NGS Analysis Using Galaxy




Qutline

' What is Galaxy

11 Galaxy for Bioinformaticians

11 Galaxy for Experimental Biologists
1 Using Galaxy for NGS Analysis

' NGS Data Visualization and Exploration Using IGV




QOutline

' What is Galaxy




Galaxy, a web-based genome analysis platform

1 Galaxy iIs an open-source framework for integrating various
computational tools and databases into a cohesive
workspace.

' A web-based service we provide, integrating many popu lar
tools and resources for comparative genomics.

' A completely self-contained application for building y our own
Galaxy style sites.




Galaxy Project Interface

- Galaxy

Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical research.
Whether on the free public server or your own instance, you can perform,

reproduce, and share complete analyses.

Get Galaxy Learn Galaxy Get Involved

Use Galaxy

Advanced fastQ
manipulation

Galaxy 101, ... Mailing lists, Tool Shed, wiki

Use project's free server Install locally or in the cloud
- 3 Screencasts
or other public servers or get Galaxy on SlipStream

Search all resources

The Galaxy Team is a part of BX at Penn State, and the Biology and Mathematics and Computer

Science departments at Emory University. The Galaxy Project is supported in part by NHGRI, NSF,
The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Emory

University.

http://galaxyproject.org/




Galaxy analysis web interface

Galaxy

Analyze Data

o New high performance job execution options are available! See the wiki for more information.

Tools

search tools

Get Data

Lift-Over

Text Manipulation
Convert Formats
FASTA manipulation
Eilter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences
Eetch Alignments

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

Motif Tools

Multiple Alignments
Metagenomic analyses
Genome Diversity

NGS TOOLBOX BETA
Phenotype Association
NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Peak Calling
NGS: RNA-seq

NGS: Picard (beta)
NGS: Variant Analysis
NGS: VCF Manipulation
snpEff

BEDTools

EMBOSS

History c%
Galaxy is an open source, web-based platform for data intensive biomedical research. If you are new to Galaxy start here or °
consult our help resources.
Unnamed history
0 bytes 4
Tweets ¥ Follow © This history is empty. You can
load vour own data or get data
- from an external source

Bjérn Griining
#usegalaxy based MUMmer @docker i image. Powered by

@pjacock wrappers! registry.hub.docker.com/u/bgruening/ga... B
3 Retwe

gruening 28 Nov

Galaxy Project

Expand

Bjérn Griining
help testing #usegalaxy the easy way: docker run -p 8080:80 -p
8800:8800 --privileged bgruening/galaxy-stable:dev
(@IPythonDev mcluded)

3 Retw

gruening

Expand

Community- drwen development for computational biology at

® @ Galaxy Project axyproject 27 Nov
@ Sprints, Hackathons & Codefests, Méller, et al. bit.ly/1zBliUx v

Tweet to @galaxyproject

= 7~ iPlant
PENNSTATE v TA@@ @) Collaborative

JOHNS HOPKINS

UNIVERSTTY

The Galaxy Team is a part of the Center for Comparative Genomics and Bicinformatics at This instance of Galaxy is utilizing infrastructure generously provided by the iPlant
Penn State, and the Department of Biology and at Johns Hopkins University. Collaborative at the Texas Advanced Computing Center, with support from the National

Science Foundation.

The Galaxy Project is supported in part by NSE, NHGRI, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Johns Hopkins University.

This is a free, public, internet accessible resource. Data transfer and data storage are not encrypted. If there are restrictions on the way your research data can be stored and used, please consult your local
institutional review board or the project PI before uploading it to any public site, including this Galaxy server. If you have protected data, large data storage requirements, or short deadlines you are
encouraged to setup your own local Galaxy instance or run Galaxy on the cloud.

Galaxy af570 71 883¢76Fd1efcessdbTc

https://usegalaxy.org/
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Galaxy: the instant web-based tool and data resource
integration platform

' Open Source downloadable package that can be
deployed in individual labs

' Modularized
'l Add new tools
'l Integrate new data sources
'l'Easy to plug in your own components

1 Straightforward to run your own private galaxy
server




Galaxy instance

-_ Galaxy

Tools

[ search tools

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
FASTA manipulation

NGS: QC and manipulation
NGS: Indel Analysis

NGS: RNA Analysis

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Simulation
SNP/WGA: Data; Filters
SNP/WGA: QC; LD: Plots

https://galaxy.bioinfo.ucr.edu/root

Analyze Data

Institute for Integrative

Genome Biology

History - o
Unnamed history
0 bytes 74|

Welcome to IIGB's Galaxy Server!

Overview

Galaxy is an open, highly customizable, web-based platform for the analysis of next generation
sequence data and many other biological data types. It enables users to run computationally
demanding next generation sequencing analysis tasks on powerful server hardware from a
graphical web browser-based user interface rather than the Linux command-line. A subset of of
application supported by Galaxy is given in the left pane. Much more detailed descriptions of
Calaxy's basic functionalities including user tutorials are available here.

Why Local Galaxy Service?

There are many advantages of using a local Galaxy server here at UCR rather than public test
instances of Galaxy available on the internet. The most important are: (1) shorter waiting queues
for analysis tasks; (2) elimination of time consuming uploads of large data sets; (3) support for
analyzing much larger data sets than this is possible on public services; (4) the ability to
customize software tools and database collections.

How to Gain Access?

This instance of Galaxy runs on lIGB's high performance compute (HPC) infrastructure, called
Biocluster. As such its usage is covered by the annual registration fee for this infrastructure (see
here for details). Users with an active Biocluster account can access this Galaxy service using
their existing user name and password without any extra cost. New account requests for this
service can be sent to support@biocluster.ucr.edu.

