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__Sequencer | File Format | Output(Max) | _Read length _

lllumina
Hiseq2500 Fastq 600 Gb 100 bp
Life tech SOLID  csfasta,qual 100 Gb 50 bp
Roche FLX Sff 600 Mb 800 bp
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Fastg data

@HWI-ST1394:58:H0B70ADXX:2:1101:4041:2089 1:N:0:
TAAATGGTAGGGAAAGAGTGTAGGGAAAGAGTGTAAGGAATAGCGTCGTGTTGGGTAAGAGTGAAAGGGGTGTGGCTTTTAGTCATAGCTGTTTCCTGCTG
+

CCCFFFFDHHHHBEI IBE3AAFHHDCCEHGH??CGHGIGHIGFGIDGF7@FFFHICCHHCE . =?EQCDFC99>@BBABCCCC@CDEECCCC+>>CCCCCCC

@HWI-ST1394:58:H0B70ADXX:2:1101:4204:2099 1:N:0:
ATTTTTTGTGGATGTATAGTTTATTTGTTGTGTTGGATTTGTTAGGATTTTAAGTTTTTTGAGTATAATAGAGTTTAAAGATAAAAAGATTATTTTTTGTA
+
CCCFFFFFFHHHHIGHIIIIIJGIIJIIIIIHHHIIIGIIIII1I13IGIII3IIIHII]I]IIGHHHHHHFFFFFCDEEEEEEEDDDDDDDDDDDEEEDDD?4

@Header

TAAATGG.... (V—%7 2 AT
.+.

CCCFFFF... (VA ) T4—A27)

anh

T=ALT=BC )




Quality Check for fastg data

« IR T
— FastQC

e http://www.bioinformatics.babraham.ac.uk/projects/fa

stqc/
— FASTX

e http://hannonlab.cshl.edu/fastx toolkit/commandline.
html#fastx barcode splitter usage




» THOHTMLIZERDFERD., 3

ASND

FastQC

VAL

EDL

@ FastQC
Eile Help

bad_sequence.txt | good_sequence_short. txt

@ Basic Statistics
. 34
Per baze sequence quality
32
@ Per sequence guality scores 30
@ Per base sequence content 28

26
Per base GC content 24

Per sequence GC content |22

20
@ Per base M content

18
@ Seguence Length Distribution|16

14
Seguence Duplication Levels
12

Overrepresented sequences |1g

@ Kmer Content 8

Quality scores across all bases (llumina =v1.3 encoding)

AL L L LLE L T

iTHT

|

&
4
4

9

11 13 15 17 19 21 23 25 2F 29 31
Position in read {bp)

33035 37 3%

LL

SHE: --nogroup AT LIVTEITTHE IR—RBDFERLRTRIND




» &IR

FASTX

LIS BRHTEAT

e Galaxy[ZA-TWWSEEMNZLY

% of total Cper read position)

Arelatively good quality library (median quality degrades towards later cydes):

quality Scores

Nucleotides distribution for My Library

8

8 1 2 3 4 %5 6 7 8 9 18 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 38 31 32 33 34 35 36 37
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Quartiles
Hedians ——

[l

Quality Score (Solexa Scale: 48=Highest, =15SLouest)
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=14
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RNA-Seq f#ATIZDLNT

o« 7R A — Trimming (WHELLS)
* rRNA filtering

« IVEVYT

- E=1L

o« HLERREAT

* (De novo assembly)




rRNA filtering [ZDUNT

o SATS)—1ERLEFIZ, BRYBRIF I oT-
rRNAD—FZRET S,
— rRNAEEHI 23 L T, MappingZ{TLY. Unmapped
D)—+ZEYT=7,

e samtools view —f 4 *.bam

Mouse rRNA Reference : BKO00964.1

http://www.ncbi.nlm.nih.gov/nuccore/BK000964

Human rRNA Reference : U13369.1

http://www.ncbi.nlm.nih.gov/nuccore/U13369.1




rRNA removal library kit
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72 TR — Trimming

« IOk x7
— FASTX “fastx_clipper”
e http://hannonlab.cshl.edu/fastx toolkit/commandline.

