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Y-DNA Haplogroup Migration Patterns
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[IyTr pactipoCcTpaHEHUA TEHETUYECKUX JIMHUAMN MIPOXOIAT Y€PE3 MOIYIIALNM, a HE
gyepe3 Topbl U JoIUMHbL. UTOOBI «IPUBS3aThY JIMHUM TeorpaduueCKUM TOUKaM,

HeoOxoguMo ucciaenoBars JIHK 13 gpeBHUX 0CTaHKOB.
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Ancient DNA from the
First European Farmers in
7500-Year-0Old Neolithic Sites

Fig. 1. ﬂkm nfﬂleﬂmcmﬁaiﬁtmpamfarm The orange andredamas indicate the
widest d on of the earliest Meolithic farming cultures LBK and AVE aﬁ:er 7500 years before the
resent Circles represent sites with MNla haplotypes, and triangles represent sites with other
plotypes. Mames are given for Nla sites only. For details on the archaeclogical sites, see table 53.

Haak et al., Science 2005
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NEH JIAKTA3bI: paboTaeT y Bcex MnageHues, HO B
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Genelic interval scale

K=53
B [\ 4 G55
MIN= 1280
MAX= G540
MEAN= 6642
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YactoTa HecnocobHOCTM ycBamBaTb LieSibHOe MOSI0KO
1-2% B ['onnaHgum >70% B Cnbupun 98% B Kntae n AnoHnn

30-50% Yy pyccknx pasHbIX permoHoB

Kosnos A./., banaHosckas E.B., Hyp6aes C.[., bBanaHosckui O.I1., leHoreorpacus neperuyHOn
rmnonaktasun B nonynsaumax Ctaporo Ceerta. // leHeTuka. 1998. 34 (4): . 551-561.



KTo moxeT NnuTb MONOKO?
(pe3ynbraTbl aHanu3a [JHK)

EBpona, 7 TbiC NeT Ha3ag

eKretuonas
*Drestwo
Derenburg
Eltvillele

*Szarvas
Samiple Culture Archasological or radiocarbon dating
ELT 2 Merovinglan A D, S00-500
DEE 1 Neolithic Linear Pottery S500-5000 B.C
DEE 3 Neolithic Linear Pottery S500-5000 B.C
DEE 4 Neolithic Linear Pottery S500-5000 B.C
AT Nealithic Karos EEA0-5830 BC (0w 93TS) humean rib, grave |
AT Nealithic Konos CRAD- SR B L MaA-S3TS) haurman rih, grave |
STATIA Neclithic Karnos CEM-SE30 B.C (0xA-S3TE) humsn rib, grave |
¥ RE 1 Middie Neaithic Narva 3 159] 0B (DahA-5535)
KRE 2 Middie Nealtthic Marva LLED « 65 B.C (Owh-507E)
R 2 Mesalithic Fedmar 26T « 16 2l BX

Absence of the lactase-persistence-associated allele in early Neolithic Europeans.
Burger et al., Proc Natl Acad Sci U S A. 2007; 104(10):3736-41

PacnpocTtpaHeHune
MOJOYHOrO XMBOTHOBOACTBA

Piece of a roughly
7,000-year-old
sieve used to
make cheese.

6,500 YEARS AGD
Well-developed dairy
economy established in
central Europe.

7,500 YEARS AGO
Lactase persistence, the ability to drink milk
in adulthood, emerges in central Europe.

8,000 YEARS AGO

Neolithic reaches the Balkans.

8,400 YEARS AGD

Neolithic spreads to Greece.

Vo,

11,000-10,000 YEARS AGD

Neolithic culture develops in the Middle
East. This is the start of agriculture and pos-
sibly the domestication of dairy animals.

[oe nNbioT MONOKO

Percentage of adult population
that can drink milk -
- e
10% 90%

Andrew Curry—Archaeotogy:The mitk revotution
http://www.nature.com/news/archaeology-the-milk-revolution-1.13471



lNMepcucteHUUA nakTasbl ABMAETCA FreHEeTUYECKN reTeporeHHbIM
NPU3HaKoOM U obycrioBrieHa HOCUTENbCTBOM NMPOU3BOAHbIX ansneneu B
perynatopHoM yyacTtke reHa LCT

. BAGATRA TG |GTAG(CT g G| Ta .. ..

—13018bp 1310 Bp -1 B
CeB.Adpuka EeBpbona Adpuka
n BnuxHun

BocTtok

1626313

http://print.alvarezphotography.com/media/a7618d66-03dc-11e0-8fde-515e95fe8202-camel-s-milk-from-
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Mo ctatbe: Tishkoff et al.,. Convergent adaptation of human lactase persistence in Africa and Europe // Nat. Genet. 2007
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My>kuiiHa 13 Saqggaqg — no
YPOBHIO METUITMPOBAHUS
[NHK yctaHoBneH Bo3pacTt
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Genome-wide nucleosome map and cytosine methylation levels of an ancient
human genome. Pedersen et al. Genome Res. 2014 Mar;24(3):454-66.
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Horvath. DNA methylation age of human tissues
and cell types. Genome Biology 2013, 14:R115
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KocTHbie 06pas3iibi, 13 KOTOPbiX BbigeneHa OHK,
M MecCcTa HaxOo4OK OCTaHKOB HeaHAaepTanbLeB
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R E Green et al. Science 2010;328:710-722
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Bo3MOXHble CueHapum cmelleHuns ¢ HeaHAaepTanbUuamMu

