 26-
Palestina (A*02: 20,3%); 29- Oman
Mali (A*0201: 8,3%); 32- Camardes

Grécia (A*02: 22,15%); 24- Grécia Norte (A*0201:

Murcia
17%);
25%);
27%);

Bulgaria (A*0201: 30%); 27- Israel (A*02: 24,7%); 28-
(A*0201: 21,6%); 30- Guiné-Bissau (A*0201: 16,7%); 31-
(A*0201: 7,1%); 33- Uganda (A*0201: 18,5%); 34- Kenia
(A*0201: 11,5%); 35- Zambia (A*0201: 12,8%); 36- Zulu Africa do Sul (A*0201: 2,5%); 37-

Republica Checa (A*0201: 30,8%). (Ver referéncias em material e métodos).
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Figura 20- Distribuicdo geografica das frequéncias do alelo B*0801 no continente
Europeu e Africano. 1- Irlanda do Norte (15,7%); 2- Escécia (8,8%); 3- Bélgica (12,6%); 4-
Portugal continental (NP 6,5%, CP 4%, SP 2,04%); 5- Acores (grupo Oriental 6,4%, grupo
Central 1,8%); 6- Madeira (7,8%); 7- Cabo Verde (Barlavento 5,6%, Sotavento 7,3%); 8-
Marrocos (8,9%); 9 Franca Sudeste (9,5%); 10- Italia Bergamo (5,3%); 11- Tunisia
(4,6%); 12- Republica Checa (5,2%); 13- Croacia (1,7%); 14- Roménia (7,3%); 15-
Bulgaria (1,8%); 16- Oman (11%); 17- Mali (0,7%); 18- Guiné-Bissau (7,7%); 19-
Camardes (5,4%); 20- Uganda (6,6%); 21- Kenia (3%); 22- Zambia (3,4%); 23- Zulu Africa

do Sul (7,5%). (Ver referéncias em material e métodos).
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Figura 21- Distribuicdo geografica das frequéncias do alelo B*1402 no continente
Europeu e Africano. 1- Irlanda do Norte (3,6%); 2- Alemanha (1,4%); 3- Bélgica (1%); 4-
Portugal continental (NP 6,5%, CP 4%, SP 3,06%); 5- Acores (grupo Oriental 5,1%, grupo
Central 5,4%); 6- Madeira (4,9%); 7- Cabo Verde (Barlavento 3,2%, Sotavento 9,7%); 8-
Marrocos (3,6%); 9- Franca Sudeste (3,5%); 10- Italia (6,7%); 11- Tunisia (4,08%); 12-
Republica Checa (1,4%); 13- Croacia (2%); 14- Roménia (1,7%); 15- Bulgaria (0,9%); 16-
Oman (2,1%); 17- Mali (1,1%); 18- Guiné-Bissau (1,5%); 19- Camardes (0,5%); 20-
Uganda (3,7%); 21- Kenia (4,3%); 22- Zambia (3,4%); 23- Zulu Africa do Sul (2,5%); 24-

Macedénia (0,7%). (Ver referéncias em material e métodos).
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Figura 22- Distribuicdo geografica das frequéncias do alelo B*1401 no continente
Europeu e Africano. 1- Irlanda do Norte (2,2%); 2- Alemanha (0,3%); 3- Bélgica (0,5%); 4 -
Portugal continental (NP 0%, CP 0%, SP 2,04%); 5- Acores (grupo Oriental 1,3%, grupo
Central 1,8%); 6- Madeira (2,7%); 7- Cabo Verde (Barlavento 0%, Sotavento 0%); 8-
Marrocos (1,4%); 9 Franca Sudeste (1,2%); 10- Italia (0%); 11- Tunisia (0%); 12-
Republica Checa (0%); 13- Croacia (0,3%); 14- Roménia (0,6%); 15- Bulgaria (0%); 16-
Oman (0,4%); 17- Mali (1,1%); 18- Guiné-Bissau (0%); 19- Camardes (1,1%); 20- Uganda
(1,6%); 21- Kenia (1,1%); 22- Zambia (4,6%); 23- Zulu Africa do Sul (4%); 24- Maceddnia

(0,29%). (Ver referéncias em material e métodos).
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Os haplotipos A*020101-B*070201-DRB1*150101 Europeu e Norte
Africano), A*010101-B*5801-DRB1*070101 (Basco e Berbere) e
A*020101-B*070201-DRB1*150101 (Norte Africano e do Oeste Europeu)
foram apenas encontrados no Centro de Portugal. Por outro lado, os
haplotipos A*020101-B*510101-DRB1*130101 (1%) (lbero-Berbere),
A*020101-B*180101-DRB1*1104 (1%) (Mediterranico), A*3001-B*1302-
DRB1*070101 (1%) (Creta e Médio Oriente) e outros haplotipos autéctones
(A*2301-B*4901-DRB1*130201: 4.3%, e A*020101-B*440201-
DRB1*150101: 1%) foram apenas encontrados no Norte de Portugal. Esta
informacdo sugere que importantes marcadores genéticos do Mediterraneo
e Norte de Africa deveréo ter entrado em Portugal ndo apenas em periodos
mais recentes mas também em tempos pré-historicos. Esta influéncia
genética mais antiga tera sido forcada a migrar para Norte devido a
expansao Arabe, através do Estreito de Gibraltar, em 800 d.C. Desta forma,
a populacao do Norte de Portugal mostra caracteristicas que podem resultar
de um conjunto genético mais antigo. Esta hipotese torna-se muito mais
consistente quando se constata que o Sul de Portugal ndo apresenta
nenhuns haplotipos bem conhecidos, excepto o Ibérico e paleo-Norte
Africano A*3002-B*180101-DRB1*030101 (4%0), inexistentes no Centro e
Norte de Portugal, e o A*2902-B*440301-DRB1*070101, um antigo
haplotipo do Oeste Europeu (também presente no Norte de Africa), o qual
constitui o Unico haplotipo presente nas trés sub-populac¢des de Portugal
continental (Norte, Centro e Sul). Estes dois haplotipos podem ter sido
trazidos para o Sul de Portugal pelos novos Berberes do Norte de Africa que
chegaram com os Arabes. Para além destes, o A*020101-B*180101-

DRB1*030101 (4% no Sul e 2% no Centro), identificado anteriormente na
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Sardenha (Rendine et al., 1998) e Irdo (Farjadian et al., 2004), € o Unico
haplotipo do Sul comum ao Centro de Portugal. O A*020101-B*3502-
DRB1*110101, cujo correspondente haplotipo em baixa resolucdo foi
encontrado também na Algéria (Arnaiz-Villena et al., 1997), esta presente
no Sul de Portugal com uma frequéncia de 1%.

