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PREFACIO

Esta Tese foi elaborada no formato alternativo, conforme prescrito no art. 2° da
informacao CCPG/01/2008, com a inclusdo de quatro artigos cientificos publicados e um artigo
cientifico em preparacdo para publicacdo. Estes artigos sdo resultado de mais de quatro anos de
trabalho, em colaboragdo com varios outros profissionais. A partir das andlises realizadas, pude
colaborar de maneira significativa na resolucdo de importantes problemas da ordem de desenho
experimental e processamento de dados, que culminaram com a elaboracdo da Tese.

Apesar do escopo desta Tese referir-se ao desenvolvimento de algoritmos e andlises
estatisticas utilizadas em técnicas de mapeamento genético, minha contribuicdo no trabalho
descrito nestes cinco artigos também inclui: a aplicacdo dos termos de consentimento livre
esclarecido aos pacientes avaliados no artigo 5, a organizagdo dos dados fenotipicos nos artigos
1,2, 3,4 e5; aextracio de DNA e RNA de sangue periférico nos artigos 1, 3, 4 e 5; a obtencdo
dos genétipos de marcadores microssatélites por meio de técnicas de Polymerase Chain Reaction
(PCR) no artigo 3; a genotipagem dos Single Nucleotide Polymorfisms (SNPs) por meio de PCR
em tempo real nos artigos 4 e 5; e ensaios de expressdo génica no artigo 5.

Entretanto, a avaliacdo clinica e os respectivos exames dos individuos utilizados nestes
artigos foram realizados por um médico especializado para cada patologia, garantindo a0 maximo
a homogeneidade fenotipica das amostras. Por fim, apesar de uma Tese ser tradicionalmente
julgada tendo como base a demonstracio de erudi¢do pelo candidato e a elaboracio de uma
hipétese que deverd ser refutada, aceita ou ainda ndo resolvida, esta Tese teve como objetivo
auxiliar na resolucdo de vdérias hipéteses, sendo cada uma delas discutida nos diferentes artigos

incluidos, que sdo parte integral da Tese.
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Fatores genéticos tém sido descritos para diversas doengas do sistema nervoso central. Uma etapa
importante na identificacio de genes responsdveis por estas doencas sdo os estudos de
mapeamento genético. Além disso, devido as novas tecnologias de aquisicio de dados de
gendtipos dos individuos, € necessdrio o estudo e desenvolvimento de programas de
processamento de grande quantidade de dados para as andlises estatisticas. Os objetivos deste
trabalho foram: 1) criar uma interface entre os equipamentos de aquisi¢cdo de dados de genétipos
e os programas estatisticos, por meio de programas de processamento de dados; 2) aplicar e
avaliar os modelos estatisticos em amostras de familias segregando trés doengas neuro-
psiquidtricas: epilepsia do lobo temporal mesial (ELTM), polimicrogiria perisylviana bilateral
congénita (PPBC) e transtorno afetivo bipolar (TAB). A interface foi desenvolvida a partir de um
algoritmo 16gico, o qual adiciona a matriz dos dados dos genétipos provenientes dos
equipamentos em uma matriz representativa dos dados das familias. Este algoritmo, denominado
JINGLEFIX, foi programado em linguagem de computador PERL e ambiente R e utilizado
posteriormente nos estudos de mapeamento genético da ELTM, PPBC e TAB. Andlise de
segregacao foi realizada em 148 familias nucleares com ELTM, com um total de 698 individuos,
visto que esta sindrome ndo possui padrdo de heranga conhecido. Uma familia, segregando PPBC
com um total de 15 individuos e um padrdao conhecido de heranca ligada ao X dominante, foi
submetida a andlise paramétrica de ligacdo por meio do pacote de programas LINKAGE,
utilizando 18 marcadores microssatelites na regido candidata Xq27-Xq28. Andlise nao
paramétrica de ligacdo realizada em uma amostra de 74 familias segregando TAB, totalizando
411 individuos, por meio do teste de transmissao de desequilibrio de ligagdo (TDT), utilizando 21

single nucleotide polymosphisms (SNPs) para 21 regides candidatas. A andlise de segregacao
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revelou a presenca de um gene de maior efeito com um padrdo autossdmico dominante, além da
presenca de genes de menor efeito influenciando no fenétipo da ELTM. O posterior mapeamento
gendmico da ELTM, utilizando os parametros definidos na andlise de segregacao, revelou ligacio
genética na regido 18pll. A andlise paramétrica de ligacdo genética levou ao mapeamento da
regido Xq27 para a familia com PPBC, diferente da regido candidata previamente descrita. Esta
diferenca pode ser explicada pelo tipo de amostra familiar utilizada pelos dois estudos. Em
relacdo ao TAB, a andlise ndo paramétrica identificou a regido candidata 3p22. Posterior estudo
de refinamento da regido 3p21-3p22 utilizando 94 SNPs adicionais e estudo de expressao génica
identificou o gene ITGA9 como possivel gene de susceptibilidade para o TAB. Comparando o
poder estatistico entre as andlises, foi observado maior poder estatistico na andlise paramétrica
utilizando uma ou poucas familias, com um nimero grande de individuos por familia; enquanto
que o poder estatistico foi maior nas andlises ndo paramétricas utilizando multiplas familias de
tamanhos moderados e estruturas variadas. Conclui-se que o algoritmo de processamento de
dados e a adequada aplicacdo dos modelos estatisticos sdo fundamentais para sucesso do
mapeamento genético das regides e dos genes responsdveis pelas doengas neuro-psiquiatricas

estudadas.
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Genetic factors have been described for several central nervous system diseases. A main step for
disease gene identification is genetic mapping study. In addition, due new genotype acquire
technology, the development of genotype processing data software is required. The objectives of
this work were: 1) to generate interface between genotype equipment and statistical software by
processing data algorithm; 2) to apply and evaluate statistical models in family sample
segregating three neurological diseases: mesial temporal lobe epilepsy (MTLE), bilateral
perysilvian polymicrogyria (BPP) and bipolar affective disorder (BPAD). Data interface was
developed from a logic algorithm, which adds a genotype matrix data from equipment to a family
data matrix. This algorithm, called JINGLEFIX, was implemented in PERL computer language
and R environment. In addition, this software was used in genetic mapping study for MTLE, BPP
and BPAD. Segregation analysis was performed in 148 nuclear MTLE pedigrees, with a total of
698 individuals, since this syndrome has not known inheritance pattern. One BPP pedigree with
known X-linked dominant pattern of inheritance, with a total of 15 individuals, was submitted to
parametric linkage analysis by LINKAGE package, using 18 microsatellite markers on candidate
region Xq27-Xq28. Non-parametric linkage analysis was performed from 74 BPAD families,
with a total of 411 individuals, by transmission disequilibrium test (TDT) and using 21 single
nucleotide polymorphisms (SNPs) for 21 candidate regions. Segregation analysis revealed a
major effect gene with an autosomal dominant pattern of inheritance and minor gene effect,
which could influence MTLE phenotype. Further whole genome analysis mapped the putative
MTLE major gene on 18pll. Parametric linkage analysis mapped Xq27 locus for BPP, a
different region compared to the Xq28 previous described. This difference could be explained to

sample type used by the two studies. Non-parametric linkage for BPAD identified the candidate
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region on 3p22. Further studies using 94 additional SNPs on 3p21-3p22 and gene expression
analysis identified ITGA9 as susceptibility gene for BPAD. A comparison of statistical power
between statistical analyses showed a high statistical power for parametric linkage analysis from
one or a few large families; whereas a high statistical power was observed for non-parametric
linkage analysis using several moderate size families. The conclusion of this study is that data
processing algorithm and adequate statistical model applying are fundamental tools for successful

of genetic mapping of complex diseases.
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Os estudos de padrdes de heranga e mapeamento genético sdo uma etapa importante
na identificacdo de genes responsdveis por diversas doencas (1). Neste contexto, o
desenvolvimento de modelos estatisticos e programas computacionais tem auxiliado no
processamento dos dados e na estimativa de parametros adequados para estas andlises (2),

principalmente para doencas complexas, incluindo doengas do sistema nervoso central.

1.1. Epilepsia do lobo temporal mesial

As epilepsias formam um grupo de doencgas neuroldgicas cronicas, caracterizadas
pela ocorréncia de crises epilépticas recorrentes. Essas crises resultam de uma descarga
neuronal anormal, com inicio em uma regido generalizada ou restrita do cérebro (3). Entre
as epilepsias, a epilepsia de lobo temporal mesial (ELTM), representando 40% dos casos,
tem as crises geradas predominantemente pelo acometimento de estruturas mediais do lobo
temporal, incluindo regides hipocampais (4; 5). A presenca de recorréncia familiar (6)
indica a evidéncia de fatores genéticos influenciando a ELTM, o que torna necessirio
andlises que comprovem estas observacdes, além de definir o padrio de heranca

Mendeliano presente na ELTM.

1.2. Polimicrogiria perisylviana bilateral congénita

A polimicrogiria € uma malformacao do desenvolvimento cortical, caracterizado por
um grande numero de pequenos giros cerebrais, separados por sulcos mais rasos. A
polimicrogira perisylvina bilateral congénita (PPBC; OMIM #300388) é a forma mais
comum de polimicrogiria, caracterizada pelo espessamento do cértex cerebral, ao redor da
fissura de Sylvius. As caracteristicas clinicas incluem paresia pseudobulbar, disartria e
atraso ou dificuldade na fala (7; 8). Episddios de recorréncia familiar t€m sido descritos
para a PPBC, sendo que tanto o padrao de heranca autossdmico recessivo quanto o padrio
ligado ao X dominante tem sido observado (7-11). Estes achados indicam a necessidade de

estudos genéticos para a identificagdo do gene responsavel para PPBC.
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1.3. Transtorno afetivo bipolar

O Transtorno Afetivo Bipolar (TAB; OMIM %611630) ¢ uma doenga psiquidtrica,
clinicamente caracterizada por episddios de mania (TAB-I) ou hipomania (TAB-II)
espacados por periodos de depressdo. A prevaléncia € de 0,8% a 2,6% na populacdo. Em
pacientes nao tratados, a taxa de suicidio pode alcancar aproximadamente 20% (12). O
TAB também tem sido associado a outras desordens psiquidtricas e outros fatores, tais
como depressdo, esquizofrenia, alcoolismo, abuso de drogas e suicidio. Apesar de que
estudos familiares demonstram a contribuicdo de fatores genéticos para o TAB, vdérios
trabalhos apresentam resultados de mapeamento genético conflituosos, mostrando a

complexidade desta patologia do ponto de vista genético (12; 13).

1.4. Tipo de amostra

Quando ha evidéncia de fatores genéticos relacionados a uma determinada doenca, o
primeiro passo € avaliar qual o tipo de amostra mais adequada para as andlises. Neste caso,
o tipo de amostra pode ser familiar, formada por individuos relacionados, ou por
individuos nao relacionados, formada por grupos de casos e de controles. Cada amostra
apresenta suas caracteristicas. Entretanto, entre os dois extremos hd uma gradacio de tipos
de amostras com ambas as caracteristicas descritas a seguir (Figura 1).

As doengas tipicamente monogénicas, com padrio de heranca Mendeliano
definido e com baixa prevaléncia na populacdo possuem alta agregacdo familiar. Neste
caso, o possivel gene responsdvel pela doenca apresenta um forte efeito genético no
desenvolvimento da afecc@o e uma baixa frequéncia na populacdo em geral (1). Entretanto,
para doencas complexas comuns e sem um padrdo de heranca Mendeliano conhecido, Rish
e Merikangas em 1996 (14; 15) propuseram uma teoria denominada common disease-
common variant. De acordo com esta teoria, os fatores genéticos envolvidos em uma
doenca complexa incluem genes de susceptibilidade com baixo efeito genético € uma maior

frequéncia génica na populacdo.
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Figura 1. Relacdo entre frequéncia alélica do gene na populagdo e seu efeito no fenétipo.

Observam-se diferencas entre os dois tipos de amostra. A amostra familiar
apresenta limitacdes em estudos envolvendo doengas com idade de inicio avancada, visto a
necessidade da obtencdo de amostras de material nucléico dos pais ou até de avos. Este
problema ndo € observado em uma amostra de individuos ndo relacionados, pois uma
amostra incluindo casos e controles deve ser o mais homogénea possivel, tanto em termos
de idade quanto de género e, principalmente, de estrutura genética entre os grupos (1; 2).

Entretanto, diferencas na estrutura genética dos grupos podem nado ser observadas
por meio de caracteristicas fenotipicas (16; 17). Neste caso, uma amostra populacional pode
apresentar estratificacdo genética. Esta estratificacdo ocorre quando o grupo de pacientes
ou controles apresenta um aumento na frequéncia alélica de um gene devido a fatores
evolutivos, tais como deriva gé€nica, e ndo devido a possivel associacdo deste gene com a

doenca em estudo, gerando resultados falso-positivos (18; 19). Por outro lado, um desenho
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de estudo de associacdo genética baseada em familias tem a vantagem de minimizar a
estratificacdo da amostra, visto que esta andlise considera associa¢ao dentro de cada familia
de modo independente (20; 21).

Devido ao grau de miscigenagdo da populacdo brasileira (16; 17; 22), as andlises
por meio de amostras de familias podem levar a resultados mais confidveis em relacdo aos
estudos utilizando individuos ndo relacionados em nosso meio. Neste caso, a defini¢do dos
padrdes de heranca Mendeliano em uma amostra familiar € de extrema importincia, visto
que esta informagdo é um dos principais fatores que influenciam os modelos estatisticos

utilizados para o mapeamento genético do fenétipo em estudo.

1.5. Definicao do padrao de heranca: analise de segregacio

O objetivo da anélise de segregacdo € determinar a presenca de padroes de heranga
genética de um determinado fenétipo a partir de uma amostra de dados obtidos de familias
onde tais fen6tipos estdo presentes.

Morton e MacLean (23) desenvolveram um modelo matematico o qual considera
que um dado fen6tipo € uma varidvel continua (x), resultante do efeito de um gene principal
(g), um componente de transmissdo multifatorial (c) e um componente ambiental (e), como
dado na seguinte férmula:

x=g+c+e

Em relagdo ao gene principal, os autores pressupdem um par de alelos A e a com
freqiiéncias p e g, respectivamente. Os genoétipos AA, Aa e aa, distribuem-se na populacao
segundo a teoria de Hardy-Weinberg (24). Ambos os componentes de transmissao
multifatorial e ambiental t€ém distribui¢do normal em torno das médias dos gendtipos AA,
Aa e aa (Figura 2). Portanto, a variancia (V) total do fendtipo x € dada pela seguinte
férmula:

V=G+C+E

Quando o fendtipo apresenta um forte componente ambiental ou multifatorial, a

coordenada da curva € mais larga. Caso o componente genético seja mais forte, a

coordenada € mais estreita.
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Figura 2. Curva de distribui¢do normal N (u=0; 6’=V) do fendtipo x em uma determinada

amostra. d = dominancia; t = deslocamento.

Estes valores sdo calculados por meio de uma funcdo de probabilidades baseada em
uma amostra de familias nucleares, ou seja, pai, mae e filhos. Esta funcdo de probabilidade
€ dada pela seguinte férmula:

p(S] ‘Po,s)p(‘ljo |‘Pp,s,®)

P(LIJO |LPp’S’S’®): P(SHJO’S’@)

onde ¥, = conjunto de fendtipos dos filhos; ¥, = conjunto de fendtipos dos pais; S =
evento que significa pelo menos um individuo afetado na familia; s = nimero de filhos; ©® =
parametros utilizados na anédlise.