Han-
French Chinee NG Yoruba San

50-100 TbiCc. NneT Ha3an
(BbIxog 13 Adppukn)

Cambli A

BEPOATHbIN 250-440 Tbic. NeT Hasaa

CLUeHapuun

R E Green et al. Science 2010;328:710-722
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The complete mitochondrial DNA genome of an
unknown hominin from southern Siberia

Johannes Krause’, Qiaomei Fu’, Jeffrey M. Good®, Bence Viola'~, Michael V. Shunkov', Anatali P. Derevianko®
& Svante Pasbo’

23/30 DECEMBER 2010

Genetic history of an archaic hominin
group from Denisova Cave in Siberia

David Reich!**, Richard E. Green®**, Martin Kircher®*, Johannes Krause®®*, Nick Parterson®*, Eric V. Durand®*, Bence Viola®",
Adrian W, Briggs"?, Udo Stenzel®, Philip L. F. Johnson®, Tomislav Maricic?®, Jeffrey M. Good®, Tomas Marques-Bonet!®1,

Can Alkan'®, Qiaomei Fu®'?, Swapan Mallick'?, Heng Li®, Matthias Meyer?, Evan E. Eichler'®, Mark Stoneking®,

Michael Richards™?, Sahra Talamo®, Michael V. Shunkov'®, Anatoli P. Derevianko'®, Jean-Jacques Hublin®, Janet Kelso?®,
Montgomery Slatkin® & Svante Pdibo*
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nature

D Reich et al. Nature 468, 1053-1060 (2010)

C no6esHoro pa3pelueHns asTopa cnangos M.C.MenbdaHaa Ann Gibbons Science 2015;349:362-366 Iﬂ AN AK




B0O3MOXHbIV CLEeHapU CMeLLEHNA pasnnyHbiX BMaos Homo
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KpomaHboHeu-HeaHaepTaneLw:

800 T.11. (cpeaHnn y4acToK)

270-440 T.n1. (pacxoxageHne BUOOB)
[leHncoseu-HeaHaepTanew
N 640 T.n1. (CpeaHni y4acToK)
HeaHgepTaneu-HeaHgepTaneuy

140 1.0n. (ByTbINOYHOE ropribILLKO)

MuToxoHgpuaneHas Eea 140-280 T1.1n.

Y-xpomocoMHbIn Agam 60-90 T.1.

D Reich et al. Nature 468, 1053-1060 (2010) doi:10.1038/nature09710
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Phylogenetic tree of complete mtDNAs.
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A mitochondrial genome sequence of
a hominin from Sima de los Huesos
Matthias Meyer ... Svante Paabo.
Nature (2013)

Homo heidelbergensis , >300 TbIC. neT



MecTta HaxodoKk HeaHaepTanbLUeB, AEHUCOBLEB U renagensbeprckoro Yenoseka

1 Sima de los Huesos 8 Engis

A 2 Denisova 9 Feldhofer

N 3 El Sidron 10 Monti Lessini
4 Valdegoba 11 Vindija
5 Les Rochers-de-Villeneuve 12 Mezmaiskaya
6 La Chapelle-aux-Saints 13 Teshik-Tash

7 Scladina - 14 Okladnikov

{

-

e
[eHuncosckas
. newyepa

Cuma ge noc Yacoc

M Meyer et al. Nature 000, 1-4 (2013) doi:10.1038/nature12788



TaK 4TO Xe npoucxoanno B no3gHem lMNnencroueHe?

Denisovans
Modern humans Neanderthals

D.l. Denisova

i > Altai
Asia 4 S / \ Vindija

Mezmaiskaya

Europe

276-403 1.10.
<« 1.521%

Africa

77-114 1.0.

Potential
unknown
hominin

553-589 T.N.

D 2> A — HesicHO
N = A — BO3MOXHO, O0MN. NOTOK
N - CeB. Adp. — yepes E (obcyxpaetcs)

AnTanckuin HeangepTaneLl, Monoxe AeHUCoBLa K Priifer e al, Nature (2013) nature

C ntobesHoro paspelueHus aBtopa cnangos M.C.lenbdanaa

0.9-1.1-1.4-4 m.n.




HOBbIE TEHOMHDbIE
TEXHOJIOI' .

JPA BIG DATA



Jpa Big Data: nosnHble reHOMbI, 3K30MbI U
Genome Wide Association Study GWAS

[eHbl-kaHAMAaTbl:

5 reHos,
100 60nbHbIX + 100 KOHTPOSb

GWAS:
1 MNH TOYEK reHoma,
COTHU TbICAY YernoBek

GWAS catalog (NHGRI + EMBL-EBI)
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Total number of publications of GWAS
500

ﬁﬁnﬂﬂﬂﬂﬂ I

2005 2006 2007 2008 2009 2010 2011 2012 2013
Calendar quarter

The total number of published Genome-wide association study (GWAS) worldwide since the first GWAS
work was reported in 2005.
Only those attempting to assay at least 100,000 SNPs in the initial stage are included.

Ping Zeng et al. Statistical analysis for genome-wide association study. Biomed Res. 2015 Jul; 29(4): 285-297.



