
 
Hans-Rudolf Hotz  ( hrh@fmi.ch ) 
  

Friedrich Miescher Institute for Biomedical Research 

Basel, Switzerland 

Using Galaxy for NGS Analysis 

in a collaborative environment 

2nd Swiss Galaxy Workshop  
October 1, 2014, Bern 



Friedrich Miescher Institute 

Epigenetics 
(7 research groups) 

Cancer 
(8 research groups) 

Neurobiology 
(8 research groups) 

Technology Platforms  
Computational Biology – Cell Sorting – Imaging and Microscopy – C. elegans 

 Functional Genomics – Histology – Mass Spectrometry – Protein Structure 

325 employees    

(incl. 97 PhD students, 103 Post Docs)  

- funded by the Novartis Research Foundation 
  

- affiliated institute of Basel University  



The Computa(onal	
  Biology	
  pla0orm	
  is	
  providing	
  

support	
  for....	
  

draw	
  plasmids 

do BLAST searches 

use Excel 

the “average” lab 
scientist, using 

computers to: 

analyze NGS data 
with R/Bioconductor 

scripts 

the “modern” lab 
scientist, using 

computers to: 



The Computa(onal	
  Biology	
  pla0orm	
  is	
  providing	
  

support	
  for....	
  

draw	
  plasmids 

do BLAST searches 

use Excel 

the “average” lab 
scientist, using 

computers to: 

analyze NGS data 
with R/Bioconductor 

scripts 

the “modern” lab 
scientist, using 

computers to: 

? 



The Computa(onal	
  Biology	
  pla0orm	
  is	
  providing	
  

support	
  for....	
  

draw	
  plasmids 

do BLAST searches 

use Excel 

the “average” lab 
scientist, using 

computers to: 

analyze NGS data 
with R/Bioconductor 

scripts 

the “modern” lab 
scientist, using 

computers to: 

? 

http://galaxyproject.org/ 



why are we using Galaxy 

-   open source software / no license fee  

-   the Galaxy community is huge 

-   it is flexible  (we can adjust it to our needs) 

in use at the FMI since 2007  

-   we can add our own scripts and tools	
  

-   a local installation is simple to set up 

-   it provides a standard set of Bioinformatics tools  
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for learning Bioinformatics.... 

... which is more than pressing a red button 
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- data is hidden in Galaxy 

- data gets duplicated 
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hidden in Galaxy, not really..... 

- Galaxy data libraries 

- Galaxy pages 

- sharing Galaxy histories 

- export Galaxy results 

data duplication, not really..... 

.... once you have started to work on the 

command line, you don't want to go back,  

no matter how brilliant Galaxy is 
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storing data outside of Galaxy 

- the Galaxy ‘aligner’ stores the BAM file in a group 
      specific repository and creates just a 'log file'  

      as history item 

- the Galaxy ‘count’ tool uses the 'log file' as input 

- raw data (fastq) files are in central/group specific   
     repositories  

this is not really best (Galaxy) practice, but it 
allows to collaborate with non-Galaxy users  

....and reproducibility is still guaranteed 



quantification and analysis of NGS reads  

with Galaxy 

reads results alignments  

counts 
wig files 

QC reports 
methylation 

pre-processing 

group specific storage 
(accessible on the command line) 



The (new) FMI NGS pipeline 

Bioconductor package:  QuasR 
(Quantification and Analysis of Short Reads) 

- package that provides an end-to-end analysis  
    solution for tag counting applications  
 

- ships with the aligners Bowtie and SpliceMap  
 

- creates alignments from within R  
 

- provides an additional layer of abstraction on top of  

    pre-existing tools in Bioconductor 
 

- makes use of Bioconductor genome and 
    annotation packages 



qProject 

Stores metadata 

(file locations, …) 

qAlign(…) 

Aligns reads 

(bam files) 

qMeth(…) 

Quantify 

methylation levels 
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Create alignment 

density profiles 
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qQCReport(…) 
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simple RNAseq workflow with QuasR 

QuasR_rna_1_1.fastq.gz 	
  

QuasR_rna_1_2.fastq.gz 	
  

align with Bowtie to:   hg19 

raw counts for: UCSC known genes 

BSgenome.Hsapiens.UCSC.hg19	
  Bioc package: 

Bioc package: TxDb.Hsapiens.UCSC.hg19.knownGene	
  

qAlign("samples.txt","BSgenome.Hsapiens.UCSC.hg19") 

qCount(project,"TxDb.Hsapiens.UCSC.hg19.knownGene") 

raw files:   



simple RNAseq workflow with QuasR 

> library(QuasR) 
 
