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Resumo

Doencas neuropsiquiatricas afetam cerca de 450 milhdes de pessoas em todo mundo e dentre estas
patologias os Transtornos do Humor (TH) e Doenca de Alzheimer (DA) sdo as mais comuns. Em
relacdo a sua etiologia as doencas neuropsiquiatricas sdo resultados de variagdes em um grupo de
genes e de fatores ambientais. Pesquisas recentes vém mostrando associagdo positiva entre
variagbes genéticas em genes envolvidos nos sistemas de neurotransmissores com 0
desenvolvimento de doengas neuropsiquiatricas. Por isso, 0s estudos sobre polimorfismos
geneticos, nas doencas psiquiatricas sdo de grande importancia para a compreensdao dos
mecanismos moleculares envolvidos e podem auxiliar no diagnostico das mesmas. Neste cenario,
mutacOes encontradas no DNA tém sido amplamente estudadas, a fim de elucidar aspectos
geneticos relacionados as neuropatologias. Os polimorfismos do tipo SNPs (Polimorfismo de Base
Unica) e INDELs (insercdes e delecBes de fragmentos de DNA) tém se destacado devido as fortes
associacbes com os TH e DA. Diversos métodos de biologia molecular tém sido utilizados para
detectar estes tipos de polimorfismos, os experimentos moleculares geram grande quantidade de
dados a serem analisados, fazendo-se necessario a utilizacdo de ferramentas computacionais para se
extrair informagdes a partir desses dados gerados. Assim, o0 objetivo desse estudo foi 0 uso de
bioinformatica e de genotipagem em larga escala na busca de novos polimorfismos genético em TH
e aplicacdo de ferramentas computacionais em banco de dados de GWAS referente a DA. Para obter
0s resultados referentes & TH optamos por utilizar o software CLCbio Workbench®,
sequenciamento automatizado mega Bace 1000 e experimentos preliminares da técnica de DNA
pooling. J& para a DA, utilizamos o teste de associacdo e método de regressao linear do software
PLINK e o pacote genetics da linguagem de programacdo R, para correlacionar os niveis da
proteina familoide no plasma e liquido cefalorraquidiano e um total de 598.821 SNPs, ambos 0s
dados oriundos do banco de dados ADNI (4/zheimer’s Disease Neuroimaging Initiative). ApGs uma
sequéncia de passos in silico identificamos variac@es anteriormente descritas e novos polimorfismos
candidatos a fisiopatologia dos TH, na fase de validacdo dessas variacdes, por meio de
sequenciamento, falsos positivos foram frequentemente identificados, sendo descartados apods a
verificacdo na cadeia complementar. Apenas o SNP rs14068, localizado no exon 2 do gene
GABRAGS foi validado em amostras de pacientes com TH. No estudo referente a DA, 5 SNPs nas
regides dos genes TOMM40, PAMR1, TRIM9 e CCDC112 e 3 SNPs em regides de intron atingiram
associacgéo significativa, levantando a possibilidade de estejam relacionados a fisiopatologia da DA.

Palavras chaves: doencas neuropsiquiatricas, SNPs, INDELSs, bioinformética, GWAS.



Abstract

Neuropsychiatric diseases affect about 450 million people worldwide, among these pathologies the
Mood Disorders and Alzheimer disease are the most common. Regarding its etiology
neuropsychiatric disorders are the result of variations in a group of genes and environmental factors.
Recent studies have shown a positive association between genetic variations in genes involved in
neurotransmitter systems with the development of neuropsychiatric disorders. Therefore, studies of
genetic polymorphisms in psychiatric diseases are of great importance for understanding the
molecular mechanisms involved and may assist in the diagnosis of these diseases. In this scenario,
mutations found in DNA have been widely studied in order to elucidate the genetic aspects related
neuropathologies. Polymorphisms of type SNPs (Single Nucleotide Polymorphism) and INDELSs
(insertions and deletions) have been highlighted due to strong associations with Mood Disorders
and Alzheimer's Disease. Several molecular biology methods have been used to detect these types
of polymorphisms, however, the molecular experiments generate large amounts of data to be
analyzed and which are deposited, often in public databases, making it necessary to use tools
computer to extract information from these data. The objective of this study is the use of
bioinformatics and large-scale genotyping in the search for new genetic polymorphisms in Mood
Disorders and application of computational tools for database GWAS on the Alzheimer's Disease.
For best results we chose to use the software CLCbio Combined Workbench®, sequencing Mega
Bace 1000 and preliminary experiments the technique of DNA pooling. As for the DA used the
association test and linear regression software package plink and genetics of the R programming
language, to correlate protein levels gamiloide in plasma and cerebrospinal fluid and a total of
598,821 SNPs, both data from the ADNI database (Alzheimer’s Disease Neuroimaging Initiative).
After a sequence of steps in silico identified previously described variations and new candidate
polymorphisms pathophysiology of TH, during validation of these variations, by sequencing, often
false positives were identified and discarded after checking the complementary strand. Only the
SNP rs14068, located in exon 2 of the gene GABRAS was validated on samples of patients with
Mood Disorders. In the study Alzheimer's disease, 5 SNPs in regions of genes TOMM40, PAMR1,
TRIM9 and CCDC112 and 3 SNPs in intron regions reached significant association, raising the
possibility that they are related to the pathophysiology of Alzheimer's disease.

Keywords: neuropsychiatric diseases, SNPs, INDELSs, bioinformatics, GWAS.
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1. Introducéo

As doencas neuropsiquiatricas afetam cerca de 450 milhdes de pessoas em todo mundo e sdo
responsaveis por 14% da carga global de doencas, 30% de todas as doencas ndo transmissiveis e
representam mais de 10% de incapacidade em todo o mundo. Os transtornos do humor (TH) séo as
principais causa de incapacidade em jovens e a doenca de Alzheimer (DA) é a responsavel pelas
maiores causas de incapacidade em idosos. Estimativas mostram que a prevaléncia das doencas
neuropsiquiatricas devera continuar a crescer nos préoximos anos. Principalmente nos grandes
centros urbanos, onde a populagdo esta sujeita a diversos fatores estressores. Estima-se que em
2030, a depressdo seja a segunda causa na carga global de doenga, e em 2040 aproximadamente
81,1 milhdes de pessoas viverdo com alguma forma de deméncia.

Dentre os polimorfismos genéticos que influenciam na susceptibilidade a doencas, 0s
polimorfismos de base unica (SNPs, do Inglés: Single Nucleotide Polymorphisms) e as insercoes e
delecbes (INDELSs), por apresentarem potencial impacto tanto nas atividades proteicas quanto nas
alteracOes de niveis de expressdo génica, tém sido cada vez mais reconhecidos como os principais
tipos de variaces genéticas em tracos genéticos complexos, como no caso dos TH e da DA. Além
de serem os mais frequentes polimorfismos encontrados ao longo do DNA, ocorrem uma vez em
cada 300 nucledtidos, em média, o que significa que existem cerca de 10 milhdes de SNPs no
genoma humano, representando a classe mais frequente de variagdes genéticas, seguida dos
INDELSs.

Apesar do envolvimento de polimorfismos genéticos ser fortemente sugerido, as relacdes
entre os polimorfismos e os aspectos funcionais nos TH e na DA ainda ndo estdo compreendidas,
consequentemente, um dos grandes desafios da genética molecular humana é identificar e
compreender como as mudancas no DNA afetam o risco dos individuos desenvolverem estas
doencas e criar métodos mais efetivos de prevencdo, diagndstico e tratamento. Portanto, a
realizacdo de estudos sobre polimorfismos genéticos nas doengas neuropsiquiatricas, tais como TH
e DA, é de importancia estratégica, haja vista 0 aumento progressivo e continuo destes transtornos
em todo o mundo. Tais estudos sdo fundamentais para que se possam identificar potenciais novos
fatores genéticos de risco que auxilie na compreensdo dos mecanismos moleculares envolvidos na
fisiopatologia dessas doengas, podendo assim auxiliar no diagnostico e no planejamento de terapias
dessas patologias.

Por agregar conhecimentos na area da estatistica, informatica e biologia, a bioinformatica
tem sido bastante utilizada para dar suporte as analises moleculares e tem sido de grande auxilio na
busca de polimorfismos genéticos que possam estar associado a doengas complexas, como TH e

DA. Diante deste cenario, nosso trabalho teve como objetivo principal o estudo de polimorfismo
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genetico em TH através do uso de bioinformatica e de genotipagem em larga escala, priorizando
genes ligados aos sistemas de neurotransmissor gabaérgico e glutamatérgico, e aplicacdo de
ferramentas computacionais em banco de dados de GWAS (do Inglés: Genome-wide Association
Study) referente a DA. Como objetivos especificos este trabalho foram realizadas triagem e
validacdes das variagdes previstas no estudo in silico relacionado com TH, em amostras de DNA de
pacientes da populacdo brasileira; e utilizadas ferramentas computacionais na produgdo de um
painel de polimorfismos associados aos diferentes niveis do biomarcador # amiloide, no plasma
sanguineo e no liquido cefalorraquidiano, em grupos de pacientes com transtorno cognitivo leve e
DA.

Assim, este trabalho esta organizado da seguinte forma:

No capitulo 1 apresentamos uma revisdo do estado da arte onde sdo introduzidos conceitos
basicos para o entendimento do nosso trabalho. Sdo fornecidas informac@es relevantes sobre os TH
e DA, sdo tratados os conceitos de SNP e INDELs, e sdo apresentados o banco de dados e os
programas computacionais utilizados no nosso trabalho.

O capitulo 2 trata da busca de novas variagdes genéticas nos sistemas gabaérgico e
glutamatérgico de neurotransmissores por meio de método in silico e da possibilidade de que
delecBes de até 7 pares de bases, em genes dos referidos sistemas de neurotransmissor, estejam
ligadas a fisiopatologia dos TH. Complementando esse capitulo, mostramos resultados preliminares
da validacdo, por método de sequenciamento direto na populacdo brasileira, dos polimorfismos
encontrados in silico. Também citamos a realizacdo de experimentos preliminares por meio da
técnica de DNA pooling, ressaltando a necessidade de ajustes metodoldgicos para melhor
interpretacdo do resultado, mas este método é potencialmente eficaz para economizar tempo e
recursos na triagem de polimorfismos em larga escala.

No capitulo 3 exploramos os impactos dos INDELs nas doencas neuropsiquiatricas, 0s
desafios na triagem e as perspectivas entre identificacdo dessas variacbes e a compreensdo da
influencia nas doencas neuropsiquiatricas. A partir da revisao de literatura deste capitulo, o foco
principal do nosso trabalho passou a ser o uso de ferramentas computacionais na busca de novos
fatores de risco genético, como sera apresentado no capitulo 4.

No capitulo 4 apresentamos novos fatores de risco para a DA, a partir da correlacdo entre 0s
niveis das proteinas AB-40 e AB-42 no plasma sanguineo e no fluido cerebroespinal (CSF, do
Inglés: Cerebrospinal fluid) e 598.821 SNPs, provenientes do banco de dados ADNI. Entre os
novos fatores de risco temos 5 SNPs nas regides dos genes TOMM40, PAMR1, TRIM9 e CCDC112
e 3 SNPs em regifes ndo codificantes dos cromossomos 2, 14 e X.

Por fim, séo apresentadas as conclusdes do nosso trabalho.
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Capitulo 1

2. Revisao Bibliografica



2.1. Transtornos do Humor

Os Transtornos do Humor (TH) compdem um grupo de doencas heterogéneas caracterizadas por
alteracbes na esfera cognitiva das emocdes, sentimentos e motivacdo; dentre os TH mais
prevalentes e mais estudados estdo: a Depressdo Maior, a Distimia e o Transtorno Bipolar (TB). Os
TH séo divididos em Transtorno Depressivo Unipolar (TU) e Transtornos Bipolares (TB). A
presenca de um Unico episodio maniaco j& é suficiente para classificar o TB, diferenciando-o de
depressdo isoladamente. S&o diagnosticados a partir de sintomas e sinais caracteristicos, que vao
desde uma depressdo profunda acompanhada por sintomas psicoticos, passando por estados de
depressdo moderada e irritabilidade, até estados eufdricos brandos ou de mania, também
acompanhado por sintomas psicéticos. Estes transtornos geram elevado impacto na sociedade a
nivel mundial, afetam a qualidade de vida dos portadores e sdo responsaveis por elevadas taxas de
suicidio (MANUAL DIAGNOSTICO E ESTATISTICO DE TRANSTORNOS MENTAIS, 2002;
ORGANIZACAO MUNDIAL DE SAUDE, 2012).

Embora a maioria dos pacientes com TH receba algum beneficio com os tratamentos
atualmente disponiveis, um dos principais obstaculos para o desenvolvimento de tratamentos mais
eficazes de TH tem sido a compreensao limitada da sua fisiopatologia (RUSH et al., 2006; TRIVED
et al., 2006).

A manifestacdo fenotipica da doenca inclui ndo s6 mudancas do humor, como também uma
gama de distdrbios do sistema cognitivo, motor, enddcrino, autbnomo e alteracbes do sono
(SANACORA et al., 2008). Estudos demonstram que o déficit de neurotransmissores como a
norepinefrina, dopamina, serotonina, acido gama-aminobutirico (GABA, do Inglés: Gamma-
Aminobutyric Acid) e glutamato possam contribuir com a fisiopatologia dos TH. Além disso,
elevados niveis de glutamato e GABA tem sido observado no cortex cerebral de pacientes com
distdrbios do humor, sugerindo que alteracbes em ambos os sistemas de neurotransmissores podem
contribuir com a fisiopatologia dos TH (CHOUDARY et al., 2005; HASLER et al., 2007; LUYKX
etal., 2012).

Em relacdo a sua etiologia, os TH surgem a partir da interacdo complexa de maltiplos genes
e fatores estressores ambientais, aos quais estamos expostos diariamente e ao longo da nossa vida, e
dificilmente sdo explicados por um Unico componente genético ou ambiental (KAPLAN e
SADOCK, 2007).

Alteracdo nos sistemas de neurotransmissores & uma das hipoteses mais aceitas como
alteracOes fisiologicas dos TH. O sistema monoaminérgico (serotonérgico, noradrenérgico e
dopaminérgico) tem recebido maior atengdo nos estudos neurobiol6gicos dos transtornos de humor.

Com base na hipdtese de disfuncéo dos sistemas monoaminérgicos cerebrais na doenca bipolar, um
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dos primeiros genes candidato investigado foi 0 gene que expressa a proteina tirosina hidroxilase
(TYH, do Inglés: Tyrosine Hydroxylase) uma enzima que limita a velocidade de sintese das
monoaminas. Embora a maioria dos estudos concentre-se no sistema serotoninérgico, mostrando
possivel desregulacdo neste sistema, e em menor medida no sistema noradrenérgico, também héa
evidéncias de alteracbes de outros sistemas de neurotransmissores, como dopaminérgico,
glutamatérgico e gabaérgico, no envolvimento da fisiopatologia dos TH (BOURNE et al., 1968;
PARE et al., 1969; ROY et al., 1989; MEANA et al., 1992; HOLEMANS et al., 1993; BOWDEN
et al., 1997; KLIMEK et al., 1997; ORDWAY, 1997; ZHU et al., 1999; MANN et al., 2001;
MANUJI et al., 2001; BRAMBILLA et al., 2003; ZALSMAN et al., 2004; SANACORA et al., 2008;
SEQUEIRA et al., 2009). A Figura 1 mostra os neurotransmissores noradrenalina, serotonina e

dopamina envolvidos em algumas funcGes cognitivas.

