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Transtornos psiquidtricos: estrutura poligénica complexa
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Figura 1: Doengas monogénicas vs doencas poligénicas (National Human Genome Research Institute, 2024). E‘REAB.,ER[JE‘VSETL'S%EE,’Q’{
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N
Herdabilidade entre tfranstornos neuropsiquidtricos
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Figura 2: Herdabilidade e a correlagdo genética entre transtornos neuropsiquidtricos (Grotzinger et al., 2022, Krol et al., 2023) .
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N
Transtornos neuropsiquidtricos x neurodesenvolvimento
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Figura 3: Processos chave do neurodesenvolvimento humano (Zhou et al., 2023).
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Dados biolégicos disponiveis (Gmicas)
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Figura 4: Modelo esquemdatico da regulagdo epigenética (Yang and Wang, 2021).
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Sequenciamento gendmico
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Figura 5: Processo de sequenciamento de nova geragdo (NGS ou next
generation sequencing (Scholiz et al., 2021)
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Assembled sequence
Figura 6: Challenges in interpreting GWAS associations (Akalin, 2020).
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Arquivos importantes: .fasta/.fastgq e .sam/.bam

@HD VN:1.5 SO:coordinate Header
@SQ SN:ref LN:45 section

r001 99 ref 7 30 8M2I4MID3M = 37 39 TTAGATAAAGGATACTG *

002 0 ref 9 30 3S6M1P1I4M * O O AAAAGATAAGGATA *

003 0 ref 9 30 5S6M * 0 O GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0; | Alignment

r004 0 ref 16 30 6M14NSM * 0 0 ATAGCTTCAGC * section

003 2064 ref 29 17 6HSM * 0 0 TAGGC * SA:Z:ref,9,+,556M,30,1;

r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT * NM:i:1
lgentiter OSRR566516.970 HWUSI-EAS1673_11067_FCT070M:4:1:2299: 1109 length=50 ommlnal fields in the format of TAG-TYPE:VALUE
e s B QUAL: read quality; * meaning such information is not available

Quality scores ‘BhhhhhhhhhghhghhhhhfhhhRREE £ e  ee [ XIbldled’ [Y["Y SEQ: read sequence

Identifier OSRR566546. 971 HWUST-EAS1673_11067_FCT070M:4:1:2374: 1108 length=50 TLEN: the number of bases covered by the reads from the same fragment. Plus/minus
Seauence GATT means the current read is the leftmost/rightmost read. E.g. compare first and last lines.

+

PNEXT: Position of the primary alignment of
information is unavailable. It corresponds to POS column.
RNEXT: reference sequence name of the primary alignment of the NEXT read. For paired-end
. X . sequencing, NEXT read is the paired read, corresponding to the RNAME column.
Figura 7: Exemplo de um arquivo .fastq (Hosseini et al., 2016). CIGAR: summary of alignment, e.g. insertion, deletion
MAPQ: mapping quality
POS: 1-based position
RNAME: reference sequence name, e.g. chromosome/transcript id

he NEXT read in the template. Set as 0 when the

sign
Q..amy scores

FLAG: indicates alignment information about the read, e.g. paired, aligned, etc.
QNAME: query template name, aka. read ID

Figura 8: Exemplo de um arquivo .sam (zyxue.github, 2017).
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Info das Amostras.

Genes (features)

Figura 9: Exemplo de de uma matriz de expressdo génica e informagdes adicionais (hexylena.galaxians.org/training-material, ).
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Figura 10: Tipos de andlises possiveis com dados de sequenciamento (Cha and Lee, 2020)
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N
Transtorno Obsessivo-Compulsivo (TOC ou OCD)
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Figura 12: Prevaléncia de comorbidades no TOC (Stein et al., 2019, Pauls et al., 2014).
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SCIENTIFIC RE Pé}RTS " et

OFEN Initial findings of striatum tripartite
model in OCD brain samples based
on transcriptome analysis

Received: | May 2018 BiancaC.G.

sboa, Katia C. Oliveira', AnaCarolina T
Acorpac: 17 Dovober 2018 Arthur Sant'Anna Feltrin’, Gisele Gouveia’, Luzia Lima®, Ar
Publshed onling: 28 February 2019 David Correa Martins Jr, Renato David Pugat, Ariane
Carlos Alberta De Braganga Pereira’, Beny Lafer’, Renata Elaine Paraizo Leite,
Renata Eloah De Lucena Ferretti-Rebustini', Jose Marcelo Farfel’, Lea Tenenholz Grinberg™?,
Wilson Jacob-Filho!, Euripedes Constantino Miguel', Marcelo Queiroz Hoexter' &

72 109 37 Figure 1. (A) Venn diagram of DEGs (p-value < 0.01) of each striatal region CN, NAC and PT. (B) Dot blot of
psychiatric cases screened psychiatric CONTROL cases | | | log2FC (OCD/CON) on the x-axis, and genes are represented on the y-axis. Each color corresponds to a striatal

area CN (black), NAC (red) and PT (blue)

