CEKBEHMpOBaHME HOBOIO
NMOKON1EHUA

Hemnposa N.A.

NTabopatopuna moneKkynapHoOm
6uonornn MIroOb 62, Mocksa

T the beginning thene was wothing.

God said : 'Let there be light !
There wae otill wothing, but now

you coald see it, (Dave Thomas)

B Hauane 6bina nycrtota. 'ocnoab
ckasan: «[a 0yaet cBeT!»
[TycToTa octanacb, HO Tenepb ee
ctano snaHo (devs Tomac)
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HemHoro ncropum

HemHoro ncropum

— 1953 : Discovery of DNA structure by Watson and Crick

— 1973 : First sequence of 24 bp published
— 1977 : Sanger sequencing method published
[— 1980 : Nobel Prize Wally Gilbert and Fred Sanger
[— 1982 : Genbank started
1983 : Development of PCR
1987 : 1* automated sequencer : Applied Biosystems Prism 373

— 1996 : Capillary sequencer : ABI 310
[——1998 : Genome of Caenorhabditis elegans sequenced
— 2000 : Human genome sequenced

— 2005 : 1* 454 Life Sciences Next Generation Sequencing system : GS 20 System
—— 2006 : 1** Solexa Next Generation Sequencer : Genome Analyzer
2007 : 1* Applied Biosystems Next Generation Sequencer : SOLID
2009 : 1* Helicos single molecule sequencer : Helicos Genetic Analyser System
2011 : 1% lon Torrent Next Generation Sequencer : PGM
2011 : 1% Pacific Biosciences single molecule sequencer : PacBio RS Systems

2012 : Oxford Nanopore Technologies demonstrates ultra long single molecule reads
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HemHoro ucropum
[NpoeKT «[eHOM YenoBeKa»

* [IANTenbHOCTb NPOeKTa
—10 (15)net

* Croumoctb — 3 H“mﬂ“

MUANMapAa A0NNaPOB

* YyacTBoBa/I MHOTUe
CTpaHbI, gnA
nccnenoBaHUA reHoB
NCMNO/1b30BaNCA METO/,

CEeKBEHNPOBAHUA MO —
CaHrepy THE B>

Alan Guttamacher, NHGRI NIH, August 16 2000

CTpaHbl, NPUHUMABLLKE YYacTHE B

Australia »

South Africals]

www.sciencemuseum.org
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http://www.sciencemuseum.org
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dpepepuk CaHrep (p. 1918) saxAabl L
naypeat Hobenesckon npemuu, 3a AT
onpezaeneHne Nocsie0BaTeIbHOCTH : -

nHcynmHa (1958) n 3a metoz | -
cekBeHupoBaHusa IHK (1980)

[MpUHUMN CeEKBEHUPOBAHUA NO
CaHrepy

ddCTP » ﬁ H

ddATP ’

ddTTP

ddGTP >

[¢] C G C M

~ ecd [l A

120 130

Dye-labeled dideoxynucleotides are used to
generate DNA fragments of different lengths. GAT AAATCT GGTCTTATTTCC

https://www.boundless.com/biology/biotechnology-and-genomics
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BO3MOXHOCTU CEKBEHUPOBAHMUA MO
CaHrepy

* B KauyecTBe MaTpuLbl BO3MOMKHO UCMNO/b30BaHNE
TO/IbKO HEBO/bLLOrO YYacTKa reHa (3KenatesibHoO He
6onee 1000 n.H.)

* [lpouecc ceKBEHNUPOBAHMA BKAKOYAET 3Tanbl
noctaHoBku MNLUP, ouncTku MNMUP-npoaykTa, NOCTaHOBKM
CUKBEHC-peaKkumun, nposegeHne CeEKBEHUPOBAHUA,
OUEHKM NONYYEHHbIX pe3yabTaTOB METOA0M CPaBHEHMUA
C UMmetrowmmmca 6asamm gaHHbIX

* WToro npouecc ceKBeHMPOBaHMA NONHOM (He TO/IbKO
KoaupyloLLeit) nocneaoBaTtebHOCTU OAHOIO reHa
MOMKET 3aHMMaTb HECKO/NIbKO HeJenb

MpenmyllecTsa U HeJOCTaTKM MmeToAa

* [Mo3BONAET TOYHO UAEHTUPMLMPOBATH
N3MEHEHMA B U3Yy4aeMOM Y4acTKe

* [lo cnx nop ABNAETCA «30/10TbIM CTAHAAPTOM»
reHeTn4eCKmnx VICCJ'Ie,D,OBaHMIZ

* ObnagaeT HEBLICOKOM YYBCTBUTE/IbHOCTbIO
(15-20%)

* MccnepoBaHme NOMHOM NOC/1eA0BaTEe/IbHOCTU
reHa oYeHb A0POoro n AONTO

27.04.2018



YTO0 Mbl NO/Iy4MNM MO 3aBePLUEHNMN npoeKTa?