Vérios alelos do Sul e Centro de Portugal ndo estdo presentes no Norte
mas todos os alelos do Norte estdo presentes em pelo menos uma das
outras duas sub-populacbes. Estas diferencas nas frequéncias alélicas
Norte-Sul reforca a ideia de uma migracdo em direc¢cdo ao Norte pois sob
esta hipdtese espera-se no Norte a perda de alguns alelos e o aumento de
algumas frequéncias devido ao efeito fundador. Surpreendentemente, em
oposicao ao gradiente acima descrito, o Centro de Portugal apresenta varios
alelos com frequéncias mais baixas do que as encontradas no Sul e no
Norte (e.g. HLA-A*2301, A*2601, B*350101, B*4901, B*5001,
DRB1*0101, DRB1*0102, DRB1*0103, DRB1*040101 e DRB1*130201)
(Figuras 23-32). Este gradiente decrescente do Norte e do Sul para o
Centro de Portugal pode reflectir uma distribuicdo bipolar dos Portugueses
mais antigos (no Norte) e movimentos Berberes mais recentes (no Sul).
Nos dendrogramas, o Centro de Portugal junta-se sistematicamente com as
populacbes Europeias ao contrario do Norte e Sul de Portugal,
provavelmente devido a inexisténcia de marcadores comuns (figura 7).

A influéncia sub-Sahariana em Portugal devido ao comércio de escravos
é dificil de detectar. A maior parte das populagdes sub-Saharianas,
especialmente as da costa Ocidental Africana, ndo apresentam
caracterizacdo alélica em alta resolucdo dos genes classe | e Il do sistema

HLA, o que torna dificil a identificacdo destes marcadores em Portugal. No
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entanto, varios haplotipos dois-loci frequentes em populacfes sub-
Saharianas (Ellis et al., 2000; Middleton et al., 2003; Cao et al., 2004)
foram encontrados em Portugal (A*030101-B*4201, A*2301-B*0801,
A*2301-B*440301, A*2301-B*5801, A*3001-B*5301 e A*3002-B*1402)
demonstrando uma pequena mas visivel influéncia genética deixada pelos

sub-Saharianos.
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Figura 23- Distribuicdo geografica das frequéncias do alelo A*2301 no continente
Europeu e Africano. 1- Irlanda do Norte (1,4%); 2- Zulu Africa do Sul (10%); 3- Bélgica
(1,6%); 4- Portugal continental (NP 10,9%, CP 1%, SP 6,1%); 5- Acores (grupo Oriental
2,6%, grupo Central 7,14%); 6- Madeira (6,2%); 7 Cabo Verde (Barlavento 8,1%,
Sotavento 14,8%); 8 Marrocos (8,2%); 9- Franca Sudeste (1,2%); 10- Italia Bergamo
(1,1%); 11- Tunisia (9,5%); 12- Republica Checa (2,19%); 13- Croéacia (2,3%); 14-
Roménia (2,5%); 15- Bulgaria (5,5%); 16- Oman (1,7%); 17- Mali (23,3%); 18- Guiné-
Bissau (15,6%); 19- Camardes (18,7%); 20- Uganda (6,8%); 21- Kenia (8,9%); 22-

Zambia (8,1%). (Ver referéncias em material e métodos).
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Figura 24- Distribuicdo geografica das frequéncias do alelo A*2601 no continente
Europeu e Africano. 1- Irlanda do Norte (1,8%); 2- Zulu Africa do Sul (1%); 3- Zambia
(1,2%); 4- Portugal continental (NP 4,3%, CP 1%, SP 2%); 5 Acores (grupo Oriental
12,8%, grupo Central 4,5%); 6- Madeira (3,5%); 7 Cabo Verde (Barlavento 4,8%,
Sotavento 3,2%); 8- Marrocos (0,7%); 9- Franca Sudeste (4,3%); 10- Italia Norte (3,8%);
11- Tunisia (1%); 12- Republica Checa (3,1%); 13- Croacia (5,3%); 14- Roménia (3,8%);
15- Bulgéaria (7,3%); 16- Oman (10,2%); 17- Mali (0%); 18- Guiné-Bissau (3,1%); 19-
Camarbes (1,7%); 20- Uganda (1,5%); 21- Kenia (0,6%). (Ver referéncias em material e

métodos).
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Figura 25- Distribuicdo geografica das frequéncias do alelo B*3501 no continente
Europeu e Africano. 1- Irlanda do Norte (4,6%); 2- Zulu Africa do Sul (4%); 3- Zambia
(2,3%); 4- Portugal continental (NP 6,5%, CP 5%, SP 13,3%); 5- Acores (grupo Oriental
9%, grupo Central 7,1%); 6 - Madeira (3,8%); 7 - Cabo Verde (Barlavento 17,4%, Sotavento
8,9%); 8- Marrocos (4,3%); 9- Franca Sudeste (5%); 10- Italia Norte (13,3%); 11- Tunisia
(4,9%); 12- Republica Checa (6,1%); 13- Croacia (6,4%); 14- Roménia (10,1%); 15-
Bulgéaria (4,6%); 16- Oman (7,6%); 17- Mali (12,9%); 18- Guiné-Bissau (14,4%); 19-
Camardes (7,1%); 20- Uganda (3,7%); 21- Kenia (3,4%). (Ver referéncias em material e

métodos).

198



0 %

1%

2 %
3%
456
3 %
B %
7%
8%
9%
Sem informagdo

Ocidental
|
Central
%
S
Oriental

hl ™
Acores [E =
B
Madeira ™

Cabo Verde
2
)

Barlavento

Sotavento

o ®°

material e métodos).

Figura 26- Distribuicdo geografica das frequéncias do alelo B*4901 no continente
Europeu e Africano. 1- Irlanda do Norte (1%); 2- Zulu Africa do Sul (1%9); 3- Bélgica (1%);
4- Portugal continental (NP 8,7%, CP 1%, SP 4,1%); 5- Acores (grupo Oriental 3,8%, grupo
Central 3,6%); 6- Madeira (5,9%); 7- Cabo Verde (Barlavento 2,4%, Sotavento 4%); 8-
Marrocos (5,1%); 9- Franca Sudeste (2,7%); 10- Italia Norte (3,3%); 11- Tunisia (3,6%);
12- Republica Checa (1,9%); 13- Macedédnia (1,9%); 14- Roménia (1,6%); 15- Bulgaria
(1,8%); 16- Oman (0,4%); 17- Mali (2,5%); 18- Guiné-Bissau (3,1%); 19- Camardes
(5,4%); 20- Uganda (3,7%); 21- Kenia (0,4%); 22- Zambia (1,1%). (Ver referéncias em
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Figura 27- Distribuicdo geografica das frequéncias do alelo B*5001 no continente
Europeu e Africano. 1- Irlanda do Norte (1%); 2- Pais de Gales (0,8%); 3- Bélgica (1%); 4-
Portugal continental (NP 1,1%, CP 0%, SP 3,1%); 5- Acores (grupo Oriental 2,6%, grupo
Central 1,8%); 6- Madeira (3,2%); 7- Cabo Verde (Barlavento 0,8%, Sotavento 1,6%); 8-
Marrocos (7,3%); 9- Franca Sudeste (1,2%); 10- Italia Norte (3,3%); 11- Tunisia (11,8%);
12- Republica Checa (2,4%); 13- Croéacia (1,3%); 14- Roménia (0,7%); 15- Bulgaria
(2,7%); 16- Oman (3%); 17- Mali (1,1%); 18- Guiné-Bissau (1,5%); 19- Camardes (0,5%);
20- Uganda (0%); 21- Kenia (0,2%); 22- Zambia (0%); 23- Zulu Africa do Sul (0%); 24-

