DNA is
unwound

DNA is
rewound -

Matching nucleotide
is added

RNA strand created

RNA DNA hybrid region

Ilekumnga 2
TpaHcKpunToOMUKa:

NnpakTn4eckne MeToabl N NpUMeHAEMbIE allfTOPUTMBbI

AnekcaHap lNpegeyc

NHcTuTyT BrionHdopmaTtukm



KpaTkoe cogepxaHue

MuKkpouunnbl
e Tunbl

« ObpaboTka

« OrpaHn4eHund

PHK-cek

* OcobeHHOoCTH
* BoipaBHMBaHMe



DKCNpeccust reHa = TpaHCKPUNLUuS

5 -A-G-C-T-T-A 3
OHK
3 -T-C-G-A-A-T 5
AT®
e~ PHK-nonumepasa

UTo—, |¥

Kopupyiowas yens AHK

5!
5'-A-G-C-
-T-C-G-A-A- T
Matpuunas uens JHK

Hayano uenw PHK



DKCMNpeccus reHa = TpaHCKPUNLUUS

A E Transcribed DNA B
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MPHK

KoanpyeTt npoTEUHbDI
0 .. ~300000 konun Kaxgooro Tuna Ha KneTky H.s.

The structure of a typical human protein coding mRNA including the untranslated regions (UTRs)

‘ | | ‘ ‘ PolyA
Coding sequence (CDS FUTR Y
Cap SUTR g seq (CDs) Stop tail

5" 3!



CKONbKO reHoB y YenoBeka?



CKONbKO reHoB y YenoBeka?

[MpoTenH-koanpyowmnx — 19797 (Gencode v23)
Boobwe — 60484

* [lceBgoreHsbl

* Mukpo-PHK

* [nunHHble Hekogmpyowme PHK
* VIMMYyHHbI€E reHbl



AHHOTaUUU
Ona mnekonutatowmx: RefSeq, ENSEMBL, GENCODE

Frankish et al. BMC Genomics 2015, 16(Suppl 8):52

http://www biomedcentral.com/1471-2164/16/58/52 BMC

Genomics

RESEARCH Open Access

Comparison of GENCODE and RefSeq gene
annotation and the impact of reference geneset
on variant effect prediction

Adam Frankish'", Barbara Uszczynska®, Graham RS Ritchie'?, Jose M Gonzalez', Dmitri Pervouchine®,
Robert Petryszak®, Jonathan M Mudge', Nuno Fonseca®, Alvis Brazma®, Roderic Guigo®, Jennifer Harrow'”

From Varl-SIG 2014: Identification and annatation of genetic variants in the context of structure, function
and disease
Boston, MA, USA. 12 July 2014




[[eH = HEeCKOIIbKO TPaHCKPUMNTOB

[1lpnynHa - cnnancuHr B reHax aykapuor

Human hgl9
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[[eH = HEeCKOIIbKO TPaHCKPUMNTOB

PPARQg nsogopmbl — pa3HoM agunoreHHoCTu
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YpoBHU MPHK 1 npotenHos

3HauynTernbHas, HO He naearbHas KOppenaund

Organism 'n P Data-set size Reference
Saccharomyces cerevisiae 0.36 n.d. 73 [40]
Saccharomyces cerevisiae 0.76 0.74 148 [39]
Mus musculus 0.59 n.d. 425 [46]
Saccharomyces cerevisiae n.d. 0.45 678 [43]
Desulfovibrio vulgaris 0.50 n.d. 703 [45]
Escherichia coli 0.57 0.50 1103 [32]
Schizosaccharomyces pombe 0.58 0.61 1367 [44]
Saccharomyces cerevisiae 0.66 n.d. 2044 [41]
Saccharomyces cerevisiae n.d. 0.57 4251 [38]




MuKpouunn aKkcnpeccumn

10-50000 «gaTymkoB»

(probes)

labelled target (sample)
fixed probes *

7

—
=
7
[

=

different-".features
(e.g. bind different genes)

Fully complementary Paftially complementary
strands bind strongly strands bind weakly
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NamepseTca dpnyopecueHuns
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NunddepeHumanbHasa akcnpeccus

A. RNA Isolation ;) :
E. Imaging

Sample A Sample B
s gy
@&_J (2:£_1’_2L .. Sample A= B
o) [P ¥ Sample A=1
* * Sample B = A

HeckonbKo e =
B. ¢cDNA Generation

O6pa3L'|OB + C. Labeling of Probe .

