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Genome-wide association studies (GWAS)
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Nat Rev Genet, 20(8):467-484 (2019] Nat Rev Methods Primers 1, 59 (2021)
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Finding the relevant biological contexts for complex traits

Tissue/cell type enrichment
(LDSC-SEG, scLinker)
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Spatial transcriptomics (ST)

10X Visium HD
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spot:

cell-bin: single-cell level
bin50: 50 X 50 bins
bin100: 100 X 100 bins

10X Visium spot

BGI Stereo-seq

spot coordinates (x, y)
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gsMap: human genetics + spatial transcriptomics
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Spot-level gene specificity score s e M )

Graph attention autoencoder [GAT)

Spatial graphs
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Spot-level genomics annotation and associations

Gene to SNP 5-LDSC
Gene , ONP Stratified GWAS
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Associating mouse embryonic cells with human traits by gsMap

Mouse E16.5 embryo
(bin50 resolution)

Cell, 185: 1777-92 (2022)

Nature, https:fidoi.org/10.1038/541586-025-08757-x [2025)



Associating mouse embryonic cells with human traits by gsMap

Trait: [s} Haemoglobin Height
Mouse E16.5 embryo concentration
: i Nature Genetics, 50: MNature, 610: 704-12
(bin50 resolution) 912-9 (2018) Cell, 182: 1214-31 (2020) (2022)

Cell, 185: 1777-92 (2022) Tissue: Brain & spinal cord Liver Cartilage & its
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Negative controls: simulations under the null

Simulated traits based on UK Biobank genotype data (n = 100,000) + mouse embryonic spatial transcriptomics data

causal variants were randomly distributed causal variants were concentrated in specific genomic regions
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Male pattern baldness

Mouse E16.5 embryo

: : Epithelial cells Male pattern baldness
[single-cell resolution)

Cell, 185: 1777-92 (2022) Nature Communications,
9: 5407 (2018)
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MHIE pattern ba [d ness Hair follicles like cell assemblies in L2 (face)
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Adult mouse brain
(single-cell resolution)

Cell, 185: 1777-92 (2022)

Brain regions
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Brain-related traits

Associating cells in adult mouse brain with 29 human complex traits
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Most relevant brain region for Parkinson disease
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Brain-related traits SH/AVTA: substantia nigra/ventral tegmental area

Nature, https.//doi.org/10.1038/541586-025-08757-x (2025)
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Comparison among schizophrenia, depression, and 1Q

Odds ratio (OR): strength of association with a brain region relative to the whaole brain

Schizophrenia Depression v}
Notwre, 604 502-8 (2022) Nature Medicine, 25: 1832-44 (2023)

Hippocampus CA1 + CA3:  OR =447
Midbrain: OR =0.24
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Spatially dependent associations of neurons with schizophrenia

GO enrichment

Srength of ssociation
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Spatially dependent associations of neurons with schizophrenia

Multiplexed error-robust fluorescence in situ hybridization (MERFISH) + scANA-seq  Notwre 624: 343-354 (2023)
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Spatially dependent associations of neurons with schizophrenia

GO enrichment
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Spatially dependent associations of neurons with schizophrenia

Multiplexed error-robust flusrescence in situ hybridization (MERFISH) + scANA-seq  Notwre 624: 343-354 (2023)
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Applying gsMap to macaque cortex spatial transcriptomics data
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Cell, 186: 3736-3743 (1023)

Nature, https:ffdoi.org/10.1038/541586-025-08757-x [2025)




Adult human brain DLPFC spatial transcriptomics data
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Human vs. macaque

a4 REOS1
P= fde-00




Associating cells in macaque prefrontal cortex with human traits

Macaque prefrontal cortex [PFC)
(single-cell resolution)
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Associating cells in macaque prefrontal cortex with human traits

Macague prefrontal cortex (PFC) Associations of macaque PFC regions with human traits
{single-cell resolution)

Depression & 14r

l Gyrus rectus
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Macaque 14r medial & depression

Highly expressed genes

Mouse 5T data

& depression y o B
| ]
| 10r T |

Nature, https:fidoi.org/10.1038/541586-025-08757-x [2025)




Associating cells in macaque prefrontal cortex with human traits

Macague prefrontal cortex (PFC) Associations of macaque PFC regions with human traits
{single-cell resolution)

Depression & 14r Lateral to medial axis 14r medial

Gyrus rectus
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Macaque 14r medial & depression

Highly expressed genes

Maouse 5T data
& depression
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Macaque 14r medial & psychiatric drugs

Drug targets enrichment of genes
highly expressed in 14r medial

Nature, https://dol.org/10.1038/541586-025-08757-x (2025]




Cell-relevance correlation (CRC)

SCZ & 10 Cortex, Hippocarmpus CA
Depression: Midbrain, PFC 14r

The neurcns associated with 5CZ more resembles that for 10 than that for
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gsMap software

gsMap is available at https://github.com/lianYang-Lab/gshMap Visualization portal: b

gsMap _
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Tips for using gsMap