html#fastx clipper usage

S5 : CASAVAL8LIE Tl -Q33 A T3> TETT 5,

— Cutadapt
* http://code.google.com/p/cutadapt/




THETR—

P as018lsa-serv~/L51952/ fastqe [=] ==
TCAGTGCACTACAGAACTTTGTCIITH N NRIMENSAEIRARORAGGAACT CCN
:

DDDHFHDFGEBGGHGEIAHEEEHEIGIIIIIFHGIIIIIIIIIII#
:C2GWIAC :1101:3829:2117

: :3 il3
TAWWGGW[GGTWAWAGGMET[[NI
I

CCFFEFFH DFHFHGGHI1111EGI11IGHDGH1II DDFFIGGGGHTT%

GTA

M
CCBFFFFFHHHHHIJHIL]

BHWI-S tC2GWIACKX:1: i3
TEAGTGE&[T&[AG&A[TTTGT GGAATTCTCGGGTGC AGGAAET[[&H
+

4 1 CTTG
AETTGEGG[[[[GGGTT[[T[[[GGGGETA CTGTCTGAGCGTCGCTTN

EEEFFFFFHHHHHJJGII11111GII1IIIIGHHHFFFFFEEEDDDDDDD#

Trimming ({5)
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Mapping for RNA-Seq

* TopHat2

— http://tophat.cbcb.umd.edu/

TopHat s a fast spiice junction mapper for 72
analyzes the mapping results to identify splice junctions

reads. It aligns RNA-Seq reads to mamm:

nomes using the

twieen exons.

TopHat 15 3 collaborative affort batwaeen tha Canter for

omputational Biology at Johns Hopking Univer

the Departmants

of California, Berkeley and

Department of Stem Cell and Regenerative Biology at Harvard University

TopHat 2.0.9 release 6/28/2013
Note (6/29/2013): this version is slightly update

to handle 1-bp exons when using --GTF option
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w problems

ting transcnpt

but only reads

t file s22 o longer contains mul 2 found
not be found under tha currant alignment
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TopHat 2.0.8 release 2/26/2013
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The segm down mtroduced 7 ted

At mapping 2 parameter changes in version 2.0.7 is now corre

Tankar207 release 41232043
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Genome Biology

TopHat2: accurate alignment of transcriptomes in
the presence of insertions, deletions and gene
fusions

Daehwan Kim'*”, Geo Periea®, Cole Trapnel™, Harcid Pimentel’, Ryan Kelley® and Steven L Salzberg™

Abstract

TopHar s a popular spliced aligner for RNA-sequence (RN A-seq) experiments. In this paper, we dexcribe TopHat2,
which incorporates many signficant enhancements to TopHat. TopHat2 can align reads of warious lengths
produced by the latest sequencing technologies, while allowing for variabledength indels with respect to the
reference genome. in addition 1o de novo spiiced aiignment, TopHat? can align reads across fusion bresks, which
@n ocaur after genomic transiacations. TapHat? combines the ability to identify novel splice sites with direct
mapping o knawn transeripts, producing sensitive and accurate signments, even for highly Epetitive genomes or
in the presence of peudogenes. TopHar? is available at hitp/echjhu sdw/software/tophat

Background
RNA-sequencing technologies [1], which sequence the
RNA molecules being transeribed in cells, allow explor-
tion of the process of Lranseription in exquisite detail One
ofthe primary goaks of RNA-sequencing analysis software
is to reconstruct the full set of wranseripts (isoforms) of
genes that were present In the orignal cells In addition to
the transcripl structures, experimenters need to estimate
the expression levels for all transeripts. The first step in
the analysis process is to map the RNA-sequence (RNA-
seq) reads against the reforence genomme, which provides
the location from which the reads originated. In contrast
to DNA-sequence slignment, RNA-seq mapping algo-
rithms have two additional challenges. First, because genes.
in eukaryotic genomes contain introns, and because reads
sequenced from mature mENA transcripts do not include
these introns, any RNA seq alignment program must be
able to handle gapped (or spliced) alignment with very
large gaps. In mammalian genomes, introns span a very
wide range of lengths, typically from 50 to 100,000 bases,
which the alignment algorithm must accommodate. Sec-
ond, the presence of processed pseudogenes, from which
some or all introns have been removed, may cause many
exon-spanning reads to map Incorrecdy. This is

