a‘g UHCTUTYT LULATONOINMM U TEHETUKM
wur Cbupercoe Omdesenwe Paccudicicoi Arcadewun Aayic

ChlP-seq: cekBeHUpoBaHMe, TeEXHOSIOrMn "
3aga4vm omonHogpopmMaTUKK

HOpuu Jibeosuy4 Oprioe

z Genome Institute LEHTP KO/INEKTUBHOO NONb30BAHIA CO PAH 1
of Singapore “BUONHOOPMATUKA”

A*STAR



NnaH nekuunun

LIKI' «BuonHgopmaTtmka»

cTopua cekBeHnpoBaHUA. «[ eHOM YyenoBeKka»
TexHonornm BbICOKONPOU3BOANTENBLHONO CEKBEHNPOBAHUA
[TpunoxeHnsa n 3agadn cekBeHMpoBaHUA

[Mpodunb ChiP-seq

KadectBo 4TeHunsa goparmeHToB OHK

CainTbl CBA3bIBAHUSA TPAHCKPUMNLMOHHLIX (0aKkTOPOB B
reHome, onpegendemble ChlP-seq



BIHNCIIMTENBbHBIE PECYPCblI CCKLU

Knactep rubpmnaHom
Knactep HKC-30T New !

dPXUTEKTYpPbl
(hp BL2X220c) = —/7|
KnacTtep HKC-160 O6wee uncno f -—-1l
(hp rx1620) npoueccopoB ’ 80 npoueceop. |
Intel Xeon S:OU (X5§7|0)— |
E5450/E5540/ ARep; I |
ﬁgﬁ il;lj;r):l;eCCOP. X5670 120 npouegcop. ]
| o 576 (2688 sagep); GPU( Tesla M 2090) -
1,6 MTwy;
InfiniBand, InfiniBand, GE; 61440ﬂﬂei" I
Gigabit
Ethernet (GE); 30 T®nonc 85,4fT®nonc : J
>1 Tdnonc P
I
GigabitEthernet
’ InfiniBand NMPOrPAMMHOE
CUCTEMbI XPAHEHMA OBECNEMEHME
AAHHHX (cxn) '''''''''''''''''''''''''''''' CucrtemHoe
- [lapannenbHas cainoBas O6wemaremaTnyeckoe

%! cucrema IBRIX
apna HKC-30T
32 ToauT e

MpuknapHoe (MMM)

cxn
1ona HKC-30T

gty 36 ToanT

i (max-120 ToanT)

c oOwen namaTkLIo
(hp DL580 G5)

4 npoueccopa
pou P CeTb

(16 sapep)
Intel Xeon Quad MBMuMI
Core X7350, —
X0 2,93 IMu; §
na HKC-160 256 N6aunTt
CXQ cepsepa c obwein namsTbI0 ,2 T6ant obLwasn namMaTb; i | CeTb

9 T6anT (max-48 T6anT)

187,5 F'dnonc Internet HHL, 3



TpeHAbl HAyKn B 06/1aCTU TreHOMUKU — TOYKa 3peHus
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Cunramyp: 2006-2011,
S aet B buonoJuce,
B 'enoMmHoM UHcTHTyTe CHHranypa
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3aaa4yu reHOMUKHA U

TPAHCKPUNITOMUKH, KOMIILIOTEPHOU
OHMOJIOTUHN Bioprocessing Technology Institute (BTI)

Bioinformatics Institute (BIl)

Experimental Therapeutics Centre (ETC)

Genome Institute of Singapore (GIS)
Genome Institute _ _ _ _
of Singapore Institute of Bioengineering and Nanotechnology (IBN)

A*STAR

Institute of Medical Biology (IMB)

BbnomeanUMHCKUE HAYKun Institute of Molecular and Cell Biology (IMCB)
UHCcTuTyThl A-STAR A*STAR - Duke-NUS

The Agency for Science, Technology and Research (A*STAR)

B Biopolis
Biomedical Hub of Asia
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AGOpeBMaTypbl, KOTOpble HaAo 3HaTb — «4un» u “ChiP”



@'ﬁucn HUGO — Human Genome Organization
L8
OpFaHI/I3aLI,I/IFI reHoMa 4eroBeKa

MNMpoekT «'eHOM 4YenoBeKa»

HUGO was conceived in 1988, at the first meeting on genome mapping and sequencing at
Cold Spring Harbor. From a 42 scientists of 17 countries membership association, HUGO
has increased its membership base to over 1,200 members, both established and aspiring of
69 countries after two decades.

Cold Spring Harbor. April, 1988, Victor McKusick
(founding)

Mirzabekov (USSR)

http://www.hugo-international.org/

PROFESSOR EDISON TLIU RE-ELECTED HUGO PRESIDENT
ExxerogHble koHpepeHumn HUGO —

cnep,yroLuaﬂ, 201 2r.—B ABCTpaJ'II/II/I The Human Gename Qrganisation (HUGO), one of the oldest genome

arganisations, is pleased to announce the re-election of Professor Edison T.
Liu as its President, effective 1 February 2010 by the HUGO Council, the
governing body of the organisation.

Professor Liu is the Executive director of the Genome Institute of Singapore
and has been a council member and President of HUGO since 2007. Since
2007, the President under the direction ofthe HUGO Council has made
significant changes in the organisation. Membership rules were restructured,
web and social networking for the organisation established. A new journal, the
HUGO Journal has been initiated with Springer Publishing Group, and the
symposia schedule enhanced. Mare recent collaborations with the WHO, the
Archon X Prize, and the QECD have extended HUGO's paricipation in global

H UGO bOSS palicy making.

HeiHewHnn npeacenarens HUGO —
[Mpodb. DancoH Jo

HGM 2012, Sydney

HemHoro ncropuu..



HakonneHne gaHHbIX W0 MHOMME roabl naparrnesibHO C pa3BUTUEM TEXHOSOMN

Ba3sbl gaHHbIX nocnepnoBartenbHocTen [AHK

LANL (Los Alamos National Laboratory) Heto-Mekcuko, CLUA

EMBL (European Molecular Biology Laboratory) N'engensbepr, l'epmaHus
1979 - npototun GenBank paspabatbiBanca B LANL 1982-1992,

nanee B NCBI (National Center for Biotechnology Information)
Margaret Dayhoff

www.ncbi.nlm.nih.gov (1925-1983)
1980 - EMBL Data Library (www.ebi.ac.uk) 1960-e Protein
1984 — DDBJ (www.ddbj.nig.ac.ip) Sequence Atlas
1983 - TEHOKCIMPECC u Nporpamma "lNeHom yenoseka" CCCP

(A.A.baeB)

Cenyac 3Tu LUEeHTpbl 06pasyoT MexayHapoaHbI KOHCOPLMYM
International Nucleotide Sequence Database Collaboration

www.nchi.nlm.nih.gov/collab

OnucaHne 6a3 gaHHbIX (bornee Tbica4un Mon.6uon. 6a3 gaHHbLIX B MUPE)

NAR (Nucleic Acid Res.) - exxerogHbin nepsbin Bbinyck (N1, aHBapb)

OT ananusa nocnegoarenbHocten JHK
K CEKBEHMPOBAHMUIO NOSHbIX TEHOMOB, MapannensHoO W0 pa3BUTUE KOMMbIOTEPHLIX TEXHONOMMN,
a3 n 6aHKOB AaHHbIX



f[eHOM YyenoBeka — OCHOBHbIE BeXM

2008

eLandmark Paper: Mapping and sequencing of structural variation from eight human genomes, 12345678
eNature, May 1, 2008

2004

eLandmark Paper: Finishing the euchromatic sequence of the human genome, Nature, Oct. 2004
eHuman Gene Count Estimates Changed to 20,000 to 25,000, October 2004.

2003

eHuman Genome Project Declared Complete, April 2003 [Corresponding Nature and Science]
2002

*Mouse Genome Sequencing Consortium publishes its draft sequence of mouse genome in the December 5, 2002,
issue of Nature.

2001 — OdwmumnansHan
oPublication of Initial Working Draft Sequence February 12, 2001 < TOYKa oTcyYeTa
Special issues of Science (Feb. 16, 2001) and Nature (Feb. 15, 2001) contain the working draft of the human genome
sequence. human and several other genomes.

2000

*HGP leaders and President Clinton announce the completion of a "working draft" DNA sequence of the human
genome.

1999

eFirst Human Chromosome Completely Sequenced! On December 1, researchers in the Human Genome Project
announced the complete sequencing of the DNA making up human chromosome 22.

1998

Celera Genomics formed to sequence much of human genome in 3 years using HGP-generated resources.

1988

*HUGO founded by scientists to coordinate efforts internationally.

1986

eFollowing the Santa Fe conference, DOE OHER announces Human Genome Initiative. With $5.3 million, pilot
projects begin at DOE national laboratories to develop critical resources and technologies.

101213141516

171819202122 X Y

[MepBbIt reHom yenoseka — 2001 rog — 6b1n1 «cbopHbiM» M3 [JHK pasHbIX aHOHMMHBIX NaUMEHTOB


http://www.nature.com/nature/journal/v453/n7191/full/nature06862.html
http://www.nature.com/nature/journal/v431/n7011/full/nature03001.html
http://www.ornl.gov/sci/techresources/Human_Genome/project/20to25k.shtml
http://www.ornl.gov/sci/techresources/Human_Genome/project/50yr.shtml
http://www.nature.com/nature/links/030424/index.html
http://www.sciencemag.org/feature/data/dna/
http://www.sciam.com/article.cfm?articleID=00031D22-6C7C-1DEE-A838809EC588F2D7
http://www.ornl.gov/sci/techresources/Human_Genome/project/clinton1.shtml
http://www.ornl.gov/sci/techresources/Human_Genome/project/chr22.shtml
http://www.ornl.gov/sci/techresources/Human_Genome/publicat/hgn/v9n3/01venter.shtml
http://www.gene.ucl.ac.uk/hugo/

1000 KG

Individual genomes

The International 1000 Genomes Project was proposed by BGI in China, Sanger Institute in UK, and the
3G centers in USA in 2006, and later joined by groups in Germany and 3 major sequencer-producers. The
project is designed to identify SNPs with lower MAF (Minor Allele Frequency) than those by HapMap, and
other genomic variations such as CNVs (Copy Number Variations), by sequencing hundreds of samples from
the 3 major populations.

