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| S Session organisation
1 C¥ bioinfo
:
i
. Morning (9h30 -12h30) : Afternoon (14h-17h) :
- Sequence quality - mRNA calling
- Theory + exercises - Theory + exercises
- Spliced read mapping - expression measurement
Visualisation - Theory + exercises

- Theory + exercises

geno -
5 AT Material

Slides

- pdf : one per page

- pdf : three per page with comment lines
Exercise leaflet

i
:
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Data, results files and a unix command reminder
http://bioinfo.genotoul.fr/index.php?id=119
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SHnE What you should know

How to connect to snp.toulouse.inra.fr?
How to use unix commands?

wget URL
glogin -pe parrallel_smp 4

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.

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

Simple diagram of transcription termination

foul [ me
SENE Transcription products

Protein coding gene: transcribed in mRNA
ncRNA : highly abundant and functionally important RNA
* tRNA,
* IRNA,
* snoRNAs,
* microRNAs,
* siRNAs,
* piRNAs....

http://en.wikipedia.org/wiki/User: OG_RNA
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S Efathve Alternative splicing

Alternative splicing (or differential splicing) is
a process by which the exons of the RNA
produced by transcription of a gene (a
primary gene transcript or pre-mRNA) are
reconnected in multiple ways during RNA :
splicing. The resulting different mMRNAs may - .

!
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E

Ex0n skgping

be translated into different protein isoforms; Hutaly ke sne

thus, a single gene may code for multiple ;

proteins. .
Post-transcriptional modification is a MRS O W

process in cell biology by which, in eukaryotic
cells, primary transcript RNA is converted into
mature RNA. A notable example is the Morale 3 scceirses
conversion of precursor messenger RNA into

|

mature messenger RNA (mRNA), which |
includes splicing and occurs prior to protein n rtnin
synthesis. _ 4 3 g -
http://en.wikipedia.org/wiki/Alternative_splicing 7
S geno =
toul
bloinfo Vocabulary

Gene : functional units of DNA that contain the instructions for
generating a functional product.

!
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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

N .

foul (X : ;
5 Bfainte 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).

!
H

Deadenylation mediated mRNA dacay Laml-7

http://www.eb.tuebingen.mpg.de/research-groups/remco-sprangers
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s-natural antisense transcript

* Natural antisense transcripts (NATs) are a group of RNAs encoded
within a cell that have transcript complementarity to other RNA

transcripts.

http://en.wikipedia.org/wiki/Cis-natural_antisense_transcript

1. Head to Head: 5'to 5 overlap

2. Tail to Tait: 3 to 3 overlap

4. Nearby Tail to Tail

5. Nearby Head to Head

3 — fe—

3. Full overiap

s I
» —

Fig. 1: The five orientations for overlap of cis-
NAT pairs. Genes are. transcribed ' to
3 Reglons of overlapping strands are shown

with dofted lines.

10

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)6. [Epub ahesd of prin]

Identification of fusion genes in breast cancer by paired-end RNA-sequencing.

Edaren H, Murumaai A Kanqaspeska S, Nicorici D, Honaisto V; KlelviK, Rve I, Nyberq S, Wolf M, Borresen-Dale AL, Kallioniemi
Insttute for Holecular Hedicine Finland (FIH), Tukholmankatu 8, Helsinki, 00290, Finand. ol Kalioniemi@finm fi

!
H
)
H
g
i

Ps http://en.wikipedia.org/wiki/Fusion_gene

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

gene Y 1

Transcriptome variability

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

!
H

* 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

12

http://www.nature.com/emboj/journal/v25/n5/fig_tab/7601023a_F2.html
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SHnE How can we study
the transcriptome?
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Lots of techniques

EST (Expressed sequence tags)

- PCR (polymerase chain reaction)

SAGE (serial analysis of gene expression)
- Micro-Arrays
« Different types: spotting, synthesis

« Different densities : few thousands up 4M probes /

slide
13
geno = o -
§ %g?nu,'n z Techniques classification ?
3
-E EST :PCR/RT-QPCR : SAGE . MicroArrays
H
No quantification quantification indirect
quantification
low throughput low throughput High High throughput
H (up to hundreds) : (up to thousands) (up to millions)
Discovery (Yes) E no no (except tiling)

— Need transcript sequence partially known

14
— Difficulties in discovering novels splice events
geno -
S Yrie 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

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

i
]
i

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

© ARTICLE SERIES: Applisations of next-generation sequensing

RNA-Seq: a ionary tool for ip
4, L L About the authors
top
RNA-Seq is a recently developed approach

iptome

d

deep-sequencing technologies. Studies using
view of the extent and complexity of eukaryoti

iready altered our
NA-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 5o far in

ing several eukaryote 15




=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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sequence library

o

16

short sequence reads

geno -
i S toul 2l RNA-Seq platforms comparison
H
H
ié Platform 454 HiSeq2000 Solid 3+
£ Roche Titanium lllumina Life Technologies
E Caracteristics ~ -Titanium chemistry - Polymerase-based -ligation-base-
: -Pyrosequencing sequence-by-synthesis sequencing
= -PCR amplification -PCR amplification -PCR amplification
-Multiplexing
Applications -De novo sequencing -Resequencing -De novo sequencing
-Small genomes -Transcriptome -Resequencing
-Transcriptome -Epigenomic -Transcriptome
-Small RNA -Epigenomic
-Allele specific sequencing -Small RNA
Paired end Not used 200bp 200bp
separation
Mb / run 800Mb 600Gb 60Gb
Read length 800 bp 100bp 50bp
Known Biases - Long homopolymer - Rich GC or AT regions: - read duplication ?
- makes signal under-representation
saturation during amplification
- read duplication - Most error in end of cycle

oul (2 Third Generation RNA-Seq

- No more amplification

!
H

- Single Molecule Sequencing Technology (tSMS)

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

http://www.genengnews.com/gen-articles/third-generation-sequencing-debuts/3257/
18
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Identify genes
- List new genes

Identify transcripts
- List new alternative splice forms

Quantify these elements — differential expression

19

SenE 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 e
- Reference transcriptome e
* Most are incomplete
- Computationally inexpensive Lo—

- Reference genome
* When available
« Allow reads to align to unannotated sites
» Computationally expensive
» Need a spliced aligner 20

fints  Usual questions on RNA-Seq !

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 ?