Reverse Transcriptase
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+

D. Hybridization
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Bapuauuna akcnpeccum

Pasgoenntb
TEXHUYECKYIO U
brno-Bapuauymio!
Cuntaertcs 4To
COOTHOLLEHMNE
buno/TexH
Bapuauum ~ 2:1

a Multiple levels of replication
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Volcano & MA plots
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MHOXeCTBEHHbIE CpaBHEHUA

Family-wise Error Rate (FWER)
 [1na owmbkn B Nto6OM 13 N3MepeHnn
* [Npumep - BoHdeppOoHU
[enum p-value Ha YMCcno OaT4YMKOB
Ha 12,000 reHos, p-value 0.000004 paet 5% FP

False Discovery Rate (FDR)
* OTHoweHue FP/(FP+TP)

* bonee msarkun kputepmn — 5 owmbok Ha 100 namepeHuin



FIGURE 3
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Uto Takoe PCA?

PCA, kaK u
KrnacTtepmsauus -
METO YMEHbLLUEHUS
pa3MepHOCTU

PCA nokasbiBaeT
HanpaBfeHns
MaKCUMalbHOMU
Bapuaunn gaHHbIX

Dataset projected onto PC1-2 Subspace

1
E g 1
. 1
versicolor : ! 1325
: “

virginica

Fmmmm e e e e e - —

Dim 1 (72.96%)



3a4YeM 3TO HY)KHO?

AP dekT foHOpPa
(nnn batch-effect)
INIErKO MOXET
CMEHUTb
NHTEepnpeTauunio
9KCNnepuMeHTa Ha
npPsiMO
NPOTUBOIOJIOXKHYIO

PCA : Unadjusted

PCA : M-ComBat




mouseENCODE u batch-effect

A 02 Legend: All
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PC2 (13% variability)
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B yem npobrnema?

MbIlUMHbIE AAHHbIE Aenanncb O4HOW rpynnon (1nu
rpynnamu), a Yenoseveckne - opyrou

Becb Habop KoBapuaT OTnn4aeTcs B
MbILLMHBIX/YEeNTIOBEYECKNX AAHHbIX

Gilad group pelwuuna nocMoTpeTb, YTO byaeT, ecnu
ybpaTtb aTOT 3adhdekT (sva R package, ComBat)
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Fail of the year award?
Yoav Gilad o [

It was nearly all sequence batch effect!
Here are the heat maps. @anshul

Original data (batch effect confounded with species) New data [batch effect NOT confounded with species
2 L - =

RETWEETS FAVORITES

50 59

7:46 PM - 26 Jun 2015




SvVd

[Tpssmoe moagenupoBaHue Anst U3BECTHbIX
KoBapuaToB (rnon, nabopartopus, reHoTun, UTA)

Henpamoe mogenupoBaHue — «the truth is out there»

comBat — yganntb adeKkT 04HOINo UM HECKOSbKUX
KoOBapuaToB



OrpaHI/ILIeHI/IFI MWKPO4YUIIOB

OneArray Plus

20 Saturated features in the traditional

LLlym — TonbkOo ~Ton
6-8Kk reHOB yaaeTcH 1 s it e
ya

NOMEpPUTb HaZEXHO o

“ o 1
OuHaMmu4yeckuii g "
nmanasoH — 2 .

