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Slides & Exercise leaflet (doc)
- pdf: one per page
- pdf : three per page with comment lines

Data & results files (data)
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- Sequence quality

- Theory + exercises

- Spliced read mapping
Visualisation

- Theory + exercises
L expression measurement

- Theory + exercises
- mRNA calling

- Theory + exercises




SEnE What you should know

How to connect to Sigenar galaxy workbench?
http://sigenae-workbench.toulouse.inra.fr/galaxy/
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Sgin.'m Transcription

Transcription is the process of creating a complementary RNA
copy of a sequence of DNA. Transcription is the first step leading
to gene expression.

Plateforme Bioinformatique Midi-Pyrénées.
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Simple diagram of transcription termination

http://en.wikipedia.org/wiki/Transcription_(genetics )
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SENE Transcription products

Protein coding gene: transcribed in mRNA
ncRNA : highly abundant and functionally important RNA
* tRNA,
* IRNA,
* snoRNAs,
* microRNAs,
* siRNAs,
* PiRNAs
* lincRNA
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http://en.wikipedia.org/wiki/User: is/Rsa0G_RNA




s ENCODE

Statistics about the current GENCODE freeze (version 13)

//’I] | Statistics of previous Gencode freezes are found archived here.
‘ W *The statistics derive from the gtf files, which include only the main chromosomes of the human

reference genome
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Project
Data Version 13 (March 2012 freeze, GRCh37)
Statstics
- General stats
Participants
Publications
crm Protein-coding genes 20070 _ Protein-coding transcripts 77901
=0 'ong non-coding genes. - full length protein-coding: 55028
contactus Small non-coding RNA genes 9173 [l - partat tength protein-coding: 21973
Pseudogenes 13123 @INonsense mediated decay 11549
- processed pseudogenes: 9ggs fftransripts
Long non-coding RNA loci 19835
- unprocessed pseudogenes: 2550 [ltranscripts
- unitary pseudogenes: 156
- polymorphic pseudogenes: 31
_pscudogenes: 2]
ImmunoglobulinT-cell receptor 'Total No of distinct 78119
gene segments Genes that have more than one 14235
- protein coding segments: 364 distinct translations
- pseudogenes: 193
http://www.gencodegenes.org/stats.html 7
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H
:
§ Gene : functional units of DNA that contain the instructions for
il generating a functional product.

UTR Intron Intron UTR

I [ I T
f Exonl Exon2 Exon3

Promoter region S
Exon : coding region of mMRNA included in the transcript
Intron : non coding region
TSS : Transcription Start Site # 1% amino acid
Transcript : stretch of DNA transcribed into an RNA molecule
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 Pricinto Alternative splicing
H
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*E’ Alternative splicing (or differential splicing) is
£ a process by which the exons of the RNA .
= produced by transcription of a gene (a T
primary gene transcript or pre-mRNA) are :
reconnected in multiple ways during RNA .
splicing. The resulting different MRNAs may
be translated into different protein isoforms; il rcisie rons
thus, a single gene may code for multiple ;
proteins. .
Post-transcriptional modification is a Ses BOE
process in cell biology by which, in eukaryotic B Em

cells, primary transcript RNA is converted into
mature RNA. A notable example is the Morale 3 ccelrsies
conversion of precursor messenger RNA into

mature messenger RNA (mRNA), which .

includes splicing and occurs prior to protein frp—

synthesis. 4 _ g r
http://en.wikipedia.org/wiki/Alternative_splicing 9

Intron Retention




Transcript degradation

After export to the cytoplasm, mRNA is protected from degradation by a
5’ cap structure and a 3’ poly adenine tail. In the deadenylation
dependent mRNA decay pathway, the polyA tail is gradually
shortened by exonucleases. This ultimately attracts the degradation
machinery that rapidly degrades the mRNA in both in the 5" to 3’
direction and in the 3’ to 5’ direction. Additional mechanisms, including
the nonsense mediated decay pathway, bypass the need for
deadenylation and can remove the mRNA from the transcriptional pool
independently. Interestingly, the same enzymes are responsible for
the actual degradation of the mRNA independent of the pathway
taken (see figure).

Deadenylation mediated mRNA dacay Leml-7
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http://www.eb.tuebingen.mpg.de/research-groups/remco-sprangers
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$ENEI  Cis-natural antisense transcript

* Natural antisense transcripts (NATs) are a group of RNAs encoded
within a cell that have transcript complementarity to other RNA
transcripts.
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http://en.wikipedia.org/wiki/Cis-natural_antisense_transcript

1. Head to Head: 5'to 5 overlap

4. Nearby Tail to Tail
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5. Nearby Head to Head
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Fig. 1: The five orientations for overiap of is-
NAT pairs. Genes are aways. ribed 5'to

transcr
' 3. Regions of overlapping sirands are shown

with dofted lines.
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Fusion genes

* Afusion gene is a hybrid gene formed from two previously
separate genes. It can occur as the result of a translocation,
interstitial deletion, or chromosomal inversion. Often, fusion genes
are oncogenes.

* They often come from trans-splicing : Trans-splicing is a special
form of RNA processing in eukaryotes where exons from two
different primary RNA transcripts are joined end to end and
ligated.

Genome Bl 2011 Jan 19;12(1)R8. [Epub ahesd of prini]
Identification of fusion genes in breast cancer by paired-end RNA-sequencing.

Edaren H, Murumagi A Kanoaspeska S, Nicorici D, Hongisto V. Kleivi K, Rve IH, Niberg I, Borresen-Dale AL, Kallioniemi O
Institute for Holecular Medicine Finland (FIMI), Tukholmankatu 3, Helsinki 00290, Finland. ol kalloniemigfimm.f.
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Fs http://en.wikipedia.org/wiki/Fusion_gene

http://en.wikipedia.org/wiki/Trans-splicing

gene Y 12
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* Number of transcripts
*possible variation factor between transcripts: 10° or more,
*expression variation between samples.

