Nekuyus 2

Bonpock! JIEKLINU:

1 Kpamkuu aKkcKypc 8 ucmoputro udydyeHus BH/L;

] OcHOBHbIE MemMOObI uccriedosaHuss BH/.



icTopusa nsyyveHusa BbiCLLIEN HEPBHOWN
aedartenbHocTn oo 201r oo H.9.

F’MMNNOKPAT
(460—377 rr. OO H.

MNATOH
(427 - 347 oo H.

APUCTOTEIJb FAJ1EH
(384 - 322 0O H. (129— 201 H.3.)
3.)



Nctopusa nsyvyeHna BHLO ot PeHe [lekapTta oo Havana
XIX B.

OEKAPT, PeHe (1596 - 1650), dopaHLLy3CKUm
dounocod
N ecTecTBOUCbITATENb

e pasgerieHve Tena v ayLu;

e ogAepkmBar NOHATME «BbICLLETO pasdymay;

e CO3HaHWe — B anuduse;

e onucarn NPoTOTUM NOHATUA pedprIeKTOPHOU Ayrn
B BUE «HEPBHbIX HATEN» OT OPraHOB YYBCTB K
MblLILIAM;

KoHLUenuus pedriekca no
[ekapTy



Uupxu MPOXA3KA (Georg Prochaska) (1749—1820), YELLCKU aHaToM, donanonor n

Bpay

The principles
of physiology
(1851)

 BBen noHAaTne n TepmMuH pecphriekc
(1800 r.) onsa BCcen HEPBHOM CUCTEMBI, @ HE
TOSIbKO €€ HU3LLINX OTAENOB;

e YTBEPXKOan n3buparernbHOCTb peakumn
Ha BHELLHWEe BO3OeNCTBUA
B 3@aBMCUMOCTW OT NOTPEBHOCTMW.

Puc. [IByHeiipoHHan
MOHOCWHANTUY ecKas
pednekTopHas fyra
KoneHHoro pednekca

cnupaneBuaHbiidi peuentop

MbILLUEYHOro BONOKHa

3 - cNHHOMO3roBON y3en

4 - nepndepnyecknin ABUraTeNbHbIN
HeWpOoH (anbda-MOTOHENPOoH)

(oT nart. «pedhriekce» —
OTPa)XeHHbIN)
1800 .



Hayano XIX Beka — CTaHOBJ1IEHUE MCUXONOrMmn n Teopunsd 3BOJTHOLNNA

OAPBUWH Yapnb3 (1809 - 1882),
aHITIMNCKNN
ecTecTBoucnbITaTesNb

e Teopusa ecTeCTBEHHOIO O0TOOPA;
e CoeIMHEHME MO3ra 1 pasyma;
e [Tpu3HaHme OBLLIHOCTM YenoBeKka u
XUBOTHBbIX;
e CpaBHUTENBHOE U3yYEHMNE NX NOBEAEHMS;
e Hayano passutus:
dom3nonornmn YenoBeka n XXNBOTHbIX;
MUKpoBuonoruny;

Co3paHue Hay4YHbIX

npeanoChbINOoK

AN CPaBHUTENbLHOIO
N3ydYeHns

’KUBOTHbIX M YesioBeKa




PYCCKAA oN3NOJNTOIMMYECKAA LUKOJIA BHA

UNeaH Muxatiinosuy NeaH Nemposuy Bnadumup
CEYEHOB [TABJIOB (1849-1936) Muxatinosu4

(1829-1905) BEXTEPEB (1857-1927)




PYCCKAA oN3NOJNTOIMMYECKAA LUKOJIA BHA

B 1863 r. onyobniukoBan pabdoty

«Pedornekcbl roriloBHOro Mo3ra», B KOTOpou
BnepBble 060CcHOBan pecdrekTopHyro npupoay
NCUXUYECKOMN AeATEeNbHOCTY;

o00oCcHOBan aHaTOMNU4Y€CKMN U MOJIEKYIAPHbIN
NPUHUMUNbI U3y4eHUsa ousnonorunn.

«..HU OOUH pyccKul y4EHbIU He umMert

HNeaH Muxaunoeu4
CEYEHOB mMako20 WupoKo2o U b71a2omeopHO20
8/1USIHUS
e - Ceuenos . M.
TONOBHATO MO3TA - DAGMAHTH A9/ s el
- Hay4yHo20 Oyxa e HalweM obujecmse...»

(K. A. Tumupsizes)

JNekumna Ne1; KanuHuua T.C. 2017



PYCCKAA oN3NOJNTOIMMYECKAA LUKOJIA BHA

e OCHOBbI y4eHuUs o (pyHKUMAX Mmo3ra (7 ToMoB);
e OcHOBBbI ncuxonorum (3 Toma);
e Pechnekconorus;

e OcHoBaTtenb MHCTUTYTa NncuxmaTpuu;

e CoyeTaTtenbHbIe pedneKkchol.

Bnadumup
Muxaunogu4

BEXTEPEB (1857-1927)



PYCCKAA oN3NOJNTOIMMYECKAA LUKOJIA BHA

e BBen noHATHe yCNOBHOro pednekca:

e PaszpaboTtan MeToabl uccneaoBaHus
NCUXNYECKUX NPOLLECCOB;

e JlaypeaTt Hobenesckou lNpemun 3a
¢dnsnonoruo nueBapeHus;

e [lpeanoXxwun NnoHATUE BTOPON
CUrHanbLHOMU CUCTEMBbI.

UeaH [lempoeu4
[1ABJ10B

(1849-1936)



My3eun-kBaptupa WU.I. NaBnoBa Ha BacunbeBckom o-Be, r. CaHKT-
MeTepOypr

MYSEHW-KBAPTUPA
AKAAEMHUK A

H.IT. TTIABIIOBA

HHCETHTY T ®PH3HOMOEHU
HM HIL IIABAOBA
FOCCHHCKOH ARAEMHN HAYK

MamaTHuk



Myzen WU.M. MaBnoBa, UHcTUTYT chnsmonorum, Kontywm
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«NamaTtHmk monoYvnuue, cHabxasLen W.I1. NaBnoBa n ero cobak



B pesynbraTe paboTt pycckux nuccnepgosareneu .M. CeveHosa, U.I.
[MaBnosa, B.M. bexTtepena, J1.A.Opb6enu, N.K.AHOXMHa 1 Opyrux
domsmonornyeckasi npnpoaa NCUXMYECcKnx ABrneHum boina le/IHFITa

Hay4HbIM OOSIbLLUNHCTBOM.

