MoAeKyAsipHble MeXaHM3Mbl peryAsiLmum
noBeAeHUs
Nekumns 8
MoAeKyAbl U noBeAeHUe



amepeHne noseaeHuns

e [lpaBunbHbIN BbIOGOP Npu3Haka obecrnevynBaeT ycrnex
BbISICHEHUS1 €r0 MOJSIEKYNAPHON OpraHmn3aumu.

OnpepgeneHne npnsHaka A0SMKHO ObITb KOHCTPYKTUBHbIM .

Heobxoaoum meton ogHO3HaYHOro U 0O bLEKTUBHOIO
N3MepeHNs BblpaKe€HHOCTU NpuU3Haka.

o FIpM3Ha|< OOIMKEH ObITb CTabUNbHLIM U ManNo 3aBUCETb OT
HEKOHTPOJIMPpYyEMbIX YCITOBUN.

® MonekynsipHbl MEXaHWU3M Mpu3HaKa gormKeH ObITb
MNPOCTLIM - BKIOYaTb HEDOSbLLOE YNCIIO KINHYEBbIX
3BEHbLEB.



,El,eraTeanaﬂ dKTUBHOCTb U BPEMHA
HaXOXXOEHNA B obnacTax dPEHbl

1amepeHne aBuratenibHom akTUBHOCTU U BPEMEHM
HaxoXOeHNA XXMUBOTHOIO B pasfnYHbIX y4acTKax apeHbl
(Hanpumep B LIEHTPE) ABNSAETCSA HEOOXOANMbIM
3NIEMEHTOM OLEHKM NOOOro NoBeaeH4YeCcKoro npm3Haka.

CyLLI,eCTByI-OT BN3yalibHbl€ N aBTOMAaTU4e€CKUE METOJbI
N3MEpPEHUA OBUKEHNA.

Haunbornee To4HOM N yHMBEpPCANbHON ABMAKOTCA
KOMMNbIOTEPHadA TpacCUpoBKa nepemMeLLeHns XXNBOTHOTO.
Cospatenewm ee aBnsietca J1. Honayc (EthoVision).



EthoStudio

l

® YCcTaHOBKa BKIHOYAET apeHy, Buaeokamepy, KOMNboTep U
KnaBuaTtypy.

® [13obpaxeHne apeHbl 3axBaTblBae€TCH BUOEOKaMEPOW C HYacTOTON

10-25 K/c, oundppoBbIBaeTCA, NepenaeTcs B NnaMsaTb KOMMbOTEPA U
COXpaHAeTCH Ha OAUCKe.

® [lpoBoguTcsa nokagpoBbit KOMMNbLIOTEPHBLIM aHaNN3 NONOXEHNS
XMBOTHOIO B KOOpAMHAaTax apeHbl.



TecT oTKpbITOE Nosne

® JlabopaTtopHble rpbi3yHbl (MbILLIV U KPbICbl) UMEIOT BPOXKAEHHbI
cTpax nepe OTKPbITbIM U APKO OCBELLLEEHHBIM NPOCTPaHCTBOM.

® [lyTb, nponaeHHbIN reOMETPUYECKUM LLIEHTPOM XXUBOTHOTO.
® Bpems HaxoxaoeHus X)XKMBOTHOIO B BblAENEHHbIX 00NacTaX apeHbl.



3amepeHne TpeBOXXHOCTH

® TecT «NPUNOAHATLIN KPeCTOOOpPa3HbIN JTAOUPUHT» - MbILLU U KPbICbl n3beraroT
OTKPbITbIX U HEOE30MacHbIX pPyKaBOB.

® TecT «CBeT/TeMHOTa» - MbILUU U KPbICbl NPeANOYUTAIOT 3aTEMHEHHYH
NONOBUHY.



Tect NPUHYONTESNIbHOIO MNMitaBaHUA

® [lpeonoxeHHbln B 1977 T. 9TOT
TecT ABNAETCH caMbIM
pacnpocTpaHeHHbIM MeTOo40M
OLEHKM aHTuOenpecCcaHTHOW
aKTMBHOCTU (Tecott, 2003).

® OCHOBHbIM napameTpom
SABNAETCS BpeMS
HEnoABMXKHOCTU  XXMBOTHOIO,
MOMeLLeHHOro B cocyg C
BOOOMW.




OMunyeckn MOAXOA K UCCAECAOBAHUIO
MOAEKYAAPHOIo MexaHn3ma rnoBE€AEHUA

® OcHoBaH Ha AorMyeckn o6oCHOBaHHOM U
O4YEBUAHOU UAEU, YTO MOBEAEHNE MOXKHO
abCOAIOTHO TOYHO onMcaTb C MOMOLLbIO
OMUCaAHUA BCEX MOAEKYASPHbIX U3MEHEHWU B
KaXAOWU KAETKe OpraHm3ma.

® [1py ommyeckom noaxoae oTnapaeT
HEOOXOAMMOCTb B MHTEPNpPETALMAX U
rmnoTesax, pesyAbTaT byAeT MNOAYYEH BeCh U

cpasy.



