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• Introduction: Allen Institute for Brain Science
• Allen SDK http://alleninstitute.github.io/AllenSDK/

• Mouse Connectivity Atlas
• The Common Coordinate Framework
• Allen Cell Types Atlas
• Allen Brain Observatory

http://alleninstitute.github.io/AllenSDK/
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GOAL: What is the data? 
• View it.
• Download it.
• Access it.

http://alleninstitute.github.io/AllenSDK/
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2003 – Allen Institute for Brain Science
2014 – Allen Institute for Cell Science
2016 – Paul G. Allen Frontiers Group
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Allen Institute for Brain Science: 
Online Public Resources
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• Data is available for public use
• Data analysis and mining are performed after data release
• Approximately 50,000 visits/month
• More than 5,000,000 cumulative visits
• Global users from academia, biotech/pharma, nonprofit, government
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Beyond the Allen Brain Atlases:  Recent Projects

What are the components?

How does the brain 
compute?

Visual Coding - What is the 
functional transform from 
image to vision?

What is the wiring logic?

Allen Brain Observatory

Allen Cell Types Database

Allen Mouse Brain Connectivity Atlas
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Beyond the Allen Brain Atlases:  Recent Projects

Physiological activity 
of cells in awake 
behaving mouse 

Brain-wide axonal 
projection maps

With functional imaging 
for cortical visual areas

Allen Mouse Brain Connectivity Atlas

Morpho-electric 
characterization of 
neurons in mouse 

and human

Allen Cell Types Database

Allen Brain Observatory:  Visual Coding

Web portal: online browse and data search
API: programming interface & data download
SDK: tutorials and use cases
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AllenSDK:
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Python API for RMA:
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Connectivity Atlas – A Mesoscale Projectome

Facilitates:
• Computational network analysis: sub-networks, motifs, hubs, etc. 
• More refined delineation of anatomical boundaries in 3D: improving traditional 

chemo- and cytoarchitecture based brain atlases
• Anterograde (from sources) and virtual retrograde (from targets) searches and 

comparisons
• Global connectivity based physiological and functional studies

12

Summary:
• Whole brain mesoscale projectome

• standardized 
• quantified

• High-precision co-registration of datasets into 
common reference space

• Retaining realistic 3D spatial location and 
topography of projection targets as well as fiber 
tracts
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Connectivity Matrix
• SW Oh et al. Nature, 1-8 (2014) doi:10.1038/nature13186

Whole Brain Connectivity Matrix
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Stereotaxic or Functionally 
targeted Injections

(300-500 brain regions, >100 cell-type specific 
Cre mice)

Allen Mouse Brain Connectivity Atlas

14



| alleninstitute.org | brain-map.org

Stereotaxic or Functionally 
targeted Injections

(300-500 brain regions, >100 cell-type specific 
Cre mice)

High-throughput 
Fluorescence Imaging

Allen Mouse Brain Connectivity Atlas
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Stereotaxic or Functionally 
targeted Injections

(300-500 brain regions, >100 cell-type specific 
Cre mice)

3D Connectivity Map & 
Model 

Allen Mouse Brain Connectivity Atlas
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High-throughput 
Fluorescence Imaging
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hSyn-EGFP-WPRE injection VISp, 21 day survival.
140 serial 100 µm vibratome sections, imaged with 2P at 20X, one optical 
section (z) per slice.
TissueCyte1000, TissueVision (Ragan et al., 2012, Nature Methods)

A Single Experiment

17
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Signal detection

Intensity scaling, noise reduction, edge and dense cloud signal detection

int
int

VPL VPL

SSsSSs

CP CP



| alleninstitute.org | brain-map.org

Components of the Connectivity Atlas
Regular rAAV as tract tracer (non-Cre-dependent)
• Mapping all axonal projections from injection sites 

(300-500 sites covering the entire brain)
• Comparison with conventional tracer BDA

AAV: pSyn

EGFP WPRE pA

19
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Components of the Connectivity Atlas
Regular rAAV as tract tracer (non-Cre-dependent)
• Mapping all axonal projections from injection sites 

(300-500 sites covering the entire brain)
• Comparison with conventional tracer BDA
Cre lines + Cre-dependent rAAV
• Cell-type-specific mapping of projections from 

injection sites
• Use >100 Cre lines

AAV: pSyn

EGFP WPRE pA

CS-Pr
Cre

Cre mice:

