bunonormna n reHeTuka, part 2

fApocnaB bapaHoB
MH/1«KomMmnbloTepHbIe TeEXHONOrUn», YHnsepcutetr UTMO



[eH

Nucleus | |
Chromosomes

A

Cell

Protein

* [eH - egnHMLA OYHKLNK
* [eH - yyacToK moniekysnbl JHK
* [eH cnocobeH TpaHcKpnbunposaTbes (KogMpoBaTb UTO-TO: 6e/10K unu PHK)



JI0KyCbl 1 annenu

* B TpagnumoHHon HoMeHkKnarype, B -
3TO MoXxke 2eH

* OKpacka - 3To npusHak

* B wub- 310 annenu reHa (annenbHble
BapuaHTbl)

* Yuycno BO3MOXHbIX BapaHTOB
NpuU3Haka ><= yucno annenen (?)

* bonee cTporo, B - nokyc (eguHuua
Bapuayunn)
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[eHOTUM U PeHOoTUN

[@eHOTUN - COBOKYMHOCTb
BCEX as1ieNnemn Bo BCex
nokycax (nnv Becb
reHeTNYeCKUn maTepuaUn
ocoobun)

deHOoTNN - COBOKYMHOCTb
BHELLUMX NpM3HaKoB (4epT)
ocobu

[eHOTMN onpeaensieT PeHoTUN



[ eHeTn4yecKkasa Bapmnauns

Pa3nnyHbIe TUNblI TeHETUYECKUX

BapnaHTOB:

* Single nucleotide
polymorphisms (SNPs) -
3aMeHbl OYKB

* BcTaBsku

* BbinageHusa

* ChnoxHble Bapnayun (BCTaBkn +
BbiNageHnsa + 3aMeHbl)

* CTpYyKTypHble Bapuaunm (Ha
YPOBHE Le/1blX XpOMOCOM U/
flaxke reHOMOB)
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Substitution
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Deletion






Kak aT1o Bce koaupyetcs (for real)

CBoiicTBa
reHeTUYeCcKnin koaa:.

BbIpOXAEeHHOCTb

YH1BEpPCasibHOCTb

TpunnNAeTHOCTb
(nogymante, noyemy?)

OAOHO3Ha4YHOCTb
(xOoTa TOXe He Bcerga)

First letter

U

Uuu
UucC

UUG

CUU ]
CuUC
CUA
CUG |

AUU ]
AUC
AUA |
AUG

GUU ]
GUC
GUA

}Phe
UUA}L

r Leu

> le

Met

» Val

GUG |

C

UCU |
UCC
UCA
UCG .

CCU]
CCC
CCA
CCG |

ACU ]
ACC
ACA
ACG |

GCU ]
GCC
GCA

Second letter

L Ser

+ Pro

> Thr

r Ala

GCG )

A

UAU}

uac | 1"
UAA Stop
UAG Stop

GQP0O0C QOPOC POC O FQC

Jons| Py L



MyTaumnm

"Mutations are accidents, and
accidents will happen”
CTtepTreBaHT

MyTtauusa - npuBHeceHmne
reHEeTUYECKNX N3MEHEHUN B
nocnegosartenbHOCTb AHK
(Hanpumep, Npu pensinkaymn)

MyTauus - pesynsrar MyTaumm

Normal DNA Sagquencea Mutated DNA Sequence



[ocneacTBus reHETUYECKON Bapmauum

AU
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AS
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G UUG CAU GUA UUG AUA GGG UA

ﬁ‘ B, F:
|'If "/ N Wi =

v

L YOU CAN ASK FOR
L YOO CAN ASK FOR
L LOU CAN ASK FOR

L YOU

Y OUC ANA SKF OR

U UAG

normal

silent
missense
nonsense
frameshift



Tunbl HacNenaCcTBEHHOCTH

TeopeTnyeckn, MOXXHO
oXunaaTtb ABa Tuna
HacsiegoBaHMUA NPU3HAaKOB:

1. CnnowHou (continuous -
NOMOMKU SIB/1S1€mcsi
"chedHuUM
apughmemuyveckum”)

2. AnckpeTHblin (discrete -
MOTOMKWN BapbUPYHOT MO BCEMY
CNeKkTpy)




Genes and genomes

m Pasviep reHoma (T.1n.H.) Yucno reHoB

Carsonella ruddii 158 182
Escherichia coli 4,600 4300
Saccharomyces 12,000 6500
cerevisiae

Drosophila 140,000 13600
melanogaster

Mus musculus 2,800,000 19000
Homo sapiens 3,300,000 23000

Paris japonica 150,000,000 ?