Macedénia (0,7%). (Ver referéncias em material e métodos).
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Figura 28- Distribuicdo geografica das frequéncias do alelo DRB1*0101 no continente
Europeu e Africano. 1- Poldnia (9,6%); 2- Dinamarca (13%); 3- Alemanha (10,6%); 4-
Republica Checa (7,6%); 5- Bélgica (8,6%); 6- Escocia (5,3%); 7- Irlanda do Norte (7,9%);
8- Portugal continental (NP 6,5%, CP 2%, SP 5,1%); 9- Norte de Espanha Cabuernigo
(0,4%); 10- Norte de Espanha Cantabrian (4,2%); 11- Espanha Bascos (2%); 12- Acores
(grupo Oriental 6,4%, grupo Central 8,9%); 13- Madeira (3,5%); 14- Cabo Verde
(Barlavento 8,1%, Sotavento 1,6%); 15- Guiné-Bissau (0%); 16- Senegal (1,1%); 17-
Marrocos (0%); 18- Sul de Espanha Mdrcia (7,5%); 19- Algéria (1,5%); 20- Espanha
Barcelona (5,7%); 21- Italia Norte (4,6%); 22- Tunisia (2%); 23- Eslovénia (10%); 24-
Macedonia (8,2%); 25- Bulgaria (5,5%); 26- Grécia (4,5%); 27- Turquia (4,6%); 28- Libano
(4,3); 29- Palestina (0,9%); 30- Israel (3,8%); 31- Republica Centro Africana Aka Pigmeus
(0,6%); 32- Camardes (0,4%); 33- Gabao (0,9%); 34- Congo (2,2%); 35- Franca Sudeste
(9,6%); 36- Franca Oeste (10,5%); 37- Inglaterra (10,2%). (Ver referéncias em material e

métodos).
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Figura 29- Distribuicdo geografica das frequéncias do alelo DRB1*0102 no continente
Europeu e Africano. 1- Itélia Norte (2,6%); 2- Dinamarca (0,9%); 3- Alemanha (1,4%); 4-
Republica Checa (0%); 5- Bélgica (2%); 6- Inglaterra (0,6%); 7- Irlanda do Norte (0,8%);
8- Portugal continental (NP 6,5%, CP 2%, SP 3,1%); 9- Norte de Espanha Cabuernigo
(0,5%); 10- Norte de Espanha Cantabrian (2,4%); 11- Espanha Bascos (2,7%); 12- Agores
(grupo Oriental 3,8%, grupo Central 5,4%); 13- Madeira (4,6%); 14- Cabo Verde
(Barlavento 1,6%, Sotavento 8,9%); 15- Guiné-Bissau (2,3%); 16- Senegal (2,2%); 17-
Marrocos (4%); 18- Sul de Espanha Murcia (6%); 19- Algéria (8%); 20- Espanha Barcelona
(3,7%); 21- Italia Centro (1,3%); 22- Tunisia (6,5%); 23- Eslovénia (0%); 24- Macedodnia
(1%); 25- Bulgaria (0,9%); 26- Grécia (2,5%); 27- Turquia (1,2%); 28- Libano (9,7); 29-
Palestina (4,5%); 30- Israel (8,5%); 31- Republica Centro Africana Aka Pigmeus (0%); 32-
Camardes (4,8%); 33- Gabao (1,5%); 34- Congo (4,4%); 35- Franca Sudeste (1,6%); 36-

Franca Oeste (0,5%). (Ver referéncias em material e métodos).
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Figura 30- Distribuicdo geografica das frequéncias do alelo DRB1*0103 no continente
Europeu e Africano. 1- Italia Norte (0%); 2- Dinamarca (0%); 3- Alemanha (0,3%); 4-
Republica Checa (0,5%); 5- Bélgica (0,5%); 6- Escdcia (0,1%); 7- Irlanda do Norte (3,3%);
8- Portugal continental (NP 3,3%, CP 0%, SP 3,1%); 9- Norte de Espanha Cabuernigo
(0,5%); 10- Norte de Espanha Cantabrian (1,2%); 11- Espanha Bascos (0,7%); 12- Agores
(grupo Oriental 1,3%, grupo Central 3,6%); 13- Madeira (0,8%); 14- Cabo Verde
(Barlavento 0%, Sotavento 0,8%); 15- Guiné-Bissau (0%); 16- Poldnia (1%); 17- Marrocos
(0%); 18- Sul de Espanha Murcia (1,6%); 19- Algéria (0%); 20- Espanha Barcelona (1,4%b);
21- Italia Centro (0,3%); 22- Tunisia (0%); 23- Eslovénia (0,5%); 24- Macedo6nia (0%); 25-
Bulgaria (0%0); 26- Inglaterra (2,5%); 27- Republica Centro Africana Aka Pigmeus (0%); 28-
Camardes (0%); 29- Congo (0%); 30- Israel (1,1%); 31- Franca Sudeste (0,4%); 32-

Franca Oeste (0%). (Ver referéncias em material e métodos).
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Figura 31- Distribuicdo geogréafica das frequéncias do alelo DRB1*0401 no continente
Europeu e Africano. 1- Polénia (3,5%); 2- Dinamarca (17,6%); 3- Alemanha (7,5%); 4-
Republica Checa (6,7%); 5 Bélgica (6,1%); 6 Escécia (10,3%); 7- Irlanda do Norte
(11,1%); 8 Portugal continental (NP 6,5%, CP 2%, SP 5,1%); 9 Norte de Espanha
Cabuernigo (2,1%); 10- Norte de Espanha Cantabrian (3,6%); 11- Espanha Bascos (2%);
12- Acgores (grupo Oriental 3,8%, grupo Central 4,5%); 13- Madeira (2,4%); 14- Cabo Verde
(Barlavento 2,4%, Sotavento 1,6%); 15- Guiné-Bissau (0%); 16- Italia Norte (3%); 17-
Marrocos (0%); 18- Sul de Espanha Mduarcia (3,6%); 19- Algéria (0%); 20- Espanha
Barcelona (2%); 21- Italia Centro (2%); 22- Tunisia (0%); 23- Eslovénia (6%); 24-
Macedodnia (1,3%); 25- Bulgaria (0,9%); 26- Grécia (0,8%); 27- Turquia (2%); 28- Libano
(3,8); 29- Palestina (1,2%); 30- Israel (1,9%); 31- Republica Centro Africana Aka Pigmeus
(0%); 32- Camardes (0%); 33- Congo (1,1%); 34- Inglaterra (12,4%) 35- Franca Sudeste