O conjunto de pardmetros ® tem extrema importancia na montagem dos modelos
matematicos de segregacdo. Lalouel & Morton (25) desenvolveram um modelo de anélise
de segregacdo baseados nos seguintes conjuntos de parametros: deslocamento (t),
dominancia (d), freqiiéncia do alelo (q), herdabilidade (H) e probabilidades de transmissao

(t) do alelo A.
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Como mostrado na Figura 2, o deslocamento (t) é a distancia entre as médias dos
dois gendtipos homozigotos AA e aa. A dominancia (d) € a posicdo da média do gendtipo
heterozigoto em relacdo as média do homozigoto AA. Caso o fendtipo apresente
dominancia completa, d = 1 enquanto que se houver codominancia, d = 0,5. Caso exista
dominancia incompleta, 0,5 < d < 1. A herdabilidade (H) € dada pela razao C/V e reflete a
transmissdo multifatorial. As probabilidades de transmissdo sdo pardmetros adicionais, 0s
quais estimam desvios da transmissdo Mendeliana do gene principal de pais para filhos.
Estes parametros, indicados por Taa, Tas € Tas, Mostram respectivamente as probabilidades
dos genétipos AA, Aa e aa de transmitirem o alelo A.

A partir destes parametros é elaborado um modelo misto, o qual servird como
hipétese nula (HO), além de modelos teste que refletem determinado padrdo de heranca,
como mostrado na Tabela 1. Os parametros de cada modelo sdo estimados por meio de
maxima verossimilhanca (Maximum Likelihood Estimation — MLE) e, ap0s esta estimativa,
cada modelo teste € comparado ao modelo Misto por meio do teste da razio da méxima
verossimilhanga (Likelihood Ratio Test — LRT). Visto que -2/n(LRT) apresenta uma
distribuicdo qui-quadrado com um grau de liberdade (Xz), valores de p podem ser obtidos
para estas comparagdes, sendo que valores de p < 0,05 rejeitam o modelo teste, enquanto
que valores de p > 0,05 nao rejeitam o modelo teste (25; 26)

Em situacdes onde € encontrado mais de um padrdo de heranca estatisticamente
significativo, € utilizado o Critério de Informacdo de Akaike (Akaike Information Criteria -
AIC), o qual € dado pela seguinte equacao:

[-2In(LRT )]+ 2m

onde m = nimero de graus de liberdade de cada modelo. O modelo com menor valor de

AIC indica o ajuste mais parcimonioso dos dados e, portanto, o mais provavel (27).
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Tabela 1. Modelos para andlise de segregacao.

Parametro
Modelo

d t q H TAA TAa Taa
Misto (hipétese nula) est. est. est. est. [1] [0,5] [0O]
Esporédico [0] [0] [0] [0] [0] [0] [0]
Auséncia de gene principal [0] [0] [0] est. [1] [0,5] [0O]
Multifatorial est. est. est. [0] [1] [0,5] [0O]
Autossdmico dominante [1] est. est. est. [1] [0,5] [0O]
Autossdmico codominante [0,5] est. est. est. [1] [0,5] [0O]
Autossdmico recessivo [0] est. est. est. [11 [0,5] [0O]
Presenca de transmissdao Mendeliana * est. est. est. [11 [0,5] [0O]
Auséncia de transmissdo Mendeliana * est. est. est. est. est. est

est.= valores estimados; * = valor fixado dependendo do modelo de segregacdo autossomica

encontrado; [ ] = valores fixados para cada modelo

Todos estes célculos sdo realizados por meio do programa POIN TER® (25) a partir
de um arquivo contendo os dados das familias em estudo e outro arquivo contendo as
informacdes do fendtipo estudado. Entretanto, para uma boa estimativa dos parametros, é
necessario um numero grande de familias nucleares (um minimo de aproximadamente 90),
além da adequada caracterizacao do fenotipo.

O padrao de heranca definido pela andlise de segregacdo, juntamente com oS
parametros adicionais estimados, sdo utilizados na escolha da andlise de mapeamento
genético mais adequado para o tipo de amostra avaliado. Ha dois tipos de andlises: as

paramétricas e as nao paramétricas, as quais serdo discutidas adiante.

1.6. Analises paramétricas

Descrito primeiramente em 1931 por Bernstein (1), a genética reversa tem como
principio determinar a posicdo de um gene a partir de um marcador molecular conhecido
por meio da frequéncia de recombina¢do meidtica (0) entre eles, sendo que quanto menor a

distancia entre o gene e o marcador molecular, menor serd 0. A ligacdo é detectada quando
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ambos o gene e o marcador molecular sdo transmitidos de uma geracdo a outra de uma
mesma familia sem que ocorra recombinacdo meidtica entre eles. Portanto, uma vez
detectada a ligacdo genética e conhecendo a posi¢ao cromossdmica do marcador molecular,
a posicdo cromossOmica do gene de interesse pode ser inferida.

Em 1956, a partir das teorias de Bernstein, Morton (28) desenvolveu uma func¢ao
matemdtica Z(0) para deteccdo de ligacdo genética denominada lod score. Dados os
genotipos G observados da amostra, esta funcdo € calculada a partir da razdo entre a
probabilidade de ligacdo génica, definida pela funcdo L(G | 0,00 < 6 < 0, 5), e a
probabilidade de ndo ligacdo, definida pela fung¢do L(G | 6 = 0,5), visto que 6 = 0,5 é
definido como a freqiiéncia de recombinac¢do entre dois genes situados em cromossomos
diferentes e, portanto, ndo ligados entre si. Este conceito se resume na seguinte férmula:

) L(G|0<6<0,5)
z(e)—loglo{ L(G|0=0)5) }

De acordo com Morton (28), valores de Z > 3 indicam ligacdo, enquanto que
valores de Z < -2 indicam recombinag¢do aleatdria, ou ndo ligacdo. Valores de -2 < Z < 3
indicam resultados nao informativos.

Na prética, visto a complexidade de parametros adicionais que podem influenciar
os calculos de Z, tais como penetrancia incompleta (1), Terwillinger e Ott (21), em 1994,
desenvolveram um pacote de programas estatisticos, denominado LINKAGE®, para
realizacdo dos célculos e estimacao de Z.

Estes estudos de ligacao genética sio utilizados principalmente para mapeamento
de regides em doencas tipicamente monogénicas e com padrao de heranca Mendeliano
definido. Apesar de ser uma poderosa ferramenta para genética reversa, o célculo de Z
apresenta resultados informativos em situacdes em que a amostra estudada inclui somente
uma ou poucas familias, com um grande nimero de individuos avaliados em cada familia.
Em situacdes em que a amostra inclui um nimero grande de familias com poucos
individuos avaliados por familia, um grande ndmero de resultados ndo informativos &
observado.

Para resolver este problema, Kruglyak et al. (29) desenvolveram um modelo

estatistico de andlise paramétrica robusto para familias de tamanho moderado. Neste

Introducdo

40



modelo, o célculo de Z utiliza a probabilidade da presenca do fenétipo (@) condicionada a
um vetor v(x) que indica a transmissao do marcador molecular x de pais para filhos na

familia, como mostra a equagdo abaixo:

completo]

L_[q> 1G,0 = v(x)
L®|G,0=v(x)

Z (0) =log,, J
uniforme

onde v(xX)complero = a probabilidade de transmissdo observada dos marcadores; v(x)uniforme = @
probabilidade de transmissdo esperada dos marcadores.

A estimacgdo destas probabilidades € feita por meio do método de Cadeias de
Markov Ocultas, visto que os gendétipos, bem como a transmissao dos alelos, podem ndo ser
diretamente observados em todos os individuos (30). Todos estes calculos foram reunidos
no pacote de programas GENEHUNTER® (29).

Apesar do alto poder estatistico apresentado por estes dois célculos, o
conhecimento do padrdao de heranca Mendeliano do fenétipo € a premissa principal destes
estudos. No caso de doencas complexas, onde se espera a presenca de genes de
susceptibilidade e de menor efeito atuando no fendtipo, as andlises ndo paramétricas de

ligacdo genética sdo as mais adequadas para a clonagem posicional.

1.7. Andlises nao paramétricas

As andlises nao paramétricas de ligacdo tiveram inicio em 1990 com os trabalhos
tedricos de Risch sobre andlises de pares de irmdos afetados (31; 32). Em 1993, Spielman
et al. (33) desenvolveram um método denominado Teste de Transmissdo de Desequilibrio
de ligacdo (Transmission Disequilibrium Test — TDT), onde a probabilidade de transmissao
de um alelo A de pais afetados para os filhos afetados € comparada com a probabilidade de

nao transmissao deste alelo A (Tabela 2).
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Tabela 2. Relagao entre a transmissao dos alelos A e a entre uma amostra familiar

alelo A alelo a Total
Transmitido X n—x n
Nao transmitido y n—y n
Total xX+y 2n-x-y 2n

Visto que os dados dos genétipos dos pais podem ser desconhecidos ou ndo
avaliados, Gordon et al. (34) propuseram um modelo de TDT baseado em LRT, o qual é

robusto para este tipo de situagdo, como é mostrado na férmula abaixo:
LG|o=R,.p,E)
L(G |6=1, f)iéj

TDT =2In

onde G = gendtipos observados da amostra; R; = risco relativo do genétipo i; p; = frequéncia
do gendtipo i; E = categorizagdo erros da amostra. Estes parametros sdo estimados via MLE
e, visto que o valor de TDT tem uma distribuicdo x>, valores de p podem ser obtidos para
avaliar a significincia estatistica da andlise. Estes célculos foram incluidos em um
programa chamado TDTAE (TDT allowing errors) (34). Entretanto, um nimero baixo de

familias pode inflar os valores de TDT, gerando resultados falso-positivos (33; 34)

Devido a este problema, Dudbridge (20) elaborou um modelo onde a
probabilidade da presenca dos genétipos dos filhos fica condicionada a probabilidade dos
genotipos dos pais em um modelo de regressao logistica (26), como mostrado na seguinte

férmula:

exp [}’(XUB + Xc,z7’)J
D exp [y(Xc*,B + Xc*,z7)J

c#eS(f.m)

Plc| fom,y,z)=

onde ¢ = gendtipo do filho; f = gendtipo paterno; m = gendtipo materno; y = fendtipo do
filho; z = covariante do fenétipo do filho; X, = vetor dos cédigos dos possiveis gendtipos do

filho, ou seja, AA, Aa ou aa; [ e y = coeficientes de regressao (26).
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As principais diferencas deste modelo em relacdo ao calculo proposto por Gondor
et al. (34) s@o o maior poder estatistico para um nimero menor de familias e a possibilidade
do uso de covariantes, devido a presenca do coeficiente de regressdo y (26). Estes cdlculos
sdo realizados por meio do programa UNPHASED (20), sendo também denominadas de

estudos de associacao baseadas em familias.

As andlises ndo paramétricas também sdo utilizadas para estudos populacionais.
Nestas andlises, denominadas estudos de associacdo genética populacional, as
frequéncias alélicas e genotipicas de um grupo de pacientes ndo relacionados (caso) sdo
comparadas as frequéncias de um grupo de individuos ndo afetados com o fendtipo e nao
relacionados (controle). A partir destes dados, sio montadas tabelas de frequéncias
observadas e esperadas das amostras. Portanto, a distribuicdo de xz € calculada pela

seguinte formula:

E.

1

Zz :Z(Oi _Ei)2

onde O; = valores observados na célula i da tabela; E; = valores esperados na célula i da
tabela de esperados. Apesar de extremamente poderoso do ponto de vista estatistico, €
necessario um ndmero muito grande de individuos para evitar resultados tanto falso-
positivos quanto falso-negativos. Além disso, o teste de associacdo alélica tem como
consequéncia a perda de informacdo dos individuos heterozigotos, visto que possuem

ambos os alelos, dificultando a categorizagdo entre as classes.

b 2 2 21° . ~ s, eqe
Uma alternativa ao teste de ¥~ é a andlise de associacdo genética utilizando um

modelo de regressdo logistica, por meio da seguinte formula:

Bo+ﬁgxg+zﬁixi
e i

P@|0=p.X . X)=— S
l+e
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onde @ = fendtipo; B = conjunto de coeficientes de regressdo; X, = gendtipos da amostra;
Xi = covariantes observadas na amostra. Esta andlise permite o uso de um nimero menor de
amostra em relacdo ao teste de x2, além da inclusdo de covariantes, as quais podem ser

ambientais. Ambos os testes podem ser feitos em ambiente R (35)

1.8. Marcadores moleculares

Definida a amostra e o tipo de andlise a ser utilizado, o proximo passo € a escolha
do marcador molecular mais adequado para o estudo. Um mapa de marcadores moleculares
funciona como um ponto de referéncia no genoma no processo de clonagem posicional
(36). Os marcadores moleculares mais utilizados sdo as regioes microssatélites e os SNPs

(single nucleotide polymorphisms).

As regides microssatélites tém a principal caracteristica de apresentar repeti¢oes de
uma determinada sequéncia de nucleotideos, denominada sequéncia em tandem. Por este
motivo, estas regides sdo altamente polimérficas (Figura 3). De acordo com o National
Center of Biotechnology Information, héa atualmente, no genoma humano,

aproximadamente 7.000 regides microssatélites (36; 37).

Individuo A: 5'-.. atcggatgacggaacacacacacacacacacactgacgcagtgatatgeg...-3'
5'-...atcggatgacggaacacacacacacacactgacgcagtgatatgeg...-3'

Individuo B: 5'-._.atcggatgacggaacacacacacacacacacacacacacactgacgcagtgatatgeg...-3'
5'-...atcggatgacggaacacacacactgacgcagtgatatgeg...-3'

Figura 3. Exemplo de regides microssatélites (sequéncia sublinhada).

Os SNPs sdao mutagdes de troca de um nucleotideo na sequéncia de DNA (Figura
4). Apesar de raras excegdes, visto que esta mutacdo de ponto envolve dois nucleotideos,
este tipo de marcador € bialélico (36). Com os estudos realizados pelo projeto HapMap ja

foram validados aproximadamente 19 milhdes de SNPs pelo genoma humano (38; 39).
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Individuo A: 5'-...atcggatgacggacagtgaGacatgagtgacgttgacgcagtgatatgeg.. .-3'
5'-...atcggatgacggacagtgaT acatgagtgacattgacgcagtgatatgeg.. -3

Figura 4. Exemplo de um SNP no individuo A (nucleotideo sublinhado).

Um fator importante do ponto de vista estatistico € o nimero de marcadores
moleculares a ser utilizado, o qual é condicionado ao grau de conhecimento prévio da
fisiopatologia do fendtipo em estudo (2; 40).

A primeira situagdo é o caso de haver evidéncias de alguma via metabdlica
especifica, por meio de ensaios bioquimicos ou ensaios indiretos com medicamentos, ou
evidéncias de algum gene possivelmente relacionado com o fendtipo, descritos em
trabalhos anteriores. Nesta situacdo os estudos a partir de genes ou regioes candidatas sao
os mais apropriados, pois um nimero pequeno de marcadores € utilizado (Tabela 3). A
segunda situacdo € a total falta de evidéncias da fisiopatologia do fendtipo, ou evidéncias
generalizadas demais, levando a uma confusa escolha dos genes/regides candidatas. Nesta
situacdo, o estudo de mapeamento em todo o genoma é mais adequado (2; 36; 40), como

mostra a Tabela 3.