PaboTbl N0 _MccneaoBaHM MO3ra,
noaaepxaHHble HobeneBcknmMm KOMUTETOM:

1906 r. HepBHas cnctema obpasoBaHa otaenbHbiMK krnetkamm (C. PamoH-u-Kaxans;
[onbaxn);
1932 r. CuHarncbl — KOHTakTbl HempoHoB (Y.C. LLeppuHITOH);
1936 r. MexaHu3m xummndeckon nepegadn HepsHoro umnyneca (. denn, O. Jlesn);
1963 r. OTKpbITUE MOHHBLIX KaHanoB (. Ikknc, A. XomxkuH, 3.P. Xakcnn);
1970 r. buocuHTes megmnatopoB B HenpoHe (. Akcenbpog, b. Kau, Y. Onnep).

{ )
2000 r. MexaHu3mbl curHanbHou TpaHcaykumm B LUIHC (3. KeHgen, A. Kapriccon, I1.
[puHrapa )

{ )
2012 r. iccnegoBaHue peuenTopoB, ConpsiXXeHHbIX ¢ G-benkamm (P. Jledpkosuny, b.
Kobunka...
2014 r. HenpoHbl «opmneHTauum» B kope mo3sra (cynpyru Mosepbl 1 [x.OKnd)



Henpoxum
ua

MeguuunH

HenporeHetu

Henpodmaunonor

SbICLlasi HepBHasd

(enicJIibrnouy

/

Cognitive
Neuroscience

d

NMcuxonor

[ IOE DCAACHVIC

oso|eoe\

Neuropharmacology

Behavioral Neurosci.

Biological
Psychology

Neurogenetics




WHAT DoN'T WE KNOW?

INTRODUCTION

What Don’t We Know?

tScience, we tend to get excited about new discoveries thatlift the veil a little on how things work, fromcells
to the universe. That puts our focus firmly on what has been added to our stock of knowledge. For this
anniversary issue, we decided to shift our frame of reference, to look instead at what we don t know: the
scientific puzzles that are driving basic scientific research.

Special Section

DON'T WE KNOW
We began by asking Science’s Senior Editorial Board, our Board of Reviewing Editors, and our own

1. What is the Universe Made of?

2. What is the Biological Basis of
Consciousnhess?



a
poccus >

«...M1 ecmb 8ce ocHogaHusi OymMamab, 4mo 6 21-0M
8€eKe,

8 HayKe 21-20 8eKa, HayKa 0 Mo32e U pa3yme bydem
3aHUMambe MaKoe e Mecmo, Kak 8 20-OM 8eKe
3aHuUMarsa Hayka o 2eHax u Hacsie0cmeeHHoCcmu... ».
K. B. AHOXUH

] KoncrantmH AHOXWUH
1 SABEAYIOWUA HA'BOPATOPMEﬂ HEVNPOBMONOTUM NAMATH S
\ HUW HOPMANBHOU OU3UONOMMN UM. N.K.AHOXUHA PAMH

——

“B XXI eeke riepe0d y4eHbIMU Cmoum, 803MOXHO, caMasi CIIoHasl 3adaya
3a 8CH0 LUCMOPUIO cyulecmeosaHUsl HayKu: roHsms mMo32. Haw eek yxe
OKpecmursiu 8eKOM HayK O MO32€e U CO3HaHuU 10 aHarioauu ¢ mem, Kak
Npowisibll 8€K Ha3sbleaslu 8€KOM 2eHemuku. 3adavya HeeeposimHO
C/ioXXHasi xomsi 6bI Momomy, 4mo 0bbIYHO UHCMPYMEHM, C MOMOWbIO
KOMmMopo2o rpoeoosim uccriedoeaHusl, CrioxXHee obbekma uccrie0o8aHUsl.
Cel4ac e croMowbto pasyma Mbl blIMaeMCs MNOHAMb caM pasym.
Yoacmcs nu?”

Mose, nopodusuuii ecmecmeosnariue, cam cmarosumnIca 06beKI0M ecrIec/mE03HAHUA..

H.I1 [lasios
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Annual Meeting Attendance (2003-2013)

Measure Names
! Attendance
Year / City
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.Maose, nopoousuuii ecnmecmeosrariue, cam cmanosunIca 06beKmIOM ecrnecrnéosHauA.

HeobxoaMMoCTb UCCeAOBaAHMUS MO3Ia :

1. Mo3ar - Hanboriee CrnoXHO YCTPOEHHbIN opraH Ha 3eMne;

H.I1I [lasios

2. CDOpMI/IpOBaHI/Ie MO3rom rnoeegeHnAa N CO3HaHUA OCTaeTCA HePELLUEHHbBIM

BOMPOCOM MUPOBOUN HaYKW;

3. [NporpeccmBHbIN POCT pacCTPOMNCTB, 0BYCNOBMNEHHbLIX NATONTOMMYECKUMMN

npoueccamm Moara:

THE TOLL OF SELECTED BRAIN AND NERVOUS SYSTEM DISORDERS*

Condition

Hearing Loss

All Depressive Disorders
Alzheimer’s Disease
Huntington’s Disease
Suroke

Schizophrenia

Parkinson's Disease

Traumatic Head Injury

Multiple Sclerosis
Spinal Cord Injury

Total Cases

20.5 million

Costs Per Year
$ 56 billion
44 billion
100 billion
2 billion
51 billion
32.5 billion
5.6 billion
56.3 billion
9.5 billion
10 billion

* Estimates provided by the National Institutes of Health and voluntary erganizations.




NMaTonoruu mo3ra:

HenpopgereHepaTuBHbIe 3aboneBaHnsa — rpyrnna MeaseHHO NporpecCcupyoLLInX
3aboneBaHnn HEPBHOW CUCTEMBI, CBSI3aHHbIX C rMBEenbio HEPBHbLIX KIETOK, BHELLIHE
BblpaXkaloLLneca B BUAE OEMEHLUN N pacCTPOUCTBaA ABUraTeSibHbIX PYHKLUUN
(6onesHn Anburenmepa, XaHTUHITOHaA U [NapkMHCOHa — Hanbonee U3BECTHLIE
npeacTaBuTeNn JaHHOW rpynrbl).

lNcunxuyeckme paccTpoucTBa, CBA3aHHbIE C HAPYLWWEHUSAMN B cdhepe YyBCTB,
MblLLNeHnd, noseaeHna. K atom rpynne oTHOCATCA Aenpeccusi, aHopeKkcus,
Bynumuna, HapyLLeHNs CHa, anKkorosfbHbIE N HAPKOTUYECKNE 3aBUCUMOCTMH,
LLIN30dOPEHUA.

3aboneBaHus, CBA3aHHbIe C COCYAUCTOM CUCTEMOMN — UHCYNLTHI U T.M.

