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Collaboratory Workshops 



Workshop Outline 
ü  Day 1 

§  UCLA galaxy and user account 
§  Galaxy web interface and management 
§  Tools for NGS analyses and their application 
§  Data formats 
§  Build/share workflow and history 
§  Q and A 
 

ü  Day 2 
§  Galaxy Tools for RNA-seq analysis 
§  Galaxy Tools for ChIP-seq analysis 
§  Galaxy Tools for annotation. 
§  Q and A 
*** Published datasets/results will be used in the tutorial 

  
	
  
	
  	
  



UCLA Galaxy 
http://galaxy.hoffman2.idre.ucla.edu 
ü  Hardware 

–  Headnode (1) 
 96Gb memory, 12 core 

–  Computing nodes (8) 
 48Gb memory, 12 core 

–  Storage 
100 Tb disk space 
 

ü  Galaxy Resource Management 
－ Hoffman2 grid engine 

Default: 1 core/job 
bowtie, bwa, tophat, cuffdiff, cufflinks, gatk programs: 4 core/job 

  



UCLA Galaxy 
http://galaxy.hoffman2.idre.ucla.edu	
  

ü galaxy login account: 
 login: your email associated with ucla 
  

ü Disk quota: 
 250Gb/user  



Galaxy Account Management 



Installed	
  tools	
   Launch	
  analysis	
  and	
  view	
  result	
   History	
  of	
  execu7on	
  and	
  results	
  



*_qseq.txt, *.fastq 

File transfer protocol (ftp) 

Barcode splitter, deMultiplex workflow 

Raw Reads 

Upload to Galaxy 

Quality Assessment 

Process Reads  

Alignment to 
Reference  

Results (sam/bam) 

Downstream Analyses  

Visualization  

deMultiplex 
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fastqc, compute quality statistics, 
draw quality score boxplot, draw 
nuclotides distribution  

Trim sequences, sickle, scythe  

bwa, bowtie, bowtie2, tophat 

Text manipulation toolkit, BEDTools, SAM 
Tools, java genomics toolkit, picard toolkit  

BS-Seeker2, cufflinks, cuffdiff, macs, macs2, 
GATK, CEAS  

Genome browser, IGV 



Repositories of Galaxy Tools 
https://toolshed.g2.bx.psu.edu 



ü  History panel contains all datasets that are uploaded and results 
derived from certain analyses 

ü  A history can be organized, annotated, and managed as a 
project 

ü  History is sharable.  
ü  Workflow is extracted and built from a history 
ü  Each dataset under a history can be viewed, examined, 

converted to other formats, and annotated. 
	
  
	
  	
  
	
  



Getting Data to the Galaxy 

UCSC table browser: allows to upload genome assembly and annotations to 
the galaxy 
Data libraries: datasets need to be put on the galaxy server before they can 
be uploaded. 

h8p://
hgdownload.soe.ucsc.edu/
goldenPath/danRer7/bigZips/
mrna.fa.gz	
  



(Secure) FTP Clients 
FileZilla: http://filezilla-project.org 

Host: galaxy.hoffman2.idre.ucla.edu 
Username and Password: galaxy login 



(Secure) FTP Clients 

https://www.bol.ucla.edu/software/mac/cuteftp/ 



Upload Data to Galaxy 
ü Data Transfer from your Hoffman2 Account” 





File Formats 



File Formats 
ü  Formats created by application 

  roadmaps from assembler Velvet, gatk_dbsnp, gatk_recal…from GATK, 
lav and axt from blastz… 
 
ü  Formats used for sequences and sequencing qualities 
        fasta, fastq, fastqSolexa, fastqillumina, fastqsanger… 
 
ü  Formats used for annotations 
       BED (bigBed), GFF (general feature format), GFF3, GTF (gene transfer 
format), GenePred 
 
ü  Formats used for NGS alignment information 
       sam (sequence alignment/map), bam (compressed binary version of sam) 
 
ü  Formats used for displaying continuous-valued data 
       wig (wiggle), bigWig (indexed binary format of WIG), bedGraph 
 
ü  Formats for variation data 
      vcf (variant call format), pgSnp (personal genome SNP format) 
	
  
	
  	
  



