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The Question

What can | do with my lllumina RNA-seq
reads from my non-model organism(s)
using open source software?




The Question

GBs of short, paired-end seq reads

What can | do with my IIIumlna RNA-seq

no gene annotation, per snogenome |

reads from my Non-mo el organism(s)
freely available to all, reprfduable

usmg open source so WEIGKH
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http://www.fml.tuebingen.mpq.de/raetsch/members/research/transcriptomics




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 lllumina 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 [llumina
100bp paired-end reads per venom
+  NO genome or annotations




Overview

Preprocess Reads

v

Assemble Transcripts

S

*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




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




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
+ onthecloud
+ tool shed/contributing tools
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Options ~

Cet Data
Send Data
ENCODE Tools
Lift-Over
Text Manipulation
Convert Formats
FASTA manipulation
Filter and Sort
loin, Subtract and Group
Extra
Feich Sequences
Fetch Alignments

1 nomk
Operate on Genomic Intervals
Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Motif Tools
Multiple Alignments
Metagenomic analyses
Human Genome Variation
Cenome Diversity
EMBOSS

NCS TOOLBOX BETA

NGS: QC and manipulation
NGS: Mapping
NGS: SAM Tools

NGS: Indel An i

NGS: Peak Calling
NGS: RNA Analysis

NGS: Picard (beta)

RGENETICS

Analyze Data Workflow Shared Data Visualization Admin Help User

Tophat

Will you select a reference genome from your history or use a built-in index?:
Use a built-in index $

Bullt~ins were Indexed using de

Select a reference genome:

Human (Homo sapiens): hg19 Canomi

f your genome of Interest Is not listed, cc

Is this library mate-paired?:
Sangle-end o4

RNA-Seq FASTQ flle
2 imported GM12878. ple Daraser

ave Sanger-scaled quality values w

TopHat settings to use:
Use Defaults -

Execute

Tophat Overview

TopHat Is a fast splice junction mapper for RNA-Seq reads. It aligns RNA-Seq reads to mammalian-sized genomes

using the ultra high-throughput shor read aligner Bowtie, and then analyzes the mapping results 1o identify splice

junctions between exons. Please cite: Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions

with RNA-Seq. Bloinformatics 25, 1105-1111 (2009)

Know what you are doing
There is no such thing (yet) as an automated gearshift in splice junction identification. It is all like stick-shift
driving in San Francisco. In other words, running this tool with default parameters will probably not give you
meaningful results. A way to deal with this Is to understand the parameters by carefully reading the
documentation and experimenting. Fortunately, Galaxy makes experimenting easy.

Input formats

Tophat accepts files in Sanger FASTQ format. Use the FASTQ Groomer 1o prepare your files

Outputs
Tophat produces two output files

e junctions -- A UCSC BED track of junctions reported by TopHat. Each junction consists of two connected BED
blocks, where each block is as long as the maximal overhang of any read spanning the junction. The score is

Options +

| 82: Cufflinks on data 20 ® J &
and data 70: assembled
transcripts

81: Cufflinks ondata 20 @ ( 8
and data 70: transcript
expression

It

| 80: Cufflinks on data 20 ® { &
| and data 70; gene expression

| 76: Cufflinks for ®0%
! CM12878: assembled transcripts

| 75: Cufflinks ondata 20 @ J 22
' and data 70: transcript
| expression

| 74:Cufflinks ondata 20 @ J &
! and data 70: gene expression

9

| 62: Cuffdiff on data 18, @ { ¢
| data 20, and data 33: transcript

| EPKM tracking

bl

| 61: Cuffdiffondata 18, @ 7 &
i data 20, and data 33: transcript

Lé differential expression testing

|

60; Cuffdiff on data 18, @ J 2
racking
I

59: Cuffdiff on data 18, @ 7 &8
data 20, and data 33: gene
ifferential n in

|
|
|
|
)

data 20, and data 33: TSS groups
FPKM tracking

!
|
|
!
| 58: Cuffdiffon data 18, @ 0 3¢
!
]




Overview

Preprocess Reads




Preprocessing Reads in Galaxy

Groomer

Quiality Statistics FastQC
Box Plot /
Blankenberg et al. Manipulation of http://www.bioinformatics.bbsrc.ac.uk/

FASTQ data with Galaxy. Bioinformatics. proiects/fastqc/
2010 Jul 15;26(14):1783-5.

