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Goal: to develop and apply new tools for understanding how 
neural circuits underlie complex behaviors in health and disease

The NIH BRAIN Initiative

• Leverage technological innovations to enable new discoveries about 
neural circuit function

• Use these discoveries as a foundation for new therapeutic strategies 
for human brain disorders

• Disseminate and democratize technologies for basic discovery and 
clinical applications

NINDS, NIMH, NIA, NIDA, NEI, NIBIB, NIAAA, NICHD, NIDCD, NCCIH 

https://braininitiative.nih.gov



• Phase III Brain Cell Census
• Shift emphasis to construct a human brain cell atlas
• Will build on success of BICCN mouse cell census

• Next-Generation Technologies for Brain Microconnectivity Analysis
• A wiring diagram of the brain at multiple scales and species

• Organizing Resources for Brain Cell Type Access and Manipulation Across Species 
(cell type-specific armamentarium)
• Develop tools for cell access in rodent and NHP brains, human cells and tissue 
• Long-term goal: new therapeutic strategies for human brain disorders
• First RFA (RFA-MH-20-556) just issued! 
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Motivation for a brain cell census

We need a “parts list” for the brain

Understanding how a circuit functions requires knowledge about its constituent components



Motivation for a brain cell census

A century-old unsolved problem
Neural circuits in the brain are made up of 100’s if not 1000’s of different cell types…

Ramón y Cajal, ca. 1900 

…we need a systematic way to identify and classify them



Toward Building Integrated Brain Cell Atlases
 Molecular Signatures (RNA-

seq, ATAC-seq, mC-seq, FISH, 
Immunostaining, etc.)

 Anatomy (cell location, size, 
morphology, synapses, cell 
type composition and 
microenvironment, etc.)

 Neural Circuits (long distance 
projections, local circuits, 
etc.) 

 Functional Measures 
(electrophysiology, calcium 
and voltage imaging, etc.)

The BRAIN Initiative Cell Census Project



The BRAIN Initiative Cell Census Network

The BICCN
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BICCN Data Infrastructure Working Group

https://gui.dandiarchive.orghttps://www.brainimagelibrary.org

https://biccn.org

https://nemoanalytics.org

Neuroscience Multi-Omic Analytics

https://nemoarchive.org

Neuroscience Multi-Omic Archive

https://gui.dandiarchive.org/#/
https://www.brainimagelibrary.org/about.html
https://biccn.org/
https://nemoanalytics.org/
https://nemoarchive.org/


Identification of sexually dimorphic genes, neurons and circuits mediating innate behaviors

Molecular Analysis of Sexual Dimorphism

• Shah and colleagues used bulk RNA profiling to identify 
genes showing sexually dimorphic expression in mouse 
amygdala and hypothalamus

• Mice with targeted deletions in genes identified in this 
screen exhibited deficits in specific sex-specific behaviors

• Strong evidence that sex-specific innate behaviors are 
governed by discrete genetic programs



GTex Project: genetic analysis & bulk RNA profiling of human tissues from 838 individuals (557 male, 281 female)

Molecular Analysis of Sexual Dimorphism

• 13,294/35,431 genes were found to show sex-specific 
differences in expression

• Most differences are restricted to 1-2 tissues
• Differences are subtle (average fold-change = 1.04 for 

autosomal genes)

Oliva et al., Science 369, eaba3066 (2020) 11 September 2020



Single Cell RNA Sequencing:
Unmixing the smoothie to identify and characterize the components

vs

Bulk RNA-seq

Single cell
RNA-seq



Single cell analysis: a powerful tool for discovery

Identification of sexually dimorphic genes, neurons and circuits mediating innate behaviors

Single-cell RNA-seq + spatial RNA profiling



Single cell analysis: a powerful tool for discovery

Identification of sexually dimorphic genes, neurons and circuits mediating innate behaviors

• Ventrolateral subdivision of the ventral medial 
hypothalamus (VMHvl) is the locus of innate and 
sexually dimorphic behaviors

• High depth single cell RNA sequencing allowed 
identification of 17 transcriptomically distinct cell 
clusters, including of rare cell types

• Small number of sexually dimorphic cell types
• Mapping of behaviors to specific cell types and 

projections is the exception rather than the rule



Discoveries supported by BRAIN lay the foundation for 
understanding sex differences in the nervous system

BRAIN-supported advances are unraveling the circuits and 
computations underlying innate and learned behaviors

=> Underpinnings of sex-specific behaviors
=> Sex-specific differences in circuits affected in neurologic and 
neuropsychiatric diseases
=> New therapies…

Opportunities
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https://www.braininitiative.nih.gov

https://www.braininitiative.nih.gov/
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The BICCN: from single cell genomics to cell 
types, circuits and function

Morphological
Transcriptomic

& 
epigenomic

Data-driven Cell Taxonomies

Physiological

Cell targeting tools

Single-cell Characterizations

Determining the role of cell 
types in circuit function

Mapping connectivity of defined cell types

Wiring diagram

Courtesy of M. Hawrylycz



The U.S. BRAIN Initiative
NIH, NSF, DARPA, IARPA, FDA 

• Mission: to enable and revolutionize our understanding of the human 
brain by accelerating the development and application of innovative 
technologies 

• Partnership between five U.S. federal agencies & private foundations
• Announced by the White House in 2013, first awards in 2014
• NIH BRAIN Initiative:

• US$46M in 2014
• US$500M (budgeted) in 2020

The Brain Research through Advancing Innovative 
Neurotechnologies® (BRAIN) Initiative
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