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Brain disorders -- a leading source of disease burden and cost in the world. Recent
breakthroughs are transforming how we study brain structure and function. The BRAIN
Initiative builds on this recent progress to create tools that will accelerate discovery and
build the foundation we need to reduce the burden of brain disorders.

3aboneBaHMA ronOBHOro Mo3ra — 3T0 cepbe3Hoe bpema gna obLecTsa M OTPOMHbIE
dunHaHcoBble 3aTpaTbl. HeaaBHME PeBONOLNOHHbBIE OTKPLITUA USMEHUIM HALIKM NOAXOAbI K
N3Yy4YEHUIO CTPYKTYPbI N GYHKUMIA mo3ra. MHuumaTtusa BRAIN, ocHoBaHHas Ha HOBEULLMX
OTKPbITUAX U JOCTUNKEHUAX, NPeACcTaBaAeT CO60i MHCTPYMEHT, KOTOPbIA NOMOKeT bbicTpee
AOCTUTHYTb NPOrpecca U 3a710}KUTb OCHOBbI AN yMeHblueHua 6pemeHu natonornii mosra.




“New directions in science are launched by new tools much more often than by
new concepts. The effect of a concept-driven revolution is to explain old things
in new ways. The effect of a tool-driven revolution is to discover new things that
have to be explained”

«HoBble HanpasneHUA B HayKe ropasao Yalle BO3HUKAIOT KaK pe3ynbrart
NOAB/IEHMUA HOBbIX UHCTPYMEHTOB, YeM BC/1eACTBUE HOBbIX KOHUenuun. Ho
€C/1I1 HOBble KOHLUENUMM 0O BACHAIOT CTapble BELM NO-HOBOMY, TO HOBbIE
NHCTPYMEHTbI OTKPbIBAIOT HOBbIE BELLW, KOTOPbIE NOTPEbyoT 06bACHEHNAY.

Freeman Dyson (1997) Imagined Worlds
(KHuz2a «Boobpaxcaembie Mupbi»)

Harvard University Press, Cambridge, MA

m Natlcmal Institutes of He
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* Focus on Circuit Structure and Function
e Seven Priority Goals

BRAIN 2025 e 74 Short-term Goals

A SCIENTIFIC VISION

e Focus is on assessment of where we are
now, iteratively mapping the course to
reach our goals.

Brain Research through Advancing Innovative
Neurotechnologies (BRAIN) Working Group
Report to the Advisory Committee to the
Director, NIH

June 5, 2014 National Institutes of Health
Revirg Dbscorery ko Hestt




INITIATIVE®

BRAIN 2025

A SCIENTIFIC VISION

Brain Research through Advancing Innovative
Neurotechnologies (BRAIN) Working Group
Report to the Advisory Committee to the
Director, NIH

June 5, 2014 N|H National Institutes of Health
Revi Ofcverry b et

O 3anycke nHuumnatuesl B.R.A.l.N. ctano nssectHo B8 2013 r.
Cpokom Ha4vana ee peanunsaumm boin o6bABNAEH CeHTAOPL 2014 T.
(c aToro mecaua HauynHaeTca PMHAHCMPOBaAHME BONbLLUNHCTBA
npoeKTtoB). lNporpamma paccymtaHa Ha 12 net — go 2025 roaa.

[naBHbIM KoopanHaTop MHMUMaTnBbl — HauMoHabHbie
MHCTUTYTbI 3a0poBbs, NIH. MepBbie aBa roga (pnHaHcosble 2014
n 2015) - noarotoBMUTENbHbIE, OCHOBHOM HOKYC NEPBOM
«natmneTkn» (puHaHcosblie 2016—2020 rr.) HanpaBaeH

Ha pa3paboTKy HOBbIX TEXHO/IOTUIM NCC/IeA0BAHNI MO3ra, a B
TeyeHue cneayowen «natmnetkn» (2021-2025 rr.)

C UCNO/Ib30BaHMEM Pa3paboTaHHbIX TEXHONOTUIN ByayT, KaK
HaAerTCA yYeHble, caenaHbl PyHAAMEHTaIbHbIE OTKPbITUA.




Seven High Priority

~Research Areas

1. _ |ldentify/provide experimental access to the different brain

cell types to determine roles in health/disease.