[loKkTpnHa NoNUreHHom perynsiLmnm

Biometrical
(Genetics

SirKenneth Mather FRS
John L..Jinks FRS

Third Edition

[NpeonoxeHa B 1949 Kenneth Mather n
John Jinks. [locTynupyerT, 4to

1) CNOXHbIN KONTMYECTBEHHbIN NPU3HAK
KOHTpONupyeTcs bonbLWUMm
KONTMYECTBOM TMOSIUFEHOB, BO3MOXXHO
BCEM r€EHOMOM;

2) oOMH MONUreH okasbiBaeT cnabdoe
BMUSAHWE Ha NPU3HAaK;

3) OJVH NOSNreH MOXET
KOHTPONMMpPOBAaTh NNenoTPOorHo
HECKOINbKO NPU3HAaKOB;

4) doaKkTopbl cpensbl MOryT
MoauduunpoBaTb NENCTBUA
NOSINTEHOB;

5) BO3MOXHO CyLLEeCTBOBaHME OOHOro
reHa UM HECKOSNbKUX reHoB ¢ Bornee
BblpaXX€HHbIM 3(PPEKTOM Ha NPU3HaK.
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Knaccndpumkaums
MyTauum
yTang

Single nucleotide variant

Insertion-deletion variant

Block substitution

Inversion variant

Copy number variant

CTDYKTYPE.
ATTCCCCTTAACCHCCCATTATCACGAT
ATTCCCCTTAACCHCCCATTATCAGCAT

A'l'!"i';(“‘?'r'fAA(‘('('m: CEATTAT "A':':A'.'
ATTGGCCTTAACCCESSC CGAT TATCAGGAT

ATTGGCCTTAAC JATTATCAGOAT
ATTGGCCTTAAC SATTATCAGGAT
ATTGGCC TR A TTAT CAGGAT

TT GG T R ti TTAT CACCAT
Aﬂm CCCCCOATTATCAGGAT

AT T T e e = = = = CCTCCGATTATCAGGAT

(Frazer et al., Nat Rev Genet 2009, 10:241-251)

[1o nencreuio:
1.

dYyHKLMOHANbHbI
e
2. HeUTpanbHblE



CTpaTtermm n3y4vyeHus
noBeneHns

Reverse Lenetics
Sclect a gene

S

Generate a null mutamt
of the gene

Ny

reHeTU4YeCKON CTPYKTYpbl

Forward Genetics
Identify genels)
causing the phenotype
/.1
Screen a collection

ol mutants

/!

Reversed genetics:
1. Null mutations

2. Point mutations

Forward genetics:
1. GWAS
2. QTL analysis




TexHukKa
GWAS
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[ToTepaHHaa HacneaCTBeHHOCTb

Height residuals, cm

» «
v 6 10

40 &0 60 0 10 G
Genomic profile (54 loci) Mid-parental height, cm

(a) Prediction with the genomic profile constructed from 54 loci, (b) Galtonian prediction using mid-parental

height values

(Aulchenko et al.,
2009)



QTL aHanu3 noseaeHus

@ CambIn pacnpocTpaHeHHbIN N MOLLHbIN
METO reHETUYECKOro KapTUPOBAHUS
CIMOXHbIX MPU3HAKOB.

® OcHoBaH Ha U3MepeHnn cuenreHns
npu3HaKa c cepmen NoNMMMOPAHbIX
MWKPOCATENNNTOB, NOKPbIBAKOLLNX FEHOM.

® QTL - obnacTtb reHomMa C BbICOKUM
cuenneHmemM aHannu3npyemMoro npusaHaka.

® HewporeHsl, NnokannsoBaHHble B QTL,
paccMaTpuBaloTCA KaK reHbl-kaHauaarhl.



QTL aHanu3. [1BuratenbHas akTUBHOCTb

® MoTopHasa akTUBHOCTb NEXUT B OCHOBE NOO0ro
NMOBEeAEHYECKOro aKkTa.

e [lBa Bnga HapyweHn MOTOPHOWU aKTUBHOCTU :
aKMHE3ns/rTMnepkKUHE3Na N AUCKNHE3NUA.

® [lnckmHesmnsa cega3aHa c HapyLleHUsSMn KoopanHaunm
OBWXEHNA, KOTOPbIe MPOSABMNAIOTCS B BUAE TUKOB,
TpemMopa, TaHUYLWMX ABUXKEHUN, KaTaTOHUU U
CTEPEOTUNUN.



[eHbl, onpenensoLme geuraTenbHyto
aKTUBHOCTb MbILLUM B OTKPbLITOM Mone
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KaTtanencusd

e Kartanencms — pAnuTeNbHasi HEMOABMXXHOCTb C MOBbILIEHHbIM TOHYCOM
rPaBMTALMOHHON  MYCKYNaTypbl, CMOCOBHOCTb COXPaHsATb  NPUAAHHYIO
HeyA06HY0 No3y ANUTENbHOE BPeEMS.



[[@nonepuaosioBasa Katasnencud

e [anonepuaon — Hanbonee MOLLHbIN @aHTArOHUCT D, peuenTopos.
e [lpenapaT BbI3bIBAET rNyboKylo KaTanencuto.

e [lanonepuaonosas KaTanencus — MoA€e/b BbI3BaHHOMO
HENPONENTUKAMN PacCTPOMCTBA 3KCTpannupaMnaHon hyHKLUK



[€HOMHOE KapTUpOBaHME YyBCTBUTENbHOCTU K
ranonepunaony y Mbillen

3SR TRE:

% i ? % % % E i 235‘:5 ;r- Genome-Wide Scan for Catalepsy QTLs
s . i mei &

o e S I T T

.E + iont |

A9
a

A0
IR RN T
i
@

0

19

e

ek T 772 T3 T4 5 6
T T




IHTepBanbHOE KapTUpoBaHMe YyBCTBUTENbHOCTU K
ranonepmnaony Ha Xxpomocomax 1 n 9
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Lavish lab Infrared analysisshows
Albrecht Diirer worked lesson
makingimagesthat wow p4® | picturesdestined for salepd3!