Zil




S Zoui 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.
% :
Encyclopedia of DNA Elements

http://encodeproject.org/ENCODE/dataStandards.html
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S Toul (X Producing a full transcriptome

ioinfo

RNA-sequence analysis of human B-cells
Jonathan M. Toung, Michael Morley, Mingyao Li, and Vivian G. Cheung
Genome Res. June 2011 21: 991-998; Published in Advance May 2, 2011,
doi10.1101/gr.116335.110

RNA-sequendi allows quantitative rement of expression levels of genes and their transcripts. In this
study, we sequenced complementary DNA fragments of cultured human Bcells and obtained &9 million 50-bp reads
comprising 44 Gb of sequence. The results allowed us m sty the gene expression profile of Bells and to determine
experimental parameters for sequencing-based expression studies. We identified 20,766 genes and 67453 of their al-
ternatively spliced transcripts. More than 90% of the genes with multiple exons are alternatively spliced; for most genes,
one isoform is predominantly expressed. We found that while chromosomes differ in gene density, the percentage of
transcribed genes in each chromosome is less variable. In addition, genes involved in related biological processes are
expressed at more similar levels than genes with different funcrions. Besides characterizing gene expression, we also used
the data to investigate the effect of sequencing depth on gene expression measurements. While 100 million reads are
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- sulfiient 10 detect most expressed genes and transcripts, bout i are needed to measure accurately their
S _———— jonlevels. We provide examples in which d ing s needed to determine the relative abundance of genes
S N —— and theirisoforms. With data from 20 incividuals and about 40 mil per sample, Iy 21
& el ~ alternatively spliced, multiexon genes that are notin i uggests that a his seqy rage, we can
H 77 detect most of the known genes. Results from this project are available on the LICSC Genome Browser to allow readersto
£/ study the expression and structure of genes in human Bels

H 04

5 © >1000

S 02 = 1001000

s o 10100

8 oo 10

9 s 72 144 214
Read Number (Millions)
23
http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001046

lllumina RNA-Seq protocol

Fragment DNA
Repair ends
= Add A overhang
= Ligate adapters
Purify

!
H

Hybridize to flow cell

Extend hybridized template
Perform bridge amplification
Prepare flow cell for sequencing

il

@ Sequencing

\ Perform sequencing
J:a Generate base calls

Data Analysis
Images

Intensities
Reads
Alignments

24




RNA-Seq library preparation

Isolate poly-A containing mRNA
IcaEture mMRNA with o\iﬁoT beadsl
Randomly fragment RNA
lRandom prime mRNA — cDNA [
Make 2nd strand cDNA
Repair-Ends and 3’ Ends Adenylate

Plateforme Bioinformatique Midi-Pyrénées.

Ligate sequencing adapters

Enrich up to 15 cycles of PCR

gel purify
validate library w/ Bioanalyzer

Library prep takes <2 days

25

° Paired-end sequencing

- modification to 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

!
H
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H
g
i
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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 Yasscur M, Adicanis X, Nusbeum C, T1ompson DA, Frizdman 1, Gnirke A, Regey

Bica Instiuts o Massachusets 156t f Techr clogy erd Harvaic Universty, Cembridge, Massach sets, USA
Jeun@>roa nsie og

oz, 7565000 7575000 7585000 7585000 705000
BoE " =il ]
A WRAPSS{ e
Vs

T it

Kse2+ il Lkt

K62 e L f - T h

b LA ™ o

http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001046




Analysis workflow

!
i
:
%
f
i
i

Spliced mapping

Gene and transcript discovery

Quantificati .

28

RNAseq specific bias
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Influence of the library preparation

- Random hexamer priming

- Coverage across the transcript may not be random
- Transcript length bias

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

BWA can force incorrect alignments to meet pairing
criteria

- Some reads map to multiple locations

29

Biases in lllumina transcriptome sequencing caused
by random hexamer priming

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

ABSTRACT

!
H

Genaration of GDNA using random hexamer priming

e e e e vam — There is a strong distinctive pattern
e e T e 5 maePen in the nucleotide frequencies of
farmity of the rads alang the trnscrtome the first 13 positions at the 5.-end
hased an the mciealids ksquencies of the rearts, of mapped RNA-Seq reads:

that mitigates the impact of the bias .
* sequence specificity of
the polymerase
« due to the end repair
performed

- Reads beginning with a hexamer over-
o i _ represented in the hexamer distribution at
>N A 8888838 the beginning relative to the end are

down-weighted .




Plateforme Bioinformatique Midi-Pyrénées
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Transcript length bias

8siDiect 2009 Apr 1614
Transcript length bias in RNA-seq data confounds systems biology.
OshiackA Waketeld )

Abstract
Ba.

e RNA. A b e
genome sranscriptional profling s likely t become the platform of choice for species wich good
genomic sequences. As yet. a rigorous analysis methodology has not been developed and we are
sl in the stages of exploring the features of the data.

Results: We investigated the effecs of ranserips length bias in RNA-seq data wing three different.
published data sets. For sandard analyses using aggregated tag counts for sach gene, the abilty to
cal diferentally expressed genes between samples is strongy assoiated with the length of the
transcript

Conclusion: Transcript lengh bias for calling differentially expressed genes is a general feature of
current protocols for RNA-seq technology. This has implication for the ranking of differentially
expressed genes, and in particular may introduce bias in gene set testing for pathway analysis and
ther multi-gene systems biology analyses.

Reviewers: This article was reviewed by Rohan Willams (naminated by Gavin Hutdey). Nicole
Cloonan (nominated by Mark Ragan) and James Bulard (nominated by Sandrine Dudoi).

