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[lapHO-KOHLeBble puabl

Paired-End sequencing

|



' TepMUHbI

C853dHHblE C KapmuposaHuem ymeHuu

pedepeHc (renoM, coopka, ckadg o, KOHTUT)

pup (dTeHue)

BbIpaBHHBaHWE / KApTUPOBAHUE

(OCHOBHBIE TOHSITUM .

multimapper / unique mapper / unmapped
napHble uteHus : concordant mapping

exact match / split-alignment / chimeric alignment
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TexHukun, ocHoBaHHbIe Ha NGS

Ymo mvl MoxHceM NOHAMD, UCNob3yst dannvie NGS

RNA-seq
ChIP-seq _—
Hi-C
MNase-seq e
CLIP-seq — = —
NET-seq .— —
Ribo-seq .
CAGE-seq
ATAC-seq

Exome-seq




Single-cell: ga vnn HeT?

[Togxop MO3BOMSET NONYUYUTh MH(POPMALUIO O:

¢ HexkynbTUBUPYEMbIX MUKPOOpraHu3Max (4acTo eIMHCTBEHHbI BO3MOXKHBINA My Th U3yUYCHUS)
® Penkux Tunax KJIeTOK

® [‘ereporeHHnix o0Opas3Lax

¢ [losmmopdu3sme COMATUYECKUX TKAHEN

® JI3MEHEHUX B KJIETOYHbIX JIMHUSIX

e PassuTnu 3a00JIEBAaHUN

OTpuuarenbHbie CTOPOHBI MOAXO0/A — 00JIEe HACYILHBIMUA CTAHOBITCS MPOOJIEMBI:
Qﬂerpanam/m 1 IOTEepU MaTepurajia

*KOHTaMI/IHauI/H/I
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‘ o
, v —
Environment
i?
Sample ;}J
Do w,
O e *_
Organ 70
Tissue [ (&
8 =
S N P/ C NV/ (:(: I ('..’\‘l'(i‘ti \ l;f\(i:’\l"l 'Az‘.‘l"
Cell Types €I GiioCaiiAtac s
. . AGATACAATACAAGGGT
|ldentification TAAGCCATACCTGAGGG
Analysis Sequencing

Single-

)

cell protocol

Laser

Capture DNA Extraction

Microdissection

OR

)

FACS . - f
Single

OR Cell <

Isolation ‘

Microfluidics

<=

Sequencing
Library



' Single-cell protocol

Multiple Displacement Amplification

Uenb — ysennuntob Konmdectso JHK, nony4aemoe ot og4HOM KneTKn, 40 Heobxoaumoro ans
cekBeHupoBaHus: oT demtorpamm (10-12) kK mukporpammam (109)

B peakuuu ucnonslyerca [IHK-nonumepasa bakrepuodara phi29 u cnydyamHbie npaimepsl (random
primers). B xoae un3otepmuyeckon peakumu npum 30°C nponcxoauT CUHTE3 MHOTUX KOonui ncxogHon AHK
Cc BbiTecHeHueMm uenei. CpegHnn anvHa npoaykra — 12 1.n.H. (4o 100 T.n.H.)

Cnabasa cTtopoHa: HepaBHOMepHaa amnNaudUKaumMa — HEKOTOPbIE YY4aCTKU MOTYT BbITb
nepenpeacTtasneHbl, HEKOTOpPble yTepAHb!



