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Introduction

Galaxy is great!

Galaxy / Rétsch Lab

Analyze Data ~ Workflow  Data Libraries  Visualization  Adi

Help  User

m

Tools
Get Data

SEQUENCE ANALYSIS
Toy Data

SVM Toolbox
KIRMES

Genomic Signals

GENE FINDING

mGene.web

mGene.web workflows
mGeneweb modules
mGene.web modules (v. 0.3
unstable)

NGS TOOLS BETA

NGS: Mapping
NGS: SAM Tools
NGS: QPALMA Tools

unstable)
NGS: Quantitation Tools
. ion

OTHER TOOLS

Text Manipulation
Convert Formats
FASTA manipulation

Filter and Sort

[ Options ~ |

Galaxy/Ratsch Lab

This is a customized version of the Galaxy framework, extended with machine learning based tools for sequence
and tiling array data analysis. It provides tools developed by members of the Machine Learning in Biology

Group at the Friedrich Miescher Laboratory of the Max Planck Society in Tubmgen Germany. For problems wm- any
of the non-standard tools, please contact the MLB Galaxy Support Team

Currently we provide:

« mGene for computational gene finding,

« PALMapper for accurate spliced alignment of RNA-seq reads,
* rQuant for rom RNA-seq

« KIRMES for promoter analysis, and

« SVM Toolbox for classification of sequences and vectorial data.

b)

History Options ~

0B <oB

Ogtans Quantitation

IQ 22: rQuant Log File @ ( %%

21: rQuant ®0
Transcript Quantification

% 20: SAM-t0-BAM on ® %
jata 19 and data 10

@0 R
Learn more about our Galaxy and the Lab http:/ mpa.de/fml
* Galaxy: Galaxy s 2 beautfl framework developed by the Galaxy team at Penn State Universiy. I easy to 12:5AM-to-BAMon @ 0§ %

use and convenient for tool developers as well.

« Shogun: Most of our tools are based on the machine learning toolbox Shogun for solving large-scale
classification problems.

« Projects: Find a it of other projects we are working on here.

News.

 March 22, 2010: Mosek Agreement We settled an agreement with MOSEK that allows us to offer all our
MOSEK-based tools (mGene, PALMapper, rQuant, etc) also to non-academic users via Galaxy.

o February 21, 2010: Maintenance This server will be down for maintenance on Monday, February 22, 2010
between 9-12am CEST.

« February 19, 2010: rQuant We added a new version of the rQuant tools for transcriptome quantitation from
short read data (see NGS: Quantitation Tools)

This work is funded by

data 2 and data 31
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ce7
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Galaxy is great!

Tools Options v
GENE FINDING

mGene.web

mGene.web workflows
mGeneweb modules
mGene.web modules (v. 0.3,
unstable)

NGS TOOLS BETA

NGS: QC and manipulation

NGS: Mapping.

NGS: SAM Tools

= Filter SAM on bitwise flag
values

= Convert SAM to interval

* SAM-to-BAM converts SAM

format to BAM format

= Merge BAM Files merges BAM
files together

= Generate pileup from BAM
dataset

= Pileup-to-Wiggle from pileup
to Wiggle variableStep format

Filter pileup on coverage and
SNPs.

= Pileup-to-Interval condenses
pileup format into ranges of
bases

NGS: QPALMA Tools
NGS: Transcript Prediction (v. 0.1,
table)

uns! :
NGS: Quantitation Tools v

Galaxy / Rétsch Lab
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Examples

Example 1: rQuant Transcript Quantitation
Inputs:

» Genome sequence (fasta)

» Annotation (gff3)

» Alignments (sam)

Gunnar Ratsch (FML, Tibingen) Quantitative Transcriptome Analysis Hitseq, July 9, 2010 3 /13


http://www.fml.mpg.de

Example 1: rQuant Transcript Quantitation

Inputs:

Examples

» Genome sequence (fasta)
» Annotation (gff3)
» Alignments (sam)

Genome
Sequence
Input dataset 4

output
(gio)

GenomeTool %
Genomic Sequence
Genome_Information

Log_File (txt)

