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OBOJIIOITUA

JlomecTukanus puca

1 MSGSSADPSP SASTAGAAVS PLALLRAH HLTATPP SGATGPAPPP
51 PSPASGSAPR DYRKGNWTLH ETLILITANE LDDDRRAGVG GAAAGGGGAG
101 SPPTPRSAEQ RWKWVENYCW KNGCLRSQNQ CNDKWDNLLR DYKKVRDYES
151 RVAAAAATGG AAAANSAPLP SYWTMERHER KDCNLPTNLA PEVYDALSEV Sh4
201 LSRRAARRGG ATIAPTPPPP PLALPLPPPP PPSPPEPLVA QQOOHHHHGHH
251 HHPPPPQPPP SSILQLPPAVV APPPASVSAE EEMSGSSESG EEEEGSGGEP
301 EAEKRRRLSRL GSSVVRSATV VARTLVACEE KRERRHRELL QLEERRLRL:
351 EERTEVRRQG FAGLIAAVNS LSSAIHALVS DHRSGDSSGR

Li et al., Science, 2006

Jlukui puc KynbrypHbIl puc
AAG AAT
JIuzun Acnaparux



Dujaorenuda

TpaHcKpuOUpyeMbIe cIIericeprl

MNpe-pPHK CneicepHbie yHacTkm
S'O.I-.M..I-IH....— 3'
S e 4 - e .
18 S.pPHK 58 SpPHK 28 S-.pPHK

CreticepHble IOCJIEI0BATEJILHOCTH HanboIee BapruadeIbHbIe
C TOUKHU 3PEHUS dBOJIIOIIMOHHOM KOHCEePBAaTUBHOCTH.
CexBeHUpOBaHUE U aHAJIN3 TPAHCKPUOUPYEMBIH CIIeficepoB
JICIIOJIB3YeTCS IJI U3YUEeHUS BUJI0BOI'O Pa3HO00pa3usd U
KJIACCU(PUKAIINY OJIM3KOPOICTBEHHBIX OPTraHMI3MOB



IlonmymsammonHbBIe 1 KIMHUYECKUE
CCJIeJOBaAHUSA

* 1000 renomoB
o YacToTbl snp B MOMYJISIUASIX
* GWAS
o Ilouck nonmumop@u3mMoB, aCCOIMMPOBAHHBIX C OOJIE3HIMU:
- MOHOT€HHbIE (MyKOoBUCIU103, TeH CFTR)

- MMOJIUT€HHBIE (MIlleMUuYecKasl 00JIe3Hb cep/ilia,
U330 peHus)

* (dDapMaKkoreHeTuka
o HMuauBuayanbHOE JIe4YEHUE

- Bapdapun — npenorBpaiiaer oopazoBaHue TpOMOOB.
['eneTnueckue akropsl onpeaestor 10 53-54 %

BapuabenbHocTH 103bl. ['eHbl CYP2C9, CYP4F2, VKORCSI.



Going global by adapting local: A
review of recent human adaptation

Shaohua Fan,'* Matthew E. B. Hansen,"* Yancy Lo,"** Sarah A. Tishkoff'*+
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YTo ObIBaET

- DNA-seq

- RNA-seq

- Chip-seq

- HiC

- ATAC-seq

- DNase-seq
- eClip

- GRO-seq

- CRISPR-seq
- Ribo-seq
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['me JIHK?

Eukaryotic Cell

Prokaryotic Cell

https://microbiologynote.com/difference-between-prokaryotic-and-eukaryotic-cells/ 10



Y yesoBexa 23 maphel XpoMOCOM

Muoro mau MmaJjio?
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https://ru.wikipedia.org/wiki/I'erom_uesoBeka
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Maxkaxka - 42

Key:

Telomere [ |
Centromere W
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2 XpomMocoMa

e | N Ranymus - 54

Mocne cnMaHUE OBYX XPOMOCOM OCTaKTCA
XapaKkTepHble creabl: OCTaTkn Teromep u
pyOMMEHTapHasa LeHTpomepa 19

https://ru.wikipedia.org/wiki/2-%D1%8F_%D1%85%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0_%D1%87%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%B0