\) Filter and/or Trim Reads




Quality Statistics and Box
NGS: QC and manipulation Plot TOOI

FASTQ Groomer convert
between various FASTQ quality Graph/Display Data
formats

FASTQ splitter on joined paired

end reads

= Histogram of a numeric column

= Scatterplot of two numeric
columns

FASdT joiner on paired end = Plotting tool for multiple series

reads and graph types

FASTQ Summary Statistics by

= Boxplot of quality statistics

column
Quartiles ———
Medians ——
Outliers
Box plot in Galaxy
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FastQC

Workflow  Shared Data  Visualization Admin  Help

00 G

n.g2.bx.psu.edu

Tools Options History Options

fastqc QFaStQC Report

NGS: QC and manipulation

ine FASTA and QUAL into Mon 20 Jun 2011 120; FastQC.html| ® 3
11.6 Kb

dataset_1750787.dat format: html, database: hgl8

Fastqc; Fastge QC using FastQC

from Babraham Summary

HTHL file

Workflows

.
V) Basic Statistics

@ Per base sequence quality

>
v | :
ot Per sequence quality scores 13, and data 29: transcript

differential expression testing

Z

V) Per base sequence content

117: Cuffdiff on data 11, @ § 3¢

Per base GC content data 13, and data 29: gene FPKM
tracking

Per sequence GC content '
~ rersequenc 1 116; Cuffdiff on data 11, ® { 3¢

e
a data 13, and data 29; gene
_,: Perbase N content differential expression testing

Sequence Length Distribution 115: Cuffdiff on data 11, ® 7 8

data 13, and data 29: TSS groups
Sequence Duplication Levels FPKM tracking

Qverrepresented sequences 114: Cuffdiff on data 11, ® [ 32
data 13, and data 29: TSS groups
diffe _expression testing

Kmer Content

113: Cuffdiff on data 11, ® { 3¢

data 13, and data 29: CDS FPKM
tracking

d Basic Statistics 112: Cuffdiff on data 11, @ { 3¢
data 13, and data 29: CDS FPKM
Filename dataset_1750787.dat 111: Cuffdiff on data 11, ® £ 3%

data 13, and data 29; CDS

File type Conventional base cal :
aE overloading diffential expression 4

Encoding Sanger / Illumina 1.9 testing v
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Tools Options ~

search tools

Cet Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group

Fetch Sequences

F Alignmen

Get Genomic Scores
Operate on Genomic Intervals
Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Variation

EMBOSS

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

NGS: Picard (beta)

FastQC

Analyze Data Workflow  Shared Data Visualization Admin Help

+

(% Per base sequence quality

Quality scores acr

0ss all

=

Fos#ion in read (bp)
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Tools Options ~

search tools

Cet Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Convert Formats

FASTA manipulation

Filter and Sort

loin, Subtract and Group

Extract Features

Fetch Sequences

F Allgnmen

le anomoc ggrgs

Operate on Genomic Intervals

Statistics

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses
man riats

Cenome Diversity

EMBOSS

NGS: QC and manipulation
NGS: Mapping
NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

NGS: Picard (beta)

main.g2.bx.psu.edu

FastQC

Analyze Data Workflow Shared Data Visualization Admin Help User

+

=
G Per sequence quality scores

Quality score distribution over all sequences

24 2%

16 18 20 22
Mean Sequence Qualty (Phred Score)




Quality Filtering

Filter FASTQ

FASTQ File:
7: FASTQ Trimmer on data 2 =

Requires groomed data: if your data does not appear here try using the FASTQ groomer

Minimum Size: Quality Filter on a Range of Bases

0 Quality Filter on a Range of Bases 1
Maximum Size: Define Base Offsets as:
0 _Absolute Values %

naximum size less than 1 indicates no limit Absolute for fixed Hlu d,

Minimum Quality:

0.0
0
Maximum Quality: Values start at 0, increasing from the left
0.0 Offset from 3' end:
A maximum quality less than 1 indicates no nit
u | | 0
Maximum number of bases allowed outside of quality range: Values start at 0, increasing from the r
0 Aggregate read score for specified range:
This is paired end data: min score v
— Keep read when aggregate score is:
Quality Filter on a Range of Bases >= v
Add new Quality Filter on a Range of Bases Quality Score:

0.0
Execute

Remove Quality Filter on a Range of Bases 1

Add new Quality Filter on a Range of Bases

Execute




Overview: Single Organism,
Genome but no Annotations

Assemble Transcripts

\

Quantitate

—
single organism with

genome, multiple samples Expression

18




Genome but no Annotations
(using Galaxy)

NGS: RNA Analysis

Map Reads Tophat Tophat Find splice junctions
using RNA-seq data

* Cufflinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Genome-guided Assemble

Transcripts and Quantitate assembled transcripts to a
Cufﬂinks reference annotation and track
Cufflinks transcripts across
multiple experiments

Cuffcompare compare

Cuffdiff find significant changes
in transcript expression,

Differential Expression ARSI, ahc: PROIONEY, LSe
Cuffcompare, Cuffdiff

Filter Combined Transcripts
using tracking file

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

19




Tophat

Will you select a reference genome from your history or use a built-in index?:

_Use a built-in index

Select a reference genome:
Human (Homo sapiens): hg18 Canonical

Is this library mate-paired?:
Single-end 5

RNA-Seq FASTQ file:

1: imported: h1-hESC..ple Dataset

M

TopHat settings to use:
Use Defaults

You can use

Execute

Cuffdiff

Transcripts:

29: Cuffcompare on da..transcripts ﬂ

Perform replicate analysis:
No %4

SAM or BAM file of aligned RNA-Seq reads:
11: Tophat on data 9:..cepted_hits "4

SAM or BAM file of aligned RNA-Seq reads:
13: Tophat on data 1:..cepted_hits 4]

False Discovery Rate:

0.05

Min Alignment Count:
1000

Perform quartile normalization:
No |4

Perform Bias Correction:
Yes b4

Reference sequence data:

_Locally cached |

Set Parameters for Paired-end Reads? (not recommended):

No %)

Execute )

Cufflinks

SAM or BAM file of aligned RNA-Seq reads:
13: Tophat on data 1:..cepted_hits [+]

Max Intron Length:
300000

Min Isoform Fraction:
0.05

Pre MRNA Fraction:

0.05

Perform quartile normalization:
No -+

Use Reference Annotation:
No }7]

Perform Bias Correction:
Yes 4]

Reference sequence data:
Locally cached 4]

Set Parameters for Paired-end Reads? (not recommended):

No %)

Execute

Cuffcompare
GTF file produced by Cufflinks:
21: Cufflinks on data..transcripts
Additional GTF Input Files
Additional GTF Input Files 1

GTF file produced by Cufflinks:
18+ Cufflinks on-data:transcripts~

{_Remove Additional GTF Input Files 1

Add new Additional GTF Input Files )

Use Reference Annotation:
No &

Use Sequence Data:

=+

B

Choose the source for the reference list:

Locally cached & |




localhost 8
Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User

GCC3: Running Tools (hg19) B 1,524,743 - 1,591,145 £ J Options
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) localhost- 8080 /tracks

ISMB2: Dynamic Filtering (hg19)
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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




Quantitation and
Differential Expression

.+

Shared Data  Viswalization Admin Help

06-812266
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Quantitation and
Differential Expression

coverage




Filtering

Filter

Fi Ite r fO r d iffe re ntia I Iy F;I;Z'::Caffcompare on da..transcripts :
expressed elements | RG—_——G_c-

cl4=="yes'

Double equal signs, ==, must be used as

( Execute )

Filter combined
transcripts for those e e e

130: Cuffcompare on da..transcripts ' |

th at a re d iffe re ntia I Iy Cuffcompare tracking file:

130: Cuffcompare on da..transcripts »

eXpressed Sample Number:

1

( Execute )




Overview: de novo

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




De Novo RNA-seq Assemblers

Trans-ABySS Trinity

combine multiple single assembly

basic idea DNA assemblies | 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

