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A functional genomics approach

Transcriptome atlases
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Mahfouz et al., Brain Struct Funct, 2017
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Spatio-temporal patterns Interactive visualization
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Transcriptomic signatures of brain regional
vulnerability to Parkinson's disease
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Parkinson's disease (PD) progression

L oss of smell

Cognitive impairment

Little or no facial expression Bradykinesia Dementia

Tremor Rigidity



Progressive pathology described by Braak

Braak stages 1 and 2 Braak stages 3 and 4 Braak stages 5 and 6
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nerve

R. L. Doty, 2012



Region-specific expression patterns underly
selective regional vulnerability in PD
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Allen Human Brain Atlas (AHBA)

* Genome-wide microarray data of the healthy brain (20,017 genes)
* 6 Adult donors (5 males & 1 female, mean age 42, range 24-57 years)

e 3,702 Samples (363-946 per donor)

e Samples: MNI coordinates, anatomical annotation
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Brain regions involved in Braak stages

Myelencephalon (R1, N=279)
Pontine tegmentum (R2, N=414)

Substantia nigra, basal nucleus of Meynert,
CA2 field (R3, N=89)

Amygdala, occipito-temporal gyrus (R4, N=107)
Cingulate gyrus, temporal lobe (R5, N=618)

Allen Human Brain Atlas
Frontal lobe, parietal lobe (Ré, N=827) http://brain-map.org/
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Braak stage-related genes (BRGs)

Criteria for BRGs selection: Pec

1. Correlation between gene expression and

|
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Braak stage-related genes (BRGs)

Gene-Braak correlation
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Braak stage-related genes (BRGs)
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Expression of BRGs for one donor across

AHBA donors
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Validation in larger (healthy) cohorts

Mean expression of BRGs
(log,-transformed)
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Validation in PD brains

PD microarrray dataset
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medulla oblongata (R1), locus ceruleus (R2), and substantia nigra (R3)



Validation in PD brains

PD microarrray dataset
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—xpression of PD-implicated genes is related to
Braak staging

Negative correlated BRGs

Gene Braak Fold- P-value Reference
S correlation change  (BH-corrected)
g \
quL SCARBZ -0.78 -1.44 1.7E-03 Nalls et al. 2014
R1 R2 R3 R4 R5 R6 ELOVL.7 -0.67 -1.35 1.4 E-O3 Chang et al. 2017
Positive correlated BRGs SH3GL2 0.70 1.40 2 3F-03 Chang et al. 2017
N SNCA 0.70 1.75 4.3E-04 Bonifati et al. 2014, Chang et al.
[ 2017, Nalls et al. 2014
u% BAP1 0.77 1.99 1.6E-03 Chang et al. 2017
ZNF184 0.81 2.34 2.9E-03 Chang et al. 2017

R1 R2 R3 R4 R5 R6
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Dopamine pathways across Braak stages

Expression (log,-transformed)

Keo et al. Communication Biology 2020
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Expression

Do we mainly capture cell type composition

differences?

R1

R6

Expression in R6
VS.

Expression in R1
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~rom bulk to single-cell transcriptomics
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Somatosensory Cell capture

cortex (S1 Whisle Gasiia Biclustering
cell suspenS|on - !
~ _ RNA-seq = 3,005 cells
— , i 9 classes

47 subclasses
Zeisel et al, Science 2015 Hippocampus
CA1

Svensson et al., bioRxiv 2019
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~rom bulk to single-cell transcriptomics

A
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A good understanding of biological functions

requires data integration technologies

Non-neuronal
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scRNA-seq
Whole transcriptome
Loss of spatial information

Codeluppi et al, Nature
methods 2018

Spatial transcriptomics
Retain spatial information
Limited in the number of genes
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SpaGk
Spatial Gene Expression Enhancement

scRNA-seq (reference)
(~25,000 genes)

Spatial transcriptomics (query)
(~ 10-1,000 genes)

: Novel spatial gene expression
> (~ 25,000 genes)

D Measured

& Predicted
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SpaGk

Spatial Gene Expression Enhancement

scRNA-seq (reference)

Domain Adaptation
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aGE on primary visual cortex (VISp)
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SpaGE on primary visual cortex (VISp

Measured  SpaGE Predicted

s
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1,549 cells
1,020 genes ué
Wang et al. Science 2018 S
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Tasic et al. Nature 2018

30



SpaGE outperforms Seurat, Liger and gimV|
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Wrongly measured, correctly predictead
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rongly measured, correctly pre
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Predicting unmeasured genes

SpaGE Predicted
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Predicting unmeasured genes

SpaGE Predicted Allen Brain Atlas
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SpaGE scales to large spatial datasets

Preoptic region

MERFISH
64,3/3 cells
1955 genes

Moffit et al. Science 2018

scRNA-seq
31,299 cells
18,646 transcripts

Moffit et al. Nature 2018
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SpaGE scales to large spatial datasets
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SpaGE scales to large spatial datasets
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Summary

* We take a functional genomics approach to better understand the role of
genetic variation in brain function and disease

* Using the AHBA, we identified several genes and pathways associated with
the PD progression in the brain

* SpaGk predicts spatial expression of unmeasured genes at the single cell level

* SpaGE outperforms state-of-the-art methods using is simpler, scalable and
more flexible approach.
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