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Transcriptome and transcription variability
Sequencing techniques

Usual questions

Data quality control

Read spliced alignment

Expression quantification

Novel gene and transcript identification



/ engineers work In farm animal genomics
30 running projects

> 400 publications (citing the team or having
a team member In the authors)

=]




12 engineers

> 4,000 cpus, 1Pb disk space

10 training sessions
> 20 running projects

Christine Gaspin

DR INRA / Scientffic animation

+33 (0)5 61 28 52 82

céline Noirot

IE INRA / Development and data analysis

+33 (0)5 61 28 57 24

Didier Laborie

INRA / System administratar

+33 (0)5 61 28 54 27

Marie-Stéphane Trotard

IE INRA / System administratar

+33 (0)5 612852 76

Ibounyamine Nabihoudine

IE france Génomique / Development and data analysis

+33 (0)5 61 28 57 25

Frédéric Escudié
IE France Génamiue / Development and data analysis
+33 (0)5 61 2B XX

The temporary position agents that used to work with us are listed he

A
4
2

Bioinfo Genotoul

Christaphe Klopp
IR INRA { Technical a

+33 (0)5 61 28 50 36

Claire Hoede
IR INRA / Development and data analysis

+33 (0)5 61 2853 05

Jéréme Mariatte

INRA / Development and data analysis

+33 (0)5 61 28 57 25

olivier Rué

IE France Génomigue / Development and data analysis

+33(0)5 6128 XX

Anais Painset
IE ANR BACNET / Development and data analysis

+33(0)5 61 2B XX

Ignacio Gonzalez
IR FEDER [ Blostatistics and data analysis



Common software developments

RNAspace.org

The non-coding RNA annotation platform

1.Load data 2.Predict

Welcome to RNAspace  RNAspaceisa platiorm which aims at providing an integrated environment for non-goding RNA News  June 28, 2013 The sfe is now running
annotation ‘on & new and more powerful computer

The increasing number of ncRNA discovered sinoe 2000 and the lack of user friendly tools for finding and annotating them, have made | | environment provided by the Genotoul Bioinformatics

necessary to propose to biologists an in siico structural and functienal These regard | | piatiorm with a reduced listof Infernal models.

10 available protain genas annotation environments.
RNAspace makes avaiable a variety of ncRNA gene finders and ncRNA databases as wel as user-friendly tools to expore | | RNAspace software v1.2.1 (July 28, 2011) s running
‘computed resulls including comparison, visualzation and ediion of putative RNAs. RNAspace also alows to export putative RNAs in | | ihis sie.

various formats.

g Partners © FAaa [ Contact

Availability  RNAspace is an open source project. Itis developed in Python. It is copyrighted with the GNU General Public
nse, and is free (in the GNU sense) for all o use, and s in constant development. RNAspace is hosted at
Sourceforge. It s also available as a web server at maspace.org.

Load your data 2 Select predict Explore your
ims results

O— s
S

%

Comments and remarks: contact@maspace.org

http://rnaspace.org/
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# PROJECTS| RUNS TDOWNLOAD ADMINISTRATION
I

Projels > Demonstrationd

B Projet Demonstration2

Runs | Analyses  Users

Demonstration project £2

2 runfs) and 0 analyse(s) have been done on the run DemonstrationZ.
Raw data and analysis results use 2.17 Gb on the hard drive for the whole project.

10 records per page Search:
Full
o Data Numberof  sequences
] RunName oject Name  Date Species nature  Type sequences  length Description Sequencer
[ Gut microbiome Demonstrationz 12/11/2011 unknown  16SrRNA  1/2PTP 15648 3793726 Public run 454 GS FLX+
downloadable from
the NCBI web site.
[ Ecoliki2 Demonstration2 28/05/2009 Escherichia  gDNA 1/2PTP 6713856 291988221  Roche library 454 G5 FLX
coli - Region Titanium
1
With selection : @ nide @ unhige + add = delete
Showing 1 to 2 of 2 entries  Previous | 1

http://ng6.toulouse.inra.fr/


http://ng6.toulouse.inra.fr/
http://bioinfo.genotoul.fr/jvenn/example.html
http://ngspipelines.toulouse.inra.fr:9019/
http://rnaspace.org/

RNA-Seq :

RNA-seq (RNA Seguencing), also called Whole
Transcriptome Shotgun Sequencing (WTSS), Is a
technology that uses the capabilities of next-
generation sequencing to reveal a snapshot of RNA

presence and quantity from a genome at a given
moment in time.

http://en.wikipedia.org/wiki/RNA-Seq


http://en.wikipedia.org/wiki/RNA-Seq

Find the structures and functions of expressed
genes and transcripts (possible splice forms),
Measure the expression levels usually to find
differentially expressed transcripts (explaining the
phenotype),
Find polymorphisms in the transcripts :

SSR (short sequence repeat),

SNP (Single nucleotide polymorphism),
INDEL (Insertion / Deletion).




No seqguencer Is able, today, to produce large
guantities of reliable sequences corresponding to
full length transcripts :

HiSeq produces short reads

MiSeq, PGM, proton produce lower read
numbers (quantities)

PacBio reads have an high error rate and low
through-put



In small groups, define transcription and the
different products produced by transcription.
Group the products depending on their features.

List the different forms of variability found In
transcription products and discuss their impact.



Version 21 (June 2014 freeze, GRCh38) - Ensembl 77

General stats

Total No of Genes
Protein-coding genes
Long non-coding RNA genes
Small non-coding RNA genes
Pseudogenes

- processed pseudogenes:

- unprocessed pseudogenes:

- unitary pseudogenes:

- polymorphic pseudogenes:

- pseudogenes:

Immunoglobulin/T-cell receptor
gene segments
- protein coding segments:

- pseudogenes:

60155
19881
15877
9534
14467
10753
3230
170
o9

29

395
226

Total No of Transcripts
Protein-coding transcripts

- full length protein-ceding:

- partial length protein-coding:

Nonsense mediated decay
transcripts

Long non-coding RNA loci
transcripts

Total No of distinct translations

Genes that have more than one
distinct translations

196327
79377
24420
24957
13222

26414

99512
13526

10



Evolution of gene counts in GENCODE
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= | ong non-coding RNA genes
= Proteincodng genes
~ Small non-coding RMNA genes



Number of transcripts
possible variation factor between transcripts: 10° or more,

expression variation between samples (biological repeats,
technical repeats).

Many types of transcripts
MRNA, ncCRNA,...

Isoforms (with non canonical splice sites)
Intron retention
The splicing is not always completed

Is a new isoform or a transcription error ~ JZiZ w7 T
?‘msg‘snéRNP = T @
Transcript c_l_ecay (degr_adatlon) = )% e
Allele specific expression ot e TR
Gene fusion (found in cancer cells) BRGl Vo)

http://www.nature.com/emboj/journal/v25/n5/fig_tab/7601023a_F2.html
12


http://www.nature.com/emboj/journal/v25/n5/fig_tab/7601023a_F2.html

Sequencers

Société

Plateforme

Technologie

Méthode
d’amplification

Méthode de
séquencage

Séquenceurs 2°™° génération

Duréede
séquencage/run

Capacité (Mb)
séquencage/run

Taille moyenne
desreads

Colt (S) frun

Co(t machine +
annexes ((KS$))

Roche Ilumina Life Technologies
: ; ; éenomé lon Torrent SOLiD4 SOLID SOLID
454 MiSeq HiSeq 1000 HiSeq 2000 Analyzer lix PGM 5500 5500x!
Titanium FLX pixs Chip Chip Chip
Acides nucléjques (matrice)
[ E : Ligation adaptateurs
i PCR en émulsion « Bridge PCR » (" PCR en émlsion )
B I T IR S
e I gy e i LI anel ll‘lgp 7 — = e g
2R 3;('-3{% i |'|J#'|' |l*|'1' @I oy b Wy bt ﬁ{:} 2.. g_ a#e
| o i
Synthése (Pyroséguencage) ][ Synthése Ligatign
10h 10h\ 20h 26h 8jrs 8jrs 14jrs 2h ~ 8jrs 8jrs
A LT e R g T S T S G e
500 900 1500 100000 200000 95000 >10 >100 >1000 70000 80000 150000
\__)w . e T o O @ o e s
400 400 700
. & 150+150 100+100 100+100 150+150 100 >100>100 50435 75+35 75435
Bt Il R N s T g O O i KT g
1100 6200 750 10000 20000 11500 @ 750 950 8150 6100 10500
e i g NG Sl Y T g Ty
110+25 500430 125 - 560 250 480+55 350455 600+55
G T N b j e b T N
slepel 9.0 { 8ag aa.g slefizis ag s 99,99
g NG . d T T p

Exactitude de
ségquencage (%)

13



Types of reads

Long (> 200 bp ... 40kb)
Short (16 bp ...200 bp)
Number of reads

millions ... billions
Strand specific or not

Paired or not
Different biases

14



lllumina library preparation

AAAAAAAAA 1) PolyA+ RNA captured
TTTTTTTTTTTE)

= = ™= 2)RNAfragmented and primed

e mmmmmm  mmmm 3) First strand cDNA synthesized

——— 4) Second strand cDNA synthesized

| — 5) 3’ ends adenylated and 5" ends repaired

\ 1 / 6)DNAsequencing adapters ligated

/\T

Barcode

Rdl

-
[ B ..