Transcriptome variability summary
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* Many types of transcripts
*mRNA, ncRNA,...

¢ |soforms (with non canonical splice sites)
* Intron retention

*The splicing is not always completed
*|s a new isoform or a transcription error

* Transcript decay (degradation)

* Allele specific expression

13

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

UTR length

Lengthening of 3’'UTR Increases with Morphological Complexity
in Animal Evolution

Plateforme Bioinformatique Midi-Pyrénées.

Associate Editor: Martin Bishop.
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Techniques classification ?
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EST PCR/RT-QPCR SAGE MicroArrays
No quantification Quantification Quantification Indirect quantification
Low throughput Low throughput Low throughput High throughput

(up to hundreds)

(up to thousands)

(up to millions)

Discovery (Yes)

No

No

Discovery (Yes)

— Need transcript sequence partially known

— Difficulties in discovering novels splice events

15




S What is RNA-Seq ?

- use of high-throughput sequencing technologies to
sequence cDNA in order to get information about a sample's
RNA content

- Thanks to the deep coverage and base level resolution
provided by next-generation sequencing instruments, RNA-
seq provides researchers with efficient ways to measure
transcriptome data experimentally

tics 10, 57-63 (January 2009) | doi:10.1038/nrg2484
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Nature Reviews G

© ARTICLE SERIES: Applcations of next-generation sequencing http://en.wikipedia.org/wiki/RNA-Seq
INNOVATION
q: a ionary tool for
',; iark Gersteind & el Snyder: About the authors
top

RNA-Seq is a recently developed approach to transcriptome profiling that uses
deep-sequencing technologies. Studies using this method have already altered our
View of the extent and complexity of eukaryotic transcriptomes. RNA-Seq also
provides a far more precise measurement of levels of transcripts and their
isoforms than other methods. This article describes the RNA-Seq approach, the

challenges associated with its application, and the advances made so far in

ing several eukaryote i 16

=wz] What is different with RNA-Seq ?

- No prior knowledge of sequence needed
- Specificity of what is measured

- Increased dynamic range of measure,
more sensitive detection

- Direct quantification
- Good reproducibility

- Different levels : genes, transcripts, allele
specificity, structure variations

- New feature discovery: transcripts,
isoforms, ncRNA, structures (fusion...)

- Possible detection of SNPs,
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short sequence reads

SEWE RNA-Seq platforms comparison

ioinfo

Séquenceurs 22 génération

!
H

Société Roche lumina Life Technologies
e B = == m om
Plateforme L_' & = [ ]
enome I soLD4  soup oL
G8 unior s MiSeq  HSealo00  HiSea2000 pomomy Tmom oL S
fechnologie | Ttanium | | _FX_pix. chp Ghip Chip
Technolog B Thanum X 314 316 316

Acides nucléiques (matrice)

= = ligation sckptateurs

P p— <oridgerens P r—
wihode | a il
Lol [l W

i ol o kil

Méthodede § .
i Synhise (Pyroséauensae] symise .
séquengage | Sthese (Pyroséauensage) ' &
Duréede 10 1on_20n 26 sirs 8its 1ajrs Gan) (s 8irs
Senvengaelrn i i w () @ @ ’

Capacité (Mb)

GmoéM) (50) (50500 1500 100000 0000 95000 10510031000 70000 8000 150000
Tilemoyenne
desreads. <Y CHUL 1504150  100+100 1004100 150+150 100 >100>100 50435 75435 75435

Colit($)/run | 3100 6200 750 10000 11500 500 750 950 8150 6100 10500
Coit machine +
amnexes ((K§)) 110425 500430 125 560 250 (50420 480455 350455 600355

A — 18

Bxactitudede  —— T o <
séquengage (%) (99 ) @ 999 CET 99,9 99,9 w 99,95 99,95 99,99)
quencage (%) (99 ) B/ Ngis’ i




Sk Third Generation RNA-Seq
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- No more amplification

- Single Molecule Sequencing Technology (tSMS)

- Single Molecule Real Time (SMRT) sequencing
technology (PacBio RS)

- One read per transcript

http://www.genengnews.com/gen-articles/third-generation-sequencing-debuts/3257/
19

S Different approaches :

Alignment to
* De novo
- No reference genome, no transcriptome available
- Very expensive computationally
- Lots of variation in results depending on the software used
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» Reference transcriptome A
—
- Most are incomplete
- Computationally inexpensive e

Al
* Reference genome .

- When available
- Allow reads to align to unannotated sites
- Computationally expensive

- Need a spliced aligner 20
§ geno .
; SenE What are we looking for?
H  Identify genes

- List new genes

Identify transcripts
- List new alternative splice forms

Quantify these elements — differential expression

Zil




fivts  Usual questions on RNA-Seq !

!
i
:
%
f
i
i

How many replicates ?

» Technical or/and biological replicates ?

How many reads for each sample?

- How many conditions for a full transcriptome ?

How long should my reads be ?

- Single-end or paired-end ?

22

S Foui 2] ENCODE answers

- 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

- Atypical R? (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.
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Encyclopedia of DNA Elements
http://encodeproject.org/ENCODE/dataStandards. html g

S Yrie Statisticians answers

Efficient experimental design and analysis strategies for the detection of
differential expression using RNA-Sequencing

!
H

BMC Genomics 2012, 13:484  doi:10.1186/1471-2164-13-484

Jose A Robles (jose.robles@csiro.au)

Conclusions

This work quantitatively explores comparisons between contemporary analysis tools and experimental design
choices for the detection of differential expression using RNA-Seq. We found that the DESeq algorithm

rms more conservatively than edgeR and NBPSeq. With regard to testing of various experimental

ns, this work strongly suggests that greater power is gained through the use of biological replicates

T ve to library (techr es and sequencing depth. Strikingly, sequencing depth could be reduced
as low as 15% without substantial impacts on false positive or true positive rates.