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.
29




De Novo RNA-seq Assemblers

Trans-ABySS Trinity

combine multiple single assembly

basic idea DNA assemblies [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

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.
30




De Novo RNA-seq Assemblers

Trans-ABySS Trinity

combine multiple single assembly

basic idea DNA assemblies [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

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.
31




>compl7428 c0 seql FPKM all:10.443 FPKM rel:10.443 len:198 path:[0]
AGAAAACTTTTTTTTGGTAAAACAAAACAATTTTCTATTTTTGCAGTAAAATTTACGAAT
CATAATTTTGGGGGAAAATTTTTGATATTAATGTAAACTTGTCATAAGAGGGGAAAATTG
TGATACATTTTCCGCCATCTTGTGGGACAAGCAGAAAGTATTATTTGACATTTCGTAAAT
TTTACTGTGCGGCTTGTT

>compl6008 cO0 seql FPKM all:15.937 FPKM rel:15.937 len:460 path:[0]
TTCGACAGAGACCAGCTCCAGCGAATTCGGCAAGATTTAAGTCGCAGAAACCGAGTTTTT
GGTAGGACCTGCCTCCCTTCAATTCCTTTCTAACTGATATCCTTAGATTACAGGGGTCTA
AGACTCCAGTAGATGCATTGGCACTCATTTTACAAAGGAAGTCAAATTTTGCATTCCACC
TAACAGTGTGGTCCTGCACTTCCATTCTTGTGGAATTGTCGGTGAAGGAGCCATCCAGTA
GTCGAAGTTTGGCAAAGAGTACAGCACTGACGAAAGGCACAGCAGTCAGCTCCTCGAGAA
CAATTTCCACGGAAAATTTATATTTCTTCTTTTTCATCATGAATGCCATTTCACTCAACC
CCGGACACTTCACTTTGATCGCGCTTTCGGAGCTCTTGAGCTCTCAGGCACTTCACTTTC
CAGAAAATAATAATTCTTCGTTTATCAAAAAAAAGAAGAG

>compl7416 c0 seql FPKM all:13.273 FPKM rel:13.273 len:642 path:[0]
TCCTGACAAACAACGCCCCCTGCTTCGTTTGGCGAACGTTTTGGTACAACTTTAACTCCA
CAATCCGCAGATCTTGATAAACAAAATCCAAGAAAAATAGGATCAGCAATTTTAACAAGA
ATATTGTCTACTGAAAATACATGTACACTATTTATTCCGCGCTTCTTCATATTATCCAAT
ACGCCTTGGATTTTTAATGCACGATAAAGTCCTCCATTTCCATCTGGTGCTTTTGATATG
TGACATTTTTCATCCAATATTATTTTACCATCAAAAGTAAAACAGGGTAGCATCTCTTGT
TTAAATGCTTTTATATTTTCTTTCTTTAATCCAAAATAATCATTTTTTTCAAAATATAAT
AAAGTTGTTTCGTGAGTTGCTTCACTTGTCATAATATACCATGTAATATGACCATGTTTT
TTGAATTTTTCTTCAGCAAGTTCTTGTAGTTTACGAATTCTTAAAGCTTGCAAACGAAAT
AGAGTGCTGTGTGAAGGAAGTCCAACATCATACATTCCCTTGGGATAATTTACACCAAGT
CGAGTACCTTGACCTCCAGCCAATAAAAGTATAGCGACTCGACCATCGGAAATTTCCTTT




Evaluating Assemblies

Expectations
+ 80% reassembly = success

Statistics

‘ n ‘n:lOO‘n:NSO‘ min ‘median‘ mean ‘ N50 ‘ max ‘ sum

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

Transcript length distribution

‘ mean ‘stdev‘ 0% ‘ 25 %

hg19
‘ 1722 ‘ kLY, ‘ 30 ‘ 832 ‘ 1497 | 2208 ‘ 81928‘

33




& 0@ Gy Accessible Work!!
« > C “ main.g2.bx.psu.edu

:: G.Iaxy Asalyze Data  Workflow Shared Data  Visualization Admin  Help  User

Accessibie Workflow | Cene/mRNA length statistics O Impont workllow About this Workflow

Galaxy Workflow ' Gene/mRNA length statistics' "
Author

Step Annotation
jeremy
Requiressents ) one jing element. (b ment names have

Step 1: Input dataset
Ld P form [parent_name]idelimiter|[element_name Related Workflows

BED file of coding elements
All publishe

SETOCt M runtime 7
Published workliows by remy

Ratin
Step 2: Convert Separate parent name and element name. Typ 9
annotation files and for mENA annota

Convert all

in Query

Output dataset ‘'output’ from step 1
nity: none
Step 3: Compute Compute length of each efement v- 90
Add expression

3-c2

a5 2 new column to

Output dataset

Round resulit?