T Comepondense Infloguiac sumdeds
el Computa ol B ogy, Univessay of

0, 270, Ush
Ful ks1of auther Inform 8 i aalable a11he end of e aide.

particularly acute for the human genome, which contains
over 14,000 pseudogenes [2]

In the most recent Ensembl GRCh37 gene annota-
tions, the average length of a mature mENA transcript
in the human genome is 2,227 bp long, and the average
exon length is 235 bp. The average number of exons
per transeript is 9.5. Assuming that sequencing reads
are uniformly distributed along a transcript [3], we
would expect 33 to 38% of 100 bp reads from an ENA-
seq experiment o span two or more exons. Note that
this proportion increases significantly as read length
inereases from 50 to 150 bp (see Additional file 1 for
more details)

More important for the alignment problem is that
around 20% of junction-spanning resds extend by 10 bp
or less into one of the exons they span. These small
‘anchors” make it extremely diffieult for alignment software
1o map reads accurately, particularly if the algorithm relies
{as mast do) en an Initial mapping of fixed-length k-mess
to the genome. This initial mapping, using exact matches
of k-mers, is crucial for nawowing down the search space
intor small local regions in which a read is likely to align. If
a read extends only a few bases into one of two adjacent
exons, then it ofien happens that the read will align
equally well, but incorrectly, with the sequence of the
intervening intron. For example, as illustrated in Figure 1,
suppose that read r spans exons e, and e;, extending orly
four bases into e;. Suppose also that that e, begins with

C ) BloMed Central £ ir:Jone fobe Snei L Tislsanasen scassariio deafb e 0 s o oG Camces
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cufflinks

e Cufflinks
— http://cufflinks.cbcb.umd.edu/

T/T—a EmETVETHRER KLY FPKM &
ﬁl—-lo
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A scaling normalization method for differential
expression analysis of RNA-seq data




* DESeq
* edgeR

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

About
Bioconductor

Bioconductor provides tools for the
analysis and comprehension of high-
throughput genomic data.
Bicconductor uses the R statistical
pregramming language, and is open
source and cpen development. It
has two releases each year, 742
software packsges, and an active
user community. Bioconductor is
also available as an Amazon

Machine Image (AMI).

& Mailing Lists Subscribe »

Search / post

Re: 450k annotation packages
compatib...
about 6 hours ago

Re: autoplot transcriptDb error with ...
about 7 hours ago

Re: ANCOVA microarray time-course

con...
about 9 hours ago

Re: ANCOVA microarray time-course

RIZK B LLEX %

Help

Use Bioconductor for...

Sequence Data
Import fasta, fastq, ELAND, MAQ, BWA,

Bowtie, BAM, gff, bed, wig, and other
sequence formats. Trim, transform, align,
and manipulate sequences. Perform
quality assessment, ChlP-seq, differential
expression, RNA-seq, and other
workflows. Access the Sequence Read
Archive.

Annotation

Use microarray probe, gene, pathway,
gene ontology, homology and other
annotations. Access GO, KEGG, NCBI,
Biomart, UCSC, wendor, and other
sources.

m

EMBO Practical Course on Analysis of High-
Throughput Sequencing Data
21 - 26 October 2013 — Cambridge, UK

RNA-Seq analysis using Bioconductor
27 October - 03 November 2013 — Recife, Brazil

EMBO Practical Course: Bioinformatics and
statistics for large-scale data
17 - 22 November 2013 — Yantian District, China

Bioconductor European Developers'
Waorkshop

08 - 10 December 2013 — Cambridge, UK
(details forthcoming)

Next Generation Data Analysis
12 - 1A December 2013 — Riverside, CA, IS4

Developers About

Transcription Factors
Find candidate binding sites for known

transcription factors via sequence
matching.

Counting Reads for Differential
Expression

The parathyroidSE ExperimentData
package and vignette illustrates how to
count reads and perform other common
operations required for differential
expression analysis.

Tweets W Follow @Bioconductor
[+ Bioconductor 160ct =
J @Bioconductor

#Bioconductor 213 is released!
bit ly/GX2haG

Expand
i“ Bioconductor 14 Oct
J @Bioconductor

bioconductor.orgipackagesi2.13/... ChAMP
Chip Analysis Methylation Pipeline for
lllumina...