—— 1 ) Ligated fragments PCR amplified

-_— e

Rd2  Index 15



1. PREPARE GENOMIC DNA SAMPLE

2. ATTACH DNA TO SURFACE

‘3. BRIDGE AMPLIFICATION

I
'
i

121

Randomly fragment genomic DNA.
and ligate sdapters to both ends of the
Fragments.

4. FRAGMENTS BECOME DOUBLE
STRANDED

Bind si fragments randomly to

ingle-stranded
the inside surface of the flow cell channels.

5. THE DOUBLE.
HOLEI.ILES

Add unisbeled nudeotides and enzyme to
nitiste solid-phase bridge amphification.

6. COMPLETE AMPLIFICATION

7. DETERMINE FIRST BASE

8. IMAGE FIRST BASE

9. DETERMINE SECOND BASE

- ~

- E

-ymnl-ilwul.

4. FRAGMENTS BECOME DOUBLE

STRANDED

5. DENATURE THE DOUBLE-STRANDED
MOLECULES

%. COMPLETE AMPLIFICATION

2

g

Sw-nlmllondlnumoiﬂuﬂ-

in each channel

of the llur :ﬂ_
10. IMAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTIPLE 12, ALIGN DATA
CHEMISTRY CYCLES
i A @ w

—GCIGATGTGCCA

-’TGIGC cui\:

9 \_, GCTGA. \

Adter loser excitation, collect the image data mw-&wmwm. Align dats, compare to a reference, and
o5 before. Record the identity ] identify sequence differences.

base for esch duster 8 single base st time.

16



For small or empty inserts

PolyA

i / Adapter
Bl -~ 1R

< Raw read 2

< Raw read 2




@SOUFRE: 188 : COKPAACXX:1:1101:1254:2051/2
CGATATTATCCGGATTATTTGAATTTGGCTCAGAAGCGGACGACGCGGTCAGTCCTGCGGGCTTCTTCNNNNNNNNNNNNNATGAGGNNNNNNNNNAGCGA
+

@@@FDFFFGHHGFDGGHHITEIGI JJHCHI JIIJII1IITHHBFGHHDAC ? CCACDACBDDDDBDDD CHEHHH I I
@SOUFRE: 188 : COKPAACXX:1:1101:1350:2052/2

GTACTTTTGGGTTAAGT TGAATGAAGACGTAAAGTTGTACGTTGCGACTTGTGAAACCTGTGCGCGC TNNNNNNNNNNNNNCACAAANNNNNNNNNACGCA
+

@B@FFFFFHHHFHGI I IGEHHGGGFGHIIJJIIIIIFHIIIITITIIFGHICHGCHT DI 31 I JHHHF DDA A A A T A T
@SOUFRE: 188 : COKPAACXX:1:1101:1499:2099/2
TGGAAATCTACACTATTTAACCTACTCTCTACACTACTTGCTTTCCGCTTAAGTGCGTTTCGCTCCTTATTGANNGCTCGCCCGCTCGCTNNNNNCGCTTT
+
@@CFFFFFHFHHHIEGGHIJJIDEG>GGIITITIIGIIIIIITIIIIIIIGGHEGHGHET TET IIIHHGFHE>## , 5=ABDDBDDDBDDBH#AHHHHHHHHH
@SOUFRE: 188 : COKPAACXX:1:1101:1294:2126/2
GTTCAAGCACCAAGTACATCAACATGGGTCGTATGCATTCCGCCGGCAAGGGTATGAGCAAGTCTGCTCGCCCCTACAAGCGCACTCCTCCTTCGTGGETC

+
;7@D? ?DEDHFFFIH9CFEEEGIEDFGIEEICDHIFI<FGIJGIIGIEHGEHG)7 ; ; CDEGEEEDDDDDBDDDDBBDCCD?B><@BCCA9>7CDD? ?[@<8>

@SOUFRE:188:COKPAACXX:1:1101:1316:2129/2
CGACAGCAGCCATGCCAGATTGGACACCCTTGTAGTACCCAGCATAACGACCCAACGTAGCCATOGTCATCCGAGTATTGGCCCATCAACCAGTACGACCAC
+

@@<DDDDDBHHAFIIIITEHCEC? E@FHITIIIGIIIG@AEHEGHGIEDCGIGHHFHITITEHHFHFFFFFFEEDDD@DCDDCCCDDAS=ACDDDD : @<2<=B7?
@SOUFRE:188:COKPAACKXX:1:1101:1403:2171/2
GGCGAAAGCATTTACCAAGGATGTTTTCATTAATCAAGAACGAAAGTCAGGGGATCGAAGATGATTAGATACCATCGTAGTCTTGACCATARACTATGCCG
+
@@@=DDFFGBHHB>FHIIECCOEBHGGAAFIIGGG<@DDFHIGGIGHGIDFGI@<FGAHF<AECDBD@EB ; @ ; @ACCBDBB=CAA@QSAC=ACCC>CDCEACE
@SOUFRE:188:COKPAACKXX:1:1101:1287:2212/2
CTTGGACGLCGTGAAGAAGGACCACTTCTOGGCGATTCTTCATGOGTAACTTGGCCTCOGGOCGGTGCCGCTGOTGCCACCTCGTTOTTGTTTGTCTACCCCC
+

?BCF?+ADAAHDHB88*@9DFEFB) ) : B@BF@GHIIJHIJG4CDGIA@EEH? CEEDFFFCD@BD5>>DDBBY; CC: ?@CODDD?BDDDBADD?A: @: >(879
@SOUFRE:188:COKPAACXX:1:1101:1261:2244/2
GTTTCGAGTTTTGCGATCGCTCAGTGTTCCGAAGTCCGCTGCGAACTCCCCTTTTGACCACATCCCAGOGGTCGACTAAGGCACGACCTCCAGTCAGTAGGG
+
@@@FFFDFDDFHGIIGGIIIIIG=B<FGHIIIGGEGIGITITIJGBHHERHEEFFFFCEDBD@DCCDCDDEBCDDDBDDACDD8>BBADDDES<>C@CCDDDB

18



Fastq file format

Published online 16 December 2009 Nucleic Acids Research, 2010, Vol. 38, No. 6 1767-1771

doi:10.1093/nar/gkpl137
SURVEY AND SUMMARY

The Sanger FASTQ file format for sequences
with quality scores, and the Solexa/lllumina
FASTQ variants

Peter J. A. Cock'*, Christopher J. Fields?, Naohisa Goto®, Michael L. Heuer* and
Peter M. Rice®

Table 1. The three described FASTQ variants, with columns giving

the description, format name used in OBF projects, range of ASCII

characters permitted in the quality string (in decimal notation),

ASCII encoding offset, type of quality score encoded and the QPHRED —_ _10 X lﬂglf}(P(»}

possible range of scores

Description, OBF name ASCII characters Quality score

) = — 10 x log
Range Offset Type Range Eulen m(l — Py
Sanger standard
fastg-sanger 33-126 33 PHRED 0 to 93 I . .
Solexa/early Illumina BER354_6_R1_2 1 413 324
fastg-solexa 59—-126 64 Solexa —5 to 62 CCCTICTTGICTTCAGCGTTTCTCC
[Mumina 1.3 + +
fastg-illumina 64—126 64 PHRED 0 to 62 e e e

HESE HE - - B B 1

19



How long should my reads be ?
Single-end or paired-end ?