SPIEGEL ONLINE

IxxoH Kpeur BeHTep:

BeTEpaH BOWH - FTEHETUK - DU3HECMEH - OPraHn3aTop Hayku

Der Spiegel Interview with Craig Venter
http://lwww.spiegel.de/international/world/0,1518,709174-

2,00.html

O SPIEGEL: “Why is it taking so long for the results of genome research to be
applied in medicine?”

O VENTER: “Because we have, in truth, learned nothing from the genome

other than probabilities. How does a 1 or 3 percent increased risk for
something translate into the clinic? It is useless information.”

07/29/2010 20



EBreHnn NvHTep: «'eHeTUYeCKUM nacnopT —
3TO npodhaHauusa»

«An® 3gopoBbe», Ne 3 ot 15 sHBapsa 2009
http://www.aif.ru/health/article/23908

feHeTUYecKMe nacnopTa B TaKOM BuAe, B KAKOM OHMU CYLLEeCTBYIOT
cerofHs, He HYXXHbl aGCONMIOTHO.
U B Hawem LeHTpe Mbl 3TUM He 3aHUMaeMCH.

Cenyac BO BceM MUpe 3aHNMMarTCA 3TUM TOJIbKO YaCTHblIe KOMMep4YeCKue

CTPYKTYpbI.
U ecnun yXx coBceM OTKPOBEHHO, AiyMalo, HU B O4HOWN TaKOMN CTPYKTYype HU
OA4HOro rpamMoTHOro, KBanupuuupoBaHHOro Bpaya-reHeTUKa HeT, a ecriu u
eCTb, TO OH 3aHMMaeTcs npocaHaumen.

Ckaxy 6onblue, reHeTU4YECKNI NacnopT B TOM Buae,
B KOTOPOM ero cenyac BblgaloT KOMMep4eckue
CTPYKTYPbl, MOXET MPUHECTU CyLLeCTBEHHbIN Bpes.

YenoBeKy roBOpAT, YTO Yy HEro eCTb NpeapacnosioXXeHHOCTb K caXxapHOMY
AnabeTy nnu K nwuemmyeckom 6onesHn cepaua.

N yTto panbwe?

Huuero, kpome 6aHanbHbLIX COBETOB BECTU 340POBbLIN 00pa3 XXU3HU, HE KYPUTb,
Aenatb (PU3KYNbTYpY, HE €CTb CIIULLKOM XUPHYHO NULLY, AaTb €My He CMOryT.

Ho atn peKkomMmeHaaunn, n3BeCtHbie C AOUCTOPUYHECKUX BPEeMeEeH, XopoLwiun aAns
mo60ro, Aaxe Ha CTO NpPpoueHTOB 340p0BOIo 4yesfioBeka.

3ayem Xe 3anyrmBaTtb Jlil04en, BrOHATb UX B Aenpeccuro?

31



[eHbl BRCA

—e— BRCA myTauum —e— HeT myTaumini BRCA
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BospacTt

PacnpeneneHue no Bo3pacTty Havarna 3aboneBaHus y
ob6cnefoBaHHbIX XXEHLLMH C pakoM rpyan B 3aBUCUMOCTU OT
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Whole-Genome Sequencing of a Healthy Aging Cohort.
Erikson GA, Bodian DL, Rueda M, Molparia B, Scott ER, Scott-Van Zeeland AA, Topol SE, Wineinger NE, Niederhuber JE, Topol EJ, Torkamani A.

Cell. 2016 May 5;165(4):1002-11.

300poBOE cTapeHune —
NONMUIreHHbIN MPU3Hak,
POACTBEHHbIW, HO OTINUYHbIN
OT AONTrOXUTENbLCTBA.

[€eHOMbI 340POBbLIX MNOXMUIbIX
noaen odoralleHsbl
reHeTU4yeCcKuMun goaktopamu,
CHWKaIOLLMMUN PUCK Pa3BUTUSA
psiaa 3aboneBaHun U
3aLLMLWLAaoWKMMKM OT CHKEHUS
KOrTHUTUBHbIX DYHKLWN.



YpoBeHb 06pa3oBaHus B rpynne 340POBbIX MNOXUIbIX
MO CPaBHEHMUIO C UX POBECTHMKaMM B 06LLEen nonynauumn

. No high school . High school Bachelor's .Advanced

300poBble NOXKUIble Moxunoe HaceneHne CLUA KoHTponb cpegHero Bo3pacta
1354 yen.
1354 yen. 1354 yen.
84.2 roga 70-80+
33.3

Whole-Genome Sequencing of a Healthy Aging Cohort.
Erikson GA, Bodian DL, Rueda M, Molparia B, Scott ER, Scott-Van Zeeland AA, Topol SE, Wineinger NE, Niederhuber JE, Topol EJ, Torkamani A.
Cell. 2016 May 5;165(4):1002-11.
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Hago B NepBYyr oyepenb 3abOTUTLCA O ronose,

a OHa yX no3abotutcsa 060 BCeM OCTaribHOM



BbiBoA:
Hago B NepBYyr oyepenb 3abOTUTLCA O ronose,
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Oxunaaemas nPoAOITXUTEJNIbHOCTb XXU3HU 50-neTHunx MYX4YH B 3aBNCUMOCTU OT

COLIMO3KOHOMMYECKOro cTatyca B AeTCTBe M nosyyeHHoro obpasoBaHusa (CLLUA)

The file contains 30,671 adults who are representative of cohorts born between 1890 and 1953 and their spouses. VccnegosaHne nposoaunock B 1998-2008
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Oxunaaemas NPOoAOITXXUTESNIbHOCTb XXU3HU 50-reTHUX XeHLWWH B 3aBUCUMOCTH OT

