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Psychiatric disorders are genetically complex
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Minor allele frequency in the general population

Genetics has revealed the structure of disorders

How can we begin to sort this complexity out?

Common biological mechanisms? — if so, where/when?
Adapted from Singh et al., MedRxiv, 2020



Partitioning the brain — cell types
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 Fundamental unit of the brain — smallest unit for evolution.

 Classification has been central to Neuroscience since 19t century
» Single-cell Resolution transcriptomics has reached “CAP”-criteria
» Quantitative measures of diversity

» Therapeutic access increasing for gene-therapy



Integrating GWAS and Transcriptomics allows
for prioritization

_ SCZ (Pardinas et al., 2018) only

Schizophrenia Subventricular zone radial glia-like cells 1
Dentate gyrus radial glia-like cells 1
Astrocytes 1
Olfactary ensheathing cells 1
24 ) Oligodendrocytes 1
Oligodendrocyte precursor cells 1
Non—glutamatergéc neuroblasts 1
chwann cells 1
Satellite glia 1
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Vascular endothelial cells 1
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) ) Vascular smooth muscle cells 1
(In Medium Spiny Neurons) Vascular and leptomeningeal cells 1
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Specificity Decile Subcommissural organ hgpendymal cells 1
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. Choroid epithelial cells 1
_ Peripheral sensory peptidergic neurons -
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- Peripheral sensory neurofilament neurons 1
Height Syrgpathe%né: ?oragr?nerg!c neurons 1
N ) - —_ - mpathetic cholinergic neurons 1
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Integrating GWAS and Transcriptomics allows

for prioritization

GWAS-+scRNAseq prediction

Parkinson'’s disease
Original

Subventricular zone radial glia-like cells
Dentate gyrus radial glia-like celis 4
Astrocytes

Olfactory ensheathing cells 4
Oligodendrocytes

Oligodendrocyte precursor cells -
Non-glutamatergic neuroblasts 4
Schwann celis -

Satellite glia

Enteric glia

Vascular endothelial celis 4

Pericytes 4

Vascular smooth muscle cells -

Vascular and leptomeningeal cells 4
Perivascular macrophages -

Microglia

Subcommissural organ hgpendymal celis
J)end al cells

Choroid epithelial cells

Peripheral sensory peptidergic neurons -
Peripheral sensory non—-peptidergic neurons
Peripheral sensory neurofilament neurons -
Sympathetic noradrenergic neurons -
Sympathetic cholinergic neurons 4

Enteric neurons

Telencephalon mnlbnor% interneurons 4
Olfactory inhibitory neurons 4

Telencephalon projecting inhibitory neurons 4
Telencephalon projecting excitatory neurons
Dentate gyrus granulé neurons -
Glutamatergic neuroblasts 4

Cerebellum neurons 4

Spinal cord inhibitory neurons -

Spinal cord excitatory neurons

Peptidergic neurons -

Di- and mesencephalon inhibitory neurons -
Di- and mesencephalon excitatory neurons 4
Hindbrain neurons

Cholinergic and monoaminergic neurons

Confirmation in patient samples

Braak stage 1-2
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Braak stage 3-4

Braak stage 5-6

Lesnick et al (2007)

Moran et al (2006)
Lateral SNc

Moran et al (2006)
Medial SNc




Direct measurements of changes: case/control
single cell transcriptomics

Human Case/Control

Cellular resolution

Multidimensional read-out

Measuring endpoint —integrative approach

Etiology?

TRANSCRIPTOMICS




Single cell transcriptomics informs genetics
and pathology

Cell type-specific eQTLs reveal hidden elements Spatial transcriptomics links to cellular pathology
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Overcoming or leveraging biological variability

Differential expression 0 Network biology
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. Geschwind and Konopka 2009

Overcoming technical and biological variability Leveraging biological variability

(size and similarity)



Observation -> experimentation

Human-specific aspects:
IPSCs — cell culture — 3D organoids

Mechanistic animal models

F




The search of biological mechanisms:

L arger data sets needed - unknown effect size.

« Maximize controlled biological variability (genetic diversity)
« Key to understand this diversity

* Minimizing or measuring other variability
 Detailed clinical and life history measurements
« Decreasing technical variability (multiplexing and measuring)

 Mechanistic animal/cell models