24




lllumina RNA-Seq protocol

Fragment DNA
Repair ends
= Add A overhang
= Ligate adapters
Purify
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Hybridize to flow cell
Extend hybridized template
F Perform bridge amplification
o | Prepare flow cell for sequencing
Sequencing
Perform sequencing
J:! Generate base calls

Data Analysis

Images
Intensities
Reads
Alignments

25

RNA-Seq library preparation

Isolate poly-A containing mRNA

Icaeture mMRNA with o\igoT beadsl

Randomly fragment RNA

IRandom prime mMRNA — cDNA I

Make 2nd strand cDNA
Repair-Ends and 3’ Ends Adenylate
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Ligate sequencing adapters
Enrich up to 15 cycles of PCR

gel purify
validate library w/ Bioanalyzer

Library prep takes <2 days

26

Clusters generation

Plateforme Bioinformatique Midi-Pyrénées.

llumina lumina

llumina




SN Sequencing

Cluster generation:
- 35 amplification cycles
- 1 cluster - 2 000 identical molecules
- 500 000 clusters / flocell
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Sequencing: .
- Image acquisition: \ 2 % %
* 50 min / cycle 8f, ¢ o & Z
Ex: 2x100bp — 2x100x50 min = §— §— ﬁ—‘ i— gf o
i -
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geno
SenE Paired-end sequencing

- Maodification of the standard single-read DNA library
preparation facilitates reading both ends of each
fragment

- Improvement of mapping

- Help to detect structural variations in the genome like
insertions or deletions, copy number variations, and
genome rearrangements e
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=1 Z Strand specific RNA-Seq protocol

workflow comparison:
mRNA-Seq vs directional mMRNA-Seq

Plateforme Bioinformatique Midi-Pyrénées

Nt Metrods. 2010 Sep;7(9;706-15 Eaub 201C Aug 15,

Compr ive analysis of strand-specific RNA
methods
Levin 7 Yasscurl Ren

um C, Trompson DA, i y
t, Cembridge, Uassach ssets, USA
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http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001046




Analysis workflow
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Data quality control

Spliced mapping
N
A

Quantification

Gene and transcript discovery

31

Sgem fastq file formats

ine 16 Dec

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®
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Opurep = —10 x log,(P,)

RNAseq specific bias

!
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Influence of the library preparation

Random hexamer priming

- Positional bias and sequence specificity bias.
Robert et al. Genome Biology, 2011,12:R22

Transcript length bias

- Some reads map to multiple locations

33




Pubished onine 14 Apri 010 Nustec Ackds Resarch, 2010,

Biases in lllumina transcriptome sequencing caused
by random hexamer priming

Plateforme Bioinformatique Mid-Pyrénées

Kasper D. Hansen'*, Steven E. Brenner” and Sandrine Dudoit'®

ABSTRACT

Generation of cONA using random hexamer piming. — 1 NET'E iS @ Strong distinctive pattern in
bagiing of ranscnstone sequendna eoss om  the nucleotide frequencies of the first
e g one sborsiory s mpciarams. 13 positions at the 5'-end of mapped
Y e ro_ters e wmencreiene: RNA-Seq reads:

based on the nucleotide frequencies of the reads,

that mitigates the impact of the biss. * sequence specificity of the
polymerase
« due to the end repair performed
- Reads beginning with a hexamer over-
represented in the hexamer distribution at
the beginning relative to the end are
———— down-weighted

34

Hexamer random effect

Plateforme Bioinformatique Midi-Pyrénées.

» Orange = reads start sites
* Blue = coverage
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; oulLx Transcript length bias
£ ipt length bias in RNA-seq data confounds systems biology.
£ kefeld 1)
E : Seversl recent studies have d=mwa
3 transcriptome analysis (RNA-seq) in mammals.
& genome transcriptional profiling is likely to becor
genomic sequences. As yet. a rigorous analysis m = - i = ar "
o I i '
@ Sl seened s b s Low H\gh 1)
Conclusion: Transcript length bias for calling diff =¥ g m
other ml-gena systams biology analyses. =z = = e i D
Bt T e vt o 3 4
™ Short transeript Long transcript 12 84

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

ORIGINAL PAPER  '“ilmiiiZisis

Gene expression [P ——

Length bias correction for RNA-seq data in gene set analyses
Liyan Gao'-!, Zhide Fang? !, Kui Zhang', Degu Zni' and Xienggin Cui'*
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SENE Verifying RNA-Seq raw data

FastQC : B
http.//www.bioinformatics.bbsrc.ac.uk/projects/fastqc/ E_Q

i ]
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] 1T “lw “ M\ I,
LIroeHy

2 n

]
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- Has been developed for genomic data 4

Fourmiz !

SEnE Take home message 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?:

- Expected number of reads produced (2x500millions /
flowcell),

- Length of the reads expected (100pb),
- Random selection of the nucleotides and the GC%,

- Good alignment: very few unmapped reads, pairs mapped
on opposite strands.
39




Analysis workflow
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| Data quality control I
Spliced mapping

Quantification

Gene and transcript discovery

40

S geno = i
Efaint=  Where to find a reference genome?
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Retrieving the genome file (fasta):
- 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

41

S Eoui ] Reference transcriptome file

What is a GTF 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

!
H

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

The [attribute] list must begin with:
gene_id value : unique identifier for the genomic source of the sequence.
transcript_id value : unique identifier for the predicted transcript.