Serotonina

Ansiedade
Irritabilidade

Energia Impulso

Interesse

Iniciativa

Figura 1. Envolvimento individual e em conjunto dos neurotransmissores noradrenalina, serotonina e
dopamina em algumas fungdes cognitivas.

2.2. Fatores de risco genético associado aos TH

Em comparacdo a outras doencas complexas, as doencas psiquiadtricas tém uma
herdabilidade relativamente alta (CHAKRAVARTI e LITTLE, 2003). O envolvimento de
componentes genéticos em TH é fortemente sugerido, principalmente por estudos envolvendo
gémeos, estudos com familias e com adotados, além dos estudos de genética molecular, como
estudos de ligacéo e de associagdo que também apontam para 0s TH como uma desordem de bases
genéticas, envolvendo complexos mecanismos de heranca (LIMA et al., 2004; MIDDELDORP et
al., 2008).

Ogilvie et al. (1996) foram os primeiros a relatar uma associacdo entre um repeticdo em
tandem em numero variavel (VNRT, do Inglés: Variable Number of Tandem Repeats) no segundo

intron do gene que codifica o transportador da serotonina (5-HTT) e TU. No mesmo ano,
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independentemente, Collier et al. (1996) ndo encontraram associacdo com TU, mas verificaram
uma frequéncia maior de uma variante deste polimorfismo num grupo de pacientes com TB.

Estudos de ligacdo realizados em pacientes com TB sugeriram o envolvimento de regides
nos cromossomas X, 18, 5, 11, 4, 21 e 12 (por ordem de quantidade de estudos de ligacdo
positivos), que, em geral, contém genes codificadores de proteinas, ou subunidades de proteinas,
relacionadas com neurotransmissores e seu funcionamento (MERIKANGAS et al., 2002).

O Polimorfismo no promotor da proteina transportadora da serotonina (5-HTT) tem sido um
dos principais fatores de risco associados aos TH, principalmente em estudos multicéntricos e
quando associados a eventos estressores, no entanto, Teste de Desequilibrio de Ligacdo (TDT, do
Inglés: Transmission Desequilibrium Test) ndo tém sido concordantes acerca do envolvimento deste
polimorfismo na origem dos TH (OLIVEIRA et al., 2000). Posteriormente, dois polimorfismos nos
genes GRIN1 e GRNI2B, que codificam a subunidade NR1 e NR2B respectivamente (subunidades
de receptores ionotropicos ativadas pelo glutamato), foram associados com TB (MARTUCCI et al.,
2006).

2.3. Genes dos sistemamas glutamatérgico e gabaérgico inseridos no estudo relacionado aos
TH

Glutamato e GABA sdo 0s principais neurotransmissores excitatdrio e inibitério no sistema
nervoso central, respectivamente (DANBOLT, 2001; SCHOUSBOE e WAAGEPETERSEN,
2007). E o papel dos sistemas glutamatérgico e gabaérgico vem sendo investigado no
envolvimenento fisiopatoldgico e no tratamento dos distarbios de humor, estudos sugerem que
alteracbes em ambos os sistemas de neurotransmissores podem contribuir com tanto com a
fisiopatologia dos TH quanto com a resposta ao tratamento (MERALI et al., 2004; CHOUDARY et
al., 2005; SANACORA et al., 2008). Pois, alteracbes nos niveis de glutamato e GABA tem sido
observado no cortex cerebral de pacientes com distdrbios do humor (SANACORA et al., 2008;
SEQUEIRA, 2009).

Embora estudos levantem hipoteses do envolvimento desses neurotransmissores nos TH, 0s
mecanismos moleculares que podem causar ou contribuir com a doengca permanecem
desconhecidos. Os locos cromossdmicos dos genes inseridos neste estudo estdo representados na

Figura 2.
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Figura 2. Representagdo geral dos locos cromossémicos dos genes envolvidos nos sistemas de
neurotransmissores glutamatérgico e gebaérgico, que apresentaram niveis de expressao alterada, de acordo
com o estudo de Microarray de expressao, realizado por Choudary et.al., 2005. Esses genes foram inseridos
no nosso estudo de busca por novos potenciais polimorfismos genéticos de risco em TH.

2.3.1. Gene GLUL

A proteina codificada pelo gene GLUL pertence a familia glutamina sintetase. O ciclo
glutamato-glutamina entre neurdnios e astrdcitos tem sido proposta como principal via de reciclagem do
glutamato, que ao ser recaptado € convertido a glutamina pela acdo da glutamina sintetase, que
posteriormente € transportada aos neurdnios e revertida a glutamato pela acdo da glutaminase
(DANBOLT, 2001). Localizado na regido 1931, este gene é expresso durante o inicio da fase fetal,
desempenhando um importante papel no controle do pH do corpo através da remocdo da amonia em
circulagdo (CLANCY et al., 1996). Em 2009, Sequeira et al., 2005, encontraram nivel alterado na

expressao de GLUL no cortex pré-frontal de suicidas portadores de Depressao Maior.
2.3.2. Genes GRIK5 e GRM3

Os receptores de glutamato medeiam a maior parte da neurotransmissdo excitatoria no

cérebro de mamiferos e sdo ativados em uma variedade de processos neurofisiolégicos normais
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(SAGER et al., 2009). Esses receptores sdo classificados em dois grupos ionotropicos e
metabotrdpicos, de acordo com suas caracteristicas moleculares (OZAWA et al., 1998).

H& trés classes de receptores ionotrépico de glutamato: NMDA (N-metil-D-aspartato),
AMPA (alfa-amino-3-hidroxi-5-metil-4-isoxazol propiénico) e receptores Kainato (YAN e

TOMITA, 2012). A Figura 3 ilustra a distribuicao desses receptores na membrana neuronal.
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Figura 3. Receptores ionotropico de glutamato: NMDA, AMPA e Kainato. Distribuidos na membrana
neuronal.

O gene GRIKS5, em humanos localizado na regido 19q13.2, codifica o receptor ionotrdpico
de glutamato, Kainate 5 (SZPIRER et al., 1994). Um recente estudo mostrou possivel associa¢do do
gene GRIK5 a diversas desordens neuropsiquiatricas, incluindo os TH (GRATACOS et al., 2009).

Mapeado no cromossomo 7g21.1, o gene GRM3 codifica receptores de glutamato
metabotrépico 3 (SCHERER et al., 1996). Em estudo de associacdo, Tsunoka et al., 20009,
encontraram uma associacdo entre um SNP (rs6465084) no gene GRM3 e Depressdao Maior, no

entanto, nenhuma associacdo entre GRM3 e TB.
2.3.3. Genes GABRB3, GABRD, GABRA5 e GABRG2

Os receptores gabaérgicos sdo classificados em ionotropicos (GABA A) e metabotropicos
(GABA B). Consistem em receptores transmembrana, compostos por cinco subunidades
organizadas em torno de um canal iénico (CI °) central, sendo esse aberto a partir de diferentes
ligantes, como o neurotransmissor GABA, benzodiazepinicos, barbituricos e esterdides anestésicos,
entre outros (WEI et al., 2003).

Em humanos, as subunidades dos receptores sdo divididas nos seguintes tipos: seis tipos de
subunidades o (GABRA1, GABRA2, GABRA3, GABRA4, GABRAS e GABRAG®); trés tipos de
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subunidades B (GABRB1, GABRB2 ¢ GABRB3); trés tipos de subunidades y (GABRG1,GABRG2
e GABRG3); uma subunidade 6 (GABRD); uma subunidade ¢ (GABRE); uma subunidade =
(GABRP); e uma subunidade 6 (GABRQ) (MOKRAB et al., 2007).

Essas subunidades se combinam de diferentes maneiras formando os canais GABA A.
Existe um requisito minimo de duas subunidades a e B para que seja formado um canal idnico, mas

0 mais comum ¢ a unido de duas subunidades o, duas e uma vy, formando o pentdmero o 2 3 2 vy

(CONNOLLY et al., 1996), representado na Figura 4.

'Canal iénico)

(& 4

Figura 4. Esquema de um receptor de GABA A formando o pentdmero a2 3 2 y.

O receptor do &cido gama-aminobutirico subunidade B-3 € uma proteina codificada pelo
gene GABRB3, que estd localizado no cromossomo 15q11.2 (PAPADIMITRIOU et al., 2001).
Mutacdes nesse gene tém sido associadas & patogénese de véarias doencas neuropsiquiatricas como
autismo, Depressdo Maior, esquizofrenia e TB (CRADDOCK et al., 2010; DELAHANTY et al.,
2011).

O gene GABRD codifica o receptor GABA A subunidade 6 ¢ encontra-se localizado na regido
1p36.3 (EMBERGER et al., 2002) em conjunto com o gene GABRADS, da regido 15911.2, que
codifica o receptor GABA A a 5, tem sido associado a diversas doencas psiquiatricas. Segundo
CRADDOCK et al. (2010), variagdes em ambos os genes apresentam fortes evidéncias de risco
para o TB.

O gene GABRG?2, localizado na regido 5q34, codifica o receptor GABA A subunidades y 2. A
regido cromossdmica 5q34, regido onde o receptor GABA A subunidades y 2 ¢ mapeado, foi
identificada como uma regido de suscetibilidade para os TH (YAMADA et al., 2003).
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2.4. Deméncias e Doenca de Alzheimer

Deméncia é um termo genérico, utilizado para definir uma sindrome clinica caracterizada
pela deterioracdo progressiva de multiplos dominios da cognigdo, com intensidade suficiente para
comprometer a autonomia do individuo. Representa umas das principais causas de incapacidade,
institucionalizacdo e reducdo de sobrevida na populacao, em especial a populacao idosa (MANUAL
DIAGNOSTICO E ESTATISTICO DE TRANSTORNOS MENTAIS, 2002). A deméncia tem um
impacto importante na vida social e na dimensdo emocional das familias e dos seus cuidadores em
toda parte no mundo (RADEMAKERSR e ROVELET-LECRUX, 2009).

As sindromes demenciais sdo classificadas em deméncias degenerativas, deméncias nao
degenerativas e deméncia mista, alem de serem subdivididas em irreversiveis e potencialmente
reversiveis. As deméncias degenerativas englobam: Doenca de Alzheimer (DA), Doenca de
Parkinson, Deméncia por Corpos de Lewy (DCL) e Deméncia Fronto-temporal (DFT). Ja entre as
deméncias ndo degenerativas, destacam-se a Deméncia Vascular (DV), as Deméncias
Hidrocefalicas (DH), as deméncias por lesGes expansivas intracranianas e as Deméncias
Toxicometabdlicas (DT). Entre as deméncias irreversiveis encontram-se todas as deméncias
degenerativas, além da DV. Por outro lado, entre as deméncias com potencial reversibilidade
destacam-se as DH, as deméncias por lesdes expansivas intracranianas e as DT (FORNARI et al.,
2010).

As funcdes cognitivas comumente acometidas nos casos de deméncia sdo apresentadas por:
distirbios da fala (afasia), incapacidade de reconhecer ou identificar objetos (agnosia) e perda da
habilidade de executar movimentos (apraxia) (BROOKS e BASTOULY, 2004). Os déficits
cognitivos geralmente apresentam um declinio em relacdo a um nivel anterior de funcionamento,
capaz de comprometer o funcionamento ocupacional ou social do individuo, geralmente somados a
sintomas neuropsiquiatricos, tais como depressao, ansiedade, alteracBes do sono e agressividade
(ALZHEIMER'S ASSOCIATION, 2013).

A sindrome demencial pode afetar cada individuo com severidade diferente, embora
normalmente ndo faca parte do envelhecimento, a deméncia afeta principalmente as pessoas mais
idosas, onde a prevaléncia da deméncia aumenta de forma exponencial com a idade, e dobra a cada
cinco anos a partir dos 65 anos de idade, chegando a prevaléncia de 30% aos 85 anos de idade
(APRAHAMIAN et al., 2009). Estima-se que cerca de 35,6 milhGes de pessoas tém deméncia, e a
cada ano 7,7 milhdes de novos casos séo registrados devido ao envelhecimento da populagao, e ha
uma estimativa de que o nimero de pessoas com deméncia dobre a cada 20 anos. De acordo com a
organiza¢do mundial de satde, a DA é a causa mais comum de deméncia, ocorrendo em 40% dos

individuos com mais de 85 anos de idade e contribuindo com 60-70% dos casos de deméncia em
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todo o mundo, afetando cerca de 26 milhdes de pessoas, com estimativa de que até o ano de 2050
cerca de 100 milhdes de pessoas desenvolvam a doenca (ORGANIZACAO MUNDIAL DE
SAUDE, 2012). Clinicamente, é caracterizada por perda progressiva da memoria e da capacidade de
raciocinio, mudancas de humor, mudancas de personalidade e perda de independéncia. Essas
doencas resultam dos efeitos combinados de fatores ambientais e de variacGes genéticas de um
numero elevado de genes, que podem levar tanto a desfungdes sinépticas quanto a degeneracao
neuronal (DN) (RASCHETTI et al., 2007; BIHAGI et al., 2012).

Os sinais e sintomas classicos associados a DA incluem altera¢cdes do humor (depressao), do
comportamento (desinibicdo e agressividade), das funcdes cognitivas (insdnia, hipersonia e
alteracOes do apetite), da sensopercepcao (alucinacdes e delirios) e sensitivomotoras (mioclonia e
sinais extrapiramidais), esses sintomas se iniciam de forma branda e tornam-se mais severos a
medida que a doenca evolui (SPERLING et al., 2011).

De acordo com a progressdo dos sintomas, a DA pode ser dividida em trés fases, uma fase
pré-sintomatica inicial, um estagio prodrémico conhecido como comprometimento cognitivo leve
(MCI, do Inglés: Mild Cognitive Impairment) e uma terceira fase, quando 0s pacientes apresentam
deméncia com deficiéncias em varios dominios e perda de funcdo nas atividades diarias
(TROJANOWSKI et al., 2010).

Na fase pré-sintomatica da doenca, os sintomas apresentados pelo individuo, como por
exemplo, lapsos de memodria, muitas vezes sdo confundidos com o processo natural do
envelhecimento e ndo ha procura de ajuda médica para investigar as origens dos esquecimentos,
consequentemente, o diagnostico precoce da doenca torna-se dificil (ALZHEIMER’S
ASSOCIATION, 2013).

MCI caracteriza uma condi¢do clinica na qual o paciente possui comprometimento
cognitivo, mas ndo apresenta deméncia, pois desempenha normalmente suas atividades cotidianas
(HANSSON et al., 2006). Os pacientes com MCI constituem um grupo heterogéneo, pois alguns
pacientes tém apenas a memoria afetada, enquanto outros apresentam comprometimento de outras
funcBes como a linguagem, por exemplo. Além de heterogéneo, o grupo também é instavel. Ha&
evidéncias de que individuos com MCI, em curto prazo, podem desenvolver quadro demencial da
DA, pois, cerca de 80% dos pacientes desenvolvem deméncia em algum momento das suas vidas,
enquanto outros nunca desenvolvem deméncia propriamente dita (ROSENBERG e LYKETSOS,
2008; SPERLING et al., 2011). MCI esta associado ao envelhecimento, havendo prevaléncia em
individuos acima de 60 anos de 5% e eleva-se para 15% na faixa etaria dos 75 anos (ROSENBERG
e LYKETSOS, 2008). Existem diversos marcadores clinicos, tais como sintomas depressivos e
déficits cognitivos, e marcadores biologicos como, por exemplo, a reducdo do nivel de SA no CSF
(SPERLING et al., 2011; WEINER, et al., 2012).
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Ha sugestdes que as modificacdes no estilo de vida, incluindo exercicios fisicos, atividades
de lazer e atividades de estimulagdo cognitiva podem ser eficazes na prevencdo da progresséo do
MCI (ROSENBERG e LYKETSOS, 2008). Assim, é considerado que MCI pode ser utilizada para
elucidar as alteragcdes fisiopatoldgicas que ocorrem desde a fase pré-sintomatica até a fase
demencial (SPERLING et al., 2011; WEINER, et al., 2012).