S 5 y=1.0038x-2.2224
HEeBEpPHO OLeHMBaET 4 R - 0.998
camble CUbHbIE 2 4 l===-—_.--;gg5ge;es
0 -

re H bl Q 2 4 & 8 10 12 14 16 18 20

Probes below the detection limit in <
the traditional scanning method are XDR Analysis

now within the linear range of detection.




KpaTkoe cogepxaHue

Mukpouunnol

e Tuneol
« ObpaboTka
* OrpaHun4yeHund

PHK-cek

* OcobeHHOCTH
* BblpaBHUMBaHMe



Yt10 Takoe PHK-cek

Sample RNA cDNA

RNA fragments fragments reads
S~ T R s ,#._ = = CCTTCNCACTTCGTTTCCCAC
— -7 . ftranscription + FL_:‘ = '__ SEqQUENCING  TTTTTNCAGAGTTTTTTCTTG
—~—~ fragmentation  __ “' ADENEOR; o C mEoie L CANTCCANCGCTTEGTGA
—— |:> |:> I::> GGAAANAAGACCCTGTTGAGC
CCCGGNGATCCGCTGGGACAA
. _ e GCAGCATATTGATAGATAACT
—_~— T - = =;___"= = = CTAGCTACGCGTACGCGATCG
s - F: =,= =2 = CATCTAGCATCGCGTTGCGTT
T - Sy = CCCGCGCGCTTAGGCTACTCG

= o oy =

= = TCACACATCTCTAGCTAGCAT

= = ¥ CATOQCTAGCTATGCCTATCTA




KBaHTudunkauma PHK-cek

[1Ba cnocoba:

* Ha TpaHCKpunTOM (OECATKN-COTHU ThICAY «XPOMOCOM> )
« Ha aHHOTUpOBaHHbLIN reHOM (OeCATKN XPOMOCOM)

N Tam n Tam Hago BblpaBHUBaHWNE

BbIpOBHATL Ha reHOM - TpyaHee

get alignment — get counts

get reads (.fastq) == (.bam) (table)



BbipaBHMBaHMe

CTTTATAGAGCATANEEAGCAGCGCAACACCCTTAT
CTTTATAGAGCATA- - -AGCAGCGCAACACCCTTAT

KoH Hernund CTTTATAGAGCATA---A

CTTTATAGAGCATA---AGCAG
AGAGCATAAGCAGCAGCGCAA
M Oﬂ e n b CATAAGCAGCAGCGCAACACCCTTAT
AGCAGCGCAACACCCTTAT
AGCGCAACACCCTTAT

Anroputm

CTTTATAGAGCATaa
CTTTATAGAGCATAagcag
agagCATAAGCAGCAGCGCaa
I/I M nn e M e H Ta L" VI ﬂ cATAAGCAGCAGCGCAACACCCTTAT
agcagcGCAACACCCTTAT
agcGCAACACCCTTAT

mutation
reference

read
read
read
read
read
read

read
read
read
read
read
read

Nk WMhNE oo WP

(O T T B

no end trimming

with end trimming



dopmaTtel SAM/BAM

Col Field Description

| QNAME | Query (pair) NAME

2 | FLAG bitwise FLAG

3 RNAME | Reference sequence NAME

4 | POS 1-based leftmost POSition/coordinate of clipped sequence
5 | MAPQ MaAPping Quality (Phred-scaled)

6 | CIAGR extended CIGAR string

7 MRNM Mate Reference sequence NaMe ('="if same as RNAME)
8 MPOS 1-based Mate POSistion

9 | ISIZE Inferred insert SIZE
10 | SEQ query SEQuence on the same strand as the reference
11 QUAL query QUALity ( ASCII-33 gives the Phred base quality)
12 OPT variable OPTional fields in the format TAG:VTYPE:VALUE