Ful paredies & nirpamined spprrach, For s mone © e e
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Mouse Embryo (Quick Mode)

Mouse Embryo (Step by Step)

Documents:
https://vanglab.westiake.edu.cn/gsmap/document/software

Results report:
web report
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E16.5_E1S1.MOSTA Genetic Spatial Mapping Report
Genetic Spatial Mapping Plot

1Q (gsMap)




E16.5_E1S1.MOSTA Genetic Spatial Mapping Report
Genetic Spatial Mapping Plot

1Q (gsMap)




Geanetic Spatia’ Mapping Plot
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Cauchy Combination Result

Annoctation
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Diagnosis Manhattan Plot

gsMap Diagnosis Manhatt
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Diagnosis Manhattan Plot

Gene Expression and GSS Distribution
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Expression Distribution Gene Specificity Score (G55)
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MAPZ -

Expression Distribution Gene Specificity Score (G55)

MAPZ (Expression) MAP2 (G55)
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Tips for using gsMap

Mouse Embryo (Quick Mode)
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Documents:
https://vanglab.westlake.edu.cn/gsmap/document/software

Results report:
web report
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gsMap software

gsMap is available at https://github.com/lianYang-Lab/gsMap Visualization portal: https:/fvanglab westlake edu.co/asmag/visualize
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Macaque 14r medial & depression

Highly expressed genes GO enrichment of highly expressed genes
Mouse 5T data Macague 14r medial Mouse Midb and Cal (5)
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Enriched in biological processes
related to neuron-plasticity

Nature, https://doi org/10. 1038541 586-025-08757-x (2025]
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Spatially dependent associations of neurons with schizophrenia

GO enrichment
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Comparison among schizophrenia, depression, and 1Q

Odds ratio (OR): strength of association with a brain region relative to the whole brain
Schizophrenia Depression Q
Notwre, 604: 502-8 (2022) Nature Medicine, 19: 1832-44 (2023)

Hippocampus CAL1 + CA3:  OR A7
Midbrain: OR = 0.24
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Most relevant brain region for Parkinson disease
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Brain-related traits SH/AVTA: substantia nigra/ventral tegmental area

Nature, https.//dol.org/10.1038/541586-025-08757-x (2025]




Adult mouse brain
(single-cell resolution)

Cell, 185: 1777-92 (2022)

I

*  Cortex showed the highest relevance to most traits

*  The second-highest associated region varied across traits
Hippocampus CAL for 10 and schizophrenia
Midbrain for depression

Nature, https.//dol.org/10.1038/541586-025-08757-x (2025])




Most relevant brain region for Parkinson disease

I I I I I i E e Dopaminergic neurons Parkinson disease
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Brain regions

Brain-related traits SH/VTA: substantia nigra/ventral tegmental area

Nature, https.//doi.org/10.1038/541586-025-08757-x (2025])
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Spatially dependent associations of neurons with schizophrenia

GO enrichment
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Top three genes: HPCA, FRPICA,
: : and ATEZE1, all related to calcium
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Spatially dependent associations of neurons with schizophrenia

Multiplexed error-robust flusrescence in situ hybridization (MERFISH) + scANA-seq  Natwre 624: 343-354 (2023)
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Spatially dependent associations of neurons with schizophrenia

GO enrichment
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Spatially dependent associations of neurons with schizophrenia

Multiplexed error-robust fluorescence in situ hybridization (MERFISH) + scANA-seq  Notwre 624: 343-354 (2023)
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Cell-relevance correlation (CRC)

SCZ & 10 Cortex, Hippocampus CA
Depression: Midbrain, PFC 14r

The neurcns associated with 5CZ more resembles that for (0 than that for
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Nature, https.f/dol.org/10.1038/541586-025-08757-x (2025]



Spatially dependent associations of neurons with schizophrenia

Multiplexed error-robust flucrescence in situ hybridization (MERFISH) + scANA-seq  Notwre 624: 343-354 (2023)
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Region-level associations

Cauchy combination

Spot
enrichment

Region
enrichment

=

-Log10{P-value)

Nature, hittps.//dol.org/10.1038/541586-025-08757-x (2025)
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Region-level associations

Cauchy combination

Spot Region
enrichment enrichment
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Adult mouse brain " a
{single-cell resolution) I"" " [I':| '
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* Cortex showed the highest relevance to most traits

Cell, 185: 1777-92 (2022)

*  The second-highest associated region varied across traits
Hippocampus CA1 for 10 and schizophrenia
Midbrain for depression

@ tyre. Oy i@ 1038/541586-025-08757-x (2025)




Associating cells in macaque prefrontal cortex with human traits

Macaque prefrontal cortex [PFC)
(single-cell resolution)
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Macaque 14r medial & psychiatric drugs

Nature, hittps://dol.org/10.1038/541586-025-08757-x (2025]
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