D
guidelaysout stepsto

hen a study of the genomes of

centenariansreported genetic

variants strongly associated
with exceptional longevity', it received
widespread media and public interest.
It also provoked an immediate scepti-
cal response from other geneticists. That
individual genetic variants should have
such large effects on a complex human
trait wastotally unexpected. Asit turned
out, a least some of the results from this
study weresurprising smply because they
werewrong. |n aretraction published ayear
later?, the authors admitted to “technical
errors’ and “an inadequate quality control
protocol”. Thework was|ater republished

Faceup to
false positives

Scientistsand journalsmust work together to ensurethat eye- catching
artefactsarenot trumpeted asgenomicinsights, saysDaniel MacArthur.

in adifferent journa after heavy revision”.
Few principles are more depressingly
familiar to the veteran scientist: themore
surprisingaresult seemsto be, thelesslikely
itisto betrue. Wecannot know whether, or
why, thisprinciple was overlooked in any
specificstudy. However, moregeneraly, in
aworld in which unexpected results can
lead to high-impact publication, acclam
and headlinesin TheNew York Times, itis
easy to understand how theremight bean
overwhelming temptation to move from
discovery to manuscript submission with-
out performingthenecessery datachecks.
In fact, it has never been easier to gener-
aehigh-impact false positivesthan in the

202 Macmillan Rublishers Limited. All rights reserved

Ethicsprocedures
should berequired in papers, schizophreniaresearch get
likeother methods p4®

Forward genetics.
3akftoHeHne

. COMMENT

Patients’ prioritiesfor

UK support p4®

genomic era, in which massive, complex
biological data sets are cheap and widdy
available Tobedear, themgority of genome-
scaleexperimentsyield real results, many
of which would beimpossible to uncover
through targeted hypothesis-driven studies.
However, hunting for biological surprises
without due caution can easily yield arich
crop of biasesand experimenta artefacts, and
lead to high-impact papersbuilt on nothing
morethan sysematicexperimenta ‘noise.
Flawed paperscauseharm beyond their
authors: they trigger futile projects, stall-
ing the careers of graduate students and
postdocs, and they degradethereputation
of genomic research. To minimize the

26 JULY 2012 | VOL 487 | NATURE | 427

(Daniel MacArthur, Nature, 2012,
487:427-428)

1. No3BonseT NonyyYnTb CNNCOK
BO3MOXHbIX reHOB-KaHANAATOB.

2. He no3BongeT nsyyatb
B3aUMOAENCTBUE MexXay reHamum.,

3. BbICOKMIN pUCK NOXHbIX
NO3UTUBOB.

4. PesynbTaTbl forward genetics
AOJIKHbI ObITb NOATBEPXAEHbI
reversed genetics.



Hay4HbIM nogxon

OcHoBou coBpEMEHHOIO ecTeCcTBO3HaHNA CIYy>XUT
IKCNepnmeHTalsibHblIt METOA.

C apeBHUX BpeMeH U OO0 XVI BeKa B Hayke rocnogcrtBoBarsi
gormMaTnyeckun metop, KOTOprI7I oTpuuan UMHAOYKUMKO KakK cnocob
no3HaHusA. No3HaHWe BO3MOXXHO TOMbKO A€O0YKTUBHbIM Pa3BUTUEM
NCXOAOHBLIX MOSTIOXKEHUMN.

®. bakoH KPUTNKOBArl OOrMaTM4Yeckun MeTod U nbitancs 3aMeHUTb
ero smMrnmpn4ecKknmM — nepBbiM BBEJT NMNOHATUE 3KCNEPUMEHTA. B ero
npencTaBIEHUAX Oblna HeJoOLEHKA porn geaykKkuun.

[. FTanunen nepBbiM caenan nonbiTky o0beaAnHNTb OAeOYKTUBHbIN U
amnmpuyeckun noaxodbl. OH BNepBble UCMOSMb30Ban 3KCNEPUMEHT
0N NPOBEPKU TEOPETUYECKNX MOSTOXKEHNM.

K. Monep 3aBepwunn 310 obbeauHeHWe K co3gan COBPEMEHHYHO
TEOPUIO Hay4YHOIO NMO3HaHUS.

P. ®uwep, KO. HbtomaH n 3. TlMpCOH BBENN CTATUCTUYECKYIO
NpOBEPKY rNMnNoTe3.



CBA3b MeXay noeegeHnem n MoJiekyriamm

Mexay nosegeHUeM U Mosiekyrnamm MMeeTCS
CUrHanbHaga cBsi3b, COOPMMpPOBaAHHAA B Xo4e npoLecca
3BOMHOLUUN,

Cunctembl MONEKYNAPHBbIX MEXAaHM3MOB PerynupyoLLmx
noBeAeHne MakCMManbHO BbIpOXAEHHbIE. ImeeTcs
M30bITOYHOCTb U CYLLIECTBYET MHOXECTBO AYONuUpyroLmx
MEeXaHN3MOB.

[TnenpoTponua - ogHa 1 Ta e MoneKkynsapHaa cuctema
y4YacTBYeT B perynaunm MHormx gpopm nosegeHus.

[TonureHus - nobdas dopma NoBeaeHNS PErynMpyeTcs
MHOMMMM reHamMmun ecnm He BCeM reHOMOM.



Pa3sHoobpasne MeTogoB U Noaxo0B
HENPOreHOMMKN NoBeaEeHUS

dapmakoformdeckme metoabl:

I3mMeHeHne KOHLLeHTpaLmmn MegmuaTopoB (CHMKEHNE Unu
NOBbILLEHNE C MOMOLLIbIO hapMaKoIorM4eckmx MeTogoB Unu
BBEIEHMEM SKCMPECCUPYHOLLIMXCS BEKTOPOB).