The chromosome name should be the same in the gtf file
%j and fasta file 42




Pathrs Splice sites

- Canonical splice site:
which accounts for more than 99% of splicing
GT and AG for donor and acceptor sites
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’ A http://en.wikipedia.org/wiki/RNA_splicing
- Non-canonical site:

GC-AG splice site pairs, AT-AC pairs

Analysis of canonical and non-canonical splice sites in mammalian genomes.

Burset 1, SeledisovIA, Solowey WV

- Trans-splicing :

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

43

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
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algorithm
- G ene ra’[i on: l:nccg:n;;lter p:;g(r;m}or aligning a cDNA sequence with a genomic DNA sequence.
Florea L, Harzell G, Zhang Z, Ru! W.
* Sim4 Department of Comp: Universiy Par, Pennsylvania 18302 USA.
* Seqganswer : http://seqanswers.com/wiki/Software/list
- ldea:

 Database of potential splice junction sequences (known)

* splice canonical / non canonical site search (seed then
mapping) 4

SEnE TopHat

ORIGINAL PAPER "=

!
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Sequence analysis

TopHat: discovering splice junctions with RNA-Seq
Cole Trapnell'-*, Lior Pachter? and Steven L. Salrberg

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.

45




- TopHat finds junctions by mapping

¥

% S foul (] TopHat algorithm : first step
E’ = ‘thp r%»m‘ tow \mh:

itially

Collec
reads to the reference: \ ——

« all reads are mapped to the
reference genome using Bowtie

» 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

46

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

i z Exon first approach limitation
H o

ié 3 Exon-first approach b Seed-extend approach

§ -m-_%/mu Bz ] ANA

H = ====

Seed matching

— semr—  k-mer seeds

/v

§  Seedextend

W

€ Ppotential limitations of exon-first approaches

Gene Pseudogene

REVIEW |
Computational methods for transcriptome
annotation and quantification using RNA-seq a7
a8 Cole Trapnell

arber!, Manired G Grabhert', Mitchel

TopHat and pseudogenes

All reads Common reads

!
H

Tophat

Processed
- pseudogenes
GSNAP
level ification : i i f
:HTSeq pty
--read-realign-edit-dist Some of the reads spanning multiple exons may be mapped incorrectly as a contiguous alignment to the
genome even though the correct happen in the presence of
processed pseudogenes that ar is option can direct TopHat to

mapping step s

to this option value. If you set this opt

I the mapping steps.
(ranscriptome if you provided gene annotations, genome, and finally spiice variants detected by TopHat)
reporting the best possible alignment found in any of these mapping sleps. This may greally increase the
mapping accuracy at the expense of an increase in running time. The default value for this option is set
Such that TopHat will not try to realign reads already mapped in earlier steps.

48




Sk Why does it find small exons?

- In the last tophat versions :

Short read sequencing machines can currently
produce reads 100bp or longer but many exons
are shorter than this so they would be missed in
the initial mapping. TopHat solves this problem
mainly by splitting all input reads into smaller
segments which are then mapped
independently. The segment alignments are put
back together in a final step of the program to
produce the end-to-end read alignments.
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SnE Exon assembly process
b i

Map reads to whole
genome with Bowtie

- TopHat then assembles the

il
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mapped reads Collet niially

unmappable reads
|

- Define island: aggregates mapped

Assemble
us of

reads in islands of candidate exons covered regions

» Generate potential

donor/acceptor splice sites
using neighbouring exons
- Extend islands to cover eventually splice junctions
« +/- 45 bp from reference on either side of island

50

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

Sgi’&ﬁ T Spice junction reference

Map reads to whole

il

genome with Bowtie

To map reads to splice junction :

i
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- Enumerate all canonical donor and Collect initially

unmappable reads
acceptor sites in islands e
consensus of

« long (>= 75 bp) reads: s i
"GT-AG","GC-AG" and "AT-AC" introns Generate posibe
—_— splices between
« Shorter reads: w "ighboriig

exons

only "GT-AG" introns
- Find all pairings which produce
GT-AG introns between islands
« 50 bp < Intron size < 500,000 bp

51}

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




geno =
| kil IUM alignment
: bioinfo
H
H
i? o . .
§ * Each possible intron is checked e
H ) = = genome with Bowtic
i1 against the IUM = =
5 Collect initially
unmappable reads
_ - seed and extend alignment —
cnxx;~c1\\\|\ of
- covered regions
——— gt ag -
left exon right exon
e Generate possible
nd - splices between
] g ag neighboring
ki exons
— .

Build sced table|
index from
unmappable read

OV — ] ——

high quality ] a9 ag

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

= Yrtrilea TopHat Inputs

bioinfo
Inputs :
- bowtie2 index of the genome

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

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

I the GTF file and the Bowtie index should have same name
%l of chromosome or contig

Command lines :
bowtie2-build <reference.fasta> <index_base>
tophat [options] <index_base> <readsl_1]> <[readsl 2]>

53
geno -
! S Yrie TopHat Options
3
L8 Some useful options (command line) :
g -h/--help
-v/--version

- - bowtiel (instead of bowtie2)

- o/--output-dir

-r/--mate-inner-dist : no default value
-m/--splice-mismatches : default O
-i/--min-intron-length : default 50

-I/--max-intron-length : default 500000, prefer
25000 for non human

--max-insertion-length : default 3
--max-deletion-length : default 3
-p/--num-threads

54




S i 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.