Na fase final, ha declinio cognitivo muito grave de todas as funcbes cognitivas,
caracteristico do quadro demencial da DA, o cérebro encolhe drasticamente devido & morte celular
generalizada e nessa fase, o paciente requer cuidados em tempo integral, pois perde a capacidade de
cuidar de si, de se comunicar e de reconhecer a familia e entes queridos (WEINER, et al., 2012).

A DA tem como caracteristicas neuropatolédgicas a deposi¢do do peptideo p-amiloide (BA)
no cérebro, formando as placas amiloides ou placas senis, e nos vasos sanguineos, originando a
angiopatia amiloide; e hiperfosforilacdo da proteina TAU, formando os emaranhados
neurofibrilares (MUDHER e LOVESTONE, 2002; TROJANOWSKI et al., 2010). A formacéo dos
agregados do peptideo SA resultam do metabolismo anormal da proteina percussora amiloide
(APP), sendo considerado biomarcador clinico potencial (TARAWNEH e HOLTZMAN, 2010).
Por ser detectavel no CSF e no plasma sanguineo, este biomarcador tem sido utilizado para o
diagnostico clinico (KOYAMA et al., 2012). Os emaranhados neurofibrilares intracelulares sao
formados por desestruturacdo do citoesqueleto dos microtibulos, devido a hiperfosforilagdo da
proteina TAU, acompanhada por perda massiva de neurénios. A proteina TAU, pode ser fosforilada
em varios sitios, sendo P-tau 181, 199, 231, 235, 396, e 404, os sitios especificos que tém sido
estudados e associados a DA (THAL et al., 2006). Os agregados do peptideo SA e 0s emaranhados
neurofibrilares tendem a se espalhar através do cértex em um padrdo previsivel, a medida que a

doenca progride (DICKERSON et al., 2011). A Figura 5 ilustra a progressao da DA no cérebro.

Figura 5. Progressdo da DA no cérebro. Placas e emaranhados, representosdos nas areas azuis, tendem a se
espalhar através do cortex em um padrdo previsivel, a medida que a DA progride, em uma taxa de
progressao é variavel entre os pacientes. Adaptado de: http://www.alz.org/braintour/progression.asp.
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2.5. Genética na Doenca de Alzheimer

O envolvimento de componentes genéticos na DA é fortemente sugerido. Pesquisas
realizadas com gémeos sugerem a presenca de fatores genéticos como responsaveis pela DA, este
aspecto tambem é reforcado devido a gémeos monozigoticos apresentarem risco cinco vezes maior
de desenvolverem a DA quando comparados aos gémeos dizigoticos (GATZ et al., 2006; GATZ e
PEDERSEN, 2013). Adicionalmente, existe uma forte correlagdo entre mutacOes autossomicas
dominantes nos genes APP, PSEN1 e PSEN2 atuando de forma mendeliana em casos de DA
familiar de inicio precoce, considerada uma forma rara da doenca, por representar apenas 5% dos
casos, acometendo individuos na faixa etaria de 30 a 65 anos de idade (LAMBERT et al., 2009;
CRUTS et al., 2012). Ja para os casos de Alzheimer onde individuos sdo afetados ap6s os 65 anos
de idade e corresponde a maioria dos casos da doenca, existe a associacdo do gene APOE &4 com 0
inicio tardio da DA.

APOE &4 é um dos trés alelos (€2, €3 e €4) do gene APOE, responsavel por produzir uma
proteina que transporta o colesterol no sangue. Individuos que herdam pelo menos um alelo APOE
€4 tém um risco aumentado de desenvolver a doenca de Alzheimer e de desenvolvé-lo mais cedo do
que aqueles que herdam as isoformas €2 ou €3 do gene APOE, enquanto aqueles que herdam dois
genes APOE- ¢4 tém um risco ainda maior. No entanto, a heranca de uma ou duas cépias do gene
ndo é determinate para que o individuo desenvolva a DA, pois cerca de 50% dos idosos portadores
do alelo €4 do gene APOE ndo chegam a desenvolver deméncia, fato que corrobora com a busca de
novos fatores genéticos de risco para a DA (ALZHEIMER’S ASSOCIATION, 2012).

A busca por fatores genéticos que influenciam na fisiopatologia da DA levou a identificacdo
de uma série de polimorfismos genéticos comumente presentes na populacdo em geral, mas que
podem atuar como modificadores da suscetibilidade a doenca. Recentemente, através de anélises de
GWAS foram encontrados locis de suscetibilidade a DA que sdo comuns na populacdo em geral e
que exercem efeitos de risco ao desenvolvimento da doenca, mas ndo o suficiente para causar a
doenca (BERTRAM et al., 2010; SPERLING et al., 2011). Portanto, a compreencdo das bases
genéticas envolvidas no mecanismo das doengas complexas, como no caso da DA, tal compreensao

fornecera beneficios tanto no diagndstico, como no tratamento dessas doencas.
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2.6. Polimorfismos Genéticos

Polimorfismos sdo variagcbes na sequéncia da molécula de DNA, podem ser trocas,
repeticdes, inser¢cbes ou delecbes de uma ou mais bases nitrogenadas. SNPs sdo variagOes na
sequéncia de DNA que ocorrem quando um unico nucleotideo da sequéncia é alterado, levando a
uma alternativa usual de dois nucleodtidos possiveis numa dada posicdo. Esse tipo de variacdo é o
mais frequente no genoma humano, estdo distribuidos ao longo de todo genoma, ocorrendo em
média a cada 5.000 pares de base, sendo as mais comuns varia¢des genéticas, correspondendo a
aproximadamente 90% das variacGes genéticas em humanos (PUSHKAREV et al., 2009;
BLENDY, 2011). Como consequéncia da troca de uma base, podem ocorrer dois tipos de mutacéo:
transicéo e transversdo. Mecanismo de mutagdo que resulta em transi¢cdes ocorre troca entre: purina-
purina ou pirimidina-pirimidina, enquanto que nas transversdes ocorre trocas entre: purina-
pirimidina ou pirimidina-purina, ndo incluindo polimorfismos de insercdo ou delecdo. Os SNPs
podem estar presentes em qualquer regido do genoma, tais como introns, exons, regides promotoras
e intergénicas, e sua presenca pode levar ou ndo a alteracdo dos aminoacidos de uma proteina (KIM
e MISRA, 2007).

Com a evolucdo dos métodos de sequenciamento de nova geracao, as insercdes e delecdes,

conhecidas como INDELSs, passaram a corresponder a segunda classe de variacdo genética mais
comum em humanos (KU et al., 2010). H& milhGes de INDELs descritos, sendo os INDELs
dialélicos os mais abundantes, representando 8% de todas as variacdes genéticas encontradas no
DNA humano (WEBER et al., 2002; LEVY et al, 2007; MULLANEY et al.,, 2010). A
identificacdo e compreensdo do impacto de SNPs e INDELs no genoma podem ter um impacto
importante de como os seres humanos respondem a doenga, a0 meio ambiente e a medicamentos,
podendo ser utilizados como marcadores genéticos em busca de fatores que influenciam as doencas
neuropsiquiatricas (BLENDY, 2011; DEPRISTO et al., 2011).
A triagem desses polimorfismos pode ser realizada por métodos experimentais, tais como: reacdo
em cadeia da polimerase (PCR, do Inglés: Polymerase Chain Reaction), sequenciamento
automatico, PCR em tempo real, pirosequenciamento, biosensores para DNA e GWAS. Outra forma
de realizar a triagem de alteracbes genéticas é por meio do uso de ferramentas computacionais,
envolvendo uma grande quantidade de dados que podem indicar potenciais novos polimorfismos,
que serdo alvos de pesquisas de genotipagem (NAVRATIL et al., 2008; MARIAN, 2012;
WAGNER, 2013).

Acredita-se que os SNPs e os INDELs sejam as mais frequentes classes de mutacGes que
predispdem as doencas neuropsiquiatricas, incluindo TH e DA. Embora nem todos o0s

polimorfismos estejam associados a doenga. O grau com que essas variagdes afetam o fendtipo é o
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objetivo maior dos estudos de associacdo de SNPs e INDELs. No entanto, a deteccdo de SNPs e de
INDELS com precisdo continua a ser um desafio significativo (GAO et al., 2008;
PELLEYMOUNTER, et al., 2011; HAN et al., 2012).

2.7. Estudos Geneticos de Associacao

Existem diferentes abordagens para se identificar polimorfismos genéticos associados a
determinado fendtipo, classicamente é utilizado estudos de associa¢do genética. Em geral, estudos
de associagdo genética testam dois grupos fundamentalmente distintos para examinar genes
candidatos de interesse, escolhidos com base na hipotese de relevancia bioldgica para a doenca em
estudo. Sendo os estudos caso controle o tipo mais amplo de estudo de associacdo, neles buscam-se
contribui¢des genéticas que possam auxiliar na caracterizacdo de uma determinada doenca, partindo
do principio que alelos que predispde a doenca deverdo ser mais frequentes em pacientes
comparados com o controle, da mesma forma que os alelos que possam oferecer prote¢do contra o
desenvolvimento de uma condicdo patoldgica devem aparecer em maior nimero no grupo controle
(NSENGIMANA e BISHOP, 2012).

Com o avanco tecnolégico que possibilitou diminuir o custo do sequenciamento genético, 0s
estudos que comparam as frequéncias alélicas de todos os marcadores polimorficos disponiveis em
individuos ndo relacionados que possuam um determinado sintoma ou condi¢do patologica e em
controles saudaveis se disseminaram. Até o final do primeiro semestre de 2012 ja haviam sido
publicados 1350 GWAS englobando 18 categorias que abrangem diferentes doengas e caracteristicas
humanas, como mostra a Figura 6, disponivel em: http://www.genome.gov/GWAStudies
(HINDORFF et al., 2012).
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Figura 6. GWAS publicados a partir de 2005 até junho de 2012, posicionados de acordo com a localizagdo do
I6cus estudado nos cromossomos humanos; os circulos coloridos representam as categorias das doengas
estudadas, os circulos amarelo-claros englobam as doencas neuropsiquiatricas, incluindo a DA. Disponivel
em: http://www.genome.gov/GWAStudies (HINDORFF et al., 2012).

Atualmente, o GWAS é um dos métodos experimentais mais utilizadas para estudos de
associacdao onde se busca investigar variacfes genéticas associadas a doencas complexas. Em um
GWAS a populagdo amostral ¢é dividida em casos e controles, sendo o grupo dos casos formado por
individuos afetados pela doenca que se quer investigar e 0 grupo controle representados por
individuos saudaveis. Nesses grupos sdo caracterizadas centenas de milhares de SNPs, em geral de
300.000 a 500.000 SNPs representativos da populagdo em estudo, possibilitando uma investigagao
ampla do genoma humano (HINDORFF et al., 2009).

A principal vantagem nesse tipo de estudo é a obtencdo de uma fonte muito rica de
informacgdes sobre a variabilidade genética humana, permitindo assim o estudo de doencas
complexas, como no caso da DA, que se destaca entre uma das mais investigadas através de estudos
de GWAS (REIMAN et al.,2007; HAROLD et. al., 2009; HINDORFF et al., 2009). No entanto, a
analise de dados de GWAS é um problema computacional desafiador, devido a dimensionalidade e
complexidade dos dados. Assim, paralelamente ao crescimento dos estudos de investigacdo do
genoma humano, abordagens computacionais que viabilizem a analise dos dados gerados por essas

investigacdes tém sido desenvolvidas (DUAN et al.,2013).
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2.8. Bioinformatica

A bioinformatica é uma area interdisciplinar que combina biologia molecular e ciéncia da
computacdo e emergiu em meados da década de 90 junto com o surgimento dos sequenciadores
automaticos de DNA que geraram rapidamente um grande ndmero de sequéncias génicas a serem
armazenadas e analisadas. Centra-se no desenvolvimento de bancos de dados, algoritmos
computacionais de busca, software de previsdo e analise de sequéncias de genes e de proteinas
(PIERCE, 2012).

A bioinformatica desenvolve e aplica essas ferramentas para minerar os dados e extrair a
informacdo til a partir de projetos de sequenciamento. Apresenta-se em constante crescimento
junto a evolucdo das técnicas de sequenciamento que englobam todo o genoma e sdo capazes de
gerar informacGes sobre milhdes de pares de bases simultaneamente, que consequentemente trazem
novas informacdes genéticas que requerem o continuo desenvolvimento de métodos computacionais
cada vez mais sofisticados para armazenar, recuperar, comparar e analisar dados genéticos
(PIERCE, 2012). Assim, passou a ser considerada por grande nimero de pesquisadores como
ferramenta fundamental para o armazenamento e analise de dados genémicos.

Em analise de dados de GWAS, a imensa quantidade de dados se torna um fator crucial na
selecdo dos métodos mais adequados, ja que nem todos os métodos sdo capazes de lidar com
elevado numero de dados em um tempo hébil, pois o tempo computacional pode ser
significativamente reduzido com o uso de uma técnica apropriada (DUAN et al.,2013).

Os métodos de busca gulosa iniciam pela busca do SNP que melhor discrimina casos de
controles e seguem selecionando SNPs que, ao serem acrescentados ao grupo, reduzem um
determinado critério de erro. Os SNPs vao sendo selecionados até que se atinja 0 minimo global ou
determinada condicdo de parada. O software PLINK destaca-se entre as ferramentas que utiliza esse
método de busca (PURCELL et al., 2007).

2.8.1. Alinhamento de Sequéncias

Uma atividade extremamente importante na Bioinformética é o alinhamento ou comparacéo de
sequéncias bioldgicas, onde é possivel de forma rapida agregar informacgdes sobre uma sequéncia
desconhecida e compara-la com um banco de dados de sequéncias conhecidas. O alinhamento de
sequéncias pode ser classificado em dois tipos (LESK, 2008):

e Alinhamento global: encontra o melhor alinhamento de uma sequéncia inteira com outra(s)

sequéncia(s) inteira.
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¢ Alinhamento local: encontra 0 melhor alinhamento entre algum segmento de uma sequéncia

com algum segmento de outra(s) sequéncia(s).

O algoritmo de alinhamento global foi aplicado pela primeira vez por S. B. Needleman e C. D.
Wunsch, posteriormente T. Smith e M. Waterman modificado para identificar alinhamentos locais
(LESK, 2008). Atualmente os algoritmos mais utilizados para pesquisa de similaridade em banco de
dados sdo: Smith-Waterman e o BLAST (BLAST do Inglés: Basic Local Alignment Search Tool)
(SMITH e WATERMAN, 1981; ALTSCHUL et al., 1990; TATUSOVA e MADDEN, 1999;
LESK, 2008).

O algoritmo Smith-Waterman € o método que aperfeicoa o alinhamento local. Levando em
consideracdo a presenca de insercGes e/ou delecdes, permite o alinhamento tanto de sequéncias com
tamanhos diferentes, quanto de sequéncias com apenas alguns trechos conservados (SMITH e
WATERMAN, 1981).