BosgencTBme Ha peLenTopbl MeanaTopoB (BBegeHNEM
aroHNCTOB UMM aHTaroHNCTOB UMW U3MEHEHNE YPOBHS
PELIENTOPOB C MOMOLLbIO 3KCMPECCUPYIOLLIMXCHA BEKTOPOB)

Henpoxumuyeckmne metoabl:

N3amepeHne HEMPOXUMUYECKNX NMOoKa3aTENEWN.
3y4eHune cekpeunm MeanaTopos.
MeToabl 00paTHOW FTEHETUKW:

N3y4yeHune reHoB-KaHaMaaToB
TpaHCreHHble N HOKayTHbIE MbILLIW.



dapmakonormyeckme Metogbl: YMeHbLUEHNEe

KOHLUEeHTpauum megmartopa

A%
onrocga .‘\ \f}//ma/ramyo
MmN " 4‘

Pa3pyLueHne oKoH4YaHUM
(HEMPOTOKCUHDI).

- OnycTtoleHne Be3unKyrn

(MOHOAMWHBI).

Pa3pyLwieHne Ten HEUPOHOB.
(He npumeHUmMo N4

aLeTUnxornunHa, rnytamara u
[AMK).

NHrmbmnpoBaHue KroveBbIX
depMEHTOB CMHTE3A
MeaunaTopa.



YBenunyeHme KoHUeHTpaumMm megmnartopa

— ® WHrmbmnpoBaHue
doepMeHTOB pa3spyLUeHUs.

e BseneHue pennsepos,
yCUNMUBaKLWLMNX CeKpeLnto
Meaunartopa (amdertamuH, d-
doeHpriypammn).

® V/HrmbunposaHme obpaTHOro
3axBaTa megmartopa.

e [lobaBneHue
MeTabonM4ecKkoro
npeaLlecTBeHHUKA.




dapmakonorna peLentopos

® OcHoBHasi HpopMaL A O pornn MeanaTopoB B
perynauum nosegeHuns rnosy4vyeHa npu BBe4eHnmn BeLecTB
OEWUCTBYIOLLMX HA peLenTopsbl.

® Jlurang — coegmHeHue, cneundunyeckn cea3biBatoLLeecs
C peuentopoM (K <10 M).

® CenekTBHOCTb OMpeaenseTca cpaBHeHeM K, ans
Pa3NNYHbIX PELENTOPOB.

® AroHUCTbI — COEANHEHNS, aKTUBUPYIOLLIME PELIENTOPbI.

® AHTaroHUCTbI — COEAUHEHUS], UHTMbUpYyoLLIME
peLenTopsbl.



BBeaeHmne npenapartoB

OcTtpoe (oauH pas).

[loBTOpHOE (OO0 5 pa3).

XpoHu4yeckoe (bonee 7 AHEN).

Uepes poT B NTbEBOW BOAE, B KOPME UNN Yepes 30HA.
BHYyTpnbpIOLLMHHOE.

CucrteMHoe — BHYTPUBEHHOE.

BHyTpunyepenHoe.

[103a B MKr ans BHYTpU4epenHoro n B MI/Kr Beca ans
ocTanbHbIX CIOCOOOB BBEAEHUS.



AI3mepeHune KoHUEeHTpaumn meguaTopa

In situ Ha cpe3ax Mo3ra C MNOMOLLbK XMMNYECKNX
coeauHEHNN UMM MOHOKIOHarbHbIX aHTUTEN.
icnonb3yeTcsa ans KapTupoBaHUA HEMPOHOB B MO3re.

In vitro MeanaTop 3KTparnpyroT U3 TKaHu Mo3ra u ero
KOHUEHTpauuo onpeaendroT B pacTBope:

donyopumeTpunyecku rnocne cneumdounyeckon obpadoTku,

pagnodepmMeHTHbLIM METOAOM MNOCIe BBeAeHUSA
pagmnoakTUBHOM METKN B MOMNEKYNY MeauaTtopa c
NMOMOLLbIO cneynduyeckux pepmMeHToB U1

C NMOMOLLIbIO XXMOKOCTHOW XpomMaTtorpadum BbICOKOTo
[OaBreHus.

Cekpeunsi Mmegmnatopa MeTogomM MUKpoamanmaa.



Reversed genetics

3anpoc Ha caute NCBI
CJI0OBOCOYETaHUA
“Animal Model”

2=600275

MNMepBas
TpaHCreHHas
Mbiwb (1982)

A MILLEBSECOND PUESAR ‘

1965

TeXHONOruA NONY4YeHUsi HOKayTHbIX MbILLER

Naypeats Hobenesckoit npemum (2007):

lNMepBas HokayTHasA
Mbiwwb (1989)

MNoabl

Mapwuo Kanekku, Onnsep Cmutuc, cap MapTus 3saHc 7‘
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[lony4yeHne HOKayTHbLIX MblLLEN

BeepgeHune gechektHon AHK

BnacToumcr @

OT160p 6nacroymcr
Ha YCTOMHYMMBOCTb K

%x LOJ( C) HeoOMMUMUHY

Xumepa ¢

) ) ¢ .
Hokayr

1 PeuMnueHr

HaKTUBUpPYET reH.
[Tony4yeHne HokayTa:

BeeneHune B bnactounctol JHK
reHa, MHaKTMBUPOBAHHOIO
BCTaBKOW YCTOUYNBOCTMU K
HEOMULIVHY.

B pesynsrate pekomonHauum y
yacTun bnacTouucToB
HOpPMarnbHbI FEH 3aMeHSAETCS
Ha AedEKTHLIN,

Cenekuyuna yCTONYMBLIX K
HEOMULMHY 6r1acTOLNCTOB.

BBeneHVe N3MEHEHHLIX KNETOB
B OnacTyny peumnueHTa.

OTOOP XMMEPHBIX KUBOTHbIX U
X FOMO3UTroTU3aLms.



[ eHeTU4YeCKMn HoKayT: 3a U NPOTUB

® [losBongaeTt uccnegoBaTb 3HAYEHUE OTAENBHOIO reHa.

® BnusHue HOKayTa Ha noBeaeHue B 0bLLEM coBNagaeT C
apdpeKkTamMy aHTaroHNCTOB.