COLIMO3KOHOMMYECKOro cTatyca B AeTCcTBe M nosyyeHHoro obpasoBaHusa (CLLUA)

The file contains 30,671 adults who are representative of cohorts born between 1890 and 1953 and their spouses. VccnegosaHne nposoaunock B 1998-2008
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B 1980-e npoaomkmntenbHOCTb XWU3HM B Poccun ynana y

nogen co cpegHnM U HenosrHbIM cpeaHMM 0bpasoBaHUNEM,
He 3aTPOHYB Jto4en C BbICLLUMM.
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3 POCCUS ®UHNAHOMUSA
1988-1989 1998-1999

Oxngaemas npoaosmKUTENbHOCTb XN3HN 30-NTIETHUX MYXX4YMH B Poccnu n GuHnaHaum



NMpUYnHbI CMEPTU Y POCCUNCKUX MYXKYMH — HaA NEepPBOM MecCTe
cepaeyHo-cocyaucTtble 3aboneBaHuns (CC3) n «BHeLWLHME NPUYUHBI®.

YpoBeHb cmepTHOCTU OT CC3 B 3HAUYNTENbLHON Mepe onpeaernifaeTcs ypoBHEM
noTpeoneHusa ankorons.

CMepTHOCTb OT OCTPbIX OTPaBfIEHNMN afKoOrosieM oTpaxaeT YpoBeHb NOTPeOfIeHMA ankorons.
OvuHamuka cmepTtHOCTM OT CC3 M OT OTpaBneHMn coBnapator.
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J1.JIeoH u 1ip. AJNIKOTOJIb M CMEPTHOCTB OT OoJie3Helt cuctembl kpoBooOparenus emockon Weekly, 2011 http://demoscope.ru/weekly/2011/0461/demoscope0461.pdf
CmeptHOCTB B Poccun uepes 15 ner nocie pacnaga CCCP: dakter u 00bacuenus. E.M. Aunpees, /I.A. XKnanos, B.M. llIxonsuukos/ Jlemockon Weekly, 2007 http://demoscope.ru/weekly/2007/0311/analit01.php
Leon D.A , Shkolnikov V.M , McKee M., Kiryanov N., Andreev E. Alcohol increases circulatory disease mortality in Russia: acute and chronic effects or misattribution of cause? // Int J Epidemiol. 2010; 39(5): 1279-1290



Poccua otHocuTca K CTpaHam C Hanbornee BbICOKMMM MOKa3aTensmu CMEPTHOCTU U Hanbonee BbICOKMMMU pasnn4ynamn B
CMEepPTHOCTU MeXay pas3fmiM4YHbIMMN COLIMO-3KOHOMNUYECKMU Tpynnamu.

B Poccuun npogomknuTenbHOCTb XU3HW B NOCNeAHee AeCATUNETUss He Bo3pocna (MeHee 65 neT onst MyXX4ymnH), a B psge CcTpaH
EBponbl oHa 6onblue Ha 10-15 ner.
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Oxunpaemas NpoAOIHKUTENBHOCTb
XMU3HU NPU POXOEHUM
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KonnyectBo cmepTten Myx4uH, Poccusa, 1983-1988 rr.
AnapeeB E.M. Bonpocvr cmamucmuxku. 2002 # 11. 3-15.
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KonnuectBo ankorois, r/rox

KonuyecTtBo notpebnaemoro
ankororns (B nepecyeTe Ha rpamm
aTaHona B rof), y PyCCKNUX My>XK4unH
TUMNYHOIO POCCUNCKOro ropoaa
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PacnpegeneHue rno otaenbHbIM

NPUYNHaAM CMEpPTU B BO3PACTHbIX
rpynnax cpeau My>X4mH, yMmepLumnx
OT Oones3Hen cucTtemsbl

KpoBoobpalyeHus, Poccusa, 2005 r.
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OT TpeTn A0 NOMOBUHbI POCCUNCKUX MY>KUYUH NOTPEONSAIOT ankororb B ONacHbIX
OS5 300POBbSA KONMYEeCcTBax —
bonee oaHoOM OYTbINKK B HeAento B nepecyeTe Ha Boaky. Cpean HuX:

o
14% 6oree NbIOLWMX MY>XYMH
BbIMMBALOT 3a rof CTOSMbKO Xe,

CKOJ1bKO OCTallbHblE 86(y0

:‘EHQJZI:I NbloLWNX bonee ymepeHHo
i




PacnpepneneHue nortpebrnsaemMoro ankoronsi B uccrieayemomn BbIoopke
MeXxay rpynnamm My>X4mH, paHXMpoBaHHbIMU NO KONIMYECTBY BbINUTOrO 3a rop,

40% 50% My>X4nH

= notpednsaT 90% Bcero
(@)
S 35 BbiMnBaemoro B Poccun ankorons
=
< 30
o
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2 25
£
® 20
2
o e 50% MyX4uH
o notpednsaT 10% Bcero ankorons
8 10
5 AN
% S a I
= [

0

10% 10% 10% 10% 10% 10% 10% 10% 10% 10%

NcenepnosaHHas rpynna (1500 yen.) ynopsgoyeHa no cpegHerogoBoMy KonmyecTBy NoTpebnsaemoro
ankorons, pasgeneHa Ha 10 rpynn (no 150 yen.) u ans Kaxxgown onpeaeneHo KonmyecTBo NoTpebnsemoro
ankorons. Camble nbtowme 10% sbinuatoT 40% Bcero ataHona, nocnegHue 10% soobue He NbtoT (HO
nnnu paHbLe). Hukorga B BXN3HKM He nunn — 8 Yen. n3 1500 (3 pyc, 3 yamypTta n 2 TatapuHa).
MakcumarnbHoe notpebnenue y 3% - B nepecyete Ha BogkKy oT 150 go 450 6yThinok B rog.