55
] S More topHat options
:
k-
E Your own junctions :
- -G/--GTF <GTF2.2file>
-j/--raw-juncs <.juncs file>
--no-novel-juncs (ignored without -G/-j)
Your own insertions/deletions:
--insertions/--deletions <.juncs file>
--no-novel-indels
56

i s Lib t

S o ibrary types
i bioinfo

3

2 supplying library type options below 1o select the correct RNA-seq protocol.

at only the strand generated during first

frsecondstrand  Ligation, Standard SOLiD Same as above exceptwe enforce the rule that the left-most end of the fragment (in ranscript
coordinates) is the first sequenced (or only sequenced for single-end reads). Equivalently, itis

assumed that only the strand generated during second strand synthesis is sequenced.
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H

Sk TopHat Outputs

Outputs :

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

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

* insertions.bed and deletions.bed : tracks of insertions
and deletions

« logs directory files

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

* prep_reads.info : number of reads and read length
for input and output

58

SEnE Spliced cigar line

- 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 1 soft clipping (clipped sequences present in SEQ)
H 5 hard clipping (clipped sequences NOT present in SEQ)
P 6 ilent deletion from padded reference)
= 7 match
X 8 sequence mismatch
- Example: intron de 81 bases
flag chr  pos pair
ERR022486.8388510 81 22 32099 255 8MBINISM = 274

84 -477
CCTTGGTCTTGCCGAAGTAGATCTCATTGAGAGTGGAG CGGATCTTGTTCTCCATTTCCTCCACC
AGGCGTCCGAT :9=<==;<<><=><?>>7<?==>>25><72>>22<AA?
@AFADDD; GDGAG@GGCBE@GG"GG>GGGG”GGGGGGGG NM:i:0 XS:A:- NH:i:1

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

aui [ 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

60




i GT0E Bed exemple
;; nfo
:
E
:
Start End name score ;
strand drawing RGB
Chrom X
Blocks info
junctions_gRR022386_etudechr22.b8d % l ’ \
track name=junctiohs ERR022486 etudechr22 description="TopHat junctlons"
22 241 1451 00001 8 - 241 1451 255,0,0 2 67,66 90,1144
22 1785 4260 JUNCE0ee800802 1 1785 4260 255,0,0 2 28,48 0,2427
22 4285 4485 JUNCeeeeeee3 8 4285 4485 255,0,0 2 55,72 0,128
22 4575 4748 JUNCO0ee0804 3 4575 4748 255,0,0 2 32,66 0,107
22 5834 60845 JUNCE0eeeees 1 5834 6045 255,0,0 2 35,41 0,170
22 6143 6776 JUNCO0ee0e806 6 6143 6776 255,0,0 2 61,68 0,565
22 6796 7073 JUNCEeeeeea7 5 6796 7073 255,0,0 2 71,51 0,226
22 7043 7254 JUNCOeee0e808 6 7043 7254 255,0,0 2 66,61 0,150
22 7220 8877 JUNCOeeeeee9 11 7220 8877 255,0,0 2 64,62 0,1595
22 7410 16244 JUNCEeeeee1e 2 - 7410 16244 255,0,0 2 48,28 0,8806
22 7638 7811 JUNCe6Eeee11 3 + 7638 7811 255,0,0 2 58,37 0,136
22 1239 21452 JUNCeeeeee12 27 - 1239 21452 255,0,0 2 70,72 0,8990
22 16655 27319 JUNCeeeeee13 6 - 16655 27319 255,0,0 2 26,67 0,10597
22 27711 30684 JUNCeeeeee14 1e8 - 27711 30684 255,0,0 2 74,72 0,2901
22 27714 32151 JUNCeeeeee15s 303 - 27714 32151 255,0,0 2 71,72 09,4365
22 30639 32151 JUNCE0eeee16 134 - 30639 32151 255,0,0 2 68,72 0,1440
22 32085 32308 JUNCeeeeee17 493 - 32085 32308 255,0,0 2 71,71 0,152
22 32234 33112 JUNCeeeeee18 478 - 32234 33112 255,0,0 2 69,72 0,806
22 33089 33347 JUNCOeeeee19 292 - 33089 33347 255,0,0 2 68,71 0,187 61
eno H H
out [ Tophat technical issues
ioinfo

!
H
)
H
5
{
]

- Temporary disk space

« 100 000 000 pair-ends = 0,5 To of temporary disk
space

- Number of cpus

= 100 000 000 pair-ends = 5-7 cpu days on the local
cluster

- New platform cluster:

* 34 cluster nodes with 4*12 cores and 384 GB of
ram per node: 1632 cores

* 1 hypermem node (32 cores and 1024 GB of ram)

« A scratch file system (157 To available, 6 Gbps
bandwith)

62

Plateforme Bioinformatique Midi-Pyrénées

TopHat-Fusion: an algorithm for discovery of novel fusion
transcripts

- an enhanced version of TopHat with the ability to align
reads across fusion points

- identify fusions due to chromosomal rearrangements
whether inter- or intra-chromosomal

- suggest that reads are at least 50-bp long, where a read
is split into two segments (25-bp each)

- Both single and paired-end reads can be used and the
output alignments are given in a modified SAM format
with a new CIGAR* operator 'F' to indicate fusion
points 63




S M :
Bhloniire apper comparisons

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

Gregory R. Grant'***, Mi
Brunk', Christian J.

H. Farkas’, Angel Pizarro’, Nicholas
cke esch'? and Ei

!
H
i
E
I
g

Associate Edior: Prol. o Hofacker
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Visualizing alignments on IGV

Integrative
Genomics =
Viewer W¥wrws

gl (A e

Plateforme Bioinformatique Midi-Pyrénées.