NTOor — «0CO3HaHMe TOro, YTo Mbl NOJTYYUAU
andasBuT, cam No cebe KparHe HeobXoaAMMbIN
ANA KU3HU, HO MANI0 YTO AaOWMIN B
NOHMMAHWUM NPOLLECCOB, MPOUCXOAALLUX B
KaXXJOM OTAeNbHO B3ATOM OPraHM3Me, a TeEM
bonee — B onyxonmn»

Alan Guttmacher, NHGRI NIH, August 16 2000

Kpenr BeHTep (p.1946). YueHbin u
6n3HecMeH, TalaHT U aBaHTIOPUCT.
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MeToabl CeKBEeHUPOBaHMA HOBOTO
NOKOJ1IEHUA

* OcHOBHaa naen CeKBEeHMPOBaAHMNA HOBOIO NMNOKOJIEHUA:
noTeHunasibHaAa BO3MOXKHOCTb OA4HOBPEMEHHOIO
nccneaoBaHuA I'IOCI'IELI,OBaTeI'IbHOCTEﬁ noboro
Kon4yecrtBa reHeTU4YeCKOro matepmana

* OcCHOBHOE npenmyuwecreso: 3Ha4YNTE/IbHO COKpalWlaeT
BpeMA U CTOMMOCTb MaCCUBHbIX MCCI'Ie,CI,OBaHMﬁ

* OCHOBHOW HeOCTATOK: TpebyeT CNOXKHOM

6rMonHpopmaTmyec
cnoxcHetiwel bnoun

Ko 06paboTKK, B page cnyyaes —
HbopmaTMyeckom 0b6paboTKu

NeHom [)xemca YoTcoHa

nanine Vol 452117 April 2008 doi10.1038/ nature08884

ACGACATCTAATCUT GATTTTATIAN
CTGCGCATATTAT 1 ATCTGAT

et

The complete genome of an individual by massively
parallel DNA sequencing

David A. Wheeler'*, Maithreyan Srinivasan®*, Michael Egholm®*, Yufeng Shen'*, Lei Chen', Amy McGuire®,

5 | |Wen He?, Yi-Ju Chen?, Vinod Makhijani%, G. Thomas Roth?, Xavier Gomes?, Karrie Tartaro’f, Faheem Niazi®,

Cynthia L. Turcotte’, Gerard P. Irzyk’, James R. Lupski***, Craig Chinault’, Xing-zhi Song’, Yue Liu', Ye Yuan',
Lynne Nazareth', Xiang Qin', Donna M. Muzny', Marcel Margulies’, George M. Weinstock'*, Richard A. Gibbs'*

42 | |& Jonathan M. Rothberg’t

A TCGTACGTGCTG
CTCGTTACGGCATCOAGS

T 1T,
ATTATAT™ \GUTGATCOTAN
CTA

T AR JamesWatson decoded.
From Olsen, M (2008) Dr. Watson'’s base pairs.
Nature 452. 819

Genetic Discrimination- the case for a European-level legal response

« 1st genome sequenced by a next generation
sequencing method (in 2 months!)

+ $1,000,000 (1/200t the cost of traditional methods)
* 3,300,000 SNPs relative to HGP reference genome
(82% previously known)

» Most SNPs presumed to be neutral, however, 11,000
(85% of those previously known) altered proteins

» ~23 CNVs ranging from 26 kb to 1.6 Mb (9 gains, 14
losses)

* 1 region of homozygous loss!

» Sequence typical for human genetic variation

* Currently, extremely difficult to extract medically
relevant inferences from individual genomes

» Couldn’t even make a rough prediction of Watson'’s
height from his genome sequence!!!

