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NGS Data
• Raw: Sequencing Reads (FASTQ)

• Derived

• Alignments against reference genome 
(SAM/BAM)

• Annotations

• GFF

• BED

• Genome Assemblies



A Note on FASTQ
• Contains Sequence data and quality data

• Several Variants exist

Cock PJ, Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for sequences with quality scores, and the 
Solexa/Illumina FASTQ variants. Nucleic Acids Res. 2009 Dec 16.

@UNIQUE_SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65
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Available NGS Analysis 
Toolsets

• Prepare, Quality Check and Manipulate FASTQ reads

• Mapping

• SAMTools

• SNP & INDEL analysis

• Peak Calling / ChIP-seq

• RNA-seq analysis



Prepare and Quality 
Check

Blankenberg D, Gordon A, Von Kuster G, Coraor N, Taylor J, Nekrutenko A; Galaxy Team. Manipulation of FASTQ data with Galaxy. 
Bioinformatics. 2010 Jul 15;26(14):1783-5.



Combining Sequences and 
Qualities



Grooming --> Sanger



Quality Statistics and 
Box Plot Tool



Read Trimming



Quality Filtering



Manipulate FASTQ

• Remove 
reads with 
N’s?
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Mapping NGS Data
• Collection of interchangeable mappers

• Accept FASTQ Format

• Create SAM/BAM Format

• SAMTools*

• Algorithms for

• DNA

• RNA

• Local Re-alignment

*Li H., Handsaker B., Wysoker A., Fennell T., Ruan J., Homer N., Marth G., Abecasis G., Durbin R. and 1000 Genome Project Data Processing Subgroup (2009) The 
Sequence alignment/map (SAM) format and SAMtools. Bioinformatics, 25, 2078-9.



Mappers
• Short Reads

• Bowtie

• BWA

• BFAST

• PerM

• Longer Reads

• LASTZ

• Metagenomics

• Megablast

• RNA

• Tophat



• Variable Levels of 
Settings

• Default Best-
Practices

• Fully customizable 
parameters
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SNPs & INDELs
• SNPs from Pileup

• Generate

• Filter
INDELS
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Peak Calling / ChIP-seq 
analysis

• Punctate Binding

• Transcription Factors

• Diffuse Binding

• Histone Modifications

• PolII



Punctate Binding

MACS

GeneTrack

Zhang et al. 
Model-based 

Analysis of ChIP-
Seq (MACS). 
Genome Biol 

(2008) vol. 9 (9) 
pp. R137

Albert I, Wachi S, Jiang C, Pugh BF. GeneTrack--a genomic data processing and visualization 
framework. Bioinformatics. 2008 May 15;24(10):1305-6. Epub 2008 Apr 3.



MACS
• Inputs

• Enriched Tag file

• Control / Input file (optional)

• Outputs

• Called Peaks

• Negative Peaks (when control provided)

• Shifted Tag counts (wig, convert to bigWig 
for visualization)



Diffuse Binding
• CCAT (Control-based 

ChIP-seq Analysis 
Tool)

Xu H, Handoko L, Wei X, Ye C, Sheng J, Wei CL, Lin F, Sung WK. A signal-noise model for significance analysis of ChIP-seq 
with negative control. Bioinformatics. 2010 May 1;26(9):1199-204.



ChIP-seq Exercise
http://main.g2.bx.psu.edu/u/james/p/exercise-chip-seq

http://main.g2.bx.psu.edu/u/james/p/exercise-chip-seq
http://main.g2.bx.psu.edu/u/james/p/exercise-chip-seq


I have Peaks, now 
what?

• Visualize

• Share

• Compare to existing Annotations

• Interval Operations

• Annotation Profiler



Genomic Interval Operations



Secondary Analysis
• A simple goal: determine number of peaks that overlap a) coding exons, b) 5-UTRs, 

c) 3-UTRs, d) introns and d) other regions

• Get Data

• Import Peak Call data

• Retrieve Gene location data from external data resource

• Extract exon and intron data from Gene Data (Gene BED To Exon/Intron/Codon BED 
expander x4)

• Create an Identifier column for each exon type (Add column x4)

• Create a single file containing the 4 types (Concatenate)

• Complement the exon/intron intervals

• Force complemented file to match format of Gene BED expander output (convert to 
BED6)

• Create an Identifier column for the ‘other’ type (Add column)

• Concatenate the exons/introns and other files

• Determine which Peaks overlap the region types (Join)

• Calculate counts for each region type (Group)



Secondary Analysis



Annotation Profiler

• One click to determine 
base coverage of the 
interval (or set of intervals) 
by a set of features (tables) 
available from UCSC

• galGal3, mm8, panTro2, 
rn4, canFam2, hg18, hg19, 
mm9, rheMac2
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RNA-seq

• TopHat

• Cufflinks

• Cuffcompare

• Cuffdiff



TopHat
• Map RNA (FASTQ) to a reference Genome

• Uses Bowtie

• BAM file of accepted hits

• Find Splice Junctions

• File with two connected 
BED blocks

Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq. Bioinformatics 25, 1105-1111 
(2009).



