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* Introduction: Allen Institute for Brain Science
* Allen SDK http://alleninstitute.qithub.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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Overview:

* Introduction: Allen Institute for Brain Science
* Allen SDK http://alleninstitute.qithub.io/AllenSDK/

* Mouse Connectivity Atlas

« The Common Coordinate Framework
 Allen Cell Types Atlas

 Allen Brain Observatory

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

« 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
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What are the components?

What is the wiring logic?

How does the brain
compute?

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

Allen Cell Types Database

Lljkj,

[ Allen Mouse Brain Connectivity Atlas

\

Allen Brain Observatory
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Beyond the Allen Brain Atlases: Recent Projects

Allen Mouse Brain Connectivity Atlas

_—

Brain-wide axonal
projection maps

-

With functional imaging

MOUSE CONNECTIVITY for cortical visual areas

Allen Cell Types Database

Morpho-electric
characterization of
neurons in mouse

and human

Physiological activity
of cells in awake
behaving mouse

BRAIN OBSERVATORY
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ALLEN BRAIN ATLAS

GET STARTED HELP DATA & TOOLS v

SCIENCE VIGNETTES DATA & TOOLS

J

CELL TYPES BRAIN OBSERVATORY.

PN

MOUSE CONNECTIVITY DEVELOPING HUMAN BRAIN

WHAT'S NEW > DEVELOPING MOUSE +
Latest Data Release June 9, 2016 NON-HUMAN PRIMATE +
Events & Training

MOUSE SPINAL CORD +

ALLEN INSTITUTE PUBLICATIONS >

GLIOBLASTOMA +
v st of publications from the Atien Institute for

AGING, DEMENTIA AND TBI +

REFERENCE ATLASES +

TUTORIALS >

e . . ot ot e A APPLICATION PROGRAMMING INTERFACE (API) +

Walc earn how to make the most out of th

SOF TWARE DEVELOPMENT KIT (SOK) +

SEND US A MESSAGE > it droid CITATION POLICY >

Web portal: online browse and data search ¢\VA 2
API: programming interface & data downloac s\' 7 ey
SDK: tutorials and use cases ’
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Overview:

* |ntroduction: 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

GOAL: What is the data?
* View it.

« Download it.

 Access it.


http://alleninstitute.github.io/AllenSDK/
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ALLEN BRAIN ATLAS

CONTENTS

Install Guide

Data Resources
Brain Observatory
Cell Types
Mouse Connectivity
Reference Space
AP| Access

Models
Generalized LIF
Biophysical

Examples

Authors

Source Documentation
allensdk.api package

allensdk.brain_observatory
package

allensdk.config package
allensdk.core package
allensdk.ephys package
allensdk.model package
allensdk.morphology package
allensdk.test_utilities package

Github Profile

QUESTIONS

Send any questions using the Send Us a
Message link below, or submit your
question to StackOverflow using with the
‘allen-sdK' tag.

If you encounter any problems using the
AllenSDK, please create an issue on
Github's issue tracker.

QUICK SEARCH
B

SEND US A MESSAGE >

AllenSDK

WELCOME TO THE ALLEN SDK

The Allen Software Development Kit houses source code for reading and processing Allen Brain Atlas data. The Allen SDK focuses on the Allen Brain Observatory, Cell Types
Database, and Mouse Brain Connectivity Atlas.

ALLEN BRAIN OBSERVATORY

The Allen Brain Observatory is a data resource for understanding sensory processing in the mouse visual cortex. This study systematically measures
visual responses in multiple cortical areas and layers using two-photon calcium imaging of GCaMP6-labeled neurons targeted using Cre driver lines. _
Response characterizations include orientation tuning, spatial and temporal frequency tuning, temporal dynamics, and spatial receptive field
structure.

The mean fluorescence traces for all segmented cells are available in the Neurodata Without Borders file format (NWB files). These files contain
standardized descriptions of visual stimuli to support stimulus-specific tuning analysis. The Allen SDK provides code to:

download and organize experiment data according to cortical area, imaging depth, and Cre line
remove the contribution of neuropil signal from fluorescence traces

access (or compute) dF/F traces based on the neuropil-corrected traces

perform stimulus-specific tuning analysis (e.g. drifting grating direction tuning)

ALLEN CELL TYPES DATABASE

The Allen Cell Types Database contains elect: ical and mory ical izations of indi neurons in the mouse primary visual
cortex. The Allen SDK provides Python code for il elec i (NwB files) for all neurons and morphological
reconstructions (SWC files) for a subset of neurons.

