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Galaxy: accessible analysis system

ools
Get Data

send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats
FASTA manipulation
Eilter and Sort
Joln, Subtract and Group
Extract Features
Feich Sequences
Fetch Alignments

Cet Cenomic Scores

Operate on Cenomic Intervals

alatistics
Graph/Display Data
Reqgional Yariation
Multipie regression
Multivariate Analysis
Evolytion
Metagenomic analyses

EMBOSS

NCS: QC and manipulation
NGS: Mapping

NCS: SAM Tools

NCS: Peak Calling

SNP/WGA: Data; Fllters
SNP/WCA: QC. LD, Plots

Galaxy

Here is what's happening..

Mapping Pipeline
for lllumina, 454,
and SOLiID

Live Quickies (more after May 17 .

Options

16: Draw phylogeny on a ¢
data 14

15: Summarize
taxonomy on data 13

14: Find lowest @® ¢

diagnostic rank on data 13

13: Feich raxonomic @ [

representation on data 12

12: Fillter on data 11

11: Join two Queries on @ (/

data 9 and data 10

10: Concatenale queries a [

on data 8 and data 7

9: Compute sequence
lenqth on data 6

8: Megablast on data 6

7: Megablast on data 6

6. Tabular-10-FASTA on
data S

5 Add column on data 4 @

4: FASTA-two-~Tabular on




What is Galaxy?

e A free (for everyone) web service integrating a wealth of tools,

compute resources, terabytes of reference data and permanent
storage

e Open source software that makes integrating your own tools and
data and customizing for your own site simple



Integrating existing tools into a uniform framework

| cluster.xml

=tool id="gops_cluster 1" name="Cluster"=
=description=[[Cluster]] the intervals of a query=/description=
<command interpreter="pythd
gops_cluster.py $inputl

-d $dists

Cluster
</ command=>
<inputs=
<param format="interval®
<label=Cluster interva
</param=
<param name="distance" si
<label=max distance bef
=/param=
<param name="minregions®
=label=min number of i 1
=/ param=>
<param name="returntype"®
<option value="1"=Margsg
<pption value="2"=Find
<pption value="3"=Find

Cluster intervals of:

1: UCSC Main on Huma..ne (genome) -

max distance between intervals:

min number of intervals per cluster:

<pption value="4">Find 2
<pption value="5"=Find
</param>

=finputs>

<help> Return type:

Merge clusters into single intervals

.. class:: infomark

gl **TIP:** If your query does rchJté

**¥Screencasts | ¥¥ ) c ) o1 o2 o c cir o
0 TIP: If your query does not appear in the pulldown

menu, It means L1t 1S not In Interv:
"edit attributes” to set chromosome, start, end, q

See Galaxy Interval Operatio
d .. Screencasts: http://www.b

strand columns

.. **oyntax**
Screencasts!

- *Maximum distance** is grdg
- ¥¥Minimum intervals per cli
- **Merge clusters into sing
- ¥*Find cluster intervals; (
4 - **Find m intervals: g

Line: 87 Column

See Calaxy Interval Operation Screencasts (right click to
open this link in another window)

Syntax

o Maximum distance is greatest distance in base

pairs allowed between intervals that will be

Defined in terms of an abstract
interface (inputs and outputs)

e In practice, mostly command
line tools, a declarative XML
description of the interface,
how to generate a command
line

Designed to be as easy as possible
for tool authors, while still
allowing rigorous reasoning



Galaxy analysis interface

Analyze Cata  Workflow Oealbaries 1Lad  Admin  Help User

e Consistent tool user interfaces
automatically generated

e History system facilitates and
tracks multistep analyses




Automatically tracks every step of every analysis

Map with Bowtie for Hlumina
7: Map with Bowtie for @ 0 p X4 Will you select a reference genome from your history or use a bullt-in index?:
lllumina on data 6 and data S Use a built-in index “
9,073,928 lines, format: sam, R SR e
. - Select a reference genome:
e aligned. mm9

e WV

Is this library mate-paired?.

alred- s
1 QNAME 2 FLAG 3. T

HWI-EAS269:3:1:1449:913 9 C Forward FASTQ file:
HWI<EAS269:3:1:1449:913 S: EL8 PE.1 Reads Gr..ed, Trimmed

