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

 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

https://braininitiative.nih.gov
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e Phase Ill Brain Cell Census
e Shift emphasis to construct a human brain cell atlas
e 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
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B The BRAIN Inifiative® - Motivation for a brain cellcensus
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Understanding how a circuit functions requires knowledge about its constituent components
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B The BRAIN Inifiative® - Motivation for a brain cellcensus
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A century-old unsolved problem
Neural circuits in the brain are made up of 100’s if not 1000’s of different cell types...
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..we need a systematic way to identify and classify them
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Toward Building Integrated Brain Cell Atlases

| | = Molecular Signatures (RNA-
CopES G 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.)
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=  Functional Measures
(electrophysiology, calcium

DNA and voltage imaging, etc.)
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A Confocal Fluorescence Microscopy Brain Data Archive

DANDI: Distributed Archives for

Neurophysiology Data Integration

&Sa e i Aot e A Sesdante Tt o e

""3‘_? BICCN ' DANDI s a platform for publishing ring, and processing neurcphysiology
BRAIN nitl;

data tunded by the tlat @ platform Is under construction with
an Initial demo shown at SN 20 hicage.

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

e Neuroscience Multi-Omic Archive Neuroscience Multi-Omic Analytics
;EiF!AIN Initiative resource: The neuroscience multi-omic data archive
= The Meuroscience Multi-Omic Archive

https://biccn.org

https://nemoarchive.org https://nemoanalytics.org



https://gui.dandiarchive.org/#/
https://www.brainimagelibrary.org/about.html
https://biccn.org/
https://nemoanalytics.org/
https://nemoarchive.org/
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Modular Genetic Control
of Sexually Dimorphic Behaviors

Xiachong Xu,** Jennifer K. Coats,'# Cindy F. Yang,' Amy Wang,** Osama M. Ahmed,"' Marcruz Alvarado,?
Tetsuro lzumi,® and Nirao M. Shah'2"

Cell 148, 596-607, February 3, 2012 ©2012 Bsevier Inc.

Sex hormones

e 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

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

Male Female
Male Maternal
sexual sexual

behavior 299ression DRI behavior

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

HUMAN GENOMICS

The impact of sex on gene expression across
human tissues

Meritxell Oliva*{, Manuel Mufioz-Aguirret, Sarah Kim-Hellmutht, Valentin Wucher, Ariel D. H. Gewirtz,
Daniel J. Cotter, Princy Parsana, Silva Kasela, Brunilda Balliu, Ana Vifiuela, Stephane E. Castel,
Pejman Mohammadi, Frangois Aguet, Yuxin Zou, Ekaterina A. Khramtsova, Andrew D. Skol,

Diego Garrido-Martin, Ferran Reverter, Andrew Brown, Patrick Evans, Eric R. Gamazon, Anthony Payne,
Rodrigo Bonazzola, Alvaro N. Barbeira, Andrew R. Hamel, Angel Martinez-Perez, José Manuel Soria,
GTEx Consortium, Brandon L. Pierce, Matthew Stephens, Eleazar Eskin, Emmanouil T. Dermitzakis,
Ayellet V. Segre, Hae Kyung Im, Barbara E. Engelhardt, Kristin G. Ardlie, Stephen B. Montgomery,
Alexis J. Battle, Tuuli Lappalainen, Roderic Guigd, Barbara E. Stranger*

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

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

 Most differences are restricted to 1-2 tissues

e Differences are subtle (average fold-change = 1.04 for
autosomal genes)

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

[0 BRNCTXA /BRNCTXB (Cortex, 84:141 / Frontal cortex [BAS], 48:127) |
O BRNACC (anterior cingulate cortex [BA24], 42:105)
O BRNCDT (Caudate [basal ganglia], 52:142)
O BRNNCC (Mucleus accumbens [basal ganglia], 55:147)
[0 BRNPTM (Putamen [basal ganglia], 42:128)
[0 BRNHPT (Hypothalamus, 47:123)

. .Molecular Analysis of Sexual Dimorphism
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[0 BRNAMY (Amygdala, 37:92)
[0 BRNHPP (Hippocampus, 49:116)
[0 BRNSNG (Substantia nigra, 33:81)
[0 BRNCHA / BRNCHB (Cerebellum, 58:151 / Cerebellar hemisphere, 51:124)
[0 BRNSPC (Spinal cord [cervical c-1], 48:78)