O algoritmo BLAST utiliza heuristica e algoritmos de programacao dindmica. Foi desenvolvido
a partir do algoritmo Smith-Waterman, com o objetivo de melhorar o tempo de execucdo. No
entanto, ndo apresenta a mesma precisdo que o Smith-Waterman na andlise de sequéncias pequenas
(ALTSCHUL et al., 1990), mas o seu tempo de execucdo € significativamente menor.

Nos estudos biolégicos, é fundamental que os alinhamentos indiquem uma real similaridade
entre as sequéncias analisadas. Na andlise dos alinhamentos alguns valores sdo fornecidos como
resultado para cada alinhamento gerado. Neste trabalho, utilizamos os valores da identidade e do e-
value como filtros de selecdo das sequéncias. A porcentagem de identidade quantifica o grau de
similaridade entre as sequéncias comparadas. Enquanto o e-value corresponde a probabilidade de se
obter, com outra sequéncia aleatéria de mesmo tamanho e composi¢do de nucleotideos, outro
alinhamento com score igual ou superior. Isso ocorre devido ao processo de alinhamento ser de
forma aleatéria, e quando o algoritmo compara fragmentos com diferentes tamanhos, sequéncias
que nao tém relacdo alguma podem ser alinhadas. Desta forma, o e-value, mais confiavel tendem a
zero (ALTSCHUL, 1990). No presente trabalho foram selecionadas sequéncias que apresentaram

identidade entre 97% e 99% e e-value > 10°%°,
2.8.2. Redes Neurais Artificiais e Software PMut

As redes neurais artificiais (RNAs) sdo modelos matematico-computacionais desenvolvidos
para solucionar problemas através da simulacdo do cérebro humano. As redes neurais possuem nos
ou unidades de processamento simples que calculam determinadas fun¢Ges matematicas. Essas
unidades equivalem aos neurdnios, que se encontram dispostas em uma ou mais camadas e séo
interligadas por um grande numero de conexdes, nas quais recebem e enviam informagoes. As

camadas sdo classificadas em trés grupos: a camada de entrada, em que as unidades recebem a
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informacdo que serd processada, a camada(s) intermediaria(s), onde € feito processamento das
informagdes, e a camada de saida, que conclui e apresenta o resultado final (BRAGA, et al., 2000).

A Figura 7 apresenta uma arquitetura de uma RNA com os trés grupos de camadas.

camadas intermediarias

conexoes

Camada de
saida

Camada de
entrada

Figura 7. Arquitetura de uma Rede Neural Artificial com os trés grupos de camadas.

As RNAs podem ser aplicadas para resolver uma grande quantidade de problemas. Com
relacdo a biologia molecular, um bom exemplo de aplicacdo sdo softwares de predicdo de mutacdes
associadas a doenca, como o software PMut (FERRER-COSTA et al., 2005).

PMut é um software disponivel na internet (http://mmb2.pcb.ub.es:8080/PMut/) que visa a
predicdo réapida e precisa da associa¢do de um polimorfismo de aminoécido Unico (SAP, do Inglés:
Single Aminoacid Polymorphism) e um carater patolégico. Em especial para responder a seguinte
pergunta: Dada uma mutacdo em um local especifico em uma sequéncia de aminoacidos, podemos
dizer se ela pode ser patoldgica (isto é, que pode levar a doenca para o portador) ou neutra (sem
efeito sobre a satde do portador) (FERRER-COSTA et al., 2005).

Este software € baseado no uso de RNA, treinada com um banco de dados de mutacdes
neutras e mutacgdes patoldgicas. A taxa de acerto é de 83,5% (FERRER-COSTA et al., 2005), sendo
considerado um valor vantajoso quando comparado com 0s valores de outros programas que
realizam a mesma fungdo, como o SIFT (NG e HENIKOF, 2003) e POLYPHEN (SUNYAEV et
al., 2001) que exibem uma taxa de acerto de 70,3% e 73,5%, respectivamente. Além disso, o PMut

também possui um indice de confiabilidade (variando entre 0 e 9) que pode ser utilizado para
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manter apenas as melhores previsées (aqueles com indice de confiabilidade acima de 5) (FERRER-
COSTA et al., 2004).

2.8.3. Banco de dados Alzheimer’s Disease Neuroimaging Initiative — ADNI

O ADNI foi lancado em 2003, como resultado do consoércio entre instituicGes académicas,
de empresas publicas, de empresas privadas e de instituicbes sem fins lucrativos, com o objetivo de
desenvolvimento de pesquisas clinicas, estudos genéticos, estudos de neuroimagem, estudos
bioquimicos e identificacdo de biomarcadores que auxiliem a deteccdo precoce e o0
acompanhamento da DA (WEINER et al., 2012).

Inicialmente, o ADNI, chamado de primeira fase ou ADNI-1, foi projetado para ter duracéo
de cinco anos, durante esse periodo foram realizadas coletas de informagfes em série, a cada seis
meses, relacionadas ao desempenho cognitivo, mudancas cerebrais estruturais e metabdlicas,
alteracBes bioquimicos no sangue, no CSF e na urina do grupo participante do projeto (MUELLER
et al., 2005; FRISONI E e WEINER, 2010). Fazendo-se cumprir o objetivo primario do ADNI, que
foi testar se a ressonancia magnetica (MRI, do Inglés: Magnetic Resonance Imaging), tomografia
por emissdo de positrons (PET, do Inglés: Positron Emission Tomography), biomarcadores,
avaliacdo clinica e neuropsicoldgica podem ser combinados para medir a progressdo do MCI e
inicio da DA, identificando marcadores sensiveis e especificos da progressdo AD destinando-se a
ajudar pesquisadores e clinicos no desenvolvimento de novos tratamentos e monitorar a sua
eficacia, bem como reduzir o tempo e os custos dos testes clinicos (WEINER et al., 2012).

Na fase do ADNI-1, foram acompanhados 800 adultos, com idades entre 55 a 90 anos,
pertencentes a mais de cinquenta locais em todo Estados Unidos da América e Canada. Entre estes
400 individuos com MCI (acompanhados por trés anos), 200 individuos com DA (acompanhados
por dois anos), e 200 controles normais (acompanhados por trés anos) (WEINER et al., 2012).

Em 2009, o ADNI-1 foi estendido para 0 ADNI-GO (do Inglés: Grand Opportunities grant),
onde foi adicionado um novo grupo de 200 pacientes com MCI, para estudo da relacdo entre
biomarcadores em uma fase anterior a progressdo da doenca. O consércio foi premiado com um
financiamento de 69 milhdes de dolares que permitiu, juntamente com o financiamento da industria
farmacéutica, um acordo de cooperacdo semelhante ao original, ampliando os estudos iniciais. Esta
fase é chamada de ADNI-2 e ja foram acrescentados 250 pacientes com MCI, 150 novos pacientes
com AD e 150 idosos saudaveis (CARRILLO et al., 2009; FRISONI E WEINER, 2010). Prevé-se
que o estudo de idosos saudaveis e pacientes com MCI e AD no ADNI-GO e ADNI-2 possam
ajudar a identificar individuos que sdo candidatos de risco e a desenvolver terapia preventiva em

pacientes quando estdo levemente sintomaticos ou assintométicos (SCHMIDT et al., 2010).
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Os dados dos participantes do ADNI encontram-se disponiveis para download no banco de

dados no site do ADNI (http://adni.loni.ucla.edu/). Nas andlises deste trabalho, foram utilizados os

participantes da fase ADNI-1. A Figura 8 apresenta o site do banco de dados ADNI.
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Figura 8. Pagina inicial de site do banco de dados ADNI.

2.8.4. PLINK

O PLINK contém um conjunto de ferramentas para analise de varredura genémica e foi

projetado para executar diferentes bases de dados simultaneamente. E possivel encontra-lo no link:

http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml. A Figura 9 apresenta o site do software

PLINK.
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Figura 9. Pagina inicial do site do software PLINK.

O PLINK interage com um conjunto de ferramentas que realiza analises de associagdo entre
dados de gendtipos e fenotipos de maneira computacionalmente eficiente. Devido ao elevado
numero de dados processados, é sugerido o uso do pacote R para visualizar do arquivo de saida. A
linguagem de programagdo R, altamente difundida na comunidade académica das ciéncias
estatisticas, possui um pacote “genetics” de simples uso para analise de dados genéticos (PURCELL
et al., 2007).

O PLINK é um programa de linha de comando escrito na linguagem C/C++, tem seu foco
puramente na analise de dados de gendtipo / fen6tipo. Desenvolvido por Shaun Purcell, no Center
for Human Genetic Research (CHGR), Massachusetts General Hospital, (MGH), com o apoio da
equipe de desenvolvedores do proprio MGH O programa foi desenvolvido sob Licenca Publica
Geral (GPL), portanto, seu codigo fonte é de uso livre e encontra-se disponivel no seguinte
enderecgo eletronico: http://pngu.mgh.harvard.edu/~purcell/plink. Pode ser executado em diversos
sistemas operacionais (PURCELL et al., 2007), neste trabalho foi utilizado o sistema operacional
Linux.

Todos os comandos que envolvem PLINK s&o digitados no prompt de comando do sistema
operacional, seguido por uma série de opcdes, de acordo com o teste aplicado (todas as opcles
iniciando com o caracter -) para especificar os arquivos de dados e/ou métodos a serem utilizados.

Todos os resultados sédo gravados em arquivos com extensdes diferentes. Uma lista completa de
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todas as opcoes e tipos de arquivo de saida sdo dados no endereco eletrénico do proprio programa:

http://pngu.mgh.harvard.edu/~purcell/plink

2.8.5. GeneMANIA

GeneMANIA é uma ferramenta de geracdo hipdtese que utiliza grandes conjuntos de dados
bioldgicos disponiveis em banco de dados publicos para encontrar genes correlacionados.
Desenvolvido na Universidade de Toronto, no Donnelly Centre for Cellular and Biomolecular
Research, nos laboratérios Gary Bader e Quaid Morris. Inicialmente GeneMANIA foi financiado
pelo Ontario Genomics Institute, atualmente o financiamento é proveniente do Ontario Ministry of
Research and Innovation. Encontra-se disponivel gratuitamente através do endereco eletronico
http://www.genemania.org e apresentado na Figura 10 (WARDE-FARLEY et al., 2010).

O objetivo do algoritmo do GeneMANIA ¢é possibilitar ao usuario estender uma lista de
determinados genes, dados como entrada, para encontrar novos genes que apresentem relacéo entre
si. A partir do conjunto de genes dado pelo usuario é gerada uma rede preditiva de associ¢do que
incluem interacdo proteina-proteina, interacdo proteina-DNA, vias metabdlicas, co-expressao, co-
localizacdo, dominio proteico conservado, ortologia e informacdes sobre doengas.

O GeneMANIA consiste de dois estagios: um algoritmo para célculo de uma rede de genes
com base na funcéo derivado de fontes de dados distintas, e um algoritmo de propagacéo de rotulos
para predicdo da funcdo géncia dada a rede. A construcdo da rede baseia-se em um conjunto de
dados coletados a partir de 10 bancos de dados publicos e de 6 organismos diferentes. Atualmente a
consulta do GeneMANIA abrange 6 organismos (Arabidopsis thaliana, Caenorhabditis elegans,
Drosophila melanogaster, Mus musculus, Saccharomyces cerevisiae e Homo sapiens) e centenas de
conjuntos de dados coletados a partir dos bancos de dados publicos GEO, BioGRID, InterPro,
SMART, Pfam, PathwayCommons, BioCyc, Reactome, 12D e Ensembl, que sdo regularmente
atualizados, além de ser indicado um peso que mede cada associ¢do encontrada, dando seguranca e
precisdo nas redes preditas pelo GeneMANIA (MOSTAFAVI et al., 2008; WARDE-FARLEY et
al., 2010).
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Abstract Changes in gene expression and genetic variations
in coding regions have likely functional impact, potentially
associated with complex diseases, such as neuropsychiatric
conditions. A current need for high throughput analysis of
genomic data is leading to the development and improvement
of sophisticated bioinformatics approaches, which allows the
processing of large amounts of sequence and gene expression
data. In this study, we identified new potential genetic varia-
tions prioritizing genes related to glutamatergic and GABAer-
gic systems, using different bioinformatics resources. The
CLCbio Workbench Combined platform was initially used to
build expressed sequence tags and mRNA files retrieved,
respectively, from the Goldenpath and National Center for
Biotechnology Information databases and latter to perform
multiple batches of Smith—Waterman alignments. The PMUT
software was used to increase an accurate association between
potential variations and pathogenic predictions. The annotation
revealed various classes of variations and most of them are
deletions ranging from 1 to 7 bp. Bioinformatic pipelines seem
to be useful approaches to help screening for genetic variations
with potential impact in gene expression. Further analysis will
foster this aim to provide celerity at the massive analysis of
data currently generated in large scale high throughput
experiments.
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Background

Multiple projects of sequencing and resequencing at the hu-
man genome reveal continuously a wide range of genetic
variations such as single nucleotide polymorphism (SNP),
copy number variation (CNV), deletions, insertions, inver-
sions, and translocations (Feuk et al. 2006; Rosenfeld et al.
2010). Recently, large-scale identification and characteriza-
tion of SNPs have attracted much interest, particularly in
studies of complex traits like neuropsychiatric disease. A
major importance is given to nonsynonymous and frameshift
mutations, usually associated with likely functional impact, in
addition to mutations in the untranslated region (UTR) of 5’
and 3’ involved in mRNA translation, RNA cleavage control,
and stability (Macintyre et al. 2010; Panitz et al. 2007).

The field of bioinformatics is currently developing rap-
idly with the goal of assisting molecular biologists, and
many web-based softwares became excellent auxiliary tools
to explore genomic data mining (Teufel et al. 2006; Mooney
2005). In this article, we propose a technique to identify new
genetic variations, prioritizing genes related to glutamater-
gic and GABAergic systems, using different bioinformatics
resources. While our approach is similar to that of Lemos et
al. (2009) and de Souza et al. (2010), it was added to the
analysis of nonsynonymous variations at the PMUT soft-
ware. Glutamate and gamma-aminobutyric acid (GABA)
are, respectively, the major excitatory and inhibitory neuro-
transmitters in the brain, and studies show that both systems
play a role at the pathophysiology of mood disorders
(Schousboe and Waagepetersen 2007; Sanacora et al.

@ Springer
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2008; Choudary et al. 2005; Merali et al. 2004; Krystal et al.
2002).

Methodology

In this analysis, we extended this approach to new genes
selected from microarrays studies of specific brain samples
of patients with major depressive disorder (MDD) (anterior
cingulated cortex) and bipolar affective disorder (BPD) (lefi
dorsolateral prefrontal cortex). Selected genes were chosen
from a reference microarray study (GABRAS, GRM3,
GRIKS, GABRB3, GABRD, GLUL, and GABR(G2), which
showed altered expression in different groups of patients
(Choudary et al. 2005).

The software, CLCbio Workbench Combined® version
3.6.2., was used during the following steps: building dataset,
multiple batches alignment, and annotation of variations.
Figure 1 summarizes the methodology employed and de-
tailed below.

The sequences of mRNA and expressed sequence
tags (ESTs) files were retrieved, respectively, from the
National Center for Biotechnology Information (NCBI)
(www.ncbinlm.nih.gov) and Goldenpath (www.genome.
ucsc.cdu) databases. These sequences were used in the building
of the database within the sofiware CLCbio Workbench
Combined”.