HWI-EAS269:3:1:709:832
HWI-EAS269:3:1:709:832 c Reverse FASTQ file:
HTI-EAS269 <1422 - 1027 6: E18 PE.2 Reads Gr..ed, Trimmed

HWI-EAS269:3:1:1422:1087
D Maximum insert size for valid paired-end alignments (-X):

1000

JEr~ S (

The upstream/downstream mate orientation for valid paired-end alignment
against the forward reference strand (~~fr/--rf/--1f):

FR (for Mumina) &

Bowtie settings to use:

Commonly used

Suppress the header in the output SAM file:
v

Execute




As well as user-generated metadata and annotation...

History Options

Tags:
snp pileup bowtie
demo sample:el8

Annotation / Notes:

Perform a variant analysis with default
parameters to identify variants in sample
E18 that lie in annotated genes.

@ (R
sample E18

26,742 regions, format: interval,
database: mm9

Info:

Tags:
pileup sampleels8

sSnps

Annotation:

Find variants with
coverage >= 30 and

quality score >= 20.

| display at UCSC main | view in
CeneTrack | display at Ensembl

Current

68820356 6882037
14243075 14243076 &
14243079

144650382 14465083
14465083 14465084

14465084 14465085 T



Galaxy workflow system

~. Galaxy Analyre Data  wokfow  Outalbaries  Lab  Admin  Help  User

e Workflows can be constructed
from scratch or extracted from
existing analysis histories

e Facilitate reuse, as well as
providing precise reproducibility
of a complex analysis




Analyzing high throughput sequence data with Galaxy

e The Galaxy framework is generic, supporting a new type of analysis is
as simple as integrating tools

e Galaxy is well suited to large-scale analysis
e Allows tools to work with data in native, efficient formats

e Integrates easily with cluster computing resources



(some) Galaxy tools for sequence data analysis

NGS: QC and manipulation

FASTQ GCroomer convert
between various FASTQ quality
formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end
reads

column

Build base quality distribution

Select high guality segments

Combine FASTA and QUAL into
FASTQ

Convert SOLID output to fastq

Compute quality statistics for
SOLID data

Draw quality score boxplot for
SOLID data

Filter FASTQ reads by quality
score and length

Metagenomic analyses
Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

Map with Bowtie for lllumina

Map with BWA for lllumina

reference sequence

Megablast compare short reads
against htgs, nt, and wgs
databases

Parse blast XML output

« Map with Bowtie for SOLID

NGS: SAM Tools
NGS: Indel Analysis
NGS: Peak Calling
NGS: RNA Analysis

SNP/WCGA: Data; Filters

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

Filter SAM on bitwise flag
values

Convert SAM to interval

SAM-to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Cenerate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases

flagstat provides simple stats
on BAM files

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

SNP/WCA: Data; Filters

NGS: SAM Tools

NCS: Indel Analysis

Filter Indels for SAM

Extract indels from SAM

Indel Analysis

NGS: Peak Calling

MACS Model-based Analysis of
ChiP-Seq

CeneTrack indexer on a BED
file

Peak predictor on GeneTrack
index

NGS: RNA Analysis

Tophat Find splice junctions
using RNA-seq data

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

Cuffcompare compare
assembled transcripts to a
reference annotation and track
Cufflinks transcripts across
multiple experiments

Cuffdiff find significant changes
In transcript expression,
splicing, and promoter use




Input dataset
output

Input dataset
output

Input dataset

output

Input dataset

output

Tophat =4

RNA -Seq FASTQ file
RNA -Seq FASTQ file
jnctions (bed)

acceptad_hits (bam)

Tophat - 4

RNA-Seq FASTQ file

= RNA -Seq FASTQ file

junctions (bed)

accepted_hits (bam)

Input dataset b3
output

' Cufflinks

SAM or BAM file of aligned RNA-
Seq reads

Reference Annotation
genes_expression (tabular)
transcnpts_expression (tabular)
assembled_Isoforms (gtf)

Cufflinks

SAM or BAM file of aligned RNA-
Seq reads

Reference Annotation

genes_expresson (tabular)
transcripts_expression (tabular)
assembled_isoforms (gtf)