Bce nepeuncneHHble 3aboneBaHnsi BO3HMKAKOT NO pa3HbIM NPUYMHAaM, HO Ha
YPOBHE HEMPOHOB MX MPOSIBMIEHNE BCErga oaHO: HapyLlaeTcs nepegadya HepBHbIX
NMNynbCcoB. B 3aBUCMMOCTN OT NPUYNHBLI TaKNX HapyLleHun TpebyeTtca u pasHoe
nedyenne. Ho npobnema B TOM, YTO Mbl JO CUX NOP HE 3HAEM NPUYNH ITUX
3aboneBaHun.



Obwesm punarcuposarnus nayunsix uccaedosarnut 6 Espone

O6wuin obvem puHaHCUPOBaAHUS,

Pamounan nporpamma Mepuop,rr. MNpA espo

FP1 1984-1987

FP2 1987-1991

FP3 1990-1994
FP4 1994-1998
FP5 1998-2002
FP6 2002-2006
FP7 2007-2013

FP8, Horizon 2020 2014-2020

Ha weenedosanus mosea do 10 Yo om smux: cymm

Campbre (i)I/IHaHCI/IPYCMIﬂe HpOF paMMI)IZ

*Blue Brain ' Total

*The Human Brain Project, HBP Neuroscience

*B.R.A.LN. (,,Brain Research Through Advancing Innovative X Neurotechnolog
Neurotechnologies™) Infrastructure

*Brain Mapping by Integrated Neurotechnologies for Disease
Studies




«Hayxa osuscemecs moauxamu 6 sasucumocniu
VpOBHH HNCCAEAOBAHUS:

o1 yenexos, desaemurx memoduxony (VI.I1. I1as.06)

YpPOBHU U3yHEHUa MO3ra

Systems

MeToaundeckune nogxomdbl

CouunanbHble B3auMoeNncTBUA

Maps 5 CBepxy - BHU3
CUCTEMHbIA YPOBEHb (BbICLLNE HEPBHbBIE

OYHKLMN)

Networks B3aumogeincTeme Mexay CTpykTypamu 1S
. v Mo3ra =TON
DOyHKLUMOHaNbHaA opraHn3alLus \ \/

Neurons NoKarnbHbIX HEWPOHHBIX N rManbHbIX
ceTen

" MpoLecchl Ha KNETOYHOM YPOBHE U

Synapses nepegava curHana ot KneTku K KrneTke
CHu3y - BBepx

MonekynsapHble MexaHu3Mbl

"

Molecules




OcHoOBHbIe MemoObl U MoOX00bl:

HeuHsa3usHbIe MemoOdkI uccriefoeaHUs mMo3aa:

»  3OnekmposHueghanoepagpusi - 33

»  MaeHumosHueghanozpagusi -MII

»  KomnbromepHas momoepagpusi — KT, MCKT

» [lo3umpoHHO-aMuUccUoHHas momoepagpusi — [N3T

» MaaHumHo-pe3oHaHcHas momozpaghus — MPT, oMPT
» [nybokass cmumynsayus mosea, DBS

»  MazHumHas cmumynsauus Mmo3saa

Anekmpo-gpu3suonioaudeckue memo0dsbl uccriedosaHusi Mo3aa in Vitro.

MonekynspHo-buoxumudeckue mMemoOb! uccriedogaHusi Mo32a:

» OKcripeccus 2eHos U berkos

*  YposeHb meduamopos

» [lnomHocme peuernmopos

» [eHemuyeckue ModOugbukauyuu 3KCrpeccuu 2eHo8 (Hokaym, HOKOayH, 2UrnepasKcrpeccus)
* CRISPR-Cas9 mexHornozauu (U3MeHeHUe 3KCrpeccuu, ypo8Hs MemMuUUupo8aHus)

Hoeeliwue memoodudyeckue nooxook! Oria uccriedosaHus Mo32a:

OnmoeeHemuka
XeMoeeHemuka
CLARITY



METOAbI UCCINNEAOBAHUA MO3TIA
HeuHBa3igffR@2HUeanorpams

Ha &%gﬁlx - ¢1913r., Ha YenoBeke — C

Single EEG
recording

100 200 30 400 500 60O W
Stmulus Time [msec)

PUTMbI:
a, anbda (8-13
u),

B, 6beta (13-30 '),
S, aenvra (1-4

{averape

> of 100 or
¥ more EEG
recordings)

100 200 300 400 500 G600 70O
Time [msec)

u),
M U6 5 0, Teta (4-7 ["u),
OHOMNOJTIAPHbIN N OUNONAPHbIN < a <t_ '
noaxon; 3: d&vwa (B0 u)

HanoxeHne anekTpoaosB No cxeme

a — 3aKpbITHE rnas;
Apa0On3: KoppenaTbl pa3HOro P

B — akTnBHOE 60OpPCTBOBAHNE; DbICTPLIN COH;

COCTOSIHUS; >
METO[ BbI3BAHHbIX 5 — rny6oKnin COH; KOMa; YMCTBEH.

MrgenmanoBHATLCA: nepeyTomrieHue;

3NEKTPOMMUOrpaMMOoN 1 0 — 0by4yeHue;

aneKkTpookynorpadueit Y — MakcumMarnbHoe BHUMaHue.
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Puc. 9.1 BuIsBaHHLIC MOTCHLMAIDL] Y HICCTH HCILITYEMBIX ¢ BLICOKHMIT (cnieBa)

HIECTH HENBITYEMBIX ¢ Hu3KHMIE (cripasa) nokasareasym JQ (mo H.I1.Eesensk, 1995).
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MarHutoaHuedanorpacdusa (M3l - perncrpauus
MarHMTHOro nNons,
OOYyCNOBJIeHHOIro QUO3NEeKTPUYEeCKON aKkTUBHOCTbLIO MO3ra
y l?cnonbsyeT%ﬂ -C f&bjg

Changes in magnetic t d The results are mapped
fislds, recorded by . back onto 2 diagram of
143 SQUIDS in the a head. Weaksr rezponses
array (seen from the ' \ indiczte activity at greater
top of the head). / depths in the brain.

Suparimposing all the
channeks sstablishes that
the maximum responss
occurs 97 ms after the
onset of the tona.

Time (msec)

M3l uyBcTBUTENBbHEE O3, HO 3HAYUTENBHO [OOPOXKEe, MCMNOSb3yeETCA B

ONarHoCTuke
naTonornm moara, Nno paspeeHno conocrtaBMmMma C BHYTPUMO3ITOBbIMUA

aneKkTpoagamMm



LeTeKTop

— -
p—

......