~250 genomes to end of this year phase Il of the HapMap project (269 individuals)
Four populations were selected for inclusion in the HapMap: 30 adult-and-both-parents trios

from Ibadan, Nigeria (YRI), 30 trios of U.S. residents of northern and western European

ancestry (CEU), 44 unrelated individuals from Tokyo, Japan (JPT) and 45 unrelated Han

Chinese individuals from Beijing, China (CHB).

B3prB oobema AadHHbIX — OT OA4HOI0 reHomMa — K TbiCA4aMm

Tekywume npoektbl — 1000 nHaAMBMAyanbHbLIX reHOMOB YernoBeka, HapMap,
TbicsAiya reHoMoB pacteHuu, 10000 reHOMOB MUKPOOPraHU3MOB...

1000 Genomes: The first pilot intends to genotype 180 people of 3 major geographic groups at low
coverage (2x). For the second pilot study, the genomes of two nuclear families (both parents and an adult
child) are going to be sequenced with deep coverage (20x per genome). The third pilot study involves
sequencing the coding regions (exons) of 1,000 genes in 1,000 people with deep coverage (20x).

The following populations will be included in the study: Yoruba in Ibadan, Nigeria; Japanese in Tokyo; Chinese in Beijing; Utah
residents with ancestry from northern and western Europe; Luhya in Webuye, Kenya; Maasai in Kinyawa, Kenya; Toscani in Italy;
Guijarati Indians in Houston; Chinese in metropolitan Denver; people of Mexican ancestry in Los Angeles; and people of African
ancestry in the southwestern United States.



OOvH 13 NMAEPOB CEKBEHMPOBAHUS B MUPE —

[eHOMHbIN HCTUTYT lekuHa, B LLUaHbXeHe, Kntan
[IpMeHeHne N BO3MOXXHOCTH

CeEKBEHNPOBAHNA — PaAaCTEHUA,

Prof Henry Yang Huanming

President & Professor MUWKPOOpraHN3mbl
Beijing Genomics Institute (BGl)-
Shenzhen, China HpeBHas HK
v@ EAEE CHINESE
d =ic]] SEA mu@
B e ey
: Beb-canTt n npoekThbl
Collaboration tastes sweet!
(//I‘IeKMHCKoro [eHOMHOro

T = ek NHcTuTyTa

Ana cpaBHeHna — MoWHOCTN CeKBEHUPOBaHUS
MIT, Broad Institute USA >200 mawuH (CLUA)
BGI ~100 mawwuH (Kutan) GIS ~20 (CuHranyp)
NUulr+UX6PM - 3 (HoBocubupck)



[1pn3bl 32 TEXHUYECKNE SpaceShipOne, 2004

OOCTUMXeHus.. HesaBucumbin
HerocygapcTBeHHbIN oHA X-prize

X}PR]ZE | BT@

The X Prize Foundation is a

non-profit prize institute

In 1996, entrepreneur Peter Diamandis offered a $10 million prize to
the first privately financed team that could build and fly a three-
passenger vehicle 100 kilometers into space twice within two weeks.
The contest, later titled the Ansari X Prize for Suborbital Spaceflight,

Role Spaceplane

motivated 26 teams from seven nations to invest more than $100 Manufacturer  Scaled Composites
million. Designed by Burt Rutan

. . . First flight 20 May 2003
Winner: Mojave Aerospace Ventures The prize was won on October Refired. 2 October 2004
4, 2004, the 47th anniversary of the Sputnik 1 launch. (Brothers Status Museum piece

Ansari)
* The Ansari X Prize, the original X Prize competition to

create a private spaceflight vehicle
* The Archon X Prize, a genomics competition (100 human

* genomes)
* The Automotive X Prize

* The Wirefly X Prize Cup
* The Google Lunar X Prize, a competition to put a robot on
* The Ocean X Prize At

The $10 million was donated by Canadian geologist and philanthropist Stewart Blusson,
who co-discovered the Ekati Diamond Mine. The name "Archon" is the name of
Blusson's company

[TpymMepbl NoaaepXKM KOCMUYECKNX TEXHOMOTUIN




A R{': H ‘:} N .\lclluxf
GENOMICS sevomics /O PRIZE

Archon X PRIZE for Genomics Teams Media Center Take Action Discover About
Revolution Through Competition. P TAKE ACTION
ARCHON X PRIZE FOR GENOMICS
medco

Larry Kedes on "The $10M Archon Genomic X PRIZE and Data Validation" 100

Prof Larry Kedes mﬁ‘l\
Professor Larry Kedes 100

Scientific Director and Senor Advisor, X PRIZE Foundation i e
. ARCHON
CtpaHuua doHga X-prize, e Xorize

ero npeancenartesib

1.1 The Device

The device and the processes it uses must be repeatable as determined by the Judges. A repeatable process in this

context means that the device is capable of continuing to provide complete human genome sequences at the same or yCﬂOBl/lﬂ
faster speed (see section 1.2), and with the same or better accuracy (see section 1.3) and coverage (see section 1.4), and

at the same or lower cost (see section 1.5) as required for those genomes sequenced during the competition phase. CcO peBHOBaHI/IFI

- There are no restrictions on types of devices or techniques. . CKOPOCTb,

1.2 Speed: Ka4eCTBO

During each X PRIZE competition test, a TEAM must use its device to sequence within 10 days 100 human diploid OaHHbIX —
genomes of 6 Gbp (6 giga base pairs, i.e., six billion pairs of DNA base molecules) each.
ykasaHbl (o

1.3 Accuracy: o
The sequences of each of the 100 genomes, when presented to the Judges, must contain no more than one error in aHI'J'Il/Il/ICKI/I)

every 100,000 base pairs. The Judges will assess the accuracy based in part on sequences predetermined by several
techniques. The predetermined information will be kept confidential from the TEAMs.

Mpu3 10 mnH. $ — cekBeHMpoBaTtb 1 reHom 3a 1000 $


http://genomics.xprize.org/interactive-guide

CKa4vku U roHku
TeXHONOrM1n CeKBeHUpPOBaHUA

medco

100“
100

ARCHON GENOMICS X PRIZE

cinowics /& PRIZE

PRESENTED BY mMedco’

5’ : N

_ —sup, FET R .

[MpoooskaeTca copeBHOBaHME KOMMaHMN 3a pa3paboTky boree geweBon, 4OCTYMHON
TEXHOMOrM NOSTHOrO CEKBEHMPOBaHNSA NHONBMOYANbHOIO reHoMa YesioBeka



http://genomics.xprize.org/interactive-guide

Nrpokn B obrnactm reHOMHOro CEKBEHMPOBaHUA
(«rOHWMKKY ). [epevncrneHsl MexayHapoaHblie KOMNaHuu,
pasBMBaloLLEe CBON TEXHOSOMNU

% I | u m I n a’ Aﬁym etrlx’= i Agilent Technologies
technologies” Kavolutionize life
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PeG hen X Helicos @ 5ices Fluidigm £

Llumina (Solexa), Sequenom, 454 Life Sciences, Pacific
Biosciences, Complete Genomics, Intelligent Bio-Systems,
Genome Corp., ION Torrent Systems, and Helicos Biosciences.



MNpencTtaButenu

TeXHI/I‘{eCKHe aACIIEeKThBI U npenMymeCTBa
KOMMaHUN:

Pa3INYHbIX TEXHOJIOTHH:

_A\

Kopoue nocJie10BaTeJIbHOCTH -> ‘ ' . — '
P Dr Mostafa Dr Francisco M. De La Vega
JlemeBJie TEXHOJIOTUSI -> MEHbILIE Ronaghi

HAJAEKHOCTD llumina. Inc ggel:_iTgSth;Isciglrﬁs -

BonbLlwnn 06vem kopoTknx pparmeHToB (50-70bp)(SOLID)
Longer sequence reads, 150bp (TexHonorus lllumina - Solexa)
300 bp reads - Reliable reads (TexHornoruss Roche 454)

Long reads, up 1K-10K bp (TexHonorusa PacBio — Pacific Dr Stephen Turner
Biocomputing) PacBio
Single molecule sequencing Light emission / magnetic / g &

physical movement measurements

O6bwmn TpeHa: bonbwnm obvem gaHHbIX hparmeHToB [QHK Beget k
CHWXEHWNIO KayecCTBa, 3aTo YMeHbLIaeT LeHy. CoOOTBETCTBEHHO
BO3HMKAKT BblYUCIUTENBbHbIE CITOXXHOCTN 06paboTKK

Dr Radoje Drmanac
Complete Genomics, Inc.

Overall cost of whole human genome sequencing
-> 10K$ -> 6K$ ->3 K$
Tekywasa CTOUMOCTb CEKBEHMPOBAHUS NHOANBUAYANbLHOIO reHOMa YernoBeKka yxxe
Huxke 10 Teic.gonnapos (Llenb — 1 Tbic.qonnapos)

10K USD price is claimed (BGI),
3K$ is minimal price per genome sequencing (but pilot project only)



l Fragment DMNA

lllumina solexa
J’ Repair ends/Add A overhang Seq uenCI ng

Ligate adapters

..............