2. R T EE RS Generate circuit diagrams that vary in resolution from

synapses to the whole brain.

3. The brain in action: Produce a dynamic picture of the functioning brain with new

methods for large-scale monitoring of neural activity.

4, _ Link brain activity to behavior with precise

interventional tools that change neural circuit dynamics.

5. _ Understand the biological basis of mental

processes with new theoretical/data analysis tools.

Advancing human neuroscience: ) ) )
6. Develop innovative technologies to understand

the human brain and treat its disorders; create human brain research networks.

yAl From BRAIN initiative to Dl Integrate new technological and conceptual

approaches produced in goals #1-6 to discover how dynamic patterns of neural activity
are transformed into cognition, emotion, perception, and action in health and disease.

m National Institutes of Health
Turning Discovery Into Health



OcHoBHbIE ueJm

INITIATIVE® Q S oGJIactTu nccneAOBaHmI

NI

UCCNIEAOBAHUE PASHOOBPA3UA: skcnepmeHTanbHOE ONMCaHNE BCEX TUMOB
KNEeTOK roI0BHOI0 MO3ra, X POau B 340P0OBOM M HONbHOM MoO3re.

KAPTUPOBAHME B KPYTIHbIX MACIUTABAX: cosagaHne gnarpamm HEMPOHHbIX
CBA3EN B pa3peLleHnmn OT OTAENbHbIX CUHANCOB 40 MO3ra B LE/1I0M.

MO3TI B JEMCTBUN: nonydeHne AMHaAMUYECKMX KapTUH GYHKLMOHMPOBAHUA MO3ra C
MCNO/Ib30BAaHMEM HOBbIX METOA40B MOHUTOPUHIA HEMPOHHOMN aKTUBHOCTY.
NEMOHCTPALMA NPUYUHHO-CNEACTBEHHBIX CBA3EN: cooTHeceHMe aKTUBHOCTM
MO3ra C noBegeH4YecKkMmMm pediekcamm ¢ UCNOAb30BaHMEM MHCTPYMEHTOB,
N3MEHAOLWNX ANHAMWUKY HEMPOHHbIX CETEN.

UWOEHTUPUKALUUNA PYHOAMEHTA/IbHbIX MPUHLUWUIMOB: paspaboTka moaenei
6monornyeckmx OCHOB NCUXONOTMYECKNX NPOLLECCOB C UCNOb30BAaHMEM HOBbIX
TEOPETUUYECKUX MHCTPYMEHTOB.

UCCNEOOBAHUA YENNOBEKA: pa3paboTka MHHOBALMOHHbIX TEXHO/OTUI
nccnefoBaHUA MO3ra YesI0BEKa M IeYeHUA ero NaToNorni, Co3gaHne u noaaepxKa
MHTErPUPOBAHHbIX NCCNEeA0BaTENbCKMX KOHCOPLMYMOB.

OT UHULUMATUBDBI BRAIN K MO3I'Y: HoBble TEXHOIOTUM U NOAXOAbl, ONMUCAHHbIE
BblLle, NPOAEMOHCTPUPYIOT, KaK AMHAMUNYECKME MACCUBbI HEMPOHHOWM aKTUBHOCTHU
TPaHCPOPMUPYIOTCA B TaKNE AENCTBUA Ye10BEYECKOrO MO3ra, Kak NO3HaHMe, IMOoL MU,
BOCMNPMATME U OENCTBUE.

National Institutes of Health
Turning Discovery Into Health



We need to be able to see the circuits in action to:
e Understand how the brain forms memories, plans, executes
e Understand how to diagnose, monitor and treat brain disorders.

e The disability that patients with neuro/mental/substance
abuse disorders suffer is a direct result of disordered brain

circuits.

Molecular/Structural ) Circuit Neuro/Mental
Pathology J Dysfunction Functional Disability

e Goal: Make circuit normalization/compensation the target of
intervention: Pharmacologic/Cell/Device. Neuromodulation.