NCTOYHUK
X-ray

* icnonbayetca ¢ 1972 r. (Hobenesckas npemust 1979
r.)

e OCHOBHOM MPUHLWIM — PEHTFEHOBCKOE U3ITyYEHNE;

e [laeT TOYHYO MOPXOSIOrMYECKYHO KapPTUHY;

* He onpegensaeTr akTMBHOCTbL MO3ra.

MynbsTucnmparnbHasi KOMMboTEPHad
Tomorpadguna — MCKT

(oo 160 cpesos 3a obopoT CKaHepa)

3D n3obpaxeHunsa
4
cerogHs




2. I'Io3m1‘é5ﬁ1%n@%&h‘ﬂﬁﬁaﬂ ToMorpadous
MO3IA  (naT)

yMorpadgus

detectors

«Albira»
Bruker, CLLA

coincldence
electronics

Pagovnodapmnpenaparhbi:
yrnepon C11 (7%= =20.4 MUH)
a3oT N13 (7/4==9.96 MUH)
» kncnopog O15 (7%= =2.03
positron— :f %511 kev- MMH)
\ &

doTop-F18 (T/4=109,8 MUH.)

F18 -

reconstru

] 8% f\"snkev: electron

nucleus

MNpuHUMN: perncTtpauuns KBaHTOB CBETAQ;
Yctynaet KT no onncaHuio CTPYKTYpbl;
OnpepnensieT PyHKUMOHAaNbHYH
aKTUBHOCTb.

Ob6nactb NpPUMEHEeHuUS: - EE CNYX  BblBOP AEMCTBUA
HEeBPOSIOrnsi, Kapamonorns, OHKoONorng

M3T-KT no3anTpoHHO-aMUCCUOHHAsA ToMorpadunsa BbiIcBEYMBAET 00MACTU C NOBbILLIEHHBLIM
obmeHoM BewecTB, a KT onpegenseTr nx To4Hoe No3nLMOHMPOBaHUE




3. MarHuTH
AMP

MauuneHT

C
o

@A%gggégqgmorpamm (MPT) =

PaguoyvacToTHbIe
KaTyLuku

Briepsbie npeanoxeH B 1973 r.,
Hob6enesckasa npemusi 2003 r. (. Potepbyp, I
MaHcgung)

MakcnmansHO MHGOPMAaTMBHBIN, BE30MAaCHbLIN,
HENHBAa3UBHbIN, BbICOKOYYBCTBUTENbHbLIN
METOo4 COBPEMEHHOW ONAarHOCTUKY;

He TpebyeT BBeaeHs 4ONOMHUTENBHbIX BELLECTB,
OCHOBaH Ha NPUPOAHbIX CBOMCTBAX S4ep;

B paBHOWM cTeneHn NnogxoauT AN TBepabIX U
MSITKUX TKAHEWN;

ECTb BO3MOXHOCTbL YCUNEHNA cUrHana;
MP-gndpdysua, MP-anrnorpagua, MP-
CNeKTpocKonus

FNY ro
s’ Ll




MPT Ha

JKUBOTHbIX
= %
Q“- ‘.:»; 1 . el

-'f—n

BioSpec MIIBUSA

2y Xt - )
<

MP-CHUMOK mMo3ra

KPbICbI
BioSpec 117/16 USR, Bruker, CLLUA Onyxorib No6HoM
11,7 Tecna unlr COPAH nasyxu _

(MarHuTHOE none 3emnu 5x10°Tn)

MP-cHUMOK mo3ra
cobaku



CKAHVPOBAHUWE
4. (DyHKLI,l/IOHaJ'IbHMM (fMRI), BOLD (blood oxygen level detection)

oKcu-Hb TI\/IP
Tne30|<cm-Hb —

CUrHar

Bce npeumyiuectsa MPT +
AKTUBHOCTE 0BNACTEM MO3ra NPy NPeAbABAEHUM:

e BO3MOXXHOCTb OLlEHKN PYHKLMOHANbLHOW B oot coobiamime
aAKTUBHOCTM MO3I'a; [C] NMCEMEHHOTO TEKCTA
HaNNOXEHWE 30H i o o
e [lpMHUMN MeTOAa — OLIEHKA MHTEHCUBHOCTM . ‘ MOARODHOCTIS e -"ack
KPOBOTOKa B 001acTsax HeMpoHansHOW = —
akTMBauuu;

e EanHuua namepeHusa - Bokcersb (3D NUKcernsb).

5. TEPMO3HUE®PAJIOCKOINA

N3MEepeHne rokanbHoro Metabonuama W
KPpOBOTOKa MO Tennonpoaykunm no doukcaumm
NH(PpPaKpacHbIX nNyyYen B ananasoHe 3-5 u 8- 14
MKM C MOMOLLIbIO TEMNSIOBM30PAa;

paspabotaH LWlesenesbim WN.A. (1989 r.) B
NuctutyTte BHLO (Mocksa).

HErPaMOTHbIW IKC-HET PAMOTHbIN rPaMOTHBIN




MR findings in Dementia 3T - mnometabonuam npu

Alzheimer

HeMR‘%I;Ir%;"OJ'IOI'MM

FTLD Lewi

Hippocampal _
atrophy i
Temporal

atrophy

Frontal
atrophy

Parietal
atrophy

Lacunes

WML’s

Strategic
infarcts

AD — 6onesHb Anburenmepa ;
“VaD — nogkopkoBasi 4eMEHUUS;
— NTOBHO-BUCOYHas ANCTPOMd
| — 6onesHb JleBun

e RS /-—\\

Parietal

Central Sulcus



6. Metonq OWPPY3MOHHOM TEH30PHOW MArHUTHO-PE30HAHCHOM TOoMorpadouu
C TpakTorpaduen OoCHOBaH Ha M3MEPEHUN BENUYUHBLI N HanpasneHus andgpdysum
MOJSIEKYn BOAbl B BellecTBe Mo3ra. [IBmkeHune Monekyn BoAbl BOOSb BOJSTIOKOH
6enoro BellecTBa MNPOUCXOAUT ropasno akTUBHEE, YeM B NeprneHanKynsipHbIX
HanpaslieHUsIX.

MeToa No3BONAET OLEHKY CTeNEHU NopaXXeHns Mo3ra, co3gaHne 3D peKOHCTPYKL UK
BONMOKOH 6enoro BelwlecTBa, aTakke OOHapyXuTb W OUEHUTb MOBpeXaeHne
HEPBHbIX CBA3eN, YCTAHOBWUTb KOPPensauuto Mexay MnopaxXeHnemMm HeNpPOHHbIX
CBSAA3€W U HEBDOMNOIrMYECKUM 0edUUmMTOM B COOTBETCTBVIOLLIEN CUCTEME.

superior
right l _posterior

N .