Cuffcompare

GTF file produced by
Cufflinks

CTF file produced by
Cufflinks

Reference Annotation
transcripts_accuracy (1xy
inputl_tmap (tabular)
Inputl_refmap (tabular)
input2_tmap (tabular)
input2_refmap (tabular)
transcripts_tracking (tabular)
transcripts_combined (gtf)

Cufrdiff
Transcripts

SAM or BAM file of aligned RNA-
Seq reads

SAM or BAM file of aligned RNA-
Seq reads

isoforms_exp (tabular)
genes_exp (tabular)
15S_qroups_exp (tabular)
cds_exp_fpkm_tracking (tabular)
isoforms_fpkm _tracking (tabular)
genes _fpkm tracking (tabular)
tss_groups_fpkm_tracking (tabular)
cds_fpkm_tracking (tabular)
splicing_diff (tabular)
promoters_diff (tabular)

<ds_diff (tabular)

Example: Workflow for differential expression analysis of RNA-seq using Tophat/Cufflinks tools




Community of tool developers



Calaxy Tool Shed

Community

Categories

Tools search Advanced Search

Browse by category
Browse all tools Name 4 Description
Login to upload Convert Formats Tools for converting data formats
Data Sourgce ools for retrieving data from external data sources

Fasta Manipulation 00ls for manipulating fasta data

Next Gen Mappers Tools for the analysis and handling of Next Gen sequencing data

Ontology Manipulation 00! manipulating ontologies
manipulating alignments in the SAM format
performing Protein and DNA/RNA analysis
SNP Analysis ools for single nucleotide polymorphism data such as WCA
Staristics 00lS for generating statistics
Text Manipulation Is for manipulating dat

Vdid

Visualization s for visualizing data

Display 3 menu




SO0 Calaxy Tool Shed

l “ l > | liﬁv;__“t:p':‘:’(cm”‘un:v.g? bx.psu.edu/

-_ Galaxy Tool Shed / (beta)

Community

Tools

Tools search Advanced Search
Browse by category
Browse all tools Name Description

Login to upload

Quickly match reads to a reference

genome or sequence file

Summarise an assembly (e.g. N50

assembiystats metrice)

Divide FASTQ file
paired and unpaired

reags

quality control
sequence data

Filter FASTA by ID from a tabular file

Version

Category

Next Gen

Mappers
ALLLT A TAM S

Fa
Ma
Sequence

Anal

35
F

fa

nipuiation

ySiS

Sequence

Analysis

Text
Man

oulation

Uploaded By

xonradpaszkiewicz

Average
Rating




SO0 Calaxy Tool Shed

l “ l > | liﬁv;__“t:p':‘:’(cm”‘un:v.g? bx.psu.edu/

-_ Galaxy Tool Shed / (beta)

Community View Tool

Tools This is the latest approved version of this tool suite Tool Actions ~

Browse by category

Mothur Metagenomics
Browse all tools

Tool 1d:

Login to upload
PPEIPS S Mothur_toolsuite

Version:
1.15.1

Description:
Mothur metagenomics commands as Galaxy tools

User Description:

rrovides MmAinxy Lo

Uploaded by:
{johnson

Date uploaded:
about ZZ2 hours ago

Categories

e Sequence Analysis

Tool Contents

Display 3 menu




Data management



Everything can be shared and published

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history accessible via link and published.

Anyone can view and import this history by visiting the following URL:

nttp://main.qg2.bx.psu.eduj/u/igoecks/h/variant-analysis-for-sample-el8

This history is publicly listed and searchable in Galaxy's Published Histories section.

You can:

Unpublish History
Jisables
section so t

Sharing History with Specific Users
You have not shared this history with any users.

Share with a user

Back to Histories List




SO0

[ | + }‘*http:,",'main.gZ.bx.psu.edar’root

Analyze Data  Workflow  Shared Data Lab  Visualization Admin Help  User

Options - Data Libraries History Options -

search tools

Get Data
Send Data Published Workflows

ENCODE Tools

; Published Visualizations S lines, format: tabular, database:
Lift-Over mma8&
Text Manipulation | Published Pages Info: Creating column 3 with

Convert Formats expression leg(cl,10)
kept 100.00% of S lines.