Select ligated DNA

-
1

[Mpumep TexHonormu lllumina

Attach DNA to flow cell (SOLEXA _ CTapoe
It Py gy # Perform bridge amplification Ha3BaHI/IeU D'O O6beﬂMHeHMH
. . . KOMMNaHWN)
. 1 Generate clusters http://www.illumina.com/
Anneal sequencing primer
Extend first basa, read,
el debleck OpHa n3 Hanbornee
_g _g Repeat step above to extend paCHpOCTpaHeHHbIX
v - - - shrene nnatgopm («paboyas
2 | L rnowlagika» CeKBeHMPOBaHUS).
] MatumHbl ectb B Mockse, B
i

HoBocnbupcke HeT



SOLIiD sequencing

Mpumep TexHonornm SOLID
CekBeHMpoBaHmne naeT no AMHyKNneoTuaam KoTopble NnpeacraBneHbl
B LIBETOBOW KOAMpPOBKe (COBCTBEHHLIN hopMaT AaHHbIX)
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o
- - e 5T ."."1- SRRt et SiRe  SERe "i‘ b
“u. .-..-l' - e ._-r"-.= ..."...-l- .,.- - 'l-.": i i P
h e e _"i": ‘-.,-' . -"._l e :-lt - E
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2™ Base > -+ ; 8
: e + ! E
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E Prmer 3'—* IB'E’W - [ + =
: s = | E
A s LU L, | e
1 Adapter Sequence Template Saquence : S
: h 5 =]
g Primgr * E
o e E =
o R e LR . E >
L Adapter Sexjuenca Template Saquance : ;
— | :
] A J : =
’ E s
' A Primer Cleaage _+ 5 w
$ I . e :
Boad - o ¥ E
. Adapiter Sexjuence Template Saquence :
\, r

Details available at the company web-site: http://marketing.appliedbiosystems.com/



TexHonormm BelICOKONpon3BoanTernbHOro cekBeHnposaHusa [HK 1 Bo3Hukatowmne
cTaTUCTUYECKME, alTOPUTMUYECKNE N TEXHNYECKME KOMMNBLIOTEPHLIE 3aaa4u

HayJHble npunoxeHus:

-De novo genome sequencing

*Resequencing: analysis of polymorthisms

*TF binding

*Epigenomics

*Profiling (rearrangements, chromosome
abnormalities)

*Transcriptomics

*Fishing for RNA Editing Sites

«“3D genome”

KOMﬂbI-OTepH blé 3a4a4u

AccembnuposaHune: Cbopka ANMNHHON
nocriegoBartenbHOCTN (Merabasbl) 13
KopoTkux (35-100 HykneoTnaos)

KapTtupoBaHue. [lonck y4acTkoB
oTnuyatowmxca ot pedpepeHCcHOU
nocriegoBaTenbHOCTU (CTaTUCTUYECKN)

XPOMOCOMHbIE y4aCTKU OTfinyaroLmnecs
Nno CBOMUCTBaM

AHanu3 Bcex TPaHCKPUNTOB B reHOMe
(~10000 reHoB X 50 TpaHCKpUNTOB)

PenaktuposaHne PHK B npouecce
TPAHCKPUNUUKN (CTAaTUCTUYECKN)

TpexmepHble KOHTaKTbl B XpOMOCOMaXx

MartemaTtnyeckm — MHOIro KOpOTKMUX nocnegoeaTensHocTen (25-75, no 100
HYKI1eoTnaoB) MHorokpaTHo (10-100 pas) nokpblBatoWMX reHOM
(pedepeHcHyto nocnegosartesibHocTb (10M6 — 31'0)



Q‘g UHCTUTYT UATONOINrUMM U TEHETUKMH

UEHTP KOJ 308AHNS CO PAH
“‘BUONHOOPMATUKA”

NMpodunu ChiP-seq

Kak 3TO Aoenaertca TeXHU4YeCKU u
MaTemMaTndeckKkun?

AbbpeBnartypa

ChIP = XpomMmaTtuH-uMmmyHonpeumnutaumng

19



Ob6Lwan cxema reHOMHOro CeKBeHUpPOBaHUSA
(c ntmmyHONpeunnuTauuen unm 6e3 Hee)

8t

MNase digesion
(sonication)

— o 00 &
D ——— Wi ¢ 3
(\ y
p = i

— DNA extraction

High throughout sequencing, mapping to
reference genome

®parmeHTbl AHK annHon no 150-300 HykneoTnaos, HO
CEKBEHUPYIOTCA (Ha MaLUMHe) TONbKO Havana (U KOHUbI)
annHon 25, 35 nnun yytb 6oree HyKNeoTnaoBs



[eHOMHbIN Bpay3ep — npumep - CpaBHeHWE NpoduUnen HyKNneocoMHON
YNaKOBKMN (30€Ch: FeHOM OPOXIKEN)

[ chrz:|  asnson]  431000]  43t1o0]  4steoo]  4si3on| 431400 4sisoo|  asteon|  ast7on|  43isoo] 431800
PHO4 target predicted (% Yeo)
PHO4_JQ)
G153, low phosphate

Pho_low -

G135, High phosphate

Pho_high - - -

Kaplan et al, 2008, cross-linked chromatin, YPD

PO #-link

Protein-Coding Genes from Saccharomyces Genome Database

Transcriptional Regulatory Code from Harhison Gordon et al,

Regulatory Code I I I I
ChIP-chip Results from Harbison Gordon et al.

Feq. ChiP-chip

Sewen Species of Saccharomyces, Alignments & Conservafion

ool i aa. 0. A. A _ _ A, |

J Simple Tandem Repeats by TRF

Nucleosome protecting PHO4 binding sites is
depleted in low phosphate condition

KpacHbIM noMe4yeH KOHCepBaTUBHbLIU CauUT CBA3bIBaHUA Oerika
PHO4 Haxoaawunca B npomoTtope reHa PHOS apoxken



OnpepeneHue knactepa (nnka) cdopmMmMpoBaHHOrO NapHbIMU UK
oaHocTopoHHUMUK chparmeHTamm (by paired or one-side ChIP reads) Ha

M
#

Pair of tags, possible variable length

(<4Kb) of ChIP fragment

cluster definitions

Overlapping PET seqguences

M H
M
H
M
M
5 genomic DNA 3

Cluster size =5
Cluster member overlap = 4

XpoMocome

M
M
#

Single 25-35 nt tags extended to 200 nt,
fixed length of ChIP fragment

Cluster

Singleton

Y_ Vv
¥—— ¥~ Cluster peaks:

4 and 3 (count only 1)

1\ J
Y

Total cluster span

Schematic example of sequence cluster, singleton, and cluster
overlap. Cluster size is 5, and cluster member overlap is 4.

» Mapping - KapTtupoBaHue KOpOTKMX pparMeHTOB Ha reHoM (C HecoBnageHUSAMM)

» Peak calling — OnpeaeneHne nuka (MakcumMyma v rpaHul)

= Normalization to sequencing background — Hopmanusauus K KOHTPOJIbH. CEeKBEHUPOBaHUIO



3agada KapTnpoBaHNA — HaNTN (BprOBHFITb) KOpPOTKMEe rnocneanoBarteribHoOCTn Ha reHom

Mapping to the reference genome
Further validation of ChIP-seq reads:

bias in GC content, position mismatches, naHHble (nocne

ignored ‘N’ read letters in alighment KapTUpoBaHUsi)
AAAAGCAACTTAGAGATTGCACCAC 12500 1 chr9:42004400 F AAAAGCAACTTAGAGATTGCACCAC 9359
GGTTTTATTATTATTTTAGGGGTTT 11453 1 chr13:116992396 F GGTTTTATTATTATTTTATGGGTTT 9359
GTAATGTGTTTTTTGTGACTATTTT 11453 1 chr12:115188071 R AAAATAGACACAAAAAACACATTAC 9359

AAGATGCCAGAACTCTCAGCTCCTT 12500 1 chr7:135122171 F AAGATGCCAGAACTCTCAGCTCCTT 11453
TGCAAGCTTTCTTATTCCCTTTCAT 10406 1 chr6:128978691 R ATGTAAGGGAATAAGAAAGCTGGCA 9359

R (reverse) 25-26 nt read

F (forward) 25-26 nt read 4

[Mpumep doopmaTa gaHHbIX N
(3oecsb: lllumina), nocnenoBaTenbHOCTD,
opueHTauus (F nnm R) n reHoMHble Mismatches

KoopAuHaTbI
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YeTkun nuk npochuns
(nepekpbiBaHue
KOPOTKUX (hparMeHTOB)

[Mpmep 4yeTkoro nuka
npocouna ChiP-seq B
XPOMOCOMHbIX
KoopaunHartax

position/search Il:hr1?:35,1 11,643-35,113,533

Oct4 ChIP-seq cluster in
Pou5f1 mouse promoter

(link from T2G)

jumpl clear | size 1.891 bp.  configure |

chr1? (Bl

17gA1

[ T FSEGERE 17fE] |
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a2 _ GIZ Ditags in Cluster - Oct4_12892887_w1
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J 3TS Markers
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J Other Refseq
] Mammalian Gene Collection FUll ORF MEMAS
En=zemk 1 Gehne Fredictions
J Ensemb 1 Gernes
Mou=se mEMAs from GenBank
J ATO4 8477
Mouse EST=s That Hawe Been Spliced
J Spliced ESTs
Broad Institute Chromat in State Mapping using ChIF-Zeq
HIk4mel ES MWin
H3K4me1 ES 2 iz I
HIK4me1l MF MWin
H3K4mel MF Sig ]
HIK4me2 ES MWin
H3K4me2 ES 32 R ' . IIIINWE I N
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HIK4me2 WE MWin
H3K4mez WE =iz I
H3kames E5 Hw
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NMpumep aHanunsa TP c-Myc OnpepnernexHve nuka npodpuns

CcTyneH4yaTbi BU
OKCrepuMeHTarnbHas cxema OT 9KCTaKuum (cTy A)

OHK oo kaptupoBaHus Ha reHom A

A B / A ., Nocleophosmin 1 (NPM1)
éhrs:no.ru.ws-no.ua.za-
P43 N ——— —— 86bp
TGAG -me:c'sauvcs-“ CGGAGCACGTGGTTGCCACGIGET
4 A TGTGGGCGCTACATCCGGGACTCACC

ChIP
IO/pCMY oMy

ChIP-DNA cloning

+Tat / \ “Tet A e Total PET-3+ clusters (583
‘ iy A

= Clusters with E-box (156)

<~ 9 % Cl m "~ Lo 100
-y Paired end =
\ £ ‘& 4 ditagging N [ L —L = | |—q

------ e — 0
No Myc High Myc ChIP-PETs mapping 100 ko 10kb 5 3 1-:] kb 10k
[ . l l
- T .. Y EraiTe L._.,___,._-
% - o [ | - | - - § distal 5" proximal ¥ proximal 3" distal intergenic
Myc e
TFBS

ACHIN  ——m —

YacToTbl NMKOB (CanToB)
MO OTHOLLEHUIO K reHam

Myc transcriptional network CDK

Global mapping of ¢-Myc binding sites and target
gene networks in human B cells

Karen I. Zeller*, XiaoDong Zhaot, Charlie W. H. Lee*, Kuo Ping Chiut, Fei Yao!, Jason T. Yustein*, Hong Sain Qoit,
Yuriy L. Orlov*, Atif Shahab*, How Choong Yong*, YuTao Fuf, Zhiping Weng$, Viadimir A. Kuznetsow?,
Wing-Kin Sung*, ¥ijun Ruant, Chi V. Dang*", and Chia-Lin Wei*!