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

Integrative genomics viewer

James T Robinson, Helga Thorvaldsdotir, Wendy Winckier, Mitchell Guttman, Eric § Lander, Gad
Getz & Jill P Mesirov
Affilations | Corresponding authors

Nature Biotechnology 29, 24-26 (2011) | doi:10.1038/mbt.1754
Published online 10 January 2011
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!
:

High-performance visualization tool

Interactive exploration of large datasets
- Supports a wide variety of data types

AM File (bam.list)

- Documentations available

Developed at the Broad Institute of MIT

le Information

and Harvard
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Ei] view Tracks Help

!
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3
f
i
i

Visualizing alignments on IGV

Import a reference genome

Load from File
Load from URL...

L e B®

Import Genome

(unique d, e.g. hg18)

¢

Import Genome...
Remove Imported Genomes.

Name ¢

Save image ...

[Fastafieis a drectory

Export Regions ..
Import Regions ...
Clear Regions

[ KT —

rosatie |

Exit

obnd. |

Ihomerbardouigy_session xml

!
H
)
H
5
{
]

low_Tracks Help

et |

e |

ce URL i defning 3 we ), not common). See user guidefor more detals.

Sequence URI

*requied,

save

Cancel

Visualizing alignments on IGV

- Import your BAM Files

fosmmrome oz [-] oo orazsin

Joo| B @ @it @

Inomerbardouigy_ses

asm

68

1T

Visualizing alignments on IGV

- Exemple of bam and bed files visualisation

!
:

[STTIIE]
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SHnE hands-on : tophat

Tophat location: 8 — Trainings
* RNA-Seq
- Step 2 : Alignement and statistics

« * Tophat for lllumina Find splice junctions
using RNA-seq data

!
i
:
3
f
i
i

* Tophat for Tilumina (version 1.0.0)

Your RNA-Seq FASTQ file (read 1):
3: ERR022488_chr22_readl >

Your RNA-Seq FASTQ file (read 2):
4: ERR022488_chr22_read2 >

Select a reference genome:
Danio rerio Zv9 62 chr 22

Number of threads used to align reads:

Indexation: * Samtools index 1

Maximum intron length:
5000

Samtools flagstat Expected (mean) Inner distance between mate pairs:
200

Execute

Analysis workflow

!
H
)
H
5
{
]

Data quality control

Spliced mapping

Quantification

Gene and transcript discovery

ik

Plateforme Bioinformatique Midi-Pyrénées.

The count file

72




SEnE If you have the model file

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

!
:
i

* Gene level
* Transcript level

Tools for each approach

* htseg-count
« cufflinks (sigcufflinks)

73

HTSeq-count

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

!
H
)
H
g
i

- 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)

« counting reads by genes

» or consider each exon as a feature to check for alternative
splicing

- Inputs:

« file with aligned sequencing reads: bam (or sam) file
« list of genomic feature; gtf file

74

geno
S HTSeg-count

- Command line :
* htseq-count [options] <sam_file> <gtf _file>

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

!
H

i e SOIME OPtioNns:

T cR R ol -m <mode> : intersection-strict or
Y intersection-nonempty (default union)

--stranded =<yes, no, or reverse>
el o o o (default yes)

ey s o o );ige<feature type> : 3rd column in GTF
(= -q : quiet

= M- -h : help

75




J HTSeq-count

!
i
:
%
f
i
i

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

* no_feature: reads which couldn't be assigned to any

ENSDARGE0000095643 967

ENSDARGE0000095659 4 feature

ENSDARGO0©00095667 36

ENSDARGE0000095677 98 5 N "
ENSDARGO0B00095760 5 « ambiguous: reads which could have been assigned to
no_feature 362748

anbiguous 9937 more than one feature and hence were not counted for
too_low aqual © any of these

not_aligned 0
alignment not unique 239465

« not_aligned: reads in the SAM file without alignment

« 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.) 76

Cufflinks in general

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

!
H
)
H
5
{
]

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

Affiliations | Contributions | Corresponding author

Nature Biotechnology 28, 511-515 (2010) | dol:10.1038/nb. 1621
Recelved 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-Seq samples

77

SEnE Cufflinks read attribution

- Violet fragment: from which transcript?
» Use of Fragment length distribution

!
H

d Abundance estimation

Fragment
Transcript coverage length
and compatibility distribution

78




$ g2 E Cufflinks expression measurement

ioinfo

!
:
i

d Abundance estimation

- Fragments attribution

- Isoforms abundances estimation: el oo
* RPKM for single reads

and compatibility distribution
* FPKM for paired-end reads LT—J

Maximum likelihood
abundances

'

79

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

RPKM | FPKM

Transcript length bias
RPKM : Reads per kilobase of exon per million mapped reads

!
H
)
H
g
i

« 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 pair of reads constitute one fragment

80

foul (X Cufflinks inputs and options

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

Plateforme Bioinformatique Midi-Pyrénées

- 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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Sigcufflinks

- Cufflinks code has been modified by the Sigenae Team of Toulouse in
order to obtain raw count of reads: use sigcufflinks on genotoul

- Run cufflinks, cufflinks outputs + raw_transcripts.tsv:

gene_id  transcript id  pairs  forward reverse
CUFF.6 CUFF6.1 4873 4873 3431
CUFF6CUFF6.2 5222 5222 3769
CUFF. 6 ensparToo000067635 4819 4819 3580

82

i In R with DEseq

> head(res)”

