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[11aH paccKasa

* HemHOro 6mosorum

¢ CEKBEHMpOBaHMG reHoOmMa 4YesioBekKd
* Nictopua

* [lonHOreHomMHble meToAbl
 NHK-4ynnbl
* [lonHOreHOMHbIe nccaeaoBaHUA
* [Ipnumep: NnpeacKkasaHue pocTta
* [lepcoHann3npoBaHHaAA reHOMMUKA:
e [lonnreHHasa oueHKa puUcKa 3aboneBaHni

* YTOo panbue?
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* PebeHOK nony4yaer:

* OgHy ayTOCOMY OT O4HOro M3
poauTeneu

* OgHYy X-XpOMOCOMY OT MaMbl
e XnnmY xpomocomy oT nanbl

° MI/ITOXOH,EI,pI/lI/I C UX XpomMmoCoOMaMW — OT
MaMbl
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BcnomHUMm: cTpyKTypa JdHK

nitrogenous bases:
ED adenine
thymine
EED guanine
3\ X cytosine

=~ major
groove

>~ minor
groove

sugar-
phosphate
backbone

@ (b) (c)

https://courses.lumenlearning.com/microbiology/chapter/structure-and-function-of-dna/
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[lTochenoBaTe/IbHOCTb FreHOMA
yenoseka: 2001 roa
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Hekommepuecknin Human Genome Project Kommepuecknin npoekt (Celera)



KaK 3ToO Aenanochb?
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CeKBeHMpoBaHuMe: C

N3meHeHHble
«Knpnuunkm» AHK:

MOryT BCTPamBaTbcAB

PaCTYLLYO Uenb, HO
Nanblle CUHTE3 He
naer.

ddTTP

Dpen CaHrep (1977)

4 x PCR (+ one dideoxynucleotide)

g

ddATP  ddGTP

Uenb AHK

Use a
sequencing
machine
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MHOro KOpoTkux «npeduKkcos»

Lenu pa3sHOW AJINHbI

MOAYYUTb
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TeNIbHOCTb
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Separate
with a gel
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OHW MUTPUPYIOT C Pa3HOM CKOPOCTU B rene anekTpodopesa
OKa3bIBalOTCA HA PAa3HOM PACCTOAHUM OT HaYana
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https://www.onlinebiologynotes.com/sangers-method-gene-sequencing/



CeKBeHI/IpOBaHI/Ie reHOMa HYeJ/10BEKRd

* Metoagom CaHrepa MOXKHO OTCEKBEHUPOBATbL NOPAAKA
500-700 HykneoTnaos. 3a pa3

* KaK oTceKBeHMpPoBaTb BECb FreHOM?

HIERARCHICAL SHOTGUN WHOLE-GENOME SHOTGUN

HGP = z —— : Celera
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Waterson et al. PNAS 2002 doi:10.1073/pnas.042692499
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[lTochenoBaTe/IbHOCTb FreHOMA
4e/10BeKa

e Of!lrgo denjathf;hgg&;o.gz X

<« C @ @ & httpsy//hgdownload-test.gi.ucsc.edu/goldenPath/hg38/bigZips/analysisSet/

Index of /goldenPath/hg38/bigZips/analysisSet

Name Last modified Size Description
é Parent Directory -
[?] he38.analysisSet.2bit 2014-01-27 10:40 770M 2 = Esa
'[j‘ he38.analysisSet chroms.targz ~ 2014-01-27 11:02 905M CCACCTCTTATTTAGTGGACAGACAGTAACTAGTTCGAGAAGACAGGGGATTTTGTTCGCGGARAARAARR
_ _ TTTATCAAAAGTCGTCTTCTATCAGGGAGTTTTATGAGAAACCCTAGCTCCTCAGTTCCACAGTGGGTAR
@ hg38.fullAnalysisSet.2bit 2014-03-18 13:23 797TM CTGTAATTCATTCTAGGTCTGCGATATTTCCTGCCTATCCATTTTGTTAACTCTTCAATGCATTCCACAR
.D he38 fullAnalysisSet chroms.tar.gz 2014-03-18 13:41 936M ATACCTAAGTATTCTTTAATAATGGTGGTTTTTTTTTTTTTTTGCATC TATGAAGTTTTTTCAAATTCTT
TTTAAGTGACAAAACTTGTACATGTGTATCGCTCAATATTTCTAGTCGACAGCACTGCTTTCGAGAATGT
mdSsum.txt 2014-03-18 13:41 250 AAACCGTGCACTCCCAGGAAAATGCAGACACAGCACGCCTCTTTGGGACCGCGGTTTATACTTTCGAAGT