Annotation
Input dataset ®
output

Alignments
Input dataset ®

output

Gunnar Ratsch (FML, Tibingen)

GFF2Anno %
Genome information
Genome annotation in
GFF3 format
Annotation (gann)

Log_File (txt)

SAM-to-BAM 3¢
Convert SAM file
Using reference file

output] (bam)

rQuant

Genome information
ile

Genome annotation
BAM alignment file
rqua‘nl,oul‘ iixl)

profiles_fn_out (txt)

intron_dists_fn_out
(txt)

Log_File (txt)

Quantitative Transcriptome Analysis

Cut 2
From

out_file1 (tabular)

Filter =
Filter

out_filel

Hitseq, July 9, 2010 3 /13
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Examples

Example 1: rQuant Transcript Quantitation
Inputs:

» Genome sequence (fasta)

» Annotation (gff3)

» Alignments (sam)

Genome
Sequence
Input dataset %

GenomeTool =

Genomic Sequence

output Genome_Information
(gio)
Log_File (txt) Cut 2
u
rQuant =
Annotation G format o
enome information R
GFF2Anno % fle out_filel (tabular)
Input dataset ® Genome information Genome annotation
output BAM alignment file
Genome annotation in
GFF3 format rquant_out (txt)
Annotation (gann) profiles_fn_out (txt)
Log_File (txt) intron_dists_fn_out
(oxt) Filter %
. Fi
Alignments Loo.file (o) Fler
Input dataset x SAM-to-BAM M out flet
output

Convert SAM file
Using reference file

output] (bam)

Output: Transcripts with RPKM values
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Examples

Example 2: rDiff Differential Transcript Expression

Inputs:
» Annotation (gff3)
» Alignments Sample 1 (sam)
» Alignments Sample 2 (sam)

Annotation GFF2Anno ®

Genome information

Input Dataset b4 file

output Genome annotation in

GFF3 format

Annotation (gann)

Alignments Sample 1 tog.Fle (o)

Input Dataset <4

output

Alignments Sample 2
Input Dataset b4

output

QOutput: List of transcripts with p-values

Gunnar Ratsch (FML, Tibingen) Quantitative Transcriptome Analysis

rDiff

Genome annotation

Sample 1 BAM
alignment file

Sample 2 BAM
alignment file

rdiff_out (txt)
Log_File (txt)

Hitseq, July 9, 2010
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Examples

Example 3: De Novo Genome Annotation

Inputs:
» Genome sequence (contigs)

» RNA-seq sequences

Output:

» Annotated genome

NB: No previous annotation needed

(Schweikert et al., 2009d; Behr et al., 2010)
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Genome Annotation

Transcript Prediction vs. Read Coverage

Annotated genes sorted by expression level
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Genome Annotation

Transcript Prediction vs. Read Coverage

Annotated genes sorted by expression level
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Genome Annotation

Transcript Prediction vs. Read Coverage

Annotated genes sorted by expression level
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Genome Annotation

Label generation from RNA-seq data

Input

RNA-seq
label
generation
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Genome Annotation

Label generation from RNA-seq data

Input
RNA-seq

label
generation

mGene.ngs ‘
training
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Genome Annotation

Label generation from RNA-seq data

Input

RNA-seq
label
generation

mGene.ngs ‘
training
mGene.ngs
prediction .
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Genome Annotation

Transcript Prediction

Two approaches:

1. Coverage segmentation algorithm mTIM for general transcripts
(no coding bias/assumption)

2. Extension of mGene gene finding system to use RNA-seq data
for protein coding transcript prediction
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Genome Annotation

Transcript Prediction

Two approaches:
1. Coverage segmentation algorithm mTIM for general transcripts
(no coding bias/assumption)

2. Extension of mGene gene finding system to use RNA-seq data
for protein coding transcript prediction

Inputs:
» Genome sequence
» Alignments in BAM format

» Preliminary annotation (training only)
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Genome Annotation

Strategy of mGene.ngs

genomic position

True genemocel NI\ S

STEP 1: SVM Signal Predictions

tss Lot Dot 1 Lovus

s | | L1

Score

genomic position
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Genome Annotation