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

Gane sxpression
Length bias correction for RNA-seq data in gene set analyses
Livan Gao'-1, Zhide Fang?!, Kui Zheng!, Degu Zri" and Yangain Cu'-* 31

fastq file formats

Published online 16 Decer
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®

Nucleic Acids Research, 2010, Vol. 38, No. 6 176
doi:10.1093 nar/gk

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 Opurep = —10 x logy(P.)

possible range of scores
r.
= —10 x log = )

Description, OBF name  ASCII characters Quality score

Range Offset  Type Range

dard

a: 33126 33 PHRED 0 to 93
arly Tllumina
fas lexa 59-126 64 Solexa —5to 62
Hlumina 1.3+
fastg-illumina 64-126 64 PHRED 0 to 62

geno
SERT Verifying RNA-Seq raw data

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

Import of data from BAM, SAM or FastQ files

- quick overview

Summary graphs and tables to quickly assess your data
- Export of results to an HTML report

Offline operation to allow automated generation of
reports

Color code to check quickly the quality

33
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S geno = e
R airire Verifying RNASeq raw data

e |EwniEcr ==

::Q Per base sequence Q :
The higher the score the better
the base call:
- very good quality calls(greer
- reasonable quality (orange)
- poor quality (red)

Q
]
]

00000

The quality of calls on most platforms
will degrade as the run progresses
‘ The lower quartile for any base is less than 10
or the median for any base is less than 25
The lower quartile for any base is less than 5
or the median for any base is less than 20 S

geno . O -
SE?;‘.L?Q Hexamer random priming bias

Q Per base sequence content: -

Proportion of each base at each position-

In a random library : no differences,
parallel lines

| difference between A and T, or G and C is greater than 10%
in any position

o difference between A and T, or G and C is greater than 20%
in any position

35

SEnE Kmer content

- Akmer is a subsequence of length k

- look for the enrichment of Kmer sequences. This
should spot overrepresented sequences.
Looking at 5-7mers should give a good
impression of any contamination.

- Kmers showing a rise towards the end of the
library indicate progressive contamination with
adapters.

- Check for adaptator sequence or poly-A
sequence

Relative enrichment over rezd length

36
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“'Take home message on quality analysis

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

:
H
B
E
£

Alignment on reference for the second quality check and filtering

A good run?:

- Expected number of reads producted (2x500millions /
flowwcell)

- Length of the reads expected (100pb)
Quality

- Good alignment: very few unmapped reads, paires map%ed
in opposite sens

NG6 exemple

# PROJETS RUNS

Plateforme Bioinformatique Midi-Pyrénées

Présentation de NG6
R Identification de lutilisateur

des séquencage développé dansle cadre du partenarat lant e plate-formes bio-informatique et génamique

GetotinL e oo Enezvote o dutlseu et vote ot depase our vous
donnéesbrut Neéestun
module typo3.

Nom dutisateur ]
NG6 Presentation Mot de passe: || |

| Identification |

initated by, i et gznomic plateform of Genotoul
s organised around the notion of project and run, and allow a secured acces to raw data, tatitcs, assembly.
and produced annotations. NG s a ypo3 modl.

38

NG6 exemple
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# PROJETS RUNS DOWNLOAD
—

Vous avez accés 3 projets.
Lensemble des données brutes et des résultats danalyses occupent 31.97 Gb despace disque pour lensemble des projets.

Afficher [ 10| éléments par page Rechercher :

Nom du projet B Description B
BIOGECO Eucalyplus Biogeco project for Eucalyptus species
810G

Querc Biogeco project for Oak species

Demo Projet public de gémonstration

Affiche les éléments de 1 a 3 sur un total de 3 enregistrements

39




NG6 exemple

e o e > et

Analyse ReadsStats : Statistiques sur les lectures et leurs qualites.

!
\
!
:

Statistiques sur les lectures et sur leur qualité

statistiques pig posit Statstiques par séquence \
Echantillons
e GO s ntenve  Nombre de séquence  Qualite  GCK Longeur e

stgwalt) Pass 95456798 PASS ANWARN)  101PA WARN  paSS

si2gea® FAL P 95456798 PASS  MWARN) OIS AR PASS
) Aide tatitiques prposition
) ualite : WaRN = base inférieur 3 10, ou i la medie érieur 3125, FAIL dune bse inférieur 45, 0u i ta mediane dune

base est i

oK : Wi position +/- 3% de la moyenne. FAIL = GCS par positon +/- 105 de la mayenne.
o Ns  WaRN st
- Contenue iférence entre A et Tou G et C > 10% sur une pasition. FAIL = différence entre A et T ou G et C » 0% sur une position.

S e satistiques par séquence

) Qualite
GO : WARN =

* Longueur : w#

1 Niveau de duplication : W
Séquences surreprésentées

ur de 0.2%). FAIL = qualité 1 plus observée <20 (taux
1t de la istribution normale. FAIL= pu

r de 1),
nces ont un GC différent de ta distribution normae.
15 total,

Fichiers résultats
e

40

NG6 exemple

nG6 - ReadsStats x

!
H
)
H
g
i

Sequence content across all
100, o

T 5 5 7 o 11 15 15 17 15 21 25 25 27 29 31 33 35 57 39 41 45 45 47 49 51 53 55 57
Position in read (bp)
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Exercises 1 : data quality

Connection snp:

!
H

ssh -X nom@snp

Pour se positionner sur un noeud du cluster:
glogin

Comptes formation: anemone aster
bleuet iris
muguet narcisse
pensee rose
tulipe violette

FastQC:

/usr/local/bioinfo/src/FastQC/current/fastqc -




i geno ==
i toul
- Exercises 1: d li
: xercises 1 : data quality
i
£ ERR022486 ¢
£ View: XML Download: XL
5 Send Feedback|
Submitting Cenlre Run Date Platiorm Wodel Read Count Base Count
The Wellcome Trust ILLUMINA llumina Genome 31,504,560
Sanger nsiiufe Analyzer
Library Layout Library Strategy  Library Source Library Selection  Library Name
PAIRED FLGDNA NONGENOMIC ~ unspecifed RNA fom Zebrafish embryo 1 dpt

Navigation ~FastqFiles Submitted Files.

“This table contains the fastq files for run ERR022486 only. Please go o stu
Please nofe that submitied files are available in the Submitied Fles tab.

1400 to see all files for the study.

View: TEXT Download: TEXT
Select columns
Study Sample | Experiment Run Organism |Instrument | |Library | RunRead Run  fip  Aspera
lodel Layout | Count Base
Count
Danio | ilumina PAIRED | 31504560 4G not
rerio Genome installed
Analyzer I
Danio flumina PARED 31504560 4G
rerio Genome installed
Analyzer I
For le: download and install Aspera Connect

43

ERR022488

Exercises 1 : data quality

Connection snp:

!
H
)
H
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{
]

ssh -X snp

Pour se positionner sur un noeud du cluster:
glogin

Comptes formation: anemone aster

bleuet iris
muguet narcisse
pensee rose
tulipe violette

FastQC:

/usr/local/bioinfo/src/FastQC/current/fastqc 3

Analyse workflow

Data quality control

!
H

Gene and transcript discovery

Quantific:

45




S foul 2] :
tfeints  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

!
:
i

\ The chromosome name should be the same in the
Y gtf file and fasta file

46

S Eoui ] Reference transcriptome file

i
.
!