*Department of Medicine and The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkirs, The Johns Hopkins University School of Medicne,
Baltimore, MD 21 205; 'Genome Institute of Singapore, Singapore 138672; Bicinformatics Institute, Singapore 138571; and SBicinform atics Program,
Boston University, Boston, MA 02115



p53 example, human genome
OT npodmna — K moTuBy

a4

Validation of PET-Cluster-ldentified p53
Binding Loci
The whole-chromosome view of p53 ChIP-PETs

» CDKN1A mapping to chré.
(chr6:36,754,480-36,763,086)

PET overlap

density ‘
.7! - X

4 e A(Overiap region, 153 bp) e (Overisp region, 97 bp) CDKN1A was localized by two PET clusters; one
> ? contained 5 PETs, and the other contained 13

PETs. Both PET overlaps contained recognizable

. A genomic span of 23 kb that contains the
— CDKN1A gene and its 50 region is enlarged.

AGACAAGCCCGGGECAAGECT (p53 site, 20 bp) GAACATGTCCCAACATGTTS (p53 site, 20 bp)

600 p53 binding motifs.
= !
()
£
B i
= / We found strong correlations between
5™ / \ binding motifs and cluster size.
S
e 0-4"\&”0—.—0—,—0@/ ‘ \P

12500 10000 7500 5000 2500 Obp TSS

BonbWWHCTBO NUKOB coepKaT BblpaXKeHHble MOTUBDI
(KOHCeHCYCHble nocreanoBaTenbHOCTU) CanToB cBA3bIBaHNA TO

Ho 3To He cooTBeTCTBME OOUH K OQHOMY!
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UEHTP KONINEKTWBHOO NONb30BAHKS CO PAH

“‘BUONHOOPMATUKA”

RNA-seq
(MpumeHeHUe ceKBeHUPOBaHUA)

(dhbakynbTaTUBHO)

27



Kntouesas RNA-Seq: a revolutionary tool for
0630pHas transcriptomics

cmameoeAa

Zhong Wang, Mark Gerstein and Michael Snyder

NATURE REVIEWS | GENETICS
VOLUME 10 | JANUARY 2009

Ocobertocmu HoBble 3aqaun 6MonMHOPMaTHKN N CTaTUCTUYECKMUX
Tp‘:ﬂgg%ﬁegeﬂewe OLIeHOK 3KCMpeccumn reHos

COUYeCmaa BO3MOXHOCTb OTKPbLITUSA HOBLIX TPAHCKPUNTOB
MPpaHCKpUAMos (He NMpo6nembl kKapTnpoBaHna RNA-seq Ha reHOM

npo6bl, He (A.Mortazavi et. al.)

MuKpoyunei!) OnpeaeneHne MHOXECTBEHHbIX «PUAOBY» - BbIOOP

TPaHCKPUNTa, Npob6remMbl FOMOMIOrMYHbIX FEHOB

Pazsumue mexHonoauli u abbpesuamypeol
CEeK8EeHUPOBAHUSA XXX-seq ?7?

ChlA-PET  RNA-seq?
ChlIP-seq

gPET
ChIP-PET

Microarrays 28



OnpeaeneHue 3KCnpeccum reHoB
OnpeaeneHue 3KCNPeccUpyoLLMXCs Yyepe3 ceKBeHUpoBaHue
TPAHCKPUNTOB B reHome (KnaccuduKraums) (KpaTKMn 0630p TEXHONOrMMn)

Microarrays Sequence-based

Expression cDNA
Exon array ... EST

SAGE - serial analysis of gene expression (3)
CAGE - cap analysis of gene expression (5)
MPSS - massively parallel signature

se q uen C| N g [MPSS5]). A gene expression quantification method that
determines 17-20-bp 'signatures’ from the ends of a

cDMA malecule using multiple cycles of enzymatic
cleavage and ligation.

RNA-seq = RNA sequencing

RNA-seq library of cDNA fragments with
adaptors attached to one or both ends

reads are of 30—400 bp — any (next-gen) technology
(MoXKeT ncnonb3oBaTbeA t0b6aA TEXHONOMMSA



RNA RNA-se( - akcnpeccusa reHoB

l’ yepe3 CeKBEeHNpOoBaHME
e . —— —— 2 Y Each moIecuIe, with or without
[ ] [ ] TI'TTTI‘TT o ) N
RNA fragments “DNA amplification, is then
lr sequenced in a high-throughput
- manner to obtain short sequences
e e Ve ibrary . .
with adaptors from one end (single-end sequencing)
J, or both ends
ATCACAGTGGGACTCCATARATTTTTCT (pair-end sequencing).
CGAAGGACCAGCAGAAACGAGAGENENRY Short sequence reads
GGACAGAGTCCCCAGCGEECTGRAAGEEE
ATGARACATTARARAGTCARRCARTATGAR
l Any high-throughput sequencing
Coding sequence o . technology can be used for RNA-Seq:
&1 —_ = .. .BAARAR . . .
Junctionreads  TE e et e L e reads Applied Biosystems SOLiID
. === Mapped sequence reads ROChe 454 Life Science

=

+ Helicos (perspective)

Base-resolution expression profile
m ur"r' N M
LAY *.( VY
LN \
[ f LA
|

RMA expression level

Muclectide position

A typical RnA-seq experiment. Briefly, long RNAs are first converted into a library of cDNA fragments through either RNA fragmentation or
DNA fragmentation . Sequencing adaptors (blue) are subsequently added to each cDNA fragment and a short sequence is obtained from
each cDNA using high-throughput sequencing technology. The resulting sequence reads are aligned

with the reference genome or transcriptome, and classified as three types: exonic reads, junction reads and poly(A) end-reads. e - a base-
resolution expression profile

bottom - a yeast ORF with one intron is shown.



Comparison of RNA-seq with microarrays -

where it is possible
Low Medium

[+
|

Correlation = 0.509

Correlation = 0.099

LN
|

.

L
=

o
Lo

(]
| o=
00
o
o8
O

Expression levels by tiling array
e
L

Ly

Expression levels by RMA-Seq {log2)

RNA-se( - akcnpeccusa reHoB
yepes3 CeKBEeHMpoBaHue

High

The two methods agree fairly well for genes with medium levels of expression (middle),
but correlation is very low for genes with either low or high expression levels. (yeast)

Nagalakshmi U, et al. ..., Snyder M. The
transcriptional landscape of the yeast genome
defined by RNA sequencing. Science. 2008

(PakyneraTnBHO) MNokasaHa koppenauns
akcnpeccuu reHoB 1Mo RNA-seq ¢
MUKpoYMnamm —

[Mpryem ONs HU3KO-3KCMPEeCCUUpPYHLWMXCS
reHOB Koppenauma mana — MUKPOYnUnbl He
paboTatoT

" Sequencing

John C. Marioni et al
RNA-seq: An
assessment of technical
reproducibility

and comparison with
gene expression arrays
Genome Res. 2008



TexHonornm BoicokonpoussoautenbHoro cekBeHuposaHmsa [ HK -
abbpeBuaTypbl

Capillary electrophoresis (Sanger)
Between 96 and 384 samples
(76 - 308 Kb/run)

454 Solexa Solid
400,000 samples 32M samples  40M samples
(120Mb / run) (2Gb / run) (2-6 Gb / run)

493 1w

MUKpO3appan (MUKpO4UnbI,
MUKpOMaTpULb)
CekBeHunpoBaHue 454 Roche
ChIP-PET

RNA-seq

ChiIP-seq -> ChlA-PET, gPET

Formaldehyde  ChIP Target DNA ChIP DNA ChIP-PET
cross-link enriched cloning sequencing
OO0 OO0 T [ Jmm] =)

OO0 OO0 e [Sw] Qe ]

D) mup COCOOO oy, ooooooo—b: ———

s S e

Mapping PET sequences to the genome

PET-cluster
e - e
-- - - - - PET-singleton
- - - - -a» -- - - - - [ |
TFBS,

NGSN@Q Now generation
seguencing

Wei CL et al. A global map of p53 transcription-factor
binding sites in the human genome. Cell. 2006

ChIP-PET (Chromatin
immunoprecipitation — Paired End
diTags)

32



AHanu3 0aHHbIX 8bICOKOrpou3eodumesibHo20 cekeeHupoesaHusi JHK
U 803HUKarouwjue MamemMamu4eckue u asizopummu4deckue 3adaqdu

BeBeneHune. O630p METOO0B BblICOKOMNPON3BOANTESIbHOIO CEKBEHNPOBAHUA.

AccembnmpoBaHne reHoMOB 1 MEeTareHOMOB U3 KOPOTKUX hparMeHTOB:
HepeLLUEHHbIE anrOpUTMUYECKNE N CTaTUCTUYECKUE 3aaa4m

KapTupyemoctb reHoMoB KOpOTKMMU pparmeHTamu OHK (mappability)

OnpegeneHne cantoB CBA3bIBAHUSA TPAHCKPUMNUMOHBLIX doakTopoB (Td) B macwTabe
reHoma B Npodpunsax xpomatuH-ummyHonpeunnutaumm (ChlP-seq)

Ncnonb3oBaHne ChiP-seq gaHHbIX (Mmogmudukauum XxpoMmaTHa, HyKIieoCOMHOM
yrNakoBKW) ANs npeackasaHns canTtoB cBA3biBaHUSA TP B reHoMe.

CBA3b fokanuaaummn perynsTopHbIX CanTtoB OTHOCUTENLHO CTapTa TPaHCKpUNUmMn m
rpaHuny reHa n gudpdepeHLmpoBKa 3KCNPeCccnn reHos.

AHanua pacnpeneneHnsa cantoB cBs3biBaHMs TP B reHoMe

PekomeHAOyeMblI a ‘ag w m E Q aﬂ% Vve T

pecypc: 33

http.//seqanswers.com/


http://seqanswers.com/

BbicokonpounssoanTenoHoe cekBeHMpoBaHue — Next Gen Sequencing (NGS)

Genome Sequencer from Roche 454 Life Sciences (www.454.com),
the Solexa Genome Analyzer from lllumina (www.illumina.com), the
SOLID System from Applied Biosystems (www.appliedbiosystems.
com), the Heliscope from Helicos (www.helicos.com), and the

commercialized Polonator (www.polonator.org).