Neuroethics

_ Workgroup
Invostigators Mooting Established
August 2015

1st meeting of 1st BRAIN PI

BRAIN

< BRAIN Inltiative
Investigators Meeting

2nd BRAIN PI

< BRAIN Inltiative
Investigators Meeting

3rd BRAIN PI

PRAT the BRAIN meeting meeting meeting
Initiative MCWG November December 2015  December 2016
Announced August 2014 2014
April 2013
| | | y
BRAIN Wty 1st BRAIN & News
2025 L 1 e .
Report {'{ b Initiative Alliance [
P ] - discussion ;
released = RS New awards
o ot July 2015 i announced
June 2014 Brainlnitiativenihogow IRAIN iative
i Cl bl October 2016

B 1st NIH BRAIN AR A
awards INITIATIVE 2nd NIH BRAIN
September - awards

ALLIANCE
2014 September

m National Institutes of Health 2015
Turning Discovery Into Health
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BRAIN Investigators:

\ Across the U.S. and:Globe

233 BRAIN Projects are currently funded: Projects By Topic
New awards by year: 58 in FY 2014, 67 in FY « Large Scale Recording and
2015, 108 in FY 2016 Modulation (83)
* New
At present, NIH-supported BRAIN research is being Technologies/Optimization
conducted by over 400 investigators spread across +  New Concepts & Early
>140 performance sites in 13 countries. Each Funding Stage Research
opportunity addresses one or more of the 7 priority ¥ NERLREE e NauTEiTaEalE e
areas identified in the BRAIN 2025 report. (16)
- * Foundations/Next-Gen Human
Rl 9> - Imaging (26)
P .ﬂm : - * Next-Gen Human Invasive
m’,u W X - Devices (11)
& M%Y-a:“ - eeERERE * Tools for Cells and Circuits (34)
* v e Al * Census of Cell Types (10)
_____________________ PR . R ©  Integrated Approaches (17)
gk =y - F * Research Opportunities (7)
e ailntie o ws»-%%f%@ * Short Courses (3)
s | 9 = - Tech Sharing/Propagation (6)

University of Tasmana

* Theories, Models, Methods (20)
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e Blueprint

Actual # New BRAIN 21st Century ACD WG e NCCIH

gc aard Recommendation RKEENE

e NIA
Fy14 $46.1M 58 e NIAAA
" e NIBIB
FY15 SSSE » &;/ 5100M e NICHD
FYie $150M 108 $190M * NIDA
FY17 S250M S10M $300M e NIDCD
e NIMH
FY18 S86M S400M e NINDS
e (OBSSR

FY19 $115M S500M e OD

* ORWH
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BRAIN Neuroethics Working Group

* A consultative ethics group to work with BRAIN leadership and
BRAIN investigators

e Co-chaired by Dr. Christine Grady and Hank Greely
e Recent/upcoming activities:
 Duke planning a workshop April 18

e Yuste and Goering (2016) On the necessity of ethical
guidelines for novel neurotechnologies. Cell 167:882-885

e Request for Information (RFI): Guidance for Opportunities in
Neuroethics closed July 29

* New Funding Opportunity, informed by RFI: BRAIN Initiative:
Research on the Ethical Implications of Advancements in
Neurotechnology and Brain Science (R01)

m National Institutes of Health
Turning Discovery Into Health



LUNDBECK FOUNDATION
Goals: IR —— .

e Develop a coordinated program to foster
collaborative research in areas of mutual
interest within the BRAIN Initiative

e Jointly support research projects involving
Foreign and U.S. scientists; exchange of

scientific information

e Funding for projects in Denmark provided by
Lundbeck Foundation

e  Funding for projects in Canada provided by
Brain Canada

e Funding for projects in Australia provided by
the Australian National Health and Medical
Research Council

National Institutes of Health
Turning Discovery Into Health




Coordlnatlng Global

~Brain Proijects

d? CGLUMBM UNWERSITT THE ROCKEFELLER UNIVERSITY
IN THE CITY OF NEW YORK Science Fﬂrﬂm bmeﬁr of bumanity

Coordinating Global Brain Projects
September 19, 2016 | Rockefeller University

Meeting Focus: Promote collaboration and cooperation
between large-scale international brain projects. Speakers
included both scientists and administrators representing
private and public projects

Ideas Proposed: Create universal brain-mapping tools,
create an International Brain Observatory with tools and
recourses scientists from around the world could access, and
increase virtual, cloud-based data sharing resources