Jleon [I. MxxeBCKO€ HCCIEIOBaHUE CEMEN



FeHeTn4YecKan 3awmTa oT 3NoynoTpebrieHUsa ankoronem
Y Hocuteneun ADH1B*48His cHunXeHa nepeHOCUMOCTb arikororss

Espona: ADH1B*48Arg ALDH2*504Glu
HH ~ ~ H 0 /\
H C C O H AnkoronbgernaporeHasa H C C AnbpernpaernaporeHasa
H H H H
BocTouHas Asus: ADH1B*48His ALDH2*504Lys

(3aIUTHBIC BAPUAHTHI )
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S ey
| L -y PYCCKMX OYEHb
WS\ pepxo, 0.2%




Frequency of ADH1B and ALDHZ2 alleles in Eurasia

ADH1B*45His

Borinskaya et al., AJHG 2009
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CpaBHeHWe reHoB U BbiCLLEro o0pa3oBaHus:
3aluTa oT onacHbIx opM NoTpebneHns ankorons

RN
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Oonsa MyX4YMH, UMBLUUX 3aNon UK
norpeonaBwux cypporarbl, %
—_—
o

48/567

0/69

Ob6pa3zoBaHue

leH
ankoronbaernporeHasbi

N\

1/68

3anowu

- HenonHoe - - CpepHee
cpenHee

- OOBbIYHbIN
Arg/Arg

NoTpeGneHue cypporartoB

- BbicLuee

- 3a|-|-'-V|T'HbM D.Leon et al, 2011
48His BopuHckas u ap., 2013



OT1HOIIIEHUE IIIAHCOB

YMEpEHHO MbloLume YMepeHHoe notpebneHne
MOOW KMBVT AonbLue! ankonrons — Mmapkep coumnarnbHOro

brnaronosny4uma, a He NpuynHa
XOPOLLUEro 340poBbS.

164 CMepTHOCTb OT BCeX NPUYMH B 3ABUCUMOCTH OT
154 ypoBHHA nmorpedaeHus ajakorojsa (“J-kpusas)
1.4 4
1.3
o
1.2 |
1.1 | "
1 4
0.9 - u
0.8 - L
0.7 | | OTPEOIICHHUE AITKOTOMS |
- Tpessen- [Tunn <0.5 0.5-24 25-44 >45
HHUKH paHee I'paMM 3TaHOJAa B JICHb

Chikritzhs T, Fillmore K, Stockwell T A healthy dose of scepticism: four good reasons to think again
about protective effects of alcohol on coronarv heart disease. Drug Alcohol Rev. 2009:28(4):441-4.



OT1HOIIIEHUE IIIAHCOB

Ankoronb nonesexH

ons cepaua! Pe3ynsTaT nccnegosaHui:

MAAML AN ArynNnrNrna mnrha Nnanniin
HnuJiboa ajJinviJulina 4djin vopygua

He noaTBepXaeHa

MeHpenesckas paHgommsaumnsa — yepes reH ADH1B

1.5 1 CMepTHOCTD OT BCeX NPUYHUH B 3aBUCUMOCTH OT
1.4 - YPOBHHA noTpedaeHus ajakoroisa (“J-kpusas’™)
1.3 1
o
1.2 5
1.1 4
1 4
0.9 4
0.8 - L
0.7 | | OTPEOIICHHUE AITKOTOMS |
- Tpessen- [Tunn <0.5 0.5-24 25-44 >45
HHUKH paHee I'paMM 3TaHOJAa B JICHb

Holmes et al., British Journal of Medicine. 2014



CHuMXeHue noTpedbneHnsa y Hocuteneu His
B 3aBUCMMOCTM OT YPOBHSA 0O6pa3oBaHusA

ADH1B*Argd8His
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CpenHee U Hunxe Bbicwee

YPOBEHb OBPA30OBAHUA

My>umHbl NxeBCKoro nccnegoBaHusa cemen (pycckue, 529 4yenoBek, BO34epKMBatoLLMECS U
notpebuTtenun cypporatoB UCKNOYEHbI)

Cpenm Hocutenen pasHblX reHOTMNOB BbiCLLee 06pa3oBaHNe MMELOT:
Arg/His - 33.3%, Arg/Arg - 27.5%



YpoBeHb cTpecca B 3aBUCMMOCTU OT 06pa3oBaHMA U reHoTUnNa

World Values Survey, 2012
(B coTpyaHuyectBe ¢ PUHMmMxapT n 3.MNaHapuH)