Capillary electrophoresis (Sanger) SE Q
AILISWEIXS
the next gijllt';‘f_"c‘ttlo,ll sequencing COINU.HIHNY

Between 96 and 384 samples
(76 - 308 Kb/run) l |

SN 5N
\
\

454 Solexa Solid
400,000 samples 32M samples 40M samples
(120Mb / run) (2Gb / run) (2-6 Gb / run)

499 e

lon Torrent
PacBio

CompleteGenomics

34
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http://www.polonator.org/
http://seqanswers.com/

KapTnpyemoctb (mappability) — «YHMkOMa» - uniqueome -

KOHLUenuus

[Ona kaxgown nocnegosatensHoctn JHK anuHon XX Hykneotnaos
(06bI4HO 18,20,25-35) onpenennTb YNCIO ee YHUKaNbHbIX NOSIOXKEHUN B
pedepeHcHOM reHomMme (cBepxanuHHon OHK)

/ TSenoBecHas KOMMbloTepHasa 3agada /

A HaobopoT — Ansa Kaxxgomn
no3nuum B XpOMOCOME
onpenennuTb YHUKanbHOCTb
(4Mcno Konun) pparmMeHTa Takon
KOPOTKOM OSTNHbI

CyLLeCTBYIOT pacymMTaHHbIE
(nobpoBonbuamMn) KapTbl AN
EHOMOB YerioBeka, Mbllln, A
domkcupoBaHHbIX anuH 35, 50
HYKNeoTnaoB (MCMomnb3yKTCs
Oaneko He BO BCEX Nporpammax)

Kohler et al (2010):

Scae 500 b

gt 1012803:1” ' 10128=3c| 1c1?snoc|
-ol-o
N2-50-2

ISAS

BWA
—“

SOaP2

BOWTIC

R VY VY

Arlgell

SlRIMF

RepeatMasker

Figure 1. Color-space (CS-50-5) and nucleotide-space (NS-50-2) un-
iqueome plots visualized alongside RNAseq data. The same 50mer RNA-
seq tags were aligned using several specialized short-read aligners in both
nucleotide-space (red) and color-space (green). The yellow region high-
lights an area with no uniqueome coverage (confirmed by BLAT as a mul-
ti-mapping region), where tags have been falsely declared as “uniquely
mapping” by the various aligners. No repetitive elements were cted by
RepeatMasker. See Supplementary Methods for details.
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“‘BUONHOOPMATUKA”

®parmeHTbl (reads, «puabi») ChlP-seq
Owunodku n aptedakTbl

(dbakynbTaTUBHO)
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Bo3moXHbI owmnbky (OWNMOKN Ha KOHLUAX - Torga Hago KapTMpoBaTb Kopoye), nnbo
NoONNTPaKTbl

Fraction of errors <??? (max 10%)

Statistics of DNA sequence bias depends on technology.

AAAAGCAACTTAGAGATTGCACCAC 12500 1 chr9:42004400 F AAAAGCAACTTAGAGATTGCACCAC 9359
GGTTTTATTATTATTTTAGGGGTTT 11453 1 chr13:116992396 F GGTTTTATTATTATTTTATGGGTTT 9359
GTAATGTGTTTTTTGTGACTATTTT 11453 1 chr12:115188071 R AAAATAGACACAAAAAACACATTAC 9359
AAGATGCCAGAACTCTCAGCTCCTT 12500 1 chr7:135122171 F AAGATGCCAGAACTCTCAGCTCCTT 11453
TGCAAGCTTTCTTATTCCCTTTCAT 10406 1 chr6:128978691 R ATGTAAGGGAATAAGAAAGCTGGCA 9359

300000 A

250000

200000 -

—e— Error_position

—=— Error_pos(no N)
150000 - -
—a— Error_position R

—— Error_pos(no N) R

100000

50000 -

Short (25-35 nt) sequence reads have bias relative to genomic DNA. Thus, first step is correct

mapping of such short sequence tags to the reference genome (done) 27



JloxxHble nuku (aptedakTbl)

1600

chrl4

1400

1200

1000

800

600 -

Artificial peaks

(technological bias in
sequencing) 0

20000000 40000000

60000000 80000000 100000000 120000000 140000000

—e—chrl4

Jumpl clear | size 20,100 bp. _ configure |

position/search Ichr14:18. 199 644-18,219,743

‘chr14 twa2) - A 14gB

1491 [oc: FEEGEE IR EE 1 14cE21 | o2 14gE4 ‘

Huge cluster

No genes (no
MRNA, no EST)

— Satellite repeat

chrig | 18205000] 18210000] 18215000]
Perfect hdatches to Short Sequence (AAAAA)
snortnach | LML P00 TE I 0 IR
Restriction Enzymes from REBASE
estrErymes | 1 111 [ 11 (1 1] NI
UCSC Known Genes Based an UniProt, RefSeq, and GenBank mERMNA
RefSeq Genes
fouse mRMAS from GenBank
AK 138870
Iouse ESTs Including Unspliced
Mouse ESTs
Yertebrate Multiz Alignment & Conservation
Conservation |
Repeating Elements by Repeathiasker
SINE |
LINE I
el E =
DA
Simple | |
Low Complexity I |
Satellie T Bl
RNA
Other
Unknown

Simple Tandem Repeats by TRF
Simple Repeats
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7000

Density of ChIP-seq in GFP control library (#seq/100Kbp)

6000

Another pre-filtering

example:

B a
o o
o o
o o

3000

2000

#sequences per 100Kb

1000

0 25000000 50000000

Pos

75000000 100000000§ 125000000 150000000 175000000

ition in chromo§ome 2

—=—chr2

jump clearlsjﬁg:gg,gbp_ configure |

position/search Ichr2:98.454.??8-58.470.80?

‘chrz (gE1) 2gE 1 | B zor 1 [ ors[El [ERoH | ‘
chrz: | aa4s5500] 9s4ee000] S84ses00| 9saszono| se4s7son| sedssnnn| ssassson| ss4ssonn| ssassson| as4zonoo| esazosad]
Perfect Matches to Short Sequence (AAAAA)
shortharen || [ [ [ [ ([N EEE T LI I R (N I

Restriction Enzymes from REBASE

UCSC Known Genes Based on UniProt, RefSeq, and GenBank mRMNA
Refieq Genes
house mRNAS from GenBank

house ESTs Including Unspliced

Restr Enzymes

AK1EE7Z4
AK 156805

house ESTs
Yertebrate hultiz Alignment & Conservation
Conservation
Repeating Elements by Repeathasker

SIME

LINE

LTR

DA

Simple

Low Complexity
satelite [

RMA

Other

Unknown

Simple Tandem Repeats by TRF

Huge cluster

__—"_Satellite repeat

39
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chrl4

1600

Example. Analysis of artificial
peaks 1400 R

1200

(too high and present in the 1000 | \
control library) \

800

600 - \\
400

chr14.39187519 783 \

200

O 4 T T T T T
0 20000000 40000000 60000800 80000000 100000000 120000000 140000000

chrl4

posiﬁon-"sea_rchlchrmﬁﬁ 837.519-39.537,518 iumpl C|ear|sjze 700,000 bp. _ configure |
nazl 140A3 EE I oo B oc: B 1 15cEz | ez B 1aqEs ‘

‘chﬂ 4(gB)

chri4  3ss00000] 3a000000] 38100000] 3az0000a] 38300000] 39400000 39500000]
Perfect hatches to Short Sequence (AAAAA)
short Match [ I IIII--I_-I----II--IIIIII
Restriction Enzymes from REBASE
Restr Enzymes
UCSC Known Genes Based on UniProt, RefSeq, and GenBank mRMN&
Refeq Genes

Mlouse mRMNAS from GenBank . H uge CI u Ste r.

AKD0Z715 | AK 145422 H
AK171721 | H
hMouse ESTs Inm
hMouse ESTs | | | | : NO genes (nO

Vertebrate Multiz Alignment & Conservation

I 1 Il T | ~ mRNA, no EST)

Repeating Elements by Repeathlasker
|| I\ ||

SINE | | | LI
ACSATT O TR LN TN TATE AT TN 0 T AT L OO T A [ WY :
LR QA R e Y LA o A T — Satellite repeat

simple: [ 11110110 D00 D0 I D T T || II||| )0 LI Lk 1]
Low complesty || ATL IV T T FTHC T W O 000 A0 T L n mmn AN AR AR 1 I |
| ==

Satellite
RNA | |

Qther | 40

Unknown

Simple Tandem Repeats by
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CneuncdunyHbIn U KOHTPOSbHbIN Nnpodunb ChiP-seq Ha xpomocome

#sequences

Distributions of ChlIP sequences in libraries correlate in chromosomes

1000
900
800
700
600 I
500 4 I e 1 | [ Ll
400 - | | W)

0 L "‘“J'IH T |
100 - LI N Y :

0 T T T T T T T T
0 20000000 40000000 60000000 80000000 100000000 120000000 140000000 160000000 180000000

Position in chromosome

—— GFP_chr2 — Nanog_chr2

Distribution of sequences follow chromatin density in chromosome.

Some extra large clusters (artifacts) still present in other libraries (maybe artifacts due to satellite
repeats)

3agaya — OTAeNUTb NUKN UCTUHHDbIE NMUKK 41
(o6oraileHHble y4acTK1) OT wyma
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AccembnnpoBaHue

cbopka ANMHHOM NocrieaoBaTesfIbHOCTHU
(BCcero reHoma) n3 KOpPOTKUX

(dbakynbTaTUBHO)

= MepepbIB =

42



KapTupoBaHue KOpPOTKNX nocnegosartesisHocTen («puag» reads,
doparmeHTbl) 1 npunoxerHus (Nukn npodgunen ChiP-seq

Sequencing and Genome Assembly Using
Next-Generation Technologies

Niranjan Nagarajan and Mihai Pop

Reference Sequence

Mapping - -
-1 - — ~
Reads | I—-I
- '_ | /
ACGTTA[JGACCTTCGATC S
GTTAGACCTTC I | I Cgﬁ
TTAQGACCAT-GA Gene | Gene 2 Gene 3 /:O

SNP Discovery Expression Profiling Small RNA Discovery

Read mapping and its applications. Mapping programs are widely used to align reads to a
reference while allowing some flexibility in terms of mismatches and indels and a policy for4

: : o 3
handling ambiguous matches. The matches are then processed in different ways.



lllustration of EagleView features.

