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PecekBeHnpoBaHue

OObeKT: cOOpaHHBI U AHHOTUPOBAHHBIN T€HOM
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ChIP-seq



TpaHckpnnToMMKa

AHann3 akKcnpeccun reHon



PHK=-cekBeHnpoBaHue

e PaspylleHne KNeTok 1 TKaHen
° Ouunctka PHK (B ToM uncne ot HK!)

° TapretHoe oboratieHune nnu,
Hao6opoT, 06efHeHMe obpa3La
° CunHres kHK

® CeKBeHMpOBaHMe

Mpo6nembl:

PHK n JIHK BO MHOIrOM XMMUYECKUN CXOXU

Ho PHK ropasgo meHee ctabunbHas, yem HK
[JHKa3za paboTtaeTt He Bcerga Ha 100%
6onbwmnHcTBO PHK B npenapate npefcraBneHo

pPHK, pPHK n TPHK ctabunsbHee, yem MPHK

Kputepuii oueHkn kadectBa npenapata RIN (RNA integrity number)



PHK=-cekBeHnpoBaHue

CMmeJi0e npeanosiokeHue:

KOJIMYCCTBO pUOB IIPOMMOPHHUOHAIIBHO KOJIUYCCTBY MPHK rena

Onun npumep (2 o6pasua):
B 6 oTei | E1OAvoTeka 1 L GHOAMET.
P 20M 10M
Eoe 1 Read count 1000 500 i
L mRNA 10 _ad J

Bropoii mpumep (Tot ke obpaser):

feH 1 leH 2
NnuvHa 1000 5000
mRNA 10 10

[ Read count 100 500 |

Jlanusbie:

* TMOBTOPHOCTH TEXHHYECKHE
* IOBTOPHOCTH OMOJIOTHYECKHE

OOBIYHO JIaHHBIE COCTOAT U3 JIBYX
u Oonee oOpas3ioB (samples),
OTPaKAIOLINX Pa3HbIC YCIOBUS

+ moimA-oboraiieHue;

+ pemteuus pPHK;
- IP

IIpoGonoaroroska

OOBIYHO peann3yeTcst TapreTHbIH
TIOJIXO:

* TOBTOPHOCTH 00€CTICYUBAIOT
OCHOBHOM NPHHIIUI BCEX HAYYHBIX
MCCIIEIOBAaHUH - BOCIIPOM3BOIUMOCTh

[re]




YpPOBEHb 3KCnpeccun reHa

Fenl Fenl
50% pupgos 75% pupos

10% pupos
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COOTHOLWIEHME YUC/IA PUAOB COXPAHACTCA
2:1:2:4
Camu yucna puaos MeHATCA
Monyuaercs, uyto reHbl DE




OcobeHHOCTU MOKPbITUSA

20% punos npuxonurcs Ha 80% reHoB
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Hopmanusauyus

HaubGonee nomynsipHbie Cr1ocoObI
+ RPKM (Reads Per Kilobase Million)
+ FPKM (Fragments Per Kilobase Million)
+ TPM (Transcripts Per Kilobase Million)

RPKM:

1) umcino Bcex puaoB B oOpasiie genum Ha | mutH (per-million)

2) puAKayHTHI IeHa JeauM Ha per-M, nonyyaem RPM (HopManm3aius Ha ryt
3) nenum RPM Ha qiuHy resa B T.ILH. (HOpMaM3alus Ha JUTHHY )

TPM:

1) puaxayHTBI reHa JensTcs Ha JumHy reda B T.ILH. (RPK)

2) cymmupyem Bce RPK B oOpasie u gemum 310 uucio Ha 1 miH (per-million)
3) nmenum PRK kaxcaoro rena Ha per-million dakrop

When you use TPM, the sum of all TPMs in each sample are the same. This
makes it easier to compare the proportion of reads that mapped to a gene in
each sample. In contrast, with RPKM and FPKM, the sum of the normalized
reads in each sample may be different, and this makes it harder to compare
samples directly.

Here’s an example. If the TPM for gene A in Sample 1 is 3.33 and the TPM in
sample B is 3.33, then I know that the exact same proportion of total reads
mapped to gene A in both samples. This is because the sum of the TPMs in
both samples always add up to the same number (so the denominator required
to calculate the proportions is the same, regardless of what sample you are
looking at.)

(from RNAseq blog)



HekoTopkle onpeaeneHusd

Bapuauus - pasnumyme 3HayvyeHmnii Kakoro-mbo rnpusHaka B HEKOTOPOM

BblOOpKe
. 1&
N e ZXZ" BbIGOPOYHOE cpeaHee (MaTemMaTu4eckoe oXuaaHue)
(g
~2 1 & 5
§ =—) (Xi—X) OLleHKa ANCNepcumn (MaTeMaTUUYEeCKOro OXnaaHUA KBaapaTa
=1

OTK/TOHEHUA C/y4YaHOW BEMIMYNHBI OT MAaTEMATUYECKOrO OXMOAHUSA).
AHrn. variance ()

VS? - cpegHeKkBaapaTMYHOE OTKIOHEHMe (CTaHOapTHOE OTK/IOHEHNE).
N3mepsaeTcs B Tex Xe eamHMLax, 4to cama X

prior (distribution) - anpnopHoe pacnpegeneHne BEPOATHOCTEN, BblpaXaeT
npegnonoxeHne 06 X 0o y4eTa sKCNepuUMEHTaIbHbIX AaHHbIX