(5,9%); 36- Franca Oeste (6,5%). (Ver referéncias em material e métodos).
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Figura 32- Distribuicdo geografica das frequéncias do alelo DRB1*1302 no continente
Europeu e Africano. 1- Franca Oeste (3,5%); 2- Dinamarca (5,6%); 3 - Alemanha (2,6%); 4 -
Republica Checa (2,4%); 5- Bélgica (3,5%); 6- Escocia (4,3%); 7- Irlanda do Norte (3,3%);
8- Portugal continental (NP 5,4%, CP 3%, SP 5,1%); 9- Norte de Espanha Cabuernigo
(1,6%); 10- Norte de Espanha Cantabrian (1,8%); 11- Espanha Bascos (2%); 12- Acores
(grupo Oriental 12,8%, grupo Central 0,9%); 13- Madeira (4,6%); 14- Cabo Verde
(Barlavento 8,9%, Sotavento 8,1%); 15- Guiné-Bissau (7,7%); 16- Italia Norte (3,6%); 17-
Marrocos (11,1%); 18- Sul de Espanha Murcia (5,2%); 19- Algéria (4%); 20- Espanha
Barcelona (4,6%); 21- Italia Centro (2,9%); 22- Tunisia (6,5%); 23- Eslovénia (5%); 24-
Macedodnia (3,2%); 25- Bulgaria (2,7%); 26- Grécia (3,3%); 27- Turquia (5%); 28- Libano
(1,6); 29- Palestina (3,9%); 30- Israel (2,5%); 31- Republica Centro Africana Aka Pigmeus
(5,4%); 32- Camardes (4,3%); 33- Congo (9,4%); 34- Inglaterra (2,5%) 35- Franca

Sudeste (5,9%). (Ver referéncias em material e métodos).
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10.3. Polimorfismos dos genes HLA mostram diferencas no
povoamento dos grupos Central e Oriental do arquipélago dos
Acores.

O povoamento dos Acgores, iniciado em 1432, teve o contributo de varios
povos, especialmente Portugueses, Flamengos, Espanhodis, Africanos,
Judeus e Italianos (Frutuoso, 1977; Guill, 1993; Mendoncga, 1996). O papel
central dos Agores no comeércio maritimo entre a América e a Europa
durante os séculos XV e XVI foi uma das principais razbes para um
povoamento envolvendo povos de diferentes origens.

O presente estudo descreve as frequéncias alélicas e haplotipicas dos
genes HLA-A, HLA-B, HLA-Cw, HLA-DRB1, HLA-DQA1l, e HLA-DQB1 nos
Acores. Esta andlise em alta resolucdo mostra que varios grupos HLA
anteriormente caracterizados por métodos serolégicos (Bruges-Armas et al.,
1999) sédo na verdade constituidos por uma variedade de grupos e alelos
(tabelas 21 e 22). Esta informacdo adicional e completa é altamente
relevante para uma caracterizacdo da estrutura do sistema HLA.

A arvore filogenética construida com as frequéncias alélicas dos genes
HLA-A, HLA-B, e HLA-DRB1 associa os Acores aos Asiaticos e Amerindios
(figura 9), um resultado que nao estad de acordo com o obtido quando
apenas os genes classe | ou classe Il sdo utilizados separadamente na
construcédo do dendrograma. Na verdade, os dados obtidos mostram que os
Acorianos sdo mais proximos de outros Europeus do que dos Portugueses
do continente. Por outro lado, se considerarmos as frequéncias haplotipicas
dos Acores ndo encontramos um estrato comum com os haplotipos
especificos das populacbes Asidticas e Amerindias. Assim, 0S NOSSOS

resultados ndo estdo de acordo com o trabalho anterior que revela
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haplotipos Mongdis nos Acores (Bruges-Armas et al., 1999) e também néo
nos foi possivel encontrar os haplotipos mais comuns dos Amerindios
(Layrisse et al., 2001; Leffell et al., 2004). Os haplotipos em baixa
resolucéo encontrados anteriormente em elevadas frequéncias (2% cada) e
considerados de possivel origem Mongol (Bruges-Armas et al., 1999) foram
encontrados com frequéncias muito mais baixas (A*0201-B*5001-
DRB1*0701: 0.9%; A*2402-B*4402-DRB1*1102: 0.2%; A*2902-B*4901-
DRB1*0701: 0.2%). Dois destes haplotipos foram também encontrados na
Ilha da Madeira e no Sul de Portugal (Spinola et al., 2002) com frequéncias
mais elevadas do que as encontradas previamente nos Agores (Bruges-
Armas et al., 1999). As semelhancas entre os Acorianos e 0s Asiaticos,
reveladas pela analise das arvores filogenéticas, reflectem mais uma
composicdo alélica similar do que uma influéncia genética dessas
populacdes.

As frequéncias alélicas e haplotipicas encontradas nos Acores reflectem a
influéncia dos Portugueses e de outros Europeus no povoamento deste
arquipélago. Véarios haplotipos sdo comuns a Portugal continental (e.g.
A*0101-B*0801-DRB1*0301, A*0201-B*5101-DRB1*0701, A*0201-
B*1801-DRB1*1104), reflectindo a importancia dos Portugueses no
povoamento dos Acores. No entanto, varios haplotipos encontrados nos
Acores nado estao presentes em Portugal continental (e.g. A*0301-B*0702-
DRB1*1501, A*0101-B*1402-DRB1*0102, A*0201-B*0702-DRB1*0101,
A*0201-B*4402-DRB1*1301), alguns deles com uma origem claramente
Europeia. Apenas 2 dos 9 haplotipos extensos mais frequentes (>1.2%)
(tabela 24) encontrados nos Acores possuem o seu haplotipo parcial A-B-

DRB1 comum a Portugal continental. Os haplotipos que ndo sdo comuns a
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Portugal continental podem ter sido levados para os Acores pelos
Flamengos e outros Europeus envolvidos no povoamento destas ilhas
Atlanticas. A mesma concluséo foi reportada no estudo das frequéncias das
mutacdes do gene HFE no grupo Central do arquipélago dos Acores. As
frequéncias identificadas nas mutacdes C282Y ou H63D no grupo de
individuos investigados eram semelhantes as previamente reportadas nos
grupos que provavelmente povoaram os Acores (Couto et al., 2003).
Nenhum dos haplotipos A-B-DRB1 existentes na populagdo da Guiné-Bissau
foi encontrado nos Acores apesar do envolvimento destas ilhas Atlanticas no
comércio de escravos. Alelos especificos das populacdes Africanas (e.g.
A*0202, A*0225, B*1503, B*1516, B*2703, B*4202 e B*5703) (Cao etal.,
2004) foram encontrados mas a maioria em baixas frequéncias. Outro
estudo desenvolvido nas ilhas do grupo Central encontrou também o alelo
HLA-B*2703, o qual foi pela primeira vez descrito em populacdes Africanas
e mais tarde noutras popula¢cdes com mistura Africana conhecida (Couto et
al., 2004). Estes dados indicam provavelmente uma pequena influéncia
genética deixada pelos escravos sub-Saharianos o que esta de acordo com
os dados obtidos recentemente através de estudos no cromossoma Y e DNA

mitocondrial (Brehm et al., 2003; Gongalves et al., 2005).

