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This Week

Monday Welcome, Project Intro, Basic Galaxy Usage

NGS QualityControl

Tuesday RNA-Seq - Mapping and Transcript Prediction 

RNA-Seq: Differential expression and 

Alternative Pipelines; SNP & Variant Analysis

Wednesday SNP & Variant Analysis

Chip-Seq Analysis

Thursday Genome Assembly

Install your own Galaxy on Amazon Cloud

Friday Customizing Galaxy, Galaxy Tool Shed, and 

Wrapping Tools for Galaxy



Thursday Agenda

9:00 Welcome and Questions

9:15 de novo Genome Assembly, Part I

11:00 Break

11:30 de novo Genome Assembly, Part II

13:00 Lunch

14:00 Galaxy CloudMan on Amazon, Part I

15:30 Break

16:00 Galaxy CloudMan on Amazon, Part I

17:00 Done, Feedback
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Beginner’s guide to comparative bacterial 

genome analysis using next-generation 

sequence data

By David J Edwards and Kathryn E Holt

Microbial Informatics and Experimentation 2013, 3:2

and the accompanying

Bacterial Comparative Genomics Tutorial 

http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/content/3/1/2/
http://www.microbialinformaticsj.com/imedia/1627516282963968/supp1.pdf
http://www.microbialinformaticsj.com/imedia/1627516282963968/supp1.pdf


Create a new history

Shared Data → Data Libraries → Assembly

Select both FASTQ files

Illumina HiSeq paired-end reads 
from E. coli O104:H4 strain TY-2482 

(ENA accession SRR292770) 

http://www.ebi.ac.uk/ena/data/view/SRR292770&display=html

http://www.ncbi.nlm.nih.gov/sra/SRX079805

http://www.ebi.ac.uk/ena/data/view/SRR292770&display=html
http://www.ebi.ac.uk/ena/data/view/SRR292770&display=html
http://www.ncbi.nlm.nih.gov/sra/SRX079805
http://www.ncbi.nlm.nih.gov/sra/SRX079805


FastQC Reports for both input datasets are in

Shared Data → Assembly

Note the very different results from RNASeq

Only issue appears to be duplication

How is it possible to have > 25% sequence duplication and then 

not have any overrepresented sequences?

NGS Assembly: Quality Control



The duplication will affect the assembly.

The tutorial says you can use the FASTX Toolkit for this.

NGS: QC and Manipulation→ Collapse

Hmm, but 

that will destroy our pairings

and 

a pairing where only one end is a duplicate is not a duplicate

NGS Assembly: Quality Control



NGS: QC and Manipulation→ FASTQ Joiner

NGS: QC and Manipulation→ Collapse

NGS: QC and Manipulation→ FASTQ Splitter

But don’t do this now.  It is slow.

 Just get the results from the Assembly Data Library

Shared Data → ...

But don’t do that either.  

Collapse does not find any duplicates.

Why?  And why didn’t we do this with the RNASeq data?

NGS Assembly: Quality Control



NGS: Assembly → Velveth

Hash length?

Gives us choices from 11 to 29.  But the tutorial says use 35: 

they have determined optimal value through experimentation.

The maximum kmerlength Velvet can use is set at install/

compile time.

Use 29.  We will revisit this.

NGS Assembly: Velveth



Click on Add new Input Files

File format → FASTQ

Read type → shortPaired reads

Dataset → 1 forward reads

Repeat for Dataset 2 reverse reads

Produces an index of the reads using the kmer length.

Index is used by Velvetg to do actual mapping.

NGS Assembly: Velveth



Velvetg does the actual assembly

Velvet Dataset → Output dataset from velveth

Check Generate unusedReads fasta file

The tutorial provides us with several “optimal” values to use.  

Let’s use them and then revisit them.

Coverage cutoff → Specify cutoff value → 2.81

Expected coverage of unique regions → Specify expected 

value → 21.0

Set minimum contig length → Yes → 200

Using paired end reads → Yes

NGS Assembly:  Velvetg



Several output files

Unmapped Reads

Stats

Statistics about the graph nodes constructed during assembly.

Information about the internals of Velvetg.

Contigs

The list of contigs produced by this assembly run.

Let’s take a look at the contigs

NGS Assembly:  Velvetg



Contigs

FASTA Manipulation → Compute Sequence Lengths

Give it the contigs file 

Filter and Sort → Sort

Column 2, descending

NGS Assembly:  Velvetg



Remember these?

Hash size → 29

Coverage cutoff → Specify cutoff value → 2.81

Expected coverage of unique regions → Specify expected 

value → 21.0

Not very often will someone tell you the optimal values.

NGS Assembly: Parameters



NGS Assembly: Hash Size kmer



KmerGenie 

Compute the kmer 

abundance histogram for 

many values of k. 

For each value of k, predict 

the number of distinct 

genomic kmers in the 

dataset

Return the kmer length 

which maximizes this 

number.

NGS Assembly: Parameters

Velvet Optimiser

Explore a range of 

parameter values and 

combinations.

Specifically for Velvet.

Pick the best combination 

of parameters



KmerGenie

Only takes one input.  We have two inputs.