Mowuck prior distribution (“utnposarue”)
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DESeq2: voTmBauuS

K;i~NB(uij, 0';2]. ,

We would like to use statistical
testing to decide whether, for a given

gene, an observed difference in read i - ren
F:qunts is significant, that is, whether j - o6pazeu
it is greater than what would be
expegted just due to natural random LM O Ha NPaKT1KE HEM3BECTHbI,
variation. MX HY>XXHO olueHnBATb N3 AdHHbIX
A
AL N\
r N\
\ J




DESeq2: pya-kayHTbl Kak cny4YanHble BENUYUHbI

K;i~NB(uij, O'izf),

Hij = qi,p(i)@

shot noise ra w variance

3TO Heo6XoANMO AOMNYCTUTb, MOTOMY YTO
Masioe YMC10 MOBTOPHOCTEN OBbIYHO He

MO3BOMIFET HAOEXHO OLUEHUTb ANUCMEPCUIO
reHa i



DESeq2: Hopmanusauus Ha pasmep

1. Cnenaem pedepeHc, rie puaKayHThl paBHBI CPEAHEMY F€OMETPUUECKOMY

gene  sampleA sampleB pseudo-reference sample
EF2A 1489 906 sqrt(1489 * 906) = 1161.5

ABCD 22 13 sqrt(24 * 13) = 17.7

2. IlocunTaeM OTHOIICHHUE KaXI0TO 0Opasia k pedepeHcy

pseudo- ratio ratio

ene sampleA  sampleB
9 P P reference sample sampleA/ref sampleB/ref

1489/1161.5 906/1161.5

EF2A 1489 906 1161.5 — 128 ~0.78
= = ene sampleA sampleB
ABCD 22 13! 16.9 22/11269 13/013'79 g P P
: : EF2A 1489/ 1.3 = 114539 906 / 0.77 = 1176.62

793/570.2 = 410/570.2 = e

MEE3 793 410 570.2 1.39 0.72 ABCD 22 /1.3 =16.92 13/0.77 = 16.88
76/56.5 = 42/56.5 =

BBC1 76 42 56.5 1.35 0.74

521/883.7 = 1196/883.7
MOV10 521 1196 883.7 0.590 - 135

3. BeibepeM MeauaHy 3TOTO 3HAYCHUS
JUISL KaK0ro 00pasiia



DESeq2: pya-kayHTbl Kak cny4YanHble BENUYUHbI

A 1 kl_] qip 1
q,-,,=m—2?, 0 = ZA_-‘
P jp(h=p "/ P jnGy=p °J
1 ki~ \
Wip = m,—1 Z (3\—] — dip Up(qip) = wp(qi,) — Zip

OfHaKo, Npun HeOONbLLOM Yucne j,

W OyaeT NNOXOon OLEHKOM ANa AUCnepcun,
NO3TOMY AMCNEPCUSA OLEHNBAETCA NyTEM
NOKanbHOM perpeccun Ha rpadunke (qip, wip)



DESeq2:
mean-dispersion
model
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Empirical Bayes Shrinkage (EBS)
4/10 wnm 300/1000°7?

CpepgHee a (umcno noben) n B (uncno
nopaxeHui) n3 pacnpegeneHmns?

Torpga ana cpegHero Urpoka MOXHO oXunaarb:
pesynbTaTt ce3oHa =a/ (a+ ) g

ity

lNpeacraBum, 4YTo Ce30H 1 nrpoka Obin Obl ANNHHEE
Ha 14 maTtyen, Torga:
pe3ynbtat ce3oHa Turpoka=(4+a)/ (10 + a + ),

nyctb a = 300, B = 1000. TorAa A5 UFPOKOB NMEEM: = s b
1 nrpok =304 /1310 = 0.23
2 urpok =600 /2300 =0.26
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DESeq2:
EBS of
log (Fold Change)

“The strength of shrinkage does not
depend simply on the mean count,
but rather on the amount of
information available for the fold
change estimation” (D)
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Mposepka ctatuctudeckon runortessl (Wald

test)

HaHo: MAP oueHku ana LFC 1 ctaHaapTHBbIX OTKNTOHEH WA

Xi—X (6 — 6)>
{j— —— (Z-cTaTMCTUKA) W= -
S Var(e)

P-3HaYEeHMe - BEPOATHOCTb MNOMYYNTb TAKOE Xe UIn
e 60o/nee 3KCTpemManibHoe 3Ha4YeHne CTaTUCTUKK, NpK
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OwmnbKn nepBoro n BTOpPOro poaa

owunbka 1 poaa (NOXXHOMONOXKNTENbHbLIN):
HanTU 3P EKT TaMm, rge ero Her.

Reality

YPOBEHb 3HAYMMOCTH (Q) - BEPOATHOCTb
owunobkun 1 poaa,
(1-a) - cneununyHOCTb MeTOAA

Positive Negative

S True Positive False Positive
-5 (Power) Type I Error
L (1-B) (a) owmnbka 2 poaa (NoxxHooTpuuaTeNbHbIN):

HEe HanTK a(pdheKkT Tam, rae OH ecCTb.
(1-B) - vyBCTBUTENBHOCTL METOAA (UN
MOLLHOCTb KPUTEPUS)

False Negative
Type Il Error True Negative

(B)

Study Finding

Negative




HeKkoTopble YCNOXHEHUS
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Cond2

OTHoweHna mexay scatter, vulcano 1 MA
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