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

• Leverage emerging technologies 
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

The NIH BRAIN Initiative



BRAIN Research Areas Overview

 Brain Cell & Circuit Technologies  Data Science & Informatics

 Human Neuroscience

 Neuroethics

 Systems Neuroscience

 Neuroimaging Technologies Across Scales

 Neural Recording & Modulation  Training, Inclusion, and Equity

 Dissemination & Commercialization



https://braininitiative.nih.gov/
funding/funding-opportunities

Finding BRAIN 
Funding Opportunities



What is AI?
• Modern AI computing 

technologies are based on 
artificial neural networks (ANNs), 
which are network models of 
simple nodes and connections 
whose weights are adjusted due 
to training with data

• Once technical barriers to scale 
were surpassed, impressive 
capabilities of perception, 
cognition, and learning emerged 
in large ANN models, with more 
and more data and compute 
required to pre-train the biggest 
foundation and frontier models



Common Neural Networks Used to Understand and 
Analyze Neuroscience Data

Yang, G. R. & Wang, X.-J. Artificial Neural Networks for Neuroscientists: A Primer. Neuron 107, 1048–1070 (2020). 



Three Components: Architecture, Learning Rule, and 
Objective Function

Richards, B. A. et al. A deep learning framework for neuroscience. Nat. Neurosci. 22, 1761–1770 (2019).



Three Components: Architecture, Learning Rule, and 
Objective Function

https://github.com/karpathy/micrograd

https://github.com/karpathy/micrograd


AI Applications in 
Neuroscience

• Hypothesis generation and 
theory development

• In silico modeling and 
physical simulation

• Encoding models to advance 
theory and understanding

• Neural decoding models for 
prediction and control

• BCIs including DBS and 
neuroprostheses



Pre-Training Generative Foundation Models for 
Single-Cell Multi-Omics

Cui, H. et al. scGPT: toward building a foundation model for single-cell multi-omics 
using generative AI. Nat. Methods 21, 1470–1480 (2024). 



Learning Multi-Objective Ontologies of Human 
Cognition and Brain Systems

https://doi.org/10.1038/s41593-021-00948-9

https://doi.org/10.1038/s41593-021-00948-9


Limitations and Ethics of Generative AI and LLMs

Fundamental challenges

• Hallucinations

• Dependence on large pre-training datasets

• Intensive computational requirements

• Reasoning capabilities

Biases and other ethical considerations

• Models inherit biases of training data

• Generative models can produce harmful, offensive, 
skewed, or misleading output

• Different users have different assumptions about the 
breadth, depth, and truthfulness of the knowledge 
and capabilities of AI tools

Bzdok, D. et al. Data science opportunities of large language models for 
neuroscience and biomedicine. Neuron 112, 698–717 (2024). 

Messeri, L. & Crockett, M. J. Artificial intelligence and illusions of 
understanding in scientific research. Nature 627, 49–58 (2024). 



The BRAIN Initiative 
was founded on 
ethical data sharing
o BRAIN 2025 core principles

4. Establish platforms for 
sharing data. Public, integrated 
repositories for datasets and data 
analysis tools, with an emphasis 
on ready accessibility and 
effective central maintenance, 
will have immense value.
6. Consider ethical implications 
of neuroscience research. BRAIN 
Initiative research may raise 
important uses about neural 
enhancement, data privacy, and 
appropriate use of brain data 
[and] should hew to the highest 
ethical standards for research 
with human subjects and with 
non-human animals…



Data Archive Data Domain Dataset Totals

BIL 
(Brain Image Library)

light microscopy

5,773 datasets
473 anatomical 
structures
13 modalities

NeMO 
(The Neuroscience Multi-omic Data 
Archive)

multi-omics
2,964,483 files
562,648 samples
5 modalities

DANDI
(Distributed Archives for 
Neurophysiology Data Integration)

neurophysiology
behavior

698 TB
534 dandisets
1,345 users

OpenNeuro
(Also integrated with 
NEMAR and OpenNeuroPET)

human neuroimaging
986 datasets
39,796 participants

DABI
(Data Archive BRAIN Initiative)

human invasive neurophysiology
49+ studies
895+ subjects

BossDB
(Brain Observatory
Storage Service & Database)

electron microscopy
X-ray microtomography

47 projects
9 modalities
7 species

Strategy & Funding Opportunities
• BRAIN Data Science & Informatics

• Data Science and Informatics | BRAIN 
Initiative

• BRAIN Data Archives
• RFA-MH-25-110: BRAIN Initiative: Data 

Archives for the BRAIN Initiative (R24)
• Data Coordination and AI Centers for the 

BRAIN Transformative Projects
• RFA-MH-23-130: BRAIN BBQS Data 

Coordination and AI Center (U24) 
(Expired example)

Mission
To promote the data science advances and data 
sharing & informatics infrastructure needed to 
leverage BRAIN-supported research data to 
understand the brain and enhance brain health.

