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Are data intensive techniques accessible to researchers?

e For example, high-throughput sequencing:

e Increasingly availability of instruments, with different strengths,
enabling a huge number of high-throughput functional assays

e However, making use of these techniques requires sophisticated
and computationally intensive approaches



Fundamental questions

e When Biology (or any science) becomes dependent on computational
methods:

e How can those methods best be made accessible to scientists?

e How best to facilitate transparent communication of those
analysis?

e How best to ensure that analysis are reproducible?



A crisis in genomics research:
reproducibility



Key Reproducibility Problems

e Datasets: not all available, difficult to access
e Tools: inaccessible, hard to record details

e Publication: results, data, methods separate



Microarray Experiment Reproducibility

e 18 Nat. Genetics microarray gene expression experiments
e Lessthan 50% reproducible
e Problems

e missing data (38%)

e missing software, hardware details (50%)

e missing method, processing details (66%)

loannidis, J.P.A. et al. Repeatability of published microarray gene expression analyses. Nat Genet 41,
149-155(2009)



Galaxy: accessible analysis system

Tools

Get Data

send Data

ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats
FASTA manipulation
Eilter and Sort

Join, Subtract and Croup
Extract Features
Feich Sequences
Fetch Alignments

Cet Cenomic Scores

Operate on Cenomic Intervals

tatistics
Graph/Display Data
Regional Yariation
Multipie regression
Multivariate Analysis
Evolytion
Metagenomic analyses
EMBOSS

NCS: QC and manipulation
NCS: Mapping

NCS: SAM Tools

NGS: 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
data 14

15: Summarize

taxonomy on data 13

14: Find lowest @

diagnostic rank on data 13

13: Feich taxonomic @

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: Megablastondata 6 @ (

7: Megablast on data 6

6. Tabular-10-FASTA on
data S

S: Add columnon data 4 @ [

4: FASTA-two-~Tabular on

v

2




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 Groomer convert
between various FASTQ quality
formats

» FASTQ splitter on joined paired
end reads

= FASTQ |oiner on paired end
reads

« FASTQ Summary Statistics by
column

« Build base gquality 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

s FASTO Trimmer bv column

Metagenomic analyses

Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

« Map with Bowtie for lllumina

« Map with BWA for lllumina

= Lastz map short reads against
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

CAMDIMVIC AN 1 T+ Dintre

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

hacpce
Dd 55

« flagstat provides simple stats
on BAM files

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

SNP/WCGA: Data; Filters

CAIMN IVNAIF A NN 1T D e

NGS: SAM Tools

NCS: Indel Analysis

» Filter Indels for SAM

» Extract indels from SAM

» |ndel 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

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

» Cuffcompare compare
assembled transcripts to a
refercnce 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 (ham)

Tophat b4

RNA-Seq FASTQ file

= RNA -Seq FASTQ file

junctions (bed)

accepted_hits (bam)

Input dataset -1
output

_ Cufflinks

SAM or BAM file of aligned RNA-
Seq reads

Reference Annotation

genes_expression (tabular)
ranscnpts_expression (tabular)
assembled_Isoforms (gtf)

Cufflinks o

SAM or BAM file of aligned RNA-
Seq reads

Reference Annotation

genes_express:on (tabular)
transcripts_expression (tabular)
assembled_isoforms (gtf)

Cuffcompare ®

GTF file produced by
Cufflinks

CTF file produced by
Cufflinks

Reference Annotation
!ranscriois ‘accsrac; (‘!J(‘U |
inputl_tmap (tabular)
Inputl_refmap (tabular)
input2_tmap (tabular)
input2_refmap (tabular)
transcripts_tracking (tabular)
transcripts_combined (gtf)

Cuffdiff b1

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_groups_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)

haet  — — — — — — — — — —

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



Community of tool developers



SO0 Calaxy Tool Shed

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

-_ Galaxy Tool Shed / (beta)

Community

Categories

Tools search Advanced Search

Browse by category
Browse all tools Name |{ Description
Login to upload Convert Formats ools for converting data formats
Data Source 00ls for retrieving data from external data sources
Fasta Manipuiation ools 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

Sequence Analysis ools for performing Protein and DNA/RNA analysis

SNP Analysis ools for single nucleotide polymorphism data such as WCA
Statistics 00ls for generating statistics
Text Manipulation § for manipulating data

Visualizatior s for visualizing data

Display 3 menu




SO0 Calaxy Tool Shed

| - ] > | ] n ?-__“t:p‘,","(cm'“un:v.g? bx.psu.edu/

-_ Galaxy Tool Shed / (beta)

Community TOO'S

Tools search Advanced Search

= Browse by category
 Browse all tools Name Description Version Category Uploaded By Type Average
Srowse ail | nName e - Rating