NMporpammmMma BU3yanumsaumm KapTUpPOBaHUS — KaK
BbIMMAOUT KapTa KOPOoTKux chparmeHToB AHK

[rnHHbIE
doparMeHThI
(454 Roche)

KopoTtkune
«puabi»
(lllumina)

i M EagleView

Fie Configure Preferences Help

POBOB 60O @

1

| <@ -8 -@ -olCHEE

DCYLGYDO2IPSWQ . P=12,Q=35,S=211[12-13]| 917 185

M EagleView
iEic Configure Preferences Help

1“;“’“

B3 3 174_792 738

Huang W, Marth G Genome Res. 2008;18:1538-1543




lNMepBas cTyneHb aHanu3a AaHHbIX CEKBEHUPOBaHUA — KAPTUPOBaHMUE Ha
reHom (Ha nocrnegoBaTesibHOCTU XPOMOCOM)

MUMmer and BLAT —
ONMUHHbIE KOHTUMN

MAQ (Mapping and Assembly with Quality)

SOAP (Short Oligonucleotide Alignment) Program indexes the
reference instead of the reads

SHRIMP (SOLID)
ELAND
Bowtie (compact Burrows—Wheeler index - BWT) 20M/uac

SeqMap, RMAP, ZOOM, AMOScmp
Synamatix

45



BosHukatlowme 3agadum n npumeHeHne
— NOUCK NONUMOPPU3MOB, MyTaL M.
EagleView

[Ba npumepa (reHom 4erioBeka)

RT16G0MR00M/7/79R1AA0010)°
P« NReIVIVIVI A Ao N “(,‘-)/

rs5939144
A/T

TGATATCAGTCAGTATGTTGGTATCCCTGAGTAGCAGAGGCCCACTGTGCCTGGCCCCCATTTTTTTTAATAGATCAAATGA
TGATATCAGTCAGTATG-T GTATCCCTGAGTAGCAGAGGCCCA GTGCCTGGCCCCCA TTTTTTTAATAGATCAAATGA
TGATATCAGTCAGTATG_TGGTAT TAGCAGAGGC GGCCCCCA TTTTTTTAATAGATCAAATGA
TGATATCAGTCAGTATG-TGGTATCCCTGAGTAGC ATGA
CAGTCAGTATG - TGGTATCCCTGAGTAGCAGAGGC GA
TG-TGGTATCCCTGAGTAGCAGAGGCCCACTGTG

Two examples of SNP genotype discrepancies between the HapMap project

and the new assembly data from the 1000 Genomes Project.
46
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COopka annHHON nocrieaoBaTeNibHOCTU U3 KOPOTKUX chparmeHTOB de
novo— accedbnupoBaHue (assembly)

Noean — oanH KOHTUN (BCA nocneaoBaTenbHOCTb)
[Mpobrnema paboTbl C KOPOTKMMU ~35HMN — HENONHAsA

Reads Assembly Graph cbopKa KOHTUIOB
| = - e Contig
L I = _,'J £ \'*. —
I - - I ! : —\ - {_,.-'r

~eem=" Mate—Pair

NSNS \

——————————————————————————————

1 | | #* - |
| ——— : | * 9 : ACGTTACGACCTTCGATCNNNNNNNNCTGGATTCCC
: [ — I : |

| |

Overlaps & Paths & Genomic Sequence
Graph Construction Repeat Detection

An assembly is a hierarchical data structure
MoHsITe puA — KopoTKast that maps the sequence data to a putative
reconstruction of the target. It groups reads

nocnenoBaTeflbHOCTb, : : S :
into contigs and contigs into scaffolds. Contigs

KoHTur (coctaBHas) provide a multiple sequence alignment of
reads plus the consensus sequence.

[MyTb (path) — BapraHT cOOPKU KOHTUTOB The scaffolds, sometimes called supercontigs

or metacontigs, define the contig order 27nd

Cka ona (cocTtaBneHne KOHTUIroB . )
Cbe D'( ) orientation.



AccembrnmpoBaHne KOPOTKUX NocnegoBaTesibHOCTE = COCTaBleHME OQHON
(OMHHOW, cynepanMHHOWN) nocrnegoBaTenbHOCTU TekcTa U3 KopoTKmx (20-100 H)

aaccgg

i
NMpo6nema NP-nonHa sl

aacc % accg [ ccgg —* cggt —* ggtt

J.R. Miller et al. / Genomics 95 (2010) 315-327

The Challenge of Assembly

Metagenomics agcogpltE ConocrasneHue
ABYX KOPOTKUX

Graph Algorithms for Assembly puaoB B BuAe rpada

Greedy Graph-based Assemblers

Overlap/Layout/Consensus Assemblers < . Bo3HMKaloLLME

The de Bruijn Graph Approach Npobriembl cOOpKM

- Euler < —il—— > (rpadha): Tynukm

- Velvet s s Bl (dead end),

- ABYySS

- AllPaths [My3bipu (bubbles),
- SOAPdenovo IR KoHub! (BepeBKU

Other Software > < (BeP 45)3



NMpodunb ChiP-seq — cekBeHnpoBaHue ¢pparmeHtToB [HK,
CBA3aHHbIX C 6eyIKkOM MeTOA4O0OM MMMYHOMNpeuunuTauumm,

NocTtpoeHune npodwuns (piled stock)
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[JocTynHble nporpammbi:

CobcTBEHHbIE pa3pa60T':"/

Published:

SISSRs (Keji Zhao’s)

MACs (Shirley Liu’s)

PeakSeq (new, Snyder&Gerstein’s )

Zhang Y, Liu T, Meyer CA, Eeckhoute J, Johnson DS, Bernstein BE, Nussbaum C, Myers RM, Brown M, Li W, Liu XS. Model-
based analysis of ChIP-Seq (MACS).
Genome Biol. 2008;9(9):R137. Epub 2008 Sep 17.

Rozowsky J, Euskirchen G, Auerbach RK, Zhang ZD, Gibson T, Bjornson R, Carriero N, Snyder M, Gerstein MB. PeakSeq
enables systematic scoring of ChIP-seq experiments relative to controls. Nat Biotechnol. 2009 Jan;27(1):66-75. Epub 2009
Jan 4.

F-Seq: a feature density estimator for high-throughput sequence tags.
Boyle AP, Guinney J, Crawford GE, Furey TS. Bioinformatics. 2008 Nov 1;24(21):2537-8. Epub 2008 Sep 10.

QUEST -
Valouev A, Johnson DS, Sundquist A, Medina C, Anton E, Batzoglou S, Myers RM, Sidow A. Genome-wide analysis of
transcription factor binding sites based on ChIP-Seq data. Nat Methods. 2008 Sep;5(9):829-34.

Cnucok nyonukaumm — nporpamMm aHanumsa
npoduna ChlP-seq n BblaeneHus nuKoB 50



p53 example, human genome
OT npodmna — K MOTUBY

a~

[. ) Validation of PET-Cluster-Identified p53
o, N Binding Loci
" The whole-chromosome view of p53 ChIP-PETs

» CDKN1A mapping to chr6.
(chr6:36,754,480-36,763,086)

PET overlap
density t
A genomic span of 23 kb that contains the
- - . CDKN1A gene and its 50 region is enlarged.
A A(Overiap region, 153 bp) il (Overlap region, 97 bp) CDKN1A was localized by two PET clusters; one
: 2 5 contained 5 PETs, and the other contained 13
PETs. Both PET overlaps contained recognizable

AGACAAGCCCGGGECAAGECT (p53 site, 20 bp) mcnmrcccmrsm (p53 site, 20 bp)

600 p53 binding motifs.
1= r
o
£ |
- | |
£ » We found strong correlations between
5™ ! / \ binding motifs and cluster size.
©
u o.#m_'_‘_'_“l - \p

12500 10000 7500 5000 2500 Obp TSS

BonbWWHCTBO NUKOB coepKaT BblpaXKeHHble MOTUBDI
(KOHCEeHCYCHble nocrenoBaTenbHOCTU) CanToB cBA3bIBaHNA TO

Ho 31O He cooTBeTCTBME OANH K OAHOMY (MHOro NoaxoasLmx 51
HYKJ1.nocnegoBaTenbHOCTEN B FEHOME, HE BCe pearnn3oBaHbl)



CnNuncok BO3HUKAKOLWNX TeOpEeTUYeCKUX 3aaau
cBA3aHHbIX ¢ ChIP-seq

OnpegeneHne NUKOB CBA3bIBaHUSA (MONOXeHNe canToB) Ha XpoMocoMe — peak
calling (MACS, SISSoRs, PeakFinder..)

[Monck moTmBa (f10ro) B nnkax — ucnonb3osaHne 6a3 gaHHbIXx (TRANSFAC,
JASPAR)

Carypauuns (onpeneneHue rnosiHoTbl 9KCNePUMEHTAa, HaCbILWEHHOCTU AaHHbIX —
BCE I CalTbl B reHoMe onpeaerneHbl B 9KCnepumMmeHTe? (Yepes CUMYISLUOHHYHO
MOAerb UNn CTaTUCTUYECKN)

CpaBHeHMe ¢ AaHHbIMKU NO 3KCMPECCUN reHOB, onpeaeneHne reHoB-MULLIEHEWN,
Knactepusauyms npodounen

CpaBHEHUA C HYKNEOCOMHOW yNakoBKOW (OTPbITbIM XPOMATUH, CanThl
pa3pesaHunsa [IHKason, FAIRE n anureHeTn4eckKuMmn Mmapkepamm —
METUNMpoOBaHMe/aueTunmMpoBaHne rmcToHoB (Knactepusauusa, npeackasaHme
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ChiP-Seq. KnacTtepbl npodunnen
Moandoukaumm rmcCToHOB

 Mikkelsen, et. al. Nature.
Histone modification in ES, NPC, MEF

Two methods: binned approach for sharply peaked pattern like
H3K4me3; HMM based approach for broad pattern like H3K27me3.