S one pooled sample enough?

How many replicates ?

Technical or/and biological replicates ?

How many reads for each sample?

How many conditions for a full transcriptome ?

20



RNA-Seq is not a mature technology.

Experiments should be performed with two or more biological
replicates, unless there is a compelling reason why this is
Impractical or wasteful

A typical R2 (Pearson) correlation of gene expression (RPKM)
between two biological replicates, for RNAs that are detected in
both samples using RPKM or read counts, should be between
0.92 to 0.98. Experiments with biological correlations that fall
below 0.9 should be either be repeated or explained.

Between 30M and 100M reads per sample depending on the
study.

NB. Guidelines for the information to publish with the data.

Nl '
7 Encyclopedia of DNA Elements

http://encodeproject.org/ENCODE/dataStandards.htmi °!


http://encodeproject.org/ENCODE/dataStandards.html

Statisticlan answers

= Less reads

G e ne E | GENE

Available online 10 December 2014

n M O re Sal I l p I eS e ' In Press, Corrected Proof — Note to users

Diminishing returns in next-generation sequencing (NGS)
transcriptome data

Rex Lei® b, Kaixiong Ye®, Zhenglong Gu® & - B Xuepeng Sun® ¢ & &

+ Show more

doi:10.1016/].gene.2014.12.013 4 Get rights and content

Highlights

* Weanalyzed RNA-seq datasets from six widely-used model organisms
« Onemillion reads provide good accuracy for the abundance of highly-expressed genes
* Results are instructive for cost-effective designs in the RNA-seq research

http://www.sciencedirect.com/science/article/pii/S0378111914013869

22


http://www.sciencedirect.com/science/article/pii/S0378111914013869

Analysis workflow

23



Verifying RNASeq raw data

EQ FastQC :
— http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

* Import of data from BAM, SAM or FastQ files

e quick overview

« Summary graphs and tables to quickly assess your data

e Export of results to an HTML report

« Offline operation to allow automated generation of reports

e Color code to check quickly the quality

24


http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

Technical characteristics conformity
Contamination search
Classical RNA-Seq biases

Example : hexamer random priming

Seguence content across all bases
100

=10}
80
T0
[+10]
50

40

30

20

10

1 2 3 4 =] =] F = a9 10-14 20-24 30-34 AZ-44 50-54 50-64 FO-TF4
FPosition in read (bp)



Bias impact on alignment

Orange = reads start sites

Blue = coverage

1200

1000

800

10 26 42 58 74 90 106 122 138 154 170 186 202 218 234 250 266 282 298 314 330 346 362 378 394 410 426 442 458 474 490 506 522 538 554 570 586 602 618 634 650 666 682 698 714 730 746 762 778
2 18 34 50 66 82 98 114 130 146 162 178 194 210 226 242 258 274 290 306 322 338 354 370 386 402 418 434 450 466 482 498 514 530 546 562 578 594 610 626 642 658 674 690 706 722 738 754 770

70

20

10

0

depth
starts

26
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Short transcript

4

Transcript length bias

e
|
f

so= Al #
High §
—
E
ik}
S==mSennene -
Lang transcript 1 2

Bigl Direct. 2009 Apr 16;4:14.

Transcript length bias in RNA-seq data confounds systems biology.
Oshlack A, Wakefield M.

Abstract

Background: Several recent studies have demaonstrated the effectiveness of deep sequencing for
transcriptome analysis (AMA-seq) in mammals. As RMA-seq becomes more affordable, whole
genome transcriptional profiling is likely to become the platform of choice for species with good
genomic sequences. As yet, a rigorous analysis methodology has not been developed and we are
still in the stages of exploring the features of the data.

Results: We investigated the effect of transcript length bias in RMA-seq data using three different
published data sets. For standard analyses using aggregated tag counts for each gene, the ability to

call differentially expressed genes between samples is strongly associated with the length of the
transcript.

Conclusion: Transcript length bias for calling differentially expressed genes is a general feature of
current protocols for RMA-seq technology. This has implications for the ranking of differentially

expressed genes, and in particular may introduce bias in gene set testing for pathway analysis and
other multi-gene systems biology analyses.

Reviewers: Thizs article was reviewed by Rohan Williams (nominated by Gavin Huttley), Micole
Cloonan {nominated by Mark Ragan) and James Bullard (nominated by Sandrine Dudait).

— the differential expression of longer transcripts is more
likely to be identified than that of shorter transcripts

ORIGINAL PAPER it tems

(zans expression

Fchenros Aoome pubboxion Jemosry 15, 2001

Length bias correction for RNA-seq data in gene set analyses
Livan Gao'-t, Zhide Fang®!, Kui Zhang', Degui Zhi' and Xanggin Cui'-* 27



Run fastqc (fastgc)on one of the fastq files found on
you USB stick

In groups explain the different graphics produced by
fastgc

28



Take home messages on quality analysis

Elements to be checked :
- Random priming effect
- K-mer (polyA, polyT)

Alignment on reference for the second quality check and filtering.

A good run has :

- the expected number of reads (2x500millions / flowcell),

— the expected reads length (100pb),

- a random nucleotides selection and the GC%,

- a high alignment rate : very few unmapped reads, pairs
mapped on opposite strands (shown in the next part).

29



Analyse workflow

30



Where to find a reference genome?

= Fasta file
= Retrieving the genome file:

- The Genome Reference Consortium
http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/

- I NCBI chromosome naming with « | » not well supported by
mapping software

- Prefer EMBL.:
http://www.ensembl.org/info/data/ftp/index.html

The chromosome names should be the same in the gtf file and
fasta file.

31


http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/
http://www.ensembl.org/info/data/ftp/index.html

Reference transcriptome file

What is a GTF file ?
— Tab delimited text file

- derived from GFF (General Feature Format, for description of genes and
other features)

- Gene Transfer Format :
http://genome.ucsc.edu/FAQ/FAQformat.html#format4

<segname> <source> <feature> <start> <end> <score> <strand> <frame> [attributes] [comments]

The [attribute] list must begin with:

= gene_lid value : unique identifier for the genomic source of the sequence.

= transcript_id value : unique identifier for the predicted transcript.

32


http://genome.ucsc.edu/FAQ/FAQformat.html#format4

Splice sites

— Canonical splice site: which accounts for more
than 99% of splicing GT and AG for donor and
acceptor sites

4 3 2 1
l | L
5 KON GU | [ Al lpy-pypy]  ACTHGOA 3
b——— | n t r o n

http://en.wikipedia.org/wiki/RNA _splicing
- Non-canonical site: GC-AG splice site pairs,
AT-AC pairs

Mucleic Acids Res. 2000 Nov 1;28(21).4364-75.

Analysis of canonical and non-canonical splice sites in mammalian genomes.
Burset M, Seledtzov 1A, Solovyey WV

- Trans-splicing : splicing that joins two exons
that are not within the same RNA transcript

33


http://en.wikipedia.org/wiki/RNA_splicing

Spliced alignment

- The recognition of exon/intron junctions can be inferred from the
reads that overlap the splicing sites. The resulting spliced reads can
produce very short alignments, part of the read will not map
contiguously to the reference.

— therefore this approach requires a dedicated algorithm

_ . o Genome Res. 1998 Sep;8(9)967-74.
Generatlon ’ A computer program for aligning a cDNA sequence with a genomic DNA sequence.
- Flarea L, Harzell G, Zhang £, Rubin GM, Miller W,
e SIM4

Department of Computer Science and Engineering, The Pennsylrania State University, University Park, Pennsylvania 16802 USA.

e Seqanswer : http://seganswers.com/wiki/Software/list
- ldea:

e Database of potential splice junction sequences (known)

 splice canonical / non canonical site search (seed then
mapping)

34


http://seqanswers.com/wiki/Software/list

d

Exon first vs seed extend

: b
Exon-first approach Seed-extend approach
RNA RNA
_ _
] e i, _— e L
.'. Exon read mapping ', Seed matching
LW | — /e e/

—\/: /7/ ﬂ7 T .

g Spliced read mapping §  Seed extend
-_-;I:I I — —
::::‘; — [ |

Potential limitations of exon-first approaches

rr
Geme\/?;seudogene

REVIEW |

Computational methods for transcriptome
annotation and quantification using RNA-seq

Manuel Garber!, Manfred G Grabherr!, Mitchell Guttman'-? & Cole Trapnell!-?