Tabela 3. Ndmero de marcadores moleculares utilizados nas analises.

Distancia média Genes Todo o
Analise Marcador
entre marcadores candidatos genoma
Paramétrica Microssatélites ~10 Mb* 4a6/gene 300 a 400
Nao paramétrica SNPs ~ 300 kb** 5a100/gene | 1x10%a 1x10°

*Mb = 1.000.000 pares de bases; **kb = 1.000 pares de bases.

A utilizacdo de um nimero grande de marcadores moleculares gera um aumento
no numero de testes a ser computado, resultando em um viés estatistico denominado
problema dos multiplos testes (41), onde um aumento no niimero de testes infla a taxa de
falso-positivos na amostra, como é exemplificado na Tabela 4. Por consequéncia, o limite

dos valores de p deve tornar-se cada vez menor por meio de ajustes, tais como a corre¢ao
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de Bonferroni e o False Discovery Rate, levando a um aumento do tamanho da amostra
necessdria, a qual pode chegar a um minimo de 3000 individuos em estudos de associa¢do

populacional analisando todo o genoma (40; 41).

Tabela 4. Numero de resultados falso-positivos por niimero de testes.

Nivel de significancia o
Niumero de testes = v
0,05 0,01 0,001 0,0001 1x10 1x10
1 0 0 0 0 0 0
10 0 0 0 0 0 0
20 1 0 0 0 0 0
100 5 1 0 0 0 0
1.000 50 10 1 0 0 0
10.000 500 100 10 1 0 0
100.000 5.000 1.000 100 10 1 0
1.000.000 50.000  10.000 1.000 100 10 1

O problema dos multiplos testes € um dos fatores principais da inviabilidade de
estudos de associacdo populacional (40). Apesar de afetar também as andlises com
amostras de familias, o tamanho necessario da amostra familiar € consideravelmente menor
em relacdo a uma amostra populacional, chegando a um minimo de 400 individuos (42).

A identificacdo dos gendtipos destes marcadores moleculares nos individuos €
realizada por meio de equipamentos de aquisi¢do de dados, tais como MegaBACE© 1000
(GE Healthcare, Buckinghamshine, UK), ABI® 7500 (Applied Biosystems, Foster City,
CA, EUA), bem como chips de microarray (41). Além de gerar uma grande quantidade de

informacdo, os dados provenientes destes equipamentos necessitam de um prévio

Introducdo

46



processamento para o uso adequado aos diversos programas estatisticos utilizados nas
andlises. Visto que ndo ha programas para este tipo de tarefa, surge o primeiro problema:
como realizar a interface entre os dados dos equipamentos e os dados utilizados pelos
calculos estatisticos.

Apesar das vantagens que uma amostra familiar apresenta em relacio a uma
amostra populacional, na prética sdo observadas vdrias familias de tamanhos e estruturas
familiares diferentes para doencas complexas neuro-psiquidtricas, levando a resultados
esptrios somente devido ao desenho experimental empregado (2; 40). Neste momento,
tem-se o segundo problema: qual o melhor teste estatistico para uma amostra familiar

variada.
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2.1. OBJETIVO PRINCIPAL
Aplicar e avaliar os modelos estatisticos e desenvolver algoritmos para
processamento de dados de genotipagem para as andlises de mapeamento genético em

familias segregando doengas neuro-psiquidtricas.

2.1. OBJETIVOS ESPECIFICOS

e Desenvolver algoritmos de interface entre os equipamentos de genotipagem e 0s
calculos estatisticos;

e Aplicar anélises de segregacdao complexa nas familias com ELTM;

e Realizar estudos paramétricos de ligacao genética em uma familia segregando PPBC;

e Realizar estudos ndo paramétricos de TDT em uma amostra de familias segregando

TAB

Objetivos
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Abstract

Genetic linkage studies using whole genome scans are useful approaches for identifying genes related to human diseases. In general, these studies
require genotyping of a large number of markers. which are used in statistical analysis. Recent technology has allowed easy genotyping of a large
number of markers in less time: therefore, interface programs are required for manipulation of these large data sets. We present a new algorithm,
which processes input data in LINKAGE format from data analyzed by automated genotyping systems. The algorithm was implemented in PERL
script and R environment. Validation was performed with genotyped data from 127 individuals and 720 microsatellite markers oftwo whole genome
scans. Our results showed a significant decrease in data processing time. In addition, this algorithm provides unbiased allele frequency estimation
used for linkage analysis. LINKGEN is a freely available online tool and allows easier, faster, and reliable manipulation of large genotyping data sets.

© 2008 Elsevier Inc. All rights reserved.

Keywords: Linkage studies; Data handling; Bioinformatics

Introduction

Genetic linkage studies using whole genome scans are useful
tools for finding human disease loci and genes [1.2]. Approxi-
mately 300450 microsatellite markers or high-density SNP
maps are required for these studies [3.4]. In parametric linkage
studies, as well as meta-analysis genome scans, microsatellite
markers are still the best choice for genotyping large single
families or multiple small families [3.5.6]. Recently, high-
throughput automated genotyping equipment has been used for
analyzing these molecular markers, such as MegaBace (GE
Heathcare, Chicago, IL) and ABI (Applied Biosystems, Foster
City, CA) systems. However, data output format from most of
this equipment is not compatible with input format required by
several types of parametric and nonparametric genetic linkage
software, such as LINKAGE, GENEHUNTER, MERLIN, and
S.A.G.E. packages |7-10]. Although interface programs have
been implemented for microarray-based SNP genotyping [11],
there is no such tool available for processing of microsatellite

* Corresponding author. Fax: +55 19 3280 [818.
E-mail address: icendes@unicamp.br (1. Lopes-Cendes).

0O88R-7543/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.10164.ygeno.2008.02.001

genotype data. Furthermore, since not all ndividuals used in
linkage studies are genotyped, the manual data processing of
these large data sets leads to tedious and laborious work, which
may increase the probability of clerical errors.

In this study we present a new algorithm, named LINKGEN,
designed to generate an interface between most types of auto-
mated genotyping software and statistical packages for linkage
analysis; in addition, it includes allele frequency estimates from
pedigree data sets.

Results and discussion

LINKGEN achieves a faster and easier data processing for
linkage analysis. Indeed, our results showed that all 720 micro-
satellite genotypes were correctly distributed across all 127
family members, using the LINKGEN algorithm i each valida-
tion study. Data manipulation can be carried out by the web;
therefore, the software is able to operate in any operational
system and for any type of analysis which uses genetic linkage
statistical methods. In fact, several studies in our laboratory
have used this algorithm [12—14], decreasing considerably the
statistical processing time.
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Since most output data formats from different automated
genotyping equipment have at least a genotype call column, our
software is able to accept output data from many genotyping
systems cumrently in use, without a lot of preprocessing. In
addition, most SNP genotyping equipment also includes geno-
type call columns, making LINKGEN also suitable for use in
studies in which only a few SNP markers are genotyped.

Approximately 1500 disease genes have been identified and
listed in the Online Mendelian Inheritance in Man (OMIM)
using genetic linkage studies [2,15]. A large number of micro-

satellite or SNP markers are required for whole genome scans
|2—4]. Since advanced genotyping techniques of microsatellite
markers are now available, interface programs between geno-
typing and statistical software became an important tool for
processing data in these studies, such as genome-wide scans and
meta-analysis of genome scans [5,6]. In conclusion, this sofi-
ware allows construction of appropriate input files for most
linkage analysis programs, providing an easier, faster, and re-
liable manipulation of large genotyping data sets in whole ge-
nome linkage analysis.

Materials and methods

Implementation

LINKGEN was implemented in PERL scripts and used two files, corresponding to two matrices defined as follows: a pedigree structure matrix P=( py ), . , built in
PRE-LINKAGE format [3], and a marker genotype matrix M=(m,.: ). » from any genotyping system and any number of markers (Fig. 1). In P matrix, there are up to
seven columns, as follows: g ; = pedigree identification (ID); p;2=individual 1D, p; ;= father ID; p; o= mother 1D; p; 5= sex; p; 5= affection status; and p; > =optional
liability class. Here we included a last column p; ,, with g=7 or 8, depending on the presence of a liability class column. This last column indicates whether the
individuals have been genotyped ( p;, = 1) or not { p, ,=0). In the allele marker matrix, we included two initial columns, where m,, , = pedigree 1D, and m,, , = individual
ID. Therefore, our algorithm combines these two matrices in a matrix R={(r¢qhn «[(-1)+ (225, Where each i-th row follows the formula:

, (o1 o-pigmt ) Ulmyz..myz) ifpiy =mu) \pig = me2i\pig =1
Al )2 (Pr1pig-1) Ulmiz = 0omyz =0) ifpiy = M1 Api2 = mwa/\prg =0

Therefore, by this formula, each genotyped individual in pedigree data receives hisher comesponding group of allele markers, whereas each nongenotyped
individual receives missing data code 0 (Fig. 1).

These files should have *.fam and *.gen extensions, regarding P and M matrices, respectively. Both files can be created in any text editor or caleulus sheet
processor software (i.e., Microsoft Word or Excel). In principle, the number of rows and columns isunlimited, depending on the file editor and computer configuration.
As a result, a *.pre extension file in LINKAGE format is created.

FH‘.’(]H;‘_’HL':L' estimatey

Marker frequencies, denoted as p, are estimated based on sibship data according to the formula [16]:

=
1= TI'Mw

Xylki+1)

i=1 1

p=

2

kilk 4+ 1)

which, assuming that a marker can have a |5 allele, X3 is the numberof (b alelles carried by sibling / in family £ (=0, 1, or 2); # is the number of families; and &, denotes
the number of siblings in i-th family. Considering Hardy-Weinberg equilibrium and absence of genotyping errors for markers studied, Broman [16] showed that this
frequency estimation is unbiased and provides reliable results. These estimates were implemented in R environment and included to LINKGEN PERL seripts.

Validation

To validate the algorithm, we used genotyped data from two large whole genome scans performed in two Mendelian forms of partial epilepsy syndromes: familial
mesial temporal lobe epilepsy (OMIM No. 608096) and autosomal dominant partial epilepsy with auditory features (OMIM No. 600512). These studies comprised 68
and 59 individuals and genotyping of 337 and 383 microsatellite markers, respectively. Genotyping was performed automatically using the MegaBACE 1000 (GE
Heathcare) system and genotype call by the FRAGMENT PROFILE software. We used LINKAGE, GENEHUNTER, and 8. A.G.E. packages for statistical analysis
[7.8,10]. Pedigree struciure matrix and genotyped allele matrix were built in Microsoft Excel software and saved as *.fam and *.gen files, respectively. Since
genotypic data from MegaBace and ABI equipment do not have the same structure as *.gen file, this file is initially built with family and individual ID columns,
followed by genotyped allele markers, which are copied and pasted from the genotype call column of FRAGMENT PROFILE output data of each marker file. Finally,
these data are saved as *.gen file (Fig. 1).

Availability and requirements

Software home page: http://lgm.femunicamp.br:900 | /cgi-bin/linkgen/linkgen.cgi
Operating system(s): platform independent

Programming language: Perl (5.8.8) and R (2.5.1)

Other requirements: none

License: freely available
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Pedigree 1
1 2 -=ID
34 -> Marker 1

12 -» Marker 2

o g —

3 4 5 B
24 31 32
25 14 15
7 2 9 10
52 36 53 62
13 17 57 53
inputfile.gen inputfile.fam
1 2 3 4 1 2 1 1 0 4] 1 2 3 0
1 3 2 4 2 5 1 & 0 o 2 1 1 1
1 4 3 1 1 4 1 3 1 2 1 1 2 1
L 5 3 Z 1 = 1 4 1 2 2 2 3 1
1 7 5 2 1 3 1 5 1 2 1 2 3 1
1 8 3 6 1 7 1 6 6 0 2 1 1 0
1 9 5 3 & 7 1. 7 5 & 1 1 1 1
1 10 & 2 1 8 5 6 2 2 3 1

5 3
- 2 5 & 2 1 2 1
- A 5 & A 2 B I
outputfile.pre
. 1
L I & f 0 2 1 1 &k X B

LINKGEN I 3 1 2 1 1 2 2 4 2 5

Fig. |. Example of LINKGEN algorithm workflow. Squares and circles indicate males and females, respectively. White and black symbols represent unaffected and
affected individuals, respectively. In this pedigree, individuals | and 6 are not genotyped.
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FOCAL EPILEPSIES—GENETICS

Segregation analysis in mesial temporal lobe epilepsy
with hippocampal atrophy
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It is well known that among epilepsies with focal seizure
onset, temporal lobe epilepsies (TLEs) are the most
common forms (Gloor, 1991). Mesial temporal lobe epi-
lepsy (MTLE) is one type of TLE frequently associated
with mesial temporal sclerosis (MTS), a neuropathologic
abnormality that can be diagnosed in vivo by high-
resolution brain imaging as hippocampal atrophy (HA)
and abnormal signal intensity (Berkovic et al., 1991; Cen-
desetal., 1993a). MTS, which is characterized by selective
neuronal loss and gliosis in regions of hippocampus and
hilus, has been associated with predisposing environmen-
tal factors, such as prolonged febrile seizures (FS) in child-
hood (Abou-Khalil etal., 1993; Cendes et al.. 1993b).

Familial forms of TLE have been identified, suggesting
that genetic factors could be involved in the determination
of different types of TLE (Berkovic et al., 1996; Ottman
etal.. 1995: Gambardella et al., 2000). Familial recurrence
of MTLE associated with HA has also been reported
(Cendes et al., 1998; Fernandez et al., 1998; Kobayashi
et al., 2001). Extensive phenotypic studies in large MTLE
families showed a certain degree of variability in clinical
and imaging findings, but most affected individuals have a
benign course of the disease. In these families HA was
observed in patients who had refractory seizures, requiring
surgical treatment ( Kobayashi et al., 2003a), as well as in
individuals who had only a single partial seizure and,
unexpectedly, in 34% of asymptomatic first-degree rela-
tives of patients (Kobayashi et al., 2002, 2003b). These
initial observations suggested that genetic factors may
play a role in MTLE associated with HA. In order to fur-
ther investigate this issue we performed complex segrega-
tion analysis in a sample of nuclear families of probands
with MTLE and HA.

Address correspondence to Iscia Lopes-Cendes, MD, PhD, Depart-
ment of Medical Genetics, FCM — UNICAMP, Tessdlia Vieira de Camargo,
126, Cidade Universitiria Zeferino Vaz, 13084-971 Campinas, SP,
Brazil. E-mail: icendes@ unicamp.br

Wiley Periodicals, Inc.
@ 2010 International League Against Epilepsy

METHODS

Ascertainment of patients and data collection

Ascertainment of patients and clinical data collection
are systematically performed in all probands with MTLE
followed at the epilepsy clinic of our university hospital.
The diagnosis of MTLE was based on clinical and electro-
encephalography (EEG) findings as defined by the Inter-
national League against Epilepsy (ILAE) criteria (1989).
Information on probands was collected regardless of fam-
ily history and obtained from all patients who fulfilled the
clinical and EEG criteria for MTLE. Subsequently,
extended family history was obtained from the probands
as well as available family members. HA was detected
by wvolumetric magnetic resonance imaging (MRI)
(Kobayashi et al., 2001, 2002). For calculation purposes
the sample was divided into nuclear families. including
the probands and their first-degree relatives. The
ascertainment probability () was used for ascertainment
correction (Lalouel & Morton, 1981; Ginsburg et al.
2003). All individuals evaluated provided written
informed consent and this study was approved by the
research ethics committee of our institution,

We considered as affected only individuals with MTLE
associated with HA confirmed by MRI; unaffected indi-
viduals who did not present MTLE regardless of the pres-
ence of HA; and unknown individuals with MTLE but not
evaluated with MRI.

