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The Question

What can I do with my Illumina RNA-seq 

reads from my non-model organism(s) 

using open source software?
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GBs of short, paired-end seq reads

freely available to all, reproducible

no gene annotation, perhaps no genome



RNA-seq
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http://www.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics

next generation gene 

expression data



Current Projects

Study of organism infection
✦ RNA-seq data from infected, uninfected individuals
✦ genome but no annotations

Study of dietary adaptations
✦ RNA-seq data from 4 related species; single lane of Illumina 76bp 

paired-end reads per species
✦ no genome or annotations

Study of parasite venoms
✦ RNA-seq data from 3 related parasite venoms, two lanes of Illumina 

100bp paired-end reads per venom
✦ no genome or annotations
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Overview
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Preprocess Reads

Annotate Quantitate

Assemble Transcripts

*log Clustering

Differential 

Expression

*log = homolog and/or ortholog



Desired Outputs

For each organism
✦ assembled transcripts, quantitated and 

annotated

For pairs/groups of organisms
✦ *log clusters
✦ differential expression amongst genes 

and/or *logs
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What is Galaxy?

Web-based GUI for genomics that requires only a Web 

browser for everything: analysis, workflows, sharing, 

publication, and visualization

A public web service (http://usegalaxy.org) integrating a 

wealth of tools, compute resources, terabytes of reference 

data and permanent storage

Open source software that makes integrating your own 

tools and data and customizing for your own site simple
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Galaxy in a Nutshell

What you can do in Galaxy
✦ analysis interface, tools and datasources
✦ data libraries
✦ workflows
✦ visualization
✦ sharing
✦ Pages

Where you can use and build Galaxy
✦ public website
✦ local instance
✦ on the cloud
✦ tool shed/contributing tools
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Preprocessing Reads in Galaxy
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Quality Statistics

Box Plot

Groomer

Filter and/or Trim Reads

Blankenberg et al. Manipulation of 

FASTQ data with Galaxy. Bioinformatics. 

2010 Jul 15;26(14):1783-5.

http://www.bioinformatics.bbsrc.ac.uk/

projects/fastqc/

FastQC



Quality Statistics and Box 

Plot Tool
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FastQC
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FastQC
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FastQC
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Quality Filtering
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Overview: Single Organism, 

Genome but no Annotations
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Preprocess Reads

Annotate Quantitate

Assemble Transcripts

*log Clustering

Differential 

Expression

Quantitate

Assemble Transcripts

Differential 

Expression

single organism with 

genome, multiple samples



Genome but no Annotations

(using Galaxy)
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Map Reads Tophat

Genome-guided Assemble 

Transcripts and Quantitate 

Cufflinks

Differential Expression 

Cuffcompare, Cuffdiff

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

2. Trapnell et al. Transcript assembly and abundance estimation from RNA-Seq reveals thousands of new transcripts and switching

    among isoforms. Nature Biotechnology doi:10.1038/nbt.1621
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Quantitation

Read to transcript mapping difficult because read 

can map to multiple transcripts

FPKM = fragments per kilobase of exon per millions 

of reads
✦ normalize by exon length and sample size

1 FPKM ~ 1 transcript per cell in mouse
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Quantitation and 

Differential Expression
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Quantitation and 

Differential Expression
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Filtering

Filter for differentially 

expressed elements

Filter combined 

transcripts for those 

that are differentially 

expressed
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Overview: de novo
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Preprocess Reads

Annotate Quantitate

Assemble Transcripts

*log Clustering

Differential 

Expression

Assemble Transcripts

no genome or annotations



De Novo Assembly

Assemble reads by looking for overlap 

amongst reads and contigs
✦ k = starting overlap between reads

Highly resource intensive
✦ lots of memory and multiple cores required
✦ difficult to do with desktop computer

Wrappers coming to Galaxy soon
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De Novo RNA-seq Assemblers
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Robertson et al. (2010). "De novo assembly and analysis of RNA-seq data." Nature Methods 7(11): 909-912.

Grabherr et al. (2011). "Full-length transcriptome assembly from RNA-Seq data without a reference genome." Nat Biotechnol.

Trans-ABySS Trinity

basic idea
combine multiple 

DNA assemblies

single assembly 

oriented toward RNA 

runtime (24 cores) 7-9 days 1-2 days

disk space required huge small

scaffolding via PE reads yes no

strand-specific no yes
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De Novo RNA-seq Assemblers
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DNA assemblies

single assembly 

oriented toward RNA 

runtime (24 cores) 7-9 days 1-2 days

disk space required huge small

scaffolding via PE reads yes no

strand-specific no yes



>comp17428_c0_seq1_FPKM_all:10.443_FPKM_rel:10.443_len:198_path:[0]

AGAAAACTTTTTTTTGGTAAAACAAAACAATTTTCTATTTTTGCAGTAAAATTTACGAAT

CATAATTTTGGGGGAAAATTTTTGATATTAATGTAAACTTGTCATAAGAGGGGAAAATTG

TGATACATTTTCCGCCATCTTGTGGGACAAGCAGAAAGTATTATTTGACATTTCGTAAAT

TTTACTGTGCGGCTTGTT

>comp16008_c0_seq1_FPKM_all:15.937_FPKM_rel:15.937_len:460_path:[0]