35



TopHat

ORIGINAL PAPER " ucmmntmsteatior s

Sequence analysis

TopHat: discovering splice junctions with RNA-Seq
Cole Trapnell’-*, Lior Pachter” and Steven L. Salzberg’

http.//tophat.cbcb.umd.edu/

- Aligns RNA-Seq reads to a reference genome with Bowtie
— splice junction mapper for reads without knowledges
— identify splice junctions between exons.

http://en.wikipedia.org/wiki/List_of RNA-Seq_bioinformatics_tools#Spliced aligners

36


http://tophat.cbcb.umd.edu/
http://en.wikipedia.org/wiki/List_of_RNA-Seq_bioinformatics_tools#Spliced_aligners

TopHat initial algorithm : first step

Map reads to whole

- TopHat finds junctions by mapping R
Collect initiall
reads to the reference: gappamereadi

 all reads are mapped to the

"WM b

i
|'|||'l||
i
!

iy

reference genome using Bowtie

e reads not mapped to the genome are set aside as
IUM (initially unmapped)

* low complexity reads are discarded

 for each read : allow until 20 alignments

37
Trapnell C et al. Bioinformatics 2009;25:1105-1111



Exon assembly process

Map reads to whole
genome with Bowtie

- TopHat then assembles mapped reads

!

i
tl

f

= ===

|

'ﬂ'H’!W

- Define island: aggregates mapped E ﬁﬁéﬁ;‘;{);ifz
reads in islands of candidate exons e
» Generate potential Eﬁiifé‘i‘iiﬁins
donor/acceptor splice sites TR e
using neighbouring exons o neiiz;?ng v

- Extend islands to cover eventually splice junctions

e +/- 45 bp from reference on either side of island

38
Trapnell C et al. Bioinformatics 2009;25:1105-1111



To map reads to splice junction :

— Enumerate all canonical donor and
acceptor sites in islands

 long (>= 75 bp) reads:

Spice junction reference

"I||||MP'|||:‘|

if
i
||'|ﬁ

Map reads to whole
genome with Bowtie

=

Collect initially
unmappable reads

i
I

"GT-AG","GC-AG" and "AT-AC" introns

e Shorter reads:

_ Assemble
consensus of
covered regions

l

only "GT-AG" introns

- Find all pairings which produce

GT-AG introns between islands

e 70 bp < Intron size < 20,000 bp

Trapnell C et al. Bioinformatics 2009;25:1105-1111

Generate possible
splices between

neighboring
exons

39



IJUM alignment

e Each possible intron is checked
against the [UM

Map reads to whole
genome with Bowtie

=

Collect initially
unmappable reads

if
i

I'|I||""'"||

i

- . Assemble
consensus of
. covered regions
B Gt ag l
left exon right exon
S Generate possible
: - —_—— :
P splices between
gt =g =g neighboring
2 £ exons Y
— | —
Build seed table
index from
unmappable reads
|
[UMread |

R

[
high quality

Map reads to possible
splices via seed-and-
extend

gt ag ag

40
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TopHat Inputs

Inputs :

- bowtie2 index of the genome

ftp://ftp.cbcb.umd.edu/pub/data/bowtie indexes/
http://bowtie-bio.sourceforge.net/index.shtml

- file fasta (.fa) of the reference or will be build by bowtie,
In the index directory
- File fastq of the reads

Command lines :

bowtie2-build <reference.fasta> <index_base>
tophat [options] <index_base> <readsl_1[,...,readsN_1]><[readsl 2,...readsN_2[>
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ftp://ftp.cbcb.umd.edu/pub/data/bowtie_indexes/
http://bowtie-bio.sourceforge.net/index.shtml

Options:
-v/--version
-o/--output-dir
--bowtiel
-N/--read-mismatches
--read-gap-length
--read-edit-dist
--read-realign-edit-dist
-af--min-anchor
-m/--splice-mismatches
-i/--min-intron-length
-I1/--max-intron-length

-p/--num-threads
-R/--resume
-G/--GTF

<string=

<int=>
<int>
<int=>
<int>
<int=>
<0-2=
<int>
<int>

<int>
<out_dir>
<filename=

| T e I s I s B s B s Y s I s B s I |

[
(

(GTF/GFF with known transcripts)

default:
default:
default:
default:
default:
default:
default:
default:
default:
default:

default:

. ftophat_out

bowtieZ

2

2

2

"read-edit-dist" + 1
8

§]

50

500000

1

try to resume execution )

]

e e e e e e e e ] e
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Special note on the website

Please Note TopHat has a number of parameters and
options, and their default values are tuned for processing
mammalian RNA-Seq reads.

If you would like to use TopHat for another class of
organism, we recommend setting some of the parameters
with more strict, conservative values than their defaults.

Usually, setting the maximum intron size to 4 or 5 Kb is
sufficient to discover most junctions while keeping the
number of false positives low.
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More topHat options

Your own junctions :
-G/--GTF <GTF2.2file>
-j/--raw-juncs <.juncs file>

--no-novel-juncs (ignored without -G/-))
Your own insertions/deletions:

--insertions/--deletions <.juncs file>

--no-novel-indels
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--library-type TopHat will treat the reads as strand specific. Every read alignment will have an XS attribute tag. Consider

supplying library type options below to select the correct RNA-seq protocol.

Library Type Examples Description

fr-unstranded Standard Illumina Reads from the left-most end of the fragment (in transcript coordinates) map to the transcript

strand, and the right-most end maps to the opposite strand.

fr-firststrand dUTP, NSR, NNSR Same as above except we enforce the rule that the right-most end of the fragment (in transcript
coordinates) is the first sequenced (or only sequenced for single-end reads). Equivalently, it is
assumed that only the strand generated during first strand synthesis is sequenced.

fr-secondstrand Ligation, Standard SOLiD Same as above except we enforce the rule that the left-most end of the fragment (in transcript
coordinates) is the first sequenced (or only sequenced for single-end reads). Equivalently, it is
assumed that only the strand generated during second strand synthesis is sequenced.
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TopHat Outputs

Outputs :

e accepted_hits.bam : list of read alignments in SAM
format compressed

e junctions.bed : track of junctions,
scores : number of alignments spanning the junction

e jnsertions.bed and deletions.bed : tracks of insertions
and deletions

 logs directory files

« unmapped.bam : Unmapped or multi-mapped (over
the threshold) reads

e prep_reads.info : number of reads and read length
for input and output
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Sequence alignment and map

- SAM (Sequence Alignment/Map) format:

e Capture all of the critical information about NGS data in a
single indexed and compressed file

e Sharing : data across and tools

Li H.*, Handsaker B.*, Wysoker A, Fennell T, Ruan J., Homer N., Marth G,

° Generlc allg n ment form at Abecasis G., Durbin R. and 1000 Genome Project Data Processing Subgroup

(2009) The Sequence alignment, map (SAM) fnrmat and 5AMtoals.
« SAMTOOLS: provide various

Bioinformatics, 25, 2078-9. [PMID::

utilities for manipulating alignments in the SAM
format:sorting, merging, indexing...

http://samtools.sourceforge.net/

http://picard.sourceforge.net/explain-flags.html
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http://samtools.sourceforge.net/
http://picard.sourceforge.net/explain-flags.html

- Extend CIGAR strings Op BAM Description

M 0 alignment match (can be a sequence match or mismatch)
I 1 insertion to the reference

D 2 deletion from the reference

N 3 skipped region from the reference

S | soft clipping (clipped sequences present in SEQ)

H i hard clipping (clipped sequences NOT present in SEQ)

P G padding (silent deletion from padded reference)

= 7 sequence match

4 ol sequence mismatch

- Example: intron de 81 bases

A

ERR022486.8388510 81 22 32099 255 58M81N18M = 27484 -4772
CCTTGGTCTTGCCGAAGTAGATCTCATTGAGAGTGGAGCGGATCTTGTTCTCCATTTCCTCCA
CCAGGCGTCCGAT :9=<==;<<><=><?5>7<?==55755<?5>77<AA?
@AFADDD;GDGAG@GGCBE@GG?GG>GGGG?GGGGGGGG  NM:i:0 XS:A:-  NH:iil
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Bam & Bed

