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What’s Galaxy?

 An open, web-based platform for data intensive biomedical 

research. 

 Whether on this free public server or your own instance, you can 

perform, reproduce, and share complete analyses.

 The Galaxy team is a part of BX at Penn State, and the Biology and 

Mathematics and Computer Science departments at Emory 

University. 

 The Galaxy Project is supported in part by NSF, NHGRI, The Huck 

Institutes of the Life Sciences, The Institute for CyberScience at Penn 

State, and Emory University.

Bringing Developers And Biologists Together. Reproducible Science Is Our Goal



More About Galaxy

 A platform/interface for popular NGS software.

 A data integration and analysis framework for 

biomedical research. It allows nearly any tool that can 

be run from the command line to be integrated into it.

 NO need of programming experience.

 Keeps track of all the steps performed and results 

throughout the analysis. 



Available Tools Pre-installed in Galaxy

 Analyze multiple alignments

 Compare genomic annotations

 Profile metagenomic samples

 Examine human genomic variation

 Operate on next generation 

sequencing data

Allows biologists to perform complex genomic analyses



Portal of Galaxy



Computer Use Experience

Traditional:

command mode execution

Modern:

click , select file & 



Have You Experience These 

Commands On Linux?

 tail tail tophat_out_SRR039999_1/accepted_hits.sam

 head head tophat_out_SRR039999_1/accepted_hits.sam

 cat cat file1 file2 > file3

 sort sort file

 diff diff file1.sam file2.sam

 sed sed '1,2d' tophat_out_SRR039999_1/accepted_hits.sam

 awk awk '{print $1 “\t” $3 }' tophat_out/accepted_hits.sam

 join combines two files based on the matching content lines found 

 paste merge contents of two files side by side

 split split file into smaller files



Text Manipulation



Galaxy Can Help Analyses On

 RNA-seq (Tuxedo pipeline)

 ChIP-seq/ChIP-chip

 Variant detection

 Mass Spectrometry based proteomics(Galaxy-P)

 Multivariate GWAS analysis (GWIS)

 Prediction of metagenomic taxonomy (MGTAXA)

 Gene Ontology 

 Protein synthesis (GWIPS-viz)



Learning Garden

http://wiki.galaxyproject.org/Learn



Choice



CloudMan

http://wiki.galaxyproject.org/CloudMan/AWS

/GettingStarted



SlipStream

SlipStream Galaxy is a hardware appliance consists of 16 Intel cores, 
100 GB of solid state drive, 384 GB of memory, and 16 TB of usable 
storage space. Galaxy is pre-installed and configured. The appliance 
sells for under $20,000. 



Where to run Galaxy

 Main

http://main.g2.bx.psu.edu/

 Public accessible servers

http://wiki.galaxyproject.org/PublicGalaxyServers

 Local

http://your-local-site/

http://main.g2.bx.psu.edu/
http://wiki.galaxyproject.org/PublicGalaxyServers
http://your-local-site/


Public Accessible Servers



Data Upload

1. Upload file

2. Use the URL

3. via FTP



Data Format

FASTA sequence format

NGS file formats 

fastq, sam, bam

UCSC file format specifications 

bed, wig, gtf, gff



Keep In Mind The Fundamental Concept

 Raw data (generated from sequencer): FASTQ

 After short read mapping tools (BWA, Bowtie): 

SAM/BAM

 Annotation file for genome browser: GTF, WIG, BED



FASTQ

FASTQ format is a text-based format for storing both a biological 

sequence (usually nucleotide sequence) and its corresponding quality 

scores

@SLXA-B3_649_FC8437_R1_1_1_610_79

GATGTGCAATACCTTTGTAGAGGAA

+SLXA-B3_649_FC8437_R1_1_1_610_79

YYYYYYYYYYYYYYYYYYWYWYYSU

Line 1 begins with a '@' character and is followed by a sequence identifier.

Line 2 is the raw sequence letters.

Line 3 begins with a '+' character.

Line 4 encodes the quality values for the sequence in Line 2, and must contain the 

same number of symbols as letters in the sequence.



WIG

The wiggle (WIG) format is for display of dense, continuous data such as 

GC percent, probability scores, and transcriptome data

variableStep chrom=chr2

300701 12.5

300702 12.5

300703 12.5

300704 12.5

300705 12.5

variableStep chrom=chr2 span=5

300701 12.5



BED
BED format provides a flexible way to define the data lines that are 

displayed in an annotation track

browser position chr7:127471196-127495720

browser hide all

track name="ItemRGBDemo" description="Item RGB demonstration" visibility=2

itemRgb="On"

chr7 127471196 127472363 Pos1 0 + 127471196 127472363 255,0,0

chr7 127472363 127473530 Pos2 0 + 127472363 127473530 255,0,0

chr7 127473530 127474697 Pos3 0 + 127473530 127474697 255,0,0

chr7 127474697 127475864 Pos4 0 + 127474697 127475864 255,0,0

chr7 127475864 127477031 Neg1 0 - 127475864 127477031 0,0,255

chr7 127477031 127478198 Neg2 0 - 127477031 127478198 0,0,255

chr7 127478198 127479365 Neg3 0 - 127478198 127479365 0,0,255

chr7 127479365 127480532 Pos5 0 + 127479365 127480532 255,0,0

chr7 127480532 127481699 Neg4 0 - 127480532 127481699 0,0,255



GFF/GTF (Gene Transfer Format)

GFF format General Feature Format is a format for describing genes 

and other features associated with DNA, RNA and Protein sequences.

chr1 unknown exon 27951600 27951662 . - . gene_id "FGR"; 

transcript_id "NM_001042747"; gene_name "FGR"; p_id "P20191"; tss_id "TSS3342";

1. seqname - Must be a chromosome or scaffold.