N Jeft

I
inferior

white matter

Bouoxnucmaz cmpyxmypa besoti mamepuu u obaacmed yesn020 Mo3ea MapmviulKy 6st.1a pexorcmpyuposaria
6 6UPIIYANLHOM NPOCHIPAHEINEE ¢ UCHONBI0BANUCM OatitiblX, NOAYUEHHBIX ¢ UCHOABI0BAHUEM MENnI00d

DTI-MRI ¢ mpaxmozpagued.



nyGokaa ctumynauma mo3sra

(Deep Brain Stimulation, DBS):

0 cTumynaumsa anekTpoTOKOM pasfnyHbIX 30H MO3ra Yyepes
NMNNaHTUPOBAHHbIE ANEKTPOAbI;

[0 anekTpoabl cCoeanHEHbI C yrnpaBnAloLWLnM 6noKom;

[0 nokasaH TepaneBTUYECKNN 3DAEKT Npwn
[TapKkMHCOHM3ME, TpeMope, ANCTOHUK, BoNe3HN
AnburemMmepa, HapyLeHNn NnamaTu;.

[0 HazBaHMe — OLINBOYHO, T.K. aKTUBHOCTb MO3ra He
aKTUBMPYETCH, a NogaBIsieTcd B pesynbsrare
rmnepnongapusauun.

[ acpdekT obpaTtum (crnenast xmpyprus).

BHYTPpUMO3roBaa MmarHuTHas

CTUMynAaAuunAa:

[l BO3OencTBue anekTpoMarHMTHbIM
NoSsIEM B TEYEHUN MUSTNIUCEKYHA;

[ Bo3OyxaeHue Ha rnybuHy 2-3 cwm;

[ ucnonbayetca c 1985r.;

[l nokasaHa nosnoxmTtenbHaa gMHamMuka
npu Tepanum genpeccuu;

[ He TpebyeT NoaKNIYEHNS K TOKY.




KrneTovyHasg af1eKTPOodDdU3N0NIorng
IN VIVO,
Ha KynbType KNeTokK,
cpesax Mo3ra

BHyTpUuKneTo4yHas

3alfinCb




METOAbI NCCJIEQOBAHUA MOSTA

MeTo L Vé¥i8xumunueckoro aHanuaa:
v/ HENPOXNMUA (in vitro — HPLC; in vivo — MUKpoOuanus);
v/ aKTUBHOCTb (PEPMEHTOB CUHTE3a U Aerpagaumm MmegmaTtopos;
¢/ NNOTHOCTb peLenTopoB (binding).

i S
e
—

OpuH U2 HanGonee pacNPOCTPaHeHHbIX W

COBPEMEHHbIX XKMAKOCTHBIX XpoMarTorpathos |_| p nuve p XpO MaTto I'pa MMbI 06 pa3 L',a

tpupmel Shimadzu

MO3rlra

MeToabl MOPdONOrn4YecKoro U CTPYKTYPHOro aHanw
v/ CBETOBas
v/ KOH(pOKarnbHagd MWUKPOCKOMUS.
v/ ANEeKTPOHHas




METOObI NCCJIEQOBAHUA MO3T'A

I I Semi- titative RT-PCR
MeToab! MOﬂeK\}HF}ﬂHg-6VIOHOI'M‘-IECKVIG: LA bl

v/ 3KCMNpPEeCCUsi reHoB:
. . beta-actin
rmébpunansauyms in situ;

MLP B peansHoM BpeMeHH Real-time RT-PCR

v/ aKkcnpeccusi 6enkoB:
NMMYHOTUCTOXUMUS;
BECTEPH-OMOTTUHT.

Gene X beta-actin

OgHoBpEeMeHHbLIU aHanu3
MHOXeCcTBa reHOB:

Okcnpeccus T TP B cvHeEM nsiTHe cTBOMa

MO3r
e ¥4 1.Mukpouunnoi

2.RNA-sequencing (lllumina, Solid)
(NGS — Next Generation Sequencing)



Moaudumkaumm akcnpeccum reHoB

4

[lodaeneHue 3kcrnpeccuu

<\

pY

YcuneHue aKcripeccuu
(Overexpression)

[locmosiHHoe BpemeHHoe

(Hokaym)

<\

PHK-urnmepgepeHyus

(HokdoaVH) (Coriditional Knockout)

Ycr08HbIU HOKaym

CHuxxeHue gyHKUyuu 2eHa/berika Akmueauyusi pyHKuuu 2eHa/berka



CO3OAHUE HOKAYTA
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MexaHuam PHK-uHTepdepeHLmnn (Hobenesckas npemus 2006
K. ®atep, E. Menno)

L L L Aeyuenotetras PHE
SiRNA&
N l : dbepment Dicer

[

/ \ & .- RNA-Induced
RI

Silencing Complex
T T '"T'""""'T' g =omP

| |

ey
-~ ~

~ KOMITJICKC

\\

LICITOYKH

Jerpajanms 5 AHTUCMBICIIOBOM
KOMILJIEMEHTAPHOM nenouku u RISC

paspe3anue mRNA
mRNA

Bbriokupogeka mpaHcKpunuuu U =>mpaHcasyuu



Inhibition of a2A-ARs expression by RNA interference
in vivo in the brain of 5-day old rats

| siRNA

Behavior of adult male rats in elevated
plus-maze after knock-down of brain
a2A-ARs during neonatal life

]

mm B0

mmm Unrelated
B @DiNsense

MRNA . ODN

Time in the open Exploratory head

Shishkina et al., 2004



Inversion
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Image by Larissa Haliw

Deletion
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Cre '%, 7

<

F, Generation

F, Generation

Cells with active Cre recombinase

Original gene function is disrupted,
a reporter gene is transcribed
instead.

CRE-LoxP system

LoxP (Floxed) Mouse
o ST

Cre LoxP Mouse
™~

- v 5 Cells lacking active Cre recombinase

Stop wop

foxP Target genw loxP, oGFp

Original gene function Is untouched.