Cufflinks
• Input: aligned RNA-Seq reads (SAM/BAM; e.g. from TopHat)

• assembles transcripts

• estimates relative abundance

• tests for differential expression and regulation 

• Outputs

• GTF: Assembled Transcripts

• Tabular, with coordinates and expression levels

• Transcripts

• Genes

Trapnell C, Williams BA, Pertea G, Mortazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wold B, Pachter L. Transcript assembly 
and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching among isoforms. Nature 

Biotechnology doi:10.1038/nbt.1621



Cuffcompare
• Compare assembled transcripts to a reference annotation (2+ GTF files)

• Track Cufflinks transcripts across multiple experiments (e.g. across a 
time course)

• Outputs:

• Transcripts Accuracy File

• "accuracy" of the transcripts in each sample when compared to the 
reference annotation data

• Transcripts Combined File

• union of all transfrags in each sample

• Transcripts Tracking Files

• matches transcript structure that is present in one or more input 
GTF files

Trapnell C, Williams BA, Pertea G, Mortazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wold B, Pachter L. Transcript assembly 
and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching among isoforms. Nature 

Biotechnology doi:10.1038/nbt.1621



Cuffdiff

• Inputs

• GTF from Cufflinks, Cuffcompare, other source

• 2 SAM files from 2+ samples

• Changes in

• transcript expression

• splicing

• promoter use
Trapnell C, Williams BA, Pertea G, Mortazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wold B, Pachter L. Transcript assembly 

and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching among isoforms. Nature 
Biotechnology doi:10.1038/nbt.1621



RNA-seq Tutorial

http://main.g2.bx.psu.edu/u/jeremy/p/galaxy-rna-seq-analysis-exercise

http://main.g2.bx.psu.edu/u/jeremy/p/galaxy-rna-seq-analysis-exercise
http://main.g2.bx.psu.edu/u/jeremy/p/galaxy-rna-seq-analysis-exercise
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Sample Tracking System

• Built-in system for tracking sequencing requests

• Customizable interfaces

• Sequencing Facility Managers/Administrators

• Customers/Users/Biologists

• Streamlines delivery of data from sequencing runs to 
customers



Sequencing Facility 
Managers

• Setup the Galaxy sample tracking system according 
to the core facility workflow. [Once per request type]

• Create and submit a sequencing request on behalf 
of another user.

• Reject an incomplete or erroneous sequencing 
request.

• Receive samples and assign them tracking barcodes. 

• Setup data transfer from the sequencer

• Transfer the datasets from the sequencer to Galaxy 
at the end of the sequence run. } Can be 

automated



Sequencing Facility Users

• Create and submit a sequencing request.

• Edit and resubmit a rejected sequencing request.

• Obtain datasets at the end of a sequencing run.

• Select Libraries and Histories, and Workflows to 
populate and run on sequenced samples.



Configure Available 
Request / Sample Options

• Uses Galaxy forms, do this once



• Configurations can be 

• custom-built

• loaded from 
provided 
configuration files



Configure the Sequencer

• Available Services are now configured

• Ready for customers



How does it all work?



Customer Creates a Request



Customer Describes 
Request



Customer Adds a Sample

• Provide a name for the sample

• Data Library and Folder

• History

• Workflow to run



Samples Added, Submit 
Request



Samples enter “New” state

• Customer sends samples to sequencing facility



Sequencing Facility is 
informed of Request



Sequencing Facility 
Receives Samples

• Facility 

• assigns a barcode to sample tubes

• Scans barcode at each step to change state

• Customer can watch progress of sequencing request



Sequencing Finished

• Datasets are transferred from sequencer into 
Galaxy

• Library

• User’s history

• Galaxy Workflow is executed on Dataset

• Customer is automatically emailed



Extending Sample 
Tracking with ngLims

• An add-on written by community contributor Brad 
Chapman 

• http://bitbucket.org/chapmanb/galaxy-central

• https://bitbucket.org/galaxy/galaxy-central/wiki/LIMS/
nglims

• http://bcbio.wordpress.com/2011/01/11/next-
generation-sequencing-information-management-
and-analysis-system-for-galaxy/

https://bitbucket.org/galaxy/galaxy-central/wiki/LIMS/nglims
https://bitbucket.org/galaxy/galaxy-central/wiki/LIMS/nglims
https://bitbucket.org/galaxy/galaxy-central/wiki/LIMS/nglims
https://bitbucket.org/galaxy/galaxy-central/wiki/LIMS/nglims
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/
http://bcbio.wordpress.com/2011/01/11/next-generation-sequencing-information-management-and-analysis-system-for-galaxy/


Using Galaxy

• Use public Galaxy server: UseGalaxy.org 

• Download Galaxy source: GetGalaxy.org 

• Galaxy Wiki: GalaxyProject.org

• Screencasts: GalaxyCast.org

• Public Mailing Lists

• galaxy-bugs@bx.psu.edu

• galaxy-user@bx.psu.edu

• galaxy-dev@bx.psu.edu
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Galaxy Team

+ Jennifer 
    Jackson



Two full days of presentations, 
workshops, and conversations by 

and for Galaxy community members

http://galaxy.psu.edu/gcc2011

http://galaxy.psu.edu/gcc2011
http://galaxy.psu.edu/gcc2011