- BAM (Binary Alignment/Map) format:

 Compressed binary representation of SAM

» Greatly reduces storage space requirements to about
27% of original SAM

 Bamtools: reading, writing, and manipulating BAM
files

- Bed (Browser Extensible Data) format:

 tab-delimited text file that defines a feature track
http://genome.ucsc.edu/FAQ/FAQformat.html#formatl

* The first three required BED fields are:
<chromosome> <start> <end>

« 9 additional optional BED fields
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http://genome.ucsc.edu/FAQ/FAQformat.html#format1

Chrom

qtrack name=juncti

|| junctions_

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

Start End

241 1451
1785 4260
4285 4485
4375 4748
5834 6045
6143 B776
6796 7873
7843 7254
7220 8877
74180 16244
7638 7811
12398 21452
16655 27319
27711 30684
27714 32151
38839 32151
32085 32308
32234 33112
33089 33347

Nname score

RRDZZTI& etudechr22.b¥d %
ohs ERR022486 etudechr22 deacrlptlnn—“TnpAét junctions"

JUNCOB8eBee1
JUNCBBRBBRB2
JUNCBBRRRRB3
JUNCBBBBRRR4
JUNCEBBBBBBS
JUNCBBBRBBDG
JUNCoRRBBaRT
JUNCEBOeBBes
JUNCBBBBBRES
JUNCBBBBBB1E
JUNCBBBBER11
JUNCBBBBBR12
JUNCBBBRBR13
JUNCBBBBRe14
JUNCORREBB15
JUNCoRRERE1G
JUNCeoeeealy
JUNCBBBBBB1S
JUNCBBBBBB19

8

Bud L BJ = Sh LA O o L) O

oh

108
383
134
493
478
292

strand

drawing

\

241 1451
1785 4260
4285 4485
4375 4748
5834 6045
6143 B776
6796 7873
7843 7254
7220 8877
74180 16244
7638 7811
12398 21452
16655 27319
27711 30684
27714 32151
38839 32151
32085 32308
32234 33112
33089 33347

Bed example

RGB

oD DD D DD D DDDDDDDEDE DD
Bod Bd P P BJ RD R R R R RS RS RS BRI PRI RS R R R

B
B
B
B
]
]
]
]
B
255,08,
B
B
]
]
]
]
]
B
B

‘\\

Blocks info

///\\\
™

67,66 0,1144
28,48 60,2427
55,72 0,128
32,66 0,167
35,41 8,178
61,68 g,565
71,51 g,226
66,61 68,158
64,62 0,1595
43,28 0,8806
58,37 0,136
ie,72 06,8990
26,67 B8,18597
74,72 g,2901
71,72 g,4365
68,72 g,1448
71,71 68,152
69,72 0,806
68,71 0,187
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Mapper comparisons

Comparative Analysis of RNA-Seq Alignment Algorithms and the
RNA-Seq Unified Mapper (RUM)

Gregory R. Grantl’2’4’*, Michael H. Farkas3, Angel Pizarroz, Nicholas Lahenss, Jonathan Schug4,
Brian Brunk', Christian J. Stoeckert Jr'**, John B. Hogeneschl’z’5 and Eric A. Pierce™

1 Penn Center for Bioinformatics, University of Pennsylvania School of Medicine, Philadelphia, PA 19104

2 Institute for Translational Medicine and Therapeutics, University| > Base Level Accuracy ::'“ Junctions Accuracy

3 F.M. Kirby Center for Molecular Ophthalmology, University of | S e g = .

4 Department of Genetics, University of Pennsylvania School of M mo

SDepartment of Pharmacology, University of Pennsylvania School :: Tl

Associate Editor: Prof. lvo Hofacker 204 ‘_ -
NrEmE Ml EFTE |

P é£ R éf i - prype o
-~ i e

Base Level Accuracy ) Juneétions Accuracy

W% of bases aligned carmectly

- junetens Fi rata
Jurctions FN rate

qg.é& qpi‘# @i,:\"” d—"“@‘

Fig. 6. Accuracy statistics for analyses of simulated data sets. A, B. Simulated data set 1. C,D. Simulated data set 2. Test

1 has low polymorphism and error rates, while Test 2 has moderate polymorphism and error rates. In A and C The dark

bars show the base-wise accuracy (the percent of bases that aligned and to the right location); the light bars give the
coverage plot accuracy. B and D show the accuracy of the junction calls, dark bars show the false positive (FP) rate and

light bars show the false negative (FN) rate. The algorithms are sorted in A and C by accuracy and in B and D by the sum

of the FP and FN rates. Results are mean +/- SEM over the three replicate simulated data sets for each test. There isa
considerable dropoff in accuracy seen in Test 2 for the algorithms that do not align across indels (SpliceMap, TopHat, and
Bowtie). The base-wise accuracy and the FP and FNM rates on junction calls are taken in conjunction to determine the 1
overall effectiveness of an algorithm. Based on these results, we conclude that GSPAN, MapSplice and RUM are the ones

that are most viable for RNA-Seq alignment.
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Hands-in : spliced alignment

Index the genome file Danio_rerio.Zv9.62.dna.chromosome.22.fa with bowtie2
Align both reads paired files to the genome using tophat2
= ERR022486_chr22_readl.fastq.gz ERR022486_chr22_read?2.fastq.gz
= ERR022488 chr22_readl.fastq.gz ERR022488 chr22_readZ2.fastq.gz
= Parameters :
= Max intron size : 5kb

= Number of threads : 4

= Use the name of the file ERR022486 ERR022488 as output
directory name

Index the accepted_hits.bam file

Count the number of alignments with samtools flagstat for ERR022486
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Hands-In : commands

bowtie2-build Danio_rerio.Zv9.62.dna.chromosome.22.fa Danio_rerio.Zv9.62 chr22

tophat -p 4 —output-dir=tophat ERR022486 -l 5000 Danio_rerio.Zv9.62_chr22
ERR022486_readl.fastq,ERR022486_read?2.fastq

samtools index ERR022486/accepted_hits.bam

samtools flagstat ERR022486/accepted_hits.bam
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Visualizing alignments on IGV

Integrative
Genomics
Viewer

i
=

I Te.
ead b idd

http://www.broadinstitute.org/igv/home

Integrative genomics viewer

James T Robinson, Helga Thorvaldsdéttir, Wendy Winckler, Mitchell Guttman, Eric S Lander, Gad
Getz & Jill P Mesirov
Affiliations | Corresponding authors

Nature Biofechnology 29, 24-26 (2011) | doi:10.1038/nbt. 1754
Published online 10 January 2011
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http://www.broadinstitute.org/igv/home

Visualizing alignments on IGV

High-performance visualization tool
Interactive exploration of large datasets
Supports a wide variety of data types
Documentations available

Developed at the Broad Institute of MIT

and Harvard

= File Extension Identifies Format
s Recommended File Formats

= BAM

= BED

= BedGraph

= higBed

= bigWig

= Birdsuite Files
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Visualizing alighments on IGV

| File ¥iew Tracks Help

Zebrafish (zvo/dan... -||A|| ‘-H |co| @ [ =

=
[!
1 3 5 7 a 11 13 15 17 19 21 23 25
2 4 [=] =] 10 12 14 16 18 20 22 24

! ! | ! ! ! ! ! Lo L1 ! Lo [ I R N
| =
Gene I 1

PR~ ST TSI I U WP PR ¥ SIS SN TS S T S R S P N SIS S SRR Y R P P S S
-

| |] | 64M of 309Mm
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Visualizing alignments on IGV

Import a reference genome

File | View Tracks Help

Load from File...
Load from URL...
Load from Server...

Gni@

MNew Session...
Open Session...
Save Session...

Import Genome...

Remove Imported Genomes...

Save Image ...

Export Regions ...
Import Regions ...
Clear Regions ...

Exit

thome/bardou/igv_session.xml

Import Genome

D * ||

| (unique id, e.q. hql8)

Name *

[ Fasta file s a directary

Fasta file *

Cytoband ...