After building the database, multiple alignments have
been performed, using the Smith—Waterman algorithm. This
algorithm 1s applied for performing local sequence align-
ment, compares segments of all possible lengths, and opti-
mizes the similarity measure (Smith and Waterman 1981).
The Smuth—Waterman algorithm is implemented by own
software CLCbio Workbench Combined”. The process of
multiple alignments was accelerated using dedicated pro-
cessors named CUBE”,

Following the alignment, using tools already available
for the software, variations were identified within the
sequences of genes GABRAS, GRM3, GRIKS5, GABRB3,
GABRD, GLUL, and GABRG2. An initial number of 6,438
ESTs related to the genes previously selected were screened

1. Up-regulated and Down-regulated
genes from Microarrays Expression
Studies

to decrease the chances of handling sequencing artifact,
excluding alignments with 100 % identity and e-value index
under 107%°. A final list of 122 ESTs identity was analyzed,
and afier a proper annotation, we searched the NCBI SNPs
database for any of the variations detected during this study.

The guanine-cytosine (GC) content, a tool available at
the UCSC genome browser platform, was used to identify
and avoid regions, more likely, to generate sequencing arti-
facts. The PMUT software (http://mmb2.pch.ub.es:8080/
PMut/) was used for an accurate association between poten-
tial variations and pathogenic predictions. PMUT aims to
perform a fast and accurate prediction of the association of
a single amino acid polymorphism (SAP) and a pathological
nature. This software is based on the use of artificial neural
networks, trained with a database of pathological and neu-
tral mutations. The hit rate is 83.5 % (Ferrer-Costa et al.
2005). In addition, the PMUT also has a reliability index
(ranging between 0 and 9) which can be used to keep
only the best estimative (those with reliability index of >5)
(Ferrer-Costa et al. 2004).

Results

Annotation coming from our analysis predicts various classes
of variations and most of them are deletions (131) ranging
from 1 to 7 bp. Amongst this specific group, some were
frameshifi deletions (61), and the virtual translations of a
few others (2) were predicted to induce an amino acid remov-
al, with no further subsequent repercussions at the protein
sequence. Possible transversions (2), transitions (17), synon-
ymous SNPs (33), not synonymous SNPs (118), and changes
in UTRs (56) were also identified (Table 1).

The transversions detected were previously described and
annotated in SNP repositories (SNP db), demonstrating that
our methodology was able to use EST data to detect actual
DNA variations confirmed elsewhere in samples of genomic
DNA, suggesting that new unreported variations can be antic-
ipated by this method. Additionally, we noticed clusters of
mismatches in different ESTs libraries in certain exons of the
genes GABRAS, GABRB3, GLUL, and GABRG2 (Fig. 2).

6. Annotations of Variations

| 2. NCBI mRNA database

| 3. UCSC ESTs database —

4. BLASTn CLCbio TCGGATGCTC.
Combined Workbench TGCGATGCT.
AML
5. Multiples batches of alignment
5
! 5, | 7. GC Content Analysis |
5, —
> 8. PMUT Analysis |

Fig. 1 Sequential steps of the proposed bioinformatics pipeline
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Table 1 Summary of in silico analysis of GABRAS, GRM3, GRIKS,
GABRB3, GABRD, GLUL, and GABRG?2 genes

Annotations Number
ESTs aligned 8,482
ESTs selected afier stringent parameters 137
Deletions 131
Transversions 2
Transitions 17
Synonymous SNPs 33
Not synonymous SNPs 118
Changes in UTRs 56

These findings make them actual more promising candidates
to be explored afterwards as candidate risk factors. Two
potentially novel synonymous variations at the GABRAS5 gene
(exon 5/c¢.2304T>C) and at the GRIKS gene (exon 15/
¢.1994G>T) are not yet described. On the other hand, changes
in exon 2 (¢.945T>C) and exon 4 (c.1314T>C) at the

GABRAS

GABRAS gene, identified in this analysis, had already been
described as rs140682 and rs140685, respectively, showing
once again that this method is a feasible approach to detect
genuine genetic variations that were previously confirmed in
actual DNA samples.

A virtual translation detected a greater number of non-
synonymous variations and some of them, caused by micro-
deletions, are predicted to change the coding frame or to
generate the stop codon and truncated proteins in some
cases. The annotation revealed deletions ranging from | to
7 bp, predicted in coding regions, 5 and 3'UTR regions. The
details of the annotation are shown in the Table 2.

The percentage distribution of GC content at the regions
analyzed ranged below 50 % and this additional evaluation
was a standard procedure during this study to select only
variations in areas of low GC content, since these regions
present lower chances of providing sequencing artifacts,
which might be misinterpreted as true variations. The not
synonymous SNPs were subjected to analysis on the website
PMUT but were considered as neutral variations.

2352hp

Exon 2

Coding Region

Exon 4

2260 del T

¢. 945T>C

DB575690 DB577496 DBS548674

BU738949 DB553043

DC412716 DA368109 AL035782
DB496198 DAS21121 DC315310
DA167006 T28792 DWO009802

¢ 1313T>C
R35346 F07441 F07440

F09513

Coding Region

Exon 6 Exon 7 Exon 8

Exon 4

Exon 2

c. 955 del A
CD643162 DRO001491

GLUL
3499bp

Coding Region
Exon 4

Exon 5 Exon 6

c.1125del T
BG328783 BF343863 BF311167 BE737399

2458 del T + 2459 del A + insertion2461 A
CD370427 BU68513 CB306072 CD364667

c. 1287 del C
BQ723521 BX358227 AL539984

2499 del G
CK725154 CAT748517

GABRG2
3933bp

Coding Region

Exon 5 Exon 6 Exon 8

c. 355 del A

DA236238 DAB07115 DA097443 DA186648 DA230670 DA247998

Fig. 2 Clusters of ESTs at the positions of some predicted variations for the genes GABRAS, GABRA3, GLUL, and GABRG?2. Identification of
ESTs codes and positions in UTR and CDS regions are fully displayed at Table 2
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Table 2 Additional polymorphisms in GABRAS, GRM3, GRIKS, GABRB3, GABRD, GLUL, and GABRG2 genes

Location Predicted nucleotide variation Predicted protein variation ESTs code
in coding and noncoding sequences in coding sequences
Exon 1/GABRAS c.881delC Prol180del fs AL03572
c.868delC 177 fs BE&89S
Exon 2/GABRAS c.945T=C Synonymous DC412716
DA368109
AL035782
DB496198
AL120988
T28792
DAS521121
DC315310
DA167006
DW009802
CV025335
Exon 3/GABRAS c.1178delT Gly241del stop condon R35346
Exon 4/GABRAS c.1302delC Gly396del fs and stop introduction in position 398aa ALI20988
¢.1313T>C Synonymous F09513
R35346
F07441
F07440
Exon 5/GABRAS 2304T=C Synonymous DB533989
2083delT (3'UTR) AIB07046
2260delT (3'UTR) DB575690
DB577496
DB548674
BU738949
DB553043
DB537480
Exon 2/GRM3 ¢.1202_1208del AATAGAA lle35_Glu3bdel fs BGT706422
c.1222delT lled41del fs and stop introduction in position 4laa BI599936
Exon 3/GRM3 c.1830delG Ala235del fs CD609638
¢.2078delC Ser238del fs CD609637
c.2131delA Lys423del fs BX410048
¢.2126delC Tyr334del fs CD609639
Exon 4/GRM3 ¢2955 2959delTTGTT Leu610_Pheblldel fs BI753076
¢.3017_3021delCATCT lleo631del fs BF952990
¢.3117delG Val665del fs AL540214
¢.2477delT 450Phe>Leu fs CD609641
Exon 5/GRM3 ¢.3513delC Cys795del fs and stop introduction in position 795aa BF952992
Cys795del 15 and stop introduction in position 795aa BF952996
c.3565delA Lys813del fs BF952998
¢.3526delT Leu800del fs BQ339573
Exon 6/GRM3 ¢.3688delC Pro854del fs AAGT0430
3814delG(3'UTR) DB538646
Exon 4/GRIKS c475_480delCTTGGC BF305115
Exon 5/GRIKS ¢.603 605delAGT Val190del BF305115
Exon 7/GRIKS c.834delC Phe267del BF305115
Exon 8/GRIKS c.1006delA Ser326del fs CD300587
Exon 9/GRIKS c.1186delG+1187delG Gly286del fs H06567
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Table 2 Additional polymorphisms in GABRAS, GRM3, GRIKS, GABRB3, GABRD, GLUL, and GABRG2 genes

Location Predicted nucleotide variation Predicted protein variation ESTs code
in coding and noncoding sequences in coding sequences
Exon 1/GABRAS c.881delC Pro180del fs AL03572
¢.868delC 177 fs BE8898
Exon 2/GABRAS c.945T=C Synonymous DC412716
DA368109
AL035782
DB496198
AL120988
T28792
DA521121
DC315310
DA167006
DW009802
CV025335
Exon 3/GABRAS ¢.1178delT Gly241del stop condon R35346
Exon 4/GABRAS c.1302delC Gly396del fs and stop introduction in position 398aa ALI20988
c.1313T=C Synonymous F09513
R35346
F07441
F07440
Exon 5/GABRAS 2304T>C Synonymous DB533989
2083delT (3'UTR) Al807046
2260delT (3'UTR) DB575690
DB577496
DB548674
BU738949
DB553043
DB537480
Exon 2/GRM3 ¢.1202_1208del AATAGAA lle35 Glu36del fs BG706422
¢.1222delT lled41del fs and stop introduction in position 41aa BI1599936
Exon 3/GRM3 ¢.1830delG Ala235del fs CD609638
¢.2078delC Ser238del fs CD609637
c.2131delA Lys423del fs BX410048
¢.2126delC Tyr334del fs CD609639
Exon 4/GRM3 €2955 2959delTTGTT Leu610_Phe6ll1del fs BI753076
¢3017_3021delCATCT lle631del fs BF952990
¢3117delG Val665del fs AL540214
¢.2477delT 450Phe>Leu fs CD609641
Exon 5/GRM3 ¢3513delC Cys795del fs and stop introduction in position 795aa BF952992
Cys795del fs and stop introduction in position 795aa BF952996
¢.3565delA Lys813del fs BF952998
¢.3526delT Leu800del fs BQ339573
Exon 6/GRM3 ¢.3688delC Pro854del fs AA670430
3814delG(3'UTR) DB538646
Exon 4/GRIKS c475_480delCTTGGC BF305115
Exon 5/GRIKS ¢.603 605delAGT Vall90del BF305115
Exon 7/GRIKS ¢.834delC Phe267del BF305115
Exon 8/GRIKS c.1006delA Ser326del fs CD300587
Exon 9/GRIKS c.1186delG+1187delG Gly286del fs H06567
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Table 2 (continued)

Location Predicted nucleotide variation Predicted protein variation ESTs code
in coding and noncoding sequences in coding sequences
Exon 10/GRIKS c.1268 1271delCACT Thr3314del fs HO06567
Exon 11/GRIKS ¢.1365delC+1366delG AL048958
Exon 13/GRIKS c.1629delG AL048958
Exon 14/GRIK S5 c.1777delG Alad86del fs AA9TT136
Exon 15/GRIKS c.1944G>T BM551231
¢.1957delG Ala549del fs T64839
c.1957delG Ala549del+Phe550del fs R60372
Exon 16/GRIKS ¢.2168 2172delGCGTC Arg620del+Vval62 1del fs R59240
Exon 19/GRIKS c.2646delG Ser693del fs BI1964037
3274 3279delGAGGAC(3'UTR) AA9T1174
Exon 5/GABRB3 ¢.339delT+340delA Asp94>Val fs DN992028
c412delG Glnl15=His fs F05759
Exon 7/GABRB3 c.631delT Tyr194del fs BE780160
Exon 8/GABRB3 ¢.860delA+861delT Asn269del s CD652458
Exon 9/GABRB3 ¢.955delA 1le300del fs CD643162
DRO0O01491
Exon 1/GABRD 95delC(5'UTR) BI824761
Exon 2/GABRD c.165delG Glu3d7del fs DAO071101
c.213delC Arg53del fs WE1526
Exon 6/GABRD c.771delG Met226del s BI757337
¢.760del A Thr222del fs BM545512
¢.695delA GIn200del fs BG037021
¢.744delC Thr217del fs AV122311
Exon 7/GABRD c.885delC Met264del fs BI8R29118
¢.817_819delTTC Phe241del fs H41122
c.829delA Arg245del fs BI758571
Exon 1/GABRD 95delC(5'UTR) BI824761
Exon 8/GABRD ¢.1089delC Ala331del fs H41122
Exon 9/GABRD ¢.1293delG Glu600del fs BI1822807
Exon 8/GLUL c.1125delT 2051le=Met fs BG328783
BF343863
BF311167
BE737399
c.1135delG Glu210del fs BQ339490
c.1127_1129delGAC Gly206del fs AV758685
c.1171delC Arg222del fs AVT758682
¢.1203delT 231Phe>Leu fs BG286627
c.1218delC Phe298del fs BX395398
¢.1259delG Gly251del fs AL548328
¢.1279delA Thr258del fs AL570809
¢. 1268 1212delCAAC Thr254del+Asn255del fs AL553426
c.1264delC His253del fs BI869492
¢.1275delC+1276del A 256Phe>Leu fs BU526529
¢.1283>Ap/G 259Lys>Arg fs BM473826
c.1287delC Met26 1del fs B(Q723521
BX358227
AL539984
Exon 9/GLUL c.1476delA Arg354del fs BX411411
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Table 2 (continued)

Location Predicted nucleotide variation Predicted protein variation ESTs code
in coding and noncoding sequences in coding sequences
2089delG(3'UTR) AL576337
2956delA(3'UTR) CF455674
2136delG(3'UTR) AL574476
2239delG(3'UTR) BM476840
2593delT(3'UTR) BU164034
2267delA+2268delC(3’'UTR) BQ670907
2041delT(3'UTR) BU165515
2458Tdel+2459A+insertion 2461 A(3'UTR) CD370427
BU685135
CB306072
CD364667
1959delT(3'UTR) BG403248
3804delA(3'UTR) BG290718
2037_2040delGTGG (3'UTR) CD517441
2328delT(3'UTR) BI827221
2365delA+2366del T(3'UTR) CF457060
2891delT(3'UTR) BG567715
2898delT(3'UTR) BU18I1118
1372delG(3'UTR) AL550535
2480delT(3'UTR) AWO074130
2499delG(3'UTR) CK725154
CA748517
3108delG+3109del T(3'UTR) BQ717088
1901delC(3'UTR) BF339029
2104delG(3'UTR) BE782083
2191delG(3'UTR) BQ879479
Exon 1/GABRG2 c.355delA Alal22del fs DA236238
DAS07115
DA097443
DA186648
DA230670
DA247998
€.353 355delAAG DA807093
Exon 3/GABRG2 c.661delT 2221le=Met fs BI548984
c.630A>T 212 stop codon DB466433
Exon 4/GABRG2 c.736delG Lys248del fs DA 416076
c.749delA Thr252del fs DA495517
c.842delT Thr283del fs DA093933
c.857 _860delAACA Asn288del f5 BI1600201
Exon 7/GABRG2 €.929delT 310=lle Pro Met BI544530
c.951delT 317Serdel fs BI597864

s frameshift

Discussion

More recently, several studies have associated changes in
glutamatergic and GABAergic systems of neurotransmitters
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in the pathophysiology of mood disorders (Sanacora et al.
2008; Karolewicz et al. 2010; Shen et al. 2010). Chronic
antidepressant use and electroconvulsive therapy regulates
ionotropic N-methyl-p-aspartate (NMDA) receptors
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expression and function. Valproic acid, a mood stabilizer
frequently prescribed for bipolar disorder (maniac depres-
sive illness), has different effects on the glutamatergic sys-
tem, regulating glutamate and GABA transporter protein,
changing also the vesicular glutamate transporter expression
and presynaptic glutamate release, and modulating gluta-
mate receptor expression and function (Sanacora et al.
2008).