GCTCGGAGCCCTTCCTCCAGACCGTTCTCCCACACCCCGCTCCAGGGTCTCTCCCGGAGTTACAAGCCTC
GCTGTAGGCCCCGGGAACCCAACGCGGTGTCAGAGAAGTGGGETCCCCTACGAGGGACCAGGAGCTCCGE
GCGGGCAGCAGCTGCGGAAGAGCCGCGCGAGGCTTCCCAGAACCCGGCAGGGGCGGGAAGACGCAGGAGT
GGGGAGGCGGAACCGGGACCCCGCAGAGCCCGGGTCCCTGCGCCCCACAAGCCTTGGCTTCCCTGCTAGG
GCCGGGCAAGGCCGGGTGCAGGGCGCGGCTCCAGGGAGGAAGCTCCGGGGCGAGCCCAAGACGCCTCCCG
GGCGGTCGGGGCCCAGCGGCGGCGTTCGCAGTGGAGCCGGGCACCGGGCAGCGGCCGCGGAACACCAGCT
TGGCGCAGGCTTCTCGGTCAGGAACGGTCCCGGGCCTCCCGCCCGCCTCCCTCCAGCCCCTCCGGGETCCT
CTACTTCGCCCCGCCAGGCCCCCACGACCCTACTTCCCGCGGCCCCGGACGCCTCCTCACCTGCGAGCCG
CCCTCCCGGAAGCTCCCGCCGCCGCTTCCGCTCTGCCGGAGCCGCTGEETCCTAGCCCCGCCGCCCCCAG
TCCGCCCGCGCCTCCGGGTCCTAACGCCGCCGCTCGCCCTCCACTGCGCCCTCCCCGAGCGCGGCTCCAG
GACCCCGTCGACCCGGAGCGCTGTCCTGTCGGGCCGAGTCGCGGGCCTGGGCACGGAACTCACGCTCACT
CCGAGCTCCCGACGTGCACACGGCTCCCATGCGTTGTCTTCCGAGCGTCAGGCCGCCCCTACCCGTGCTT
TCTGCTCTGCAGACCCTCTTCCTAGACCTCCGTCCTTTGTCCCATCGCTGCCTTCCCCTCAAGCTCAGGG
CCAAGCTGTCCGCCAACCTCGGCTCCTCCGGGCAGCCCTCGCCCGGGETGCGCCCCGGGGCAGGACCCCT
AGCCCACGCCCAGGGCCCGCCCCTGCCCTCCAGCCCTACGCCTTGACCCGCTTTCCTGCGTCTCTCAGCC
TACCTGACCTTGTCTTTACCTCTGTGGGCAGCTCCCTTGTGATCTGCTTAGTTCCCACCCCCCTTTAAGA
ATTCAATAGAGAAGCCAGACGCAAAACTACAGATATCGTATGAGTCCAGTTTTGTGAAGTGCCTAGAATA




CeKBeHMpoBaHMe HOBOTO
NOKONEeHWA

* «BblCOKOMNMpoOon3BoanNTe/IbHOE CEKBEHNPOBAHUNEN

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017




N3 yero COCTOUT reHOM YEe/10BEKA?

main components of the human genome

LTR retrotransposons 8%

DNA transposons 3% SINEs 13%

simple sequence repeats 3%

segmental
duplications 5%
miscellaneous LINEs 20%
heterochromatin 8%

protein coding
genes 1.5%

miscellaneous
unique sequences 12%

benok-Kogupyrouime reHbl:
1.5%

introns 26%

http://book.bionumbers.org/how-many-genes-are-in-a-genome/
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GeneChip®

Genome-Wide
Human SNP Array 5.0

P/N: 520482
Lot #: 4036570
Exp. Date: 11/2008
For Research Use Only




NHK-MUKpoymnobl
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=

—CATGAGTG 3
—GATCCAAGCTGE]
=CACCCARGETEE

Tl

AATCTATACATA 4 ¢
w—ABCTATACETG 5

= GASCCAAGT

https://www.mun.ca/biology/scarr/DNA_Chips.html

Target sequence (250-2000 bp)
ACAGAAGTCTTG[A/C]JAATCTATTTC
Probe sequence (25bp)