Gene file

Alias file

E] EIEJE]

Supply a sequence URL if defining a web-hosted genome (optional, not common). See user guide for mare details,

Sequence UR

¥ required,

The sequence file (required) can be a FASTA file, a directory of FASTA files, or a zip of FASTA files, Optionally, specify a
cytoband file to display the chromosome ideogram and an annotation file to display the gene track. See the
documentation for descriptions of supparted annotation formats.

‘ Save H Cancel ‘

N EN

q|
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Visualizing alignments on IGV

Import your BAM Files

Eile| View Tracks Help

Load from File...

?1581838|ref|MC_012125.1| -

Load from URL...
Load from Server...

gi|224581838|ref|NC_012125.1]

\Gng £ @ i E

New Session...
Open Session...
Save Session...

Import Genome...
Remove Imported Genomes...

4 833 kb

Save Image ...

Select Files

Export Regions ...
Import Regions ...
Clear Regions ...

Exit

fhome/bardoufigv_session.xml

Rechercher dans :

[Jtophat

oo-
MEEIEIEEE

—Jlogs

] samstat

[() right_kept_reads.info
[y tophat.sh

[ accepted_hits_ERR023143.bam |

[} tophat.sh.e3289119

[} deletions.bed

[} ERR0O23143 flagstat.txt
[} flagstat.txt

[} insertions.bed

[ junctions.bed

[} left_kept_reads.info
[y nb_read_uniq.txt

[y accepted_hits_ERR023143.bam.bai [ tophat.sh.03289119

[} unig_map.sh

[} unig_map.sh.e3291504
[[} unig_map.sh.e3291505
[} unig_map.sh.03291504
[ uniq_map.sh.03291505
[(} uniq_reads.txt

1]

i [[r

MNom de fichier :

|accepted_hits ERR0O23143.bam |

Fichiers du type : |T0us les fichiers |v|

[» Lol

Ok || Annuler |

1|I|<|
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Visualizing alignments on IGV

= Exemple of bam and bed files visualisation

D200 IGv
File View Tracks Help
DanioRerio_Chr22 |vH22 |v‘|22:3.861.982-3.877.501 |Gn T « :@; 0O = 2 b (SRR ERY (AR
=
1 [~
wy el [ 15kb -
w E E 2 kb 3 864 kb 3 866 kb 3 865 kb 3870 kb 3872kb 3§74 kb 3 876 kb
B | | | | | | | —
333 -
ERR022486_accapted_hits. barm [0 = EEE] =
rage f
~|
ERR022488_accepted_hits.barm =02 =
rage =]
~|
o & i i i i Hilt i =
Danio_rerio_chr22.Zv3.62.gtf. g3 EMSDARTOOO00L26951
ERR022486_junctions v, . -' U .- J U L-P‘ U
ERROD224385_junctions of Mt " “d Y S
-
|| 262M of[473M o

22:3 871 267 ||




hands-on : IGV

Create the genome dr22 in IGV using
Danio rerio.Zv9.62.dna.chromosome.22.fa

Load the gtf file : Danio_rerio_chr22.2v9.62.gtf
Load the bam file : ERR022486/accepted_hits.bam
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Analyse workflow
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What do we want to build?

The gene / transcript description file (and corresponding fasta)

(o 0o BT I o Tw T T T T o e T BT B o o T I T I To I o R T BT )

protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding

exon B97785
exon [si=lS=pR=]
exon 594354
chs 594354
start_codon

exon 593528
cbs 593675
stop_codon

exon 594364
cDs 594364
start_codon

exon 592672
chs S93E675
stop_codon

exon 597453
cbs E97623
start_codon

exon 598442
cbs 598442
exon 599401
cDs 599401
exon 7OOEE6
chs 7O0ESE

The count file

597247
595500
594502
524497
524495
593822
693822
B93572
594497
594497
594495
593822
593822
593672
597832
697832
697623
598573
698573
599459
599459
TOOB7E
7OO725

L@ N O N s W N

NNNNNKRHEKEERERBRRR R
B W N KEDOO@N WML WN-D

594497

593574
594497
593674 .
+
- +
897625 .
+
+
+
+
+
+

row.names
mira_cl
mira_c2
mira_c3
mira_rep_c4
mira_rep_c5
mira_rep_c6
mira_rep_c7
mira_rep_c8
mira_rep_c9
mira_rep_cl0
mira_rep_cll
mira_rep_cl2
mira_rep_cl3
mira_rep_cl5
mira_rep_cl6
mira_rep_cl7
mira_rep_cl8
mira_rep_cl9
mira_rep_c20
mira_rep_c22
mira_rep_c24
mira_rep_c25
mira_rep_c26

mira_c27

SRR519727
1855

gene_1d
gene_1d
gene_1d
gene_1d
o
gene_1d
gene_1d
o]
gere_1d
gene_id
Q
gene_1d
gene_1d
o
gene_1d
gene_1d
o]
gene_1d
gere_1d
gene_1d
gene_1d
gene_1d
gene_1d

SRR519728
4095

"ENSDARGOOOOOO7S709" ; transcript_id "ENSDARTOOOOO144625"; exon_number "1°
"ENSDARGOOOEEO7S709" ; transcript_id "ENSDARTOOOOO144625"; exon_number "2¢
"ENSDARGOOOOEO7S709" ; transcript_id "ENSDARTOOOO0144625"; exon_number "3"
"ENSDARGOO00007S709" ; transcript_id "ENSDARTOOO00144625"; exon_number "3"

gene_1d "ENSDARGOOOQ0O7S709"; transcript_id "ENSDARTOO000144625"; exon_number

"ENSDARGDODO0O7S7O2" ;

transcript_id "ENSDARTOOOOO1446Z25";

exon_number

w

"ENSDARGOOOOOO7S709" ; transcript_id "ENSDARTOO000144625"; exon_number "4¢

gene_id "ENSDARGOOOO007S709" ;

transcript_id "ENSDARTOO000144625"; exon_number

"ENSDARGOOOOOO7S709" ; transcript_id "ENMSDARTOOOOO112112"; exon_number "1°
"ENSDARGOOOOOO7S709" ; transcript_id "ENSDARTOOOO0112112"; exon_number "1°

gene_1d "ENSDARGDOOOOO7S709"; transcript_id "ENSDARTOO000112112"; exon_number
"ENSDARGOO0O007S709" ; transcript_id "EMSDARTOOD00112112"; exon_number "2¢
"ENSDARGOO0O007S709" ; transcript_id "EMSDARTOOO00112112"; exon_number "2"
gene_1d "ENSDARGOOOQ0O7S709"; transcript_id "ENSDARTOO000112112"; exon_number
"ENSDARGOO000011999" ; transcript_id "EMNSDARTOO000136627"; exon_number "1°

"ENSDARGOOO00011999" ; transcript_id "ENSDARTOOOC0136627"; exon_number "1°

gene_id "ENSDARGOOO00011999" ;

transcript_id "ENSDARTOOOO0136627"; exon_number

"ENSDARGOOGO00011999" ; transcript_id "ENSDARTOOO00136627"; exon_number "2¢
"ENSDARGOOOO0011999" ; transcript_id "ENMSDARTOOOOO136627"; exon_number "2¢
"ENSDARGOOEEE011999" ; transcript_id "ENSDARTOOOOO136627"; exon_number "3¢
"ENSDARGOOOEE011999" ; transcript_id "ENSDARTOOOOO136627"; exon_number "3¢
"ENSDARGOOO00011999" ; transcript_id "ENSDARTOOOOO136627"; exon_number "4¢
"ENSDARGO0000011999" ; transcript_id "ENSDARTOOOC013E627"; exon_number "4¢
SRR519729 SRR519730 SRR519731 SRR519747 SRR519748 SRR519749 SRR519750 SRR519751
4593 4407 3826 1749 4355 3679 4396 4066
929 834 854 393 769 644 1015 732
2583 1333 1245 2890 5104 4052 12012 4150
1044 1100 1363 657 1001 836 1289 1313
17170 16120 15121 6042 16388 14329 18505 16999
6457 5312 4960 2399 7010 5196 8063 6718
637 627 594 247 689 522 928 940
1906 1897 2050 691 1537 1551 1667 1552
2739 2493 2573 735 2345 2012 3308 2645
684 886 895 346 659 581 1041 1030
234 210 175 68 192 261 209 299
2833 3128 3088 1138 2983 2575 4384 3811
244 1256 1275 515 1029 913 1407 1444
18095 16722 16476 4962 16867 14581 17733 18771
32768 28699 27176 8532 28567 25091 35040 30702
2066 2530 3372 860 1704 1451 3327 3498
7750 8570 9559 3954 6610 6180 8273 8728
4757 4265 4062 1652 4504 3568 4983 4202
3180 2903 2605 818 2196 1843 2478 2410
5360 5760 5582 2471 5163 5061 5906 6482
11333 10104 9537 4409 8676 9297 5060 10178
944 1155 1245 338 885 740 1680 1599
3436 3231 3009 1310 2907 2785 2989 3267
1283 1364 1577 820 1224 1100 1530 1436