T
cter gt | oo s .
22 28
OCD cases CONTROL cases e B89
| DEGs pvalue pvaluc pvaluc
’ 20 CONTROL cases for ot CNVs. 011 38 0.1930 11 0.8011 6
R Py
. SVadenme osan |1 a0 [0 ow0 o
15 8 GWAS 0.0514 [ 0.7608 1 0.3971 2
OCD cases oco Towctic yoore[ot001 |19 T [
7 exchuded (5 CONTROL Microglia 0.0001 108 0.5865 5 0.0290 10
o ehomd 2 cases pre—m o = EE T
5 matched CortcalNewonts  [osan |12 vt | 1 o |4
00 ases e M B | iy T T CTE
watched [T [T o |2 wonse |2
o e I oo |o wez |1
e Gigedendroeye s Jowos |3 COEE [CEEE
o 1, Fowchust o s coBocaes e osact or i Table2. Enrichment results for genes previously described in OCD studies and different brain cell types. m IBD

R INSTITUTE for
{ DEVELOPMENT
ESEARCH LABORATORIES

Dr. Arthur S. Felfrin

izando abordagens computacionais para explorar o gen humano e investigar os transtornos psiqu




St S2 53 G G G3 G Gs Gs Gr G Gy Gio
6 [ 4326 4089 505 ] @ [ 100 023 061 071 003 035 086 1.00 0.97 0.37 |
6 | 166.6 41.87 136.65 G | 023 100 063 052 098 0.99 029 030 046 0.99
6 | 1253 3055 42.00 G | 061 063 100 0.99 077 053 0.93 056 041 051
6 | 2877 191.92 236.56 G | 071 052 0.99 100 069 041 0.97 066 052 040
G | 1147 797  99.76 G.G) G | 0.03 098 077 0.69 1.00 0.95 048 0.0 027 0.94
G | 119.1 80.57 11459 | _ G | 035 099 053 041 095 1.00 017 041 057 1.00
& | 1189 15660 186.05 | Fearson o | pgs 020 0.3 007 048 017 1.00 0.83 072 0.16
& | 376 248 13678 | <orelation .| 100 030 056 066 009 041 083 100 0.98 042
6 | 3273 1199 1188 G | 0.97 046 041 052 027 057 072 0.98 100 058
Go | 1746 5611 2141 | Go | 037 0.99 051 040 0.94 1.00 016 042 058 1.00 |

Gene expression values S .
P Similarity (Co-expression) score

® 6 & &6 G G G &G & & Go
@ [0 00000111 0]
G 0o 0 0 0 1 1 0 0 0 1
G 0 0o 0 1 0 0 1 0 0 O
. g lo0o 01000 100 0 (G G)I>=08
@ G 01 0001 00 0 1 Significance threshold
Gs 01 0 0 1 0 0 0 0 1
@ @ @ G 1 0 1 1 0 0 0 1 0 O
Ge 1 0 0 00 0O1 0 1 O
G 1 0 0 0 0O0OO 1 0 O
@ @ G [ 01 0 0 1 1 0 0 0 0 |
Network adjacency matrix
I 50
LIEBER INSTITUTE for
Figura 13: Criagdo de uma rede de co-expressao (S. Mohammad H. Oloomi, 2014). N DY ELOTMENT

Dr. Arthur S. Felfrin

ilizando abordagens computacionais para explorar o genoma humano e investigar os transtornos psiquidtricos 13 of 28
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Figura 14: Analises possiveis de uma rede de co-expressdo genica (van Dam et al., 2017).
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Figura 15: Identificagdo de médulos em redes de co-expresséo
génica (Silverman et al., 2016).
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Figura 17: Comparacéo das redes de co-expressdo do nicleo caudado, nicleo accumbens e putamen entre doadores com e sem TOC. Acima, diagrama col
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plano coronal das principais estruturas cerebrais deste estudo (Byrne, 1997).
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N
Espectro da Esquizofrenia

DSM-5 diagnostic criteria for
schizophrenia

Diagnostic criteria for schizophrenia from the Diagnostic and
Statistical Manual of Mental Disorders, ifth edition (DSM-5)*:
A. Twoor more of:

« Delusions

« Hallucinations

- Disorganized speech ¥ Grey matter volume

- Grossly disorganized or catatonic behaviour

h

1 Dopamine 1 Glutamate

| expression, ¥ Synaptic markers

N T ¥ Glutamate
academic and occupational.

. Continuous disturbance for at least 6 months, including 1month

of list A symptoms and can include a prodromal or residual J GABA

period.

Mood disorder excluded as a primary diagnosis.

Symptoms not caused by physiological effects of a substance or
another medical condition. ¥ Grey matter volume

A ¢

)

)

issues, prominent delusions or hallucinations must be present to
make a diagnosis.