Segregation analysis

Segregation analysis was performed under the mixed
model implemented by the POINTER software (available
at  http://cedar.genetics.soton.ac.uk/pub/PROGRAMS/
pointer, University of Southampton, U.K.) (Lalouel &
Morton. 1981). The mixed model assumes a phenotype (x)
with independent contribution of a major gene locus (g). a
multifactorial component (¢). and an environmental com-
ponent (e). The overall phenotype is defined as x = g +
¢ + e, and total variance is defined as V=G + C + E.
The major locus has two alleles (A, a) and the
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genotype frequencies follow  the
equilibrium.

Four parameters were estimated: dominance (d). or the
relative position of heterozygote mean. where d = | indi-
cates a dominant gene. whereas d = (0.5 indicates additive
and d =0 indicates a recessive gene; displacement (1)
between the two extreme homozygole means; allele [re-
quency (q): and heritability (H), which represents the pro-
portion between the variance of multifactorial component
and total variance (H = C/V).

Transmission probabilities (7, 72, and 73) were ana-

Hardy-Weinberg

lyzed for Mendelian pattern of transmission from parents
o offspring. These parameters—rt;, 1. and t3-denote
probabilities of transmitting allele A for genotypes AA,
Aa, and aa, respectively. Under Mendelian transmission,
73 = 1,12 = 0.5, 73 = 0 and no transmission, t; = 75 = 7.

Models were estimated by maximizing conditional like-
lihood (L) of nuclear family phenotypes. The difference
between —2InL under a general model with m parameters
and -2InL under a nested model with n parameters is z°
asymptotically distributed, with m—n degrees of freedom,
where p-values <0.05 reject the analyzed model. Because
these results can be biased for multiple tests. p-values
were adjusted using false discovery rate (FDR) correction
(Storey & Tibshirani, 2003) by p.adjust function in R
environment (R Development Core Team, 2006). In
addition. we used the Akaike Information Criterion (AIC)
(Akaike, 1974), which is =2InL plus twice the number of
free parameters in the model. This comparison has the
advantage that one model does not have to be a subset of
the other one. The model with lowest AIC indicates most
parsimonious fit of the observed data.

RESuULTS

We evaluated a total of 698 individuals, distributed into
148 nuclear families, which were ascertained from 76
unrelated probands with MTLE (n = (.60 for ascertain-
ment correction). There were 95 nuclear families (64.2%)
with only one affected individual and 53 (35.8%) with two
or more affected individuals (Table 1). There were 123
affected, 543 unaffected, and 32 unknown individuals.

Table |. Proportion of affected individuals
per family

No. of individuals/nudear family Mo. of nuclear families (%)

| 95 (64.2)
2 22(14.9)
3 15(10.1)
4 4(27)
5 7(4.7)
6 5(3.4)
Total 148 (100)

Epilepsia, 51(Suppl. 1:47-50, 2010
doiz T0.1111/.1528-1167.2009.02445.x

Among the 543 unaffected individuals, we found 15 indi-
viduals with HA; 91 individuals without HA: and 437
individuals who did not have MRI studies performed.
Among the 123 alfected individuals, there were 20 (12%)
who reported an antecedent of febrile seizures.

As shown in Table 2. our results rejected the random
model (;:24 = 133.760; p < 0.001) and the absence of a
major a gene {_152_1 = 133.760: p < 0.001). We could not
reject the multifactorial model (77, = 0.002; p = 0.999),
as well as recessive (;_'13 = 2.084; p = 0.407), codominant
(72 =0.112; p=0999), and dominant (3*; = 0.002;
p = 0.999) inheritance. However, comparison of AIC
values indicated that the autosomal dominant model
(AIC = 315.096) is more parsimonious than recessive
(AIC =317.178) and codominant (AIC = 315.206)
models. In addition, we did not reject a Mendelian trans-
mission (773 = 3.665; p=0.450) in comparison with
non-Mendelian transmission (123 = 30.159; p < 0.001).

DiscussionN

Complex segregation analysis has been successfully
used to evaluate the transmission of a trait from pedigree
data in several diseases (Jarvik, 1998), showing that com-
plex segregation analysis is a powerful and reliable tool
even in the molecular genetics era. Complex segregation
analysis can determine whether a Mendelian locus has an
effect on a particular phenotype. In addition, it can test for
the possible inheritance pattern and the magnitude of envi-
ronmental and polygenic effects that could be influencing
the final phenotype. All these inferred parameters can be
subsequently used in linkage analysis, fine mapping, and
other gene identification strategies related to the pheno-
type (Jarvik, 1998).

Several studies have suggested different inheritance
patterns in various epilepsy syndromes. Direct observa-
tion of pedigrees with generalized epilepsy with febrile
seizures plus, benign familial neonatal convulsions, auto-
somal dominant nocturnal frontal epilepsy, and familial
partial epilepsy with variable foci is consistent with auto-
somal dominant inheritance with incomplete penetrance:
whereas, most progressive myoclonus epilepsy syndromes
present an autosomal recessive mode of inheritance
(Callenbach et al., 2005). Moreover, Ottman et al. (1995)
suggested an autosomal dominant inheritance in a single
family with partial epilepsy and auditory auras based in a
preliminary segregation analysis. Although Berkovic
et al. (1996) have proposed an autosomal dominant inheri-
tance in a familial form of TLE with no MRI abnormali-
ties, to our knowledge there is no previous segregation
analysis performed in MTLE with HA.

The relationship between MTLE and MTS has been
recognized in classical histopathologic studies (Gloor,
1991; Bliimcke et al., 1999) and more recently correlated
with neuroimaging findings identified in vivo by high-
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Table 2. Segregation analysis performed for mesial temporal lobe epilepsy (MTLE) with
hippocampal atrophy (HA). Values between square brackets were fixed for calculation purposes

Model d t Q H 7 Ty T3 =2InL i d.f p* Test AIC

|. Mixed 1.000 1.736 0286 0.064 [I] [0.5] [0] 311.094 319.094
2. Sporadic [0] [0] [0 01 [ [0.5] 0] 444854 133760 4 0000 2 x| 444854
3. Absence major gene [0] [0] [0] 0.700 [I] [0.5] 01 444854 133760 3 0000 3 x| 446854
4. Multifactorial 1002 1.736 0286 [0] [n [0.5] 0] 311.096 0002 | 0999 4xI| 31709
5. Recessive (d = 0) [0] 1.921 0700 [0] n [0.5] 01 313.178 2084 2 0407 5x1 317178
6. Codominant (d = 0,5) [0.5] 2.841 0287 [0] [n [0.5] 0] 311.206 0112 2 0999 6x1 315206
7. Dominant (d = [} [n 1.738 0286 [0] n [0.5] 0] 311.096 0002 2 0999 7xI| 31509
8. Mendelian [n 1.637 0346 [0] 1.000  0.962 0.000 229637 Bl459 3 0000 7 xB 239637
9. Non-Mendelian [ 1.808 0299 [0] [0701] [0.701] [0.701] 444854 215217 3 0000 9 xB8 448854

Criterion.

d, dominance; t, displacement; q, allele frequency; H, heritability; 1}, 13, 13, probabilities of transmitting allele A for genotypes AA,
Aa and aa, respectively; L, likelihood; ;_'2, chi-square; d.f, degrees of freedom; p*, corrected p-values; AIC, Akaike Information

resolution MRI (Cendes et al., 1993a; Kobayashi et al..
2001), making HA a surrogate marker for MTS in patients
with intractable MTLE. Until recently, only environmen-
tal risk factors were associated with the development of
HA and MTLE, especially the occurrence of prolonged
childhood FS (Cendes et al., 1993b). However, more
recently, evidence suggesting the involvement of genetic
factors predisposing to HA in MTLE was found by the
study of a large cohort of families segregating MTLE
(Kobayashi et al., 2001, 2002, 2003a). These previous
clinical observations are supported by our results, since
our complex segregation analysis strongly suggests that
MTLE with HA could be influenced by a major gene
inherited mn an autosomal dominant pattern.

In addition, our results showed that a multifactorial
effect could not be rejected, indicating that genes of minor
effect could be acting as modifiers of the final phenotype.
In fact, a certain degree of clinical variability is observed
in patients with MTLE especially regarding seizures
severity (Baulac et al., 2004). These genes of minor effect
(or modifiers genes) could also explain the remarkable dif-
ferences in disease severity observed even within families
in which individuals with MTLE have good seizure con-
trol on antiepileptic medication; whereas, other affected
family members have medically refractory seizures, need-
ing surgical treatment (Kobayashi et al., 2001, 2003a). In
addition, the still-complex relationship between the pres-
ence of MTS and the occurrence of seizures could be, at
least in part, explained by genetic variants (1.e., sequence
polymorphisms) in these genes of minor effect. In this
context, it is interesting o note the presence of 15 individ-
uals (first-degree relatives ol probands with MTLE) who
did not have seizures but show HA on volumetric MRL
These individuals, if found to carry the same major gene
mutation as individuals with HA and MTLE, could be also
carriers of genetic variants in genes of minor effect, which

may protect them against seizures even in the presence of

morphologic changes in the mesial temporal structures.

With the recent development of tools and strategies for
disease gene mapping (Vink & Boomsma. 2002; The Inter-
national HapMap Consortium, 2005), the identification of
major genes, as well as of genes of minor effect, may be
helpful in the better understanding of the mechanisms asso-
ciated with the development of MTLE and HA and could
help to clarify the complex relationship between MTS and
the occurrence of seizures in patients with MTLE.
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Polymicrogyria (PMG) is characterized by an excessive the LINKAGE package and haplotype reconstruction
number of small and prominent brain gyri, separated by wis pt’rlf)rmt-d by GENEHUNTER software. Our results
shallow sulci. Bilateral perisylvian polymicrogyria (BPP) is showed a wide specrum of dinical manifestations in
the most common form of PMG. Clinical signs include affected individuals with BPP, ranging from normal to mild
pseudobulbar paresis, mental retardation, and epilepsy. neurological  abnormalities. Two-point linkage  analysis
Familial forms of BPP have been described and a candidate vield o Zmax=2.00 at 0=0.00 for markers DXS1205
locus was previously mapped o chromosome Xq28, distal and DXS1227. Multipoint lod-scores indicate a candidate
do marker DXS8103. The objective of this study was (o interval of 13 ¢M between markers DSXS1205 and DXSB043,
perform linkage analysis in one family segregating BPP. A on ch Xq27.2-Xq27.3. These results point to a new locus for
total of 15 individuals, including 8 affected patients with BPP in 4 more centromeric location than previously
BPP were evaluated. Family members were examined by a reported. @ 2008 Wiley-Liss, Inc.

neurologist and subjected to magnetic resonance imaging

scans. Individuals were genotyped for 18 microsatellite

markers, flanking a 42.3 oM interval on c¢h Xq27-q28. Two- Key words: linkage analysis; X-linked inherunce; corical
point and multipoint linkage analysis was performed using malformation
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Guimardes CA, Hage SRV, Cendes F, Guerreiro MM, Lopes-Cendes L. 2008. A new candidate locus for
bilateral perisylvian polymicrogyria mapped on chromosome Xq27. Am J Med Genet Part A 146A:1151-1157.

INTRODUCTION proposed [Gropman et al., 1997; Yoshimura et al,,
1998, Borgati et al., 1999; Guerreiro et al., 2000,
Villard et al., 2002], A candidate locus was mapped
on ch Xq28 [Villard et al., 2002} in five families with
BPP. In addition, mutations in the GPR 56 gene were
reported in patients with bilateral [rontoparietal
polymicrogyria and autosomal recessive inheritance
[Piaoetal., 2002, 2004] and recently, Roll et al. [20006]

Polymicrogyria (PMG) is a cortical development
malformation characterized by an excessive number
of small and prominent brain gyri, separated by
shallow sulci [Kuzniecky et al., 1993]. Bilateral
perisylvian polymicrogyria (BPP; OMIM #300388) is
the most common form of PMG, characterized by
thickening of the cerebral cortex, around and on the
depth of the Sylvian fissures, These abnormalities are
often asymmetrical and can vary in extent among
patients [Kuzniecky et al., 1993]. Clinical features
include pseudobulbar paresis, causing restricted
tongue movements, drooling, feeding problems,
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found a mutation in the SRPX2 gene (located on
Xq22) ina male patientwith BPP with severe seizures
and mental retardation.

We identified a family with recurrence of BPP
following an X-linked pattern of inheritance and
report here on the results of clinical, neuroimaging,
and genetic linkage studies

MATERIALS AND METHODS

We performed a detailed clinical investigation,
imaging studies and linkage analysis in one family
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segregating BPP, including a toral of 15 individuals.
Among them, four were males married into the
pedigree who were not included in the imaging
studies but were clinically accessed and genotyped
(Fig. 1). All 15 participating individuals gave in-
formed consent and the study was approved by our
Institution Research Ethics Committee,

Clinical and Language Evaluation

We systematically interviewed all patients and
family members according to a standard detailed
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questionnaire, emphasizing the history of problems
with phonation and delayed speech, motor develop-
ment and occurrence of prenatal events during the
first two trimesters of pregnancy. All patients were
examined by clinical neurologists. The neuro-
psychological assessment included the Wechsler
Intelligence Scale for Children-111 (WISC-1IT) or
Wechsler Adult Intelligence Scale—Revised (WAIS-
R) [Wechsler, 1981; Figueiredo, 2002]. Language
evaluation was performed by a child speech thera-
pist. Spontaneous language and free conversation
were evaluated according to a semi-structured
protocol that characterized the following aspects
ol language: phonologic, syntactic, semantic, prag-
matic, and lexical [Guerreiro et al., 2002,

Magnetic Resonance Imaging Studies

Magnetic resonance imaging (MRI) scans were
performed in a 2T scanner (Elscint Prestige ™, Haifa,
Israel), and included T1- and T2-weighted images
in three orthogonal planes, as well as thin coronal
T1 inversion recovery (IR) images. MRI visual
analyses were performed using multiplanar recon-
struction on OMNIPRO™ workstation. According to
MRI findings, individuals who clearly had BPP were
classified as alfected, whereas individuals with
normal imaging studies were classified as unaflected.

Genotyping

Genomic DNA was obtained by direct extraction [rom
lymphocytes of peripheric blood [Maniatis et al., 1989].
DNA samples were genotyped for 18 microsatellite
markers: DXS1192, DXS1205, DXS1227, DXSS8106,
DXS8073, DXS8043, DXS8028, DXS8045, DXS1200,
DXS998, DXS1215, DXS8091, DXS1193, DXS8086,
DXSE069, DXS8103, DXS8001, and DXS1073, flanking
a42.3 cMinterval on ch Xq27-28. Microsatellite markers
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were selected from published data [Villard et al.,
2002] and Genéthon human genetic linkage map
[Dib et al., 1996], available at the National Center
of Biotechnology Information home page (hup://
www.nchinlm.nih. gov).