Concatenate them.

Parameters → Set manually

kmer range → 1129

step size → 2

Kmer sampling → Automatic

Check Precise estimation of k

Execute it

NGS Assembly: Parameters



KmerGenie gives us ... an error

Is it giving us any idea what went wrong?



KmerGenie

Rename the concatenated input dataset so there are no 

embedded spaces in the name.

Rerun with same parameters as before

NGS Assembly: Parameters



KmerGenie

KmerGenie offers us guidance on one of the key parameters to 

Velvet.

The kmer length is a key input to any de Bruijn graph based 

assembler, of which there are several

However, we have Velvet, and velvet has a few other key 

parameters.

Is there any way we can estimate them?

NGS Assembly: Parameters



Velvet Optimiser

Explores a range of parameter values and combinations

kmer range → 1129

step size → 2

Click Add new input read library

File Type → shortPaired

Check Are the reads paired ...

Select read files

and ...

NGS Assembly: Parameters



... and

Click Execute and then wait several hours, 

or 

Get the results from the data library

Shared Data → Data Libraries → Assembly

Import Velvet Optimiser: Contigs, Velvet Optimiser: Logfile

NGS Assembly: Velvet Optimiser



Let’s look at the log file well, I’ll look at the logfile, its big

NGS Assembly: Velvet Optimiser

**********************************************************

  Optimum value of cutoff is 4.47

  Took 8 iterations

Oct 17 02:01:46

Final optimised assembly details:

********************************************************
Assembly id: 10

Assembly score: 5242047

Velveth timestamp: Oct 17 2013 00:46:11
Velvetg timestamp: Oct 17 2013 02:01:46

Velveth version: 1.2.08

Velvetg version: 1.2.08
Readfile(s): -shortPaired -fastq -separate /mnt/galaxy/files/003/dataset_3586.dat /mnt/galaxy/
files/003/dataset_3587.dat
Velveth parameter string: auto_data_29 29  -shortPaired -fastq -separate /mnt/galaxy/files/003/
dataset_3586.dat /mnt/galaxy/files/003/dataset_3587.dat

Velvetg parameter string: auto_data_29  -clean yes -exp_cov 31 -cov_cutoff 3.9451676431104
Assembly directory: /mnt/galaxy/tmp/job_working_directory/002/2748/auto_data_29

Velvet hash value: 29

Roadmap file size: 534362013

Total number of contigs: 801

n50: 87825

length of longest contig: 224503

Total bases in contigs: 5347196

Number of contigs > 1k: 144

Total bases in contigs > 1k: 5242047

Paired Library insert stats:

Paired-end library 1 has length: -6032, sample standard deviation: 2811
Paired-end library 1 has length: -6041, sample standard deviation: 3866

**********************************************************



Contigs

FASTA Manipulation → Compute Sequence Lengths

Give it the contigs file 

Filter and Sort → Sort

Column 2, descending

Compare with the handtuned parameter run

NGS Assembly:  Velvet Optimzer



NGS Assembly: 

What’s better?



Scaffolding

Want to tie together those contigs into larger units called 

scaffolds.

Some software solutions for this.

Can also use related genomes.

Get more reads, possibly on a different platform, 

or different insert length.

NGS Assembly: What next?



Beginner’s guide to comparative bacterial genome analysis 

using next-generation sequence data

Bacterial Comparative Genomics Tutorial 
By David J Edwards and Kathryn E Holt

Assemblathon 2: evaluating de novo methods of genome 

assembly in three vertebrate species

Bradnam, et al.

Whole Genome Assembly and Alignment

Michael Schatz

KmerGenie Wrapper 
Rayan Chikhi

Velvet Optimizer & Wrapper
Simon Gladman

NGS Assembly: Resources and Reading
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Galaxy CloudMan

http://usegalaxy.org/cloud

• Start with a fully configured and populated tools 
and data Galaxy instance.

• Allows you to scale up and down your compute assets 
as needed.

• Someone else manages the data center.

• We are using this today.

• You will set up an instance now

http://aws.amazon.com/education

http://usegalaxy.org/cloud
http://usegalaxy.org/cloud
http://usegalaxy.org/cloud
http://usegalaxy.org/cloud


Could follow the step by step instructions on the 

wiki, but ... AWS just revamped it’s interface.



AWS Credentials

http://bit.ly/??????/

http://bit.ly/??????/
http://bit.ly/??????/


Be and Admin!

Create an account

Use CloudMan to make it an admin

Add some tools!

htseq-count

KmerGenie



Be and Admin!

Get some data!

Copy datasets FROM the published 

history TestYourToolsData

 (on your cloud1/2/3 instance!)

Test those tools!

htseq-count

KmerGenie



Instant CloudMan
http://usegalaxy.org/cloudlaunch

http://usegalaxy.org/cloudlaunch
http://usegalaxy.org/cloudlaunch


Feedback

http://bit.ly/

gxyuctfeed 

http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed


Feedback

http://bit.ly/

gxyuctfeed 

http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed
http://bit.ly/gxyuctfeed


Thanks

Dave Clements

Galaxy Project

Emory University

clementsgalaxyproject.org