Comparison of histone modification types among cell-lines.

a
 HaK4me3 A

ES cells | Hako7mes

b
N
Caaa s .
N
—

MPCs

A
-—III—I—I-I-I—{.
3 ®

MEFs

-
%
%,

BcTaeT 3apgaya knactepusaumm Bh



a‘g ‘ UHCTUTYT LATONONMM U TEHETUKMU
\) Cbupercoe Omdesenwe Paccudicicoi Arcadewun Aayic

“‘BUONHOOPMATUKA”

NMpodmnu ceasbiBaHuAa TP B
3MOpPUOHaNbHbLIX CTBOJIOBbIX KrieTKax
MbIWwK (No gaHHbIM ChlP-seq)

(pakynbTaTUBHO)
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Pa6oTa no onpeaenexnuto 15 npocdunen TP B reHome MbILLN

Integration of Extemal Signaling
Pathways with the Core Transcriptional
Network in Embryonic Stem Cells

Xi Chen12& Han Xu,*% Ping Yuan,! Fang Fang,'2 Mikael Huss * Vinsensius B. Vega,? Eleanor Wong,® Yuriy L. Orlow,4
Weiwei Zhang,'# Jianming Jiang,'*? Yuin-Han Loh,"* Hock Chuan Yeo,* Zhen Xuan Yeo,* Vipin Marang,*

Kunde Ramamoorthy Govindarajan,? Bernard Leong,” Atif Shahab,? Yijun Ruan,® Guillaume Bourque,®

Wing-Kin Sung,® Neil D. Clarke,* Chia-Lin Wei,*" and Huck-Hui Ngi2"*

1Gena Regulation Laboratory, Genoma Institute of Singapore, Singapone 138672

2Departrant of Biological Sclencas, National University of Singapore, Singapone 117543
3Computational and Mathematical Biology CTaTbﬂ Ch en Et al .y Cel | y 2008 -
*Computational and Systaems Biology Group
5Genome Technology and Biology Group n p M Me p Macco BO ro
Ganome Institute of Singapore, Singapore 138672

NMNOJIHOreHOMHOIo aHarnin3a

npodunen ChiP-seq
NMowaroBas peanusauua 3agad

« Extending each tag by 200bp towards its direction to generate a pseudo-
PET and overlapping pseudo-PETs into an genome-wide intensity profile;

* Applying peak finding algorithm on the intensity profile;

« A cut-off threshold determined by randomly placing tags in the genome and
calculating false discovery rate (FDR);

 Removing trivial peaks by the fold-change against control library (<5 fold). >



Kak Bbirnagat npocgpunm Ha xpomocome (CpaBHeHUE NMUKOB CBA3bIBaHUA ONA
pa3fnUyYHbIX 6eNKOB — TPAHCKPUNLUOHHBbIX haKkTopOB)

Bonpoc — ckonbko canToB B reHoMe (YenoBeka)? JlokanuayrTcs i OHKM BMecTe?

bBonblLOe YNCI0 CaNTOB B FEHOME OMnpeae/ieHo SKCNnepnmeHTanbHO ¢ nomoulbto ChiP-seq
(o1 5,000 oo 40,000 B 3aBMCMMOCTU OT HBesnKa).

HeBO3MOKHO NPOBEPUTL UX BCE IKCMEPMMEHTANbHO TPAAULUMOHHbIMM meTogamu (PCR)

200 +

200 o

14
100 +

14

Integration of External Signaling Pathways with the Core Transcriptional Network in
Embryonic Stem Cells. Xi Chen et al., Cell, 2008
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TFBS profiles for the
sequence-specific
transcription factors at
the Pou5f1 and Nanog
gene loci

[Npumepbl
pPacnosrioXXeHnd NUKOoB
npodpunen ChiPseq B
NOKycax reHoB
Pou5f1(Oct4) n Nanog
(B reHOME MbILIN)
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CymMmmapHaga Tabnuua (06bem gaHHbIX — COTHU MerabaunT TOSbKO

total uniquely positive rate
mapped loci, fase by PCR
excluding peak discovery validation (> 3
chrY number rate fold)
Nanog 8424102 10343 0.01 | 100%
Oct4 4911144 3761 0.01 |>92%
Sox2 4821446 4526 0.01 | 100%
Smad1l 3338896 1126 0.05 | 96%
P300 5424357 524 0.05 | >90%
E2f1 8449181 20699 0.01 | 100%
Tcfep2il 8787961 26910 0.01 | >92%
Suzl12 5986520 4215 0.01 | 100%
CTCF 3686056 39609 0.01 | >95%
Zfx 3844429 10338 0.01 | 100%
Stat3 5351116 2546 0.01 | >97%
Klf4 3807970 10875 0.01 | >95%
Nmyc 4823212 7182 0.01 | 100%
Cmyc 6637404 3422 0.01 | >95%
Esrrb 7148528 47888 0.01 | <50%
Thp 3528988 7405 0.05 | >95%
GFP
(control) 3578466 | - -

npodpunun ChiP-seq)
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BecoBble maTpuubl, onpegeneHHbie rno nmkam ChlP-seq (Tbicsa4um
nocrieaoBaTenbHOCTEN)

Oct4 Q‘?TLI.AT.CQ*’*AT Examples of similar (overlapping)
motifs

Nanog ccgﬂ,Lng

Example of strict motif

STAT3 ETTCC GuAA (symmetry)

qh

BecoBble MaTpuubl — J10ro — " BO3HMNKaOLWWE 3aaun.

Onpepnenenne MMeHHo No AaHHbIM ChlP-seq — noaroHka nod nuku, BblIoop
BEpPLUMHbI NUKa

[MepekpblBaHne canToB (KodakTopsbl, piggy-back)

[MepenpencraerieHHble (NPOCTbIE) NOCegoBaTENLHOCTH
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[Mpumep B3anmHoun perynsauum (OCT4 -> NANOG)

Oct4 binding site near Nanog gene

CanTt cBasbiBaHuAa Oct4 HaxoauTcs B
npomoTope reHa Nanog

position/search IchrE:122_ET1 TB5-122 674 554

jump | clear | size 2.790 bp.  configure |

EoES JEEIEN EErEE ool [ oSN EEE Fi ) oF SEREY |

1226735088 122673508 122674008

122674508|

i

a

chrg (aF2) ]
] chirg: | 122672508
=
22 _
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— 1 -
22 _
FEFRK

TS Markers

Oct4

Chromosomel 7 coord inatesl
GIZ Ditags in Cluster — OCt4_ 128926887 _wil

GIZ Ditags in Cluster — Oct4_ 12092087 _wi

TS Markers on genetic and Eadiation Hdbrid Maps

UCEC Known Genes sed on UniFrot, Refs3ed, and GenBank mEHA
T e T T
L
Fefieq Gene=s

Manog

o T o T e T

Transcription start of Nanog

gene 59



Kpome Toro, gaHHbIW cCanT KOHCepBaTUBEH
Oct4 binding site near Nanog gene (Y MbILUM U APYTMX OPraHn3moB)

position/search |chr6:122,671,765-122 674,554 jump | clear | size 2790 bp. _ configure |

chrgE (QFE) i EEEEN cocl WEccEENERERE E1 | GES El IEEEac1 Il |
] chire: I 122672508] LE2E75008] 1226 73508] 1226 74808] 122674508]
= Chromosomel7ocoord inatesl
2z _ GIS Ditags in Cluster — Oct4_12992887_vl
DEHSITY
- 1 -
22 _ GIS Ditags ih Cluster — Oct4_12992887_wi
] (R R e e - S
Yertebrate MUtz Alignment & Conseruyation
Conserwat ion
i I e i | | I I P L L L. Wi i _. . -]
et —————|| I B Il N 101N | N A O Y ML (01—
hiLmak AN 00 A NN WO (=00 irm—=—
dog 00 O A O 1 M
QpoEsu0m
chiicken
®_Ttropicalis
| tetrandon {1
Timple MUcleotide FolumorphisMg (dbESME build 1260
J SHFsS (1263
FEepeating Elements by Ee atMasker
J RepestMas ker IIEINEIG [ ]

Evolutionary conservation of

Oct4 binding site
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. . PerynatopHas cetb gnga 15 T
I'IpMN\epbl PerynaTtopHbIX B3anmoaenctsmnu

no npodpunam ChlP-seq

Nanog

OCt4 peI'yJ'II/IpyeT Nanog (Llepe3 Figure 7. Transcriptional Regulatory Network in ES Cells
CBsi3blBaHME B NPOMOTOpPE) U
perynupyet cam cebsi

BocctaHoBneHME perynsiTopHbIX KOHTYPOB («KTO KOro» perynupyet no
PacnonoXeHno B NPOMOTOPHOM paioHe COOTBETCTBYHOLLErO reHa,

[JononHnTtenbHo (ToNuwmMHa cTpesrok) — no anddepeHumnanbHom
9KCMpeccunun Ha MmMKpoymnax 61



3apgaya HageXXHOCTU onpenerieHUs cCauToB

1) CKOnNbKO U3 HanaeHHbIX Mo Npodpuno cBA3bIBaHUA NMUKOB

Cop,epx(aT CanTbl CBA3bIBaHUA TPAHCKPUNMUUMNOHHLIX (*)aKTOpOB

2) CKonbKoO cauTtoB B reHoMe?



3agaya HageXXHOCTU onpeaerieHnss CaunToB

1) CKonbKo N3 HangeHHbIX No Npocuno cBA3bIBaHUA NUKOB
CoaepxaT canTbl CBA3bIBAaHUA TPAHCKPUNLUMOHHbIX (PaKTOPOB
2) CKonbKo cantoB B reHome?