Strategy of mGene.ngs
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STEP 1: SVM Signal Predictions
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Genome Annotation

Strategy of mGene.ngs

genomic position

True genemocel NI\ S

STEP 1: SVM Signal Predictions

tss T FTUUTTNN T TTIR 1 1| 0N [P Lewus L
tis I |

stop

RNA-seq

- I L AL
A el e P S L

Score

genomic position
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Genome Annotation

Strategy of mGene.ngs

genomic position

True genemocel NI\ S

STEP 1: SVM Signal Predictions

tss T FTUUTTNN T TTIR 1 1| 0N [P Lewus L
tis I |

stop 1 L

RNA-seq

coverag{ | |
| I ] ]

intron support
from spliced reads

v Yy

Score

genomic position
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Genome Annotation

De Novo Annotation Workflow

Genome Sequence
Input dataset 2

output

RNA-seq FASTQ
Input dataset 2

output

Map with Tophat 3¢

Series 1 > source file
series

junctions (bed)
coverage (wig)
expr_file (tabular)
accepted_hits (sam)
log_report (txt)
run_log (txt)

Gunnar Ratsch (FML, Tubingen)

SAM-to-BAM %
Convert SAM file

Using reference file

outputl (bam)

BAM2Anno 8

Genome information
file

Annotation (gann)
Log_File (txt)

Quantitative Transcriptome Analysis

mGeneTrain b4

Genomic sequence

Set of known genes
for training in GFF3
format

Trained_mGene_Predictrr
(tmgp)

Log_File (xxt)

Anno2GFF b4

Genome Annotation in
AGS format

g‘ﬂio‘u(p;ﬂ (gff3)
Log_File (txt)

Hitseq, July 9, 2010

fml

mGenePredict 3¢
Genomic sequence

Trained mGene

Predictor

gffiile (gff3)
Log_File (txt)
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Genome Annotation

De Novo Annotation Workflow

fml

Genome Sequence
Input dataset 2
output
mGenePredict ®
Genomic sequence

RNA-seq FASTQ

Trained mGene

Input dataset 3¢ mGeneTrain % Predictor
output Genomic sequence gfffile (gff3)
SAM oS RAM B¢ Set of known genes Log_File (bx)
for training in GFF3

Convert SAM file
Using reference file

format

Trained_mGene_Predictrr
outputl (bam) (tmgp)

Log_File (txt)
Map with Tophat 3¢
Series 1 > source file BAM2Anno R
series
Genome information
junctions (bed) file
Anno2GFF %

coverage (wig)

Genome Annotation in

expr_file (tabular) (g

AGS format
accepted_hits (sam) Log_File (txt) B

aff_output (gff3)
log_report (txt) .

Log_File {txt)
run_log (txt)

Next step: visualize using Galaxy's Trackster or a genome browser
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Results

Results for C. elegans

‘ = mGene.ngs - only sequence ‘

0.7

0.6~

I
IS
T

F-score

54
w
T

0.2

0.1

I I I I I I )
0 10 20 30 40 50 60 70 80 90 100
expression percentile

(Behr et al., 2010)
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Results

Results for C. elegans

= mGene.ngs - only sequence
0.7 | —#— mGene.ngs - no subsampling

0.6~

F-score

0.2

0.1

0 L L L L L

0 10 20 30 40 50 60 70

expression percentile

Gunnar Ratsch (FML, Tibingen) Quantitative Transcriptome Analysis
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Results

Results for C. elegans

=——— mGene.ngs - only sequence
0.7 | ==#— mGene.ngs - no subsampling
—P— mGene.ngs - subsampling
0.6
0.5
(]
5 041
<3
173
I
w
0.3
0.2
01
0 . . . . . . . . . )
0 10 20 30 40 50 60 70 80 90 100

expression percentile

(Behr et al., 2010)
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Results

Results for C. elegans

= mGene.ngs - only sequence
0.7 1 === mGene.ngs — no subsampling
—p— mGene.ngs - subsampling
=—©— mGene.ngs - using annotation

0.6~

0.5

F-score
N
~

T
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