> project <- qAlign("samples.txt", 
              "BSgenome.Hsapiens.UCSC.hg19", 
              alignmentsDir="/group_data/example/bam/") 

R command to create alignments: 

FileName        SampleName 
/group_data/example/raw/QuasR_rna_1_1.fastq.gz  sampleA 
/group_data/example/raw/QuasR_rna_1_2.fastq.gz  sampleB 

define samples: samples.txt 



simple RNAseq workflow with QuasR 

> project <- qAlign("samples.txt", 
              "BSgenome.Hsapiens.UCSC.hg19", 
              alignmentsDir="/group_data/example/bam/") 
Loading required package: Biostrings 
Loading required package: XVector 
alignment files missing - need to: 
    create 2 genomic alignment(s) 
will start in ..9s..8s..7s..6s..5s..4s..3s..2s..1s 
Testing the compute nodes...OK 
Loading QuasR on the compute nodes...OK 
Available cores: 
nodeNames 
xenon1.fmi.ch  
            1  
Performing genomic alignments for 2 samples. See progress in 
the log file: 
/tmp/freiburg_example/QuasR_log_4ba87ed8d616.txt 
Genomic alignments have been created successfully 
 
>  



simple RNAseq workflow with QuasR 

> project 
Project: qProject 
 Options   : maxHits         : 1 
             paired          : no 
             splicedAlignment: FALSE 
             bisulfite       : no 
             snpFile         : none 
 Aligner   : Rbowtie v1.4.5 (parameters: -m 1 --best --strata) 
 Genome    : BSgenome.Hsapiens.UCSC.hg19 (BSgenome) 
 
 Reads     : 2 files, 2 samples (fastq format): 
   1. QuasR_rna_1_1.fastq.gz  sampleA (phred33) 
   2. QuasR_rna_1_2.fastq.gz  sampleB (phred33) 
 
 Genome alignments: directory: /group_data/example/bam 
   1. QuasR_rna_1_1_4ba8447d4806.bam 
   2. QuasR_rna_1_2_4ba819e654f5.bam 
 
 Aux. alignments: none 
>  



simple RNAseq workflow with QuasR 

> library(TxDb.Hsapiens.UCSC.hg19.knownGene) 
> counts <- qCount(project,TxDb.Hsapiens.UCSC.hg19.knownGene) 
extracting gene regions from TranscriptDb...done 
counting alignments...done 
collapsing counts by query name...done 
>  
> dim(counts) 
[1] 23459     3 
> 
> counts[counts[,"sampleA"]>0,] 
       width sampleA sampleB 
126792  2792      31      31 
51150   5082     324     324 
55845   1176     820     794 
6201    3286      30      41 
7293    1751      17      16 
7428    4560     135     140 
8784    1388       7       9 
>  



and now with Galaxy 

rscripts executing  
the QuasR steps 



select files and assign sample names 

how can Galaxy help? 



select files and assign sample names 



start alignments 



qProject 



qCount 



qCount 



redo on command line 

FileName        SampleName 
/group_data/example/raw/QuasR_rna_1_1.fastq.gz  sampleA 
/group_data/example/raw/QuasR_rna_1_2.fastq.gz  sampleB 
/group_data/example/raw/QuasR_rna_2_1.fastq.gz  sampleC 
/group_data/example/raw/QuasR_rna_2_2.fastq.gz  sampleD 
 

samples.2.txt 



redo on command line 

> project2 <- qAlign("samples.2.txt", 
+               "BSgenome.Hsapiens.UCSC.hg19", 
+               alignmentsDir="/group_data/example/bam/") 
all necessary alignment files found 
> 
> alignments(project2) 
$genome 
                            FileName  SampleName 
1 .../QuasR_rna_1_1_4ba8447d4806.bam  sampleA 
2 .../QuasR_rna_1_2_4ba819e654f5.bam  sampleB 
3 .../QuasR_rna_2_1_4ec87bab31f6.bam  sampleC 
4 .../QuasR_rna_2_2_4ec8765b0838.bam  sampleD 
 
$aux 
data frame with 0 columns and 0 rows 
 
>  



Using Galaxy for NGS Analysis 

in a collaborative environment	
  

the “average” lab 
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the “modern” lab 
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The same raw data is used in both 

procedures and the alignments will 

not be generated twice. 
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