Expand
i< Bioconductor 14 Oct
J @Bioconductor

bioconductor.org/packagesi2.13/... epivizr R
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SRR064437

SRR064286

RNA-Seq f##T4l

IE#EE AR E EDNAD
RNA-seqT—%4

EFMCF-7 breast cancer
cell lineAZE M RNA-seq
7—4

VIEW FILTERED RESULTS (1}

% Runs (1

e — T el A T

......

Non directional RNA-Seq
Paired End Sequence

Non directional RNA-Seq
Paired End Sequence

SRA : http://www.ncbi.nlm.nih.gov/Traces/sra/

DRA : http://trace.ddbj.nig.ac.jp/dra/index.html




RNA-Seq #Z4T4 (workflow)

Tag
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Quality Trimming
Check for low rRNA Tophat

fastq quality filtering mapping
data data




Mapping workflow with “moirai”

RENA-5eq_PE

Alira Hasegawa Up

-~

raws base distribution

{Michihira Tagami)

-

dated 2013706718

— —_— = £
raws raws raw? base distribution =
0:00: 55 0:04:36 0:04:33 0:00: 57
fastx_clipper adapter S fastx_clipper adapter 3
0:035:49 0:03: 27

—_— ———— 7 remoe rRNAS ribosomalRMA remove rEMNAZ —_—

I — ribosomals toplog 0:03:21 0:00:00 0:03:21 ribosomal? toplog
0:00:01 T p 0:00:02\

gzip Sprime FASTO matcheds matchPairedEndseq matcheds gzip 2prime FASTO
0:02:0 0:00:00 ? 0:00:00 0:02:03
;"‘_ tags base distribution extracteds extracteds ! tags base distribution
0:00:08 0:00:00 gename tophat junctions 0:00:0 0:00: 0
0:00:01 1:40:08 0:00:00
redundancy ¥ tag redundancy samstat HTML ™ samstat sort BAM remawe PCR duplicates samstat HTMLs rgﬂ_%gpm Summoaroig?m
0:00:00 0:00:09 0:00:00 0:02:2?\ 0:03:30 / ¢ 0:0z2:29 100 o0

hamlinsertsize
0:00: 44

gename mapped
0:00:00

samstat rmdup

genes fpkm tracking )
0:00:00

cufflinks !
0:18:41

isaforms fpkm tracking
:00:00

/'

edit summany

0:00:00
0:02:12
X summary file
transcripts gif 0:00:00
0:00.00
i - I

camwert 1o graph
0:00:01




Summary for mapping

SRR064286

H mapped
= unmapped

= unmatch

B rRNA

SRR064437

0 5,000,000 10,000,000




Tag count (HTSeq)

. Mz?ppl ?%ﬂ‘*%ODBAM% samtools T, SAM77A
)l/ ‘z N

— samtools sort SRR064437.bam SRR064437 sorted
— samtools view SRR064437 sorted.bam > SRR064437 sorted.sam

HTSeqlZ&kY ., 2T AUk

— htseqg-count SRR064437 sorted.sam gencode.vl8.annotation.gtf > SRR064437 tag-count.txt

* HTSeq

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

 FRALE7/T—3 7740

— “gencode.vl8.annotation.gtf”
— http://www.gencodegenes.org/




Tag countD#a R (HTSeq)
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DESeq output

m—L | WA

« — Microsoft Excel

i

x

KT FH 79 BE R @ - = x
) R | 5om 5 o o JT b
MeverE = EnllAalilOhe
B0t == -A-[Z-|l[= o = 0 00 T wlm || TrgEns B
T g || ][ A E ][ E - |[E- % (%8B T e e | o e BRe
DWTR=K = TATb ~ BE = iE = A5 i wE
[ A - S |
A B [+ D E F G H 1 J
SRR06428
6
Ens ID Gene Symbol chromosome position SRRO64437 breast p.value q.value ranking logratio
BNkl
cancer cell
1 line
110|ENSGO0000104332.7  SFRPL chrg:41119480-41167016 1429 1 0.000187342 0.045786816 109 -10.98215486
111 |[ENSGO0000211897.3  IGHG3 chr14:106235438-106237742 1284 1 0.000187724 0.045786816 110 -10.82779414
112 |ENSG00000146122.12  DAAM2 chr6:39760141-39872648 470 0 0.000187857 0.045786816 1117 #NAME?
112 |ENSGD0000186642.11  PDE2A chr11:72287184-72385635 1493 1 0.000188301 0.045786816 112 -11.0453631
114 ENSGDD000184811.3  TUSCS chr17:1182656-1204281 469 0 0.000188513 0.045786816 1137 #NAME?
115 |ENSGO0000113140.6  SPARC chr5:151040656-151066726 3627 0 0.000188641 0.045786816 1147 #NAME?
116 |ENSG00000142910.10 1591 1 0.00019084 0.045917872 -11.13708278