(95% ClI)
T

YpoBeHb cTpecca,
ycTaHOBJIeHHbIW No oNPOCHUKY
1 1 i

]
(]
l

[
=]
|

ADH1B
49 I ArglArg
+ 1 ArgHis+His/His

Bbibopka 577 My>XuuH, pycckue, YyBaLuu,
KabapauHubl 1 ap.
MaHudectauus annens His y My>x4uH
pa3nuyaeTcs B 3aBUCMMOCTMN OT YPOBHS
p=0_ 303 obpazoBaHus: Npu BbiCLLEM 06pa3oBaHWu
Filg) YpPOBEHb CTpecca y HocuTernen annens Hmke,
—_ 4YeM Yy MyYKWH, 3TOro annens He umerwmx. Y
MyX4mnH 6e3 BbicLLero 0bpa3oBaHNs reHoTUn
=0 033 He BMUSIET Ha ypoBeHb cTpecca. PesynbTathl
p - Takve xe ANna pycckux n kabapavHues, HO
71,88 CTaTUCTUYEKN He JOTArMBAIOT A0 3HAYUMBIX W3-
& 3a YMeHbLUEHNS BbIGOpKM.

Be3 BbicLlero obpasoBaH1s — ypoBeHb
cTpecca He pasnuyaeTcs:

27.1 (His/His+His/Arg)

26.0 (Arg/Arg).

HesHaunmo no MaHHy —YutHu: p = 0.198

| |
MNonHoe W HenonHoe Bricwee

cpenHee Cpeay My>4nH C BbiCLINM 06pa3oBaHMeM ypoBeHb
cTpecca pasnuyaeTcs Nno reHTunam:

YpoBeHb 0Opa3zoBaHUA 21.9 (His/His+His/Arg)
25.7 (Arg/Arg).

3Haummo no MaHHy —YutHu: p = 0.001

Y My>X4MH C BbICLUMM 0Bpa3oBaHneM A0Mns MHOUBUOOB C BbICOKMM YPOBHEM cTpecca (Bbiwe 30 6annoB n3 50 BO3MOXHbIX) HUXe Yy HocuTenen annens His, yem y HocuTenen reHotuna Arg/Arg

Fisher's P: Two-tailed: P =0.033 OR =0.31

95% C.I. =0.11 to 0.92
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The Joint Effects of ADHI B Variants and Childhood
Adversity on Alcohol Related Phenotypes in African-
American and European-American Women and Men

ALro s U LpaCaL asi BExmuo T AL Kranamcw

Carolyn E. Sartor, Zuoheng Wang, Ke Xu, Henry R. Kranzler, and Joel Gelemter
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Fig. 1. Mean alcohol use disorder (AUD) symptoms in European-Amer-
ican men by ADH1B-rs1229984 genotype and childhood adversity status.



CBs3b MEXKY IIEPEHECEHHBIMU CTPECCAMU U COOOIICHUSIMU

O _JICIHIDC A B 031Dd [1C ABUCHUMO A O CHOTUILLS

1o reny TtpaHcnoprepa ceporonnna HTTLPR
12,50 ~

10,00 1 reTepo3nroThl

7,50 A

5,00 1 5-HTT gene
SS,n=146

2 50 / —8—SL n=435

LL, n=264

=
=
=3
=
=
©
- =
o
-
@
©
=]
O
o
O
o

s
s
Q
Q
Q
Q
=
Q
=

0,00 T T T 1
0 1 2 K 4 +

Xopolume Tepnumble [noxue
ycnoBus ycnoBus ycnoBus

Caspi et al., Science 2003







NTOMKO-HAYYHbIN HAPPATVBHbIN
MOLOYC MOLOYC
naean
MaTeMaTU3MpoOBaHHOE XOPOLLME UCTOPUMN,
onucaHue apama

cpeacTBa

JTolr'Ka, npasuna

KYNbTYPHbIE LWAaOMNOHHbI,
OBONHOW NaHaLwagT

BEpUdUKaumnm HappaTunBea,
pesynerar
HENPOTUBOPEYMBBLIE, npaBgononobHoe
0000LEHHbIE 3aKOHbI NnoBeCTBOBaHME




BOT TUNMYHbLIN «XOpoLwlasa» NUCTOPUSA:




«BcTpeyar

Bom oOHa>0bl 00UH 4Yesri08€eK rowiesi Ha
c/1yX0y, Oa no odopozae scmpemuri
dpy2020 4YesriogeKka, Komophblu, Kyrnue
rnosibCKul bamoH, Haripaersissicsa K cebe
80CBOSCU.

Bom, cobcmeeHHO, U 8ce.
(L. Xapmc)

- «Xopowas» nu 310 ucTtopua?



HacnencTBeHHOCTb:
TumMuH B IPOMOTOPE reHa penenTopa rMKOKOPTUKOUI0B NR3C'/
aACCOLIMMPOBAH C AETIPECCUEH

SUTR gy Ex2 Ex3 Ex4 Ex5 Exf Ex7 ExB Eyxaq Ex95

¥ UTR

Crpykrypa rena NR3C1

YactoTbl annenen NR3C1-1

rs10482605
N Hypothalamus p=0 .02
Hippocampus _- \ (P 1

— CRH/AVP

(- ).( =) .' 0,8 N
glucocomcmds i (+)
0,6 -
0,4 -
0,2
Immune cellsC% O |
modbopma  GR-alpha  — Annenb T Annenb C
aKTHUBHPYEMBIH  JINTaHIOM
TPaHCKPHUIIIMOHHBINA (haKkTOp
usopopma GR-beta MoxeT lﬂ,enpeCCMﬂ 0 KOHTpOJ'Ib
MHTUOUPOBAThH
TPAHCKPHUIILIMOHHY IO

aktuBHocTth GR-alfa



OnureHeTUYecKas peryisius SKCIPECCUU r'eHa pelenTopa
rirokokopTukon10B NR3CL :

MetumpoBanne CpG B IPOMOTOPE YCUIIEHO TTPU TUIOXUX YCIOBUAX B IETCTBE
(moTeps poaUTENS, IIIOXHUE YCIOBUA BOCIIUTAHUS ). JDKCIIPECCUSI T€HA CHUYKEHA.
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43 (it Mo ITonmxennueiii yposeHb MPHK niepBoro sx3ona
BBIABJICH Ha ITIOCTMOPTAJIBHBIX IIperaparax Mo3ra

'm O ERC W

‘ . . A MALUEHTOB C IENPECCUEH.