=1

w g

wn

-1

wpn
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If you have the model file

The model is presented in the GTF file (Gene Transfer Format)
= Two approaches

- Gene level
- Transcript level

Tools for each approach
* htseq-count

o Cufflinks or FeatureCounts
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HTSeqg-count

http://www-huber.embl.de/users/anders/HTSeq/doc/overview.html

- Process the output from short read aligners in various formats

- Count how many reads map to each feature (in RNA-Seq, the
features are typically genes)

e counting reads by genes

e Or consider each exon as a feature to check for alternative
splicing

- Inputs:
e file with aligned sequencing reads: bam (or sam) file
e list of genomic feature: gtf file
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http://www-huber.embl.de/users/anders/HTSeq/doc/overview.html

HTSeq-count parameters

- Command line :
e htseq-count [options] <sam_file> <gtf_file>

e samtools view accepted_hits.bam | htseq-count
--Stranded=no -m intersection-nonempty - file.gtf -q >
output.htseq-count.txt &

intersection  intersection S O m e O pti O n S :

union _strict _nonempty

-m <mode> ' intersection-strict or

e o cmen intersection-nonempty (default union)

--stranded =<yes, no, or reverse>

(default yes)

-t <feature type> : 3rd column in GTF
file

-q : quiet

ambiguous ambiguous ambiguous -h " h e/ p
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HTSeqg-count output

— Output: a table with counts for each feature and a summary of reads
not counted for any feature:

e no_feature: reads which couldn't be assigned to any feature

e ambiguous: reads which could have been assigned to more
than one feature and hence were not counted for any of
these

e not_aligned.: reads in the SAM file without alignment

e alignment_not_unique: reads with more than one reported
alignment. These reads are recognized from the NH optional
SAM field tag. (If the aligner does not set this field, multiply
aligned reads will be counted multiple times.)
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Quantification with cufflinks

Transcript assembly and quantification by RNA-Seq
reveals unannotated transcripts and isoform switching
during cell differentiation

Cole Trapnell, Brian A Willlams, Geo Pertea, Ali Mortazavi, Gordon Kwan, Marijke J van Baren, Steven
L Salzberg, Barbara J Wold & Lior Pachter

Affiliations | Contributions | Corresponding author

MNafure Biotechnology 28, 511-515 (2010) | doi:10.1038/nbt.1621
Received 02 February 2010 | Accepted 22 March 2010 | Published online 02 May 2010

http.//cufflinks.cbcb.umd.edu/

— assembles transcripts

- estimates their abundances : based on how many
reads support each one

- tests for differential expression in RNA-Seqg samples
67
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Cufflinks read attribution

- Violet fragment: from which transcript?

« Use of Fragment length distribution

d Abundance estimation

=E—E
B ==
| I = y I

Fragment
Transcript coverage length

and compatibility distribution
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Cufflinks expression measurement

- Fragments attribution

— |soforms abundances estimation:

« RPKM for single reads
 FPKM for paired-end reads

d Abundance estimation

H.‘L _______________ . -
=—a
FaEs o _ailen ‘ I
e 000 o0 oS8
—
Fragment
Transcript coverage length
and compatibility distribution
L o
e

Maximum likelihoodd
abundances

®

Trapnell C et al. Nature Biotechnology 2010;28:511-
515
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RPKM | FPKM

- Transcript length bias

- RPKM : Reads per kilobase of exon per million mapped
reads

e 1kb transcript with 1000 alignments in a sample of 10
million reads (out of which 8 million reads can be
mapped) will have:

RPKM = 1000/(1 * 8) = 125

- the transcript length depends on isoform inference
- FPKM : for paired-end sequencing
A palir of reads constitute one fragment
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Cufflinks inputs and options

- Command line:
e cufflinks [options]* <aligned_reads.(sam/bam)>

- Some options :
-h/--help
-o/--output-dir
-p/--num-threads

-G/--GTF <reference_annotation.(gtf/gff)> :
estimate isoform expression, no assembly novel

transcripts
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Merging individual count files

— Each guantification is produced from a bam file
corresponding to a sample

- The quantification column has to be extracted
— The columns are the joined (paste)
- A header is added to the count file

row.names SRR519727 SRR519728 SRR519729 SRR519730 SRR519731 SRR519747 SRR519748 SRR519749 SRR519750 SRR519751

1 mira_cl 1855 4095 4893 4407 3826 1749 4355 3679 4396 4066

2 mira_c2 358 616 929 834 854 393 769 B44 1015 732

3 mira_c3 1874 1392 2583 1333 1245 2820 5104 4052 lzo1lz 4150

4 mira_rep_c4 897 789 lo44 1100 1363 B57 1001 836 1289 1313

5 mira_rep_c5 5765 12517 17170 16120 15121 6042 16388 14329 18505 16999

(5] mira_rep_c6 2165 4727 68457 531z 4960 2399 Jolo 5198 8063 8718

7 mira_rep_c7 260 436 637 627 694 247 B89 522 928 940

8 mira_rep_c8 6l6 1425 1208 1837 2050 691 1537 1551 1667 1552

9 mira_rep_c9 -1 1885 27389 2493 2573 735 2345 2012 3308 2645
10 mira_rep_cl0 311 517 684 886 895 346 859 581 1041 1030
11 mira_rep_cll 51 212 234 210 175 3] 19z 261 209 299
1z mira_rep_cl2 1129 2191 2833 3128 3088 1139 2983 2575 4384 3811
13 mira_rep_cl3 536 al3 944 1258 1275 515 lo0za al3 1407 1444
14 mira_rep_cl5 4678 13751 18095 16722 16476 4962 16867 14581 17733 18771
15 mira_rep_cle 7209 22856 32768 28699 27176 8532 28567 25091 35040 30702
16 mira_rep_cl7 945 1566 2068 2530 3372 860 1704 1451 3327 3498
17 mira_rep_cl8 4419 5668 7750 B570 9559 3954 6610 6180 B273 B728
18 mira_rep_cl9 1765 2941 4757 4265 4062 1652 4604 35688 4983 4202
19 mira_rep_c20 1236 2314 3180 2903 2605 818 21986 1843 2478 2410
20 mira_rep_c22 2315 4329 5360 5760 5582 2471 5163 5081 5906 8482
21 mira_rep_c24 4488 7523 11333 10104 8537 4409 B6TE Q297 Q060 10178
22 mira_rep_c25 448 702 944 1155 1245 338 885 740 1680 1599
23 mira_rep_c26 1307 2589 3438 3231 3009 1310 2907 2785 2989 3267
z2a mira_c27 766 BEB9 1283 1364 1577 820 1224 1100 1530 1436
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Statistical analysis in R (DESeq2 | edgeR)

Frequency

100 200 300 400 500 600

0

> head{res)
id
mira_c1
mira_c2
mira_c3
mira_rep_cd
mira_rep_c5
mira_rep_cé

Voo LN ok R —

baseMean
3549, 2301

685.7651
3530.8670
1012.5217
12946.1199
4924 7817

baseleanA

3345,
662,
3096,
975.
12849,

5224

3374
2140
4370
4453
4349
.1292

baseMeanB foldChange log2FoldChange

3733,

709,
1965,
1049,
120942,
4625.
hist({resfpval. breaks=100, col="skyblue", border="slateblue"™, main="")

1228
3163
2970
5981
2048
4341

1

1218967
1.0711284
0.
1
0

3836218

0760194
. 0904880
0.