TINAGLL

ENSGO0000127954.8  STEAP4

chr1:32042115-32053288

01727000/ 2-/5782309
chr7:87905743-87936206

0.04670816

115

-10.56010/
-10.52373247

0.000200308 118
ENSGO0000007237.13 GAS7 chr17:9813925-10101868 0.000202087  0.04670816 119" #NAME?
ENSG00000160182.2 TFF1 chr21:43782390-43786703 0.00020527 0.04670816 120 Inf
ENSGO0000169554.12  ZEB2 chr2:145141647-145282147 0.000208533  0.04670816 1217 #NAME?
ENSG00000012223.8  LTF chr3:46477135-46526724 0.000208588  0.04670816 122" #NAME?
125 |ENSG00000111716.8  LDHB chr12:21788275-21910791 434 0 0.00021547  0.04670816 124" #NAME?
126 |ENSG00000065618.12  COL17AL chr10:105791043-105845760 31 0 0.000218207  0.04670816 1257 #NAME?
127 |[ENSGO00000004776.7  HSPBE chr19:36245468-36248980 900 1 0.000219171  0.04670816 126 -10.31514585
128 ENSGO0000104518.6  GSDMD chr8:144635376-144645232 428 0 0.000221022  0.04670816 12757 #NAME?
120 |ENSGO0000188257.6  PLA2G2A chr1:20301924-20308932 428 0 0.000221022  0.04670816 127.57  #NAME?
130 |ENSG00000091986.11  CCDCBO chr3:112323406-112368377 888 1 0.000221408  0.04670816 129 -10.29578052
131 |ENSG00000154783.6  FGDS chr3:14860468-14975895 427 0 0.000221978  0.04670816 1307 #NAME?
132 [ENSG00000187955.7  COL14A1 chrg:121072018-121384275 425 0 0.000223917  0.04670816 1317 #NAME?
133 ENSGO0000120318.11  ARAP3 chr5:141032067-141061788 423 0 0.000225893  0.04670816 1327 #NAME?
134 |ENSGOO000167588.8  GPD1 chr12:50497601-50505102 861 1 0.000226894  0.04670816 133 -10.25123408
135 |ENSG00000123689.5  GOS2 chr1:209848764-200849733 417 0 0.000232053  0.04670816 134.5"7  #NAME?
136 [ENSG00000171115.3  GIMAPS chr7:150147717-150176480 417 0 0.000232053  0.04670816 134.5"7  #NAME?
137 [ENSGO00000136492.4  BRIP1 chr17:59758626-59940882 ] 827 0.000233065  0.04670816 136 Inf
138 ENSGO0000143248.8  RGSS chr1:163080910-163291577 828 1 0.000234551 0.04670816 137  -10.19485161
139 |ENSGO0000170801.5  HTRA3 chr4:8271491-8308838 414 0 0.000235268  0.04670816 138" #NAME?
140 |ENSGO0000149451.13  ADAM33 chr20:3648611-3662893 411 0 0.000238577  0.04670816 130" #NAME?
141 |[ENSG00000229124.2  VIM-AS1 chr10:17256237-17271984 0 0.000239643  0.04670816 1407 =NAME?
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Deficiency in trefoil factor 1 (TFF1) increases tumorigenicity of
human breast cancer cells and mammary tumor development

in TFF1-knockout mice

E Buache'”, N Etique™*, F Alpy’, I Stoll', M Muckensturm®, B Reina-San-Martin', MP Chenard®,

C Tomasetto” and MC Rio’