On the other hand, the anxiety symptoms present in most
depressive syndromes are often treated with benzodiaze-
pines agents, such as diazepam and clonazepam, acting at
the GABAergic system. However, another hypothesis
has considered the GABAergic deficit to play a central role
at the pathogenesis of major depression (Rudolph and
Knoflach 2011; Luscher et al. 2011).

The genes analyzed in this study were previously inves-
tigated with different approaches and have been involved
with the glutamatergic and GABAergic systems in mood
disorders (Choudary et al. 2005). Genetic variations might
contribute to differences in protein activities and differential
gene expression in the brain of individuals with mood dis-
orders. Single nucleotide polymorphisms are the most com-
mon type of genetic variations in humans and are thought to
be the genetic basis or markers for most human diseases
(de Souza et al. 2010; Choi et al. 2011; Capriotti et al. 2006;
Reumers et al. 2009).

Recent studies show level changes altered in GLUL gene
in the prefrontal cortex of suicidal MDD subjects (Sequeira
et al. 2009). Performing a comparison of gene expression
profiles of postmortem brains of patients with mental illness,
there was a tendency in a decreased expression of genes that
encode ionotropic glutamate (Iwamoto et al. 2004).

Variations in genes GABRD and GABRAS5 have been
associated with several psychiatric disorders, as noted in a
recent study where variations in both genes show strong
evidence of risk in BPD (Craddock et al. 2010). Mutations
in the gene GABRB3 have been associated with neuropsy-
chiatric disorders, such as autism, MDD, BPD, and schizo-
phrenia (Buxbaum et al. 2002; DeLong 2004).

Interestingly, the rs6465084 SNP at the GRM3 gene was
recently detected in Japanese patients with MDD (Tsunoka
et al. 2009). Previous studies have related various indels as
risk factors for mood disorders. The 5-HTTLPR polymor-
phism, for example, is a 44-bp indel within the promoter
region of the serotonin transporter gene, and the short var-
iant is considered the risk factor for different mood disorders
and anxiety traits. A 19-bp insertion/deletion polymorphism
in the dopamine beta-hydroxylase (DBH) gene has been
also studied in mood disorders and drug addiction. Our
work might unveil new indels with potential impact in
helping to explain how important are such variations for
the clinical outcome of affective conditions (Togsverd et al.
2008; Oliveira et al. 2000).

Bioinformatic pipelines seem to be useful approaches to
help screening for genetic variations with potential impact in
gene expression; however, there is a need to optimize this use
in more integrated platforms, preferentially with the full pro-
cessing in one single virtual environment which is not avail-
able yet. Curiously, the pattem of variation found in this study
was similar to the pattern of variation found in previous
studies that used the software CLCbio and hardware CUBE
in search of new variations in candidate genes for Alzheimer's
disease, major depressive disorder, bipolar affective disorder,
and sporadic Creutzfeldt-Jakob disease (Lemos et al. 2009; de
Souza et al. 2010), showing once again that this method is a
feasible approach to detect genetic variations.

The use of different softwares to predict the pathogenicity
of genetic variations is always debatable because of the
often discrepancy between some of them, even when ana-
lyzing the same variation. We recently applied such analysis
to better comprehend a missense substitution candidate for
Fahr's disease at the MGEA6 gene, in a proline-rich and
highly conserved protein domain. SAP, PolyPhen, and I-
mutant suggest that this variation is predicted to cause
probable molecular deleterious effects, but the PMUT con-
sidered this same mutation as neutral. The SIFT program
generated conflicting findings, depending if we used the
UniProt-SWISS PROT 56.6, NCBI, or UniProt-TrEMBL
39.6 databases. The discrepancies might be due to the lim-
ited skill of these programs in the prediction or the poor
source of data available for structural model to the proteic
product (Lemos et al. 2011).

This is why it is important to always focus also in
methods that try to confirm the predicted variation and latter
validate the predicted pathogenicity. Further analysis will
foster this aim to provide celerity at the massive analysis of
data currently generated in large-scale high throughput
experiments.

Conclusion

After using a sequence of steps associated with the various
tools of bioinformatics, we observed that the study of EST
sequences to identify new variations of candidates is a
promising approach and accessible. We have found varia-
tions previously described, including probable candidate
polymorphisms previously unpublished, for the manifesta-
tion of mood disorders.

Therefore, these findings raise the possibility that dele-
tions of up to 7 bp are related to the pathophysiology of TH,
possibly in genes linked to GABAergic and glutamatergic
systems of neurotransmitters.
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Single Nucleotide Polymorphisms (SNPs) and Insertion or Deletions (INDELs) have been increasingly recognized
as a major type of genetic variations, with potential impact in protein activities and gene expression levels observed
in complex genetic traits, like neuropsychiatric diseases. However, previous studies have pointed various method-
ological difficulties to reliably detect and validate short INDELs in a large-scale manner. Various approaches have
been developed with biomnformatics tools and molecular techniques for identification and association of these varia-
tions and our group recently designed a bioinformatics pipeline to detect new potential variations in genes selected
from microarrays studies performed with brain samples from patients with Alzheimer’s disease (AD) and mood
disorders (dysthymia and bipolar affective disorder-BPD). We started screening this panel of variations in Brazil-
1an population samples affected by AD and mood disorders to confirm the varations predicted by our origimal
method. The DNA was amplified by PCR and sequenced in a Mega Bace 1000 and fragments were aligned by us-
ing the software CLChio Workbench Combined® version 3.6.2. So far, INDELs predicted In sifico, ranging from 1
to 10bp, were not confirmed in any samples. Some false positives were consistently identified but latter ruled out
after verification at the complementary strand. We performed preliminary experiments with DNA pooling and they
still need methodological adjustments for a better interpretation for the yield and sensitivity but are potentially ap-
plicable to save time and resources in such large scale screening. Two genetic varations at the genes COX2 and
IL1A were confirmed in AD samples: respectively 1s2745557 and rs17561. The rs14068 SNP, located at exon 2
of the GABRADS gene was validated in samples of patients with dysthymia and BPD. Our group is currently deal-
ing with different approaches that might optimize sequencing and bioinformatics analyses of shorts INDELs to
broaden our research capabilities of identifying those intriguing genetic vaniations. Reporting these pitfalls might
contrbute with other groups that are planning to search for such interesting genetic vanation and call the attention
for the high rate of false positives in case of experiments lacking careful checking of double strand sequencing.
Financial Support: CNPq, PROPESQ-UFPE, CAPES, and FACEPE.
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Abstract The decade passed after publishing the Human
Genome first draft faced an enormous growth at the under-
standing of the genomic variation among different subjects,
populations, and groups of patients. Single nucleotide poly-
morphisms (SNPs) and insertion or deletions (INDELs)
have been increasingly recognized as a major type of genetic
variations, with potential impact in protein activities and
gene expression changes observed in complex genetic traits,
like neuropsychiatric diseases. INDELSs represent the second
most common class of variations after SNPs, but there is still
an important gap between the number of INDELSs reported
and the actual knowledge about the functional implications
of such variations. There are approximately 10 million SNPs
already reported, and the human populations are expected to
collectively harbor at least 1.6-2.5 million INDELs. One of
the major challenges is to find better platforms to screen for
INDELSs in a high throughput manner. The discordance in
between the data from different studies might be explained
by the diverse approaches employed to sequence the
genomes with variable platforms. Short INDEL variations
increased the scope of genetic markers in human genetic
diseases, and various studies showed that common micro-
deletions and smaller INDELs might be highly associated
with neuropsychiatric diseases such as schizophrenia, autism,
mental retardation, and Alzheimer disease. The rapidly in-
creasing amount of resequencing, genotyping, and personal
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genome data generated by large-scale genetic human projects
require the development of integrated bioinformatics tools
able to efficiently manage and analyze these genetic data.
Our group is currently dealing with different approaches that
might optimize sequencing and bioinformatics analyses of
short INDELs to broaden our research capabilities of identi-
fying those infriguing genetic variations. Hopefully, INDELs
might become a new trend in association studies in neuropsy-
chiatric genetics since so far the level of significant and
positive associations with the standard SNPs reported presents
limited predictive application.

Keywords INDELSs - Bioinformatics -
Neuropsychiatric disorder - Variations - Sequencing

Introduction

The decade passed after releasing the Human Genome first
data set faced an enormous growth at the understanding of
the genomic variation among different subjects, popula-
tions, and groups of patients. After Lander et al. (2001)
published the first complete genome human draft, a prom-
ising season started in searching for the biological functions
related to the genetic code. Since that time, sequencing
platforms with high-throughput technologies are generating
massive amounts of genetic data, including comparative
genetic variation detection among different subjects and
ethnical groups. These projects are often referred as “rese-
quencing” because they review, validate, and enrich the
original genome sequence initially released (Snyder et al.
2010).

Sequencing projects generally categorize classes of varia-
tions as single nucleotide polymorphisms (SNPs), insertion/
deletion (INDELs), and large structural variation, although
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other nomenclatures might be used, and some authors might
disagree in terms of definition (Mullaney et al. 2010). SNPs
and INDELs may be used as markers in the search for genetic
factors that influence neuropsychiatric diseases but also as
resources for population genetics and evolutionary studies
and are used routinely as markers in agricultural breeding
programs (DePristo et al. 2011; Gupta et al. 2001; Sawyer et
al. 2003). The limited rate of mutation in the human genome
also makes these variations suitable as excellent polymorphic
markers to study complex diseases (Syvénen 2001).

There are 3—4 million SNPs present in a given subject,
distributed across the genome (Ahn et al. 2009; Levy et al.
2007; Pushkarev et al. 2009; Wang et al. 2008; Wheeler et al.
2008). The approaches with massively parallel next generation
sequencing have progressed rapidly over the past few years,
and short INDEL variations increased the scope of genetic
markers in human genetic disease (Ku et al. 2010).

Insertions or deletions represent the second most common
class of variations after SNPs, but there is still an important
gap between the number of INDELs reported and the func-
tional implications of such variations. There are approximate-
ly 0.3-0.6 million INDELs ranging from 2 up to 1,000 bp ina
given subject, when compared to a reference genome, but this
number decreases dramatically to 320 for INDELS between |
and 2 kb. Diallelic INDELs are abundant, accounting for
approximately 8% of all human DNA sequence variants
(Levy etal. 2007; Weber et al. 2002).

Small INDELSs also have been found as the second frequent
type mutation in personal human genomes. What was ob-
served is that there is a divergence in both the number and
size of INDELs reported in these genomes (Table 1). Curi-
ously, 823,396 INDELs were discovered in the Craig Venter’s
genome, while 222,718 INDELs were found in the James
Watson’s genome, and 135,262 INDELs were discovered in
the Han Chinese genome. Some differences were observed
with the Venter’s INDELs ranging from | to 82.711 bp in
length, whereas those discovered in Han Chinese genome
were limited to 1-3 bp in length. The discordance in between
the data might be explained by the different approaches
employed to sequence the genomes. While the Venter’s
genomes were sequenced through traditional application bi-
nary interface (ABI) reads, the analysis of the Han Chinese

genome employed Illumina technology (Ahn et al. 2009; Kim
et al. 2009; Levy et al. 2007; Schuster et al. 2010; Wang et al.
2008; Wheeler et al. 2008).

In 2008, Kidd et al. (Kidd et al. 2008) compared the
whole genome of eight subjects and found 1.695 poly-
morphic sites, with a total of 747 deletions, 724 insertions,
and 224 inversions. Ng et al. (Ng et al. 2010) used those
sequence files to compare the genomes of four unrelated
individuals affected by Freeman—Sheldon syndrome (OMIM
#193700). This ascertainment yielded on overage 166 coding
INDELS called per subject, with 63% previously annotated in
dbSNP and a higher presence of INDEL multiples of 3 (“3n”)
(Mills et al. 2000).

The initial map of human INDEL variations ranged be-
tween 1 and 9,989 bp in length and was described with a
computational approach using DNA resequencing traces
that were originally generated for SNP discovery projects,
and there was an important variability when comparing the
different approaches and different populations such as
374.355 INDELs using whole genome shotgun traces (Hap-
Map consortium DNA of 8 African-Americans), 137.526
from the SNP consortium (24 subjects), and 17.217 whole
chromosome 20 (shotgun WCS traces of 4 subjects) (Mills
et al. 2006). Some consortiums such as the International
SNP Map Working Group (2001), the International HapMap
consortium (2003, 2005) and the 1000 Genomes Project
consortium (2010) have elucidated small INDELs ranging
from 1 bp to 1 kb in length.

The SNP database contains 10 million SNPs deposited,
and different human populations are expected to collectively
harbor at least 1.6-2.5 million INDEL polymorphisms
(www.ncbi.nlm.nih.gov/SNP, build 125). A recent study
report lists almost 2 million INDELs ranging from 1 to
10,000 bp found at the genomes of 79 diverse humans,
including 819,363 small INDELs that map to human genes
(Mills et al. 2011).

INDELSs in Neuropsychiatric Diseases

Previous studies have related INDELs as risk factors for
neuropsychiatric diseases, such as mood disorders. Table 2

Table 1 Divergence in both the

number and size of INDELs Study Individual Number of INDELs INDEL size Method

reported in personal genome range (bp)
(Levy et al. 2007) Venter 823,396 1-82,711 ABI
(Wang et al. 2008) Han Chinese 135,262 1-3 lumina/SOAP
(Wheeler et al. 2008) Watson 222,718 2-38,896 454
(Ahn et al. 2009) Korean (SJK) 342,965 1-26 Mlumina/MAQ
(Kim et al. 2009) Korean (AK1) 170,202 1-29 [umina/Alpheus
(Schuster et al. 2010) African Not reported Not reported Not reported
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Table 2 INDELs in relevant genes associated neuropsychiatric diseases

Size/Class

Disease Reference

44-bp INDEL promoter region of the serotonin transporter gene SHTTLPR

19-bp INDEL in the dopamine beta-hydroxylase (DBH)
¢.795delC in OGG1 gene
Deletions ranging from 1 to 7 bp ASPM and CENPJ genes

Insertion of octapeptide repeats (OPR), encompassing the codon residues 51

through 91 in the prion protein gene PRNP
Deletions ranging in size from 5 to =260 kb

Microdeletions and microduplications >100 kb

Mood disorders and anxiety
Mood disorders and drug addiction
Alzheimer disease

(Armbruster et al. 2009)
(Togsverd et al. 2008)
(Mao et al. 2007)

(Bond et al. 2003; Gul et al.
2006; Leal et al. 2003)

(Capellari et al. 2011)

Autosomal recessive primary
microcephaly

Genetic Creutzfeldt-Jakob disease
(gCID)

Autism (Yu et al. 2002)

Schizophrenia (Walsh et al. 2008)

shows some INDELs in relevant genes that associate neu-
ropsychiatric diseases. The 5-HTTLPR polymorphism, for
example, is a 44-bp INDEL within the promoter region of
the serotonin transporter gene, and the short variant is con-
sidered a risk factor for different mood disorders and anxiety
(Armbruster et al. 2009). Another example is the 19-bp
insertion/deletion polymorphism in the dopamine beta-
hydroxylase gene associated with mood disorders and drug
addiction (Togsverd et al. 2008).