BB53981

0.165939787
0.099131456
-1.374741648
0.105704140
-0.000738B47
-0.175601800

> plotDE <- function{ res ) { plot( resfbaseMean, res$logiFoldChange, log="x", pch=20,
"red", "black" ) ) }

=
> plotDE(res)

[

|
0.0 0.2

0.4 0.6

res$pval

0.8

1.0

res$log2FoldChange

pval
. 375560007
521137290
.001403322
. 795193064
. 985437085
.280161543

[=N=lalsllels

cex=.3, col =

pad]
97718309
.00000000
.03732238
00000000
00000000
.92152339

2 = =0 =30

ifelse( resfpad] <

.1,

|
1e+02

1e+03 1e+04

res$baseMean

1e+05

1e+06
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Hands-on : quantification

1/ Quantify the genes of chromosome 22 using htseg-count and the
Ensembl GTF file for both samples.

2/ Merge both files to produce the count tables. Add a header to the
count table.

3/ create the count table dotplot
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Hands-on : hints

samtools view ERR022486/accepted hits.bam | htseq-count --stranded=no
-m intersection-nonempty - /work/.../Danio_rerio _chr22.Zv9.62.gtf -q >
ERR022486/accepted_hits.bam.htseq-count_nonempty nostranded &

The same for ERR022488

paste ERR022486/accepted hits.bam.htseq-count_nonempty nostranded

ERRQ022488/accepted hits.bam.htseq-count_nonempty nostranded | cut
-f1,2,4 > All.htseq-count
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Analyse workflow

76



Transcript reconstruction

The different ways :

- Finding the gene locations
- Finding the exons
- Finding the junctions :
- Between pairs junctions
- Within sequences junction

Defining the model building strategy

- Number of built models
- Intronic reads
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The elements of the model

gene location —

Exon location

Junctions :

- Between read pair junction ~_~
- Within read junction

78



Model building strategies

Maximal set Minimal possible set 1

WV | N oV | N

W\. Minimal possible set 2

Y o
I/\-/W\/l,\/u I/W\/I\/l

REVIEW |

Computational methods for transcriptome
annotation and quantification using RNA-seq

Manuel Garber!, Manfred G Grabherr!, Mitchell Guttman!-? & Cole Trapnell'-?
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Cufflinks

Transcript assembly and quantification by RNA-Seq
reveals unannotated transcripts and isoform switching
during cell differentiation

Cole Trapnell, Brian A Willlams, Geo Pertea, Ali Mortazavi, Gordon Kwan, Marijke J van Baren, Steven
L Salzberg, Barbara J Wold & Lior Pachter
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- assembles transcripts

- estimates their abundances : based on how many
reads support each one

- tests for differential expression in RNA-Seq samples

80


http://cufflinks.cbcb.umd.edu/

Cufflinks transcript assembly

a Map pared crINA

- Transcripts assembly : (- )
3
» Fragments are divided into non- ]Ef‘—"fﬁ:
overlapping loci SmiT e
* each locus is assembled —
Independently :
b Assembly
- Cufflinks assembler B i
fragments

e find the mini nb of transcripts that
explain the reads

 find a minimum path cover
( Dilworth's theorem)

- nb incompatible read = mini nb
of transcripts needed

- each path = set of mutually
compatible fragments v
overlapping each other Transcripts

e e 81

Minimum path cover

Trapnell C et al. Nature Biotechnology 2010;28:511-515



Cufflinks transcript assembly

b Assembly
- Transcripts assembly : _ Wikiee )
incompatible
« |dentification incompatibles fragments

fragments: distinct isoforms

« Compatibles fragments

are connected: graph construction
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Cufflinks inputs and options

- Command line:
e cufflinks [options]* <aligned_reads.(sam/bam)>

- Some options :
-h/--help
-o/--output-dir
-p/--num-threads

-G/--GTF <reference_annotation.(gtf/gff)> . estimate
Isoform expression, no assembly novel transcripts

-g/--GTF-guide <reference_annotation.(gtf/gff)> . guide
RABT (Reference Annotation Based Transcript)
assembly
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Cufflinks RABT assembly option

- Some options :

-g/--GTF-guide <reference_annotation.(gtf/gff)> . guide
RABT assembly

= = —— e
Mapped -m—am ™ = m—E = =}
sequenced E—a o -—:- =—=
reads B coceaanns = =—am = -

Genome [ o | [ o | - =S .
Reference N el W 1
Snnotalicn m—— >> E— =

l = — ==
=== = —
== ==
= == =
== =
Faux , = y— "=
reads == === =
- =
[ L L — (=]
—]
Y
Assembl
y > N — I
Merge and - >> .
filter
\J
Reference annotation > (— _
based transcript assembly GGG >> o ]

84
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Cufflinks outputs

» transcripts.gtf : contains assembled isoforms
(coordinates and abundances)

« genes.fpkm_tracking: contains the genes FPKM
» isoforms.fpkm_tracking: contains the isoforms FPKM
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Cufflinks GTF description

- transcripts.gtf (coordinates and abundances): contains assembled
Isoforms: can be visualized with a genome viewer

 GTF format + attributes (ids, FPKM, confidence inteval bounds,
depth or read coverage, all introns and exons covered)

22 Cufflinks transcapt = 9743035 9747366 349- | gene id "CUFF 560", transcapt id "CUFF.560.1° FPKM “23.7787563790" frac "0.143485", conf_lo "8.754478"; conf_hi"38.803035" cov"2.840328"; full_read support “yeg’;

22 Cuffinks exon 0743035 9745254 349- | qene jd "CUFF.360°; transcrpt id "CUFF.360.1% exon_number *1"; FPKM "23.7787363790", frac "0 143485"; conf_lo "6 754478" conf_hi “38.803035; coy"2 840328",
NS— -

——
GTF format _
Attributes

/

22 Cufinks ftranscript 9743035 9747366 349-
22 Cufflinks _exon 0743035 9745254 349-

Chr Source Feature Start End strand Frame

Score:
Most abundant isoform = 1000

Minor : ratio=minor Fpkm/major FPKM Whether or not all introns and

exons were fully covered by
Reads (with -g)

gm_ 10" CUFF.60", transerpt_id"CUFF .a60.1", FPRM "2 TT8Ta63790"; fac 443485, conf 1o "8.T4478", conf hi"38ﬁ03035"ggy"?.ﬁ40328";Ml}g¢suppDn s
geng 14 "CUFF 360" ranscopt_id"CUPF960.1 evon number ™1, PPN 23, TTGRG3T0. et FA3AED' contlo"0.Tod T8 conf i”J6 80300, coy "2 G420




Cufflinks GTF description

- transcripts.gtf (coordinates and abundances): contains assembled
Isoforms: can be visualized with a genome viewer

e |GV visualization

[Z]1ev .

File View Tracks Help

|zebrafish (zv3/danRer7) « | |chraz v | |chr22:9,737,564-9,771,139 Go| M| «|» | [ x| = RRRRRARARER] ERRNANANNAE

J3kbh

o

=

=

I -

in

i b
=

[ ]
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Gene discovery pipeline

Alignment (Tophat)

i

Bam merge (samtools)

\/
Discovery of novels features (cufflinks)

\/

Quantification at the gene level level (htseg-count)

:

Quantification file merging (shell script)
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Quantification strategy

First set your gene and transcript model = build a reference
GTF file

Then use option -G to quantify the same set of elements on
all your samples with sigcufflinks

Then sort your raw_transcript.tsv files
cut the second or third column of the sorted file

Paste all the column in the count file
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Hands-on : cufflinks

Merge all bam files using samtools merge.

Run cufflinks to discover new genes and transcripts using the merged
bam file
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Hands-on : commands

= Merge all bam files :

samtools merge ALL.bam ERR022486/accepted_hits.bam
ERR022488/accepted_hits.bam

= Cufflinks command:
cufflinks -- output-dir=CUFFLINKS -g Danio_rerio_chr22.2v9.62.gtf ALL.bam

91



RNASeq analysis are performed routinely.

There are still some questions about the best possible aligner or gene
seeker but some tools are now well established as good solutions.

The number of replicates is particularly important if the expression
difference is small between conditions.

Pay attention to the correspondence between your library type and the
program parameters you use.
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Questions ?
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