Transgenic strategies for combinatorial
expression of fluorescent proteins in the

nervous system

Jean Livet', Tamily A. Weissman', Hyuno Kang', Ryan W. Draft’, Ju Lu', Robyn A. Bennis', Joshua R. Sanes'
& Jeff W. Lichtman'

Brainbow

clc A?.\" i 4
chih { w1 1
C >..'= } ; If ;
: Y ,_5 e
c X ‘3%';
c|c] Pumple
cl Gre

‘Dentate gyrus

Vol 450|1 November 2007 |doi:10.1038 /nature06293




A Conditional transgenic B Inducible transgenic

Astrocyte-specific

Astrocyte-specific promoter {TA TetO

t 2
P = - — X — E——

Pronuclear injection and
transfer to oviduct of ¢
pseudopregnant mice

(’\“/ Doxycycline in drinking
73 % water: no gene
b.( y ) ‘ ?expression

A=

"

o —(:1.—-'—\—‘/

Transgene expressed No expression in non-
specifically in astrocytes astrocytic cell types

_.8.:._,

No doxycyclme. astrocyte- No expression in
specific transgene expression non-astrocytic cell types




«OOHa U3 0CHOBHbIX 3a0a4y HayKu
ONTOINEHETH _
KA usmMepums mo, Ymo U3MepuMo,
u coerlame U3MEPUMbIM MO, YmMo
ewé He U3MepeHOo»

INENNED

«..OrnmoaeHemuka -..3mo rnoodapok boza
Heupogbu3uoriozam»

(P. [lecemoH,

) | oupekmop MHcmumyma mo3eza, MTH)

~

Kapn OucceporT (B LeHTpeE)
c K. leHonem n [.
XeHOepCoHOM,
CtaHdopa, KanndopHus

HenpoHbI ronoBHOIro MO3ra;
OpaH)XeBbIM OKpalUeHbl g4pa KMeToK, bfoin
CMHWUM — aKCOHalbHbl€ OTPOCTKM (PoTo Thomas Deerinck,




POOOINC OTKpPbITUE POAOMNCUHOB:
(—MH—A—\ 1971 - bakTepumanbHbIN
KaHHano- rano- 1977 - ranopoaoncuH
Nat §02 - KaHaANopOoOOMNCUH

na*

e, 2005 — Havarno
a Na - we* '
o W OnToreHeTUKN
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- w A i )
w K f:'“-v ok Ht Go
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F o 1y, W?q, i, s (Nature Methods, 2010)

Relative Response to Light
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. ~— expansion; generalizable opsin targeting
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OCHOBHbIE 3TAlbI TEXHOJIOI' N

STEP 4

STEP1
Piece together genetic construct. LT R ——,
cable plus electroda,

— "Wa-r..—_h_—_
E 7 TR,

Gene encoding opsin R
N

to drive (light-sensitive
expression ion channel) ) }
f : "' R ]

STEP2 '

Insert construct into virus. i

Promoter

STEPS
Laser light of specific wavelength
opens ion channal in neurens.

STEP6
Record electrophysiological
and behavioural results.

STEP3

Inject virus into animal brain; opsin
is expressad in targeted neurons.

Membrane

O psin channzl

Nature, 2010, v.456 (6)




4 OcHoOBHOe ) é OcHoBHaga npobnema h

npeumMyLuecTBO OMNTOreHEeTUKWU:
ONTOreHEeTUKU: O0OCTaBKa OMCUHOB B KINETKY
e BUPYCbI (AAV),
* BbiCOKadd NEeHTUBUPYCHI; }MbILIJVI
\ N30npaTenbHOCTb; ) \_ °* Cre-Lox pekomOunHaLus W,
e ObICTPOTA OTBETA. e 3MieKTponopauuns in utero

Electrical stimulation Optogenetic excitation Optogenetic inhibition

MoxeT OONONHATb perncTpauuto
SNMEKTPUYECKON aKTUBHOCTHU
meTtoaom fMRI.

[MpuMeHeHue oNTOreHeTUKM:
* aKTUBaALU WA HGI?IpOHOB i HelpoHHbIe CBA3N — NnoBegeHune ;
¢ NoBegeHne — aktmBaun4 HeﬁpOHOB — HeﬁpOHHble CBA3U,
a4 nccerenoBaHnd MeEXaHM3MOB BOCIPUATUA, MOOKPENJIEHUSA, 06yqu|/|$|.

OO0BLEeKTbl ONTOreHeTUKMU:

...Hns docmuxxeHus ycriexa Habo cmaesumab

C. elegants, Apo3odunna, AaHno- UeJsiu HECKOJIbKO 8bILe, YeM me, KOmopble
pepuo 8 Hacmosiuee epeMsi Mo2ym 6bimb
MbILLW, KPbICbI, MPUMaThbl, YENOBEK docmuaHymei...

Makc lNnaHk



Mcmopusi pazsumusi OnmoaeHemuku
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Optogenetic Excitation

Physiological Firing Rates,
Patterns, and Synchrony

Optogenetic Inhibition

FIGURE 1 | Optogenetics can drive firing p: ide of physiological ranges.

0

2002 2004 2006 2008 2010 2012

! Optogenetics I Designer Receptors

Bacteriorhodopsin Halorhodopsi
(BR) (HR)

All-trans retinal
chromophore

Applications:

*State (sleep-wake, anesthesia)
*Sensory detection/discrimination
*Perception

*Network activity/patterns
*Learning

*Memory

*Decision

*Habit/deliberation

*Reward processing (feeding/addiction)
*Aversion

*Motivation

*Depression
*Alzheimer’s/Parkinson’s treatments
*Autonomic regulation

*Intracellular signalling mechanisms




OlTONEHETUKA B POCCUU

Light OFF Light ON

Illumination of the hippocampal neurons with blue light
significantly affected behavior of photosensitive animals.

P AAV-EGFP
[P AAV-ChR2h134

% p<0.05 vs all other groups

|

gl Ly sl N, '{ﬂ\ ’H‘WVW)W pM» H

Light OFF " Light ON

£
£
g
©
3
z
B3
[=]
£
E

Light OFF Light ON

Dygalo et al., 2016
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Optogenetics, physiology, and emotions
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Optogenetics
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A story spanning four decades that began
with one the most basic of science questions—
how microscopic organisms sense light—has
changed the way researchers approach brain
science. Turning on and off neurons in the
brains of mice, by coopting the microbial sen-
sors, has become almost as easy as flicking a
light switch.

In the past, determining which collections
of neurons in the brain carry out which

of those in the field isn’t to genetically engineer
humans to have opsins in their brains and
control people’s behaviors with light, but rather
to use the optical control of neurons in model
organisms to reveal how the brain works.
Early behavioral applications of the tech-
nique induced mice to act in certain, easily
observable ways: to awaken (8), or to turn in
a circle when the light shone (12), for example.
In the past decade, however, optogenetics

Brain Res. 2013 May 20: 1511: 1-5. do1:10.1016/j.brainres.2013.01.026.