AAV: pCAG

EGFP

WPRE pA
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Components of the Connectivity Atlas
Regular rAAV as tract tracer (non-Cre-dependent)
• Mapping all axonal projections from injection sites 

(300-500 sites covering the entire brain)
• Comparison with conventional tracer BDA
Cre lines + Cre-dependent rAAV
• Cell-type-specific mapping of projections from 

injection sites
• Use >100 Cre lines
Retinal Projectome
• Axonal projections from retinal ganglion cells 

(RGC) to the brain
• 26 Cre lines
• Whole retinal mount
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Components of the Connectivity Atlas
Regular rAAV as tract tracer (non-Cre-dependent)
• Mapping all axonal projections from injection sites 

(300-500 sites covering the entire brain)
• Comparison with conventional tracer BDA
Cre lines + Cre-dependent rAAV
• Cell-type-specific mapping of projections from 

injection sites
• Use >100 Cre lines
Retinal Projectome
• Axonal projections from retinal ganglion cells 

(RGC) to the brain
• 26 Cre lines
• Whole retinal mount
Targeting of Functional Areas
• Retinotopic mapping and Intrinsic Signal Imaging 

to target visual-associated  areas 

AAV: pSyn

EGFP WPRE pA

CS-Pr
Cre

Cre mice:

AAV: pCAG

EGFP

WPRE pA
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https://goo.gl/D41Myu


Annotated 3D Reference Space

Common 
Coordinate 
Framework: 

3D Reference 
Space

Allen Reference 
Atlas

Registration to a 
canonical space 

enables comparison 
of information within 
and across datasets

~500 Nissl 
sections

132 
annotated 
sections

~800 
structures
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Image Registration
Chicken or the egg?

• You need a good registration to get a good averaged brain
• You need a good averaged brain to get good registration
• Start with a rough template and iteratively improve both

T(x)

Fresh frozen brain

Reconstructed from 
Nissl sections

25µm thick sections

Perfused brain

2P Tomography
Imaging

Background 
autofluorescne

Sections 100µm 
apart
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Averaged brain as registration template

int

VPL

T1(x) T2(x)

Chicken or the egg?
• You need a good registration to get a good averaged brain
• You need a good averaged brain to get good registration
• Start with a rough template and iteratively improve both
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int

VPL

Average of 700+ 

globally (affine) 

mapped brains

Average of 1200+ 

brains locally 

(deformable) mapped 

after 4 generations

• Each specimen was deformably registered to the template and averaged together

• The average deformation field over all specimens was computed, inverted, and used to deform 

the average image created in (1). 

• This shaped normalized average was then used as the anatomical template in the next iteration. 

• For computational efficiency, the method was first applied to the data down sampled to 50µm 

resolution until convergence was reached. 

• This result was then used as input to the 25µm processing round. In the final step, the 

specimens were resampled at 10µm resolution and averaged to create the final 3-D volume.
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Greater than the sum of its parts
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Medial view of subcortical structures 
and cortical sheet                     Dorsal view of cortical areas

Common Coordinate Framework
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• As part of the construction of CCF v3, a curved cortical coordinate system was 
developed to enable the integration of information from different cortical depths.

• Streamlines were used to facilitate the annotation of the entire isocortex, including 
higher visual areas.

CCF: Curved Coordinate System

alleninstitute.org | brain-map.org
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Transcriptomics (RNA-
Seq)

In vitro slice recording

Cell stain and dendritic 
reconstruction

Projectional maps & 
slice physiology

Classifying Cells as a Tool for Discovery
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Allen Cell Types Atlas
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Motivation
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• 1337 cells…
• 55 electrophysiological features…
• 5 lines of code (including installation!)…

[nicholasc@nicholasc-mac]$ pip install allensdk
[nicholasc@nicholasc-mac]$ ipython

In [1]: from allensdk.core.cell_types_cache import CellTypesCache

In [2]: ctc = CellTypesCache(manifest_file='cell_types/manifest.json')

In [3]: data = ctc.get_ephys_features()
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Cell Types Atlas and the AllenSDK
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THANK YOU
We wish to thank the Allen Institute for Brain Science founders, 
Paul G. Allen and Jody Allen, for their vision, encouragement and support.