PM,: TGTCTTCAGAACTTTAGATAAAGAG
MM, : TGTCTTCAGAACATTAGATAAAGAG
PMg: TGTCTTCAGAACGTTAGATAAAGAG
MMg: TGTCTTCAGAACCTTAGATAAAGAG

https://www.sciencedirect.com/topics/biochemistry-
genetics-and-molecular-biology/snp-array

BbiasnawoT annenu B8
onpeageneHHbIX y4aCcTKax reHoma

CoBpemMeHHble Ynnbl: A0
MW/IIMOHA MapKepoB



NHK-MUKpoymnobl

CTAGCTCCTCACCTGCTTCCATCCTCCCTGGTGCGGGGTGGGCCCAGTGATATCAGCTGCCTGCTGTTCC

CCAGATGTGCCAAGTGCATTCTTGTGTGCTTGCATCTCATGGAACGCCATTTCCCCAGACATCCCTGTGG

CTGGCTCCTGATGCCCGAGGCCCAAGTGTCTGATGCTTTAAGGCACATCACCCCACTCATGCTTTTCCAT
GTTCTTTGGCCGCAGCAAGGCCGCTCTCACTGCAAAGTTAACTCTGATGCGTGTGTAACACAACATCCTC
CTCCCAGTCGCCCCTGTAGCTCCCCTACCTCCAAGAGCCCAGCCCTTGCCCACAGGGCCACACTCCACGT
GCAGAGCAGCCTCAGCACTCACCGGGCACGAGCGAGCCTGTGTGGTGCGCAGGGATGAGAAGGCAGAGGC
GCGACTGGGGTTCATGAGGAAGGGCAGGAGGAGGGTGTGGGATGGTGGAGGGGTTTGAGAAGGCAGAGGC

GCGACTGGGGTTCATGAGGAAAGGGAGGGGGAGGATGTGGGATGGTGGAGGGGCTGCAGACTCTGGGCTA
GGGAAAGCTGGGATGTCTCTAAAGGTTGGAATGAATGGCCTAGAATCCGACCCAATAAGCCARAGCCACT

TCCACCAACGTTAGAAGGCCTTGGCCCCCAGAGAGCCAATTTCACAATCCAGAAGTCCCCGTGCCCTAAA

GGGTCTGCCCTGATTACTCCTGGCTCCTTGTGTGCAGGGGGCTCAGGCATGGCAGGGCTGGGAGTACCAG

CAGGCACTCAAGCGGCTTAAGTGTTCCATGACAGACTGGTATGAAGGTGGCCACAATTCAGAAAGAAAAA
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TCTCGAGTCAGCAGGATTTTGACGGCTTCTAACAAAATCTTGTAGACAAGATGGAGCTATGGGGGTTGGA
https //WWW mun. Ca/bIOIOgy/Sca rr/D NA_Ch I ps . htm I GGAGAGAACATATAGGAAAAATCAGAGCCAAATGAACCACAGCCCCAAAGGGCACAGTTGAACAATGGAC
TGATTCCAGCCTTGCACGGAGGGATCTGGCAGAGTCCATCCAGTTCATTCAACACCTGGTTAGAAAACTG
GGGCCAGCACACAGGGGAAGGGTAAGCTGGTTTCATGATCGAATCAAGGCTCAGACAATTTTTAAAGGCC
AGAGGGTAGACTGCAATCACCAAGATGAAATTTACAAGGAACAAATGTGAAGCCCAACATTTAGGTTTTA
AAAATCAAGCGTATAAATACAGAAGGTGGAGGGAACTTGCTTTAGACACAGTTCAGGTGAAGAAAGACCT
GGAAACTTCTGTTAACTATAAGCTCAGTAGGGGCTAAAAGCATGTTAATCGGCATAAAAAGGCAATGAGA

TCTTAGGGCACACAGCTCCCCGCCCCTCTTCTGCCCTTCATCCTTCTTTCAATCAGCAGGGACCGTGCAC



[Toyemy 37O MIHPOPMATUBHO?