® [lo3Bongdet BbIABUTL MONEKYNAPHbIE MEXaHU3MbI
OEVNCTBUSA Npenaparos.

® B page cnyyaeB NpuBOAUT K OTKPLITUKO HOBbLIX FEHOB
(tph2).

® AKTMBaLMA KOMMEHCATOPHbIX MEXAaHN3MOB.

® IpyaHo co3gaTb agekBaTHbIM KOHTPOSb.



OcHOBHOE NPOTUBOPEYNE MOSNTIUTEHHOM KOHLIEMNLINK

e OauH nonureH gob6asnder mano uHdopmauum o
MOJTEKYNSPHON CTPYKTYpE NOBEAEHUS.

o O,EI,HOBpeMeHHbIIZ aHalin3 BCEX  BO3MOXHbIX
norimreHoB, accounMmnpoBaHHbIX C UCCrieAyeMbIM
NPU3HaKOM, NpeBoCXoanNT BO3IMOXHOCTU HAYKW..

e [lonureHHass  KoHuenuua  dopmarnbHa: OHa
oTBeYyaeT  Ha Bonpoc  «Kakne  rnokycol
KOHTPOMMPYIOT MOBedeHME?», HO He Ha BOMpocC
«Kakne MOJ1EKYNAPHbIE MeXaHU3Mbl
accounmpoBaHbl C AaHHbIMKW NOKYyCaMn?»



[MnoTes3a rmaBHOro reHa KOPPEKTUPYET
HeJoCTaTKM MOSNTIMTeHHOW rmnoTe3bl

® [nnortesa rMaBHOIoO reHa BO3HUKIA KakK
KOMMNpOMUCC Ha rmaBHoe npoTneBopeymne
NOJINFreHHOW rMnNoTe3bl.

@ OHa nocTtynupyet oauH reH c 6boriee curbHbIM
aPPeKkToM Ha noBedeHue. [NaBHbIM TEH MOXET
onpegenate Oonee  10%  HacneacTBEHHOM
M3MEHYMBOCTU MNOBEOEHUS, Torga Kak BKnag
KaxKgoro nonumreHa He npesblllaeT 1%.

e [loareepxaeHnem OaHHOW TUNOTE3bl  CIYXUT
3aMeTHOe BINUAHME Ha noBedeHMe HoKayTa Mo
reHam, BOBJIEYEHHbIM B CUrHamnbHbIE MNpoLEecChl B
MoO3re.
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CornacyeTcs C KOHLUEeNuUUen rnaBHbIX rEeHOB U SIBMAETCA ee peanusauunen;
NOCTYNUPYET, YTO HacneacTBEHHbIE NBMEHEHNS NOBEAEHNSI 00YCNOBMEHLI
YHKLUMOHANBbHLIMW MYTaLUSMU O4HOIO UITM HECKONbLKUX rEHOB, PErYNNPYHOLLINX
doyHKLMN MO3ra;

SIBMNSAETCA 3KCrnaHcuen pusnonorm4eckoro MblLLNEHNS B reHETUKY NOBEAEHUS;

[eHbl KaHAWAATbI A0JTKHbI: AKCNPECCMPOBATLCH B MO3re, y4acTBOBaTb B CUHANbHbIX
npoueccax B LUJHC, ObITb cuenneHHbIMK ¢ TIOKycaMn, acCoOLNMMPOBAHHbBIMM C
N3MEHEHNSMU NMOBEOEHUS.




Bo3MoXHble MyTUN OT reHa K nosegeHnmto
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(enzyme or transporter)  Alteration of synaptic Alteration of brain function
activity

;gi —) BEHAVIOR
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Protein (receptor)
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Table 1: Overview of recent evidence for candidate genes for bipolar disorder (BPD)

[eHbl KaHaMOAaThl, aCCOLUUMPOBAHHbIE C
GunonspHbBIMM NCUX03aMu

Bl yacTo cBaA3bIBaOT C AUCHYHKLNEN
5-HT cuctembl Mo3ra

Gene Location Functional significance Supportive evidence
DISC1 1942 Neuronal structural protein Millar et al. (2004)
DRD5 4p16.1 DA system regulates emotion and motivation Holmes et al. (2001)*
DAT 5p Mediates reuptake of DA Greenwood et al. (2001)
HTR4 5q Encodes the 5-HT4 receptor, which influences DA secretion Ohtsuki et al. (2002)
GRIN1 9q Codes for a critical NMDA receptor subunit; lithium may act Mundo et al. (2003)
via NMDAR
DRD4 11p DA system regulates emotion and motivation Muglia et al. (2002)
BDNF 11p Neuronal growth factor involved in stress and antidepressant Sklar et al. (2002), Neves-Pereira et al. (2002),
= response Kernie et al. (2000)*, Dluzen et al. (2001)*,
Lyons et al. (1999)*
DRD2 11q DA system regulates emotion and motivation Massat et al. (2002a)
NCAM1 11q Involved in neuronal growth and pathway formation Arai et al. (2004)
P2RX7 12q Calcium-stimulated ATPase; influences neurotransmitter Barden et al. (2004)
release and neurogenesis
G72/G30 13q G72 interacts with p-amino acid oxidase; G30 unknown Hattori et al. (2003), Chen et al. {2004),
Schumacher et al. (2004)
HTR2A 13q May mediate effects of serotonin reuptake inhibitors Ranade et al. (2003)
GRIN2A 16p Glutamate receptor subunit Itokawa et al. (2003)
ADCY9 16p Second messenger in neuronal signaling; may be Toyota et al. (2002b)
antidepressant target
5-HTT 17q Promoter alleles affect transcriptional efficiency of 5-HTT Collier et al. (1996), Rotondo et al. (2002)
CHMP1.5 18p Affects G-protein signaling Berrettini (2003)
COMT 22q COMT alleles affect enzymatic activity Lachman et al. (1996), Rotondo et al. (2002)
GRK3 22q Regulates homeostatic brain response to DA Barrett et al. (2003), Niculescu et al. (2000)*
GABRA3 Xq BPD may stem in part from GABA deficit Massat et al. (2002b)
MAOA Xp Degrades DA, serotonin, norepinephrine Preisig et al. (2000)