10.3.1. Diversidade entre as ilhas Acorianas

Os alelos HLA-A, -B e -DRB1 e as frequéncias haplotipicas calculadas
com as amostras Az1 mostram uma clara heterogeneidade entre as ilhas do
grupo Central e as ilhas do grupo Oriental do arquipélago dos Acores. Um
dendrograma construido com as frequéncias alélicas separa estes dois

grupos e junta as ilhas Centrais aos Asiaticos e Amerindios (figura 10). Esta
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similaridade entre as ilhas Centrais e os Asiaticos nao devera reflectir uma
verdadeira influéncia genética entre estas popula¢cdes como ja foi referido
anteriormente. Por outro lado, as ilhas Orientais do arquipélago dos Acores
revelam uma maior afinidade nesta andlise a Portugal continental. Uma
arvore filogenética construida apenas com populacdes Europeias e Africanas
(figura 11) clarifica as diferencas entre estes dois grupos de ilhas Acorianas.
O grupo Oriental mostra novamente a sua ligacdo a Portugal continental e
Norte de Africa mas o grupo Central apresenta-se mais proximo a outros
Europeus. Estes resultados estdo de acordo com o diferente perfil de
haplotipos encontrado em cada um dos grupos de ilhas uma vez que apenas
dois dos 26 haplotipos trés-loci mais frequentes s&o comuns aos dois
grupos. Os haplotipos mais frequentes encontrados num dos grupos esta
ausente no outro (tabela 26). As ilhas do grupo Oriental apresentam varios
haplotipos frequentes que sdo comuns a Portugal continental, ao contrario
do que acontece no grupo Central que possui apenas trés desses haplotipos.
E desconhecida a origem de varios haplotipos frequentes do grupo Central
provavelmente devido a inexisténcia de uma caracterizagcdo adequada de
varias populacbes Europeias, a partir das quais podem ter sido introduzidos.
Estudos adicionais em alta resolucdo nos genes HLA em Holandeses, Belgas
e em outras populacfes da Europa central poderao clarificar a origem de
alguns destes haplotipos.

Tanto as arvores filogenéticas como a composi¢cao haplotipica apontam
claramente para um povoamento com origens diferentes nos dois grupos de
ilhas do arquipélago dos Acores. Estes dados corroboram fontes histéricas

gue referem que os Acores foram povoados ndo apenas por Portugueses,
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com maior presenca no grupo Oriental, mas também por outros Europeus,

principalmente Flamengos nas ilhas do grupo Central.

10.4. Caracterizacao do sistema HLA em Cabo Verde e Guiné-
Bissau por sequenciacao nucleotidica

A Guiné-Bissau foi fortemente influenciada por diferentes eventos
historicos e pré-historicos que reuniram povos provenientes de diferentes
origens do continente Africano. Em momentos diferentes, durante varios
milhares de anos, esta zona da costa Oeste Africana recebeu povos do
Norte de Africa, do Sahara e do Este Africano. A costa da Guiné foi a origem
da maior parte dos escravos traficados por Portugal nos séculos XV e XVI.
Estes povos Africanos eram capturados na costa da Guiné e levados para o
arquipélago de Cabo Verde, o qual servia de entreposto no trafico de
escravos para os continentes Europeu e Americano (Russell-Wood, 1998). O
arquipélago de Cabo Verde, depois da sua descoberta no século XV pelos
Portugueses, foi povoado por escravos provenientes da costa Oeste Africana
e alguns Caucasianos, principalmente provenientes da Peninsula Ibérica.

Este estudo descreve pela primeira vez, em alta resolucao, os alelos dos
loci HLA-A, -B e —DRB1 e as frequéncias haplotipicas nas populacfes da
Guiné-Bissau e Cabo Verde. Esta analise em alta resolugcdo mostra que
varios grupos genéricos dos loci HLA identificados anteriormente em Cabo
Verde (Spinola et al., 2002) sdo na realidade constituidos por uma
variedade de alelos (tabelas 34-36). Esta informacé&o adicional € altamente
relevante para a caracterizacdo detalhada da estrutura do sistema HLA.

A posicdo da Guiné-Bissau e Cabo Verde nos dendrogramas (figuras 13 e

14) reflecte claramente a sua origem sub-Sahariana. Contudo, a analise das
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coordenadas principais (figura 15) mostra que estas duas populacdes nao
estao tdo distantes dos Norte Africanos como outros sub-Saharianos. Na
Guiné-Bissau esta situacao pode resultar de antigos contactos com outros
povos, nomeadamente Norte Africanos antes da desertificacdo do Sahara e
Arabes do Este Africano através do corredor do Sahel (Ellis et al., 2000).
Influéncias mais recentes tais como o contacto com os Berberes devido a
pressdo Muculmana no Noroeste Africano durante o século IX (Moreira,
1964) podem ter ocorrido. Um estudo anterior ao nivel do DNA mitocondrial
da populacdo da Guiné-Bissau mostrou que 6% dos seus haplogrupos sao
caracteristicos do Norte de Africa, Este de Africa, Arabia, Médio Oriente e
mesmo Europa (Rosa et al., 2004).

A similaridade observada entre a Guiné-Bissau e Cabo Verde é
consistente com a origem bem documentada dos primeiros povoadores do
arquipélago. Apesar da influéncia sub-Sahariana prevalente em Cabo Verde,
encontramos muitos mais haplotipos comuns a Portugal (9.3%) do que a
Guiné-Bissau (2.2%) denotando contribui¢cdo Caucasiana no povoamento de
Cabo Verde.