L O PTTARY (Pituitary, 71:166)

l THYROID (Thyroid, 196:378)
O SLVRYG (Minor salivary gland, 40:104) ——_
[0 BREAST (Breast mammary fissue, 151:245) )
O LUNG (Lung, 166:349)
[ ARTAORT (Aorta, 138:243)
[l PNCREAS (Pancreas, 116:189)
[l HRTAA (Atrial appendage, 119:253)
O LIVER (Liver, 62:148) )
@ ADRNLG (adrenal gland, 94:139) —— -

0 ARTCRN (Coronary artery, 84:129)
[l SPLEEN (Spleen, 86:141)
O KDNCTX (Kidney cortex, 18:55) —
B HRTLV (Left ventricle, 122:264)
. O ADPVSC (Visceral omentum, 149:320)
. M ESPMCS (Esophagus mucosa, 176:321)
N EESPMSL (Esophagus muscularis, 162:303) //
[l ESPGEJ (Gastroesophageal junction, 110:220) &
[0 CLNTRN (Transverse colon, 136:232)
[l SNTTRM (Small intestine terminal ileum, 63:111)
[0 STMACH (Stomach, 122:202)
[0 CLNSGM (Sigmoeid colon, 113:205)
[l SKINNS (Mot sun-exposed skin (suprapubic), 169:348)
[ ARTTBL (Tibial artery, 187:397)
[0 NERVET (Tibial nerve, 177:355)
[l WHLBLD (Whole blood, 229:441)
[l LCL (EBV-transformed lymphocytes, 53:94)
[ SKNS (Sun-exposed skin (lower leg), 208:397)
O FIBRBLS (Cultured fibroblasts, 170:313)
@ ADPSBQ (Subcutaneous adipose, 194:387)
O MSCLSK (Skeletal muscle, 237:463)




Single Cell RNA Seguencing:

Unmixing the smoothie to identify and characterize the components

Bulk RNA-seq

f | Single cell
RNA-seq

VS
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Molecular, spatial, and functional
single-cell profiling of the
hypothalamic preoptic region

Jeffrey R. Moffitt*, Dhananjay Bambah-Mukku*, Stephen W. Eichhornt, Eric Vaughnt,

Karthik Shekhar, Julio D. Perez, Nimrod D. Rubinstein, Junjie Hao, Aviv Regev,

Catherine Dulac}§, Xiaowei Zhuangi§

Science 362, 792 (2018) Single-cell RNA sequencing Multiplexed Error Robust Fluorescence | Cluster I-15 Cluster |-2
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Single-cell RNA-seq + spatial RNA profiling
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Identification of sexually dimorphic genes, neurons and circuits mediating innate behaviors
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Multimodal Analysis of Cell Types Ravogracay. o oy o
in a Hypothalamic Node Controlling Social Behavior 53 89 soning

\ Gor resident trud
m 32 ‘ M-F sniffing
Dong-Wook Kim,"** Zizhen Yao,® Lucas T. Graybuck,® Tae Kyung Kim,® Thuc Nghi Nguyen,® Kimberdy A. Smith,* J L\ 33 M MM snifing
Olivia Fong,® Lynn Yi,® Noushin Koulena,® Nico Pierson,® Sheel Shah,? Liching Lo,2*# Allan-Hermann Pool,* Yuki Oka,® _ ) 5‘6‘,!‘ "
social fear

Lior Pachter,” Long Cai,” Bosiljka Tasic,® Hongkui Zeng,® and David J. Anderson® 46"
Call 179, T13-728, October 17, 2019 © 2019 Elsevier Inc.

seqFISH

* Ventrolateral subdivision of the ventral medial

hypothalamus (VMHvI) is the locus of innate and « 3B T \ I
sexually dimorphic behaviors 0 S

e High depth single cell RNA sequencing allowed L
identification of 17 transcriptomically distinct cell Hﬂ‘ﬁﬁ
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Identification of sexually dimorphic genes, neurons and circuits mediating innate behaviors
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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...
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m The BRAIN Initiativq_@'. The._.BIICCN from single cell genomics:to cell

o> types circuits and function
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/ Single-cell Characterizations Data-driven Cell Taxonomies \

Transcriptomic
Physiological Morphological
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/ Mapping connectivity of defined cell types \ / Determining the role of cell

Cell targeting tools types in circuit function
_— G
|I.- J/ //
. background input 1{9—
g

Wiring diagram /

Courtesy of M. Hawrylycz
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The Brain Research through Advancing Innovative
Neurotechnologies® (BRAIN) Initiative

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

o Partnership between five U.S. federal agencies & private foundations

 Announced by the White House in 2013, first awards in 2014

 NIH BRAIN Initiative:

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