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

<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.

47

g Splice sites

- Canonical splice site:
which accounts for more than 99% of splicing
GT and AG for donor and acceptor saitesz
|

| ||
5 IS Gu | A Ipy-oy-py] _ACHNSEEN 3
[—

i n t r o n

!
i
i
|

’ A http://en.wikipedia.org/wiki/RNA_splicing
- Non-canonical site:

GC-AG splice site pairs, AT-AC pairs

Nucieic

Res. 2000 Nov 1:28(21):436475.

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

Burset i, SeledisovIA, Solowey WV

- Trans-splicing :

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

48




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

!
:
i

algorithm
- Generation 3 o er p:;g(r;m}or aligning a cDNA sequence with a genomic DNA sequence.
lo Hartzell G, Zhang Z, Rubin GM, Miller W.
* Sim4 Department of Comp: and Engineering Universiy Par, Pennsylvania 18302 USA.
* Seqanswer : http://seqanswers.com/wiki/Software/list
- ldea:

« Database of potential splice junction sequences (known)

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

Alignment Tools

!
:
:

Tools for splice-mapping:

ORIGINAL PAPER "%

- Tophat

ctions with RNA-Seq

& Mapspllce: MapSplice: Accurate mapping of RNA-seq reads for
splice junction discovery

Kai Wang', Darshan Singh?, Zheng Zeng", Stephen J
Gleb L. Savicht, Xiaping He*, Piotr Mieczkowski, Sa
James N. MacLeod’, Derek Y. Chiang, Jan F. Pr

http://www.netlab.uky.edu/p/bioinfo/MapSplice

50
| B TopHat
i bioinfo
2
E ORIGINAL PAPER "=
g 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.

51}




| kil TopHat

i bioinfo

:

k-

5 Map reads to whole

2 q q A . genome with Bowtie

# - TopHat finds junctions by mapping A
reads to the reference: mrappele

unmappable reads

« 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

52

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

1 SonE TopHat
i bioinfo

3

§ Map reads to whole
- TopHat then assembles the = genome with Bowtic
H

# mapped reads Collet ntally

unmappable reads

- Define island: aggregates mapped
reads in islands of candidate exons
« 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

53

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

SEnE TopHat

Map reads to whole
= genome with Bowtie

To map reads to splice junction :

Wi

i
]
i

- Enumerate all canonical donor and Collect initally
unmappable reads:

acceptor sites in islands

Assemble

+ long (>= 75 bp) reads: e eions
"GT-AG","GC-AG" and "AT-AC" introns

e Generate possible

* Shorter reads: — Tl beven
only "GT-AG" introns

- Find all pairings which produce
GT-AG introns between islands
e 70 bp < Intron size < 20,000 bp

54

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

* Each possible intron is checked N
against the IUM

it

Collect initially
unmappable reads

_ - seed and extend alignment

i
.
!

!
i
i
|

Assemble

conse:

covered regions

gt ag

— f—]
left exon right exon

OV — ] ——

- - Map reads to possible
high quality ] ag splices via seed-and-

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

SEnE TopHat Inputs

Inputs :
- Bowtie index of the genome
ftp://ftp.cbch.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

\e‘/ I the GTF file and the Bowtie index should have same name
of chromosome or contig

Command line :
56
tophat [options] <index_base> <readsl_1f,...,readsN_1]> <[reads1_2,...readsN_2]>

S TopHat Options
bioinfo
Some useful options :
-h/--help
-v/--version

-o/--output-dir

-r/--mate-inner-dist : no default value
-m/--splice-mismatches : default O
-i/--min-intron-length : default 70
-I/--max-intron-length : default 500000
--max-insertion-length : default 3
--max-deletion-length : default 3
-p/--num-threads
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SN TopHat Options

Your own junctions :
-G/--GTF <GTF2.2file>
-j/--raw-juncs <.juncs file>
--no-novel-juncs (ignored without -G/-j)

!
:
:
j

Your own insertions/deletions:
--insertions/--deletions <.juncs file>
--no-novel-indels

58

SN TopHat Outputs

!
i
|

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 files
* Unmapped reads

59

oul (X TopHat Alignment Strategies

i
i
!
!

- Default options :
* No reference genome

- Alignment with reference genome without discovery:
* Options -G and —no-novel-juncs
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SN Sequence alignment and map
b

- SAM (Sequence Alignment/Map) format:

!
:
i

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

« Sharing : data across and tools

LiH.*, Handsaker E.*, Wysoker A, Fennell T_, Ruan |, Homer N, Marth G.
Abecasis G, Durbin R. and 1000 Genome Froject Data Processing Subgroup
(2€09) The Sequence alignment/mzp (SAM) format and SAMtools.
Bionformatics, 25, 2078-9. [PMID: 9505943]

« Generic alignment format
*« SAMTOOLS: provide various

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

http://samtools.sourceforge.net/

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

61

1S e Spliced ci li
£ Stoul z plicea cigar line
i bioinfo
g
H
3 - Extend CIGAR strings Op _BAM Description
5 M 0 alignment match (can be a sequence match or mismatch)
2 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 padding (silent deletion from padded reference)

= 7 sequence match

X 8 sequence mismatch

- Example: intron de 81 bases

ERR022486.8388510 81 22 32099 255 58M8IN18M = 27484 -4772
CCTTGGTCTTGCCGAAGTAGATCTCATTGAGAGTGGAG CGGATCTTGTTCTCCATTTCCTCCACC
AGGCGTCCGAT :9=<==;<<><=><?>>?2<?2==>>2>><7>>27<,