« Login to upload
Next Gen
Quickly match reads to a reference .. .0 Mappers

genome or sequence file ) 2EQUENCE

Next Gen
Summarise an assembly (e.g. N50 " Mappers

U Xonragdpaszkiewicz
metrics) S nce

assembiystats

Divide FASTQ file into

tion
paired and unpaired -

nipulati

reags

quality control
sequence data
Analysis

Fasta
Manipulation

. . - Sequence
from a tabuiar file e
Analysis

Manioulation




SO0 Calaxy Tool Shed

| - ] > | ] n ?-__“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 T '
othur Metagenomics
Browse all tools
Tool Id:

Login to upload
S s Mothur_toolsuite

Version:
1.15.1

Description:
Mothur metagenomics commands as Galaxy tools

User Description:

rrovides galaxy Lo

Uploaded by:
{johnson

Date uploaded:
about ZZ2 hours ago

Categories

e Sequence Analysis

Tool Contents

Mothur toolsuite 1.15.1.tar.gz

ythur/split.abund.xm

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  User

Enriched +«

CTCF ChiIP-seq +

CH12 Cells +

Pooled *

Replicate 1 =

o dan@bx.psu.edu

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 type Please <

s |

A~ Odewiki. ucsc.eau NCOUeun

L LHILUUT UL

Target
CTCF

L al ywab

Lab
Hardison

\Whnat
"y A

Sample generated by
Cheryl Keller
Antibody Name
CTCF

What IS the name of the

Antibody Manufacturer
Millipore

__Antibody Catalog Number
Display a menu




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 (¢

Welcoma, Jamem Tayler

Amazon £C2 Request Inst M

AWS Management Convole

Welcome, Jamen Taylos

f
Request Instanc

AWS Management (¢

Welcame, Jamea Taylor
Number of Instan
FC2 Danhboard

Availability Zone Amazon £C2

fBundlo Taska

Spot Hegueats Region

AMIs Kerne! 1D

Bundie Tasks

Sie st Ta RAM Disk 1D

Sacurity Groupm Monzoring
Koy Pairs

Load Balancers User Data

Flantsc 1P»

Security Grouge
Koy Fairs

Load Balancers

Daotey 4 =wrs

0 EC2 Instances selected

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



SaMNeo Calaxy Cloud

- :
41 [ 4 1 http //ec2-174-129-103-83 compute~1.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

Galaxy Cloudman Console

pme to Galaxy Coudman. This application will alow you to manage this doud and the services provided within, If

Is your first time running this cluster, you wil need to select an initial data volume size. Once the data store s

gured, default services will start and you will be add and remove additional services as well as "‘worker’ nodes on

ich jobs are run

Terminate cluster

Status

Cluster name: ttt
Disk status: 0/0(0%) g

Worker status: Idie: O Avallable: 0 Requested: (

Service status: Applcations @ Data »




SNeo Calaxy Cloud

83 .compute~1.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

plication will alow you to manage this doud and the

unning this cluster, you wil need to select an initia

vient reavidad within
vices provided wit

nce the data st

Ser
0

gata volume size

L services will start and you will be add and remove additional services as well as 'worker’ no

Terminate cluster

Status Add Nodes

Number of nodes to start:
4

Cluster name:
Disk status:
Worker status: Type of Nodes(s):
Service status: : Same as Master

Stant Additional Nodes

Loading “MIp S /e~ 174-129-103-83 compute- ] amarcnaws com)coud”, completed 97 of 99 items




SaMNeo Calaxy Cloud

X = -
- | [ 4 | http//ec2-174-129-103-83 compute~1.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

Galaxy Cloudman Console

Velcome to Galaxy Cloudman. This application will alow you to manage this doud and the services provided within, If

this Is your first time running this cluster, you wil need to select an initial data volume size. Once the data store s
configured, de t services will start and you will be add and remove additional services as well as "'worker’ nodes on

which 00s are r

Terminate cluster Remove nodes v Access Galaxy

Status

Cluster name: ttt ‘ J J J

Disk status: SOM / 100G (2 y

Worker status: Idie: 0 Available: 0 Requested: 4

Service status: Applcations @ Data »

Loading “Mp /o<~ 174-129-103-83 compute- ] amarcnaws com/coud”, completed 246 of 247 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



X X&) Galaxy Cloud
[ - l ; ] + j-'-_?‘.n:; []ec2~184~-73-86~186.compute~l.amazonaws.com/cloud ¢ | Qr cloud computing

AWS Management Console 1 Galaxy Galaxy Cloud
Info: report bugs | wiki | screencasts GC Home

Galaxy Cloud Console

The Galaxy doud console allows you to manage this instance of Galaxy. From here you can start the main Galaxy
interface (including an initial set of "worker™ nodes on which jobs will be run), as well as add and remove workers while

the main interface is running

L3 Terminate Galaxy

Access Galaxy

+| Add more instances -| Remove idle instances

Status

Cluster name: james-galaxy-cluster-9May2010-1 U . . . lq-'c_’l?lc.SbeO

Ready

Cluster status: Ready Alive: 38m 595
Disk status: 48G / 100G (48%) @ Fliesystem:
# Permissions

Instance status: Idie: 0 Available: 4 Requested: 1.