PCR reactions were performed with 50 ng/ul
of DNA, 5 uM of each oligonucleotide, 10x
GeneAmp™ PCR BufferI1, 2.5 mM GeneAmp dNTP,
5 units/pl T;iqm DNA Polymerase and 25 mM MgCl,
(Invitrogen, Carlshad, CA). Sense oligonucleotides
were fluorochrome labeled with FAM (6-carboxy-
fluorescein), VIC™ or NED (phosphoramidite fluo-
rescein; Applied Biosystems, Foster City, CA). PCR
products of the microsatellite markers labeled with
fluorochromes were analyzed in the MegaBACE
1000™ automatic sequencer (GE Heathcare, Buck-
inghamshire, UK). Results were analyzed using
Fragment Profiler Software™ (GE Heathcare).

Statistical Analysis

Data obtained from Fragment Profiler Software™
was processed to input files for linkage analysis by
the LINKGEN program. This software was developed
by our laboratory and is available online at hup://
lgm.fem.unicamp.br:9001/cgi-bin/linkgen/linkgen.
cgi for free use,

Two-point and multipoint genetic linkage analysis
was calculated by the maximum likelihood method
usin;&% the computer program MLINK® and LINK-
MAP™ (version 5.2) (CEPH, University of Utah, and
Columbia University 1990), respectively, from the
LINKAGE® package [Lathrop and Lalouel, 1984;
Terwillinger and Ott, 1993]. The GENEHUNTER®
program was used for haplotype reconstruction
[Kruglyak et al., 1996]. We assumed an X-linked
dominant mode of inheritance with 0.8 penetrance,
Allelic frequencies for each marker was calculated
from unrelated individuals married into the pedigree

TABLE I. Demographic and Clinical Data on 15 Individuals Studied in One BPP Family

Carrier of affected

Pedigree number Gender Neurological examination Language acquisition PIQ/VIQ MRI1 haplotype
1-1 Male Normal Normal NE NE No
-2 Female Normal Normal 102/83 BPP Yes
-1 Male Normal Normal NE Normal No
11-3 Male Normal Normal NE NE No
11-4 Female Normal Normal 93/80 BPP Yes
11-5 Male PBP Delayed TY9NO BPP Yes
11-6 Male Normal Normal NE NE No
11-7 Female Normal Normal NE Normal No
11-8 Male Normal Normal NE NE No
11-9 Female Normal Normal 105/91 BPP Yes
11-3 Male PBP Delayed 74/57 BPP Yes
1114 Male Normal Delayed 95/97 BPP Yes
11-5 Male Normal Delaved 97/93 BPP Yes
118 Male Normal Delayed 10797 BPP Yes
114 Female Normal Normal NE Normal No

PIQ, performance intelligence quotient; VIQ), verbal intelligence quotient; MRI, magnetic resonance imaging; PBP, pseudobulbar paresis; NE, not evaluated; NO, not

obtained; BPP, bilateral perisylvian polymicrogyria,
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Fii. 2. MRI from Patient [1-5 (male). T1-weighted sagittal and coronal images
showing bilateral perisylvian polymicrogyria extending to both frontal and
parietal regions.

and controls. Disease allele frequency was 0.0001
[Villard et al., 2002]. Lod score values (Z) equal or
higher than 2.00 indicate genetic linkage between
marker and disease [Terwillinger and Ott, 1993].

RESULTS

A summary of clinical information is given in
Table 1. We accessed a total of 15 individuals,
including 5 females(Fig. 1). Clinical spectrumranged
from normal to mild neurological dysfunction,
including pseudobulbar paresis, such poor
articulation and poor tongue movements, Overall,
the MRIs showed a different pattern between males

as

Fi. 3. MRI from Patient I11-3 (male). T1-weighted sagittal (top left), axial
(top right), and coronal (bottom) images showing bilateral perisylvian
polymicrogyria extending to both frontal and parietal regions.

American Journal of Medical Genetics Part A
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and females, with more pronounced and widespread
polymicrogyric cortex in males (Figs. 2—5). Among
the five affected males, two individuals (II-5, Fig. 2
and II1-3, Fig. 3) had a more severe phenotype, with
pseudobulbar paresis and delay in language acquis-
ition (Table D). These individuals also had more
severe MRI abnormalities with BPP extending over
both frontal and parietal areas; whereas, the affected
females (individuals 1-2, Fig. 4; II-4, Fig. 5; and 11-9)
had the least severe MRI findings with asymmetrical
and milder perisylvian polymicrogyria.

Significant two-point lod scores were observed [or
two markers, with a Zmax=2.06 at 0=0.00 for
markers DXS1205 and DXS1227 (Table 1. Multi-
point lod scores pointed to a candidate region of
13 ¢M between markers DXS1205 and DXSB043,
located on cr Xq27.2-Xq27.3 (Fig. 6).

All eight patients with BPP on MRI had the affected
haplotype (Table I, Fig. 1); however, findings
in neurological and language evaluations were
variable. Individuals I-1, II-3, [1-6, and II-8 were not
included in the MRI studies, but had no neurological
complains or speech abnormalities (they were not
formally tested by the speech therapist). Individuals

Fig. 4. MRI from Patient 1-2 (female). Tl-weighted sagittal and coronal
images show asymmetrical bilateral perisylvian polvmicrogyria more pro-
nounced in right hemisphere (top row). The mild polymicrogyria on the left
hemisphere is present in the posterior extension of the Sylvian fissure which is
better appreciated in the coronal images (arrow).
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Fic. 5. MRI from Patient 114 (female). Coronal T1 images showing mild
hilateral asvmmetrical perisvivian polymicrogyria (more evident on the right
side) which spares frontal and parietal lobes.

II-1, -9 had normal neuroclogical exam, normal
language acquisition normal MRI and do not carry
the affected haplotype. Although individuals I-2, TI-4,
and 11-9 had normal neurological exam and language
acquisition, MRI clearly showed BPP and haplo-
type analysis revealed that they have the affected
haplotype. Individuals TI-5 and III-3 had pseudo-
bulbar paresis and individuals I11-4, 1II-5, and I11-8
had normal neurological exams; however, all five
had delayed language acquisition, MRI with BPP
and the affected haplotype (Table I, Fig. 1). The only
individual who carries the affected haplotype but
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does not have clinical or MRI abnormalities is 1I-7, a
female who had normal development and has
no neurological or speech abnormalities (Table T,
Fig. 1). Unfortunately, we could not obtain a com-
plete clinical, MRI or haplotype information on her
two daughters (individuals IIT-6 and 1I1-7), since the
mother (individual 11-7) did not agree to have the
girls participate in the study; however, the mother
informed us by a telephone interview that both
girls (ages 19 and 8 years old) are presently
asymptomatic and have had no developmental or
speech problems.

DISCUSSION

Bilateral persylvian polymicrogyria is a brain
abnormality currently classified under malforma-
tions due to abnormal cortical organization (includ-
ing late neuronal migration) [Van Bogaertetal., 1998;
Barkovich et al., 2005]. Genetic contribution to the
development of BPP in some patients is supported by
reports of familial cases, which suggests that gene
mutations may cause this brain anomaly [Bartolomei
etal., 1999; Borgattietal., 1999; Caraballo et al., 2000;
Guerreiro et al., 2000; Roll et al., 2006]. We identified
one family segregating BPP, showing a possible
X-linked dominant inheritance and in the pre-
sent study we showed evidence for linkage to ch
Xq27.2-Xq27.3 within a 13 ¢M candidate region.

Inthe family studied here, the matriarch individual
I-2) who was normal on clinical evaluation had three
affected children (II-4, I1I-5, and II-9) and four
affected grandchildren (I1I-3, 111-4, 111I-5, and I1I-8)
with clinical and MRI abnormalities. Surprisingly, her
MRI revealed BPP (Fig. 4). Furthermore, all eight
individuals (clinically unaffected matriarch, three
affected children and four affected grandchildren)

TABLE 11. Two-Point Lod Scores for 18 Markers on Chromosome Xq27-28

Recombinant fractions (8)

Markers 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
DX51192 —4.64 061 0.76 079 075 0.68 0.59 0.47 0.33
DXS1205 2.06 1.89 1.71 152 1.32 1.10 0.88 065 0.42
DX51227 2.06 1.89 1.71 152 1.32 1.10 0.88 065 0.42
DXS8106 1.03 093 0.82 071 0.60 0.47 0.35 022 011
DXS8073 1.33 1.23 112 1.01 0.90 077 0.04 0.50 0.34
DXS8043 0.00 000 0.00 000 0.00 000 0.00 000 0.00
DXS8028 —0.64 0.89 1.0 098 0.91 0.80 0.67 0.52 0.36
DXS8045 —0.64 089 1.0 098 0.91 080 0.67 0.52 0.36
DXS51200 0.00 000 0.00 000 0.00 000 0.00 000 0.00
DXS998 —1497 —0.34 —0.12 —0.03 0.01 0.03 0.03% 0.02 0.01
DXS1215 —1497 —0.34 —0.12 —0.03 0.01 0.03 0.03% 0.02 0.01
DXS8091 —0.64 0.89 1.0 098 0.91 0.80 0.67 0.52 0.36
DX51193 —0.64 0.89 1.0 098 0.91 0.80 0.67 0.52 0.36
DXS8086 0.00 000 0.00 000 0.00 000 0.00 000 0.00
DXS8060 —0.64 0.89 1.0 098 0.91 0.80 0.67 0.52 0.36
DXSH103 1.33 1.23 112 1.01 0.90 077 0.04 0.50 0.34
DXS8061 —14.04 —1.88 —-1.07 —0.65 —0.38 —0.20 —0.08 —(.01 0.03
DX51073 597 —0.62 —0.36 —0.23 —0.14 —0.09 —0.05 —0.03% —0.01
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Fia. 6. Multipoint lod scores calculated for the 18 markers genotyped on
chromosome Xq27-28. Dashed line indicates lod score threshold for linkage.

shared the same affected haplotype (Table I; Fig. 1).
These findings point to the great importance of
imaging studies in clinically unaffected individuals,
especially females, belonging to families segre gating
BPP. In addition, we also found evidence for in-
complete penetrance, since individual II-7 carries
at least part of the alfected haplotype (from markers
DXS1205 to DXS1227) but had normal development,
no neurological or speech abnormities and normal
MRI. Incomplete penetrance has been previously
reported in families with BPP and may result
from the lack of sensitivity of clinically used
imaging techniques to detect subtle brain abnor-
malities [Guerreiro et al., 2000; Jansen and Ander-
mann, 2005].

Our linkage study focused initially at region Xq28
due to the reports of Villard et al. [2002] describing
a candidate locus for BPP downstream to micro-
satellite marker DXS8103. However, the region of
interest was extended to a more centromeric loca-
tion, since the region telomeric to DXS8043 was
excluded by haplotype analysis (Fig. 1). Our results
point to a 13 ¢M candidate region for BPP in this
family between markers DXS1205 and DXS8043
as defined by multipoint linkage analysis, on ch
Xq27.2-q27.3. Our candidate locus is approximately
16 ¢M upstream marker DXSB103 and therefore,
does not overlap the candidate region previously
reported. The fact that two different candidate
regions for BPP were found could be an evidence
of locus heterogeneity and, since cortical develop-
ment is a very complex molecular mechanism with
the potential involvement of several different genes,
we cannot exclude the possibility that the distal
region on the long arm of ch X could harbor a cortical
development genes cluster, with some of these genes
involved in the etiology of BPP,

In conclusion, we mapped a candidate locus for
BPP on ch Xq27.2-q27.3 which does not overlap with
the candidate region previously mapped [Villard
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etal., 2002]. Our family demonstrated considerable
variability of clinical expression with only males
showing pseudobulbar paresis and low cognitive
scores. We recommend detailed clinical evaluation,
including examination by speech pathologists and
MRI scans in all related family members for the
precise phenotypic classification in linkage studies
of BPP.
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126 Brief report

Family-based association study for bipolar affective disorder
Rodrigo Secolin?, Claudio E.M. Banzato®, Maria C.M. Oliveira®,
Maria F.R. Bittar®, Marilza L. Santos® Paulo Dalgalarrondob

and Iscia Lopes-Cendes®

In this study we aimed to evaluate 21 candidate loci

for bipolar affective disorder (BPAD) identified earlier

in a large genome-wide association study. We evaluated
74 pedigrees with BPAD, with a total of 411 individuals,
including 96 patients who fulfilled clinical criteria for BPAD
according to Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition classification. Family-based
association analysis was performed using the UNPHASED
software. We identified a single nucleotide polymorphism
(rs9834970) localized on chromosome 3p22.3,

showing statistically significant association with BPAD
after the Bonferroni correction for multiple comparisons
(Pcorrected = 0.0025) with an odds ratio=2.64

(95% confidence interval: 1.30-5.35). Single nucleotide
polymorphism rs9834970 is located in an intergenic

Introduction

Family, twin and adoption studies clearly showed the
contribution of heritable factors in bipolar affective
disorder [BPAD (OMIM # 125480)] (Mcguffin and Katz,
1989; "Isuang and Faraone, 1990; Maier ef @/, 1993; Spence
e al., 1995; Alda, 1999; Katwo & «/, 2005). Indeed, many
candidate loci and candidate genes have been reported
in BPAD, but few of these studies have been replicated
in different population (Kato, 2007; Kaneva e al, 2008;
McAuley ez al., 2008; Serretti and Mandelli, 2008; Shi
e al., 2008; Barnerr and Smoller, 2009). The Wellcome
Trust Case Control Consortium (2007) reported 21 candi-
darte loci with strong or moderate evidence of association
w BPAD in the British populartion. In an attemprt to re-
plicate these results in an ethnic diverse population, we
evaluate these same candidate loci using a family-based
association approach.

Methods

Ascertainment of patients

We ascertained unrelated patients with BPAD in three
medical centers: a general teaching hospital at the
University of Campinas, a psvchiatric hospital (Bairral
Institute of Psychiatry) and a communiry mental health
center (Paulinia Public Health Care Svstem), all located
in Sao Paulo, Brazil. Detailed family histories were
obtained from all probands and available family members,
and pedigrees were constructed for all patients included
in the study. Each proband and all available relatives were
interviewed by the same psychiatrist (MCMO) using the
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Mini International Neuropsychiatric Interview Plus
(Sheehan ¢ af, 2000). This study was approved by the
research ethics committee of our institution and all
patients and family members signed a consent form
before entering the study.

We considered affected all individuals with bipolar 1 or
bipolar Il disorder according to Diggnostic and Statistical
Mannal of Mental Disorders, Fourth Edition (DSM-IV)
criteria (American Psychiatry Association, 1994). Among
411 individuals distributed in 74 families there were 96
patients with bipolar 1 disorder. Interestingly, we did
not find probands or any family member with bipolar 11
disorder. We considered unaffecred, individuals (307)
without BPAD, which included 280 individuals without
any psychiatric disorder, one with schizophrenia, one
individual with schizoaffective disorder and 25 with
depressive disorder. In addidon, eight individuals were
not evaluated and therefore classified as unknown.

Genotyping

Genomic DNA was obrained by direct extraction from
Ivmphocytes of penpheral blood according to standard
procedures (Maniatis e/ «/, 1989). DNA samples were
quantified using NanoVue V1.7.2 Specrrophotometer
(GE Healthcare, Chicago, Illinois, USA).

We chose 21 single nucleotide polymorphisms (SNPs),
20 autosomal and one on the X chromosome, with
strong and moderate evidence of association with BPAD
according to the supplementary information published

DOI: 10.1097/YPG.0b0 1323283322060
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by The Wellcome "Trust Case Control Consortium (2007).
SNPs were genotyped by real-time PCR using the ABI
7500 TagMan System (Applied Biosystems, Foster City,
California, USA) and fluorescence signals were detected
by the 7500 System Sequence Detection Software (App-
lied Biosystems).