[ eHbl KaHOMOAaTbI B I'ICI/IXI/IanI/I‘-IeCKOI7I reHeETuKn

[NaBHbIM NoAxod B MNCUXMATPUYECKON TFEHETUKE
BKIOYaeT n3ydyeHme accoumaunmu Mexay
MyTaumMsMmn reHoB-KaHOMOAToOB WM NoBeOeHMEM.
ST MyTaunm odbIYHO NCMOSb3YIOTCHA Kak MapKepbl
reHoB-KaHOMOAaTOB.

BkritoyaeT cpaBHeHME pacnpeneneHns MyTaHTHbIX
annenen reHoB-kaHAMOATOB B KOHTPACTHbLIX MO
Bblpa)XeHHOCTU NoBeaeHUA rpynnax.

OCHOBHbIMW CTaTUCTUKAMU ABNAKOTCS X2 1 ANOVA.

CTatucTnyeckn 3Ha4YMmoe pasnuyme B YacTtoTax
reHOTMNOB M annenen NoNMMOPdHbLIX BapUaHTOB
reHOB-KaHaMaaToB Mexay rpynnamu
cBugeTenbcTeyeT 00  accoumauum  Mexay
MyTaumen N BbIPaXEHHOCTbID HaceaCTBEHHOIO
noBeaeHus.



[Mporpecc, KOTOPbIN NPUHOCUT KOHLIEMLUS FTEHOB-
KaHOWOATOB B MCUXMATPUIO

PacnpoctpaHeHne ngen n MeTtogoB MOMNEKYNSApPHOU
buonorn B NCUXUATpUO, HENpPoOOMONornK u
9TOJIOTUIO.

@ [leMOHCTpauma accouvauum mMexagy reHamm u

noBeaeHneM.

B MonekynsgpHonm ncuxuatpum KOHUEenuua reHoB-
KaHOuOaToB 4acTo 4BNAeTcd  e4UHCTBEHHbIMU
CNOCOOOM U3Yy4YEHUSI MOJSIEKYSIAPHBIX MEXaHU3MOB
HOpPMarsibHOro 1 NaToriorM4yeckoro nNoBeaeHus.



[lepBas npobrnema: BbIDOP reHa-kaHangaTa n3 Tbicsu
NOTEHLUMASIbHbIX FEHOB

Menuarop Yuciio renon

CEPOTOHUH 18
nopamuH 10
HOpaJIpEHAJINH 14
AL TUJIXOJINH 24
['’AMK 23

® Oxono 10 000 reHOB 3KCIMPECCUPYHOTCS B MO3re 1 y4aCcTBYIHOT B
CUrHanbHbIX Npoueccax. Kaxabin n3 aTux reHoB MOXHO
paccMaTtpuBaTth Kak BOSMOXHbIWN KaHaMaaT, HO HEBO3MOXHO
NPOTEeCTUpPOBaThb BCE BO3MOXHbIE€ reHbl-kaHanaaThl.

® Bo3MOXHO TONbKO NPOBEPUTL rMNoTe3y 06 y4acTum OgHOro
BbIOpaHHOIo reHa B perynsuuu nccrnegyemMoro noBeaeHus.



Bropas npobnema: BbI6op oaHoro nonnmopdunama na3 6onbLIoro
Yyucna BO3MOXHbIX

Nielsen et al., 1994 Abbar et al., 1995

Bribopka EBponennsi, CIITA EBporneiubl, EBpona
[TanmeHTHI 36 62

KoHnTtpob 34 52

[Tonmumopduzm Intron 7 Ava II, RFLP
Accoupmanus Ila Her

® Pesynbrar paboTbl YacTo 3aBUCUT OT Bbibopa nonmmopdguama.

® Hanpumep, accoumaumnsa pucka cymumaa c reHom TT1M1 3aBucKUT ot
Tuna aToro nonumMmopdguama.

® PuCK NOXHbIX NO3UTMBOB MOXXHO YMEHbLLUNTL ECITM UCMONb3YHTCS
byHKUMOHaNbHbIE MyTaLK.



[lpoTOKON nccnenoBaHns reHoB-KaHaOWO4aToB

loeanbHbIW MPOTOKOS BKIHOYAET:

1. Beibop cnctembl, BOBEYEHHOW B PErynaunto
nccrnegyemMoro noseaeHus.

2. BbIGop reHa, nrpatoLero Kro4eBsyto porib B perynsuum
BblOpaHHOM MeaMaToOpPHOW CUCTEMBI.

3. Bbibop hyHKLMOHaNbLHOM MyTaLmn, KoTopast USMEHSIET
aKcnpeccuto nnu dyHKLUMOHANbHY akTUBHOCTb
KOOWPYEeMOro reHoM-kaHangaTom bernka.