The Database also contains two classes of models fit to this data set: biophysical models produced using the NEURON simulator and generalized
leaky integrate and fire models (GLIFs) produced using custom Python code provided with this toolkit.

The Allen SDK provides sample code demonstrating how to download neuronal model parameters from the Allen Brain Atlas API and run your own
simulations using stimuli from the Allen Cell Types Database or custom current injections:

« Biophysical Models
« Generalized LIF Models

ALLEN MOUSE BRAIN CONNECTIVITY ATLAS

The Allen Mouse Brain Connectivity Atlas is a high-resolution map of neural connections in the mouse brain. Built on an array of transgenic mice
genetically engineered to target specific cell types, the Atlas comprises a unique compendium of projections from selected neuronal populations
throughout the brain. The primary data of the Atlas consists of high-resolution images of axonal projections targeting different anatomic regions or
various cell types using Cre-dependent specimens. Each data set is processed through an informatics data analysis pipeline to obtain spatially
mapped quantified projection information.

The Allen SDK provides Python code for accessing experimental metadata along with projection signal volumes registered to a common coordinate
framework. This framework has structural annotations, which allows users to compute structure-level signal statistics.

See the mouse connectivity section for more details.

WHAT'S NEW - RELEASE 0.14.2 (AUGUST 17TH, 2017)

The 0.14.2 release is primarily a change in our open source license. We are now using a 2-clause BSD license with an additional clause related to
commercial use. If you have any questions, please contact us on our Gitter channel or send us a message.

This release also includes code in the BrainObservatory for mapping stimuli to screens. See this Jupyter example notebook for details.

To find out more, take a look at our CHANGELOG.

About the Allen Institute Privacy Policy
Allen Institute Publications for Brain Science Terms of Use CITATION POLICY >




Python API for RMA:

BRAIN ATLAS

ALLEN BRAIN ATLAS

SOFTWARE DEVELOPMENT KIT

CONTENTS API ACCESS

Install Guide The allensdk.api package is designed to help retrieve data from the Allen Brain Atlas API. api contains methods to help formulate API queries and parse the returned
results. There are several pre-made subclasses available that provide pre-made queries specific to certain data sets. Currently there are several subclasses in Allen SDK:
Data Resources

cellTypesApi: data related to the Allen Cell Types Database

BiophysicalApi: data related to biophysical models

Glifapi: data related to GLIF models

e AnnotatedSection pi: search for experiments by intensity, density, pattern, and age
GridpataApi: used to download 3-D expression grid data

ImageDownloadApi: download whole or partial two-dimensional images

MouseConnectivityApi: common operations for accessing the Allen Mouse Brain Connectivity Atlas
ontologiesApi: data about neuroanatomical regions of interest

ConnectedServices: schema of Allen Institute Informatics Pipeline services available through the RmaApi
RmaApi: general-purpose HTTP interface to the Allen Institute API data model and services

SvgApi: annotations associated with images as scalable vector graphics (SVG)

Brain Observatory

Cell Types

Mouse Connectivity

Reference Space
APl Access

Models

Generalized LIF

Biophysical e synchronizationApi: data about image alignment
Examples e TreeSearchApi: list ancestors or descendents of structure and specimen trees
Authors

RMA DATABASE AND SERVICE API

Source Documentation

allensdk.api package One API subclass is the rmaapi class. It is intended to simplify constructing an RMA query.
llensdk.brain_ob: te
:a?:a:ge rain_observatory The RmaApi is a base class for much of the allensdk.api.queries package, but it may be used directly to customize queries or to build queries from scratch.

allensdk.config package Often a query will simply request a table of data of one type:

allensdk.core package
from allensdk.api.queries.rma_api import RmaApi
allensdk.ephys package

allensdk.model package rma = RmaApi()
llensdk phology p g data = rma.model_query('Atlas',
test_utilities criteria="[name$il'*Mouse*']")
Github Profile This will construct the RMA query url, make the query and parse the resulting JSON into an array of Python dicts with the names, ids and other information about the atlases

that can be accessed via the API.