Statistical analysis

SNP genotypes obtained from the System Sequence
Detection Software were processed to input files for
statistical analysis using the JINGLEFIX software, which
also estimated minor allele frequencies (threshold = 0.03)
from processed data (Secolin e @/, 2008). Mendelian
inconsistencies and Hardy=Weinberg equilibrium (£ value
threshold = 0.01) were evaluated by PEDCHECK and
HAPLOVIEW software, respectively (O'Connell and Weeks,
1998; Barrett e /., 2005). We used the UNPHASED pro-
gram for family-based association analysis (Dudbridge,
2008) and Bonferroni correction to account for multiple
testing. ‘o verify statistical power of our sample, we used
the TDT POWER CALCULATOR program, as this
software enables estimation from pedigrees with different
family structures (Chen and Deng, 2001). The para-
meters used in the TDT POWER CALCULATOR were:
dominant pattern of inheritance with incomplete pene-
trance, marker frequency = 0.10, allele frequency = 0.25,
and a Bonferroni adjusted statistical significance level
o= 0.0024.

Results

Descriptive statistics

Family investigation revealed 191 males (46.5%), 220
females (53.5%) with a mean age of 46.3 =16.4 vears.
Among patients, 34 (35.4%) had both parents genoryped,

Family-based association study for BAPD Secolin et al. 127

whereas 42 patients (43.7%) had at least one parent
genotyped. SNP average genotype call rate was 99% and
average genotyping success rate of sample patients was
also 99%. Stadstical power for our family sample was
higher than 80% for the detection of association.

Statistical analysis

As shown in ‘Table 1, SNPs rs2609633 and rs10134944
presented minor allele frequency of less than 0.05 and
SNP 1510134944 was not in Hardy=Weinberg equilibrium
(P <0.01); therefore, these SNPs were dropped from
further analysis. We found significant association signals
for SNPs rs2989476 (P = 0.0031), rs7570682 (£ = 0.0407),
159834970 (£ =0.00013) and 111622475 (£ =0.0153).
However, only SNP 19834970 maintained statistical
significance for association after Bonferroni correction
(Peprrected = 0.0025), with an odds ratio =2.64 (95%
confidence interval: 1.30-5.33). In addition, we found
that allele C of SNP 159834970 was over transmitted from
parents to patients (15:1).

Discussion

In 2007, The Wellcome ‘Trust Case Control Consortium
(2007) published 21 candidare loci with strong or moderare
evidence of association to BPAD in the Britsh population.
‘T'his initial large-scale association study was followed by a
meta-analysis study showing several additional important
chromosomal regions associated with BPAD (Baum ez a/.,
2008). Subsequently, strong signals for association were
also found in myosin 5B (MY0S5R), tetraspanin-8 (1'8P4
N&), epidermal growth factor receptor (£GFR), ankyrin
G (ANK3) and o 1C subunit of L-type voltage-gated
channel (CACNAIC) genes, again in the British popula-
tion (Ferreira ez @/, 2008; Sklar e a/., 2008). Among these

Table 1 Family-based association results for 21 SNPs in bipolar affective disorder

P value Allele effect estimation
dbSNP Locus MAF HWE ,.«_2 Mominal Corrected Allele OR 5% Cl
rs2989476 1p31.3 0.447 1.000 8.708 0.0031 0.0589 G 215 1.15-4.03
rs4027132 2p25.1 0.381 0.352 1.828 0.1764 1.0000 G 115 0.64-2.06
rs7570682 2g124 0.207 1.000 4186 0.0407 0.7733 G 1.51 0.79-2.89
rs1376144 2q14.1 0.342 0.025 2318 0.1279 1.0000 A 188 0.95-2.97
rs11888446 2g31.3 0.161 0.417 0.000 1.0000 1.0000 c 0.86 0.44-1.68
rs4673905 2331 0.230 0.224 3.397 0.0653 1.0000 G 0.89 0.47-1.68
rs2963146 2q37.3 0170 0.048 0.402 0.56257 1.0000 G 0.88 0.46-1.69
rs4276227 3p23 0.361 0.578 1.699 0.1924 1.0000 c 1.09 0.59-2.02
rs9834970 3p22.3 0.382 0.436 14.700 0.00013 0.0025 c 264 1.30-5.35
rs683395 3q27.1 0.093 1.000 0.091 0.7629 1.0000 c 1.86 0.82-4.21
rs6458307 6p21.1 0.404 0.895 0.040 0.8415 1.0000 c 1.23 0.70-2.16
rs6901299 6022.31 0101 0.048 06506 0.4772 1.0000 A 1.48 0.67-3.26
rs1406318 7p21.3 01056 0.958 1328 0.2491 1.0000 G 1.44 0.68-3.52
rs2609653% 8pi2 0.038 0.034 - - - - - -
rs10982266 932 0.481 0.968 1.096 0.2952 1.0000 C 0.97 0.56-1.68
rs10134944*° 14q22.3 0.022 1.4e-6 - - - - - -
rs11622475 14g32.33 0.187 0.649 5.884 0.0153 0.2007 c 153 0.84-2.81
rs420269 16pi12.1 0.291 0.298 0.000 1.0000 1.0000 C 0.77 0.40-1.29
rs1344484 16q12.2 0.423 0.063 2.379 0.1230 1.0000 c 1.11 0.62-1.98
rs3761218 20p13 0.398 1.000 0617 0.4319 1.0000 C 113 0.67-1.91
rs975687 Xg23 0.085 0.032 1.386 0.2390 1.0000 T 594 0.49-71.61

,.«_2‘ chi square; Cl, confidence interval; HWE, Hardy=\Weinberg equilibriurn; MAF, minor allele frequency; OR, odds ratio; SNP, single nuclectide polymorphisms.

“These SNPs were not evaluated due to MAF <0.05 and HWE status.
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genes, association with ANK3 and BPAD has been repli-
cated in further studies (Scott e @/, 2009; Smith e al.,
2009). In addition, Scott & «/ (2009) also found a strong
signal for association on chromosome 3p2l. Linkage
studies have also been performed in BPAD and identified
several different loci (Fullerton er @/, 2008; Kaneva er al.,
2008; McAuley ez al., 2008; Ross et af., 2008). However,
many of the association and linkage studies performed
t date on BPAD show different and even contradictory
results (Karo, 2007; Barnett and Smoller, 2009). Differ-
ences in phenotype definition, sample ancestry and study
design are key elements to explain these apparent dis-
crepancies. Therefore, replication studies in different
samples and using different mapping strategies are of
utmost importance to confirm findings reported earlier.

In an attempr to replicate the results reported by The
Wellcome Trust Case Control Consortium (2007) in an
ethnic diverse population, we evaluared the same 21 can-
didate loci identified by the original study using a family-
based association approach. Our family sample was found
to have significant power to detect association. However,
there were important differences in the way patents
were ascertained in the two studies. The Wellcome "Trust
Case Control Consortium (2007) used the research
diagnostic criteria (Spitzer er @/, 1978) for phenotype
definition and performed a case—control study In a
population-based sample. In our study we used DSM-IV
diagnostic criteria  (American Psychiatry  Association,
1994) and a familv-based sample. In fact, Bamertt and
Smoller (2009) suggested that different specific suscep-
tbility genes for BPAD could be identified depending
on sampling — family based versus population based.
In addition, unlike The Wellcome Trust Case Control
Consortium (2007), we did not include schizoaffective
disorder as a bipolar subtype, as we found only one
individual with this phenotype. One advantage of our
study design is the absence of problems with sample
stratification, as familv-based association studies con-
sider the association within but not berween families,
making it unnecessary for the use of genomic controls
(Dudbridge, 2008). By contrast, one limitation of our
study is thar as association was achieved in a sample with
familial aggregation of cases, the significance of this
association for patients without familial recurrence of the
disease 1s unclear.

Except for SNP 159834970, we did not find significant
association for any other SNP analyzed, including SNP
rs420259 which presented the highest association signal
according to The Wellcome Trust Case Control Consor-
tum (2007). Furthermore, despite the fact that finding
four SNPs with significant signals is more than expected
by chance after performing 21 tests, this amount of ana-
Ivses can inflate the false-positive rate; therefore, a statis-
tical correction for multiple comparisons was performed
in our study.

Although SNP rs9834970 is located in an intergenic
region and is not known to be associated with regulatory
genomic sequences, we found four candidate genes
located nearby which are related to nerve growth factors
({TAGY gene) (Staniszewska e «l, 2008) and voltage-
gated sodium channels (SCN54, SCNI0A and SCNIIA

genes).

In conclusion, we showed that SNP rs9834970, localized
on chromosome 3p22.3, is associated with the disease
phenotype in BAPD pedigrees. Our results strengthened
earlier findings of association between this SNP and
BPAD reported by The Wellcome Trust Case Control
Consortium (2007). Additional SNPs should be geno-
typed in the candidate region to estimate haplotype
association and to identfy the purtative suscepribility
variant associated with BPAD in this group of families.
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ABSTRACT

In the present study we aimed to identify a putative susceptibility gene from 3p22 candidate
region, previously described for bipolar affective disorder (BPAD). We evaluated 74
pedigrees with BPAD, with a total of 411 individuals, including 96 patients who fulfilled
clinical criteria for BPAD according to DSM-IV classification. Among 94 SNPs evaluated
by Transmition Disequilibrium Test (TDT), we identified one SNP (rs166508), localized
within integrin alpha 9 (ITGA9) gene. We observed an increased expression level of ITGA9
mRNA for mutant AA genotype patients by gene expression analysis. We suggest

microRNA upregulation could be under ITGA9 susceptibility of BPAD phenotype.
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INTRODUCTION

Bipolar affective disorder (BPAD [OMIM # 125480]) is a severe and potentially
disabling psychiatric illness, with a lifetime prevalence of 0.8-2.6 % in the population. The
most characteristic clinical features of this disease are episodes of mania or hypomania
interspersed with periods of depression. In untreated patients, the suicide rate can reach
approximately 20%' . BPAD have been also associated to other psychiatric disorders, such
as depression and schizophrenia **.

Family, twin and adoption studies clearly demonstrated the contribution of heritable
factors BPAD®. Indeed, many candidate loci and candidate genes have been reported in
BPAD, but few of these studies have been replicated in different population *8 The
Wellcome Trust Case Control Consortium’ reported 21 candidate loci with strong or
moderate evidence of association to BPAD in the British population. In a previous family
based approach, we found a significant signal on 3p22 regionlo. In order further our studies,
we aim to refine the 3p22 region in order to identify a putative susceptibility gene for

BPAD.

RESULTS

Both SNP average genotype call rate and average genotyping success rate of sample
was 90%. Statistical power for our family sample was higher than 80% for the detection of
association. SNPs rs3772105, rs35107818, rs11928905 and rs35479964 showed MAF <
0.05 (Figure 1a); SNPs rs2290528 and rs2685112 were not in Hardy-Weinberg equilibrium
(Figure 1b); therefore, these SNPs were drop from further analysis. In addition, there was
not LD between adjacent SNPs.

Significant signal was found for SNP rs166508, even when adjusted by Bonferroni
correction for multiple tests (Pcorrected = 0.0187; Figure 1c). Analysis of allele
transmission for rs166508 revealed that 80% of total found A allele was transmitted to
affected individuals, whereas only 33% of total found allele G was transmitted to affected

individuals (Figure 2).
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This SNP is located on intron 15 within integrin alpha 9 gene (ITGA9), located on
3p21.3 according the National Center of Biotechnology Information (GenelD: 3680;

http://www.ncbi.nlm.nih.gov/gene/3680). As shown in Figure 3, expression analysis of

ITGA9 gene revealed a statistically significant increased expression among individuals who
carry the mutant AA genotype compared with GG and GA genotypes (Kruskal-Wallis P =
0.0339).

DISCUSSION

Subsequent to the first GWAS performed by The Wellcome Trust Case Control
Consortium °, other GWAS, replication and meta-analysis studies have been strength the
association between 3p21-3p22 region and BPAD''™?

findings, refining the 3p22 region nearby SNP rs9834970 0,

. Thereby, we further our previous

According to TDT results, SNP rs166508 is associated to our BPAD family sample,
with an increase of allele A transmission compared to allele G (Figure 3). This SNP is
located within intron 15 of the integrin alpha 9 (ITGA9) gene (Figure 4). ITGA9 encodes a
subunit of the alpha 9 integrin, an integral membrane glycoprotein which is a receptor for a

nerve growth factor, neurotrophin 3 and brain-derived neurotrophic factor ',

Interesting, expression analysis showed an increase in /7TGA9 level in the blood for
mutant AA patients. Despite we did not evaluate human brain tissue, we can suggest that
ITGA9 level in this tissue could be increased in our AA patients, since we observed
similarity in expression level for both healthy human blood and brain tissue '°. However,
further ITGA9 expression studies in account to brain tissues in BPAD patients are necessary

to confirm these previous results.

In conclusion, we demonstrated that SNP rs166508, localized within ITGA9 gene, is
associated with the disease phenotype in BAPD pedigrees. We observed that rs166508 is
four base pairs downstream a microRNA regulation site (hsa-mir-4271). In fact, several
studies have associated microRNA regulation and neuropsychiatric diseases 117 Since hsa-
mir-2471 has already implicated in human neural precursors regulation '8 we suggest that

rs166508 could be in linkage disequilibrium with a variant within the increased hsa-mir-
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4271 site and this variant could generate an upregulation in /TGA9 level in BPAD patients.

However, sequencing analysis of hsa-mir-4271 site is needed to confirm our hypothesis.

METHODS
Ascertainment of subjects and SNP genotyping

We used clinical information and genomic DNA from our previous BPAD familial
sample 10 This sample consisted of 411 individuals distributed in 74 families with 96
bipolar I disorder individuals, classified according DSM-IV criteria ' Further study pilot
gene expression analysis was conducted from RNA sample from nine unrelated BPAD
affected individuals within this family data. This study was approved by the Research
Ethics Committee of our institution and all patients and family members signed a consent

form prior to entering the study.

SNP Genotyping

We choose 94 SNPs using SNPBROWSER® 4.0 (Applied Biosystems, Foster City,
California, USA) from the four populations available in phase Il HapMap *. The
parameters used were: minimum allele frequency (MAF) > 0.05; and linkage
disequilibrium 1 < 0.8. SNPs were genotyped by Real Time PCR using SNPlex System®
(Applied Biosystems, Foster City, California, USA).

Gene expression analysis

Since ITGA9 gene is expressed in blood ', we evaluate differential expression
among the three SNP genotypes from RNA was obtained by direct extraction from
lymphocytes of peripheral blood according to Ficoll-Plaque Plus (GE Heathcare, Chicago,
linois, USA) and Trizol (Invitrogen, Carlsbad, Califérnia, USA) procedure. RNA samples
were quantified using NanoVue V1.7.2 Spectophotometer (GE Heathcare, Chicago,
Illinois, USA).