Striatum
Symptom glossary
« Delusions — fixed, culturally inappropriate false beliefs Frontal cortex
. inany y ¥
« Catatonia— immobility and extreme withdrawal
« Avolition — inability to execute self-directed activities
« Anhedonia — | in

Temporal cortex

Figura 18: Sinftomatologia da esquizofrenia (esq.) e disfuncéo do circuito dopaminérgica (dir) (Howes et al., 2023). n IBD
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- Esquizofrenia € um transtorno que
afeta 1% da populagdo mundial
e com alta herdabilidade;

- Mais de 270 regides genémicas as-
sociadas ao risco da esquizofrenia,

- Sabemos (a mais de 60 anos)
que modulagdo dopaminérgica
excessiva seria a mais provavel
causa para a psicose (antipsicéticos
sdo muito eficientes em bloquear os
receptores de dopamina D2)

- PROBLEMA: a maioria
estudos postmortem se  focou
em regides corticais (ex. cortex
pre-frontal), locais com pouca
expressdo de receptores D2.

dos

- Receptores de dopamina D2 séo
abundantes no corpo estriado
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nature neuroscience

Analysis of the caudate nucleus
transcriptomeinindividuals with
schizophrenia highlights effects of

antipsychoticsand newrisk genes
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GNVAE - Gene Networks with Variational AutoEncoders !
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Tornisons
Variational Autoencoder (VAE)
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Representation Input Input Reconstructed
Input
Figura 19: Autoencoder x Variational Autoencoder (https://encodebox.medium.com/auto-encoder-in-biology-9264da118b83 )
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BRAIN DEVELOPMENT
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1 https://github.com/apuapaquola/GNVAE
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GNVAE - Gene Networks with Variational AutoEncoders !
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Organoides cerebrais: criacdo de células-tronco de

pluripoténcia induzida (iPSC)

Patient

Healthy person
CRSPCosbased Disease-causing |
editing ‘mutations T
el I
|\ Spun ARBEeR M | - Arrhymmlcever\l
Snbiopsy o)~ “‘\\\ %0
> e me X
/ b

Skin biopsy >
Molecular mechin

of the disease
p Microglia  Vascularization
Indced Phuipotent - @
© <
(Somau( ce)HS iPS cells Specialized Drug screening
nipotent differentiate and discovery -
cells i e

c New drugs

c llines
Compare o hezlmy and
diseased brain Optimalization and
‘\ /' teproducibiity
( \ ¢
atient
Celltherapy? J
Human preclinical
trials ‘in a tube’

. neural,

o~
liver toxicity tests

— )
(0

Xenotransplantation Neurological
isorder
organoid model Neurodevelopment
.
\ Figura 21: Criagdo de células-fronco de pluripoténcia induzida (induced
pluripotent stem cell ou iPSC) (Bellin et al., 2012)
Neuro-connectivity/-functioning

LIEBER INSTITUTE for
BRAIN DEVELOPMENT
T2 RESEARCH LARORATORIES

Figura 20: Aplicagdes biomédicas da utilizagdo de (induced pluripotent stem cell ou
21 0of 28

iPSC) (Zarate-Sanchez et al., 2021).
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- A literatura aponta centenas de variantes
comuns em genes expressados em
neurénios excitatérios e inibitérios, como
0s neurdnios espinhosos médios (medium
spiny neurons ou MSN), presentes em
grande numero no corpo  estriado;

- Essas variantes comuns ndo estdo concen-
tradas em genes expressos em apenas uma
regido cerebral, sugerindo que possa existir
uma desregulacdo sistemdtica relacionada
a pafogénese da esquizofrenia;

- Durante o neurodesenvolvimento embri-
ondrio, MSNs e interneurénios originam se
de uma estrutura denominada subpallium,
parte do prosencéfalo (forebrain) ventral;

- Células-tfronco humanas de pluripoténcia
induzida (Human induced pluripotent stem
cells ou iPSCs) permitem a construgdo de
modelos in vivo capazes simular aspectos do
desenvolvimento do cérebro humano.
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iPSC line ID Brain D Diagnosis Race Sex  PRS Age of death  PMI
LiBD2c1 Br2371  Control Caucasian  Male 5833 23 18.5
LIBD6C2 Br5207  Control Caucasian ~ Male  -58.27 62 29
LIBD7c6 Br5287 Control Caucasian  Male 56.70 40 28
LIBDSC1 Br5212  Control Caucasian  Male  -54.87 52 385
LIBD3cS Br5224  Schizophrenia  Caucasian  Male  -52.52 46 225
LIBDSC7 Br5446  Schizophrenia  Caucasian  Male  -52.94 23 325
LIBD8c4 Br2345  Schizophrenia  Caucasian  Male  -51.07 21 56
LOO19A Y03 ~ Br2423  Schizophrenia  Caucasian  Male 5268 61 315
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