QUES'IlIuNs Using the criteria, include and other parameter, specific data can be requested.

associations = ''.join(['[idS$eql]’,
Send any questions using the Send Us a 'structure_graph(ontology), ',
Message link below, or submit your 'graphic_group_labels'])
question to StackOverflow using with the
‘allen-sdk’ tag. atlas_data = rma.model query('Atlas',
If you encounter any problems using the include=associations,
AllenSDK, please create an issue on criteriasassociations)
Github's issue tracker. only=[ 'atlases.id’,

'atlases.name',
'atlases.image_type',
uIcK SEAHGH 'ontologies.id',
'ontologies.name',
'structure_graphs.id',
'structure_graphs.name',
Go | . . A0
graphic_group_labels.id’',
'graphic_group_ labels.name'])
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* |Introduction: Allen Institute for Brain Science
* Allen SDK http://alleninstitute.qithub.io/AllenSDK/

 Mouse Connectivity Atlas

 The Common Coordinate Framework
 Allen Cell Types Atlas

 Allen Brain Observatory


http://alleninstitute.github.io/AllenSDK/

Connectivity Atlas — A Mesoscale Projectome

Summary:
* Whole brain mesoscale projectome
PR 30w  standardized
the mouse N~ .
.. A S « quantified

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

. Retainin%realistic_3D_spatia| location and
Eopq[grap y of projection targets as well as fiber
racts

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

12I alleninstitute.org | brain-map.org



Whole Brain Connectivity Matrix

+ SW Oh et al. Nature, 1-8 (2014) doi:10.1038/nature13186
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Stereotaxic or Functionally

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

| enkatigsorg i ()
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Stereotaxic or Functionally

targeted Injections > High-throughput
(300-500 brain regions, >100 cell-type specific Fluorescence Imaging >
Cre mice)
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Stereotaxic or Functionally

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

High-throughput
Fluorescence Imaging
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3D Connectivity Map &
Model

)



A Single Experiment
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Intensity scaling, noise reduction, edge and dense cloud signal detection
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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

19 I alleninstitute.org | brain-map.org
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Regular rAAV as tract tracer (non-Cre-dependent) AAV: pSyn I:
| WPRE [ pA|

» 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 AAV:  pcac
injection sites [>T <<H_WeRe_Hpa|

« Use >100 Cre lines Cre mice: CS-Pr | >

20| alleninstitute.org | brain-map.org ((!))



Regular rAAV as tract tracer (non-Cre-dependent) AAV: pSyn I:
| WPRE [ pA|

» 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 AAV:  pcac
injection sites [>T <<H_WeRe_Hpa|

* Use >100 Cre lines Cre mice: cspr —>

Retinal Projectome ——J—_—

» Axonal projections from retinal ganglion cells
(RGC) to the brain

+ 26 Cre lines

*  Whole retinal mount

21 I alleninstitute.org | brain-map.org ((!))



Components of the Connectivity Atlas

Regular rAAV as tract tracer (non-Cre-dependent) AAV: pSyn |—_>
| WPRE [ pA|

» 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 AAV:  pcac
injection sites [>T <<H_WeRe_Hpa|

* Use >100 Cre lines Cre mice: cspr —>

Retinal Projectome __J___

» 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

22| alleninstitute.org | brain-map.org https://qoo qI/D41 MVU ((9))



https://goo.gl/D41Myu
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Registration to a
canonical space
enables comparison
of information within
and across datasets

Allen Reference

~500 Nissl
sections

132
annotated
sections

~800
structures

alleninstitute.org | brain-map.org

Common
Coordinate

Framework:
3D Reference
Space

(1)

A
(=N

L SR )
L\ Y7 4
-
Wz

D)
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Shape and intensity average
of 1675 specimens

207 newly drawn structures
and cortical layers

(a) Global Alignment

Annotated 3D Reference Space

Specimen Registration
Image Stack Template

START

Image Moments
Matching

rotation +
translation

Multi-resolution
Normalized Mutual
Information
Maximization

rotation +
translation

Multi-resolution
Normalized Mutual
Information
Maximization

(b) Local Alignment

12 parameter
affine transform

(c) Template to Reference

Compose with Template

]

B-Spline
Correlation
Maximization
10x16x17 knots
750um grid

B-Spline parameter
at each knot

B-Spline
Correlation
Maximization
20x32x34 knots
375pm grid
B-Spline parameter
l at each knot