SAM format: FLAG field

ALRErs Binary descriotion
i DO000c01 template has muitiple fr 2 i sequencing
2 Do000CT0 each fragment propery mapped according to
4 fragrent is unmappad
8 mate is unmapped
B 0001 Ceoo sequenca is reversa complementad
a2 sequence of mate s sod
B4 Nt m template
28 iz second fragment in temolale

reference name

reference length

@sQ

@sQ - . o

@s0 1chr¥ LN:15902555 left most postition

@sQ SN:chrM LN:16299 Ly

5 SNichri3_random LN: * 5'for plus strands

@sQ SN:chri6_random LN:3994 f i

@Q  SNichri7_randon LN: ¢ 3'for minus strands

@s5Q SN:chri_random LN:

@50 sM:chri_random LN:41899

@s0 SN:chr4_random LN:166594 > header

@sQ SN:chr5_random LN:357350 R o

S SN:chr7_random LN:362490 < o : ¥ ~ 1

£ Sucer ke nee mapping quality (phred scaled)

@asQ SN:chr9_random LN:449403

@sQ SN:chrun_random LN:5900358 = =

@50 sN:chrX_random LN:1785875 cigar strmg

@sQ SN:chrY_random LN:58682461

e Dobhua Bho b [(N:0. SSalls

chri * 8 ] ETTTCTTTTTTITTITGTGTGTGTTTCCOOGTE

] D=JTT8>PRC<BIT 9! T TT:1 ATTLI0 MOTZ:27A ®G:i:0 CMiii1l XM:i:8 XOTUIO XTI AU
_4_6__25:119_1089_772 16 3137326 9 33m * 0 0 TTAAGCAGCATGAMCATTTGTATGTACACTGAA

1<%*1171111341111171111111111111) X1:1:24 MD:Z:3T1AOT26  XGii:0 CHM:i:3 XM:i:7 X0:i:e XLaG:U

strand: o=plus, 16 =minus, 4=no match
query sequence on same strand as reference

query name = sample name:bead coordinates



Ctpoka CIGAR

e Crtpoka CIGAR
no3BonseT
BOCMNPOU3BECTHU
BblpaBHMBaHWE

Coor 12345678901234 56/890123456/78901234 56789012345
Ref AGCATGTTAGATRAA* *GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
roo1 TTAGATAARGGATA*CTG

roo2 aaaAGATARA*GGATA

r003 gcctaAGCTAA

roo4 BTAGCT . o wvmosomesmmns TCAGC

roo3 ttagctTAGGC

ro0172 CAGCGGCAT
@SQ SN:ref LN:45

r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *

r002 0 ref 9 30 356M1P14M * 0 0  AAAAGATAAGGATA "

r003 0 ref 9 30 556M * 0 0 GCCTAAGCTAA *

r004 0 ref 16 30 6MI14N5M *0 0  ATAGCTTCAGC *

r003 2064 ref 29 17 6HS5M *0 0 TAGGC *

r001 147 ref 37 30 9M =7 -39 CAGCGGCAT * NM:iz1;




KayecTBO BblPpaBHNBAHUA

OueHunBaeT LuaHC HEKOPPEKTHOIO BbipaBHNUBaAHNA,

'1O|Og10(p)
YHUKanbHoe BblpaBHMUMBaHNE - MaKCUMYM I\/IapQ

[MoBTOpPLI: MapQ ~ 0



KayecTBO NPOTUB CKOPOCTU

To4yHasa oueHka mapq TpebyeT BbIYNCIIUTENBHbIX
3aTpar

Xopolune anroputmbl — peLuaroT

B0O3MOXXHO NOSIHOCTLIO TOMHOE BbipaBHMBaHME (€.g.
RazerS3), XoTd OHO U OYeHb MeaNeHHOo



KBaHTudunkauma PHK-cek

[1Ba cnocoba:
« Ha tpaHckpuntom

* Ha aHHOTUPOBAHHLIN FEHOM

N Tam n Tam Hago BblpaBHUBaHWNE

BbIpOBHATL Ha reHOM - TpyaHee

get alignment

(.bam) =

get reads (.fastq) ===

get counts
(table)