Ywucso xpomMocoM y pa3HBIX BIJIOB

Mypaseir (Myrmecia pilosula) — 2

IL1omoBasa mymika - 8
Apabumorcuc — 10
['oryop — 16

Komkga — 38

Jluca - 34

Mgzrms - 40

Cobaxra — 78

VY1ra — 80

Cazau - 104

Koposa — 120

Pax (Cambarus clarkii) — 200

XBorr — 216
Kpa0 - 254
Babouka — 380

2%
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160%" -
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https://pikabu.ru/story/chislo_khromosom_u_raznyikh_vidov_5141209



Ywucso xpomMocoM y pa3HBIX BIJIOB

IToapons! (B cKOOKAx) I BIJIEI MyPaBbEB Urcmo XpoMocoM
2n (caMmusr) | 2n (camMyi)

Pox Formica
F. (Formica) aquilonia - ceBepHBII 1ecHOI MypaBeil 26 52
F. (Serviformica) cinerea - cepsIil TecHoIl Mypageil 27 54
F. (Serviformica) cunicularia - mpsITKIIi Mypaseii 27 54
F. (Coptoformica) exsecta - TOHKOTOJIOBEII Mypageil 26 52
F. (Serviformica) fusca - Oypslil 1ecHOII Mypageil 27 54
F. (Formica) lugubris - BonocucTeIil 1ecHOII MypaBell 26 52
F. (Serviformica) picea - 9epHEIIl OmecTANIIIT MypaBeil 26 52
F. (Formica) polyctena - Mansiii 1ecHoIl Mypageil 26 52
F. (Formica) pratensis - 1yropoii Mypageii 26 52
F. (Formica) rufa - perxiil 1ecHoOII MypaBeil 26 52
F. (Serviformica) rufibarbis - kpacHoIeKIIT MypaBeil 27 54
F. (Raptiformica) sanguinea - KpoBaBEIil MypaBeii- 26 52
padoBIagenen
F. (Formica) truncorum - KpacHOTOTOBEIIT MypaBeil 26 52
F. (Serviformica) uralensis - 4epHOT0IOBEIT Mypageil 26 52
Pox Lasius
L. (Lasius) alienus - dnexHoHOIIT Mypageil 15 30
L. (Cautolasius) flavus - KeaTwIII 3eMISHOII MypaBeil 15 30
L. (Dendrolasius) fuliginosus - nmaxydmii Mypageii-1peBoToder] 14 28
L. (Lasius) niger - 9epHEIII caI0BEIIT MypaBeil 15 30




Pasmep remoma y pa3sabpIX BUJIOB

https://r1a.ru/20170704/1497743424.html



RosmmyecTBo 0€JI0K KOOUPYIOIINX I'€HOB
Yy pa3HbIX BUOB

Kaprodeas — 39 000
Yesoex ~ 20 000

Yepsm — 14 000

Myxu — 12 000

['puonr — 6 000

baxrepnu — 2 000 — 4 000
Mmwuxomasmer - 500
Bupyc rpumnmma — 12

HRakwue eilrte resusr ObIBAOT?



CekBenupoBanue /IHK OrniBaer ...




B0O3MOXXHOCTHU PECEKBEHUPOBAHUY

MO>KHO pECEKBEHUPOBATD:

- TIOAHBIHA T'€HOM
- 5K30M (KOAUPYIOIILYIO YacTh '€HOMA)
- OTOEeAbHBIE TapreTHbIE I'eHbl HAU 00AaCTH

1'Bb160p B 3aBUCHMOCTH OT OIo[zKeTa U IeAel
nccaemoBanudall!