Expression analysis was performed in triplicate by real-time PCR using the ABI
7500 TagMan System using human GAPDH as endogenous control (probe ID:
Hs03929097_g1; Applied Biosystems, Foster City, California, USA) and a ITGA9 assay
(probe ID: Hs00174408_m1; Applied Biosystems, Foster City, California, USA).
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Fluorescence signals were detected by the 7500 System Sequence Detection Software

(Applied Biosystems, Foster City, California, USA).
Statistical analysis

We used the JINGLEFIX academic software for preprocessing data and MAF
estimation from SNPlex data *'. Mendelian inconsistencies and Hardy-Weinberg
Equilibrium (HWE; pvalue threshold = 0.01) were evaluated by PEDCHECK and
HAPLOVIEW software, respectively 2223 'We used the TDTae program for family-based
association analysis ** and Bonferroni correction to account for multiple testing. In order to
verify statistical power of our sample, we used the TDT POWER CALCULATOR
program, since this software enables estimation from pedigrees with different family
structures **. The parameters used in the TDT POWER CALCULATOR were: dominant
pattern of inheritance with incomplete penetrance % marker frequency = 0.10; allele
frequency = 0.25; and a Bonferroni adjusted statistical significance level a = 0.00053.
Kruskal-Wallis rank sum test was used in order to evaluate differential expression by R

environment 2.
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Figure 1. Quality control and TDT results from 3p22 region: a) Minor allele frequency
(MAF) showing three SNPs with MAF < 0.05; b) Hardy-Weinberg Disequilibrium (HWD)
showing two SNPs with altered distribution; ¢) TDT P results, showing SNPs rs166508 as

statistically significant association.

Figure 2. Proportion of transmitted and untransmitted rs166508 alleles within BPAD

families.

Figure 3. Boxplot of relative quantification analysis from the three different genotypes of

unrelated BPAD individuals.

Figure 4. Location SNP rs166508 (asterisk) among SNPs evaluated within /TGA9 gene

(exons = white; introns = black).

Capitulo 5
99



4. DISCUSSAO

101



A escolha do tipo de amostra, do modelo estatistico e dos marcadores moleculares
¢ de extrema importancia para o correto mapeamento genético. Neste contexto, foram
levantados dois problemas: 1) visto a grande quantidade de dados gerados para as anélises
estatisticas e a auséncia de programas de processamento deste tipo de dados, como realizar
a interface entre os dados dos equipamentos e os dados utilizados pelos calculos
estatisticos; 2) visto que, apesar das amostras familiares serem mais adequadas em nosso
meio em relacdo a uma amostra populacional, a heterogeneidade das amostras familiares
gera duvidas quanto ao melhor modelo estatistico a ser utilizado.

O algoritmo LINKGEN (Capitulo 1) foi desenvolvido com o objetivo inicial de
processar os dados de genotipagem de marcadores microssatélites em amostras familiares,
sendo utilizado em mais trés estudos de mapeamento genético (43-45). Além disso, este
programa também se mostrou util para processamento dos dados de genotipagem de SNPs,
como mostrado no artigo do Capitulo 4. Renomeado para JINGLEFIX, este programa esta
sendo registrado no Instituto Nacional de Propriedade Intelectual (INPI pedido n°
0000270805133430).

Visto que, entre as trés doengas estudadas, somente a ELTM ndo possui um padrao
de heranga definido (9; 11; 46), foi realizada uma andlise de segregacdo complexa para
defini¢do destes parametros, como descrito no Capitulo 2. Os resultados apontam para a
presenca de um gene de maior efeito, segregando em um padrdao autossomico dominante,
além da presenca de genes de menor efeito influenciando o fenétipo da ELTM. Estes
parametros foram utilizados em posteriores estudos de mapeamento em todo o genoma para
ELTM, onde foi encontrada ligacdao genética na regiao 18pl1 (47).

Entretanto, além do padrio de heranga, a estrutura e o tamanho das familias
também influenciam os modelos estatisticos de mapeamento genético. A fim de comparar o
poder estatistico das andlises paramétricas e ndo paramétricas em diferentes tipos de
amostras, foram realizados célculos de poder estatistico utilizando um teste paramétrico
(LINKAGE) e um nao paramétrico (TDT), em cada uma das amostras segregando PPBC
(Capitulo 3) e TAB (Capitulo 4), para a utilizacdo de até 100 marcadores moleculares. A

andlise paramétrica se mostrou mais robusta do que a andlise ndo paramétrica para a familia
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segregando PPBC. De modo contririo, a andlise ndo paramétrica se mostrou mais robusta

para as 74 familias segregando TDT (Figura 5).

100 +

90

80 \

—B-LINKAGE - uma familia
60 -
—@—LINKAGE - varias familias
50 -
——TDT - uma familia
40
—&—TDT - varias familias
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Numero de marcadores

Figura 5. Comparagdo entre as andlises paramétricas (LINKAGE) e ndo paramétricas

(TDT) para as duas amostras estudadas.

Em relacdo aos achados descritos no Capitulo 3, Santos et al. encontraram ligacao
genética na regido Xq27, mais centromérica da regido Xq28 descrita por Villard et al. (11).
Vink et al. (2) sugerem que as diferencas nos resultados das andlises estatisticas podem ser
explicadas pela estrutura da amostra familiar. De fato, diferencas entre as amostras podem
ser observadas: Santos et al. (Capitulo 3) avaliaram somente uma familia com 15
individuos; enquanto que Villard et al. (11) avaliaram cinco familias com uma média de
cinco individuos por familia. Entretanto, as cinco familias ndo se apresentam informativas
se avaliadas independentemente. Atualmente, estudos com alguns genes candidatos na
regido Xq27 estdo sendo realizados em nosso laboratdrio, tais como genes relacionados
com modulacdo de neuritos (SLITRK2 e SLITRK4, SRPX2, AFF2), visto que nenhum gene
foi identificado na regido Xq27-Xq28 para PPBC.

Apesar de menor poder estatistico em relacdo aos testes paramétricos (2), o

sucesso do mapeamento genético utilizando andlises ndo paramétricas para um numero
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maior de familias de tamanhos e estruturas variadas € evidente no Capitulo 4, onde foi
encontrada associacdo entre a regido 3p22 e TAB e posterior identificacio do SNP
rs166508, localizado no intron 15 do gene ITGA9 (Capitulo V).

Entretanto, diferentes genes foram identificados na mesma regido, tais como 0s
genes ANK3, GNL3, NEK4, ITIH3 (48) e o gene PBRM1 (49). Estes diferentes resultados
podem ser explicados novamente pelo tipo de amostra estudada (2), pois incluem tanto
estudos de meta-andlise quanto estudos populacionais e familiares. Barnett e Smoller (50)
reforcam esta hipétese, sugerindo que casos familiares segregando TAB podem apresentar
genes de susceptibilidade diferentes dos casos ndo familiares. Portanto, o gene ITGA9
continua como um gene de susceptibilidade para TAB em nossa amostra familiar.

O SNP rs166508 esta a quatro pares de bases no sentido 3’ de um provavel sitio de
ligacdo do microRNA hsa-mir-2471, o qual esta relacionado com precursores neurais. Visto
que individuos afetados com TAB portadores do gendtipo AA apresentam aumento de
expressdo do gene ITGA9, o SNP rs166508 pode estar em desequilibrio de ligagdo com
uma possivel variante no sitio de ligacdo do hsa-mir-2471. Portanto, esta variacdo pode
levar a ndo ligagdo do microRNA na regido e consequente diminui¢do na regulacdo da
expressao de ITGAY.

Entretanto, andlise da sequéncia do provdvel sitio de ligacdo utilizando os
individuos avaliados no estudo de expressao, juntamente com seus familiares, ndo revelou
alteracdo na sequéncia entre os individuos portadores dos genétipos GG, GA e AA do SNP
RS 166508. Além disso, a andlise dos 10 SNPs ndo sindOnimos presentes na regido
codificante do gene ITGA9 também ndo revelou associacdo com o TAB. Portanto, até o
momento, nao foi encontrado um substrato que justifique o aumento de expressdo do gene
ITGA9 para os individuos portadores do gendtipo AA para o SNP rs166508. A andlise da
sequéncia dos mRNA a partir de amostras de cultura de linfoblastos dos mesmos individuos
utilizados no estudo de expressao, além da andlise das regides promotora e UTR em toda a
amostra estdo sendo realizadas a fim de identificar o substrato que justifique o aumento de

expressao do gene ITGA9 em pacientes com TAB.
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Artigo 1:

O programa JINGLEFIX ¢ apto para uma adequada interface de dados entre os
diversos equipamentos de genotipagem (MegaBACE® 1000, ABI® 7500 e chips de
microarray) e os programas estatisticos mais utilizados para mapeamento genético.

Artigo 2:

A andlise de segregacdo complexa mostrou a presenga de um gene principal, com
padrao de heranca autossOmico dominante, além da presenca de genes de menor efeito,
atuando no fenétipo da ELTM. Este gene foi posteriormente mapeado na regido 18pl1.
Artigo 3:

A andlise paramétrica de ligacdo genética em uma familia segregando PPBC
identificou a regido Xq27 como regido candidata a possuir o possivel gene responsavel por
PPBC nesta familia.

Artigo 4:

A andlise ndo paramétrica de ligacdo mapeou a regido 3p22 para a amostra de
familias segregando TAB.
Artigo 5:

O refinamento da regido 3p22 identificou o gene ITGA9 como possivel gene de
susceptibilidade para o TAB.
Conclusao geral:

Tanto o algoritmo de processamento de dados quanto a adequada aplicacdo dos
modelos estatisticos foram fundamentais para o mapeamento genético das regides e dos

genes responsaveis pelas doengas neuro-psiquidtricas estudadas.
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Elsevier VAT number GB 494 6272 12

Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept” in connection
with completing this licensing transaction. you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center. Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example. figures) has
appeared in our publication with credit or acknowledgement to another source. permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication. as
follows:

“Reprinted from Publication title, Vol /edition number. Author(s). Title of article / title of
chapter. Pages No.. Copyright (Year). with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER].” Also Lancet special credit - “Reprinted from The
Lancet, Vol. number, Author(s). Title of article. Pages No.. Copyright (Year), with
permission from Elsevier.”

4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations. additions. deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com)

6. If the permission fee for the requested use of our material is waived in this instance. please
be advised that your future requests for Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (i) these terms and conditions and (iif) CCC's Billing and Payment
terms and conditions.

8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your
proposed use. no license is finally effective unless and until full payment is received from
you (either by publisher or by CCC) as provided in CCC's Billing and Payment terms and
conditions. If full payment is not received on a timely basis, then any license preliminarily
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granted shall be deemed automatically revoked and shall be void as if never granted.
Further, in the event that you breach any of these terms and conditions or any of CCC's
Billing and Payment terms and conditions, the license is automatically revoked and shall be
void as if never granted. Use of materials as described in a revoked license. as well as any
use of the materials beyond the scope of an unrevoked license. may constitute copyright
infringement and publisher reserves the right to take any and all action to protect its
copyright in the materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors. employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed.,
assigned, or transferred by you to any other person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or. in the case of publisher. by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions. together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions. these terms and conditions
shall control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion. for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article. If this license is to re-use | or 2 figures then permission is granted for
non-exclusive world rights in all languages.
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16. Website: The following terms and conditions apply to electronic reserve and author
websites:

Electronic reserve: If licensed material is to be posted to website. the web site is to be
password-protected and made available only to bona fide students registered on a relevant
course if:

This license was made in connection with a course.

This permission is granted for 1 year only. You may obtain a license for future website
posting,

All content posted to the web site must maintain the copyright information line on the
bottom of each image.

A hyper-text must be included to the Homepage of the journal from which you are licensing
at http://www.sclencedirect.convscience/journal/xxxxx or the Elsevier homepage for books
at http://www.elsevier.com . and

Central Storage: This license does not include permission for a scanned version of the
material to be stored in a central repository such as that provided by Heron/XanEdu.

17. Author website for journals with the following additional clauses:

All content posted to the web site must maintain the copyright information line on the
bottom of each image, and

he permission granted is limited to the personal version of your paper. You are not allowed
to download and post the published electronic version of vour article (whether PDF or
HTML. proof or final version). nor may you scan the printed edition to create an electronic
version,

A hyper-text must be included to the Homepage of the journal from which you are licensing
at http://www.sciencedirect.cony/science/journal/xxxxx . As part of our normal production
process. you will receive an e-mail notice when your article appears on Elsevier’s online
service ScienceDirect (www.sciencedirect.com). That e-mail will include the article’s
Digital Object Identifier (DOI). This number provides the electronic link to the published
article and should be included in the posting of your personal version. We ask that you wait
until you receive this e-mail and have the DOI to do any posting.

Central Storage: This license does not include permission for a scanned version of the
material to be stored in a central repository such as that provided by Heron/XanEdu.

18. Author website for books with the following additional clauses:
Authors are permitted to place a brief summary of their work online only.
A hyper-text must be included to the Elsevier homepage at http://www.elsevier.com

All content posted to the web site must maintain the copyright information line on the
bottom of each image

You are not allowed to download and post the published electronic version of your chapter.
nor may you scan the printed edition to create an electronic version.
Central Storage: This license does not include permission for a scanned version of the
material to be stored in a central repository such as that provided by Heron/XanEdu.

19. Website (regular and for author): A hyper-text must be included to the Homepage of the
journal from which you are licensing at http://www.sciencedirect.com/science/journal
/xxxxx. or for books to the Elsevier homepage at http://www.elsevier.com
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20. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially. please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies. on demand, of
the complete thesis and include permission for UMI to supply single copies. on demand, of
the complete thesis. Should your thesis be published commercially. please reapply for
permission.

21. Other Conditions:

v1.6

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
RLNK10893952.

Once you receive your invoice for this order, you may pay your invoice by credit card.
Please follow instructions provided at that time.

Make Payment To:
Copyright Clearance Center
Dept 001

P.O. Box 843006

Boston, MA 02284-3006

If you find copyrighted material related to this license will not be used and wish to
cancel, please contact us referencing this license hnumber 2561360187187 and noting
the reason for cancellation.

Questions? customercare@copyright.com or +1-877-622-5543 (toll free in the US) or
+1-978-646-2777.
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JOHN WILEY AND SONS LICENSE
TERMS AND CONDITIONS
Dec 03, 2010

This is a License Agreement between Rodrigo Secolin ("You") and John Wiley and Sons
("Tohn Wiley and Sons") provided by Copyright Clearance Center ("CCC"). The license
consists of your order details, the terms and conditions provided by John Wiley and Sons.
and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number 2561380915186
License date Dec 03, 2010
Licensed content publisher  John Wiley and Sons

Licensed content publication Epilepsia

Licensed content title Segregation analysis in mesial temporal lobe epilepsy with
hippocampal atrophy

Licensed content author Rodrigo Secolin,Claudia Maurer-Morelli,Fernando Cendes,Iscia
Lopes-Cendes

Licensed content date Feb 1, 2010

Start page 47

End page 50

Type of use Dissertation/Thesis

Requestor type Author of this Wiley article

Format Print and electronic

Portion Full article

Will you be translating? No

Order reference number
Total 0.00 USD
Terms and Conditions

TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or one if
its group companies (each a "Wiley Company”) or a society for whom a Wiley Company has
exclusive publishing rights in relation to a particular journal (collectively "WILEY"). By clicking
“accept” in connection with completing this licensing transaction, you agree that the following
terms and conditions apply to this transaction (along with the billing and payment terms and
conditions established by the Copyright Clearance Center Inc., ("CCC's Billing and Payment terms
and conditions™), at the time that you opened your Rightslink account (these are available at any
time at http://myaccount.copyright.com).