* «HepaBHOBecHOe cuenneHue»
* BapuaHTbl HacneayoTCA BMeCTe C XPOMOCOMaM#
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he of move  Chromosomes gather

Crossing-over occurs

https://en.wikipedia.org/wiki/Meiosis

PekomMmbunHaums: romonoruyHble (napHbie) XpOMOCOMblI 0OMEHMBAIOTCH
KycKamu
Cny4aliHbli npouecc: ~1.6/xpomocomy
Yem 6/1Ke ABa y4aCTKa XPOMOCOMbI TEM MEHbLLE BEPOATHOCTb, YTO UX
pasaennt pekombuHaumsa (B nepsom NpnbanKeHnn)



[TONHOrEHOMHbIV MOUCK accoumaumm

«BboNbHbIEY
cases

«3400poBble»
controls

BapuaHT, 6onee
4acTbln B ¢
«BONbHbBIXY, Yem
B «340PO0BbIX»

oudP)

-log(P(HeT pa3Huubl))

. -
N'il.

;?ii‘i_‘igiﬁj!

chromosome

“GWAS”

3T0 HeobA3aTeNbHO
buonornyecku
OYHKLUMOHANbHbIN
BapWaHT:

Henpamas accounaumn

Xpomocoma
pervoH
| «cuenneHuns»

&) &
BapwuaHr, BapmaHT Ha
YBENYMBAIOLLUN yune
pUCK

n3 https://www.ebi.ac.uk/training/online/course/gwas-catalog-exploring-snp-trait-associations/why-do-we-need-gwas-

catalog/what-are-genome



CekBeHMpPOBaHME NOMOraeT
«3aN0NAHUTb Npobenbl»

b Testing association at typed SNPs may not
lead to a clear signal

~log,, p-value

a Genotype data with missing data at
untyped SNPs (grey question marks)
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d Reference set of haplotypes, for example, HapMap
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¢ Each sample is phased and the haplotypes
are modelled as a mosaic of those in the
haplotype reference panel
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f Testing association at imputed SNPs may
boost the signal

e The reference haplotypes are used to
impute alleles into the samples to create
imputed genotypes (orange)
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Marchini & Howie 2010



OcobeHHOCTM MOSHOTeHOMHOTO
MOMCKaA accoumaumm:

* CNOCOBHOCTb YCTaHOBUTbL CBA3b MEXKAY
reHeTUYeCKUM BapnUaHTOM U U3y4YaeMbiM
NPU3HAaKOM NPONOPLMUOHANDbHA:

* cune addeKTa BapuaHTa, BANAIOLLETO HA NPU3HAK
* KOJIMYECTBY YY4ACTHMKOB MCCNe40BaHUA

* cuenneHHoCTn mexagy BapnaHTom Ha vurne U
BAPUNAHTOM, BJIMAOLWNM Ha NMPU3HAK

=> Yem 60/blLE Y4AaCTHMKOB UCCeA0BaHUA, TEM
b6onblUe BAPUAHTOB MOXKHO HAUTU



YPOKM

Ha «C/noXHble NPU3HAKU» BANAET MHOXeCTBO
reHeTU4YeCKMUX BapnaHTOB

* [peapacnonoKEeHHOCTb K WWN30ppEeHUUN:
e 2009: 3 000 «60nbHbIX» => 1 BapMaAHT
e 2014: 35 000 «60nbHbIX» => 108 BapnaHTOB

MHoOrme BapmaHTbl BANAIOT HAQ MHOKECTBO
NPU3HAKOB

Visscher et al. Am J Hum Genet. 2017




NcTopua:
VMEEM /I Mbl NMpeacKa3blBaTb POCT?

L4 53

LU

R s S i A s i e S R TR T T
41074117 50" 5’17 52" 53" 54" §'5” §'%6” 57" 58" 59" 510”5117 60" 61”7 62"
Figure 1.5

Differences in height in the same population: heights of conscripts over 60 years ago. (From A,
Blakeslee, Jowrnal of Heredity, vol, §, 1914,)



Ymeem N1 Mbl NpecKkasbliBaTb
DOCT?

* TpagnUMOHHAA reHeTnKa: PocT Hacneayetca Ha ~80%

* [lonHOreHOMHbIe NccneaoBaHMA:
e 2008: 40 BapmaHTOB 06BACHAOT 5% HacneayemocTum
e 2014: ~700 BapunaHTOB 06BACHAT 20%+ HacheayemocTH

Visscher et al. Am J Hum Genet. 2017 Jul 6; 101(1): 5-22.