A andlise das coordenadas principais (figura 15) mostra que a populacao
das ilhas do Barlavento Cabo-Verdiano sdo mais semelhantes aos
Caucasianos do que a populacao das ilhas do Sotavento, em concordancia
com estudos anteriores em STR’s e cromossoma Y (Fernandes et al., 2003;
Gongalves et al., 2003). De facto, estes dois grupos de ilhas s&o
significativamente diferentes ao nivel das frequéncias alélicas nos genes
HLA estudados e cada um deles revela um perfil haplotipico especifico
(tabela 37). As ilhas do Sotavento possuem também mais haplotipos

comuns a Guiné -Bissau (3%) e Portugal (10%) do que as ilhas do
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Barlavento (1% comuns com a Guiné-Bissau e 7% com Portugal). Este
numero reduzido de haplotipos comuns a Guiné -Bissau pode significar que
0s povoadores sub-Saharianos do arquipélago de Cabo Verde néo
pertenciam apenas a um unico grupo homogéneo. O mais baixo numero de
haplotipos comuns a Guiné -Bissau e a Portugal nas ilhas do Barlavento é
provavelmente resultado de um efeito fundador, uma vez que estas ilhas
terdo sido povoadas mais tarde por escravos que fugiram das ilhas do
Sotavento (Gongalves et al., 2003). Novos estudos nas populacdes da costa
Oeste Africana poderao clarificar a origem sub-Sahariana dos povoadores

do arquipélago de Cabo Verde.

10.5. Os genes HLA nailha da Madeira (Portugal) caracterizados
por sequenciacao nucleotidica: marcas de diferentes origens.

O povoamento da ilha da Madeira comecou em 1420 com o0s
Portugueses e teve também a influéncia de povos sub-Saharianos trazidos
como escravos. O Norte de Africa foi a primeira origem dos escravos
presentes na Madeira, mas rapidamente a regido sub-Sahariana da costa
Oeste Africana tornou-se a origem prevalente dos povos cativos que
trabalharam na agricultura e noutras actividades. Devido ao forte
desenvolvimento das actividades comerciais na ilha da Madeira, para além
dos Portugueses, outros povos Europeus também contribuiram para o
povoamento da ilha, nomeadamente Espanhois, Italianos, Franceses e
Ingleses.

Este trabalho descreve pela primeira vez em alta resolucéo os alelos dos
genes HLA-A, HLA-B e HLA-DRB1 e as respectivas frequéncias haplotipicas

na ilha da Madeira. Esta caracterizacdo em alta resolucdo mostra que varios
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grupos de alelos caracterizados anteriormente em media resolucdo (Spinola
et al., 2002), sao na verdade constituidos por uma grande variedade de
alelos (tabela 44). Esta informacédo adicional e mais completa é altamente
relevante para uma caracterizacdo detalhada da estrutura HLA.

As arvores filogenéticas construidas com as frequéncias alélicas dos
genes HLA-A, -B, e —DRB1 colocam a Madeira entre as populagbes
Europeias e as Africanas, situacdo que suporta a hipotese de uma origem
mista dos seus povoadores (figuras 16 e 17). Por outro lado, a analise das
coordenadas principais (figura 18) mostra que a Madeira sofreu uma mais
forte influéncia sub-Sahariana, devido ao comércio de escravos, do que
Portugal continental e mesmo que o0s Acores. Estes resultados sao
corroborados pelos varios alelos especificos de populagfes sub-Saharianas
encontrados na Madeira, apesar de aparecerem apenas em frequéncias
muito baixas (e.g. B*1503, B*1516, B*5703, B*5802, A*0102, A*0202,
A*3402, A*3601 e A*7403).

Analisando os haplotipos prevalentes na ilha da Madeira néo foi possivel
encontrar ao nivel dos 3 loci, caracteristicas comuns com as populacdes
sub-Saharianas ja caracterizadas ao nivel dos genes HLA. A estrutura
haplotipica na Madeira mostra ser Europeia, a maior parte de origem
Portuguesa (e.g. A*010101-B*0801-DRB1*030101, A*020101-B*180101-
DRB1*110401, A*020101-B*510101-DRB1*130101) juntamente com
alguma influéncia de outras populacbes Caucasianas (e.g. A*020101-
B*0801-DRB1*030101, A*020101-B*440201-DRB1*040101, A*030101-
B*070201-DRB1*150101). A influéncia genética directa das populacdes do
Norte de Africa é dificil de descriminar uma vez que os Portugueses do

continente podem ter carregado consigo essas mesmas caracteristicas.
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Dois dos haplotipos mais frequentes na Madeira, ausentes em Portugal
continental, sdo comuns ao arquipélago dos Acores (A*020101-B*440201-
DRB1*040101 2.7% no grupo Central dos Acores, e A*020101-B*440201-
DRB1*130101 1.3% no arquipélago dos Acores). Estes resultados podem
significar que o0s dois arquipélagos Portugueses tiveram povoadores
Caucasianos com origem comum, para além dos Portugueses do continente.
Por outro lado, os Madeirenses estiveram envolvidos no povoamento dos
Acores e estes dois haplotipos podem ter sido levados por esta via.

Os haplotipos encontrados na ilha da Madeira reflectem principalmente a
influéncia dos Portugueses e de outros Europeus envolvidos no
povoamento. Os haplotipos que ndo sdo comuns a Portugal continental
podem ter sido levados para a Madeira por outros Europeus envolvidos no
povoamento, nomeadamente Franceses, Italianos e Ingleses. Contudo, para
além da influéncia Caucasiana, as frequéncias alélicas reflectem uma
influéncia genética sub-Sahariana claramente visivel nos dendrogramas, na
analise das coordenadas principais e na presenca de alguns alelos e
haplotipos 2-loci especificos das popula¢cbes sub-Saharianas.

Nao tendo sido encontrados haplotipos 3-loci especificos das populacdes
sub-Saharianas, nomeadamente da Guiné-Bissau, pode significar que a
influéncia genética Africana presente na Madeira provem de outras
populacfes que ainda nao foram estudadas ao nivel do sistema HLA. As
populacdes Africanas sdo mais distintas entre si do que as populacdes de
outros continentes, de acordo com a teoria “Out of Africa” e varios estudos
(Ellis et al., 2000; Cao et al., 2004). Futuros estudos ao nivel dos HLA
noutras populacées sub-Saharianas poderao clarificar a origem da influéncia

genética Africana na ilha da Madeira.
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10.6. Discrepancias na caracterizacao do sistema HLA por SSOP e
SBT: um caso de estudo.

Os resultados da caracterizacdo alélica de 621 amostras de Portugal,
Cabo Verde e Guiné-Bissau detectaram alguns resultados discrepantes entre
a técnica SSOP e SBT (tabelas 49 e 50). Cinquenta e sete alelos
identificados por SSOP ndo eram concordantes com os resultados obtidos
por SBT, o que significa 4,6% dos 1242 cromossomas caracterizados.