4. OueHKa accouuaunum mexay gaHHoOWu MmyTtaunen c
noBegeHneM.

5. [NoaTBepxkaeHne nonyvyeHHoOM accoumnaumm
HEe3aBNUCUMbIMN FEHETUYECKUMN, HEUPOBMONOrNYECKUMMN K
dbapMaKkonormyeckumMm Metogamu.
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DyHKLUMOHaNbHblIE MOUMMOP®DOU3MbI B

reHax,
perynupyrouwmnx 5-HT cucrtemy
yenoBeka
TPH?2 G1463A (SNP) A/A (20% of activity)
HTRIA -1019C>G (SNP) C/C
SLC6A4 SHTTLPR (VNTR) 14/14 (50% of activity)
STin2 (VNTR) 10/10

MAOA 1.2 kb upstream (VNTR) 3/3 (2-10 times)



Accoumnaums Mexay reHoM hTPH2 1 NcMxonaTornorusimm

GROUP NUMBER (%)

TOTAL A/A G/A
PATIENTS 87 3 (3.44) 6 (6.88)
CONTROL 219 1 (0.46) 2 (0.92)

® Meta aHanuns c ucnonb3oBaHue H60rbLLONO YMcna Mapkepos
OeMOHCTpUpyeT accoumauuio reHa T2 ¢ puckom ncmxonaTonorum u
cynumaa (Popova, Kulikov, 2010). 5 peakux doyHKUMOHANbHbIX MyTaLui
ObIN HAMAEHbI Y MCUXNYECKUX BONbHbIX.

® [lonnmopdunam G1463A Bbi3biBaeT 3aMeHy Argd41His N CHUXKaeT
aktmBHoCTb TT1I2 in vitro. [loka3aHa accounaums pegkoro A annens c
PUCKOM YHMUNOMAPHOIo Nncmxo3a: YactoTta A annena ysenmyeHa oo
13.8% y genpeccuBHbIX NALUMEHTOB NO CPaBHEHUIO C 1.8% Y KOHTPONA
(Zhang et al., 2005).



MbILWWHbIe MOoAeNn YHKLMOHANbHbIX MyTauuii B reHax
CUCTEMbI YesloBEKA

Tph?2 KO Gutknecht et al., 2008; Savelieva et al., 2008; Alenina et al., 2009,
R439H Beaulieu et al., 2008
C1473G (P447R) Siesser et al., 2010; Bazovkina et al., 2015
Slc6a4 KO Bengel et al., 1998
Maoa KO Cases et al., 1995
Htrla KO Parks et al., 1998; Heisler et al., 1998; Ramboz et al., 1998
. Tph2 " _SHT &_’ " Sert - . ) §
ORI ] 7 > :
= g : Eq
KO i 3 5 § 0 g:

from Gutknecht et al., J Neural Transm 2008, 115:1127-1132. from Alenitia etal,, PNAS 106:10333-10337.



P PeKTbl CHUXEHNA aKTUBHOCTUTPH2 Ha
noseaeHne Mblllen

Tph2KO R439H P447R

Aggression
T1,4,5] T1[2] T3] 1 [6]
Anxiety-related behavior
1[2,5] T3] —[6]
Depressive-like behavior(forced swim test)
V71T I5] 1 [6]
Depressive-like behavior (tail suspension test)
— [5] T3]

lAlenina et al., 2009; 2Angoa-Perez et al., 2012; 3Beaulieu et al., 2008;
“Lesch et al., 2012; °Mosienko et al., 2012; ®Osipova et al., 2009;
’Savelieva et al., 2008
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FEATURE ARTICLE

A systematic review of association studies investigating
genes coding for serotonin receptors and the serotonin
transporter: |. Affective disorders

M Anguelova’, C Benkelfat? and G Turecki’

"Douglas Hospital Research Center, McGill University, Montreal, Canada; 2MUHC, McGill University, Montreal, Canada

The different 5-HT (serotonin) receptors including the serotonin transporter (5-HTT) are
candidate genes for affective disorders such as major depressive disorder (MDD) and bipolar
disorder (BD). They have been investigated in a number of allelic association studies where the
individual results have been inconsistent, and therefore, definite conclusions are difficult to
make. Systematic reviews using meta-analytical techniques are a reliable method for
objectively and reproducibly assessing individual studies and generating combined result.
This study aimed at reviewing published studies investigating the association between
affective disorders (MDD and BD) and variation at genes coding for serotonin receptors and
the serotonin transporter. We performed National Library of Medicine database searches to
identify potential studies. More than 430 articles were reviewed and 86 studies met the
inclusion criteria for participation in our review. Of these, 41 studies investigated 45 different 5-
HT receptor variants and 45 studies investigated at least one of two commonly studied 5-HTT
polymorphisms in MDD. Many studies investigated the association between MDD and BD with
the 5-HT2A 102 T/C, the 5-HTT promoter 44 bp insertion/deletion and the intron 2 VNTR
polymorphisms, and thus, these could be pooled using meta-analytic techniques. The overall
odds ratio (OR) for the combined individual results was significant for BD and the two 5-HTT
polymorphisms: Mantel-Haenszel weighted OR %41.14, Cl: 1.03-1.26, P 40.015 for the promoter
locus (N %3467) and Mantel-Haenszel Weighted odds ratio OR%1.18, Cl: 1.05-1.32, P ¥40.004
for the VNTR locus (N %3620). However, sensitivity analysis indicated that, in each case, the
overall positive association could be mostly attributed to the large effect of one individual
study. Therefore, these results suggest that, although promising, further studies are required
to assess appropriately the evidence suggesting an association between BD and 5-HTT.
Molecular Psychiatry (2003) 8, 574-591. doi:10.1038/sj.mp.4001328

Keywords: bipolar disorder; major depressive disorder; genetic association studies; genetic
polymorphisms; serotonin receptors; serotonin transporter



[eicTBne aHTUAENPECCaHTOB Ha HEMOABMXHOCTb
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- CnoHTaHHas MexcamuoBas arpeccus




[eHbl-KaHaMOaTbl MEXCaMLIOBON arpeccuu
(Maxson, 1999)

AOEHO3MH 2a peuenTop
AHOpOreH peuenTtop
Kanbunn/kanbsmoaynuH KnHasa
AHOpOreH peuenTtop

Kanbunn/kanbsmoaynuH KnHasa
|l

OHKedanuH

PeuenTtop acTtporeHa
[MncTamnHoBbLIN 1 peLenTop
5-HT1B peuenTop

MAO A

NCAM

HenponeknH-1 peuenTop
NO cuHTeTasa
OKCUTOUMH

Ctepoung cynbdoTtasa
Ob6nactb XpoMocombl Y
TaxuknHuH 1 peuenTop
[eH OTCyTCTBUSA XBOCTA
T doakTop pocTta a



Bbibop nonnmopdunama C1473G
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e [lonnumopdunam C1473G npmBoanT K 3ameHe Pro447Arg B monekyne TII2 (Zhang et al.,,
2004) . 310 OCHOBHOM hakTOp HacreacTBeHHOM nameH4mBocTu TI1I2 B Mo3re

nabopaTopHbIX MbILLEN.