DNA-DNA / DNA-Protein Interactions

HiC / ChipSeq

30nm chromatin

%% Secondary structure N3ydyeHuUe

U3yueHne AHK-benkosbix " T Dol wikh Y y
B3aMMOAENCTBNI Vet distinct territories NPOCTPAHCTBEHHON
OpraHu3aLum

DNA
o 10nm chromatin
Primary Structure




ChipSeq

"Wet-lab"

— - & i

-

Cwuska hopmansdezudom ®paemesmayus AHK

UmMMyHonpeyunumayus cLlilmelx OcsoboxdeHue JHK Modzomoska bubnuomeru
AHRK-6enKo8e6IXx KOMNAEKCOS (npozpesaHuem) U cexkaeHuposaHue



ChipSeq

Mapping of DNA-protein contacts

matrix
enomic DNA .
. g ! — /a0 antibody
|19 I——
cross-link
and shear

Chip-on-Chip /




Chip-on-Chip

Enrichment of target fragments detection

g=ncrac DONA

3.

partia ly overlappiig pobes

qenomic CNA

nonrovzr kpping probes

Affymetrix, NimbleGene, Agilent



ChipSeq

Enrichment of target fragments detection

l Lyse cells

0 0000”
’oo'o%-o"’.oob.o.o—

1 Fragment DNA

Sog &
“WY

IP & Antibody*

wash

Input:
No IP

);/Aﬁ

- \?
Extract & Quantify DNA \
(e.g. 'red’ gene)
N
R X X XD

~ ~  Enrichmentis X/R

*Note: Antibody used can be specific or non-specific (e.g. 1gG)



ChipExo

Onpedenenue muna 83aumodeicmaust

TR o)
peaks — _— —
, ~ ¢ . . ~
- . P . s )
’ . l . - \‘
v s - . " 4 s
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. - A £ .
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. b ’ N ’ a
v \‘ ’ . s .
4’ s
r A Y
v S, .
A
‘\ HCA T T 1

g

g

ChiP-exo g

footprint 3 T
Dimeric GR Tethered Composite /
l l binding l GR binding l monomeric
GR binding
Mode of DNA

interaction \\'

‘;' .



ChipSeq

Pipeline

[ OueHKa KayecTsa U nepBuyHas 0b6paboTka KOPOTKKX YTEHUM ]

'

[ KapTupoBaHu1e KOPOTKUX YTeHU1 — mapping J

y

L dUnbTpaUMUsa KapTUPOBAHHbIX YTEHMI ]

.

KoppeKkuus cagura mes<ay CUMrHanamu no
KomnaemeHTapHbiMm uenam uenam [HK

’

[ Nowck nukoe curHana — peak calling J

!

L OugeHKa BOCNPOU3BOAMMOCTM BUONOTMYECKUX NOBTOPHOCTEN ]

| !

’ 3Ha4YMMbIE U BOCnNpomM3BoAMMbIE MUKKU J

.




ChipSeq

Processing

Remove low-quality reads

Remove multimappers

Remove duplicates




ChipSeq

Tag shift correction

Detect peak

Read shift

\




ChipSeq

Why tags are shifted?

Cosuz copasmepHbili
O0nuHe ppazmeHmos
bubnuomexu

»..__




ChipSeq

Tag shift corrected

: /’—‘\\ Frozgin or
/.” " rudeosome
(‘ : >7 of Interest
) Fositive strand : &5 3
H
¥ : Negat ve strand y
5 ends of —
Fragments are e
sequenced o

| E—
T —
—
. ————]
O e——
f : —
—
T —
Short reads f
ere aligned e | —
[ ———— | o —
D — .
e —=3] E

Reference gencme

Distribution of tags | 1
is computed ; ;
! 1
| 1
| 1
) 1
: i
Profile is generated from » |
combined tags ==_:._ NG
e —— N s
with a fregment of —_ —— ] :?? e?tcll:le l’:z’r[finl:d
ectimared size e — |
[ R e
|
e — | e —— 4
Fragments are added : : //'/
: v
I




Tag count

Identify
peaks in
ChIP
signa!