RN, GAGTOIGTCINNNG CRRGCINUN00INIMCOATTA XpoHuueckuit crpecc u jieuenue 'K, genpeccus,
Sl Wﬁ‘i‘mﬁ%ﬂ!ﬁﬂﬂmﬂﬂm IITCP, mmoxue ycinoBusi BOCOUTAHUS B JETCTBE BEAYT K
Fl AGAGAGACCAGSTOGGO0D0COCCOCTGCORC0aCCACOOTTTTIONT aTpo(uK rUNIoKaMIa

Tyrka AR, Price LH, Marsit C, Walters OC, Carpenter LL. Childhood adversity and epigenetic modulation of the leukocyte glucocorticoid receptor: preliminary findings in
healthy adults./ PLoS One. 2012;7(1):e30148.



['eHbI, BOBJICUEHHBIE B PETYIISALIUIO TTOBEACHHUS:
MAOA, HTT, DRD4
HPEAPACITIOJOKEHOCTDb WJIHN IIVTACTUYHOCTDB?

PaHee cYHUTAJIOCH, UTO €CTh «XOPOILINE» U «IJIOXHE» (IMOBBIIIAKINE PUCK PA3BUTHS
JAenpeccu, AJKOroJu3Ma M T.1.) BApUaAHThI reHoB. Ho B 0/1aronpusiTHbIX yCJI0BHSAX
BOCIIUTAHUSA «PUCKOBbBIC» BAPUAHTHI JAK0T 00Jiee BLICOKUN pe3ysbTa. Bo3moxHo, 0oJ1ee
KOPPEKTHO PAaCCMATPHUBAT UX HEe KAK «PUCKOBbIE», a KaK 0oJiee MJIaCTUYHbIE, T.e.
JAalIue pe3yJbrar B 00JblIeH Mepe 3aBUCALIUN 0T CpeAbl

00 (HOCI/ITGJII/I
J1071s1 MHUBIOB -A- s | «PUCKOBOTO»
o - U1
C Ierpeccuecu BapHaHTa I'CHA
T0
&0
xf Hocurenu
S0 «XOopomIero»
bapHaHTa reHa
& 40 . :
bnaronpustHas cpena HeGnaronpusTHas cpeaa
Figure 2 Proportion of female participants with a high
level of depression by environmental risk group and 5-

HTTLPR genotype (Eley et al*®).
Belsky et al., Vulnerability genes or plasticity genes? Molecular Psychiatry, 2007
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IToxazaHbl H3MEHEHUS YPOBHS dKcIIpeccuu 519 renoB. HopmyupoBaHo HA ypOBEHB
AKCIPECCHUU 3a 4 HeAeIH 10 3aiuThl. BeisiBiieHO 70 reHOB, SKCIPECCHUS KOTOPBIX
MEHSIETCSI CXOJHBIM 00pPa30M y BCEX HCHBITYEMbIX - B OCHOBHOM I'€HbI IIUTOKWMHOB U
HX PEelEenTOpPOB, OCIKOB, YUaCTBYIOIIMX B aloOITO3€ M OTBETE HA TEILUIOBOM IIOK.

Rokutan et al. Gene expression profiling in peripheral blood leukocytes as a new approach for assesment of human stress response. J] Med Invest 2005 52:137-144 Morita et
al., Expression analysis of psychological stress-associated genes in peripheral blood leukocytes. // Neurosci Lett. 2005 Jun 10-17;381(1-2):57-62
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Owub04YHOCTL Ucnonb3oBaHUA 6annos Ang
naeHTUUKaLMM UHOUMBUAYYMOB C NOBbIWEHHbIM
PUCKOM rmnepTeH3uu

‘Hypercontrols’

Age>50 years

BP<120/80

No prevalent CVD or incident
CVD during 10 year follow-up

Hypertensive population
Age <63 years
BP=>160/100

Frequency
0.90 U.IOE 0.|U4 O.IUG O.IUB 0110 0112

30 35 40 45 50
Number of BP-increasing alleles

TRENDS in Genetics

YacToTHble pacnpeaeneHua B ABYX NONYAALMAX C KPaUHUMMU
3HAYEeHMAMMU KPOBAHOro AaBaeHnA anAa 35 noBbIWAOWMKUX ero

annenem nouTu NOaHOCTbIO nepeKpbiBaloTCA.
67



Factors affecting the epigenetic programs Phenotypic effects of epigenetic modulation
- Diet regimens - Safe lifestyle < Delayed ageing,