B-Spline
Correlation
Maximization
40x64x68 knots
200pm grid

B-Spline parameter
at each knot

B-Spline
Correlation
Maximization
80x128x136 knots
200pm grid

B-Spline parameter
at each knot

to Nissl Reference
Space Transform

Specimen

To Nissl Reference

Space Transform
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* |Introduction: Allen Institute for Brain Science
* Allen SDK http://alleninstitute.qithub.io/AllenSDK/

* Mouse Connectivity Atlas

« The Common Coordinate Framework
 Allen Cell Types Atlas

 Allen Brain Observatory


http://alleninstitute.github.io/AllenSDK/

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

Perfused brain Fresh frozen brain

Reconstructed from
Nissl sections

2P Tomography
Imaging
Background 25um thick sections
autofluorescne

Sections 100um
apart

25| alleninstitute.org | brain-map.org
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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

T1(x) T,(x)

26 I alleninstitute.org | brain-map.org ((!))



« 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 50um
resolution until convergence was reached.

» This result was then used as input to the 25um processing round. In the final step, the
specimens were resampled at 10um resolution and averaged to create the final 3-D volume.

Average of 700+
globally (affine)
mapped brains

Average of 1200+
brains locally
(deformable) mapped
after 4 generations

)
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Common Coordinate Framework

Medial view of subcortical structures

and cortical sheet Dorsal view of cortical areas

29I alleninstitute.org | brain-map.org




» 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.

30 I alleninstitute.org | brain-map.org @))
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* |Introduction: Allen Institute for Brain Science
* Allen SDK http://alleninstitute.qithub.io/AllenSDK/

* Mouse Connectivity Atlas

 The Common Coordinate Framework
« Allen Cell Types Atlas

 Allen Brain Observatory


http://alleninstitute.github.io/AllenSDK/

Classifying Cells as a Tool for Discovery

Cell stain and dendritic

" .
Morphology reconstruction

Physiology e {11
) v W |

y‘ ,,,,.,,‘,/,,AI ‘ ‘ In vitro slice recording
My vr[un" [

- ! < | -

| (ETRC (h) (JER— KF_*"

s T ol T | { ]
Snap25 1 -;\-.0---,_A_,‘{-5“--60+0@0-@<->....<96..--‘.00-A-
caa1 V@ L9 @ -.&‘.
Molecular vio | a Transcriptomics (RNA-
signature sot] o sa A Seq)
Pvalb : : ..@‘
Slc17a7 4 ‘ i . s
? Projectional maps &
Connectivity ¥ ) ” slice physiology
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ALLEN BRAIN ATLAS

DATA PORTAL

HOME GET STARTED CELL TYPES ToOLS

Allen Cell Types Atlas

ALLEN INSTITUTE

BRAIN ATLAS

OVERVIEW CELL FEATURE SEARCH DOWNLOAD DOCUMENTATION HELP

Overview

This brain cell database is a survey of biological features derived from single cell
data, from human and mouse.

The database contains electrophysiological, morphological, and franscriptomic
properties gathered from individual cells, and models simulating cell activity. At this
early stage of data generation, survey coverage focused on select areas of cerebral
cortex, and thalamic neurons.

Browse electrophysiological response data and reconstructed neuronal
morphologies using the Cell Feature Search tool. Transcriptomic data can be
accessed through the Download page.

Use the Allen Software Development Kit (SDK) to programmatically access and
analyze raw data, and to run models.

Data can be downloaded by selecting individual experiments in the Cell Feature

Search tool, by accessing transcriptomic RNA-Seq files via the Download page, or
through the Allen SDK or API.

Mouse Data

Cells are acquired from selected brain areas in adult mouse. Cells are
identified for isolation based on transgenic mouse lines harboring
fluorescent reporters driven by cell type specific drivers. For
electrophysiological and morphological analyses, excitatory cells with
layer-enriched expression and inhibitory cells based on classical
markers were selected. Brain areas selected for analysis include
subregions from visual cortex, motor cortex and anterior lateral motor
cortex (ALM), in the secondary motor area (MOs).

For transcriptomic analysis, regional and laminar dissections were
performed on specimens from pan-neuronal, pan-excitatory, and pan-
inhibitory transgenic lines, to sample comprehensively. Data from the
lateral geniculate nucleus (LGd) is also included.