Factors that influence phenotype

CpepnoBsble
doakTopbl




Hopma peakunn

ACCTAGGCTAACGTTACACTACGT

Hopma peakuuu - npeaesnbl 3HaYeHnss YepTbl (MpU3Haka), B KOTOPbIX MOXET
BapbNpPOBaThb peasibHOe 3HaYeHne nNpu 3aJaHHoM reHoTune



Hac/fefo0BaHus

MeHaeneBckum

KoMMNAeKCHbIN



OHK

James Watson



James Watson Francis Crick



James Watson Francis Crick



James Watson Craig Venter Francis Crick



3abbITble repou ,£I,HK (Hy I'IO‘—ITI/I)

Rosalind Franklin o Maurice Wilkins
http://rosalind.info



[lonynaynoHHas reHeTnka yenoBeka

e 2001 - 3aBepLUeHMe
npoekta "'eHoM YyenoBeka"

2011 - 3aBepLllueHne
npoekta "1000 reHOMOB"

2012 - 3aBepliueHne
npoekta ESP (6505 uen.)

* 2016 - nyénukaums
NnepBOro atana rnpoekrta
EXAC (60706 uen.)

e 2017 - nnnoTHas
ny6nmMkauns naHHbIX
gnomAD (140000 yen.)

OAD

TITUTE

National Heart
Lung and Blood Institute




BennunHa reHeTnyeckor Bapnaummn B noasx

[TonynsayMoHHasa yactoTta
annenn - mepa agpekra Ha
fithess

£ = 1500+
African
Latino

@ East Asian

—
o
o
T

Yncno BapnaHTOB:

* [eHom ~ 3,000,000
* KogupyloLiada yacTtb
reHoma ~ 25,000

* Pepakvne (< 1% B
I'IOI'Iy!'IFILIII/II/I) B KO|£I|I/IpyI-OLLI|e|7| Global Popmax Global Popmax
yactn ~ 2,500 ESP EXAC

500

o

Remaining predicted protein-altering D
variants per exome after 0.1% AF filter



JHTOCHLI reHeTU4YecKu Pa3/Inv4aroTCA

SNP i
count ‘ !

24K

21K I

18K -
* |/AFR | ®* |[EUR
* AMR * Other
* EAS * SAS

1000G
ATV
Bipolar
BUP
ESP
Ottawa
NFBC
SCZ
T2D-GENES
GoT2D
SIGMA
TAT



HacneacTBeHHble 60/1e3HN Nloaei

OMIM - Online Mendelian Inheritance in

e RARE DISEASES W BIG IMPACT

* BonesHu ¢ N3BeCTHOM NPUPOaON —
5,035

- Hacnegyewmble, HO C HEN3BECTHOM IN TOTAL, RARE DISEASE IMPACT

30 MILLION
PRARRRARAS

1IN 10O AMERICANS
I




PekomouHaums

A

| Crossover region resulting
in A-B recombination

-

C

B
C
A
B . .
Crossover region resulting
in B-C recombination

A a__
,—
C
a
b
c
PekombuHauus HK cnoco6CcTByeT reHETUYECKOMY pa3HO0bpa3nto 0cobei BHYTPU
nonynaumn. KpoOCCMHIoBep - YacTHbIN cny4vai pekombuHaumn B meliose.



Evolution operates on regulatory DNA

m Pasviep reHoma (T.1n.H.) Yucno reHoB

Carsonella ruddii 158 182
Escherichia coli 4,600 4300
Saccharomyces 12,000 6500
cerevisiae

Drosophila 140,000 13600
melanogaster

Mus musculus 2,800,000 19000
Homo sapiens 3,300,000 23000

Paris japonica 150,000,000 ?



PmnoreHns

durnoreHns - PEKOHCTPYKLUMS
3BOJTIOLMOHHOW NCTOPUN.

[eHeTnyeckmne pasnmums
MeXxay Buaamm onpenenstort
X 3BOJIHOLMOHHOE
paccToaHune (=>
domnnoreHeTnka)

Strepsirrhini

Miocene to
Holocene

Oligocene

Eocene



INUreHeTunka




EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affectad by these factors and processes: = Cancer

* Davelopmaent (in utero, childhood) ol +« Autoimmune disease
» Environmental chemicals + Mential disorders
* Drugs/Pharmaceuticals = Diabetes

EPIGENETIC

‘Fhﬂ'lbﬁ

CHROMATIN

o

CHROMOSOME /
[
I
!.II“M
DNA methylation -
' Methyl group (an epigenatic factor found
in soma dietary sources) can tag DNA
and activate or repress genes. HISTOMNE TAIL

HISTONE TAIL

DA accessible, gene active

Histone modification

The binding of epigenstic factors to histone “tails™
alters the extent to which DMA is wrapped around

DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.




Diet f
Psychological l Diurnal/Seasonal
state correlations

% Social
Interactions

Disease
exposure

Alternative —> : Toxic ‘
medicine 0 Chemical g——
Y s
TherapeutV %D _{\5 Drugs
Drugs N ULA of Abuse
Microbiome Exercise Financial Status




CTONUT 3aNOMHUTL 3TK csioBal

* [eH

* [eHOM

* JIoKyc

* Annenb

* [eHOTUM

* PeHOoTUM

* MyTauus

* PekombumHauus

* SNP (cHun)

* NHpen

* [eHeTn4yeckum ko
* PamKa cynTbiBaHUA
* PynoreHns



Cnacnoo 3a BHuMmaHue!
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