> hist(resspval, breaks=100, col-"skyblue",

id basellean baselleanA baseleans foldChange log2Foldchange pval padj
1 mira_cl 3549.2301 3345.3374 3 1.1218967  0.165039787 0.375560007 0.97718309
2 mirac2 685.7651 662.2140 709.3163 1.0711284  0.099131456 0.521137290 1.00000000
3 mirac3 3530.8670 5006.4370 1965.2970 0.3856218 -1.374741648 0.001403322 0.03732238
4 mira_rep_c4 1012.5217 975.4453 1049.5081 1.0760194  0.105704140 0.795193064 1.00000000
5 mira_rep_c5 12946.1199 12049.4349 12942.8048 0.9994880  -0.000738847 0.985437095 1.00000000
6 mira_rep_ce 4924.7817 5224.1292 4625.4341 0.8853981 -0.175601809 0.290161543 0.92152339

border="slateblue”, main="")

> plotdE <- function( res ) { plot( resSbaseliean, res§log2Foldchange, log="x", pch-20, cex=.3, col = ifelse( resspadj < .1,
“red”, "black” ) ) }

> plotdE(res)

7 § g °
= 1 Moo i "
00 02 04 06 08 10 |e‘>02 w‘»oa 16404 16405 mlns
res$pval res$baseMean
83

Hands-on : quantification

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

2/ Quantify the genes and transcripts of chromosome 22 using sigcufflinks
and the Ensembl GTF file for both samples.

3/ In each case merge the files to produce the count tables.
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bioinfo

samtools sort by read names

Hands-on : hints

htseq-count on sorted bam file and strand-specific assay specify 'no’, select
mode to handle reads overlapping more than one feature(choice:intersection-

nonempty)

Sigcufflinks with accepted-hit.bam
* Sigeufflinks (version 1.0.0)

Your accepted hits bam file:
9: Tophat_ERR022486_..ed_hits_bam 2
Your gtf file:
17: Danio_rerio_chr22.2v9.62.gtf >
Gorg?:

quantitate against reference transcript annote 3

Execute

* hiseq (varsion 1.0.0)

Your accepted hts bam flie:
23: son_ERR022486_cnr2z

Your ot or att e
17: Danio.erio_c22.219.62.0

Use this option If you want to sidp ail the given

(doault: 0)

Use this option o feature type (3¢d column In GFF flle) to be used, allfeatures of other type are Ignore:

gene_iay:
ranscript

. " or 'ravarse’ (default: yes).
rovarse’ means 'yes! With roversod strand Intarprotation:

Intersaction-nonempty; default: union)
intersection nonempty -

Execute

85

Hands-on : file merging

Merge sigcufflinks

* Final count file (version 1.0.0)

Select a reference genome (If your genome of Interest Is not listed, please contact Sigenae Team):

Danio rerio dna chromosome 22 =

Your merged gif file:
17: Danio_rerio_chr22.2v9.62.tf

Your first raw transcripts tsv file from

34: Sigeuffinks_on_T..scripts_tsv
Datasets

Dataset 1

Other raw transcripts tsv file from sigcufflinks:

30 Sigeaflinks_on._T.scrpts_to¥
Remove Dataset 1
Add new Dataset

Execute

86

Analysis workflow

Data quality control

Spliced mapping

Quantification

Gene and transcript discovery

87




SEnE Transcript reconstruction

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

!
i
:
%
f
i
i

Defining the model building strategy
- Number of built models
- Intronic reads

88

The elements of the model

= oo
N~

N

gene location
Exon location
Junctions :

- Between read pair junction ~
- Within read junction

!
H
)
H
5
{
]

89

Model building strategies

Branch point 1 Branch point 2

!
H

PR

Maximal set Minimal possible set 1

W\l Minimal possible set 2

W\l
./\.(\A.\/.\/./\-/V\-\/.\/.

REVIEW|
Computational methods for transcriptome
annotation and quantification using RNA-seq

Manuel Garber!, Manfred G Grabherr!, Mitchell Guttman® & Cole Trapnell'*
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Transcript assembly and quantification by RNA-Seq
reveals unannotated transcripts and isoform switching
during cell differentiation
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Cole Trapnell, Brian A Williams, Geo Pertea, Al Mortazavi, Gordon Kwan, Marijke J van Baren, Steven
L Salzberg, Barbara J Wold & Lior Pachter

Affliations | Contributions | Corresponding author

Nature Biotechnology 28, 511-515 (2010) | dol:10.1038/nb. 1621
Recelved 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-Seq samples
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- Transcripts assembly :

* Fragments are divided into non-
overlapping loci

!
H
)
H
5
{
]

* each locus is assembled
independently :

- Cufflinks assembler b Assembly

Mutually
incompatible
fragments

« find the mini nb of transcripts that ¥
explain the reads =

« find a minimum path cover e TORN B B
( Dilworth's theorem) : SZ52SZ

- nb incompatible read = mininb ¢
of transcripts needed

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

Transcripts 92
== e
Trapnell C et al. Nature Biotechnology 2010;28:511-515.
1S Toul (X Cufflinks transcript assembly
: icinfo
:
i ' A bl
E - Transcripts assembly : b . Mutually
« |dentification incompatibles i”ff;’;”nf::ge
fragments: distinct isoforms
- e e
Se T2 o

Overlap graph
« Compatibles fragments c \]

are connected: graphe construction

Transcripts 93

o —c——

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




i Some videos of examples

- Chromosome 3 of the bovine genome, UMD3

!
:
i

- 3locations
- 3tracks:

* Ensembl reference gene
* Cufflinks model
* Reads alignment

94

Toul (X Cufflinks inputs and options

Plateforme Bioinformatique Midi-Pyrénées.