A WHERE DISCOVERIES BEGIN CCOLUMBIA UNIVEREBITY

;"- National Science Foundation NeURD TeCHNOLOGY CenTer ‘

) National Institutes of Health THE % KAVLI FOUNDATION

Turning Discovery Into Health



““\ » 12016 BRAIN Investugators

Meetin

areas and funding agencies
3rd Annual Meeting: December 12-14, 2016

e Qver 750 people attended in-person; over 900 registered
* Live video-cast archived on NIH site

* 3 Scientific Keynotes; over 300 scientific posters B GRAIN Initiative

* Open to public with press (Washington Post, Science, Nature...) Investigators Meeting
e and advocacy groups (Dana Foundation, Michael J. Fox Foundation...)

NEEDS IDENTIFIED:

* Develop positive incentives for data sharing and dissemination of new
neurotechnologies

* Encourage scientists and engineers across many diverse disciplines and sectors to
work together in new combinations and teams

 Develop ways to encourage parallel experimentation and exchange of ideas between
the animal and human groups, and among clinical, translational, and basic
investigators

* Develop public-private partnerships and involve industry earlier in the technology
development process

m National Institutes of Health
Turning Discovery Into Health



KTo MoKeT NpUHATbL

National Institutes of Health
Turning Discovery Into Health

yacTtue B nporpamme?

The BRAIN Initiative is reaching investigators who
have not submitted to NIH previously, and their
applications are doing spectacularly well.

K yuactuio 8 UHnuymaTtmee BRAIN npusnekatotca
y4Y€eHble, KOTOPble paHbLLe He NOAABA/IN 3aABKMU
Ha rpaHTbl NIH, n nx 3aABKM Haxo4ATCA B
npuopuTteTe.

The number of BRAIN Initiative applications from
women and underrepresented minorities is a
little lower than might be expected.

KonnuyectBo 3asiBOK Ha rPaHTbl OT }KEHLWMH U
Man0 NpeAcTaB/IEHHbIX TPYNM HECKO/IbKO
MeHbLUE, YeM MOXKHO bblno 6bl OXKMAATb.

Limited participation so far by the intramural
program.
OrpaHWYeHHOe y4yacTme B O4YHOW Nporpamme.

Overall, there is not strong evidence in support
of the idea that we have saturated the
technology development applicant pool.

Het y6eauTenbHbIX AaHHbIX B NOb3Y TOrO, YTO
JIMMUT Ha NOAAYy 3aABOK Ha rPaHTbl AN
Pa3BUTMA TEXHONOTMWN UCYEPMAH.
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* WMHunuymatmea BRAIN
noaaepr*KMBaeT co3gaHune
60/1blLINX MAacCcMBOB
ANAHHbIX NO:

— UmnagxunHry
— Peructpauymu

— CuKBeHcam

MoTpebytoTcs pa3/inyHbie
peweHna n nnatpopmbl AnA
obneryeHna obmeHa
NAHHbIMU U COTPYAHMNYECTBA
B paMKax MHMUMATMBDI
BRAIN.



& Depa rtment Category for BRAIN
INITIATIVE® O

brnoxmumwmsa 11 12
Buonorua/KnetouyHaa buonorma 43 36
/Mukpobuonorua/Natonorus/MmmyHonorusa

Xmus 17 11
[eHeTUKa 4 3
BuonHdopmaTmKa 12 33
OVETE) 16 14
NHeHepua (Bce KaTeropum) 119 141
HelpoHaykn/ Hesponorus 146 141
Henpoxupyprusa 14 47
Mcnxuatpua/Mcnxonorus 17 69
Radiology/ Radiation-Diagnostic 31 61
BuovmuaunHr/ UMuaKuHr 15 8

m National Institutes of Health
Turning Discovery Into Health



S sran vmnvee " BRAIN Inltlatlve Alliance

% P @

Mission Statement: The aim of the BRAIN Initiative
Alliance is to coordinate and facilitate

communications from its members related to the
BRAIN Initiative.