The BRAIN Data Archives

The BRAIN Initiative 
Data Ecosystem

Scientific/Research Contact & Program Officer 
Ming Zhan (NIMH), ming.zhan@nih.gov

https://braininitiative.nih.gov/research/data-science-and-informatics
https://braininitiative.nih.gov/research/data-science-and-informatics
https://grants.nih.gov/grants/guide/rfa-files/RFA-MH-25-110.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-MH-25-110.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-MH-23-130.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-MH-23-130.html
https://braininitiative.nih.gov/research/data-science-and-informatics/informatics-program
mailto:ming.zhan@nih.gov?subject=Informatics%20Program%20Inquiry


• “Sharing human brain data 
can yield scientific benefits, 
but because of various 
disincentives, only a fraction 
of these data is currently 
shared. We profile three 
successful data-sharing 
experiences from the NIH 
BRAIN Initiative Research 
Opportunities in Humans 
(ROH) Consortium and 
demonstrate benefits to data 
producers and to users.”

https://doi.org/10.1016/j.neuron.2023.09.029

BRAINshare Project 
Data Sharing Case 
Studies

https://doi.org/10.1016/j.neuron.2023.09.029


Mitigating Re-Identification Risks

o There is a spectrum of identifiability depending on 
instrumentation, recording modalities, processing 
steps, and data analysis strategies

Hendriks, S., Ramos, K. M. & Grady, C. Survey of Investigators About 
Sharing Human Research Data in the Neurosciences. Neurology 99, 
e1314–e1325 (2022). https://doi.org/10.1212/WNL.0000000000207297

• Identifiability has implications for 
ethics, oversight, and regulations

• Re-identification risk depends on 
the context in which data are 
released

• Important context includes: data 
types, de-identification strategies, 
and additional accessible data 
sources that could be combined 
with the shared research data

Ethical Data Sharing 
for Human Research

For NIH Data Management and Sharing principles and best practices for human 
participant data, see NOT-OD-22-213.

https://doi.org/10.1212/WNL.0000000000207297
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-22-213.html


AI Ethical Imperatives for Neuroscience? Open 
Models, Explainability, and Robust Data Provenance
• The output of our AI tools should be 

interpretable, and not overintepretable, to be 
useful, while minimizing biases in the 
underlying models and in how users 
understand the models and their output.

• Ethical applications in neuroscience and 
other scientific domains will be impeded by 
“black box” AI models based on closed 
weights and proprietary architectures.

• Robust tracking and updating of metadata is 
needed, including data provenance, 
consents, and conditions of use for AI 
training. Provenance keeps people in-the-loop 
with downstream AI and data uses. https://doi.org/10.1038/s41586-024-07146-0

https://doi.org/10.1038/s41586-024-07146-0


Related Events
Recent and Upcoming Meetings

NASEM Neuroscience and AI Workshop — March 25–26, 2024
Exploring the Bidirectional Relationship between AI and Neuroscience
Session 5: Regulatory & Policy Advocacy 
and Engagement
• Michael Littman, NSF; Session Moderator
• John Ngai, BRAIN Initiative
• Nita Farahany, Duke University; NASEM Planning Cmte
• Eva Weicken, Fraunhofer HHI
• Wade Shen, White House OSTP; ARPA-H

NASEM 
Workshop 
Videos & 
Materials

SfN Professional Development Workshop: 
Working With and Working for AI 

UPCOMING

Saturday, October 5, Noon–2pm CDT
MCP Room S403, Chicago

SfN 2024
Workshop
Information

This workshop will touch on AI applications and job opportunities that 
are or will be arising in this field. Speakers will address not only their 
employment of AI techniques but also employment opportunities in AI.

https://www.nationalacademies.org/event/41351_03-2024_exploring-the-bidirectional-relationship-between-artificial-intelligence-and-neuroscience-a-workshop
https://www.sfn.org/meetings/neuroscience-2024/sessions-and-events/professional-development-workshops#Saturday,-October-05


The Rise of “NeuroAI”
Neuroscience and AI: Emerging scientific questions



This two-day hybrid workshop will bring together researchers at all 
career levels to discuss how BRAIN’s data, tools, and technologies can 

accelerate scientific discovery and transformative advances at the 
intersection of neuroscience and AI.

Learn more about the workshop and register to attend at
https://n4solutionsllc.com/BRAINNeuroAI

November 12th & 13th — NIH Campus, Bethesda or Virtual

The 2024 BRAIN NeuroAI Workshop
Upcoming Event

Scientific Planning Committee
• Tony Zador, Cold Spring Harbor Lab
• Doris Tsao, University of California, Berkeley
• Gina Adam, George Washington University
• Blake Richards, Mila - Quebec Artificial Intelligence Institute
• J. Brad Aimone, Sandia National Laboratories

NIH BRAIN NeuroAI Working Group  Joseph Monaco/NINDS [C], 
Grace Hwang/NINDS, Bo-Shiun Chen/NINDS, Nina Hsu/NINDS, 
Pantea Moghimi/ NINDS, Sandra Molina/NINDS, Leslie 
Osborne/NINDS, Sudha Srinivasan/NINDS, Jay Churchill/NIMH, 
Michele Ferrante/NIMH, Mauricio Rangel Gomez/NIMH, Courtney 
Pinard/NIMH, Elizabeth Powell/NIAAA, Jessica Mollick/NIDA, 
Susan Wright/NIDA, Roger Miller/NIDCD, Merav Sabri/ NIDCD, 
Clayton Bingham/NLM, Mohd Anwar/NIBIB, Chris Kinsinger/OD, 
Dana Schloesser/OBSSR BRAINNeuroAIWorkshop@ninds.nih.gov

https://n4solutionsllc.com/BRAINNeuroAI
https://n4solutionsllc.com/brainneuroai/
mailto:BRAINNeuroAIWorkshop@ninds.nih.gov?subject=BRAIN%20NeuroAI%20Workshop
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