File Formats 
http://genome.ucsc.edu/FAQ/FAQformat.html 



Retrieving Data from UCSC  

Retrieve knownGene table in two formats from UCSC genome site  



Genomes Pre-installed in Galaxy 



qseq file format 
ü  a plain-text file format for sequence reads. 
ü  Each line contains: sequencer identifier,  run number, lane number, tile number, x 

coordinate, y coordinate, index , read number (1 for single, 1 or 2 for paired ends), 
sequence, quality, filter 

upload s_1_1_600000_qseq.txt to galaxy or use published qc history 



FastQ File Format 
http://en.wikipedia.org/wiki/FASTQ_format 



FastQ Quality Scores 



Phred Quality Score 

Phred	
  quality	
  score	
   P.	
  That	
  the	
  base	
  is	
  
called	
  wrong	
  

Accuracy	
  of	
  the	
  
base	
  call	
  

10	
   1	
  in	
  10	
   90%	
  

30	
   1	
  in	
  1,000	
   99.9%	
  

40	
   1	
  in	
  10,000	
   99.99%	
  

50	
   1	
  in	
  100,000	
   99.999%	
  

Qsanger = - 10 log10 p 



Expected Sequence Quality 

ü A good quality read will have quality scores all 
above 28. 
 Trim reads with lower quality score. 

 
ü Per base sequence and GC content 

 Ideal reads have no variation with GC content   
 along the length of the read.    



Quality Control of Raw Sequences 
ü  Upload s_1_1_600000_qseq.txt  
ü  Run qseq_to_fastq program 
ü  Run Fastqc program 

Alternatively, use compute quality statistics -> draw quality 
score boxplot -> draw nuclotides distribution chart programs  



FastQ Converter 



FastQ Manipulation 

Sickle is a sliding window trimmer and tries to keep the longest high quality 5’ 
sequence reads. 
windows of N bases moving from 5’ to 3’ end are tested for average quality.  In 
the first window that fails to meet >Q, bases are trimmed starting with the first 
base with quality < Q 



FastQ Manipulation 

Scythe is an adapter trimmer for Illumina reads that 
employs a Bayesian model to classify contaminant 
substrings in reads 



FastQ Manipulation 

Run FASTQ trimmer with 15 as offset from 5’ end and 30 as offset from 3’ end, then 
run FastQC with trimmed reads    



Mapping Reads to a Genome 

BWA performs gapped alignments and can be 
used to detect indels and SNPs.  BWA is 
generally used for DNA projects. 



RNA-Seq Aligners 

ü  Bowtie 
It doesn’t perform gapped alignments.  It runs faster and 
requires smaller memory footprint. 

ü  Bowtie2 
It is fast and can perform local and gapped alignment.  It 
performs better for reads longer than 50bp. 
 
Bowtie and bowtie2 use indexed reference genome 

ü  Tophat 
Most popular splice junction mapper for RNA-Seq 
reads.  It first uses bowtie to align reads, and then 
analyzes the mapping reads to identify splice junctions 
between exons.  
 



Bowtie for RNA-Seq 

Select ‘mm10’ as reference genome 
Select trimmed reads as input for FASTQ file 
Change Suppress all alignments for a read to 1 (-m 1) 



Sequence Alignment/Map Format (SAM) 
ü  A generic nucleotide alignment format that describes the alignment of reads 

to a reference genome in text format. 
ü  It consists of optional header section and alignment section.   

http://samtools.github.io/hts-specs/SAMv1.pdf 
 



Alignment Summary 

ü Best	
  if	
  more	
  than	
  80%	
  	
  reads	
  aligned	
  to	
  the	
  
reference	
  

ü 	
  good	
  library	
  if	
  60%	
  aligned	
  
ü 	
  less	
  than	
  20%,	
  not	
  complete	
  reference	
  or	
  sample	
  
contamina7on	
  



Picard – SAM/BAM Alignment Summary Metrics 

Uncheck “assume the input file is already sorted” 



Extract Workflow 



Workflow Management 

Published workflow/history listed 
as shared data 
A new workflow can be created 
from scratch or import from a 
published workflow  
	
  	
  



Multiplex Sequencing 

ü During library preparation,  adapters are ligated to the 
DNA fragments. 
 Rd1 SP and Rd2 SP: primer sites 
 Index SP: primer site for the index read 
 P5 and P7: flow cell attachment sites 

ü  Index (barcode) allows for sample identification 
ü  Increase experimental scalability while reduce time and 

cost 
ü  Attenuate lane effects 



Demultiplexing of FastQ Sequences 
ü  Barcode splitter 

 It splits the FastQ data with barcode included in 5’ or 3’ 
end of sequence reads.   
ü Demultiplex workflow 

 The workflow perform demultiplexing of FastQ 
sequence data with barcodes and sequences in two 
separate files. 



Demultiplexing workflow 
	
  



Demultiplexing of FastQ Sequences	
  

ü Upload s_2_2_1101_cut_qseq.txt,  
s_2_1_1101_cut_qseq.txt, barcode.txt to 
galaxy 

ü Convert qseq files to fastq files 
ü Run JoinLine program 
ü Run barcode splitter enhanced program 
ü Rename dataset to match sample name 
ü Run QC workflow for the splitted sample 

sequence datasets as needed. 