Our group studied the 5-HTTLPR INDEL in various
neuropsychiatric conditions such as schizophrenia, bipolar
disorder, dysthymia, major depression, and Alzheimer’s dis-
ease (Oliveira et al. 2000; Oliveira et al. 1998). However,
the major current challenge is to unveil new INDELs with
potential impact in helping to explain how important are
such variations for the clinical outcome of behavioral and
neurological conditions. This is particularly crucial because
the current associated INDELs present a high rate of incon-
sistent associations.

Various studies showed that common microdeletions
might be highly associated with neuropsychiatric diseases
such as schizophrenia, autism, and mental retardation
(Walsh et al. 2008; Yu et al. 2002). Interestingly, a variation
¢.795delC in OGG1 gene was detected in Alzheimer’s dis-
ease (AD) patients, changing the coding frame and adding
59 amino acid residues downstream after the termination
codon, causing reduced enzymatic activity (Mao et al.
2007).

Truncated protein products caused by deletions ranging
from 1 to 7 bp were also observed in abnormal spindle-like,
microcephaly-associated (ASPM) and centromere protein J
(CENPJ) genes in autosomal recessive primary microceph-
aly (Bond et al. 2003; Gul et al. 2006; Leal et al. 2003).
Other mutations between 1 and 7 bp at the ASPM gene were
reported in cohorts of children with microcephaly, and so
far, there are 57 variations, including 28 deletions or inser-
tions (Nicholas et al. 2009). The pathogenic mutations
linked to genetic Creutzfeldt-Jakob disease and fatal insom-
nia revealed that 10-15% of subjects who develop a prion

disease carry either a point mutation or an insertion of
octapeptide repeats, encompassing the codon residues 51
through 91 in the prion protein gene PRNP (Capellari et
al. 2011).

Methods Detecting INDELs

To detect and assess the potential biological functions of the
large number of INDELSs in the human genome, it is essen-
tial to use specific and effective methodology especially the
use of computational methods that facilitate and streamline
the implementation process of analyzing these polymor-
phisms, with a cooperative integration of different genomic
technologies to improve the precision and detection rate of
unusual polymorphisms (Hong et al. 2011; Kim et al. 2009).
Thus, several new methods have been proposed for detect-
ing SNPs and INDELs in human genome; however, poly-
merase chain reaction (PCR) followed by direct automatic
sequencing of genomic DNA is still the main approach that
has proven effective for the identification of these polymor-
phisms (Bhangale et al. 2005; Bhangale et al. 2006; Mullaney
et al. 2010).

The next-generation DNA sequencing technologies are
powerful alternatives, and this technology promotes the
DNA sequencing analysis platforms capable of generating
information on million of base pairs in a single run. Among
the new sequencing platforms still used for INDEL detec-
tion are 454 FLX/Roche and Illumina platforms (Ahn et al.
2009; Bentley et al. 2008; Ley et al. 2008; Wang et al. 2008;
Wheeler et al. 2008). Next-generation sequencing is current-
ly the most effective methodology used to detect and char-
acterize INDELs; however, additional studies show that
computational approaches used for next-generation trace
mapping and INDEL detection have high levels of sensitiv-
ity but have a considerably high rate of false negative
(Mullaney et al. 2010). Programs used for trace mapping
and variation discovery in [llumina-based personal genome
projects, such as SOAP, ELAND (Illumina), and MAQ,
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presented lower rates of false negative, between 10% and
35% (Li et al. 2008a, b). Thus, up to a third of the small
INDELSs can be missed with these approaches.

Another method used is tagged microarray marker,
allowing high-throughput differentiation between pre-
dicted alternative PCR products. Typically, it is used as
a molecular marker approach to determine the allelic
states of INDEL alleles at genomic loci in multiple
individuals (Jing et al. 2007). Established methods such
as ABI trace mapping and BAC overlap also show effi-
ciency in detecting INDELs (Kidd et al. 2008; Levy et
al. 2007; Mills et al. 2006; Mullikin et al. 2000).

Previous studies have pointed various methodological
difficulties to reliably detect and validate short INDELs in
a large-scale manner, and various approaches have been
developed with bioinformatic tools and molecular techni-
ques for identification and association of these variations.
The main challenge right now is to effectively confirm
the INDELs predicted by such methods and handling
the false positives and false negatives in order to de-
crease error rate (Salathia et al. 2007). DNA pooling is
also a promising alternative to overcome such limita-
tions and simultaneous processing of multiple samples
(McKernan et al. 2009).

INDELSs and Computational Tools

The rapidly increasing amount of resequencing, genotyping,
and personal genomes generated by large-scale genetic hu-
man projects requires the development of integrated bioin-
formatic tools which are able to efficiently manage and
analyze such overwhelming plethora of data. Our group
recently designed a bioinformatic pipeline to detect new
potential variations in genes selected from studies of expres-
sion microarrays. The in silico analysis revealed deletions
ranging from 1 to 10 bp, distributed along coding regions, 5’
and 3’, and UTR regions, in genes selected from microarray

studies of brain samples of patients with AD, major depres-
sive disorder, bipolar affective disorder, and sporadic
Creutzfeldt—Jakob disease (Lemos et al. 2009; Souza et al.
2010). This pipeline integrates databases freely available
through the internet such as the Goldenpath-UCSC and
NCBI. The alignment process was implemented and im-
proved through the use of CLCbio Workbench Combined”
software, together with the CUBE" hardware version 1.06.
We performed multiple batches of Smith—Waterman align-
ments using an ESTs database downloaded from the Golden-
path and mRNA sequences downloaded from the NCBI. Such
alignments represent the core of this whole process, and the
following detection of SNPs and INDELSs is based on it. The
detection consists of a simple parsing of the alignments in
order to determine the presence of variations, providing also
positional details. In a latter process, the candidate sequences
predicted are aligned with the NCBI SNPs database (http:/
www.ncbi.nlm.nih.gov/snp/) to search for previous deposited
and confirm the identification of potential new SNPs and
INDELs.

Several softwares used to predict pathogenicity of genetic
variations have been developed. These computational meth-
ods are always debatable because of the often discrepancy
between some of them, even when analyzing the same
variation. Recently, Thusberg et al. (Thusberg et al. 2011)
tested a set of over 40,000 variations known as pathogenic
and neutral variants in nine softwares freely available at the
internet, which are used to predict pathogenicity. The soft-
wares evaluated were MutPred, nsSNPAnalyzer, Panther,
PhD-SNP, PolyPhen, PolyPhen2, SIFT, SNAP, and
SNPs&GO. The programs’ performance ranged from poor,
in the method nsSNPAnalyzer, to reasonably good in the
methods SNPs&GO and MutPred.

Our group recently applied an analysis of prediction to
better comprehend a missense substitution candidate for
Fahr’s disease at the MGEAG6 gene and in a proline-rich
and highly conserved protein domain. SAP, PolyPhen, and I
Mutant suggest that this variation is predicted to cause
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platforms *Raw Data oo1110010011 Data mining - — ¥ Transversions
o *Electropherogram m «In silico SNPS :Monvm
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e Fasta >AACTCATTGGATGGAT Input
Sequencing ¥
m Variations Que
Data bank Detection Da!ar:et = ’
»| L icti
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Sequencing NCBI www.ncbi.nim.nin.gov/
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*HiSeq, MiSeq. lon (UCSC) www genome ucse.edu *Resequencing ¥ Monomeric
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Fig. 1 A pipeline suggested to merge different data resources in order to combine expression studies and genetic variations and predicted to detect

potential new polymorphisms, including INDELs
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probable molecular deleterious effects, but the PMUT con-
sidered this same mutation as neutral. The SIFT program
generated conflicting findings, depending if we used the
UniProt-SWISS PROT 56.6, NCBI, or UniProt-TrEMBL
39.6 databases (Lemos et al. 2011).

Several other approaches designed to detect SNPs and
INDELSs also have been developed, including TIARA and
CHIP Bioinformatics Tools (Dereeper et al. 2011; Hong et
al. 2011). Annotate Variation is a software freely available at
http://www.openbioinformatics.org/annovar that deserves to
be highlighted and allows to annotate SNP and INDEL,
examining their functional consequence on genes, inferring
cytogenetic bands, reporting functional importance scores,
finding variants in conserved regions, and identifying var-
iants reported in the 1000 Genomes Project and dbSNP
(Wang et al. 2010). Thus, bioinformatics became an excel-
lent new tool to integrate detection and functional inference
methods derived from genomic studies, and here, we pro-
pose a new pipeline to merge different data resources in
order combine expression and candidate variations pre-
dicted to detect potential new polymorphisms, including
INDELs (Fig. 1).

Perspectives

Relationships between INDELs and functional aspects are
still unclear. However, some studies have been investigating
these relationships of insertions/deletions variation and
modification of proteins through observing the protein—
protein interaction (Kang et al. 2011). The INDEL PDB
software revealed 117,266 INDEL sites in 11,294 proteins.
An interesting relationship between the length of these
INDELSs (1-25 bp) and loop has been indicating that there
were many short INDELs/loops but very few longer
INDELs/loops (Hsing and Cherkasoy 2008).

Recent approaches to localize INDELs highlighted a
consensus that they might work as markers spread through-
out the human genome, deriving from a single mutation
event. Small INDELs can be identified across by multiplex-
ing platforms and a simple dye-labeling electrophoretic
approach as well as analysis with high-throughput technol-
ogies (Pereira et al. 2009a; Pereira et al. 2009b). Other
applications are forensic studies that revealed 48 diallelic
INDEL markers on genotyping forensic samples collected
from different biological samples related to criminal cases.
These INDELS also presented superior efficiency on samples
with low copy number (Francez et al. 2011).

Our group is currently dealing with different approaches
that might optimize sequencing and bioinformatic analyses
of short INDELs to broaden our research capabilities of
identifying those infriguing genefic variations. Reporting
these pitfalls might help other groups that are planning to

search for such interesting genetic variation and call their
attention for the high rate of false positives in experiments
that lack careful checking of double strand sequencing.
Hopefully, INDELs might become a new trend in association
studies in neuropsychiatric genetics since so far the level of
significant and positive associations with the standard SNPs
reported presents limited predictive application.
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Genome-wide association analysis combined with CSF and
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Highlights

e  We used Alzheimer’s Disease Neuroimaging Initiative (ADNI) database.

e We analyzed the main effects of quantitative traits of single nucleotide
polymorphisms (SNPs) in AS-40 and AfS-42 biomarkers.

e We identified five SNPs as potential candidates and three SNPs in the non-coding
region reached association significance.

e We identified one novel gene associated with Plasma biomarkers related to AD.
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ABSTRACT

The deposition of the senile plaque 1s a common characteristic pathology in the cerebral
aging and additional with neurofibrillary degeneration form the definitive findings for
the diagnostic of Alzheimer’s disease (AD), thus being considered potential biomarkers
diagnostic. Related potential biomarkers and SNPs associated can be used to identify
risk individuals for dementias. Data used in the preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database. There are
three subsets of participants: 380 individuals for Ap-42 in cerebrospinal fluid
biomarkers, 654 individuals for Af-42 and AF-40 1n plasma biomarkers for baseline and
538 mdividuals for plasma biomarkers collected one year late (M12). We analyzed the
main etfects of quantitative traits of single nucleotide polymorphisms (SNPs) in Af-40
and Af-42 biomarkers. Both association test and a linear regression method were used
to mvestigate the main effects of SNPs f Af-40 and Af-42 under MCI and AD
individuals. The p-values results were adjusted for multiple comparisons by the
Bonterroni method and we tocused on corrected p-values (p < 0.001). The subsets show
different SNPs association in diagnostic groups. We identified five SNPs as potential
candidates. in the regions of the TOMM40, PAMR1. TRIM9 and CCDC112 genes and
three SNPs in the non-coding region reached association significance. In addition to
known candidate, gene TOMM40, the genes TRIM9 and PAMRI are associated with
dementias. We identified one novel gene candidate CCDC112 and a novel SNP
(rs5904473) on the chromosome X were associated with Plasma biomarkers related to

AD.

Keywords: Alzheimer's Disease. Mild Cognitive Impairment. quantitative traits,

Alzheimer’s Disease Neuroimaging Initiative (ADNI). Biomarkers.
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INTRODUCTION

Genome-wide association studies have helped to further our understanding of the
pathogenic mechanism of several complex and multifactorial disorders such
neurodegenerative disease. Neurodegenerative diseases are progressive diseases
characterized by accumulation of specific protein and loss of neuronal followed by

cognitive impairments and memory deficiencies [20].

Alzheimer’s disease (AD) is the most common progressive neurodegenerative
disease and represents a major cause of disability for elderly patients with dementia in
worldwide [23]. AD can be divided into three phases. an initial pre-symptomatic phase.
a prodromal stage known as Mild Cognitive Impairment (MCI) and a third phase when
patients show dementia with impairments in multiple domains and loss of function in
daily activities [31].

Quantitative traits are an alternative to foster the progress in elucidating genetics
variants with strong phenotypic effects in complex diseases such as Late Onset
Alzheimer’s Disease (LOAD) and MCI [5]. Many of these traits are highly heritable
with genetic factors presenting high heritability in LOAD (58%-79%). however, the
elucidation of their genetic architecture has been limited [8].

The abnormal deposition of amyloid—f (Af) protein in the brain plays an
mnportant role i AD. produces senile plaques containing, dystrophic neurites,
neurofibrillary tangles (NFT). and neuropil threads. which constitute the commeon
pathological hallmarks of AD, being considered potential clinical biomarker [3, 30].
The Af 1s detectable i cerebrospinal fluid (CSF) and plasma and 1s responsible to form
a major component of senile plaques deposited in brain and have been used as
biomarkers for diagnosis [9]. Changes in CSF and plasma levels of the AfF-40 and ApS-

42 are potential diagnostic biomarkers for AD [9. 3]. Baseline plasma levels of Af-42



are higher in patients with AD and predict high risk of progression to dementia in
normal individuals [30]. The discovery of additional genes that may be related to
amyloid pathophysiology in AD and MCI allows the introduction of nowvel and
potentially useful genetic markers for the presence and progression of AD pathology
[17. 18].

In this paper we correlate the Af-40 and AB-42 levels i patients with AD and
MCT genotyped with Hlumina Human 610 — Quad Bead Chip platform. originated from
the Alzheimer’s ADNI. This approach aims to try to correlate genetic polymorphisms
with biomarker of disease activity risk and clinical profile.
METHODS

Data used in the preparation of this article were obtained from the Alzheimer s
Disease Neuroimaging Initiative (ADNTI) database (adni.loniucla.edu). The ADNI was
launched in 2003 by the National Institute on Aging (NIA). the National Institute of
Biomedical Imaging and Bioengineering (NIBIB). the Food and Drug Administration
(FDA). private pharmaceutical companies and non-profit organizations. as a $60
million. 5- year public-private partnership. The primary goal of ADNI has been to test
whether serial magnetic resonance umaging (MRI). positron emission tomography
(PET). other biological markers. and clinical and neuropsychological assessment can be
combined to measure the progression of mild cognitive impairment (MCT) and early
Alzheimer’s disease (AD). Determination of sensitive and specific markers of very early
AD progression is intended to aid researchers and clinicians to develop new treatments
and monitor their effectiveness, as well as lessen the time and cost of clinical trials.