BbipaBHMBaHME TpaHCKpUNTOMA

Ha reHom — TpygHo:
oonbwne «MHaenbl» =
CrancCuHr

Exon-first approach
RNA
—

xon 1
| ] CEE -
s}

N {om— ) em— (] s |
e — E
— — = t—1
N =] —
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BbipaBHMBaHME TpaHCKpUNTOMA

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 9061-9066, August 1996
Genetics

Gene recognition via spliced sequence alignment

MIKHAIL S. GELFANDT, ANDREY A. MIRONOV#, AND PAVEL A. PEVZNERST
TInstitute of Protein Research, Russian Academy of Sciences, Puschino, Moscow, 142292, Russia; ¥Laboratory of Mathematical Methods, National Center for

Biotechnology NIIGENETIKA, Moscow, 113545, Russia; and $Departments of Mathematics and Computer Science, University of Southern California,
Los Angeles, CA 90089-1113

Communicated by Charles R. Cantor, Boston University, Boston, MA, April 19, 1996 (received for review January 15, 1996)



[[eHOMHOEe BbipaBHMBAHNE TPAHCKPUMTOB

Exon-first approach
RNA

10-20% npoyTeHunn - cnnanc e e
TOphat - NNOXo ., Exon read mapping
STAR - xopouulo —mm e oo

hisat2 - Toxe xopoLlo |\/

hera - nocnegHne HOBOCTM .

= |



STAR (rna-star)

Cospgartenb - AnekcaHgp JobuH (CSHL)

OuyeHb bbICTpLIN (cOTHM M pnaoB B 4ac)
Bbicokas YyBCTBUTESTbHOCTb

TpeboBaHusa Kk namatn — 3210

Becb ENCODE 3a geHb Ha 32 CPU knactepe (!)



True Positive Rate %

UyBCTBUTENLHOCTb U CKOPOCTb

100

90}
80}
70¢
60}
50¢
40f
307
20}

10

Rt Lo -
I
.
l"'
--STAR
-e-TopHat2
+ GSNAP
“|-o-RUM
+ MapSplice

2
False Positive Rate %

4

Aligner Mapping speed: million Peak physical

read pairs/hour RAM, GB

& threads 12 threads 6 threads 12 threads

STAR 3092 5499 270 284
STAR sparse 2276 423.1 156 16.0
TopHat2 8.0 10.1 4.1 113
RUM 5.1 7.6 2.9 538
MapSplice 30 3.1 3.3 3.3
GSNAP 1.8 28 259 270




HoBble (HeaHHOTUPOBAHHbLIE) Cnnaunchl

Read count per

Mumber of

Proportion of

HUVEC

Mumber of

Proportion of

junction from tested junctions validated tested junctions junctions validated

two replicates junctions by at least two from two replicates by at least two
454 reads (%n) 434 reads (%)

2 192 714 2 1492 T4

3 192 176 3 1o 20

4 96 4.0 4 b To.0

3 96 8213 36 0 4.4

-7 %6 9.2 -8 % 844

B-11 6 813 012 i #6.3

12-24 i 375 13-23 ] S48

=23 S BH.3 =24 El] .6




[1lpocTaa KkBaHTUUKaLKUA

intersection intersection

union _strict _nonempty
htseq-count _
S gene A gene A gene A
* MynbTmannepsl - BbI6poOCUTL - T
* HeoaHo3Ha4HblE - BLIOPOCUTL
gene A no_feature gene A
* pesynbTaTt B NPOYTEHUAX
gene A gene A gene A
He pasnuyaet
Tpa H CKp M I—IT bl gene A gene A gene A
( M 30 (bo p M bl ) ambiguous gene A gene A

ambiguous ambiguous ambiguous




KBaHTUMUKaUMAa Ha TPAHCKPUNT

BbipoBHATL bowtie/bwa/STAR
Cuutatb RSEM (ncnonbsyet EM anroputm)