2. source - The program that generated this feature.

3. feature - The name of this type of feature. Some examples of standard feature types are 

"CDS", "start_codon", "stop_codon", and "exon".

4. start - The starting position of the feature in the sequence. The first base is numbered 1.

5. end - The ending position of the feature (inclusive).

6. score - A score between 0 and 1000. If there is no score value, enter ".".

7. strand - Valid entries include '+', '-', or '.' (for don't know/care).

8. frame - If the feature is a coding exon, frame should be a number between 0-2 that 

represents the reading frame of the first base. If the feature is not a coding exon, the 

value should be '.'.

9. group - All lines with the same group are linked together into a single item.

1 2 3 4 5 6 7 8 9



SAM

SAM format data is output from aligners that read FASTQ files and assign 

the sequences to a position with respect to a known reference genome.



More About SAM Format

test_mRNA_3_187_51 99 test_chromosome

53 255 75M = 163 0 TACTATTTGACTAGACTGGAGGCGCTTG

CGACTGAGCTAGGACGTGCCACTACGGGGATGACGACTCGGACTACG 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII NM:i:2

1 2 3

4 5 6 7 8 9
10

11
12



BAM

Stores the same data as SAM file in a compressed, indexed, 
binary form. 



NGS: SAM Tools: BAM   SAM



Basic Modules

 Data I/O : Get Data & Send Data

 Text Manipulation

 Convert Formats

 Statistics

 Display Data

 NGS Analysis : QC, Mapping, RNA Analysis, 

Methylation Mapping, Peak Calling

 SNP Analysis



Must Know Your Data Types Very Well



Text Manipulation



Extract Genomic DNA



Filter and Sort



Convert Formats



Reverse Complement



RNA-Seq Data Analysis

 Library 

construction

 Sequencing

 Quality control

 Sequence 

Trimming

1st

 Transcript assembly 

w/ w/o reference 

 Calculate 

abundances

 Identifying DEGs

 Discovering novel 

genes & transcripts

2nd

 Pathway & 

functional analysis

 Data Integration

 Visualization

3th



Exercise

 Adrenal & brain tissues RNA-seq data (Illumina

BodyMap 2.0)

 Know its reads quality (Trim reads)

 Map the reads

 Assemble and analyze transcripts

 Identify all novel splice junctions and transcript isoforms

 Find loci that exhibit differences in TSS and splicing



FastQC: NGS Quality Control







FASTQ Trimmer



RNA-seq Analysis: Tuxedo Tools

Tool Description

Bowtie Ultrafast short read aligner

Tophat Aligns RNA-seq reads to the genome using Bowtie

Discovers splice sites

Cufflinks Assembles transcripts

Cuffcompare Compares your assembled transcripts to a reference 

annotation

Tracks Cufflinks transcripts across multiple experiments

Cuffmerge Merges two or more transcript assemblies

Cuffdiff Finds significant changes in transcript expression, splicing, 

and promoter use



Differential Expression Analysis

Annotation File 

(GTF)

Reads Reads

Mapped 

Reads

Mapped 

Reads

Tophat

Annotation File 

(GTF)

Differential Expression Results

Cuffdiff



Transcript Assembly and Transcript 

Comparison

Reads Reads

Mapped 

Reads
Mapped 

Reads

Tophat

Track Transcripts & Compare 

Assembled Transcripts to Ref.

Cufflinks

Assembled 

Transcripts

Assembled 

Transcripts

Cuffmerge



Transcript Assembly and Differential 

Expression Analysis

Reads Reads

Mapped 

Reads

Mapped 

Reads

Tophat

Differential Expression Results

Cufflinks

Cuffmerge

Assembled 

Transcripts
Assembled 

Transcripts

Cuffdiff

Mapped 

Reads

Mapped 

Reads

Final Transcriptome Assembly



Map The Reads (Tophat)



Assemble Transcripts (Cufflinks)



Merge Assemblies (Cuffmerge)



Identify Significant Changes (Cuffdiff) 



Differential Expression Results



Publish Your Workflow



Run Existing Workflow



iGenome

http://support.illumina.com/sequencing/sequencing_software/igenome.ilmn



UCSC

http://hgdownload.cse.ucsc.edu/downloads.html#human



Take Home Message

Galaxy is very powerful!

Its user-friendly interface allows biologists to perform complex 
genomic analyses. (RNA-seq, ChIP-seq, SNP analysis, etc)

The use of computing resources should be taken into account.
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Thank you !

Galaxy for Next Generation Sequencing 

初探