The Principal Investigator of this initiative is Michael W. Weiner. MD. VA
Medical Center and University of California — San Francisco. ADNI is the result of

efforts of many co-investigators from a broad range of academic institutions and private
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corporations, and subjects have been recruited from over 50 sites across the U.S. and
Canada. The initial goal of ADNI was to recruit 800 adults. ages 55 to 90, to participate
in the research. approximately 200 cognitively normal older individuals to be followed
for 3 years. 400 people with MCT to be followed for 3 years and 200 people with early
AD to be followed for 2 years.” For up-to-date information. see www.adni-info.org
[13].

In this study, three subsets of biomarkers were used to examine the effects of
each SNP on the ADNI cohort. These subsets are summarized in Table 1. In the first
subset. we included 380 mdividuals for Af-42 in CSF: in the second subset. we
included 654 individuals for Af-42 and AF-40 1n plasma for baseline diagnostic and in
the last subset were included 538 observed individuals for plasma biomarkers collected
one year late (M12) from the ADNI cohort. The data met all detailed quality control of
data previously reported for CSF [26] and for plasma biomarkers [27]. To reduce the
likelihood of population stratification effects in the GWAS all individuals in this study
are non-Hispanic Caucasian.

After restriction of the ADNI participants remained in the present study 380
mdividuals for CSF biomarkers investigation: 654 individuals for investigation of
baseline plasma biomarkers levels and for M12 (one year late) plasma biomarkers levels
remained 638 individuals distributed over the diagnostic groups (NC. MCI and AD).
The distribution of individuals on diagnostic groups is presented on Table 1 and a
statistical summary for each experimental design. Due to population stratification. the
obtained genomic inflation factors to investigate CSF and Plasma biomarkers
associations indicated low risk of confounding and the values for the subset 1s presented

on Table 1 [27].
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The Nlumina Human 610-Quad BeadChip allows geneticists to investigate more
than 610.000 SNPs, however this study was restricted to SNPs with minor allele
trequency (MAF) greater than 0.2 and SNPs with ‘rsIDs’. The MAF value was used to
exclude rare SNPs. in consequence of the smaller size of samples and aims to reduce
both the false-positive results and severity of the multiple correction tests. The MAF
value 1s stringent. so the number of final SNPs for analysis varies for cach experimental
design and can be viewed on Table 1.

We performed both a standard allelic test and a linear regression model for
quantitative trait association, using the PLINK software [12]. release v1.07 [22]. Both
tests were applied to each GWAS analysis to calculate the main effects of the SNPs on
the target quantitative biomarkers variables. The association test and linear regression
results were obtained with the confidence interval of 0.95 and p-values were adjusted to
Bonferroni correction. The statistical results were plotted using Manhattan plot and
Quantile-Quantile (Q—Q) plot and are presented on Figure 1.

Next, we used the GeneMANIA [14] to perform a network interaction analysis
with genes associated to the biomarkers as query [32]. The interaction data arises from
large-scale biological data sources as protein-protein interaction. protemn domain
similarity. pathways and gene expression profiles [32]. GeneMANIA indicates other
genes, which are in the vicinity of the query network, therefore giving hints of possible
biological mechanisms of the associated genes on the biomarkers or the disecase. We
base our analysis on the network setting the vicinity of genes to 20.

RESULTS

In the subsequent GWAS analyses. after the Bonferroni correction (p-value <

0.001). using an additive linear regression model test. we showed that all biomarkers

subsets differ between AD and MCT groups. Seven SNPs achieved significance after the
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correction. The Figure 1 displays Manhattan and Q-Q plot of Af-42 CSF baseline
diagnosis: Af-42 plasma baseline diagnosis: Af-42 plasma M12 and Af-40 plasma
M12.

We focused in the SNPs with adjusted p-values and summarize the top SNPs in
the Table 2. We found two SNPs significantly associated with CSF biomarker levels
baseline. In baseline plasma AD diagnostic group only one SNP 1513395562 on non-
coding region was significantly associated. In M12 AD diagnostic group five SNPs
significantly associated with CSF biomarker level of Af-40 and AS-42.

In addition to GWAS experiment. we investigate the biomarkers levels in
function of genotypes. The Figure 2 presents statistics (mean and standard error) for Ap-
40 and Ap-42 biomarkers level as a function of genotype over all diagnostic groups for
the most significant associated SNPs. Af-42 CSF Baseline levels in diagnostic groups
(AD. MCI and NC) stratified by rs2075650 genotype showed significant differences
between GG homozygous and GA heterozygous. However. Af-42 CSF Baseline
strafified by rs49200 genotype. such as Af-42 and Af-42 Plasma Baseline and M12.
showed linear trend in mean levels within and across all diagnostic groups for the
genotypes analyzed. Table 3 shows the GA genotype of rs2075650. the GG genotype of
rs13395562 and AA genotyped of rs644755, rs10501140 and rs11950355 presented at
lower frequencies in all diagnostic groups. while the GG genotype of rs17802296 and
genotype AA 155904473 presented at high frequencies in all diagnostic groups. Already
rs4900200 genotypic frequency showed smmilar frequencies between the three
subgroups. The possible role of these SNPs in AD and MCT pathogenesis need detailed
mvestigation.

First. we performed GeneMANIA predictions based on a query with genes

TOMM40, PAMRI. TRIM9 and CCDCI112. This indicated Af as one of the top 20
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interacting genes (see from the supplementary material) and all query genes were
connected with a small network distance, which indicate tight interactions between
them. We also repeated the same analysis including APP in the query network. Now.
APOE gene 1s indicated as an important interaction partner. Moreover, two proteins
previously related to Alzhemmer. GAPDH and SNPA2S5 support the interaction of
TRIMO and CCDC112 to Af [6. 1].

DISCUSSION

In this paper, we investigated plasma and CSF biomarkers CSF Af-42. Plasma
ApB-40 and AP-42 as quantitative traits to discover genetic variant associations using
genotype data obtained from the ADNI cohort. The use of phenotypes as quantitative
traits in GWAS have been successtully used to test association between biomarkers and
SNPs. Additionally the biomarkers have been shown an increased power over case-
control designs [10, 17. 21].

The TOMM40, a translocase of outer mitochondrial membrane 40 homolog. 1s
essential for protemn import mnto mitochondria. the aging decreases the number of
mitochondria and also increases risk of developing AD [15]. TOMM40 alleles have
been associated to an increased risk of developing late-onset AD [7. 25]. TOMM40 is an
adjacent and approximately 15 kb upstream to APOE. established as one of the
susceptibility gene for LOAD [4]. TOMM40 wvarnable-length poly-T sequence
polymorphism (rs10524523) in combination with APOE alleles (E2. E3. E4) has been
reported as influences in the LOAD [24]. Recently, was analyzed the impact of
TOMMA40 poly-T in combination with APOE alleles (E2. E3. E4) on LOAD incidence in
a group of 414 LOAD patients. 173 centenarians and 305 neurologically healthy

individuals. They. demonstrated for some analyses poly-T affecting LOAD risk [19].
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Using quantitative trait in a GWAS, the TOMM40 gene. specifically the SNP
152075650, has been identified as putative susceptible loci and genetic variants
associated with AD [10]. However. used CSF biomarkers (Af-42, t-tau, p-taul81p. p-
taul 81p/AfS-42. and t-taw/Af-42) data ADNI shows rs2075650 (TOMM40) associated
with Af-42, p-taul81p/Ap-42 and t-taw/Ap-42 [17]. An intron SNP r<2075650 of gene
TOMMA40 1s particularly associated with Af-42 in AD and MCT subjects. This SNP was
previously described with a positive association with APOE biomarker as quantitative
traits [21].

Few studies have correlated the PAMRI, peptidase domain containing associated
with muscle regeneration 1, gene with AD. suggesting now a potentially new gene
involved with this neurodegenerative disease. PAMRI has been studied in microarrays
expression analysis of post mortem samples from patients with late onset AD and
matched controls (LOAD. final 187 controls, 176 cases). Another analysis was done
with induced stem cells from sporadic and familial cases of AD [33. 16].

According to the Allen Institute Human Brain atlas, the PAMRI presents a
selective pattern of expression along the hippocampus. a known region mnvolved in AD.
The hippocampal formation 1s mainly down regulated for this gene. however, segments
of the CA1 region and parahippocampal formation are up regulated [11].

TRIpartite Motif (TRIM) famuly proteins are ring finger domain-containing.
Member of the family of TRIM proteins. TRIM9 tripartite motif containing 9. location
in 14q22.1 region is highly expressed in the cerebral cortex, in the Purkinje cells of the
cerebellum and in the hippocampus: has neuronal functions associated with diseases
neurodegenerative. Previous study showed TRIM9 severely decreased in the affected

brain areas in Parkinson’s disease and dementia with Lewy bodies [2. 28. 29].
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The association test also allowed us to identify one novel candidate gene.
CCDC112. and the novel SNP 15904473 in non-coding region of the chromosome X
(Table 2). We found strong association for the SNP rs11950355. located in the intron
region n gene CCDCI112. with Af-42 plasma biomarker in AD subset. The gene
CCDC112. coiled-coil domain containing 112, is located at 5q22.3, has two isoforms
(isoform 1 and isoform 2). but the isoform 1 is higher expressed than isoform 2.
CCDCI112 has not been previously reported association between with AD or
neurodegenerative diseases.

CONCLUSION

Our analysis of the ADNI GWAS identified several putative loci that are in
genetic association with Af-42 levels in CSF and Af-40 levels in CSF and Plasma. The
most significant associations were identified using AD subjects probably because the
variances of the CSF biomarker levels are smaller in MCI and normal subjects. Thus.
our analysis demonstrates that quantitative trait observing biomarkers levels of Af-40
and AfB-42 by genome-wide sereening can reveal additional insights into the mechanism
that connects these biomarkers with potentially new candidate genes for AD and MCIL.

The SNP 1511950355, located in the intron region of gene CCDCII12 and
155904473 m a non-coding region were significantly associated with Af-42 i AD
subjects. Theses warrant detailed investigation regarding possible role with AD.

Replication studies with independent. larger samples will be important to
confirm these findings. As well as. assess if a panel of genetic markers can be combined
with CSF and Plasma analyses to better predict longitudinal outcomes or response to
emergent therapeutics. In future studies. it will also be important inelude looking at the
mteraction of SNP and diagnosis and gene or pathway-based analyses to further

investigate associations with biomarker levels.
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LEGENDS

Figure 1. Manhattan and Q-Q plots of the quantitative trait association analysis in AD
and MCI diagnostic groups. A. Af-42 CSF baseline AD diagnosis: B, Af-42 CSF
baseline MCI diagnosis: C, Af-42 Plasma Baseline AD diagnosis: D. Af-42 Plasma
M12 AD diagnosis: E, Af-40 Plasma M12 AD diagnosis.

Figure 2. Mean of biomarker levels as a function of CSF and plasma baseline and
plasma M12 genotypes over all diagnostic groups (NC. MCI and AD) for the most

significant associated SNPs.

Tablel. Details of experimental designs performed.
Abbreviations: CSF. cercbrospinal fluid: Chr, chromosome: M12, one year late: AD.

Alzheimer Disease: MCI, Mild Cognitive Impairment: SNP. single nucleotide
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polymorphism: MAF, minor allele frequency: SD. standard deviation; L., level: A, age:

N. number.

Table 2. Top SNPs with p-value < 10* SNPs associated with CSF and Plasma
biomarkers in diagnostic groups (NC, MCI and AD).

Abbreviations: CSF. Cercbrospinal fluid: Chr. chromosome: M12. one year late: AD.
Alzheimer Disease: MCI, Mild Cognitive Impairment: NC. normal control; SNP, single

nucleotide polymorphism.

Table 3. Genotypic frequency.
Abbreviations: BL. baseline: M12. one year late: AD. Alzheimer Disease: MCL Mild

Cognitive Impairment: NC. normal control: N. number.
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Conclusodes

Apds utilizar uma sequéncia de etapas associadas a diferentes ferramentas de
bioinformaticas, foram encontradas varia¢Ges previamente descritas no banco de dados de SNP do
National Center for Biotechnology Information (dbSNP — NCBI), além de polimorfismos do tipo
SNP e INDELSs que surgiram como candidatos inéditos, para a manifestacdo dos TH. Estes achados
levantam a possibilidade de que delecbes de até 7 pares de bases estejam relacionadas a
fisiopatologia dos TH, eventualmente em genes dos sistemas glutamatérgico e gabaérgico de
neurotransmissor.

Com a evolucéo das abordagens de sequenciamento de nova geracdo eleveram-se 0 nimero
de INDELs associados a doenca genética humana. Assim, SNPs e INDELs podem ser utilizados
como marcadores em busca de fatores genéticos que influenciem na fisiopatologia das doencas
neuropsiquidtricas.

Varios softwares tém sido desenvolvidos para prever a relagdo entre uma variacdo genética e
sua possivel influéncia patogénica no individuo portador. Assim, a escolha do método computacional
para que se possa ter um resultado in silico que melhor represente o acontecimento bioldgico, é parte
inerente do sequenciamento do genoma humano e principalmente do mapeamento genético de doencas
complexas, uma vez que essas doencas envolvem a regulacdo de muitos genes e possiveis interagdes
entre eles e com o ambiente.

Os experimentos com dados de GWAS indicam que as ferramentas computacionais
utilizadas sdo adequadas, para analise genética proposta. Os programas R e PLINK permitiram
analisar os dados em tempo habil e extrair informacdes ja relatadas, forneceram dados inéditos para
nosso trabalho, como no caso do SNP (rs5904473) localizado no gene CCDC112 que até o presente
trabalho ndo tinha sido associado a deméncias. Além disso, a nossa analise demonstra que
caracteristicas quantitativas podem revelar insights adicionais sobre o mecanismo que liga os niveis
das AB-42 no CSF e os niveis da AB-40 no CSF e plasma sanguineo e os genes candidatos
apresentados como candidatos no envolvimento da fisiopatologia da DA e MCI.

Em suma, as dificuldades encontradas na identificacdo de polimorfismos genéticos de risco
a doencas complexas mostram que ainda ha lacunas a serem preenchidas que possibilitem a
identificacdo de polimorfismos em larga escala. Quanto aos desafios computacionais, ha uma ponte
entre biologia e estatistica que ainda precisa ser encontrada para que a biologia dé significado e
embasamento aos resultados estatisticos e computacionais obtidos. No entanto, os resultados desse
trabalho também mostram eficiéncia, rapidez e ampla aplicabilidade dos métodos computacionais

na compreensdo e interpretacdo de dados bioldgicos.
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ANexos

Trabalhos Futuros

Estudo de caso-controle e validagdo dos polimorfismos candidatos associados aos TH e a
DA, na populagdo brasileira;

Como alternativa para analise em banco de dados, pretendemos combinar base de dados de
microarray e GWAS para priorizar SNPs e explorar mais caracteristicas das redes de
interacdo gene-gene, que conduzam a associagdes relevantes com os fenotipos;

Em estudos futuros, serd também importante incluir as analises de epistasia entre 0s genes,
para investigar associacdes conjuntas com os fenétipos;

Investigar novas métricas de selecdo de caracteristicas, ou mesmo propor modificacdes nas
métricas ja existentes, para possiveis aplicacbes e consequente, comparagdes com 0S

resultados aqui apresentados.
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