Expectation Maximization (EM)

Nwem maximum a
posteriori (MAP)

Xopollas cXoauMoCTb




. aligned reads

0.33
transcript . with proportional
abundances . .__ . - - . assignment to
—b — — transcripts
E-step
—  » Dbl —— - — .
blue transcripts
QIO m— e e — aligned to
s —— — genome
0.33 0.33
genome
M-step
47

EM nna PHK-cek

cnonb3ys
pacnpeneneHue
NpoYTEHUN,
nTepaTtmBHO
ynydllaeT Hally
NCXOOHY Ooragky




Kak oueHnTb TOYHOCTb?

MAQC - gPCR ana ~ 1000 genes
Koppekuna Ha GC% ynydwaet coBnageHme ¢ gPCR

Table 2 Correlation of quantification method predictions with MAQC qRT-PCR values

SRA ID Read type Sample RSEM IsoEM IsoEM (C) Cufflinks Cufflinks (C) rQuant
SRX016366 SE HBR 0.69 068 068 0.71 0.79 0.72
SRX003926 SE HBR 068 067 067 0.7 0.73 0.71
5RX018974 PE HBR 0.69 069 069 069 0.78 NA
S5RX016368 SE UHR 0.71 071 072 072 0.77 072
5RX016369 SE UHR 0.73 074 0.74 0.73 0.76 074
S5RX016370 SE UHR 0.74 .75 0.75 0.74 0.77 75
5RX016371 SE UHR 0.74 075 075 0.74 0.77 0.75
S5RX016372 SE UHR 75 0.75 0.75 0.74 0.77 0.76
SRX003927 SE UHR 72 071 072 0.71 0.74 0.72

Correlation values (Pearson r* of log-transformed abundance values) were computed between the predictions of four methods and “gold-standard” values from
qRT-PCR for nine different RNA-Seq data sets. lsoEM and Cufflinks were run with (C) and without their bias correction modes.
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“The most embarrassing citation ever”

Using Flux Capacitor 1s equivalent to throwing out 90% of the data!

As aresult, BAM alignment files were obtained and used to generate
genome-wide normalized profiles using RSeQC software. Exon
quantifications (summarized per-genes) were used for expression
level determination, either as raw read counts or as reads per kilo-
base per million mapped reads (RPKM) using Flux Capacitor
(http:/liorpachter.wordpress.com/tag/flux-capacitor/).

What is mos

The use of my blog as a citation for
the methods of Flux Capacitor

MNeither reviewers nor readers
noticed the problematic citation

The use of Flux Capacitor by
lannone et al.

The use of Flux Capacitor by the
GTEx consortium in their main
paper

All of the above are equally
embarrassing!

View Results
Polldaddy.com vote
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Supplementary Table 1: Abundance estimation in sequence-redundant
human genes

Sailfish RSEM eXpress Cufflinks

Pearson 0.93 0.95 0.92 0.76
Spearman (.88 0.89 0.88 0.80

EMSE 2133 21T 2276 41.31

medPE 6.27 Q.28 12.05 81.76
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Artemis Kalliste
Aptepic KaAAioTn)




TpaHCKPUNTOMHbIN
rrad oe bpenHa

T-DBG:

* Hoabl = k-mepbl

« TpaHcKpunT = NyTb
BmecTo
BblpaBHUBAHUA —
nweMm Kriacchbl
SKBMBAJIEHTHOCTU




CkopocCTb!

Okono-
onTumMmasnbHag
CKOPOCTb

«it’s only 5 times
slower than
counting words in
fastq file with wc»

minutes

2000

1500

1000

500

1997

1375

+ +
Cufflinks RSEM

I |
54.9
I— 5.29

TopHat2 Bowtie2 Bowtie2 Sailfish

+
eXpress

kallisto




Cnacunbo 3a BHMMaHue.