As incongruéncias detectadas entre a técnica SSOP e SBT neste trabalho
resultam da grande sensibilidade da primeira. Estes 57 casos de falhas na
técnica SSOP, assumindo que a caracterizacdo por SBT é a que esta
correcta, resultam das dificuldades de interpretacdo decorrentes da
existéncia de padrdes de hibridacdo menos intensos, ausentes ou dubios.
Estas hibridacbes deficientes podem ser explicadas pela existéncia de
problemas ao nivel da qualidade e quantidade do DNA utilizado na
amplificagdo por PCR e pela ocorréncia de variagcdes nas temperaturas
especificas, altamente sensiveis, necessarias a hibridacdo das sondas no
método SSOP. O processo de lavagem das membranas é outro dos passos
sensiveis que, caso nao seja eficaz, pode deixar algum “ruido de fundo” que
torna dificil a interpretacdo correcta do padrdo de hibridacdo. Por outro
lado, o método SSOP apenas cobre algumas bases nucleotidicas enquanto
que o SBT faz uma leitura de toda a sequéncia e, dessa forma, o programa
de analise dos resultados SSOP ndo tomara em consideracdo tantos alelos
quanto o programa utilizado na técnica SBT.

Os procedimentos do método SSOP sado altamente exigentes no que diz
respeito a experiéncia dos recursos humanos e da elevada precisao dos

equipamentos. Para os laboratérios e investigadores que estdo a dar os
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primeiros passos no campo da caracterizacao alélica dos loci HLA, a técnica
SSOP nado serd a mais recomendada uma vez que exigira um grande
investimento em tempo e equipamentos até atingir niveis de qualidade
satisfatéria. Por outro lado, o SBT baseia-se principalmente em passos
automatizados faceis de implementar e pouco sensiveis a erros técnicos e

de interpretacao.

10.7. Discusséao global

A caracterizacao alélica dos genes A, B e DRB1 do sistema HLA em trés
populacdes Portuguesas (Continente, Madeira e Agores) e duas Africanas
(Guiné-Bissau e Cabo Verde) permitiu estimar varios parametros genéticos
importantes para a sua caracterizagdo e comparacao.

As diferencas encontradas entre a caracterizacdo por SSOP e por
sequenciacao directa resultam na maior parte dos casos das dificuldades de
interpretacdo dos padrées menos intensos e ambiguos resultantes da
sensibilidade da primeira técnica.

Os testes de neutralidade aplicados nas cinco populacdes revelam,
nalguns casos, a actuacdo da seleccao natural sobre diferentes genes. Estes
resultados estdo de acordo com os encontrados noutros estudos (Ellis et al.,
2000; Piancatelli et al., 2004; Cao et al., 2004) e sdo coerentes com 0s
mecanismos que se consideram envolvidos na manutencdao da grande
variabilidade genética que caracteriza o sistema HLA. A importancia dos
genes do sistema HLA na protec¢ao contra doencgas infecciosas (Doherty &
Zinkernagel, 1975) e na interaccdo materno fetal (Hedrick & Thomson,

1988), entre outros, podem explicar a presenca desta pressao selectiva.
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A auséncia de equilibrio de Hardy-Weinberg é consistente com a
ocorréncia de seleccado natural e de outros factores, nomeadamente fluxo
genético e migracado. Nas populacdes insulares estudadas, os loci HLA-DRB1
(Cabo Verde e Madeira) e HLA-B (Acores) ndao estavam em equilibrio de
Hardy-Weinberg, situacdo concordante com outros estudos que revelam ser
frequente esta situacdo em populagdes isoladas, nomeadamente devido a
um maior efeito da pressao selectiva (Chen et al., 1999).

A diversidade alélica encontrada em cada locus € elevada em todas as
populacbes estudadas, situacdo de acordo com a vantagem dos
heterozigdticos pela sua maior capacidade no reconhecimento de um
ndmero superior de agentes patogénicos (Doherty & Zinkernagel, 1975).

A menor diversidade alélica na Guiné-Bissau, considerando os valores de
heterozigotia e a distribuicdo alélica observados nos trés loci, € consistente
com os resultados obtidos em outras populacdes sub-Saharianas (Cao et
al., 2004) mas pode ser também resultante da dimensao da amostra, até
porque a diversidade haplotipica € maior nesta populacdo. O numero
elevado de alelos encontrado em Cabo Verde, comparativamente a Guiné -
Bissau (tabelas 34-36), reflecte o facto do seu povoamento ter tido o
contributo de varias populacbes Africanas e Europeias. A diversidade de
contributos no povoamento dos Acores pode também justificar o maior
nimero de alelos encontrados comparativamente a Portugal continental,
embora neste caso a maior dimensao da amostra também possa ter tido
influéncia com a detecc¢ao de varios alelos raros.

Os loci HLA-A, -B e -DRB1 apresentam, nas cinco populac¢fes estudadas,
alguns casos de alelos relativamente frequentes pertencentes ao mesmo

grupo (tabelas 5-7, 10, 21, 22, 34-36 e 44). A seleccao de alelos
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pertencentes ao mesmo grupo devera ser menos intensa do que a que
ocorre entre alelos de grupos diferentes, maximizando a amplitude do
repertério de elementos patogénicos identificaveis pelo organismo (Gao et
al., 1997; Jakobsen et al., 1998). Desta forma estes alelos mais frequentes
pertencentes ao mesmo grupo podem ter origem em misturas entre
populacdes ou ser resultado do efeito fundador, ndo sendo portanto o efeito
directo da selec¢do natural sobre estas populacdes.

Os valores de linkage desiquilibrium (D) encontrados entre os alelos que
compdem os haplotipos mais frequentes (tabelas 14-20, 24-34, 37-43 e 45-
48) podem resultar de varios factores. Mais do que a distancia fisica entre
os loci, o grau de recombinacédo, a selec¢cdo natural, a migracéo e a deriva
genética sdo factores fundamentais na definicdo do linkage desiquilibrium
entre dois ou mais alelos de diferentes loci (Hedrick & Thomson, 1988;
Sanchez-Mazas et al., 2000). Os haplotipos mais frequentes, com valores
de linkage desiquilibrium mais elevados e estatisticamente significativos,
constituem assim elementos importantes para tracar as influéncias
genéticas entre as populacdes.

A andlise dos haplotipos mais frequentes e das frequéncias alélicas
revelam a existéncia de afinidades entre as popula¢gfes em estudo. Portugal
continental possui uma posicdo intermédia entre o Norte de Africa e a
Europa, revelando as influéncias deixadas por varias migragcdes com origem
nos continentes Africano e Europeu. As migracdes para a Peninsula Ibérica
através do estreito de Gibraltar, forcadas pela desertificagdo do Sahara ha
cerca de 6 mil anos, poderdo ser a origem de algumas das caracteristicas
alélicas e haplotipicas encontradas no Norte de Portugal. Estas influéncias,

em conjunto com outras de origem Europeia, parecem constituir uma base
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genética mais antiga que foi forcada a concentrar-se no Norte de Portugal
devido a pressdo da presenca Muculmana que se iniciou no século VIII e s6
terminou 700 anos depois. Por sua vez, acompanhando esta invas&o Arabe
vieram os Berberes que deverdo ser os responsaveis pela influéncia Norte
Africana detectada no Sul de Portugal.