Recent advances in optogenetics and pharmacogenetics

Gary Aston-Jones?  and Karl DeisserothP

aDepartment of Neurosciences, Medical University of South Carolina, Charleston, SC 29425

bDepartments of Bioengineering and Psychiatry, Stanford University, Stanford, California 94305,
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Behavioral/Cognitive

Amygdala Inputs to the Ventral Hippocampus
Bidirectionally Modulate Social Behavior

Ada C. Felix-Ortiz and Kay M. Tye
Picower Institute for Learning and Memory, Department of Brain and Cognitive Sciences, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139

Impairments in social interaction represent a core symptom of a number of psychiatric disease states, including autism, schizophrenia,
depression, and anxiety. Although the amygdala has long been linked to social interaction, little is known about the functional role of
connections between the amygdala and downstream regions in noncompetitive social behavior. In the present study, we used optogenetic
and pharmacological tools in mice to study the role of projections from the basolateral complex of the amygdala (BLA) to the ventral
hippocampus (vHPC) in two social interaction tests: the resident-juvenile-intruder home-cage testand the three chamber sociability test.
BLA pyramidal neurons were transduced using adeno-associated viral vectors (AAV;) carrying either channelrhodopsin-2 (ChR2) or
halorhodopsin (NpHR), under the control of the CaMKIle promoter to allow for optical excitation or inhibition of amygdala axon
terminals. Optical fibers were chronically implanted to selectively manipulate BLA terminals in the vH PC. NpHR-mediated inhibition of
BLA-vHPC projections significantly increased social interaction in the resident-juvenile intruder home-cage test as shown by increased
intruder exploration. In contrast, ChR2-mediated activation of BLA-vHPC projections significantly reduced social behaviors as shown in
the resident-juvenile intruder procedure as seen by decreased time exploring the intruder and in the three chamber sociability test by
decreased time spent in the social zone. These results indicate that BLA inputs to the vHPC are capable of modulating social behaviors in
a bidirectional manner.

Key words: amygdala; ChR2; hippocampus; NpHR; optogenetics; social

OI'ITOCTI/IMyJ'IFlLI,I/IFI U OI'ITOI/IHFI/I6I/IpOBaHI/Ie OOHUX N TEX XKeE HGI7IpOHOB B MUHOAJIMHE
3allyCKaloT




PASBUTWE ONTOIMEHETUKA

Injectable, Cellular-Scale Optoelectronics with Applications for

SCience Wireless Optogenetics

Tae-il Kim et al.

Science 340, 211 (2013);
AYAAAS DOI: 10.1126/science.1232437

Injectable, Cellular-Scale

Optoelectronics with Applications
for Wireless Optogenetics

Tae-il Kim,*?* Jordan G. McCall,*>*>®* Yei Hwan Jung,t Xian Huang,* Edward R. Siuda,>*>®
Yuhang Li,” Jizhou Song,® Young Min Song,* Hsuan An Pao,* Rak-Hwan Kim,*
Chaofeng Lu,’ Sung Dan Lee,*° Il-Sun Song,** Gunchul Shin,® Ream Al-Hasani,

3,45

Stanley Kim,* Meng Peun Tan,’® Yonggang Huang,” Fiorenzo G. Omenetto, %3

John A. Rogers,%1%1%+¢ Michael R. Bruchas®*>%*}
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Fiber Optic
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(A)

(B)

(C)

(D)

Optogenetics and its application in neural degeneration and regeneration
Josue D. Ordaz, Wei Wu, and Xiao-Ming Xu, M.D., Ph.D.

A Optogenetlcs No Optogenetics
) \J ¥

Neocortical
Epilepsy
,’ Thalamocortical
P Epilepsy

L 4

Temporal Lobe Epilepsy

Tra?splanged Dopaminerqnc Neurons

a.. -

C Hippocampus

Increased dendritic
ine density
CA3 |

W SBTTS  ~amm "G\r” Improved long-te o i ol
ol b \memose” (" oopamina
Mem n

Striatum

coding cells \ .
OnToreHeTMYecKaa WMHOYKUMA aKTUBHOCTM HEWPOHOB YBENUMYMBAET nponudepauuto
npeawecTBeHHMKa MUennHmM3aumm n onurogeHapoLnToB.
OnToreHeTuKa Obina anpobupoBaHa ans neyeHus HEOKOPTUKaNbHOW,
TanamMoKOPTUKaNbHOW WU BUCOYHOW 3NUSIENCUM Y TPbI3YHOB (MO4aBSfIEHME aKTUBHOCTU
Tanamyca + ctumynauma FAMK HeMpoHOB BUCOYHOM 0N KOPbI).
OnToreHeTMYecKkaa akTuBaumns 3yb4yaTton M3BuUnNnHbI rMnnokamna B MoAensix Mbllien AD
ynydwaeT oNroBpeMEHHYH0 NaMATb 3a CHET YCUITEHUA pocTa 4EHOPUTOB.
OnNTOreHeTM4YeCKUN KOHTPOSb BbICBOBOXAEHUS OodamMuMHa B MofiocatoM Tene wus
TpaHCNaHTUPOBAHHbIX 4O0aMNUHEPIrNYECKNX HENPOHOB Npu 6onesHu NapknHcoHa.

https://dx.doi.org/10.4103%2F1673-5374.213532






TexHono2uss DREADD (XEMOIEHETUKA)

DREADD - Designer Receptors Exclusively Activated by Designer Drugs
Aemop KkoHuenuuu - Bryan L. Roth

3

™V

clozapine N-oxide salvinorin B

School of Medicine at the University of North Carolina, USA

Active compound Biologically inert metabolite/
DREADD actuator

} &g

hM3Dq

|

4 picp
4 1p3+086

CAMP
T Intracellular Ca?* ¢

4 er1y2
T Neuronal firing

i Intracellular Ca*
T K* efflux (hyperpolarization)

»L Neuronal firing

Salvinorin A




Criocobbl 88e0eHUST XeMO-0IMMUYECKUX cOCmas/isiowux

AAV - hM3Dgq

hM3Dg-mCherry

A DREADD Expression Blocked
Lox2722 DREADD Lox 2722

L-ITR  promoter | (OFF) WPRE

| N AAV - hM4Dq

Lox P l Lox P hGH PolyA

Promoter

Lox 2722 pDREADD
L-ITR Promoter ’ (ON) WPRE R-ITR

|_1i |I I‘"‘il

hGH PolyA

/\/\

1
4
|
/\

" DREADD

DREADD Expression Restored Only In Cre Expressing Cells Arcuate Nucleus




AAV - ChR2

AgRP Selective Expression
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Increased AgRP Depolarization
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— Control

Time (hr)

Increased Food Intake
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HoBbI meToa nccnegoBaHnUsa mMo3ra

CLARITY

Clear Lipid-exchanged Acrylamide-hybridized Rigid Imaging
/Immunostaining/In situ hybridization-compatible Tissue-hYdrogel

ARTICLE

doi:10.1038/nature12107

Structural and molecular interrogation of
intact biological systems

Kwanghun Chung'?, Jenelle Wallace', Sung-Yon Kim', Sandhiya Kalyanasundaram®, Aaron S. Andalman'?,
Thomas J. Davidson"?, Julie J. Mirzabekov', Kelly A. Zalocusky"?, Joanna Mattis', Aleksandra K. Denisin’, Sally Pak’,
Hannah Bernstein', Charu Ramakrishnan’, Logan Grosenick’, Viviana Gradinaru® & Karl Deisseroth"%*#

NMpoekT “BRAIN” Nature, 2013, 10 Apr, Epub ehead of print.