Short Term Focus: Website that serves as a single point of
communication for all BRAIN Initiative-related announcements of
funding opportunities and accomplishments

HHMI SIMONS FOUNDATION

HOWARD HUGHES MEDICAL INSTITUTE

ALLEN INSTITUTE
vy for BRAIN SCIENCE l
Fueling Discovery
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| ARPA
MWUCCUA: Llenb co3g4aHHOro B pamKax
UMHnumatusebl BRAIN anbaHca —
KoopAMHUPOBaATb 1 061erYynTb KOMMYHUKaLUUIO
BCeX YYaCTHUKOB.

KpaTKocpo4yHasa 3a4ava:
BebcanT Kak e AnHbIN MHPOPMALMOHHDIN LIEHTP, aKKYMYAUPYIOLMIA
cBedeHWA No rpaHTam B pamkax MHnumatmebl BRAIN.

ALLEN INSTITUTE
e for BRAIN SCIENCE

Fueling Discovery

E;IWIjDHMMIEES HEDICAL INSTITUTE S I M O N S F O U N D AT I O N
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HoBbiu BebcamT

Al - UHnumnatmebl BRAIN!
The Brain
NHdopmaLMOHHaAA
nnatdopma no
o BO3MOXHOCTAM
dUHAHCUPOBAHUA,

HOBOCTAM, AOCTUKEHUAM,
pecypcam un np.,
OTHOCALLEeMycA K

NHnumatmse BRAIN.

((9) ELREK‘KF-;C"'[EN(:E RA_ @ THE # KAVLI FOUNDATION m) @



http://www.braininitiative.org/
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O i Exciting Advances
INITIATIVE® okt
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?fmntiers _
in Molecular Neuroscience

A Toolkit for Orthogonal and in vivo Optical
Manipulation of lonotropic Glutamate

T . . Receptors
Bidirectional electromagnetic control of the k
hypothalamus regulates feeding and metabolism Joshua Levitz, Andrei T. Popescu, [..], and Ehud Y.
Sarsh A. Stanley!, Leah Kelly', Kaamashri N. Lateha', Sarah F. Schmidt”, Xiaofei Yo', Alexander B. Nectow!, Jeremy Saner”,
Jomathan P Dyke?, Tonathan &, Dordick® & Jeffrey M, Friedman'# Isacoff
LETTERS

bioweehnology - Nl@UFON ﬁ

Cre-dependent selection yields AAV variants for
widespread gene transfer to the adult brain

Wolume 28, lssue 6, 16 December 2015, Pages 1121-1132

MeunoR csounce
Benjamin E Deverman!, Piers L Pravdol, Bryan P Simpson!, Sripriya Ravindra Kumar!, Ken Y Chan!,

Abhik Banerjee!, Wei-Li Wat, Bin Yang!, Nina Huber?, Sergiu PP Pasca® & Viviena Gradinaru® Mapping Sub-Second Structure in Mouse Behavior

Neuron
Cell Stem Cell Inhibition, Not Excitation, Drives Rhythmic Whisking

Available online 30 March 2016
InPrass, Cormected Prool — Nabe 1o usars ars

Brial Repart Over 190 pUincations have mhﬁﬂ&ﬁ, LN

asia Kumikova, ...,
Expression Analysis Highlights AX

Algxandes B. Wiltschka'-?, Matthew J. Johnsen' | Giuliano lurill’, Ralph L. Peterson’, Jesse M. Katon'
Sian L. Pashkovski’, Vicloria E. Abraia’, Ryan P Adams?, Sandeep Roberd Dalla' & - &

iro Furuta, Fan Wang,

Entry Receptor in Neural Stem Cell emergEd from NIH BRAIN to date [Z&

Toumerse J. Nowaskowski' = 3, Alax A, Pollan!. = *, Elizabeth Di Lullo®™ = Carmen SEIId'I:I'l'HL-E'EP'I!DSHLR.
Marina Besshibayn® 2, Armold R Kriegstein® S & &

- T T S L T
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MexayHapoaHbih cemurap 10-16 aexabps 2016

CocraB genaeranuu PO®U: A.l. I'abudos, C.M. JleeB, A.B. Jlatanos, A.B. CeMbsHOB
u M.K. bakThiena.