Esta influéncia Africana em Portugal, que decorre de migrag¢des ocorridas
em varios momentos ao longo de milhares de anos, explica a proximidade
as populacdes Marroquina e Tunisina (figuras 5 e 7).

A Madeira, povoada a partir de 1420, apresenta uma proximidade as
populacbes Africanas semelhante a revelada por Portugal continental.
Apesar do forte contributo Europeu no seu povoamento, a presenca de
escravos trazidos da costa Ocidental Africana deixou um contributo
importante no perfil genético da populacdo Madeirense, perfeitamente
detectada ao nivel das frequéncias alélicas.

O arquipélago dos Acores, povoado essencialmente por Europeus a partir
da primeira metade do século XV, revela interessantes diferencas entre o
grupo Oriental e o grupo Central. Coincidente com os registos histéricos do
seu povoamento, o grupo Oriental revela uma maior proximidade a
populacdo de Portugal continental enquanto que o grupo Central se
aproxima mais de outras populacbes Europeias. No povoamento das ilhas
do grupo Central estiveram envolvidos largas centenas de Europeus,
essencialmente Flamengos. Apesar das analises filogenéticas que associam
os Acores as populacbes Asiaticas, nao foram encontrados alelos especificos
ou haplotipos que corroborem esses resultados pelo que nédo é possivel

concluir sobre a existéncia de influéncias directas.
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O arquipélago de Cabo Verde, que serviu de entreposto no comércio de
escravos da costa Ocidental Africana controlado por Europeus, possui uma
grande proximidade com a Guiné-Bissau. Revela, no entanto, a presenca de
alguma influéncia Caucasiana, essencialmente nas ilhas do Sotavento Cabo-
Verdiano, que devera resultar da presenca dos Europeus envolvidos no
comeércio de escravos.

A Guiné-Bissau assemelha-se mais as populacdes Norte Africanas do que
qualquer outra populagdo sub-Sahariana estudada ao nivel do sistema HLA,
o que deve resultar de contactos com populacdes Berberes e Arabes do Este

Africano.

10.8. Perspectivas futuras

Os resultados dos estudos de caracterizacdo do sistema HLA noutras
populacdes Africanas (e.g. Angola, Sdo Tomé e Principe e Mocambique),
que neste momento estamos a desenvolver no Laboratério de Genética
Humana da Universidade da Madeira, poderdo clarificar a origem de
algumas frequéncias alélicas e haplotipicas encontradas em Portugal
continental, na Madeira e nos Acores que podem ter sido introduzidas pelos
escravos. A caracterizacdo alélica e haplotipica dos principais genes do
sistema HLA em mais populac¢des Africanas constituird ainda um contributo
fundamental para a compreensao da sua propria diversidade genética e das
relacbes existentes entre si.

A caracterizacao dos genes A, B e DRB1 do sistema HLA nas populagdes
Portuguesas e Africanas, desenvolvida no &ambito desta tese de
doutoramento, permite estimar a probabilidade de encontrar em cada uma

das populagdes um dador compativel com um determinado paciente que
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necessite de um transplante. Tendo em conta que muitos dos alelos dos
diferentes loci estdo em linkage, a frequéncia de um determinado fenotipo
nao deve ser estimada a partir das frequéncias alélicas. A probabilidade de
encontrar o fenotipo pretendido é igual a soma das probabilidades dos pares
de haplotipos que podem constituir esse mesmo fenotipo. A probabilidade
de ocorréncia de cada um desses pares de haplotipos é igual a duas vezes o
produto da frequéncia de cada um desses dois haplotipos, quando sao
diferentes entre si, ou, simplesmente, o quadrado da frequéncia do
haplotipo quando os dois séo iguais (Schipper et al., 1996).

A caracterizacdo alélica dos genes HLA-A, -B e -DRB1 na populacédo
Portuguesa, Cabo-Verdiana e Guineense constitui ainda a base para a
concretizacdo de varios estudos de grande importancia médica. A titulo de
exemplo destacam-se os estudos sobre a associacao entre estes genes e o
desenvolvimento de alergias Boehncke et al., 1998), de espondilartrites
(Calin, 2002), de artrite reumatoide (Gibert et al., 2003), de diabetes tipol
(Larsen & Alper, 2004) e de abortos espontaneos recorrentes (Hedrick &
Thomson, 1988; Alberts & Ober, 1993). Neste momento estid ja em
desenvolvimento o estudo das Espondilartrites nos Arquipélagos da
Macaronésia com o objectivo de estabelecer a sua associacdo com os alelos
HLA, particularmente o HLA-B27, nestas populacdes. Estes estudos relativos
a associacdo entre doencas auto -imunes e 0s genes HLA nas populacdes
Portuguesa, Cabo-Verdiana e Guineense sO sdo possiveis tendo por base a
caracterizacdo alélica e haplotipica ja desenvolvida e apresentada nesta
tese. Esta informacdo constitui uma referéncia imprescindivel para a
definicdo dos alelos dos diferentes loci HLA que influenciam a predisposicdo

para o desenvolvimento de determinadas doencas.
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Os dados aqui apresentados permitem ainda conhecer a prevaléncia, nas
populacdes estudadas, dos alelos e haplotipos que se sabem possuir uma
associacdo forte a determinadas doencas auto-imunes. Desta forma é
possivel ter uma ideia da maior ou menor susceptibilidade genética da
populacdo a essas mesmas doencas e desenvolver medidas preventivas,
nomeadamente a reducao de factores de risco quando aplicavel.

Com a experiéncia técnico-cientifica obtida através dos trabalhos de
caracterizacao do sistema HLA nas populacdes em estudo, o Laboratério de
Genética Humana da Universidade da Madeira fica capacitado para auxiliar o
Sistema Regional de Saude, ou outros, no diagnodstico e identificacdo de
individuos com elevado risco de desenvolver estas doengas auto-imunes. Da
mesma forma, criaram-se ainda condi¢Bes técnico-cientificas para que a
Regido Autbnoma da Madeira venha a desenvolver um registo regional de
dadores de medula 6ssea que, em sintonia com o0 registo nacional e
internacional, possa contribuir para aumentar a probabilidade de encontrar
dadores compativeis necessarios para o tratamento de Leucemias e outras
doencas hematoldgicas.

Os dados obtidos e as capacidades desenvolvidas permitem ainda
associar os marcadores HLA aos procedimentos do Laboratério de Genética
Humana da Universidade da Madeira no desenvolvimento de testes de
paternidade. Pelo facto da taxa de mutacdo nos loci HLA ser inferior a que
ocorre nos STR, a combinacdo destes dois sistemas na resolucdo de
disputas de paternidade oferece resultados mais fiaveis, conferindo maior
informacdo e diminuicdo das probabilidades de falsas exclusdes devido a

mutacdes (Grubic et al., 2004).
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