33|l
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Human Data

Cells are acquired from donated brain tissue in the temporal or frontal
lobes based on structural annotations described in The Allen Human
Brain Reference Atlas. For electrophysiological and morphological
analyses in the cortex, cells are selected based on soma shape and
laminar location.

For transcriptomic analysis, individual layers of cortex are dissected,

and neuronal nuclei are isolated. Laminar sampling is guided by the
relative number of neurons present in each layer.

Donor Profiles

This interactive Venn diagram
shows how many cells are available
for each data modality
(electrophysiology, morphology,
transcriptomics) and models. Select
a category to view the subset of
cells.

Include Transcriptomic Data
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Motivation

« 1337 cells...
» 55 electrophysiological features...
* 5lines of code (including installation!)...

[nicholasc@nicholasc-macl$ pip install allensdk
[nicholasc@nicholasc-macl$ 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

v w nwrview <£.1 1
‘ile Window Tools Help

I Alleninstitute / AllenSDK @Unwatch~ 24 %Star 45  YFork 28 ¥ = 5
2| o @
<> Code Issues 1 ‘| Pull requests 0 I Projects 0 Wiki Insights |
tecent Files |'AllenSDK/doc_template/examples/nb/cell_types/specimen_464212183/ephys.| ¥ | Clear Tex
http://alleninstitute.github.io/Allen...

fBusrarting rime ar Jaconi
® 2,122 commits ¥ 10 branches © 17 releases 4216 contributors i images ‘ﬁ — @ data at /acquisition/timeserie B,.
¢ @ timeseries
Branch: master~  New pull request Createnewfile Uploadfiles Findfile [loop tdte i b Table
? Sweep_10 B
B} tfiss bump version number Latest commit 6162c37 24 days ago B aibs_stimul litud : ’7 0-based
aibs_stimulus_amplitude_pa AMlH ‘ J
™ allensdk bump version number 24 days ago _ . o By
W doc_template ABS-146: fixing broken links 25 days ago albS_StImUlUS_dESCI’IleOﬂ :
m docker New GPU Dockerfile 3 months ago ) aibs_stimulus_interval M 0 ~0.06540_ ~
W test-reports Updates for March Release, AllenSDK version 0.12.5 8 months ago aibs_stimulus_name % = _040655 aes E‘
B .gitignore updated monitor example with titles on subplots 3 months ago m bridge_balance 5 =0.06540. =
[ B, R B 3 ~0.06546...
& capacitance_compensation P 4 ~0.065375
B data 5 1-0.06540...
- -0.06540...
electrode_name 7 -0.06543...
— JUPYTer  cell_types wnsaved cranges) © Logou & gain 8  |-0.06540...
File Edit View Inset Cel Kemel Widgets Help Trusted Python [defaul] O @ initial access. resistance :3) -88223?
B+ 2B 4% HEBC Vadom : = & @t 0O B R 11 —0-06543-"
num_samples :
& num_samp / 12 |-0.06546...
) seal I 13 -0.06540...
14 -0.06540...
Cell Types Database & starting_time 15 1-0.065375 |
This notebook demonstrates most of the features of the AllenSDK that help manipulate data in the Cell Types Database. The main entry o €4 Sweep_100 ] Il -0.065375 hd
point will be through the Cel1TypesCache class. o Pac 102 nd |

CellTypesCache is responsible for downloading Cell Types Database data to a standard directory structure on your hard drive. If you use — —
this class, you will not have to keep track of where your data ives, other than oot directory. tarting_time (2676437, 2)

U 64-bit floating-point, 1
Download this file in .ipynb format here. Number of attributes = 2

rate = 200000.0

In [1]: from allensdk.core.cell types_cache import CellTypesCache unit = Seconds

# Instantiate the CellTypesCache instance. The manifest file argument
# tells it where to store the manifest, which is a JSON file that tracks
# file paths. If you supply a relative path (like this), it will go

# into your current working directory

ctc = CellTypesCache(manifest file='cell types/manifest.json’)

1 am ini~ | IR
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* Mouse Connectivity Atlas

 The Common Coordinate Framework
 Allen Cell Types Atlas

« Allen Brain Observatory


http://alleninstitute.github.io/AllenSDK/
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