Yyacrauku ot CIIA:

Francis S. Collins, mupexTop NIH

COTPYAHUKHU pa3InyHbIX HHCTUTYTOB NIH

npeacraButesn |ARPA (AreHTcTBO MepeoBbIX UCCIIeI0BaHUM B chepe)
npeacrasutenn DARPA (Ynpasienue nepCcneKTUBHBIX UCCIEA0BATEILCKUX MPOEKTOB
MunuctepctBa 000ponsl CIIIA)

npeactaButenu DOE (/lemapramMeHT SHEPIeTHKH )

Walter J. Koroshetz, aupekrop NINDS (HanmoHaapHbIH HHCTUTYT HEBPOJIOTHYECKUX
3a00JI€BaHUI U MHCYJIBTA)

OOcyxnanuch NepCcHeKTUuBbl opranu3anuu cotpyanuuectsa PODU ¢ NIH B obmactu
HeiipoHayk. IlpenctaButenu PO®DIU BbIlpa3uin 3aMHTEPECOBAHHOCTH B OOBSBICHUU
COBMECTHOTO KOHKypCa TPEXJETHUX MCCIENOBATEIbCKUX MPOEKTOB IO 3apaHee
COIJIAaCOBAHHBIM T€MAaTHUKaM C MapUTETHBIM (PUHAHCUPOBAHUEM.
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INITIATIVE®

4-5 maa 2017

NINDS (HaumMoHanbHbIA UHCTUTYT HEBPOIOrMYECKUX 3aboneBaHUN U NHCYNbTA)
Walter Koroshetz, Director
Alan Koretsky, Scientific Director
Avindra (Avi) Nath, Clinical Director
Robert Finkelstein, Director, Division of Extramural Research
David Owens, Acting Deputy Director, Division of Extramural Research
Meghan Mott, Chief of Staff

Claudia Moy, Program Director, Division of Clinical Research
Edmund Talley, Program Director, Channels, Synapses & Circuits
Rita Devine, Assistant Director for Science Administration

NIA (HauMoHanbHbIA MHCTUTYT CTapeHusn)
Richard Hodes, Director
Marie Bernard, Deputy Director
Eliezer Masliah, Director, Division of Neuroscience

NIDA (HauuoHanbHbIU MHCTUTYT NO BONPOCAaM 3/10ynoTpebaeHnsa HapKOTUKaAMM)
Rita Valentino, Director, Division of Neuroscience & Behavior

NEI (HaumoHanbHbIA UHCTUTYT rNa3a)
Michael Steinmetz, Director, Division of Extramural Science Programs
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Draft Logistical Plan for U.S.-RFBR Collaboration on BRAIN

NIH will do:
1. Publish a notice in the NIH guide stating that:

a. RFBR and NIH have signed an LOI to collaborate on BRAIN projects in which part of
the work will be performed in Russia and that part would be funded by RFBR.

b. NIH grantees for BRAIN projects with collaborators in Russia should encourage
their Russian colleagues to submit a letter of intent to RFBR.

c. In NIH grants for BRAIN projects with Russian collaborators, U.S. grantees should
describe work to be done in Russia but not include those costs in the NIH grant
budget.

2. At the time NIH issues notices of grant award (NGA) to U.S. investigators for BRAIN

projects, NIH will discuss with RFBR any Russian components in these grants and their
budgets.
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Draft Logistical Plan for U.S.-RFBR Collaboration on BRAIN (continued)

RFBR will do:

1. Announce to their scientists RFBR’s intent to fund portion of work performed in
Russia as part of an NIH-funded BRAIN project.

2. Accept letters of intent from Russian scientists to submit to NIH BRAIN RFAs
along with the budget for work to be done in Russia.

a. RFBR may also choose to ask Russian scientists to send their grant and
reviewer comment material associated with NIH grant applications to RFBR.

3. Notify NIH of RFBR’s intent to fund or not fund, the amounts requested by
Russian investigators in their letters of intent.

4. Fund the Russian component of NIH-funded BRAIN projects directly to the
Russian scientists.

Questions to address:
e Ask Russian investigators to submit grant progress reports to RFBR?
* What is the timeframe of RFBR’s own solicitations and awards/review process?
e How will it adjust to NIH BRAIN grants (given that these are typically 3 year
awards)?
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