JK30MHOE PECEKBEHUPOBAHUE

* «llmroch»

- HeOoub110# 00beM KOJUPYIOMIUX MOCICA0BATEIbHOCTEH — HUKE
[[leHa

- Kopupyroliue nociie1oBaTeIbHOCTH JIy4Ille U3Y4YECHBI

- bonbiioe 4ucio 00Ie3HETBOPHBIX MYyTALlUi HAXOAUTCS B
KOJIMPYIOIIIEH MOCIIeIoBaTeIbHOCTH (0COOEHHO MEH/ICIIEBCKUE
3a00J1eBaHU)

* «Munycen»

- Het undgopManium o HEKOAUPYIOIIUX ydacTKax
- HepaBHOMEPHOCTH MOKPBITHUS YK30HOB
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ComaTuueckue " I'epMHuHAJIbHBIC MYTAaITlHUH

Somatic N I
tissue orma
o T~ progeny
N Germinal
\ tissue
Mutant , /// \ S
sector / A ™
> Y | |
) & Mutant
!f/ Normal \\\ sector A —
progeny ~— Y

progeny

https://www.youtube.com/watch?v=3MiHSeH6ylLg
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Kakne ObIBAIOT MyTalllN

SNV — OMIHOHYKAE€OTHUAHbIE BAPUAHTHI, T.€. U3MEHEHHE OJHOI'0 HYKAEOTHIA
KopoTKue BCTaBKH U aeAeliud (~ mo S0 1m.H.)

CTpyKTypHBIE BapUaHTbl: THBEPCUHU U TpaHcAoKalmu; CNV
AHEYIIAOUIUH: HYABCOMHUU, MOHOCOMUH, TPUCOMHHU, IIOAUCOMUHU
I[Toaunnaonmuszaimg



CexBeuuponanue /|HR

MeTton «TepMHIHATOPOB»
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CexBeuuponanue /|HR

MeTton «TepMHIHATOPOB»
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CekBeHMpOoBaHWE BTOPOro NOKOeHUS
Next-generation sequencing (NGS)

\

+" : 0oQHOBpPEeMEeHHO MAET CUKBEHC 60/1bLIoro
KO/MYyecTBa pa3HbIX pparMeHTOoB

\\ 77

: MPOYTEHUS AsIMHOU 75-150 HykneoTnaoB



CekBeHMpOoBaHWE BTOPOro NOKOeHUS

Next-generation sequencing (NGS)
Illumina (Ho ecTb 1 apyrve npuGopsi )

DNA

>

7

e

So0e.

Adapters

Prepare genomic DNA sample

Randomly fragment genomic DNA
and ligate adapters to both ends of
the fragments.

Nucleotides

Bridge amplification
Add unlabeled nucleotides
and enzyme to initiate solid-
phase bridge amplification.

Adapter

/ DNA fragment

|4

Adapter

Dense lawn
of primers

Attach DNA to surface

Bind single-stranded fragmen
randomly to the inside surface
of the flow cell channels.

#Attached

Denature the double
stranded molecules

T
! First chemistry cycle:
; o determine first base .
® 5 i s
i \ o, Toinitiate the first
© .;.' sequencing cycle, add
°. G all four labeled reversible

/ Ll terminators, primers, and .
a@&! Eh DNA polymerase enzyme

to the flow cell.

JHL [LVARTR' (555
| | y
dagl‘ﬁﬁgl | l

Image of first chemistry cycle
After laser excitation, capture the image

! of emitted fluorescence from each

I cluster on the flow cell. Record the

! identity of the first base for each cluster.

Laser

® A A G

G i >0
0

® G 0 o0

o
G

G

Before initiating the
next chemistry cycle
The blocked 3' terminus
and the fluorophore
from each incorporated
base are removed.

—> GCTGA...

Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.

'A. Mardis ER. 2008.
Annu. Rev. Genomics Hum. Genet. 9:387-402
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Ilapubie 1 0OTHOKOHIIEBBIE UTEHU A

Jlns [1lumina xapakrepnas gnuna yrenust 100-200 1.