[loTepAHHaAA HacneayemocCTb?




A 4YTO eCan UCNONb30BAaTb 8CE

BAPWMAHTbI?

e 2011 (Yang et al), 2018 (Lello et al):
CTaTUCTUYECKME MOAENN,
MCNONb3YIOLWMe BCe BapUaHTbI C
yactoTtomn > 1%, obbacHawT ~50%
HacneayemocTum

e 2019 (Wainschtein et al, bioRxiv):
MCNONb30BaHMNE PeaKMNX BAPUAHTOB,
NONYYEHHbIX METOAAMM
M10/IHO2EHOMHO20 CeK8eHUPOBAHUSA
obbacHAeT 79% HacneayemocTu

Predicted Height (cm)
Lello et al 2018

WURRAY/y,




[lepcoHann3npoBaHHaA
MmeanumMHa




[lonnreHHasa oueHKa pnCcKa

PUCK pa3BUTMA ULLEMUYECKON Bone3sHu cepaua:

a
0.4

0.3

0.2

Density

0.1

Odds ratio versus
remainder of population
[ > threefold (8.0%)
[l > fourfold (2.3%)

[l > fivefold (0.5%)

4
Genome-wide polygenic score for CAD

c

Prevalence of CAD (%)

%

e’

0 10 20 30 40 50 60 70 80 90 100
Percentile of polygenic score

CpaBHUMO C PUCKOM OT MyTaLMW, Bbi3blBaloLEM HacneaCTBEHHYIO
rmnepxonecTepmMHeMumto, Ho BbiasaseT B 20 pa3 6onblie nogeit!

Khera et al 2018



[ToAnreHHbIM PUCK ANA Apyrmx 6one3Hen

Prevalence of atrial fibrillation (%)

Prevalence of inflammatory bowel disease (%) ®

Fig. 3 | Risk gradient for disease according to the GPS percentile. 100 groups of the testing dataset were derived according to the percentile of the
disease-specific GPS. a-d, Prevalence of disease displayed for the risk of atrial fibrillation (a), type 2 diabetes (b), inflammatory bowel disease (¢), and
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breast cancer (d) according to the GPS percentile.
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Khera et al 2018



Y10 nanble?

* BO3MOXHO, He BCe NMPU3HAKM XOPOLLO
npeAcKasbiBalOTCA IMHENHbIMU MOAENAMM

* JInHenHble: cknaabiBaem 3PpPeKT BapUaHTOB C UX
«BEeCamm»

* [ToMOXeT I MalWlMHHOEe 0byyeHune?

* DeepBipolar, nobeautenb KoHKypca CAGI-4
e Sundaram Laksshman et al. Hum Mutat 2017

* Bbibopka: 500 yenosek c bBUNOAAPHbIM
paccTtpoucteom, 500 340p0BbIX ,

e [laHHble: 60 accounMMpPOBaAHHbIX reHOB +

MMUKPOUMMbI

* 3Ty 33434y HeNb3A Ha3BaTb peweHHoun!



* TexHONOrMA KakK
ABUraTtenb HayKu

* bnonorma Kak Hayka
AaHHbIX

* IHPOPMALMOHHbIE
TEXHONOMMN ANA
OCMbIC/IEHNA HOBbIX
NAHHbIX

4 Soul and Science

= ILYA PRIGOGINE = PETER SLOTERDIJK

‘l JACQUES ELLUL = JACQUES ATTALI

FRANCIS FUKUYAMA = GERALD EDELMAN

J. CRAIG VENTER ® DANIEL COHEN = AN WILMUT
ALAIN TOURAINE = RUDOLF BAHRO ® ELON MUSK

If the 20th Century was the century of physics, the 21st Century is the century of
cybernetics, biology and ecology. Technological advance has both crossed new fron-

- Y tiers - !lscoveva o1 Timits.

Nobel laureate Ilya Prj

ine broke new ground with his understanding that

nature, including its hufhan P seeks to blish order out of chaos by

“self-organizing,” noj/only according to pre-determined laws, but through random

becomes construction.”

Nowhere is this truer than in the new science of genomics, which touches the

soul, and in the effort to preserve the ecological bal that has enabled h
to flourish within the narrow band of earth’s livable climate.
In this section we bring together leading thinkers, scientists and technologists

of our age to address these issues of mankind's fate.