Generate signal profile
along each chromosome

ChipSeq

Pipeline

Define background
(model or data)

—>¢ \I
Tag shifl Control
: data

Tag count

Positicn (bp)

Tag count

l Pozsition (bp)

I ™ ocok region

Enrichment relative
1o background




ChipSeq

Enrichment detection

KakoBa BEpOATHOCTb OOHApYXUTb Takoe
—_— E— KONUYEeCTBO YTEHUW B OKHE WUPHUHON d HT?

o-value, g-value, FDR (false discovery rate)

I T~ Poak region

Enricrment relatve
to background

P(s)
Tag count

s
thresh
/

S

Pzpke et al. (2009) Nature Methods. 6

Filter artfacts
2 OCHOBHBbBIX TUlNA apTe(baKTH EIX CUTHA/IOB:
Tags N
— * MUKW CO 3HAYUTENbHLIM paanmqueM 8
- NOKPbLITUKM NO KOMNNIEMEHTAPHBIM UEenAam
Feeition (bp)

* NWKKA C OOHUM YTEeHUEeM Nt O4EeHb
He6oNbWMM KONUYECTBOM YTEHUH



KaptupoBaHune

Kak 6blCmp0 U KaueCmeeHHo noJlyyumb cuzHan?



Mapping

Baiimem ~O(RNXM)

K ToMy ke, ¢ JOBOJILHO IJI0XOi KOHCTaHToN K(=6)



HemHoro o big-O

adpec 56266211 00001000
—»| 45623467 00111011

12375478 11110000

OaHHble 67224784| 11010100

AJlY
> 00111011
> 01000101

01111110 >




o f
.W 11_W




Mapping

TTonpobyem exact pattern match?




Mapping




Mapping




Mapping

+1

"HausHotii" anzopumm onams mpebyem O (N X M) spemenu

(HO y>ke C Jyudlueil KOHCTaHTOM)



Mapping

He peumts 3amauy B 6 pa3 ObICTpee -
BCE paBHO HE pELIUTL 3ajady




Mapping

MeHee TpuBHAIILHOE pELICHUE




Mapping

[lopcTpoka UCXOMHON CTPOKH
€CTh NMPE(MPUKC KAKOTO-TO
cypukca nCXOMHOM CTPOKH

— >




Mapping

[lopcTpoka UCXOMHON CTPOKH
€CTh NMPE(MPUKC KAKOTO-TO
cypukca nCXOMHOM CTPOKH

- -
- -
-
—————
- --
-----
-----
- -
-----
-------
- --




Mapping

[lopcTpoka UCXOMHON CTPOKH
€CTh NMPE(MPUKC KAKOTO-TO
cypukca nCXOMHOM CTPOKH

ACAGA




Mapping

[lopcTpoka UCXOMHON CTPOKH
€CTh NMPE(MPUKC KAKOTO-TO
cypukca nCXOMHOM CTPOKH

GA

ACAGAS

GA CAGA

Iouck no cygpdukcromy depesy nompebyem
maxcumym O (M) spemenu, kakoii 6bl
HU ObL1 ONUHBL MeKem



Mapping

[Tony4daeTcs i, 4TO CKOPOCTh PAadOTHI
aJropuTMa Iepecrasna 3aBUCETh OT
IVIMHbI TEHOMAa, B KOTOPOM MbI HUILEM ?

Ypa! Tenepo mvL Moxcem Haumu pud
8 zeHOMe uesiogeka mak sce 6vicmpo,
Kak 8 zerome gupyca!



Mapping

A 41O eciu Tak?

3a O(k=const)
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Mapping

Pa3zbepeM reHom Ha Kmer-bI

S S . S T S ———
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Mapping

Pa3zbepeM reHoM Ha Kmer-bI

S S . S T S ———

3afaauM PYHKIMIO OTOOPAKEHUs,
TaKyl0, 4TO:

> 45623467
f (kmer) = 32bit integer



Mapping

50266211
45623467

12375478
67224784

A Tenepb Bbluucauth f(read)

+— > 56206211
f (kmer) = 32bit integer




Mapping

12375478

45623467 > {scaffold378; 12,234,568 }

56266211

67224784




Mapping

06266211 » {scaffold211; 500,528
scaffold002; 1,345,233

)