27



Y10 MOKeT IIOUTH He TaK

JIuMepbI ajanTepoB: ajanTepbl COSAUHSAIOTCS APYT ¢ ApyroM 0e3 pparmenta JIHK mexay Humu

HopmMma

Jumep

®parmenT IHK cianmkom KOpoTKHii, YTeHHE 3aXBaThIBaCT M10CJIE/10BATE/IbHOCTH a/1alITEPOB

28



OaHoMonekynapHoe CeKBeHUpPOoBaHWeE B
peasibHOM BpeMeEHU
Pacific Biosciences

Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

INtensity s

Epifluorescence detection

ru.wikipedia.org/wiki/OgHomonexkynapHoe _CceKBeHUpPOBaHME_B_peasbHOM_BpeMeH U



OaHoMoneKkynsapHoe CeKBeHUpoBaHWe B
peasribHOM BpeMeHU
Pacific Biosciences

“+” 1 pnmHa npoyteHnn 20000-60000
6e3 amnnndukaumnm
6bICTPO
“-": 60NbLLIOM NPOLIEHT OWNBOK
LleHa



HaHoNopoBOe CeKkBeHUpOBaHMe
Oxford Nanopore

gg

https://www.skygen.com/katalog/oborudovanie/oxford_nanopore_technologies/nanoporovyy_sekvenator_mini

on/
31



HaHonopoBoOe cekBeHUpOoBaHUe
Oxford Nanopore

“+" 1 pnuHa npoyteHun 20000-60000
6e3 amnandunkauum
6bICTPO
KOMMAKTHOCTb U MOBUNBbHOCTb

"= 1 B6ONbLUOW MPOLEHT OLLUMOOK /W |




YT0 >Xe BblbpaTbh?

Bce 3aBucuT OT 3agaumn!
KoMbuHupoBaTb Ni1aT@opMbl

YBennumeatb NOKPbITUE



Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts She

$1K

\ .; )/’
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N S VPV

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




OTkyna B3ATH UYTEHUSI!

https://www.ncbi.nlm.nih.gov/sra

SRX8794662: Whole exome seq of primary culture established from PDX tumor: Sample E9
1 ILLUMINA (lllumina HiSeq 4000) run: 31.4M spots, 6.3G bases, 2.3Gb downloads

Design: "Exom enrichment with Agilent SureSelect Human All Exon V6, based on UCSC hg19, GRCh37, February 2009"
Submitted by: NIH-phs002051
Study: DNA methylation in rhabdomyosarcoma PDX and PDX-derived primary cells

PRJNAG41459 - SRP273116 - All experiments - All runs

Sample: Tumor DNA sample from N/A of a human participant in the dbGaP study "DNA Methylation in Rhabdomyosarcoma PDX and PDX-Derived Primary

Cells"
SAMN15468651 » SRS7062698 - All experiments = All runs
Organism: Homo sapiens

Library:
Name: ON-2018/8626: E9
Instrument: lllumina HiSeq 4000
Strategy: WXS
Source: GENOMIC
Selection: PCR
Layout: PAIRED
The SRA run(s) below contain human sequence (more...)

Runs: 1 run, 31.4M spots, 6.3G bases, 2.3Gb

Run # of Spots # of Bases Size Published
SRR12291396 31,383,123 6.3G 2.3Gb 2020-08-27
ID: 11430914

Sra toolkit - https://www.ncbi.nlm.nih.gov/sra/docs/sradownload/
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Baskuag nadopmarimsa’

SRX8794662: Whole exome seq of primary culture established from PDX tumor: Sample E9
1 ILLUMINA (lllumina HiSeq 4000) run: 31.4M spots, 6.3G bases, 2.3Gb downloads

https://www.ncbi.nlm.nih.gov/sra

Design: "Exom enrichment with Agilent SureSelect Human All Exon V6, based on UCSC hg19, GRCh37, February 2009"

Submitted by: NIH-phs002051

Study: DNA methylation in rhabdomyosarcoma PDX and PDX-derived primary cells

-+ SRP273116 - All experiments - All runs

Sample: Tumor DNA sample from N/A of a human participant in the dbGaP study "DNA Methylation in Rhabdomyosarcoma PDX and PDX-Derived Primary

Cells"

SAMN15468651 - SRS7062698 - All experiments « All runs

Organism: Homo sapiens

Library:
Name: ON-2018/8626: E9

Instrument: lllumina HiSeq 4000
Strategy: WXS

Source: GENOMIC

Selection: PCR

Layvout: PAIRED

The SRA run(s) below contain human sequence (more...)