NUI Galway

OE Gaillimh
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IpamaTtnyeckoe CHUKeHne CTOMMOCTHU
CEKBEHUPOBAHNA TEHOMA

$100,000,000

$10,000,000
$1,000,000
100000 7 33k0H Mypa Ne2: cToMmocTb
CeKBEHUPOBAHMA AOMKHA
$10,000

nagathb B 2 pasa Kaxaple 2 roga
$1.000 (a napgaet npumepHo B 3)

Cost per Genome
- Moore’s Law
$100
N Qv el 0 2] 2] © QA > O S QS N 2 5 s
Q;QQ \)\Q ,5\0 0(0 000 040 QQ \}Q @Q (b‘o ,D(\\ 04\ Q\ &»\ @\ rg\
AR R R R - AN L G R RN S

MpUHUMNbI PAabOTbl OCHOBHbIX

nnatpopm
* 454 Sequencing / Roche
. MupocekBeHMpoBaHMe
’ _ CeKBEHMPOBaHMWe
* llumina METOA0M CMHTE3a
‘ MonynpoBoaHMKOBOE
. CeKBEHMPOBaHMe

* lon Torrent - Life Technologies
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MepBbi 3Tan — NPUroTOBAEHUE TEHOMHOWM
61MbnMoTeKN (Ha NpMMepe NONHOFEHOMHOTO
CEKBEHMPOBAHMA)

>+ [lepBbli 3Tan —
dparmeHTUpOBaHME

1 Fragmentation of DNA

(sonication or enzymatic) ﬂ'H K (yn pra3BYKOBoe

nnn GepmeHTaTUBHOE)

i O3 LasnT * Btopou atan —
| s npuwmBaHme
3000000000000 PPIRIN0 5060000000000000000 aaanTepos, npaﬁmepOB,
U000 30000 OO0 " 6ap|.(o 0B
Y0000 00000 W‘ .
J0R0a0R00000A0! S M TDETVIVI 3Tan — OT60p

l Size-select the fragments

NOZIHOPAa3MepPHbIX
mm\, (5000000000000 | dparmeHTOB

HapaboTka maTepuana- amyibCUOHHbIN MLP
(NnMpocekBeHMpPOBaHME,NOYNPOBOAHUKOBOE
CeKBeHMpOoBaHMe)

Ideal microreactor
containing one strand of

library DNA, primers,
¥ o one bead and PCR mix
//
Emulsion oil /
< Make emulsion Emulsion
PCRmix (g9 by mixing)
Beed 000 (N _
N \/

Library DNA

3. Extension : polymerase

amplifies the forward 2. Annealing : ONE fragment

strand starting from the (reverse strand) anneals to

bead towards the primersite. adaptersite on the bead 1. Denaturation of | ACACOCOTOTOTOOT
library fragment

~ A A

) N (‘Q A// w

ANANNNNANS

4. Denaturation : origigal reverse strand denatures

from the bead, the forfyard strand is connected to . {
the bead by the sugarbhosphate backbone of DNA "1\_\1“1 o
o -gﬁ,ﬂ"f’

(‘ ANANNANNND il

& MWWW‘I\«

v L v " LLL"‘\,‘

D
i LTI

( ‘ \AAANN & %

3 B 7. Repeat PCR steps

ANNANNNNS . Annealing : jon :

B Anagemd = (avaree 6. Extension : polymerase he 4-5-6 for 30- 60 cycles.

adapterstie on S from the bead towards the primersite, and L

bead, primer anneals i
R eaad shind the reverse strand starting from the primer towards the bead s —

amplifies the forward strand starting
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HapaboTka matepuana — Ha TBEpPAOM
nosepxHocTtu (Bridge PCR, lllumina 1 npou)

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION
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Rondomly fragment genomic DNA Bind single-stranded fragments randomly to Add unisbeled nudeotides and enzyme to
and lgate adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification.

fagments

Cnegytowmu stan — cam npouecc
CEeKBEHUPOBAHMSA

* [npoceKkBeHMpoOBaHMe ( C
MCNONb30BaHNEM
depmeHTa Ntoundepassl )

* CuHTe3s (npucoeamHeHne
KaX[oro Hykneotmaa s 1
peakumio)

* [onynpoBogHuKoBoe

CEKBEHUPOBaHUE
(ocBObOXAEHME MONERYN

BOZOpoAa)

Iterative additions

» dATP » dCTP » dGTP

v

/\( dCTP
\

Wash, four-
colour imaging

n Sequencing a3 Vit
forms Ghant Universily. June 2012

n Sequencing : Amplified Single Molecule Sequencing

Average Corrected lonogram
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Cnepyrowmia atan — cbopka gaHHbIX

5B 5800 m 1

BuonHpopmaTtmyeckas obpaboTtka

* OueHKa KayecTtBa npouTteHua (QS, Konn4ecTso
NPOYTEHWUI U T.A4.)