NMPUHUUIN METOOA CLARITY
1. TACCBHOE HACBILEHVE ®OPMAJIbAErNOOM N AKPUITAMWOOM nipu 4°C

Step 1: hydrogel monomer infusion (days 1-3) Pop MaAbAfAfII(}ISHAaMHA
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Advanced CLARITY for rapid and high-resolution
imaging of intact tissues

Raju Tomer!-3, Li Ye!-3, Brian Hsueh!-3 & Karl Deisseroth!-4

IDepartment of Bioengineering, Stanford University, Stanford, California, USA. ZHoward Hughes Medical Institute, Stanford University, Stanford, California, USA.
3CNC Program, Stanford University, Stanford, California, USA. *Department of Psychiatry and Behavioral Sciences, Stanford University, Stanford, California, USA.
Correspondence should be addressed to K.D. (deissero@stanford.edu).
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Neuropathology and Applied Neurobiology (2016), 42, 573-587 doi: 10.1111/nan.12293

Bringing CLARITY to the human brain: visualization of
Lewy pathology in three dimensions

A. K. L. Liu*,t, M. E. D. Hurry*, O. T. W. Ngt,%, J. DeFelice*, H. M. Lai*,§, R. K. B. Pearce*,
G. T-C. Wong#t,9, R. C-C. Changt,8,y and S. M. Gentleman*

Figure 6. Z-stack image of double immunofluorescence with anti-
aSN (green) and anti-TH (red) antibodies on human midbrain
block (z-stack step size 1.5 ym).

Figure 3. Z-stack image of Immunofluorescence with tyrosine hydroxylase (TH) staining on rat coronal block showing TH-positive
neuronal processes at the cortex and dense, homogenous staining within the striatum (z-stack step size 3.3 pm) (a). Staining in the
human midbrain block showed dense TH-positive axonal processes (z-stack step size 1.5 um) (b).




Optimization of CLARITY for Clearing Whole-Brain
and Other Intact Organs

1,2,3

Jonathan R. Epp,'** Yosuke Niibori,"** Hwa-Lin (Liz) Hsiang,"** Valentina Mercaldo,"**
Karl Deisseroth,* Sheena A. Josselyn,'** and Paul W. Frankland™**

DOI:nttp//dx.doi.org/10.1523/ENEURO.0022-15.2015
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AHoxuH K.B. 0 Ho8bix Memodax ¢hOmMOHHOU MUKPOCKOMUU
https:/ /www.youtube.com/watch?v=KhhXQb7C05A
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PHOTONICS
FULL ARTICLE

Reconnectable fiberscopes for chronic in vivo deep-brain imaging

M. S. Pochechuev'? | L V. Fedotov'**> | Q. L. Ivashkina>* | M. A. Roshchina®* |
D.V. Meshchankin' | D. A. Sidorov-Biryukov'~*> | A. B. Fedotov'** | K. V. Anokhin®*® |
A. M. Zheltikoy"***>*

doi: 10.1002/5b10.201700106




AMNrrEHETUHECKAA MOONPUNKALINA

Maintenance
DNMT

HAT —aueTtunTtpaHcgepasa rmCToHOB — T LOCTYNHOCTb XPOMaTUHA;
HDAC — geaueTtunnasa rmCToHOB — | JOCTYNHOCTb XPOMaTUHa;
DNMT —meTunTpaHcdepasa
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Figure 1 | DNA methylation and cancer. The diagram shows a representative region of
genomic DNA in a normal cell. The region shown contains repeat-rich, hypermethylated
pericentromeric heterochromatin and an actively transcribed tumour suppressor gene (TSG)
associated with a hypomethylated CpG island (indicated in red). In tumour cells, repeat-rich
heterochromatin becomes hypomethylated and this contributes to genomic instability, a
hallmark of tumour cells, through increased mitotic recombination events. De novo methylation
of CpG islands also occurs in cancer cells, and can result in the transcriptional silencing of
growth-regulatory genes. These changes in methylation are early events in tumorigenesis.

https:/ /www.nature.com/articles/nrg1655 Keith D. Robertson




Liu et al, 2016, Cell 167, 233-247

Editing DNA Methylation in the Mammalian Genome ek ke o s O

hitp://dx.dol.org/10.1016/).cell 2016.08.056
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Promoter of GR

J:% ] Moagudumkauus CUCTEMBI
oo i pefakTupoBaHusa reHoB CRISPR / Cas9,
: KoTopas N3MEHSAET COCTOsIHME
METUNMpoBaHMa nNpu gobaBneHun B
cucTemy penakTupoBaHUA
dEepMEHTOB, KOTOpble  AO06aBnslT
(Dnmt3a) wnun yoanawT METUNbHbIE
rpynnbl  (Tetl), cmormM  U3MEHUTb
KNMETKN KOXW B MbILLEYHbIE KNETKU
(cneBa), aKTUBUpPOBATb
cneyndunyeckme reHbl B HEMpoHax (B
LEHTPE) N WN3MEHUTb TPEXMEPHYIO
cTpykTypy AHK knetku (cnpasa).







Hot points:

3eor1ryusa MUpPOBO33PEHUST 83aUMOCBS3U M0O32a U CO3HaHUS;

N. Mpoxaska — mepMuH pechriexc;

Pornb pycckou Heupoghu3uorioaudeckou wkorbl (CeyeHos, lNaernos, bexmepes);
CrnoxHocmb mo3ea ( =100 mnpo. HelpoHo8) u HeobxoOuMocmb €20 uccrie0o8aHUs;
MemoObI uccriedogaHusi Mo3aa:

3l N3rl, KT, MPT, pMPT, T[MC u op.

Helpomeduamopsl, peuenmopsl, 6erku, 2eHbl

OnmoeeHemuka, XemoeceHemuka, CLARITY , CRISPR/Cas9 u dp..
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