Runs: 1 run, 31.4M spots, 6.3G bases, 2.3Gb
Run # of Spots # of Bases

SRR12291396 31,383,123

ID: 11430914

Sra toolkit - https://www.ncbi.nlm.nih.gov/sra/docs/sradownload/

6.3G

Size

Published

2.3Gb

2020-08-27
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Ob6paboTKa JaHHBIX

Data Pre-processing >> Variant Discovery >> Preliminary Analyses

Analysis-Ready Var. Calling Analysis-Ready SNPs
( Raw Reads ] sse Reads w ***| variants & Indels

Map to Reference : [ Genotype Likelihoods | l :
BWA mem E = - E
: T : Genotype
Mark Duplicates : 4 . § Variant Refinement
& Sort (Picard) § [ Joint Genotyping ] Anactation
: ; :
[ Indel Realignment | [ Raw Variants | SNPs | Indels | | i ‘
[ v J § ! ! = 3 [Variant EvaluationJ
Base Recalibration - .
1 : Variant Recalibration : look good?
[Analysis-Ready J o= : A‘
Reads : @ @
dapetedy | 5nps || indets | eeesf AR
Variants troubleshoot use in project
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Fastq dbopmar

@HWI-ST992:147:D22HDACXX:3:1112:14175:15297 2:N:0:GGCTAC

MocneposarensHocTte TAATGGCTTTTCCARAAACGCTCCACTCTTARAAGATGTGTATAAGAGACAGCAACAACAATTA
.

Kayects0 §22DDDBEDHHFHIJJJIJAFGIIIIIGIGEEGIIIIHBFGGEEGCGIJIFFIDIIJJIIII

1" #$%&" ()*+, - . /0123456789 ; <=> X@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]*_" abcdefghi jk1mnopqrstuvwxyz{ |}~
I I l I I I

33 59 64 73 104 126
e SR N SN Z s 2055325 svan 40
Sh Frra ey ey I i N O A P N B 40
Qo sans N TR I T N TR i 40
Y S R e e e i e SR L ANEL - (RIS 41
S - Sanger Phred+33, raw reads typically (@, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (@, 40)

2l

L - Illumina 1.8+ Phred+33, raw reads typically (o0, 41)
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KayecTBO UyTeHUHU

P — sepoaTHOCTb OIMBKM

Q - napametp kauvectsa. (Phred Quality Score)

Q =-10log,,P
BeposaTHOCTb OWMOKM Q
0.001 (moyHocme 99,9%) 30
0.01 (moyHocme 99%) 20
0.1 (mo4yHocme 90%) 10

TunnyHble 3Havyerna Q ot 1 Ao 40

Q>20 - «xopowee Ka4yecTso»
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[IlepecueT KauecTBa B BEPOSITHOCTD OIIIMOKU

Phred Quality
Score

10
20
30
40
50
60

Cumson

+

5
?

BepoaTHOCTb OwmnbKK

1/10
1/100
1/1000
1/10 000
1/100 000
1/1 000,000

TouHOCTB

90%
99%
99,9%
99,99%
99,999%
99,9999%
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fastQC

Qnrbuouqmmqmluy

Quality scores across all bases (llumina 1.5 encoding)

Onrhnomwy

Quaity scores across ol bases (Bumina | 3 encodng)




GImmK ¢ ycamu» / auarpamMMma pasmaxoB / boxplot

“BblOpoC” -

BEepPXHUM KBApPTUNDb T
(0.75 KBaHTUNbL)

NHTepKBapTUNbHbIN
pa3max

MeaunaHa > f— "

HUMXHUWU KBApPTUNDb
(0.25 KBaHTUAD)
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fastQC

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

[Iporpamma FasqQC crout Ha kodomo

Bepcuto ¢ rpadpudyecknuM uHTEpdEiicoM MOXKHO IMOCTaBUTh Ha CBOM
KOMITBIOTEP.

Ha calite omim4HO€ pyKOBOJICTBO!
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