TTCGACAGAGACCAGCTCCAGCGAATTCGGCAAGATTTAAGTCGCAGAAACCGAGTTTTT

GGTAGGACCTGCCTCCCTTCAATTCCTTTCTAACTGATATCCTTAGATTACAGGGGTCTA

AGACTCCAGTAGATGCATTGGCACTCATTTTACAAAGGAAGTCAAATTTTGCATTCCACC

TAACAGTGTGGTCCTGCACTTCCATTCTTGTGGAATTGTCGGTGAAGGAGCCATCCAGTA

GTCGAAGTTTGGCAAAGAGTACAGCACTGACGAAAGGCACAGCAGTCAGCTCCTCGAGAA

CAATTTCCACGGAAAATTTATATTTCTTCTTTTTCATCATGAATGCCATTTCACTCAACC

CCGGACACTTCACTTTGATCGCGCTTTCGGAGCTCTTGAGCTCTCAGGCACTTCACTTTC

CAGAAAATAATAATTCTTCGTTTATCAAAAAAAAGAAGAG

>comp17416_c0_seq1_FPKM_all:13.273_FPKM_rel:13.273_len:642_path:[0]

TCCTGACAAACAACGCCCCCTGCTTCGTTTGGCGAACGTTTTGGTACAACTTTAACTCCA

CAATCCGCAGATCTTGATAAACAAAATCCAAGAAAAATAGGATCAGCAATTTTAACAAGA

ATATTGTCTACTGAAAATACATGTACACTATTTATTCCGCGCTTCTTCATATTATCCAAT

ACGCCTTGGATTTTTAATGCACGATAAAGTCCTCCATTTCCATCTGGTGCTTTTGATATG

TGACATTTTTCATCCAATATTATTTTACCATCAAAAGTAAAACAGGGTAGCATCTCTTGT

TTAAATGCTTTTATATTTTCTTTCTTTAATCCAAAATAATCATTTTTTTCAAAATATAAT

AAAGTTGTTTCGTGAGTTGCTTCACTTGTCATAATATACCATGTAATATGACCATGTTTT

TTGAATTTTTCTTCAGCAAGTTCTTGTAGTTTACGAATTCTTAAAGCTTGCAAACGAAAT

AGAGTGCTGTGTGAAGGAAGTCCAACATCATACATTCCCTTGGGATAATTTACACCAAGT

CGAGTACCTTGACCTCCAGCCAATAAAAGTATAGCGACTCGACCATCGGAAATTTCCTTT
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Evaluating Assemblies

Expectations
✦ 80% reassembly = success

Statistics

Transcript length distribution
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n n:100 n:N50 min median mean N50 max sum

650976 64671 6276 100 198 618 1744 17063 4.00E+07

mean stdev 0% 25% 50% 75% 100%

1722 1352 30 832 1497 2208 81928
hg19
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Sequence Annotation de novo

1. If necessary, extract

    genomic DNA
✦ using GFF/features!

2. Annotation via HMMScan
✦ PFAM database
✦ http://hmmer.janelia.org/
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*log Clustering de novo

(Quasi-)Reciprocal BLA(s)T
✦ find best matches between two sets of 

transcripts
✦ repeat for more species

LastZ
✦ designed for long reads/contigs
✦ high-quality mapping amongst *log clusters
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Quantitation de novo

Read to transcript mapping difficult because 
read can map to multiple transcripts

FPKM = fragments per kilobase of exon per 
millions of reads

✦ normalize by exon length and sample size

1 FPKM ~ 1 transcript per cell in mouse
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RSEM de novo

Expectation-maximization model

Uses TPM, not FPKM
✦ when mean transcript length is 1k, 

1 TPM=1 FPKM

Be consistent
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Li, B., V. Ruotti, et al. (2010). "RNA-Seq gene expression estimation with 
read mapping uncertainty." Bioinformatics 26(4): 493-500. 



k71:94571! 34285.52!   0.00129541301452086! k71:94571
k70:110756u! 34714.33!   0.00147532810537204! k70:110756u
k72:79128u! 35163.91!   0.00139980345826473! k72:79128u
k71:95729u! 36039.45!   0.00164266197886051! k71:95729u
k73:62819u! 36888.41!   0.0018459751145641!    k73:62819u
k73:62364u! 37274.56!   0.00180992945323558! k73:62364u
k73:63082u! 37919.99!   0.00136337550194011! k73:63082u
k72:78714! 38233.64!   0.00237886076778222! k72:78714
k73:62636! 38362.56!   0.000375271843972168! k73:62636
k71:95841! 39041.42!   0.00189572242891473! k71:95841
k73:63028u! 39759.97!   0.0015827631212604!    k73:63028u
k72:78108! 40155.68!   0.00184053788631075! k72:78108
k71:93994! 40967.55!   0.00177806349073446! k71:93994
k74:38786u! 44067.87!   0.00220525090976878! k74:38786u
k72:78714! 38233.64!   0.00237886076778222! k72:78714
k73:62636! 38362.56!   0.000375271843972168! k73:62636
k71:95841! 39041.42!   0.00189572242891473! k71:95841
k73:63028u! 39759.97!   0.0015827631212604!    k73:63028u
k72:78108! 40155.68!   0.00184053788631075! k72:78108
k71:93994! 40967.55!   0.00177806349073446! k71:93994
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Differential Expression de novo

Simple: combine results from *log 

clustering and quantitation
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Summary

For each organism
✦ assembled transcripts, quantitated and 

annotated

For pairs/groups of organisms
✦ *log clusters
✦ differential expression amongst genes 

and/or *logs

43



Supported by the NHGRI (HG005542, HG004909, HG005133), NSF (DBI-0850103), Penn State 

University, Emory University, and the Pennsylvania Department of Public Health

Dan Blankenberg Nate Coraor

Kelly Vincent

Greg von Kuster

Enis Afgan Dannon Baker

Kanwei Li

Jeremy Goecks

Anton Nekrutenko
James Taylor

Dave Clements Jennifer Jackson

44



Thanks! Questions?

Slides: http://dl.dropbox.com/u/4745528/goecks_rnaseq_workshop_2011.pdf

Galaxy
✦ public server: http://usegalaxy.org
✦ download: http://getgalaxy.org

jeremy.goecks@emory.edu
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