® JobScheduler

® Filesystems ® Database ® Scheduler ® Galaxy




X X&) Galaxy Cloud
| < l » || + |=5 hup://ec2-184-73-86-186.compute-1.amazonaws.com/cloud L Qr cloud computing

AWS Management Console 1 Galaxy Galaxy Cloud
Info: report bugs | wiki | screencasts GC Home

Galaxy Cloud Console

The Galaxy doud console allows you to manage this instance of Galaxy. From here you can start the main Galaxy

interface (including an initial set of "worker™ nodes on which jobs will be run), as well as add and remove workers while

the main interface is running

L3 Terminate Galaxy

Access Galaxy

+| Add more instances -| Remove idle instances

Status

Cluster name: james-galaxy-cluster-9May2010-1 J

Cluster status: Ready -‘
— -

Disk status: 568G / 100G (59%)
- B

Instance status: Idie: 6 Available: 12 Requested: 12

® Filesystems ® Database ® Galaxy




Persistence

e Once analysis is complete, can scale down worker nodes or shutdown
the entire analysis interface

e Data, configuration, et cetera is stored, and you can start the cluster
back up to continue analysis at any time

e Pay for just what you need



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
analysis to be augmented with
textual content and provided in
the form of an integrated

document



Sharing and publishing

Aralyre Data  Workfow Outa lbraries  Lad  Admin  Help User

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

How 1o use this document

Convert Form

FASTA manips

Supplemental Analysis

Loampariaan Setwess Lalaay oioelioe
e B T N e




Galaxy | Published Pages

« | & |63 hup://main.g2.bx.psu.edu/page/list_published

——— g

- Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help  User

Published Pages

search Advanced Search

Community Community Last Updated

Annotation Rating Tags

A demo workshop project
during CSHL course on
Computational Cenomics
Nov 2010

\

various exercises for

Calaxy Exercises
-l G2y LXCILIES earning about Galaxy

ames

Caaxy 101

el An elementary guide 10

GCalaxy

Live suppliement for
Windshield y
Splatter Genome Research
D te

windshield splatter paper

An exercise that JSTIrates
how 10 use Galaxy for

RNA-seq analyses




Calaxy | Published Page | heteroplasmy

< | & |63 huap://main.g2.bx.psu.edu/u/aunl/p/heteroplasmy

——— g

- Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help  User

Published Pages | aunl | heteroplasmy

Dynamics of mitochondrial heteroplasmy in three families: A fully
reproducible re-sequencing study

Hiroki Goto !, Benjamin Dickins?, Enis Mg.ml:’. lan M. Paul®, James T.ayior3 5, Kateryna D, Makoval, and Anton Nekrutenko?

Correspondence should be addressed to KDM, [T, or AN.

1. How to use this document

matenails for the manuscrip Proy o all the data as
discussed in the er, SO YyOu can play \ e-runnir g parar ers, or even applying them
must create a Calaxy account (un you already have O ) assie - pCedure where you are ¢

To make this even ea ted several screencasts | 0

in ag
i you &

2. Accessing the Data

All datasets discussed in the paper can be found in two places




Calaxy | Published Page | heteroplasmy

« { | & 8% hup://main.g2.bx.psu.edu/u/aunl/p/heteroplasmy

"—_ Galaxy Analyze Data  Workflow Shared Data Lab Visualization Admin

Published Pages | aunl | heteroplasmy

> M1 r M1 2
e, M anN MI1OL¢

flow 'mt analysis 0.01 strand-specific (fastq single)’ was run four t

Galaxy History | F4
Galaxy History | F7
Galaxy History | F11

Y Of the histories conmtain original lHumina datasets and

3.3 Generating initial summary datasets

gent fiec fariadie sies na *amg ["" l\.;l'v we necc on rge the resu

OW executions Into a new history calied "F4-F7-F11 final rcpdrt’ (for e

'

Calaxy History | F4-F7-F11 final report

ndividual datasets are merged into summaries gene 'd for each family. To be more specific, dat:
! lled “F4 summary”, datasets 11 - 1 2 oine 1o history item 22 called "F7 summary”, and, finally, datasets
generate #£24 called "F11 summary rging of datasets was performed with “Join, Subtract, and Group ~> Column Join
summary” to understand what this me

+ Galaxy Dataset | F7 summary b
Results of heteroplasmy workflow for all individuals of family 7 joined together. You can click in "rerun” button above to
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