® Annenb 1473G allele accounnpoBaH ¢ HU3KOW akTUBHOCTLIO T2 B MO3re MbiLLen
(Kulikov et al., 2005; 2007). OgHako NoIMMOpPdU3M HE BIIUAET Ha YPOBEHb U
MeTabonmam cepoToHMHA B MO3re (Siesser et al., 2010; Bazhenova et al., 2017).

e B T10Xe Bpems, annenb 1473G nepeHeceHHbIN B reHoMm C57BL/6 He BNUAn Ha
OBUraTenbHY aKTUBHOCTb, TPEBOXHOCTL (Tenner et al., 2008; Osipova et al., 2009) n
OenpeccmBHOE NoBeLeHME B TeCTax NpUHyAUTENbHOro nnasaHus (Tenner et al., 2008) u
tail suspension (Siesser et al., 2010).

e B T10Xe Bpems, annenb 1473G 3HAYNTENbHO CHUXXAET BblPpaXXEHHOCTb MEXXCaML0BOW
arpeccum y mbien (Kulikov et al., 2005, 2012; Osipova et al., 2009).



PacnpegenexHue nonmmopdunamon C1473G u
C1477T B nonynaunax AMKNX MblLLeN

GG CC TT C(%) T(%)

HoBocubupck 33 33 0 0 14 18 1 70 30
Kanmbixkus 19 19 0 0 0 11 8 29 71
ApmeHnus 11 11 0 0 11 0 0 100 O

MockBa 10 10 O 0 1 4 35 65
SHAO 2 2 0 0 1 1 0 75 25
Bcero 75 75 0 0 27 35 13 59 41

(Osipova et al., Genes Brain Behav, 2010).



Accouunaums nonumopdunama C1473G C UHTEHCUBHOCTbLIO
MeXCaMLIOBOM arpeccun MbilLen
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@ Camubl 5 NUHMI TOMO3MIOTHBLIX MO C annento atakoBanu MHTpyadepa BOABOE
bonee MHTEHCMBHO YeM caMLibl 3 NMTIMHUA TOMO3UIOTHBLIX MO G annento (Kulikov
et al., 2005).

® CuenneHne wmexgy G annenem W WHTEHCUBHOCTbIO arpeccum y
MHTEpKpoccoB F, Mexay C57BL/6 (Bbicokas arpeccusi) n CC57BR (Hu3kas
arpeccusi) MacKkupyeTcs cerperaumen rno gpyrmm HemporeHam.



[NokasaTtenbCcTBO cuenneHmsa nonmmopduama c1473g
C MHTEHCMBHOCTbIO MEXCaMLOBOW arpeccum
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dapmakosiormyeckoe gokasaTenbCTBO y4acTus
T2 B perynaumm arpeccum y MbilLen
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L-tpuntodaHn pCPA
CC57BR C57BL/6

® AKTMUBaUMA cnHTE3a 5-HT L-TpuntodoaHOM 3HAYUTESIbHO YCUITMBAET
MHTEHCUBHOCTb ApaK Y Mbllen cnabo arpeccmBHom nuHnum CC57BR.

® WHrnbutop TI1IM2, pCPA 3HAUMUTENBLHO CHMXKAET MHTEHCUBHOCTb arpeccun y
MbILLEW BbICOKO arpeccuBHoOm nnHum C57BL/6 (Kulikov et al, Behav Brain Res
2012).



HacnencrteeHHasa katanencua y Kpbic ['K

® B nonynauum kpbic Buctap okono 10% >XXUBOTHbIX COXPaHAT
NPUOaHHYIO UM BEPTUKAIbHYIO No3y boree 20 c.

® OTOT Npu3HaK Obll yCUIeH ONUTENbHOW ceriekumen u nonydeHa
nuHua kpblic 'K (reHeTnyeckaa kartanencus), B KOTOpon Kartanencus
HabntogaeTtcs bornee Yem y 50% ocoben (bapbikmHa u ap., 1983).



HacnencreeHHasa Katanencus y Mblllen n Kpbic
COMpoBOXAaeTcs fToKanbHbIM YBENMMYEHNEM aKTUBHOCTU
~TI1l-2 B cTpnatyme

MbILL
KPbIChbI
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164 16'
14 14

12+ 12+
104 10.
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CBA AKR BUCTAP 'K
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N A
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o

*p<0.05,**p<0.01,***p<0.001 vs KaTanenTmKoB.



NHrmouTtopsl TT1M-2 ymeHbLLAOT BPEMS 3aMUpaHuns
MbILLEWN U KPbIC

MbILL CBA KPbICbI 'K
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KatanentonogoOHble COCTOSAHUSA Y NMATYLLKW
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@ CBsa3b KaTanencum c CepOTOHMHOM HOCUT CUrHaNbHbIV
XapakTep.
e KaTtanentonoooOHble cOCTOAHUSA SLS-1, SLS-2 u

dooTOreHHas Kkatanencusa y narywek, HanpoTms,
CONpPOBOXOalTCsA CHUXeHnemM aktusHocTu TI1TM-2