@AFADDD; GDGAG@GGCBE@GG”GG>GGGG7GGGGGGGG NM:i:0 XS:A-  NH:i:l

62

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

i
]
i

- 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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i eno

i oul L.z

g oinfo

i

f

2

H

Start End name score
strand
Chrom
junctions_gRR022386_etudechr22.b8d %

track name=junctiohs ERR022486 etudechr22 description=!
22 241 1451 JUNCOeeeee801 8 -
22 1785 4260 JUNCE0ee800802 1 -
22 4285 4485 JUNCeeeeeee3 8 -
22 4575 4748 JUNCO0ee0804 3 -
22 5834 60845 JUNCE0eeeees 1 -
22 6143 6776 JUNCO0ee0e806 6 -
22 6796 7073 JUNCEeeeeea7 5 -
22 7043 7254 JUNCOeee0e808 6 -
22 7220 8877 JUNCOeeeeee9 11 -
22 7410 16244 JUNCEeeeee1e 2 -
22 7638 7811 JUNCe6Eeee11 3 +
22 1239 21452 JUNCeeeeee12 2 -
22 16655 27319 JUNCeeeeee13 6 -
22 27711 30684 JUNCeeeeee14 1e8 -
22 27714 32151 JUNCeeeeee15s 303 -
22 30639 32151 JUNCE0eeee16 134 -
22 32085 32308 JUNCeeeeee17 493 -
22 32234 33112 JUNCeeeeee18 478 -
22 33089 33347 JUNCOeeeee19 292 -

Bed exemple

drawing RGB
Blocks info
"TopHat junctlons"

241 1451 255,0,0 2 67,66 90,1144
1785 4260 255,0,0 2 28,48 0,2427
4285 4485 255,0,0 2 55,72 0,128
4575 4748 255,0,0 2 32,66 0,107
5834 6045 255,0,0 2 35,41 0,170
6143 6776 255,0,0 2 61,68 0,565
6796 7073 255,0,0 2 71,51 0,226
7043 7254 255,0,0 2 66,61 0,150
7220 8877 255,0,0 2 64,62 0,1595
7410 16244 255,0,0 2 48,28 0,8806
7638 7811 255,0,0 2 58,37 0,136
1239 21452 255,0,0 2 70,72 0,8990
16655 27319 255,0,0 2 26,67 0,10597
27711 30684 255,0,0 2 74,72 0,2901
27714 32151 255,0,0 2 71,72 09,4365
30639 32151 255,0,0 2 68,72 0,1440
32085 32308 255,0,0 2 71,71 0,152
32234 33112 255,0,0 2 69,72 0,806
33089 33347 255,0,0 2 68,71 0,187
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Know your transcriptome!
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Ensembl 64

Www.ensembl.org

Plateforme Bioinformatique Midi-Pyrénées
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Numbers of exons
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Number of exons

number of exons per transcript comparison

!
:
i

—Cuttinks
ZEnsem

67

Tophat technical issues

- Temporary disk space

« 100 000 000 pair-ends = 0,5Gb 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)

!
!
|

68

TopHat-Fusion

!
:
!
|

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
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geno A
SHnE MapSplice

MapSplice: Accurate mapping of RNA-seq reads for splice junction discovery
Kai Wang; Darshan Singh; Zheng Zeng; Stephen J. Coleman; Yan Huang; Gleb L Savich; Xiaping He: Piotr
Mieczkowski; Sara A. Grimm; Charles M. Perou; James N. MacLeod; Derek Y. Chiang; Jan F. Prins; Jinze Liu

- Nucleic Acids Research 2010; doi: 10.1093/nar/gkq622
Features:

!
:
i

- splice junction discovery
- both CPU and memory efficiency.
- detection of small exons.

- discovery of canonical, semi-canonical and non-
canonical junctions.

- splice inference based on the alignment quality and
diversity of reads mapped to a junction.

- identification of chimeric events (intra-chromosomes and
inter-chromosomes, inter-strands)

- support paired-end reads and single-end reads °

Algorithm in two phases:

- tag alignment (Step 1-Step 4):
give a set of candidate alignments
for each tag

- splice inference (Step 5-Step 6):
determine a splice significance score
based on the quality and diversity of
alignments that include the splice

!
:
:

geno a
SR MapSplice

Command line:
- python bin/mapsplice_segments.py [inputs|options] MapSplice.cfg
or
- python bin/mapsplice_segments.py [inputs|options]
Options:

i
]
i

-Q/--reads-format: fa or fq
-o/--output-di

-c/--chromosome-files-dirr: directory containing the sequence files of the
reference genome (in FASTA format)

-u/--reads-file: for paired-end reads, the order should be:
reads1_endl,readsl_end2,reads2_endlread2_end2

-B/--Bowtieidx: path and basename of index
--pairend

-L/--seglen: Length of read segments in range of [18,25] y




Visualizing alignments on IGV

!
i
:
%
f
i
i

Integrative ntatottainp et
Genomics =
Viewer W¥wre

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

Integrative genomics viewer

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

Nature Biotechnology 29, 24-26 (2011) | doi:10.1038/mbt.1754 73
Published online 10 January 2011

!
H
)
H
5
{
]

- High-performance visualization tool

- Interactive exploration of large datasets

Supports a wide variety of data types
- Documentations available B
- Developed at the Broad Institute of MIT

and Harvard

74

Plateforme Bioinformatique Midi-Pyrénées
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einTs Visualizing alignments on IGV

Plateforme Bioinformatique Mid-Pyrénées

- Import a reference genome

0|

s Cancel U 76
g eno T - - = -
; eul Lz Visualizing alignments on IGV
§
i .
H - Import your BAM Files
pasoaaarretine 1212511 [~ forzzasorcaopemcoaizsll  Joo F @ M

asm
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1T

s Visualizing alignments on IGV

- Exemple of visualisation of bam and bed files

!
H
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http://genomeview.org/

GenameView is a next-generation stand-alone genome browser and editor initiated in the BSB group at VIB and currently
developed at Broad Institute, It provides interactive visualization of sequences, annotation, multiple alignments, syntenic
mappings, short read alignments and mare. Many standard file formats are supported and new functionality can be added
using a plugin system.
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Starting GenomeView

Plateforme Bioinformatique Midi-Pyrénées.

L Viorwin my s

e pr o et G

s o, e e s for more

-~ s

80

5 GenomeView : 1780 - ol@ =
Fie EQit Navigation Selection Plugins Help

|

!
:

{[@ rrackist

% e —— | 177
<] | lcene stuctire

@ Features |CDS -

Nam
. Load data b !

7

Local fles

@ Details on selected items:
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Exemple on GenomeView

Plateforme Bioinformatique Midi-Pyrénées.