Published Histories

Wfinite Universe 7: Compute on data 6 @ (] %

FASTA manipulation
Filter and Sort
Join, Subtract and Group

Advanced fastQ 454 Mapping:
Extract Features ‘ manipulation: Single End . 0.0

Fetch Sequences tic quickie § s e # 15 2 0.0
Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics
Graph/Display Data 6: Pasted Entry ® ] R

S lines, format: tabular, database:
mma

Info: uploaded tabular file

.602059531326
L778151250284

Regional Variation
Multiple regression The Galaxy team is a part of BX at Penn State.

Multivariate Analysis This project is supported in part by NSF, NHGRI, The Huck
Evolution Institutes of the Life Sciences, and The Institute for
Metagenomic analyses CyberScience at Penn State.

Human Genome Variation Calaxy build: SRev 4802:ea7b055efbfa$
v
EAADIONE L

Display a menu




{| + | http://main.g2.bx.psu.edu/library

Analyze Data Workflow Shared Data Lab  Visualization Admin Help

GlE-ER4 Cells +
MEL Yale Cells +
Enriched +«

CTCF ChIP-seq +

CH12 Cells -

Pooled *

Replicate 1 =

Feb2010 In7 CTCF CH12 groomed + dan@bx.psu.edu

eads

MACS peak calls (broadPeak) = dan@bx.psu.edu

Mapped Tags (BAM) + dan@bx.psu.edu

Tag Counts (bigWig) ¥ dan@bx.psu.edu

Replicate 2 +

GIlE Cells +

Display a menu




Analyze Data Workflow Shared Data Lab  Visualization Help

Other information about 01Feb2010_In7 CTCF CH12 groomed reads

Term - Cell Type
CH12

Description
B-cell lymphoma (GM12878 analoq)
Description of the cel Please s

FA- odewikKi.ucsc.egu

| "’r-; {

Target

CTCF

L al ywab

Lab
Hardison

\A/lx o - ~ . o s =1a
Yy 4 S YOU Ji aly

Sample generated by
Cheryl Keller
Antibody Name
CTCF

\A/) ) rh
ywhat IS the name or the

Antibody Manufacturer

Millipore

___Antibody Catalog Number
Display a menu




Sample Tracking



Lab: Sequencing Request Tracking

PACIFIC
BIOSCIENCES”

illumina

Analyze Data

Data Library “Windshield splatter”

Name

Trip A Left Side QV ¥

Trip A Right Side QV ¥

Trip A Right Side Reads ¥

Trip B Left Side Reads ¥

Trip B Right Side Qv ¥

Trip B Right Side Reads ¥

For selected items

Import into your current histo




eno0

| - l » ||+ |63 hitp: / /localhost: 8080/ requests

Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help

Browse requests

Create a new sequencing request

Select a request type configuration

L |

Pacific Biosciences 'y

Name of the Experiment

snall transcriptome

Description

Scientific Contact

Select one

Display a meru

Lab: Sequencing Request Tracking Customers create their own requests




eno0

| - l [ + |63 hup://localhost: 8080/ requests

Visualization Admin

Request Actions
Add Samples to Sequencing Request "Snail transcriptome”

Name State Data Library Folder History Workflow

Sample 1 Select one Select one 54 Lambda Mistory g lambda

In D It ' AM

Coverage (gff)

Reference Cenome

lambda ref.fasta

¥ Additional information

Copy 1 samples from sample
Add sample

¥ Import sampies from csv file

Desplay a meny

Lab: Sequencing Request Tracking Customers add samples, cand define library to deposit in and/or workflows to run




AAA Galaxy Administration

Analyze Data  Workflow Shared Data Lab Admin Help User

Administration

Sequencing Requests Create new request
Security

« Manage users search Advanced Search

« Manage groups s
st
= Manage roles Name Description Sequencer Updated State
T

Data

= Manage a libraries Customer v Core 14 In

pa minute nate@bx.psu.
Lab 1 Facility 454 200 Lo Progress ate@hx.psu.edu

Server
= Reload a tool's configuration

For O selected requests: Delete Undelete
= Profile memory usage

= Manage jobs
Forms
= Manage forms

Sample Tracking
» Sequencer configurations

= Sequencing reque
= Find samples

Lab: Sequencing Request Tracking Facility managers monitor requests




AAA Galaxy Administration

Analyze Data  Workflow Shared Data Lab Admin Help User

Administration Sequencing Request "Customer Lab 1" Sequencing Request Actions v  Browse requests
Security