Terms and Conditions

1. The materials you have requested permission to reproduce (the "Materials") are protected by
copyright.

2. You are hereby granted a personal, non-exclusive, non-sublicensable, non-transferable,
worldwide, limited license to reproduce the Materials for the purpose specified in the licensing
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process. This license is for a one-time use only with a maximum distribution equal to the number
that you identified in the licensing process. Any form of republication granted by this licence must
be completed within two years of the date of the grant of this licence (although copies prepared
before may be distributed thereafter). Any electronic posting of the Materials is limited to one year
from the date permission is granted and is on the condition that a link is placed to the journal
homepage on Wiley's online journals publication platform at www.interscience.wiley.com. The
Materials shall not be used in any other manner or for any other purpose. Permission is granted
subject to an appropriate acknowledgement given to the author, title of the material/book/journal
and the publisher and on the understanding that nowhere in the text is a previously published
source acknowledged for all or part of this Material. Any third party material is expressly excluded
from this permission.

3. With respect to the Materials, all rights are reserved. No part of the Materials may be copied,
modified, adapted, translated, reproduced, transferred or distributed, in any form or by any
means, and no derivative works may be made based on the Materials without the prior permission
of the respective copyright owner. You may not alter, remove or suppress in any manner any
copyright, trademark or other notices displayed by the Materials. You may not license, rent, sell,
loan, lease, pledge, offer as security, transfer or assign the Materials, or any of the rights granted
to you hereunder to any other person.

4. The Materials and all of the intellectual property rights therein shall at all times remain the
exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) or their
respective licensors, and your interest therein is only that of having possession of and the right to
reproduce the Materials pursuant to Section 2 herein during the continuance of this Agreement.
You agree that you own no right, title or interest in or to the Materials or any of the intellectual
property rights therein. You shall have no rights hereunder other than the license as provided for
above in Section 2. No right, license or interest to any trademark, trade name, service mark or
other branding ("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto.

5. WILEY DOES NOT MAKE ANY WARRANTY OR REPRESENTATION OF ANY KIND TO YOU OR ANY
THIRD PARTY, EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE
ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS, INCLUDING, WITHQUT
LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY, INTEGRATION OR
NON-INFRINGEMENT AND ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND
WAIVED BY YOU.

6. WILEY shall have the right to terminate this Agreement immediately upon breach of this
Agreement by you.

7. You shall indemnify, defend and hold harmless WILEY, its directors, officers, agents and
employees, from and against any actual or threatened claims, demands, causes of action or
proceedings arising from any breach of this Agreement by you.

8. IN NO EVENT SHALL WILEY BE LIABLE TO YOU OR ANY OTHER PARTY OR ANY OTHER PERSON
OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH THE
DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS REGARDLESS OF THE
FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES
BASED ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD
PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE OF ESSENTIAL
PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN.

9. Should any provision of this Agreement be held by a court of competent jurisdiction to be
illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as nearly as
possible the same economic effect as the original provision, and the legality, validity and
enforceability of the remaining provisions of this Agreement shall not be affected or impaired
thereby.

10. The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition of this
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Agreement. No breach under this agreement shall be deemed waived or excused by either party
unless such waiver ar consent is in writing signed by the party granting such waiver or consent.
The waiver by or consent of a party to a breach of any provision of this Agreement shall not
operate or be construed as a waiver of or consent to any other or subsequent breach by such
other party.

11. This Agreement may not be assigned (including by operation of law or otherwise) by you
without WILEY's prior written consent.

12. These terms and conditions together with CCC’s Billing and Payment terms and conditions
(which are incorporated herein) form the entire agreement between you and WILEY concerning
this licensing transaction and (in the absence of fraud) supersedes all prior agreements and
representations of the parties, oral or written. This Agreement may not be amended except in a
writing signed by both parties. This Agreement shall be binding upon and inure to the benefit of
the parties' successors, legal representatives, and authorized assigns.

13. In the event of any conflict between your obligations established by these terms and conditions
and those established by CCC’s Billing and Payment terms and conditions, these terms and
conditions shall prevail.

14, WILEY expressly reserves all rights not specifically granted in the combination of (i) the license
details provided by you and accepted in the course of this licensing transaction, (ii) these terms
and conditions and (iii) CCC's Billing and Payment terms and conditions.

15. This Agreement shall be governed by and construed in accordance with the laws of England
and you agree to submit to the exclusive jurisdiction of the English courts.

16. Other Terms and Conditions:

BY CLICKING ON THE "I ACCEPT" BUTTON, YOU ACKNOWLEDGE THAT YOU HAVE READ AND
FULLY UNDERSTAND EACH OF THE SECTIONS OF AND PROVISIONS SET FORTH IN THIS
AGREEMENT AND THAT YOU ARE IN AGREEMENT WITH AND ARE WILLING TO ACCEPT ALL OF
YOUR OBLIGATIONS AS SET FORTH IN THIS AGREEMENT.

vi.2

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
RLNK10893990.

Once you receive your invoice for this order, you may pay your invoice by credit card.
Please follow instructions provided at that time.

Make Payment To:
Copyright Clearance Center
Dept 001

P.O. Box 843006

Boston, MA 02284-3006

If you find copyrighted material related to this license will not be used and wish to
cancel, please contact us referencing this license humber 2561380915186 and noting
the reason for cancellation.

Questions? customercare@copyright.com or +1-877-622-5543 (toll free in the US) or
+1-978-646-2777.
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JOHN WILEY AND SONS LICENSE
TERMS AND CONDITIONS

Dec 03, 2010

This is a License Agreement between Rodrigo Secolin ("You") and John Wiley and Sons
("John Wiley and Sons") provided by Copyright Clearance Center ("CCC"). The license
consists of your order details, the terms and conditions provided by John Wiley and Sons.
and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number 2561381309119

License date Dec 03, 2010

Licensed content publisher  John Wiley and Sons

Licensed content publication American Journal of Medical Genetics Part A

Licensed content title A new candidate locus for bilateral perisylvian polymicrogyria
mapped cn chromoseme Xg27

Licensed content author Neide F. Santos,Rodrigo Secolin,Iara L. Branddo-Almeida,Marilza S.
Silva,Fabio R. Torres,Simone S. Tsuneda,Catarina A.
Guimardes,Simone R.V. Hage,Fernando Cendes,Marilisa M.
Guerreiro,Iscia Lopes-Cendes

Licensed content date May 1, 2008

Start page 1151

End page 1157

Type of use Dissertation/Thesis
Requestor type Author of this Wiley article
Format Print and electronic
Portion Full article

Will you be translating? No

Order reference number

Total 0.00 USD
Terms and Conditions

TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or one if
its group companies (each a "Wiley Company”) or a society for whom a Wiley Company has
exclusive publishing rights in relation to a particular journal (collectively "WILEY"). By clicking
“accept” in connection with completing this licensing transaction, you agree that the following
terms and conditions apply to this transaction (along with the billing and payment terms and
conditions established by the Copyright Clearance Center Inc., ("CCC's Billing and Payment terms
and conditions”), at the time that you opened your Rightslink account (these are available at any
time at http://myaccount.copyright.com).

Terms and Conditions

1. The materials you have requested permission to reproduce (the "Materials") are protected by
copyright.
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2. You are hereby granted a personal, non-exclusive, non-sublicensable, non-transferable,
worldwide, limited license to reproduce the Materials for the purpose specified in the licensing
process. This license is for a one-time use only with a maximum distribution equal to the number
that you identified in the licensing process. Any form of republication granted by this licence must
be completed within two years of the date of the grant of this licence (although copies prepared
before may be distributed thereafter). Any electronic posting of the Materials is limited to one year
from the date permission is granted and is on the condition that a link is placed to the journal
homepage on Wiley's online journals publication platform at www.interscience.wiley.com. The
Materials shall not be used in any other manner or for any other purpose. Permission is granted
subject to an appropriate acknowledgement given to the author, title of the material/book/journal
and the publisher and on the understanding that nowhere in the text is a previously published
source acknowledged for all or part of this Material. Any third party material is expressly excluded
from this permission.

3. With respect to the Materials, all rights are reserved. No part of the Materials may be copied,
modified, adapted, translated, reproduced, transferred or distributed, in any form or by any
means, and no derivative works may be made based on the Materials without the prior permission
of the respective copyright owner. You may not alter, remove or suppress in any manner any
copyright, trademark or other notices displayed by the Materials. You may not license, rent, sell,
loan, lease, pledge, offer as security, transfer or assign the Materials, or any of the rights granted
to you hereunder to any other person.

4. The Materials and all of the intellectual property rights therein shall at all times remain the
exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) or their
respective licensors, and your interest therein is only that of having possession of and the right to
reproduce the Materials pursuant to Section 2 herein during the continuance of this Agreement.
You agree that you own no right, title or interest in or to the Materials or any of the intellectual
property rights therein. You shall have no rights hereunder other than the license as provided for
above in Section 2. No right, license or interest to any trademark, trade name, service mark or
other branding ("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto.

5. WILEY DOES NOT MAKE ANY WARRANTY OR REPRESENTATION OF ANY KIND TO YOU OR ANY
THIRD PARTY, EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE
ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS, INCLUDING, WITHQUT
LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY, INTEGRATION OR
NON-INFRINGEMENT AND ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND
WAIVED BY YOU.

6. WILEY shall have the right to terminate this Agreement immediately upon breach of this
Agreement by you.

7. You shall indemnify, defend and hold harmless WILEY, its directors, officers, agents and
employees, from and against any actual or threatened claims, demands, causes of action ar
proceedings arising from any breach of this Agreement by you.

8. IN NO EVENT SHALL WILEY BE LIABLE TO YOU OR ANY OTHER PARTY OR ANY OTHER PERSON
OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH THE
DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS REGARDLESS OF THE
FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES
BASED ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD
PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE OF ESSENTIAL
PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN.

9. Should any provision of this Agreement be held by a court of competent jurisdiction to be
illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as nearly as
possible the same economic effect as the original provision, and the legality, validity and
enforceability of the remaining provisions of this Agreement shall not be affected or impaired
thereby.
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10. The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition of this
Agreement. No breach under this agreement shall be deemed waived or excused by either party
unless such waiver or consent is in writing signed by the party granting such waiver or consent.
The waiver by or consent of a party to a breach of any provision of this Agreement shall not
operate or be construed as a waiver of or consent to any cther or subsequent breach by such
other party.

11. This Agreement may not be assigned (including by operation of law or otherwise) by you
without WILEY's prior written consent.

12. These terms and conditions together with CCC's Billing and Payment terms and conditions
(which are incorporated herein) form the entire agreement between you and WILEY concerning
this licensing transaction and (in the absence of fraud) supersedes all prior agreements and
representations of the parties, oral or written. This Agreement may not be amended except in a
writing signed by both parties. This Agreement shall be binding upon and inure to the benefit of
the parties' successors, legal representatives, and authorized assigns.

13. In the event of any conflict between your obligations established by these terms and conditions
and those established by CCC's Billing and Payment terms and conditions, these terms and
conditions shall prevail.

14, WILEY expressly reserves all rights not specifically granted in the combination of (i) the license
details provided by you and accepted in the course of this licensing transaction, (ii) these terms
and conditions and (iii) CCC'’s Billing and Payment terms and conditions.

15. This Agreement shall be governed by and construed in accordance with the laws of England
and you agree to submit to the exclusive jurisdiction of the English courts.

16. Other Terms and Conditions:

BY CLICKING ON THE "I ACCEPT" BUTTON, YOU ACKNOWLEDGE THAT YOU HAVE READ AND
FULLY UNDERSTAND EACH OF THE SECTIONS OF AND PROVISIONS SET FORTH IN THIS
AGREEMENT AND THAT YOU ARE IN AGREEMENT WITH AND ARE WILLING TO ACCEPT ALL OF
YOUR OBLIGATIONS AS SET FORTH IN THIS AGREEMENT.

V1.2

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
RLNK10894000.

Once you receive your invoice for this order, you may pay your invoice by credit card.
Please follow instructions provided at that time.

Make Payment To:
Copyright Clearance Center
Dept 001

P.0O. Box 843006

Boston, MA 02284-3006

If you find copyrighted material related to this license will not be used and wish to
cancel, please contact us referencing this license number 2561381309119 and noting
the reason for cancellation.

Questions? customercare@copyright.com or +1-877-622-5543 (toll free in the US) or
+1-978-646-2777.

https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID...
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ANEXO 4 - Licenca de uso de Copyright para o artigo 4

Rightslink Printable License

l1de2

https://5100.copyright.com/ App/PrintableLicenseFrame. jsp?publisherID...

WOLTERS KLUWER HEALTH LICENSE
TERMS AND CONDITIONS

Dec 03, 2010

This is a License Agreement between Rodrigo Secolin ("You") and Wolters Kluwer Health
("Wolters Kluwer Health") provided by Copyright Clearance Center ("CCC"). The license

consists of your order details, the terms and conditions provided by Wolters Kluwer Health,
and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number
License date

Licensed content publisher

Licensed content publication

Licensed content title
Licensed content author
Licensed content date
Volume Number

Issue Number

Type of Use

Requestor type

Title of your thesis /
dissertation

Expected completion date
Estimated size(pages)
Billing Type

Billing Address

Customer reference info
Total

Terms and Conditions

2561381144011
Dec 03, 2010
Wolters Kluwer Health

Psychiatric Genetics

Family-based association study for bipolar affective disorder

Rodrigo Secolin, Claudio Banzato, Maria Oliveira, et al

Jan 1, 2010

20

3
Dissertation/Thesis

Individual

Application of statistical models and algorithm development for
genetic studies of neuropsychiatric diseases

Feb 2011
107

Invoice

R. Tessalia Vieira de Camargo, 126

Universidade Estadual de Campinas

Campinas, other 13083887

Brazil

0.00 USD

Terms and Conditions

1. A credit line will be prominently placed and include: for books - the author(s). title of
book. editor. copyright holder. yvear of publication: For journals - the author(s). title of
article. title of journal, volume number, issue number and inclusive pages.

=]

. The requestor warrants that the material shall not be used in any manner which may be

considered derogatory to the title. content. or authors of the material, or to Wolters
Kluwer/Lippmcott, Williams & Wilkins.

03/12/2010 13:15
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Rightslink Printable License

3. Permission is granted for one time use only as specified in your correspondence.
Rights herein do not apply to future reproductions. editions. revisions. or other
derivative works. Once term has expired. permission to renew must be made in
writing.

4. Permission granted is non-exclusive, and is valid throughout the world in the English
language and the languages specified in your original request.

5. Wolters Kluwer Health/ Lippincott. Williams & Wilkins, cannot supply the requestor
with the original artwork or a "clean copy."

6. The requestor agrees to secure written permission from the author (for book material
only).

7. Permission is valid if the borrowed material is original to a LWW imprint
(Lippincott-Raven Publishers, Williams & Wilkins, Lea & Febiger. Harwal. Igaku-
Shoin. Rapid Science. Little Brown & Company, Harper & Row Medical. American
Journal of Nursing Co. and Urban & Schwarzenberg - English Language).

8. If you opt not to use the material requested above, please notify Rightslink within 90
days of the original invoice date.

9. Other Terms and Conditions:

v1.0

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
RLNK10893994,

Once you receive your invoice for this order, you may pay your invoice by credit card.
Please follow instructions provided at that time.

Make Payment To:
Copyright Clearance Center
Dept 001

P.O. Box 843006

Boston, MA 02284-3006

If you find copyrighted material related to this license will not be used and wish to
cancel, please contact us referencing this license number 2561381144011 and noting
the reason for cancellation.

Questions? customercare@copyright.com or +1-877-622-5543 (toll free in the US) or
+1-978-646-2777.

https://s100.copyright.com/App/PrintableLicenseFrame.jsp?publisherID...
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