82

Examples et TP : tophat

Commands guide :
bowtie-build sequence.fa index_name

i
.
!

tophat [options] <index_name> <readsl_1,readsl_2>

Options: -h/--help
-o/--output-dir
-r/--mate-inner-dist : no default value
-G/--GTF <GTF2.2file>

Indexation:
samtools index accepted_hits.bam

Samtools flagstat:
samtools flagstat accepted_hits_ ERR022486_chr22.bam 83

Examples et TP : tophat

Example of used commands:
bowtie-build Danio_rerio.Zv9.62.dna.chromosome.22.fa Danio_rerio.Zv9.62_chr22

!
i
i
|

gsub -b y tophat —output-dir=tophat ERR022486 -r 200 -G Danio_rerio_chr22.2v9.62.gtf
/worki.../bowtie-index/Danio_rerio.Zv9.62_chr22 ERR022486_read1.fastq
ERR022486_read2.fastq

samtools index accepted_hits_ERR022486_chr22.bam

samtools view accepted_hits_ ERR022486.bam | cut -f 1 | sort | uniq -c | cut -¢ 1-7 | sort -n |
uniq -c
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Analyse workflow

!
H
i
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Data quality control

Spliced mapping

85
H S geno = = B
: Eoul L& Transcript reconstruction
F
§ What mapping give us?
: - Bam file with splicing localisation and pairing reads
What can we do then?
- Transcript assembly : structure determination
- Novel transcript discovery
- quantification
RNA-seq based transcript prediction
exonic reads
spliced reads
DNA strand
1 ——& —— 1
transcripts -
http:/Awww.fml.tuebingen.mpg. OMB-mTiM.pdf

Cufflinks in general

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

!
:

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

Affllations | Contributions | Corresponding author

Nature Biotechnology 28, 511-515 (2010) | dol:10.1038/nbt. 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

87




Cufflinks tools

Cufflinks (1 bam at the time)

!
:
i

* Assembling : gene and transcript

Cuffdiff (2 bam together)

« Differential expression of genes

« Differential promoter usage, splicing
- Cuffcompare: (n cufflinks results)

« Comparing assembled transcripts to reference
annotation

- Comparing transcripts across time points

- Cuffmerge : (n cufflinks results)
» Merge together several cufflinks assemblies
¢ Run Cuffcompare €3

Cufflinks tools

Cufflinks (1 bam at the time)

!
:
:

* Assembling : gene and transcript

Cuffdiff (2 bam together)

« Differential expression of genes

« Differential promoter usage, splicing
- Cuffcompare: (n cufflinks results)

« Comparing assembled transcripts to reference
annotation

« Comparing transcripts across time points

- Cuffmerge : (n cufflinks results)
« Merge together several cufflinks assemblies
* Run Cuffcompare &

SEnE Cufflinks transcript assembly

info

- Transcripts assembly :

* Fragments are divided into non-
overlapping loci

i
]
i

* each locus is assembled
independently :

- Cufflinks assembler b Assembly

Mutually
incompatible
fragments

« find the mini nb of transcripts that

explain the reads gl \>7=
X 4 \\~ et =
« find a minimum path cover - T B B—
( Dilworth's theorem) : %27*2?4
verap grep

- nb incompatible read = mininb ¢
of transcripts needed

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

90

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




] S Cufflinks transcript assembly
i
k-
3 : . Assembly
:§ - Transcripts assembly : b  Mutually
- Identification incompatibles '”ﬁ;’;”g::ge
fragments: distinct isoforms
- e -
Sel T2

Overlap graph
« Compatibles fragments c ]

are connected: graphe construction

Transcripts 91
o ——c——

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

$ g3 Cufflinks expression measurement

ioinfo

- Transcripts abundances:

« statistical model to derive a likelihood functior g e esimaten
for the abundances

* bayesian inference for isoform with lower

!
H
)
H
g
i

abundances, or nb of read very small — Fragment
Tt diouton
- can estimate the abundances of isoforms LT—J
e
Maximum likelihood
- Fragment length distribution : g
] A b
* single-end read : no way, use approximate -f

Gaussian distribution

* paired-end reads +assembly : learn the
distribution from reads mapped to single
isoform genes

* paired-end — no assembly : genomic length of

de paired-end reads (without splice) or 92
Gaussian approximation

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

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 ,




$ g2 I Cufflinks expression measurement

ioinfo

!
:
i

d Abundance estimation

- Fragments attribution

- Isoforms abundances estimation: e i
* RPKM for single reads

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

Maximun likelihood
abundances

b,

9

94

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

J RPKM | FPKM

!
:
:

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

« 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

95

foul (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

96




$fE  Cufflinks RABT assembly option

!
\
!
:

- Some options :

-g/--GTF-guide <reference_annotation.(gtf/gff)> : guide
RABT assembly
== o= - -
oo == == == —
— =SS ” == %% == ==
Reference _——— S —
annotation > E— =
= = =
= = =
o = = =
reads L 8 = _
= - =
oy,
Asseinoy, — > S EEE EEEEE S EE———
Merge and [}
Reference annotation > [———] [————]
based anscrt assembly =0
97
Roberts A et al. Bioinformatics 2011;27:2325-2329

Cufflinks outputs

!
H
)
H
g
i

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

- genes.fpkm_tracking: contains the genes FPKM

- isoforms.fpkm_tracking: contains the isoforms
FPKM

98

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)

P2Cuflnks tarcoipt | 6743038 CT47336 343-
B2Cufinks exan 143038 €745234 343-

gene i "CUFF £€0° banstip: id"CUF 8601", FRKI 28 T78TRG3T00', frac "C1434€5" corf_¢ "8 764478, conf hi"38803035" 20/°2840308" ‘Ul read suppor “yec”
(ene i ‘CLFF E6C; tanscip: id"CLFF 560 1", exon aumoe: 1" FRKIN "23 T787563790', frac " C 143485 carf_c "B 724478 conf 1 “3B83035', ooy "2 3403

——
Attributes

GTF format

2(Cufflinks fransoripl | 9743035 9747366 349-
22 Cuffinks _exon 9743035 9745054 349-