= Manage users
« Manage groups

= Manage roles

Sequencer. Core Facility 454 User: nate@bx.osu.edu | State

I*! Request Information

Data
= Manage a libraries

Sample Information

Server Name State Data Library Folder Datasets Transferred

= Reload a tool's configuration
v Sample 1 New Cystomer Lab Customer Lab

= Profile memory usage

= Manage jobs

Forms Change current state

o

For selected samples: | Change state v

« Manage forms Sample Received o

Sample Tracking Comments

» Sequencer configurations
= Sequencing reque
= Find sgmmes

Save Cancel

EQit samples

Lab: Sequencing Request Tracking Lab staff manage sample state




AAA Galaxy Administration

Analyze Data  Workflow Shared Data Lab Admin Help User

Administration Sequencer configuration “"Core Facility 454" Browse this request
Security

= Manage users
« Manage groups

= Manage roles

Select files for transfer

Sample:

Sample 1 184

Select the s

Data

Folder path on the sequencer:
= Manage a libraries

/data/runl/ List contents Up
Server
= Reload a tool's configuration irunl.fa

runl.qv

» Profile memory usage

= Manage jobs
Forms
= Manage forms

Sample Tracking
= Sequencer configurations

= Sequencing requests
= Find samples

Select & show datasets Select more

Lab: Sequencing Request Tracking Simple data management: manual transfer to Galaxy Data Libraries




eno

4| >} 4 63 http:/ flocalhost: 8080 /requests

~_ Galaxy Workflow  Shared Data Lab  Visualization Admin  Help

Request Actions

Sequencing request “Snall transcriptome”

Current state:

Description

User

Ames. tayiorgemaory

Request type

’ More

Samples

Name Barcode Data Library History Workflow Run Datasets

Sampie 1 LAamDda Hist« dmoCa

¥ Additional information

Display 3 mesy

Lab: Sequencing Request Tracking Automatic transfer, data loaded into Galaxy and workflow run with no intervention




Sample tracking is completely extensible

e Track manually, with barcodes, or integrate with an existing LIMS

e Everything is configuration driven, capture whatever data and
support whatever workflow you want

e Interaction with sequence instruments and secondary analysis is
completely pluggable

e Forservices that provide a web / REST APl even easier



Making Galaxy your own



Building local Galaxy instances

e Galaxy is designed for local installation and customization
e Just download and run, completely self-contained
e Easily integrate new tools
e Easy to deploy and manage on nearly any (unix) system

e Run jobs on existing compute clusters



Scale up on your cluster

Move intensive processing (tool execution) to
other hosts

f '\ CLUSTER

Frees up the application server to serve requests -
and manage jobs

Utilize existing resources GRID E e Garess™
Supports any scheduler that supports DRMAA Platforin
(most of them) Computing
It's eas

But, requires an existing computational resource
on which to be deployed



Cloud computing / Infrastructure virtualization

e Computing using resources acquired on demand

e Virtual infrastructure allows for (potential) economies of scale, and
(definite) improvements to management automation

e Cloud-style deployment provides a solution both for users without
dedicated compute resources, and for simplifying deployment and
management