* MNepBnyHaa 0bpaboTKa C OTCEYEHMEM KLLUYMA» U
BblpaBHMBaHMEM (+ oueHKa variant frequency)

* lNony4yeHune nonHoLEHHbIX pannos B popmaTte FASTQ

* CpaBHEHMEe C HOPMaNbHbIM 06Pa3LLOM NaLUEHTa,
BblunTaHme SNP

* BblgeneHue a6eppaHTHb|x ﬂOCﬂEAOBaTeﬂbHOCTEﬁ,
dHHOTALUuMA No 6aszam AaHHbIX

* [poBepKa BnepBble 06HAPYKEHHbIX MyTaL Ui
CTaHAAPTHLIMU MEeToAaMM

* OueHKa OHKOFeHHOro NoTeHLMana obHapyKeHHbIX de
NOVO HapyLUeHUM

27.04.2018
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Konnyectso 6MonMHPOpMaTUYECKNX
MHCTPYMEHTOB OFPOMHO...KOIMYECTBO
cneunannucToB B Poccmmn noka HUYTOXKHO
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BaXXHOCTb NpaBU/IbHOWN
bnonHpopmaTnyeckom obpaboTku

[Ae ke NCTUHA?-TONbKO B MeXKAYHapoaHOM eANHOM
cucteme bnonHpopmaTmyeckon o0b6paboTku
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Touka npunoxeHus Bo3MOXHOCTU U HepoCTaTKU

Buowbl NGS

feHOM MonHoreHoMHoe

CceKBeHNpoBaHue BO3MOXHOCTU: UCCNep0BaHUA
reHeTUYeCcKoi NpeaPacnoNoKeHHOCTU U
ocobeHHOCTeli MeTaboan3ma naumeHTa,

MAKCUMA/IbHaA XapaKTepUCTUKA

CeKBeHUpoBaHWe OnyXxo/iu — NpUMeHeHne Hay4yHo-

3K30Ma uccnepoBaTesbcKoe

TapretHoe BO3MOXHOCTU — UCCCIea0BaHUE FeHOB-

peceKkBeHMpoBaHue ueneit ana npenapartos. BoamoxxHo

TpaHcKkpunTom  CexseHuposaxue

TPaHcKpUnNTOMa BO3MOXHOCTU: uccnegoBaHne
3KCNPEccumn reHoB U ee perynsaumu.
MpumeHeHune, KaK NPaBMNO, HAYYHO-

3nureHom BucynbputHoe uccnepoBaTeNbCKoe

CeKBeHMpOoBaHue
Dienstmann et al, JCO 2013; 31: 1874-1884

HacKonbKo mbl 20moe8bl ucnonb3oeame
memo0d NGS e KnuHuYecKoli npaKkmuke?

PacnpepeneHune pasnnyHbix sngos NGS

® MNonHoreHOMHOe
CeKBeHUpoBaHUe

O CEKBEHHPOBEIHHE
TPpaHCKpunTOMma

W TapreTHoe
peceKBeHUpoBaHue

B CeKBEHMPOBAHUE HOBbIX
OpraHM3ImoB

® ChiP-cekBeHMpoBaHue

Map Not to Scale
Copyright © 2007 Compare Infobase Limited

http://www.pancreapedia.org/pathways/egfr

27.04.2018
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KaKoBbl 0OCHOBHble npumeHeHna NGS
B OHKOJIOTMN B HAaCTOALWMMA MOMEHT

* OueHKa ¢paKTopoB pMCKa OHKO3aboneBaHUi
(HeckonbKo AOBO/ILHO NPOHAEMHbIX NaHENEN,
4aCTUYHOE 3K30MHOE CEKBEHUPOBAHME C OLLEHKOM
SNP)

* OueHKa pMCKa pa3BUTMA HAaCNeACTBEHHbIX
OHK03abo0neBaHWUI (BKOYAKOT s, aCCOLMMPOBAHHbIX
C HacneaCcTBEHHbIMU PaKaMM reHOB, OCHOBHbIE MaHenu
HECKOJIbKO pa3HATcA, ob6A3aTenbHO BKAtoYeHMe BRCAL
n BRCA2, TP53)