NO

Create table of parent element
sum on column §; for mRNA datasets, typically

Step 4: Croup
Select data
Qutput dataset ‘out tilel” from step 3
Group by column
4 (value not yet validated
ignore case while grouping?
False
Operations
Operation 1

Type

Ciont

On column

Round result to nearest integer?

N0

Compute S1alIStICs across A parent elements

Step 5 Summary Statistics

Summary statistics oa

Output dataset ‘out_filel’ from step 4




Overview

*log Clustering

/

Differential
Expression




Sequence Annotation denovo

1. If necessary, extract

genomic DNA
+ using GFF/features!

2. Annotation via HMMScan

+  PFAM database
+ http://hmmer.janelia.org/

Extract Genomic DNA

Fetch sequences for intervals in:
130: Cuffcompare on da..transcripts

Interpret features when possible:
Yes i+

Source for Genomic Data:

Locally cached | Crl

Output data type:
FASTA '+

Execu

hmmscan

HMM Db:
HMM Database in your History |+

HMM database:
2: My HMMDB

Sequences:
} FASTA sequences

-acc] Prefer accessions over names in output:

[--noali] Omit the alignment section from the main output:

the olume
Select reporting threshold to control which hits are reported in output files:

Using E-value thresholds

[~E] Report target profiles with E-value of <= this value:
10.0

The de 0 bo

[--domE] In the per-domain output, for target profiles that have already satisfied the per-profile reporting
threshold, report individual domains with a conditional E-value of <= this value:

100




hmmer janelia.org
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HUMAN@
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Pfam Domains
el )
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Show h

Distribution of Significant Hits

Evaie Alignment

show

1
1 show

Rattus
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show
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*|Og CIUStering 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




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




RS EM de novo

Expectation-maximization model

Uses TPM, not FPKM

+ when mean transcript length is 1k,
1 TPM=1 FPKM

Be consistent

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

40




294571 34285.
:110756u 34714.
:79128u 35163.
:95729u 36039.
$62819u 36888.
:62364u 37274.
:63082u 37919.
:78714 38233.
2162636 38362.
:95841 39041.
:63028u 39759.
:78108 40155.
93994 40967.
:38786u 44067.
278714 38233.
2162636 38362.
:95841 39041.
:63028u 39759.
£78108 40155.
93994 40967.

.00129541301452086 k71:94571
.00147532810537204 k70:110756u
.00139980345826473 k72:79128u
.00164266197886051 k71:95729u
.0018459751145641 k73:62819u
.00180992945323558 k73:62364u
.00136337550194011 k73:63082u
.00237886076778222 k72:78714
.000375271843972168 k73:62636
.00189572242891473 k71:95841
.0015827631212604 k73:63028u
.00184053788631075 k72:78108
.00177806349073446 k71:93994
.00220525090976878 k74:38786u
.00237886076778222 k72:78714
.000375271843972168 k73:62636
.00189572242891473 k71:95841
.0015827631212604 k73:63028u
.00184053788631075 k72:78108
.00177806349073446 k71:93994

O OO OO OO OOO0ODO0OO0OODOOOOOOoOOoOOo




Differential Expression denovo

Simple: combine results from *log
clustering and quantitation




Summary

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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Thanks! Questions?

S||deS: http://dl.dropbox.com/u/4745528/qoecks rnaseq workshop 2011.pdf

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

jeremy.goecks@emory.edu




Overview

Have reference genome; de novo: no genome
no gene annotation or gene annotation

Assemble Transcripts

Assemble Transcripts

and Quantitate ¥log Clustering Quantitate

Expression
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