“Institut de Geneiigue et de Biologie Moléaulaire et Cellulaire (KiBMC), CNRS UMR 7104, INSERM UPG4, Université de

Strashourg. Mkirch, France and*Service d'A
Sirashourg. France

Although trefoil factor 1 (TFFI; previowsly named pS2) is
abnormally expressed in about 50% of human breast
tumrs, its physiopathological role in this discase has been
poorly studied. Moreover, controversial data have been
reported. TFF1 function in the mammary gland therefore
needs to be clarified. In this study, using retroviral vectors,
¢ performed TFF1 gain- or loss-of-function experiments
four human mammary epithelial cell lines: normal
immortalized TFF l-negative MCF10A, malignant TFFI-
negative MDA-MB-231 and malignant TFF I-positive
MCF7 and ZR75.1. The expression of TFF1 stimulated
the migration and inyasion in the four cell lins. Forced
TFF1 expression in MCFI0A, MDA-MB-231 and MCF?
cells did not modify anchorsge-dependent or -independent
cell proliferation. By contrast, TFF1 knockdown in
MCF7 enhanced soft-agar colony formation. This in-
creased oncogenic potential of MCFT cellsin the absence
of TFF1 was confirmed in rivo in nude mice. Morco
chemically induced tumorigenesis in  TFF l-deficient
(TFF1-KO) mice led to higher tumor incidence in the
mammary gland and larger tumor size compared with
wild-type mice. Similarly, tumor development was in-
creased in the TFF1-KO ovary and lung. Collectively, our
results clearly show that TFF1 does not exhibit oncogenic
properties, but rather reduces tumor development. This
beneficial function of TFFI s in agreement with many
clinical studies reporting a hetter outcome for pagents
with TFF1-positive breast primary tumors.
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Introduction

82) (HUGO

Trefuil factor | (TFF1; previously lmmed
Gene Nomenclature Committee; hitp://www. genenan
org) is a small cysieine-rich acidic secreted proiein
(Thim, 1997; Ribieras er al., 1998). It is constitutively
and strongly expressed in the stomach, where it has a
key role (Rio et al, 1988). Indeed, TFF1 is essential
for the normal differentiation of the gastric glands
(Bossenmeyer-Pourie et al, 2002; Karam er al., 2008)
Moreover, by interacting with mucins, TFFI partici-
pates in the correct organization of the mucus layer and
in the gasitric mucosa protection {Tomasetio et al
2000). Transgenic mice overexpressing TFF1 have an
increased resistance to ulceration (Playford et al, 1996)
TFFI is also expressed in the inflamed or damaged
gastrointestinal tract, supporting the hypothesis that it
mediales repair processes (Rio er al, 1991; Kjellev
2009). Indeed, TFF1 promotes epithelial restitution
afier injury and profects the integrity of the epithelial
barrier (Hoffmann, 2005). Moreover, TFF1 is also
expressed, but to a lesser extent, by normal epithelial
cells of numerous organs (eyes, lung, v and salivary
gland) (Regalo ef al., 2005; Madsen et al., 2007; Buron
et al, 2008). To date, the TFFI function during
malignant processes is nol clearly defined, as epithelial
ecell wansformation might lead to downregulation of
TFF| expression (that is, in the stomach) or @ ihe
induction of TFFI expression (that is, in various
organs)

In the stomach, TFFl-deficient mice (TFFI-KO)
develop antro-pyloric hyperplasia and dysplasia, leading
to adenomas and intraepithelial or intramucosal carci-
nomas {Lefebvre er of., 1996). Epithelial progenitors are
amplified and are more invasive (Karam et al., 2008). It
has therefore been proposed that TFFI functions as a
EASLAC tUmoOr suppressor gene. Strongly supporting this
hypothesis, 30% of human gastric (umors are devoid of
TFF1 because of deletions, mutations or methylation of
the TFF1 gene (Ribieras et al., 1998; Katoh, 2003; Shi
et al., 2006}

Breast cancer is a typical example of cancers over-
expressing TFFL. As only a low expression is observed
in the normal mammary gland (Poulsom et al., 197

Deficiency in trefoil factor 1
(TFF1) increases tumorigenicity
of human breast cancer cells
and mammary tumor
development in TFF1-knockout
mice
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