100000000 3
Observed and simulated E 1000000 3 1
cluster size distributions in » . \c&
Nanog c 10000 —3
ChiIP-seq library (numbers _E /}’M
are after GFP filtering). 5 ] ] TEeeeees
Z 100 B T NTOTTE |
3 &
"| T T T T T‘Ilﬁ'l T T T T T T T T T T T T T T T T T T
0 10 20 30 40 00
Cluster size
Noise ﬁ|tering cut-off value —*— Observed clusters ~©— Simulated virtual clusters

Cut-off value for ChIP-seq peaks — onpeneneHue
NOPOroBOro 3Ha4eHMs BbICOTbI NMUKA

CTtatuctuyeckasa 3agada — onpegunTb noporn n oTHoWeHne

MEeXAy BbICOTOM MMKa Npu cneundnyeckom CEKBEHMPOBaHUN
N NP KOHTPOITbHOM YTOObI MMHUMU3NPOBATbL OLLUNOKY

(B Ka4eCcTBE KOHTPOSA — KOMMNbIOTEPHOE CUMYNUPOBaHNE U 63
cekBeHunpoBaHue IgG, GFP, 1HK 6e3 cBasn ¢ benkamm)



a‘g ‘ UHCTUTYT LATONONMM U TEHETUKMU
‘) Cbupercoe Omdesenwe Paccudicicoi Arcadewun Aayic

“‘BUONHOOPMATUKA”

NMpodunu cBaA3bIiBaHUA TP U anureHeTUkKa:

JcTtpaguonoBbin peuentop (ER)
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Molecular Systems Biology 6; Article number 456; doi:10.1038/msh.2010.109 molecular
Citation: Molecular Systems Biology 6:456 systems

© 2010 EMBO and Macmillan Publishers Limited  All rights reserved 1744-4292/10 hin|ugy
www.molecularsystemsbiology.com

Integrative model of genomic factors for determining
binding site selection by estrogen receptor-a

Roy Joseph‘, Yuriy L Orlov', Mikael Huss', Wenjie Sun, Say Li Kong, Leena Ukil, You Fu Pan, Guoliang Li, Michael Lim,
Jane S Thomsen, Yijun Ruan, Neil D Clarke, Shyam Prabhakar, Edwin Cheung and Edison T Liu™*

O630p paboTbl No ctaTtbe (Aekabpb 2010)

Mo aHann3y cantoB cBA3bIBaHUA TP acTporeH-peuenTopa B reHOMe
yenoBekKa — aKcnepMMmeHTaribHble AaHHble Nosly4YeHbl C MOMOLbLIO
BbICOKOMPON3BOAUTENIbHOIO ceKkBeHupoBaHua — ChlP-seq

3apgaya — nccnegoBaHue No4YeMy UMEHHO 3TU CalTbl B reHoMe
dyHKUMOHANbHbI — MHTErpupyrowasa Mmogenb

molecu|ar
systems

biology

¢
4
¢

LATEST: 2009 impact factor 12.125
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Obwas nages — n3 orpoMHoro Habopa noTeHunanbHbIX CanToB cBs3biBaHNA T
B reHoMe (onpeneneHHoOM TONbKO Mo nocriegoBaHTeNbHOCTU 6ykB 6-10 HT
Hanpumep matpuuen ceasbiBaHna (PWM) nuwb manas YyacTb 4ENCTBUTESNTBHO
ceasBaeTcs ¢ TP (1-2%) Kak noaTBepXaeHO NPSAMbIM 3KCNEPUMEHTOM NO
CeKBEHNPOBAHUIO

CBsizaHHbIe cauTbl

CBsizaHHble CauThl,
BNusAOLLMe Ha
3KCNpecumnro reHoB
Paccmotpum 3 pabotel - Joseph, Orlov et al (2010)

Ernst et al (2010)

John, Sabo et al (2011) 66



lpeackasaHne canToB CBSA3bIBAHUA TPAHCKPUNUUOHHLIX (haKTOPOB B

reHoMe U X IKCnepuMeHTanbHas npoBepkKa (Banugauuns)

CanTbl cBaA3biBaHus ER (reHoMm 4yenoBeka)
Tonbko no nocneposatenbHocTn AHK —
~1 MNH CauTOB B reHOMe YernoBeKa Mo KOHCEHCYCY (C HecoBMaLeHUSIMN)

32 TbiC.CauTOB MO NO3NLINOHHOW BECOBOM MaTpuLe

17 TbiC. CaUTOB — HAaWOEHO Yepe3 CEKBEHMPOBAHME COMNPSIKEHHOE C
nmmyHonpeumnutaunen (ChiP-seq) B kKynbType pakoBbix knetok MCF-7

Okono 100 canToB NoATBEPXKAEHO IKCNpUeHTarnbHo ¢ nomolbio gPCR
(py4Haqa TexHonoruns, 0bbIYHO NPOBEPSAIOT AECATKN CauTOB)

JKCNnepUMeHT Mukpoappan (Microarray, nnatdopma Affymetrix)

CanTtbl MoryT 6bITb cneundunyHbl K AaHHOMY TUMY KITETOK
(TKaHecneyngpu4HOCTb)
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Bocnpoussogumoctb ChIP-seq akcnepumMmeHTOB (CKOFIbKO BCero camtoB
B reHOMe MOXeT ObITb onpeaeneHo Yyepe3 TEXHONMOrMn ceKBeHUpPoBaHUA
- oueHKU Ana pas3Hbix TP ¢ 2005 ropa)

ER ChiIP-seq ChiIP-on-chip
(Welboren et al., 2009) (Hurtado et al., 2008)
10,191 8,225

ChIP-PET
(Lin et al., 2007)
1,226

PasnunyHble

TEXHOSormm

CEKBEHNPOBAHUS

AaroT NULLb YaCTUYHO

BOCIMPOM3BOANMbIE ftsi: :::;sy?q
pe3ynsTaThl Teas
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[Mpmep pacnonoxeHna mapKkepos moampuKaumm ructoHa H3 Ha
Xpomocome n cantos cBsA3biBaHMA ER no ChIP-seq

chr21: 2655000 42660000 42665000 42670000
70 -

K9ac
Kidac
K4me1
Kdme3

Palll

ER \l \“

A
TFF1l-}——— TMPRSS3m 4 :

CanTtbl cBA3biBaHUA ER B perynsatopHbIX panoHax
reHa TFF1 (cooTBeTcTBYIOT NMKam moauduKauum
XpomaTtuHa, ructoHa H3 - H3K9ac, H3K4me3 m ap.)

Fold change (E2/DMSO)

w

N

[y

0

JKcnpeccuraA reHa
TFF1 nocne

\aKTVI BaLUMU
acTporeHom E2
(yBennuyenHue B
3 6 9

pasbl, 1orapnodm.

E2 induction (hours) LUKaﬂa)

YTOuHeHue MOTUBA CBA3bIBAHUA NO
AaHHbIM ChIP-seq

TRANSFAC logo



KneTkun «B nokoey»

KOac

Ki14ac

Kdme1

Kdme3

Polll

ER

KneTtku nocne aktuBauum ACTPagnornom

DMSO - pactBopuTtenb E2 acTpagmon, akTuBaTop
chr16:5167000816800081690008170000617 100081720000 chr16:5167000816800081690008170000817 100081720000
10 - 10-
K9ac
0_u .ﬂ..ﬂ....ﬂ.l .J..“...... ool o Lol e .IJ 0_
10 - 10-
Kid4ac

Kd4me1
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] Kdme3 '
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ER |
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[MpmMep pacnonoXXeHnsa mapkepos Moamdmkauumn rMCToOHOB Ha
XpPOMOCOME U cBs3biBaHMe ER (13 reHoOMHoOro 6paysepa)
BugHo nosisneHne nuka ER (KkpacHas ctperka)
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>

Average true positive rate

[Mpumep npenckasaHng

109 cantos ER B reHome
yesioBeka TOJ1bKO No AaHHbIM
0.8 - Moandmkaumm xpoMmaTmHa
ROC-AUC — obLee 3HadyeHune
06 - nocrtaTtodyHo 6onblioe, 0.7-0.8
0.4 -
® Best feature (H3K4me1)
02 - m Two features (H3K4me1+ER binding)
m Three features (H3K4me1+ER binding+FOXAT)
¥ Four features (H3K4me1+ER binding+FOXA1+FAIRE)
Best (H3K4me1+ER binding+FOXA1+
0.0 _ RMNA Pol ll+H3K9ac)

1 1
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[lpenckasaHne cantoB CBA3bIBAHUS C MOMOLLBIO Pa3fINYHbIX
doakTopoB Mogenu (paktopbl HE CBA3aHHbIE C MOTUBOM
(HyKNeoTUAHOM NocrenoBaTesibHOCTLI), a TONbKO C FEHOMHbIM

OKPY>XEHNEM U 3NUreHeTUYeckuMmn daktopamm .
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UEHTP KONINEKTWBHOO NONb30BAHKS CO PAH

“‘BUONHOOPMATUKA”

lMpenckasaHue cauntoB B reHOMeE:

K oOLwwen Teopmun n ooLWMUM CBOUCTBaAM
pauoHa XpPOMOCOM

%8
2
5
.
.
» .
~

LLikona monoAbIX y4eHbIX 73
«MeToabl 6UOMHOPMATUKM N HOBbIE TEXHOJNOMMU CEKBEHUPOBAHUSA reHOMOBY.



O6wmn npodunb NpeackasaHns CBA3bIBAHUA TPAHCKPUMLMOHHbBIX

doakTopoB B reHoMe (no npopunsam moandukaumm xpomaTtmHa ChiP-seq n
OPYrMM reHoMHbIM ocobeHHocTaM). CTaTtbsa Ernst u coaBTOPOB.

Method

Integrating multiple evidence sources to predict
transcription factor binding in the human genome

Jason Ernst,'* Heather L. Plasterer,”> Itamar Simon,> and Ziv Bar-Joseph'-®

"Machine Leaming Department, School of Computer Science, Camegie Mellon University, Pittsburgh, Pennsylvania 15213, USA;

“Whitehead Institute for Biomedical Research, Cambridge, Massachusetts 027142, USA; jﬂepanmem of Molecular Biology,
Hebrew University Medical School, Jerusalem 21120, Israel

1 C

P(b|f,) = C X ;Pc(b‘fb)

fb is a vector of feature values specific to genome location
b (see above for a discussion of the set of features used), and P(b|fb)
IS the probability a logistic regression classifier gives that a location

with a set of features fb is bound by a transcription factor. -



lNpeackaszaHnMa cauToB C MOMOLLLIO FEHOMHOro «npoduns
npeanoYTeHUA» Ans pasnUyYHbIX TPAHCKPUNUMNOHHbIX PaKTOpoOB

ToT xe
doakTop ER

- =General Binding Preference (GBP)
===Expected Random

» » Logof Sum of # of Histone Tags

m In3'UTR

Obuwasa ToyHocTb — 3HaYyeHne ROC-AUC OTHOCUTENBHO HEBENUKO, OKOJS10
0.7, B TO XXe BpeMs pe3ynbraT HeMnsox, y4nTbiBast YTO HA MOTUBbLI TP, HK

. 75
cekBeHupoBaHune ChlP-seq He Mcnonb30Banock, TONbKO 06LLMIA NPOdUb
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ToYyHOCTb pacno3HaBaHUA cauToB 0e3 MHopmaunum o XxpoMaTmHe
(rmcToHbl) B uenom Hesenuvka (0.6). PanoH-cneymuyHocTb

(MHTPOH/3K30H) NpakTnyeckn HesHa4ymmo ROC-AUC

=~0.5
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Cnacn6bo 3a BHUMaHue!

Bonpochbi?

UEHTP KONNEKTWUBHOIO NONb30BAHKA CO PAH

“‘BUONHOOPMATUKA”
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