
NanoString Technologies
530 Fairview Avenue North, Seattle, WA 98109      

FOR RESEARCH USE ONLY. Not for use in diagnostic procedures.

www.nanostring.com  |  info@nanostring.com  

©2022 NanoString Technologies, Inc. 

Spatial Organ Atlas: A compendium of whole transcriptomes for functional subunits of organs
Michael Rhodes, Patrick Danaher, Jason Reeves, Tyler Hether, Megan Grout, Alison VanSchoiack, Jingjing Gong, Liang Zhang, Wei Yang, Charlie Glaser, Kathy Ton, David Kroeppler, Stefan Phelan, Kit Furhman, Nicholas Confuorto, Yan Liang, Sarah Warren
NanoString® Technologies, Seattle, WA

The Spatial Organ Atlas (SOA) is the first repository of in-situ whole transcriptome 
data generated from FFPE, non-diseased organs. The spatial whole transcriptomes 
were generated by Digital Spatial Profiling, allowing transcriptomes that match the 
exact shape of the functional histological organ features.  
In this first release of the SOA, data has been collected across six organs: human 
kidney, brain, lymph node, pancreas, colon, and mouse brain. A further set of data on 
mouse development at E9, E11, E13, E15 was just released. Regions of organs with 
complex geometries can be profiled with the whole transcriptome in a manner that 
exactly matches defined histological structures. This can be accomplished even when 
a structure is composed of a complete interweaving of varied cell types (e.g., the 
alpha and beta cells of the Islets-of-Langerhans), allowing capture of pure in-situ 
transcriptomes of the overlapping cell types.  Over 2000 whole transcriptomes were 
measured in the SOA. Biological interpretation is facilitated using the interactive data 
viewer Minerva and supplied analysis vignettes. To further enable exploration of the 
data, the raw and processed data (high-resolution images in OME-Tiff format, the 
FAST-q files, and transcript counts) are available for download.  Seurat data objects 
and GeoMx tools data objects are also available to support analyses using 
Bioconductor R based tools. 

Abstract

GeoMx® Digital Spatial Profiler  the only system to segment regions with light 

Both RNA probes and protein probes have UV cleavable linkers. The barcodes are 
released by DMD directed UV light . This means we can paint with light. In the example 
below a simple two stage segmentation is carried out. First the areas marked by the 
selected morphology markers are collected (white regions) then we simply reverse the 
selection and collected the inverse regions. This enables highly specific selection , for 
example pools of single cells. The region illuminated from which the barcodes are 
collected is call an Area Of Illumination (AOI)
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All Data is Available for Download

Bioconductor Ecosystem for Analysis

Conclusions

Scan here to 
learn more about 
NanoString’s
Spatial Organ 
Atlas.
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Stain

What is the 

heterogeneity of 

expression in different 

regions of my tissue?

Segmentation

What is the expression 

profile of distinct 

biological compartments 

(e.g., Tumor-TME)?

Cell Type Specific

What is the expression 

profile of a specific cell 

population in my 

tissue?

Contour

How does the immune 

environment change on 

either side of an 

infiltrate boundary?

Geometric

1

Gridded

What novel targets are 

uncovered with deep 

mapping of a specific 

tissue region?

SOA contents

For each Tissue in the SOA there are 3-6 separate samples. There are 3 principal 
components for each tissue in the SOA
• Individual Web Page with metadata and links for Minerva story and data 

downloads
• Data Downloads for  the complete workflow are available , users can download 

the images , sequencing reads , intermediate analysis and final analysis
• Minerva Story: a visual story showing images and results in a guided manner 

for more explanations of Minerva implementation for SOA see:
Poster # 516 Dynamically visualizing the link between 
histological structures and whole transcriptome expression 
data to explore the Spatial Organ Atlas

In order to facilitate analysis  of data for those who do not have a GeoMx-DSP or 
wish to use data to create their own analysis pipelines we have created a suite of 
software modules 

• GeoMxTools: Data processing and management
• SpatialDecon:  Cell deconvolution
• GeoMxWorkflows: End to end Tutorials
• GeoDiff: Advanced modelling of GeoMx data

These are all available from Bioconductor and new modules are added with each 
new Bioconductor release.

DOI: 10.18129/B9.bioc.GeoMxWorkflows

One very important aspect of  GeoMxTools is that it stores and links all of the 
expression, annotation, and probe information together in a single data object, 
the GeoMxSet object. This object is  based on the ExpressionSet objects,  so will 
be familiar in many interactions to experienced users of Bioconductor

The spatial organ atlas offers users;
• Exemplary stories showing analysis that can be undertaken 

using the unique features of the GeoMx DSP
• Access to complete data sets with 2103 spatially organized 

whole transcriptomes available , allowing users to
• Compare to other  samples to understand 

spatial variances
• Mine for information and use in 

publications
• Develop Analysis tools

Scan here to 
learn more 
about 
NanoString at 
AGBT 2022.

In the diagram below the variety of ways in which AOI can be collected is highlighted

Tissue Number of  
AOI

Number of 
Scans

Human Colon 173 4
Human Kidney 234 4
Human Lymph node 193 5
Human Pancreas 144 4
Human Brain 252 5
Mouse Brain 360 4
Mouse Development 747 13

Total regionally collected 
whole transcriptomes 2103

The complete dataset from the GeoMx DSP runs are available for public 
download. Downloadable files include, tissue images (OME-TIFF), sequencing files 
(FASTQ), and raw and normalized probe counts (xlsx). Thus, any part of the 
workflow can be recreated, including tertiary analysis using GeoMx Data Analysis 
Software or GeomxTools on Bioconductor.
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Direct plotting of Gene expression levels 

Direct plotting of Gene expression levels Mouse Brain
Direct plotting of Gene expression levels 

Mouse Brain

Mouse Development

Geometric and Segmented AOI

Highly targeted ROI Juxtamedullary 
filtration membrane

Link heat maps to aoi

Human Pancreas

Human Colon

Human Lymph

Human Brain

Human Kidney

One region segmented 
into 4 AOI

NeuN+

Iba1+

GFAP+

Neuropil

100μm

100μm

100μm
100μm

100μm

#413

Slide Prep

Digital Spatial 
Profiler (DSP) 

Imaging

Region Of Interest 
(ROI) Selection

Area Of 
Illumination (AOI) 

Collection

Library Prep

Sequence

BCL conversion

GeoMx NGS 
Pipeline

DSP Data 
Analysis (DSPDA) 

Software

probe_kit_configuration.pkc

morphology_kit_configuration.mkc
ome.tiff

roi_report.zip

readout_package.zip

lab_worksheet.txt

seq_code_indices.csv

gnp_config.ini

fastq.gz
dcc.zip

fastq.gz

dcc.zip

Export1_InitialDataset.xlsx

Export2_TechnicalQC.xlsx

Export3_BiologicalProbeQC.xlsx

Export4_NormalizationQ3.xlsx

GeoMx NGS Workflow

Deconvolute cells