* CeKBEHMPOBaHWE reHOB, ABNAOLWMXCA LeNamMn ana
TapreTHoOM Tepanunu (TapreTHoe pecekBeHMpoBaHue)

Basket trials

Lung Cancer Colorectal Cancer
Ovarian Cancer Multiple Myeloma
Breast Cancer Various Rare Cancers

27.04.2018
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Umbrella trials
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Figure 2: Umbrella trial based on histology and genotype

-

o)

.

e

33

Drug1

Drug 2
Drug 3

Trial 1
Trial 2

Drug 1

Drug 3

Drug 4
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Table 2. Preliminary Best Response According to Cohort.®

Variable

Patients with =1 postbaseline
assessment — no.

Complete response — no. (%)
Partial response — no. (%)

Stable disease

Progressive disease — no. (%)

Missing data — no. (%)}

Overall response — no. (36) [95% ClI]

NSCLC
(N=20) Colorectal Cancer
Vemurafenib +
Vemurafenib Cetuximab
(N=10) (N=127)
19 10 26
0 0 0
8 (42) 0 1(4)
no. (%) 2 (42) 5 (50) 12 (69)
2(11) 5 (50) 7(27)
1(5) 0 0
8 (42) 0 1(4)
[20-67) [<1-20]

Cholangio-
carcinoma
(N=8)

0
1(12)
4(50)
3(38)

0

1(12)
[<1-53)

ECD
or LCH
(N=18)

1(7)
5 (36)
2 (57)
0
0

6 (43)
[18-71]

Anaplastic
Thyroid
Cancer
(N=7)

1{14)
1(14)
0
4(57)
1(14)

2(29)
[4-71]

The denominator for patients with a complete or partial response, stable disease, or progressive disease is the number of patients with a
postbaseline assessment or early withdrawal, Of the 19 patients in the NSCLC cohort, 1 patient withdrew before the assessment of +
sponse but was included in the denominator for the efficacy assessment (as having had no response).
All patients with missing data withdrew early.

Hyman et al N Engl J Med 2015; 373:726-736

27.04.2018
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Trial
schema

3a 1 NpoTUB

Trial events
Continuous
Trial _ screening
start t o
litEiiE Investigational drug 5
new drug @
Investigational drug 1 ——
——————— Stop because criteria for success are met _
Biomarker A- | |nvestigational drug 2 R e
Biomarker A positive is closed
stratum start
Standard of care A oa!NVEstigational drug 1 becomes new standard of care A
L

Biomarker B Investigational drug 3

Biomarker B positive Stop for futility
stratum start "—‘Standard of care B

q Biomarker-  Investigational drug 4 Stratum
Blomarkler- negative continues

[REAtvS "—{Standard of care for biomarker-negative patients to enroll

stratum start patients

Biomarker C- Investigational drug 6

Biomarker C positive
stratum start Standard of care C

Time (ongoing)

Woodckock et al N Engl J Med 2017;377:62-70.

Mpexae yem HavaTb paboTy,

noayman...
PewwnT nn NGS noctaBieHHble 3a434n?

Kakoii Bug NGS HeobxoamMmo npumeHnTb? (reHom,
TPAHCKPUMNTOM, 3K30M, MUKPOPHK 1 1A)

Kakyto nnatpopmy onTMmanbHO MCNOAb30BaATb ANS1 AaHHOM
3apaun?

MpoaymMaH nn An3aiH sSKCNnepumeHTa?

[ae HaiiTn BUoMHPOpPMaTUKOB?

Kak onpenenntb, HAaCKONbKO KOPPEKTHbI Pe3ynbTaTbl?
Kak 6bITb CO CTaTUCTUKON?

Garbage in — garbage out, uaun 4to noceewb, TO U NOMKHELIb
(aKKypaTHbIN 1 NpoAyMaHHbIM NOAX0A K MaTepuany)

Ecnu Tbl He 3HaelWwb — CNPOCK TOTO, KTO 3HAeT (3a4acTyto, K
Co)KaneHuto, He becnnaTHo)

27.04.2018
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Cnacnbo 3a BHUMaHMe!

CTAGGTAGCTAGTCG!

GCTLIFECISGATAG
CY-LETTERTWORDT

GCTATATCGTAGCTG|
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