- Command line:
« 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

95

eno = -
1S2wE  Cufflinks RABT assembly option
< bioinfo
i
§ - Some options :
-g/--GTF-guide <reference_annotation.(gtf/gff)> : guide
RABT assembl
=== -= =.
cocuneed == == = -
reads = e = o =5 -
Genome EmEm  =—am e oo L - L -—-H
Reference — > (—— T —]
annotation [ =N
e = _— —
reads = = =
Assemoly — > E—— - . . E———
Merge and [}
er
Reference annotation > [———) | e—
st Hancertassembly e
96
Roberts A et al. Bioinformatics 2011;27:2325-2329




Cufflinks outputs
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- transcripts.gtf : contains assembled isoforms
(coordinates and abundances)

- genes.fpkm_tracking: contains the genes FPKM

- isoforms.fpkm_tracking: contains the isoforms
FPKM

97

SEnE Cufflinks GTF description

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

Plateforme Bioinformatique Midi-Pyrénées.

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

20ufinks tersoipt | S35 CT4T30 343-
20ufinks eon 143038 €745234 343-

\ GTF format

22 Cuffinks franscript =~ 9743035 9747366  349-
22/Cufflinks exon 9743035 9745254  349-
Chr Source Feature Start End + strand  Frame

Score:
Most abundant isoform = 1000
Minor : ratio=minor Fpkm/major FPKM

0ene 1 "CUFF.ZE0", anseip: id"CUF 560 17 F2KM "23 747563700, frac (. M34EG" corf_g "8.754478", conf i
g it ‘C.FF E€0 tanseip. id"CLEF.560.1° &ron_umoe: "', FRKIN "237787563790", frac

2840328" ull_tead suppor e
13035, ooz 34

Attributes

Whether or not all introns and
exons were fully covered by
Reads (with -g)

e 1 "CUFF 50", trensort id"CUFF 560 1, FPHM 23 TGTSBA700" Joc et o o "8 4TS con’ i RS (o2 808 flJH_?gggL suppor s

gene id"CUFF 580" tenserig id"CUFF.560 1, exon numzer 't FPKN "23 TTGTEG 72 dmesirtTaLas”, conf "8 754478 onf i 38 BOSST" cov "2 840828"

SEnE Cufflinks GTF description

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

Plateforme Bioinformatique Midi-Pyrénées.

» Exemple VISUALISATION IGV

o= emmmmesmro o @ <] @0 X Bl
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| kil Cufflinks tracking description
§ bioinfo
i
k-
E - genes.fpkm_tracking:
H * contains the estimated gene-level expression values in the
generic FPKM Tracking Format Quantification status
facking i cless cote st e cene 0 gere ot neme K Lo Fagh ot it FPRH 72K cof b FPRI ot
CUFF 5D - - CUFF 560 - - DOMMAEE - - 0K 10569 T 13349

- isoforms.fpkm_tracking: contains the estimated isoform-level
expression values in the generic FPKM Tracking Format

lrecking i cass code nearest refic gene (d  gene shodname fss id Jocus length coerae staius FPKM  FPKM_con’ly FPKM corf fi
CUFFERDT - , CUPF560 - - DUNIAOATHG  MBIZBN03 OK 23778 8TRMB 388N
49762309 402081957 OK 678785 503604 855727

CUFF502 - - CUFF 560 - S
CUFF503 - - CUFF 360 - TANIAOTE009  IME1GBAM OK 132 0202333
100

- f e Cufflink transcript models

Gene XLOC_015511, Chr18
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Condition colors

1
l
1
|
|

i
:

— 1330_ATCAC
— 1339_CGATGT_L001
— 1343 TTAGGC_L001

\
|
\

1344 CGATGT_LO0T
1345_TTAGGC_L00T

33
3
£

£
88
3
8

3
]
3
g

Loos

conditions
8888

Eﬂl““
1
I

.

é‘f‘ ;

338

3

555"

1479_GGCTAC_L00A

" coordinates
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Cufflink transcript models

Plateforme Bioinformatique Midi-Pyrénées
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Gene discovery pipeline

Alignment (Tophat)

|

Bam merge (samtools)

!

Discovery of novels features (cufflinks)

|

Quantification at a transcript level (sigcufflinks)

Quantification file merging (shell script)

103

oul L2/ 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

104

geno o
SE?,;%L z Hands-on : cufflinks

Merge all bam : Step 5 : RNAseq De Novo * Samtools merge (version 1.0.0)
Your frst accepted bam file
5: Tophat_ERR022485_.cd_nits_bam
Datasets

Cufflinks on merge file with -g option (reference | b

annotation as guide) and the Danio gtf file : L1 Tophat_ERR022435._.ed_hits_bom

Remove Dataset 1

Other accepted bam file:

Cuttinks vorsion 0.0.5)

‘SAM or BAN il of aligned RNA-Soq reads: S
e fie Ry atn

Execute

Portorm quartile normalization:
o

SetParametors for paired

105

Exeais




Hands-on : file merging

Sigcufflinks with the new gtf file (transcript.gtf of previously step) with -G option

!
:
i

Final count :
* Final count file (version 1.0.0)

Select a reference genome (If your genome of Interest Is not listed, please contact Sigenae Team):
Danio rerio dna chromosome 22

Your merged gif file:
17: Danio_rerio_chr22.2v9.62.tf

Your first raw transcripts tsv file from

34: Sigeutfinks_on_T..scripts_tsv

Datasets
Dataset 1
Other raw transcripts tsv file from sigeuffiinks:
30 Sigeafinks_on._T. scrts_to¥ :

Remove Dataset 1

Add new Dataset
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Execute

geno
SHHE Quality for Bioinfo Plateform!

!
:
:

Exam :
http://bioinfo.genotoul.fr/index.php?id=93

Satisfaction form :
http://bioinfo.genotoul.fr/index.php?id=79
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Useful links

i
]
i

Seqganswer: http://seqanswers.com/
RNAseq blog: http://rna-segblog.com/

lllumina: http://www.illumina.com/
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