Chr Source Feature Start  End strand Frame

Score:
Most abundant isoform = 1000

Minor : ratio=minor Fpkm/major FPKM BREIE ot el introns and

exons were fully covered by
Reads (with -g)

gene 1 "CFF 50", tensort id"CUFF.560 1, FPHY 23 TIGTSGA700", Joc et o o "8 TSAATE', con’ i '38303035”‘ (o280 M\\_@ﬂ sppor s

gene id"OUFF 560" tenseic id"CUPF.560 1, exon numaer 't KN "23 TTGTEG TS 4mesirtTaLas”, conf "8 754478 et hi 38 BOSST" cov "2 840828




Sk Cufflinks GTF description

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

* Exemple VISUALISATION IGV
a2 h © @ <> @0 xR S
v
1 e Cufflinks tracking description
:
k-
E - genes.fpkm_tracking:
H * contains the estimated gene-level expression values in the
generic FPKM Tracking Format Quantification status

Jrcking i class code nearest 1 d oene 0 gere shot neme G55 i locus lencth coeres sietus PRI FPKM conflo PRI cont f

CUFESED - i CUFF 560 - - DOMBAEY - - 0K 10069 T 13340

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

lrecking id  cass code nearest el o gene (d  gene shoname fss id locus length coerace staus FPKM  FPKM con' ly FPKM cort fi

CUFFEELT - I CUFF 560 - - DIMLMIUTE OB 0K 2T 8T 3

CUFER02 - [ CUFF560 - VLT 1957 OK 670785 50304 557

CUF03 - [ CUFF 560 - - DUMUMORNG  REIEM OK 1M 02258
101

1S Toul (X Using Cufflinks software pieces

: foinfo

:

§ Tophat

Identification of Discovery of
differential expression novels features :

Cufflinks,
/ \ Cuffmerge,
cuffcompare

With discovery : Without discovery :
Cufflinks, cuffdiff

cuffmerge,

cuffdiff

102
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:
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!
:
:

i
]
i

geno
SHnE Cuffcompare

- Help to analyse the transcript assembly

- Compare your assembled transcripts to a reference
annotation

- Track Cufflinks transcripts across multiple experiments

- Inputs:
« Cufflinks' GTF output

« optionally can take a "reference" annotation

103
% s Cuffcompare command line /
bioinfo Optlons

- Command line :

* cuffcompare [options]* <cuffl.gtf> [cuff2.gtf] ...
[cuffN.gtf]

- Somes options:
-0 <outprefix>
-r : optional "reference" annotation GFF file
-R: (If -r specified) ignore reference transcripts that are

not overlapped by any transcript in one of
cuffl.gtf,...,cuffN.gtf

104

SenE Cuffcompare output

- Main output:

« <outprefix>.tracking: matches transcripts up between samples

TCONS 00001660 XLOC 000895 - u  q1:CUFF 560|CUFF.560.1/35]0.000000}0.000000/0.000000]0.000000}-

TCONS_ 00001661

XLOC 000885 - . q-CUFF.5601CUFF.560.2/100/0.00000010.000000]0.000000/0.0000004020  o2CURF.520/CURF.520.1/100[0.00000010.00000010.000000]0.0000004085

TCONS 00001662 XLOC 000896 - . qt:CUFF.560]CUFF.560.3/20]0.00000610.00000,0.00000010.000000}2846  ¢2:CUFF.520/CUFF.520.2/17)0.000000]0.00000010.000000,0.000000}3891

|

Cufflinks
ransfrag id

Cufflinks
S T

Ref gene id | ref transcript id

Sample 1 Sample 2

<gene_id>|<transcript_id>|<FMI>[<FPKM>|<conf_lo>|<conf_hi>|<cov>|<len>
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H S geno =
: B3t Cufcompare class codes
i
3
1 Priority Code Description
‘é i = Complete match of intron chain
: c Contained
3 j Potentially novel isoform (fragment): at least one splice junction is
shared with a reference transcript
4 e Single exon transfrag overlapping a reference exon and at least 10 bp of
a reference intron, indicating a possible pre-mRNA fragment.
5 i A transfrag falling entirely within a reference intron
6 o Generic exonic overlap with a reference transcript
7 p Possible polymerase run-on fragment (within 2Kbases of a reference
transcript)
8 I Repeat. Currently determined by looking at the soft-masked
reference sequence and applied to transcripts where at least 50% of the
bases are lower case
9 u Unknown, intergenic transcript
10 X Exonic overlap with reference on the opposite strand
11 s An intron of the transfrag overlaps a reference intron on the
opposite strand (likely due to read mapping errors)
12 : (-tracking file only, indicates multiple classifications) 106
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1} - Outputs:
2
5 * <outprefix>.combined.gtf:GTF file containing the "union” of all
H transfrags in each sample

22Cuffinks exon 9743015 9745528, - | jgene_id"XLOC_000895" | transcript id "TCONS_00001662" | exon_number ™" | old "CUFF.520.2" | class code”.” |1ss_id 'TSS1300"

22 Cufflnks exon | 9743015 9745528, - . gene id"XLOC_000895" transerint id "TCONS_00001661" exon number"1*  old "CUFF.520.1" class code”,” tss_id "TSS1300"
eon | 0743035 074525, - . qene 1d"XLOC_ 000898 old"CUFF 560" glass code ' tes id "TSS1301"
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- Outputs

« .refmap: tab delimited file lists, for each reference transcript,
which cufflinks transcripts either fully or partially match it

[ref gene id ref id class _code cuff id list
sdhb  ENSDARTBOE60062264 = CUFF. 15| ENSDART0000662264 ext
nfap2  ENSDARTEOB00082471 = CUFF. 18| ENSDARTE0606082471

fbxod2 ENSDARTEEB00131067 CUFF. 26| ENSDART06068131667
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AT Cuffdiff

- Find significant changes in transcript expression, splicing, and
promoter use.

- tracks changes in the relative abundance of transcripts sharing a
common transcription start site: see changes in splicing

- tracks changes in the relative abundances of the primary
transcripts of each gene: see changes in relative promoter use

- Input:

« gtf file of transcripts (output of cufflinks or cuffcompare
combined.gtf)

» 2 or more sam alignment files (but analyse 2 by 2)

- Output:

« .fpkm_tracking : calculates the FPKM of each transcript,
primary transcript, and gene in each sample.