Using Amazon EC2: Startup in 3 steps

AWS Management Console

Welcoma, Jammm Tayler

Amazon £C2 AWS Management Console

Request Inst M

- 5 3 2 . : ‘ ' 2 oW rar

Welcome, Jamen Taylos

ashboard
AWS Management Con
Amazon £C2 Request Instanc ket -~

instances
Welcamae, James Taylor

Spat Requests - Region:
Number of Instan
FC2 Danhboard

AMIa Availability Zone Amazon £C2

Bundlo Taska

Spot Heguests Region

Volumes
Snapahods
AMI s Kerne! 1D

Sisstie 1Pe Bundie Tashks RAM Disk 1D

Sacurity Groupm Monzoring
Koy Pairs Volumes

Load Dalancers Snapshota User Data

Clastsc 1Ps

Security Groupe

Koy Pairs

Load Balancers

0 EC2 Inatances se

AMAION ZO7




Loading “M1p

Terminal

Status

Cluster namae
Disk status:
Worker statu

Service statu

3-83 compute- ] Amarinaws com d”, completed 1S

renning this cluste

Calaxy Cloud

oudmar NS spplicat vil olg you to m age this Coud and the services provided

gata volume size. Once the gata ¢

will start and you b 0 rem ditional sérvices as well as ‘worker

Initial Cluster Configuration

S of 20 items



Tools

Cet Data

Text Man pulation
Filter and Sort

Join, Subtract and Croup

Operate on Genomic Intervals

Graph/Display Data

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

Welcome to Galaxy on the Cloud

Options




Can use like any other Galaxy instance, with additional compute
nodes acquired and released (automatically) in response to usage



Visualization
(beta)



Analyze Data

Options «

search tools

Get Data
Send Data

ENCODE Tools
Lift-Over
Text Manipulation

Convert Formats
FASTA manipulation
Filter and Sort

Workflow

Edit Attributes

Name:

'Tophat on data 23 and data 22: cover:

Info:

tophat -o /space/g2main/tmpTxoC4u>

Annotation / Notes:

None

Shared Data Lab Visualization

Admin

Help  User

History Options -

26: Tophatondata23 @& {7 %
and data 22: splice junctions

25: Tophatondata23 @& (¢ X
and data 22: coverage
34,232,429 regions, format:
bedgraph, database: mma8

Info: tophat -0
/space/g2main/tmpTxoC4u -p 4 -
r 140

/galaxy/data/mm8/bowtie_index/mn
/galaxy/home/g2main/galaxy_main/i
/galaxy/home/g2main/galaxy_main/i

Join, Subtract and Group

Extract Features
Fetch Sequences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Database/Build:

Mouse Feb. 2006 (NCBI36/mm8) (mm!‘

Number of comment lines:

Chrom column:

1 54
Start column:
2 %)

| display at UCSC main | view in
GeneTrack | display at Ensembl
August 2007

1.Chrom 2.5tart S
treck typesbedGraph nanes"TopHat -~
chri 0
chrl 30068533
chri 2005609
chrl 3023911
chri 3023937
w

¢

Integration with existing popular browsers, including mirrors and local browsers




Analyze Data Workflow Shared Data Lab  Visualization Admin Help

Unnamed (lambda_NEB3011) lambda_NEB3011 - 9456 - 11,821 > Add Tracks | Save | Close

Display a menu

Visualizing aligned reads in trackster




Analyze Data Workflow  Shared Data  Visualization Help User

Visual Analytics Test (test_build) Add Tracks Save

test_chromosome

200

Cufflinks
Max Intron Length [300000]
Min Isoform Fraction [0.05]
Pre MRNA Fraction [0.05]
Min SAM Map Quality [0]

Run

Visualization integrated with tools: visual analytics in trackster




Publishing analysis



Sharing and publishing

e All analysis components

~. Galaxy Analyre Data  Wokfow  OuialBaries Lab  Admin  Help  User

(datasets, histories, workflows)
Windshield splatter analysis with the Galaxy metagenomic pipeline:

o P B s | can be shared among Galaxy
users and published

e Pages and annotation allow
analaysis to be augmented with
textual content and provided in
the form of an integrated

document



Sharing and publishing

Calaxy | Publahed Page nawnield Splatter

Andlyre Data  Workfow  Oeta Lbraries  Lad  Admin Melp User

Windshield splatter analysis with the Galaxy metagenomic pipeline:
A live supplement

nA

How 1o use this document

Convert Fovrm

FASTA manip

g and Mecan
01000 LB e oD ATy | Lampletnd b of & aes




Try it now: Develop and deploy:
http://usegalaxy.org http://getgalaxy.org


http://getgalaxy.org
http://getgalaxy.org
http://usegalaxy.org
http://usegalaxy.org
http://usegalaxy.org
http://usegalaxy.org