- Stress low disease risk
- Mutrition status - Harmful lifestyle = Accelerated ageing,
- Exposure to texins (metals, solvents, high risk of immune disorders, infertility
air pollutants, dioxins, tobacco smoke) and cancer
- Pharmacological treatments
fﬁ:“ Post-natal
Growth

~ @

Sperm Oocyte

cell
. Fertilization D&E:"lggr::lﬁ?
Factors affecting the trans- \ Phenotypic effects on newborns
generational transmission - Safe gestation < Normal
- Epigenetic reprogramming @ development
PGCs =» gameles - Harmful gestation = Increased
Zygote/ES cell methylome Zygote == ES cells risk of metabolic diseases, growth
- Gamete-carried determinants anomalies, altered fertility,
DNA/histone methylation pattern diabetes type I, cancer, neural
Sperm RMNA pool disorders

Transmission through extracellular vesicles
Fig. 3 Epigenetic factors influencing human development and growth. The human life cycle is represented in the scheme. Major factors
influencing the epigenetic programs and the maintenance of epigenetic patterns at both DNA and chromatin (histone code) levels are the
maternal lifestyle during pregnancy and the personal exposure to harmful erwvironments during post-natal growth and adult life

.

Epigenetic inheritance and the missing heritability.
Trerotola M, Relli V, Simeone P, Alberti S.
Hum Genomics. 2015 Jul 28;9:17.



Bce XOTAT XUTb O0nro,
HO HUKTO He XOYeT ObITb CTapbIM

IhxkoHamaH Ceughm



Whole-Genome Sequencing of a Healthy Aging Cohort.

Erillenn A RaAadian NI Riinda M Malnarin R QaAntt ED Qr\r\H‘ \/n
|—||I\OU|| I\, I_JUUICHI LJL, |\ucua 1vi, IVIUI|JC|IIG J, YUULL L1\, uuiL“va

7
AA, Topol SE, Wineinger NE, Niederhuber JE, Topol EJ, Torkaman A.
Cell. 2016 May 5;165(4):1002-11.
Studies of long-lived individuals have revealed few genetic mechanisms for
protection against age-associated disease. Therefore, we pursued genome
sequencing of a related phenotype-healthy aging-to understand the genetics of
disease-free aging without medical intervention. In contrast with studies of
exceptional longevity, usually focused on centenarians, healthy aging is not
associated with known longevity variants, but is associated with reduced
genetic susceptibility to Alzheimer and coronary artery disease. Additionally,
healthy aging is not associated with a decreased rate of rare pathogenic
variants, potentially indicating the presence of disease-resistance factors. In
keeping with this possibility, we identify suggestive common and rare variant
genetic associations implying that protection against cognitive decline is a
genetic component of healthy aging. These findings, based on a relatively small
cohort, require independent replication. Overall, our results suggest healthy
aging is an overlapping but distinct phenotype from exceptional longevity that
may be enriched with disease-protective genetic factors



ONbKO YTO BbILUNKU BE UHTEPECHENLUNX CTaTbW - O4HAa O TOM, YTO BroMapKepbl BOCNaneHus
0ObACHAT paanmqvm Mexay I'IpO,EI,OJ'I)KI/ITeJ'IbHOCTb}O XW3HU Nogen ¢ BbICLUIMM 0Bpa3oBaHnEM U
0e3 OHOTO (M3y4eHbi MoXuiibie MOCKBWY). BTOpas CTaTbs O MOJIHOTEHOMHOM WCCIieoBaHi
300POBOr0 CTapeHus - HaLWmu, YTO 340POBOE OHO TOrAa, Koraa eCTb reHeTnyeckas 3awuTa ot
cTapyeckoro cnaboymus.
B obLem, o ronose Hago B NepBylo ovyepeab
3aboTuTCH, a oHa yX no3aboTntcs 060 BCeM OCTasrlbHOM.
Why are well-educated Muscovites more likely to survive? Understanding the biological
pathways.
Todd MA, Shkolnikov VM, Goldman N.
Soc Sci Med. 2016 Mar 3;157:138-147
http://www.ncbi.nlm.nih.gov/pubmed/27085072
There are large socioeconomic disparities in adult mortality in Russia, although the biological
mechanisms are not well understood. With data from the study of Stress, Aging, and Health in
Russia (SAHR), we use Gompertz hazard models to assess the relationship between
educational attainment and mortality among older adults in Moscow and to evaluate biomarkers
associated with inflammation, neuroendocrine function, heart rate variability, and clinical
cardiovascular and metabolic risk as potential mediators of that relationship We do this by

AcoAncoinA

iAnrmAarlar viar

AooSTOOINYy LI ic G)\LCI IL LU VVthh LhC dddlllUlI Uf bIUIIIdIr\CI vali Idblcb in ILU haLdld IIIUdCID Uf
mortality attenuates the association between educational attainment and mortality. We find that
an additional year of education is associated with about 5% lower risk of age-specific all-cause

and cardiovascular mortality. Inflammation biomarkers are best able to account for this

relationship, explaining 25% of the education-all-cause mortality association, and 35% of the
education-cardiovascular mortality association. Clinical markers perform next best, accounting
for 13% and 23% of the relationship between education and all-cause and cardiovascular
mortality, respectively. Although heart rate biomarkers are strongly associated with subsequent
mortality, they explain very little of the education-mortality link. Neuroendocrine biomarkers fail
to account for any portion of the link. These findings suggest that inflammation may be
important for understanding mortality disparities by socioeconomic status.
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