« exp.diff: differential expression tests for each pair of samples at
gene, isoform... level

SEnE CummeRbund

http://compbio.mit.edu/cummeRbunad/

- R package that is designed to aid and simplify the task of analyzing
Cudiff outputs: explore and visualize the data

- Now included as part of R/Bioconductor

- Takes the output files from cuffdiff and creates a SQLite database of
the results describing appropriate relationships betweeen genes,
transcripts, transcription start sites, and CDS regions

- numerous plotting functions as well for commonly used visualizations

Differential gene and transcript expression analysis of

RNA-seq experiments with TopHat and Cufflinks

Cole Trapnell, Adam Roberts, Loyal Goff, Geo Pertea, Daehwan Kim, David R Kelley, Harold Pimentel,

Steven L Salzberg, John L Rinn & Lior Pachter

Affiliations | Contributions | Corresponding author 111

Nature Protocols 7, 562-578 (2012) | Goi:10.1038/mprot.2012.016
Published online 01 March 2012




Sk Sigcufflinks

- Cufflinks code has been modified by the Biolnformatic Platform of
Toulouse in order to obtain raw count of reads: use sigcufflinks on
snp

!
:
i

- Run cufflinks, cufflinks outputs + raw_transcripts.tsv:

gene_id  transcript_id  paires forward reverse

CUFF.6 CUFF6.1 4873 4873 3431
CUFF.6 CUFF.6.2 5222 5222 3769
CUFF. 6 ensparToooooos7635 4819 4819 3580

- Other scripts are in development : exemple

cuffcompare_quant_summary.plon snp

112

S foui(E] Cuffcompare_quant_summary

- Other scripts are in development : exemple

!
i
:
k]
f
2
i

cuffcompare_quant_summary.plon snp

« Parse cuffcompare tracking file and produce summary file with
quantification for each transcript in each condition.
* Usage:

quant_summary.pl [-p <prefix>] [-o <outdir>] [-r transcriptome.gtf] --tracking cuffcmp.tracking
liblname_trasncripts.gtf [lib2name_transcripts.gtf ...]

- The gtf files are output from cufflinks.

- This script also rename the gene and transcript id for
each input cufflinks gtf in order to get shared trans and
genes id.

113

S Scripture
b

Ab initio reconstruction of cell type—specific transcriptomes

in mouse reveals the conserved multi-exonic structure of P

N SCRIPTURE o
lincRNAs -

i
1
!

Mitchell Guttman, Manuel Garber, Joshua Z Levin, Julle Donaghey, James Robinson, Xian Adiconls, Ps a
Lin Fan, Magdalena J Kozlol, Andreas Gnirke, Chad Nusbaum, John L Rinn, Erlc S Lander & Aviv
Regev

Affliations | Contributions | Corresponding authors

Nature Biotechnology 28, 503-510 (2010) | Goi:10.1038/nbt. 1633

- Method to reconstruct the transcriptome using only RNA-seq data anc
genome sequence (unannotated)

- 6 steps:

* Use reads uniquely aligned to the genome
» From the aligned spliced reads: construc a connectivity graph
* Using all data: segmentation approach to identify significant paths
« Construct a transcript graph
» Generate a catalogue of transcripts
114




HTSeqg-count

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

!
:
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

115

HTSeq-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 &

!
:
:

e hees¥ Somes options:

-m <mode> : intersection-strict or
el o s o intersection-nonempty (default union)

--stranded =<yes, no, or reverse>
i T (default yes)

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

file
Rl L wess e oeen -q : quiet

-h : hel| 116
- P

HTSeq-count

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 feature

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

« 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.)
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SEnE Exemples et TP : cufflinks

Commands guide:

Cufflinks command:

cufflinks -- output-dir=cufflinks_ERR022486
-g Danio_rerio_chr22.2v9.62.gtf
accepted_hits_ ERR022486.bam

Cuffcompare command:

cuffcompare -o cuffcompare_refVSERR022486
-r Danio_rerio_chr22.2v9.62.gtf
cufflinks_ERR022486/transcripts_ ERR022486.gtf

Cuffdiff command:

cuffdiff Danio_rerio_chr22.2v9.62.gtf
tophat/accepted_hits_ ERR022486.bam
tophat/accepted_hits_ ERR022488.bam

Examples of used commands :

Nb of genes in GTF:
cat Danio_rerio_chr22.2v9.62.gtf | cut -f9 | cut -d";" -f1 | sort -u | we -

Nb of transcripts in GTF:
cat Danio_rerio_chr22.2v9.62.gtf | cut -f9 | cut -d";" -f2 | sort -u | we -I

Cufflinks:

gsub -b y cufflinks —output-dir=/work/.../cufflinks_ERR022486 -g
/work/.../Danio_rerio_chr22.2v9.62.gtf
/work/../tophat ERR022486/accepted_hits ERR022486.bam

Nb of genes in cufflinks results:
cat genes_ERR022486.fpkm_tracking | cut -f1 | sort -u | wc -
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S Exemples et TP : cufflinks

Examples of used commands :

Cuffcompare:

cuffcompare -o cuffcompare _refVSERR022486 -r
/work/.../Danio_rerio_chr22.2v9.62.gtf

/work/.../cufflinks_ERR022486_refchr22/transcripts_ ERR022486_refchr22.gtf

Cuffdiff:

qsub -b y cuffdiff /iwork/.../Danio_rerio_chr22.2v9.62.gtf
/work/.../tophat_ERR022486/accepted_hits_ ERR022486.bam
/work/..../tophat ERR022488/accepted_hits ERR022488.bam

Significant differential expression of genes:
cat gene_exp.diff | sort -r -k 14 | less -S
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SenE Exemples et TP : cufflinks

Examples of used commands :

!
:
i

Sigcuffdiff:

sigcufflinks --output-dir=/work/.../sigcufflinks_ERR022486 -g
/.../Danio_rerio_chr22.2v9.62.gtf
/..../tophat_ERR022486/accepted_hits_ ERR022486.bam

Cuffcompare_quant_summary:

cuffcompare_quant_summary.pl -p quant_86_88 -0
/work/.../cuffcompare_quantSummary -r /..../Danio_rerio_chr22.2v9.62.gtf --tracking
/..../cuffcompare_sigcufflinks/cuffcompare_86_88.tracking
/.../sigcufflinks_ ERR022486/ERR022486_transcripts.gtf
/.../sigcufflinks_ERR022488/ERR022488_transcripts.gtf
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Quality for Bioinfo Plateform!
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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
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Seqanswer: http://seganswers.com/
RNAseq blog: http://rna-segblog.com/

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