Additional Databases and Sofware Tools
Support requests for including additional reference genomes and software tools on IIGB's Galaxy
server can be sent to support@biocluster.ucr.edu

Workshops on Galaxy
Past and future UCR workshop events on using Galaxy are listed here. The user manual from
previous workshops can be accessed here.

Enter IIGB's Galaxy Service
To enter this service, click here.

© Your history is empty. Click 'Get
Data’ on the left pane to start
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Galaxy - the one stop shop for Genome Analysis

' Analyze

Il Retrieve data directly from popular data resources or u

Il Interactively manipulate genomic data with a comprehensi
expanding best-practices toolset.

Il Galaxy is designed to work with many different datatypes . (Link)

pload your own.
ve and

11 Visualize

Il Trackster is GalaxyOs visualization and visual analys

IS environment.
Il See more details ( Link)

11 Publish and Share

'l Results and step-by-step analysis record (Data Libraries and Histories)
Il Customizable pipelines (Workflows)

Il Complete protocols (Pages)




Tools and Data Sources

' Data Sources
'l Upload file from your computer
I UCSC table browser
'l BioMart, modENCODE, GrameneMart , WormBase serversE..

11 Tool Suites

Il Text manipulation

'l Join, Subtract and Group
'I'Format converters
II'NGS

'l Graph plotting

'l Motif tools

|| MoreEE

Xy
\ \\\\\‘\\\1
\ LB
\
\:'
NN
\
AN
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Data Libraries

'+ Datasets are accessible from within Galaxy or for downl oad.

Data Libraries

search dataset name, info, message, dbkey
Advanced Search

Data library name ! Data library description

1000 Genomes Data from the 1000 Genomes Project FTP site

AC-exome

Bushman Data for Nature Letter "Complete Khoisan and Bantu genomes from southern Africa"

ChIP-Seq Mouse Example Data used in examples that demonstrate analysis of ChIP-Seq data

Chobi

CloudMap Contains userguide, reference files, and configuration files for the Cloudmap WGS analysis pipeline

Codon Usage Frequencies

Coleman lonPCM
Denisovan sequences Files from 'A high-coverage genome sequence from an archaic Denisovan Individual® Meyer et al. Science 2012 and basic processed data.
Erythroid Epigenetic Landscape Dynamics of the epigenetic landscape during erythroid differentiation after GATAL restoration

Evolutionary Trajectories in a Phage ~ Experimental evolution (lllumina)

GATK
GCAT Consortium
Genome Diversity Nucleotide polymorphisms for several threatened species

guru 1000GP

He-2010

Heteroplasmy Data for Genome Biology 2011 manuscript
iGenomes Selected files from Illumina iGenomes collection
lllumina BodyMap 2.0 RNA-seq data for the lllumina BodyMap 2.0 project

lllumina iDEA Datasets

Sub-samapled versions of datasets used for the Illumina iDEA challenge
(sub-sampled)

Irish whole genome Irish whole genome sequence and analysis




Workflows

' Workflows specify the steps in a process.

' Workflows are analysis that are meant to be run, each ti

with different user-provided datasets.

dosis | Running workflow "Workflow constructed from history
T o) | 'SNPseq_Analysis_Galaxy_workshop2013™

Get Data Step 1: Input dataset

Send Data

ENCODE Tools Input Dataset

Lift-Over | 8: Filter FASTQ on data 3 .

Text Manipulation type to filte ]

Filter and Sort

oin, Subtract and Group

2lep Z: Input dataset
Conven Eormate Step 2: Input dataset
Extract Features
Fetch Sequences

Fetch Alignments

Input Dataset

| 7: http://biocluster.ucr.edu/~nkatiyar/Galaxy_workshop/Snpseq/tair10chr.fas T]

Get Genomic Scores %(’» pe to filte ‘
Operate on Genomic Intervals

st Step 3: FASTQ Groomer (version 1.0.4)

Wavelet Analysis

e e Step 4: FASTQ Summary Statistics (version 1.0.0)

Regional Variation
Multiple regression

Rt Step 5: FastQC:Read QC (version 0.51)

Evolution Short read data from your current history
Motif Tools Output dataset 'output_file' from step 3
Multiple Alignments " X " .
Title for the output file - to remind you what the job was for
Metagenomic analyses FastQC

FASTA manipulation
NGS: OC and manipulation

Contaminant list

( ionii i A
L Selection is Optional T]
NGS: RNA Analysis Step 6: Filter FASTQ (version 1.0.0)
NGS: SAM Tools
NGS: GATK Tools (beta) Step 7: Map with BWA for Illumina (version 1.2.3)
NGS: Peak Calling
NGS: simulation Step 8: SAM-to-BAM (version 1.1.2)

SNP/WGA: Data; Filters
SNP/WGA: OC; LD: Plots
SNP/WGA: Statistical Models
Phenotype Association

Step 9: MPileup (version 0.0.1)

p 10: i i .0.
e ——— Step 10: beftools view (version 0.0.1)
Workflows ) Send results to a new history

= All workflows

Run workflow

| Expand All || Collapse

me
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Pages

'+ Pages are documentation within the Galaxy that explain the
steps and reasoning in a particular history or workflo W.

Published Pages

Q
Advanced Search
Title Annotation Owner Community Rating Community Tags Last Updated;
Galaxy RNA-seq Analysis Exercise An exercise that illustrates how to use Galaxy for RNA-seq analyses. jeremy L 8 6 6 6 ¢ rna-seq | | tutorial | [ ra | | sl Nov 18, 2014
honevbee page associated with Fuller et al. (2014) webb Sep 28, 2014
Page describes data and workflows in Goecks et al.'s 2014 paper on integrated cancer genomics with 2
Cancer Analyses 0 pep 9 g jeremy Aug 21, 2014
Galaxy.
Raisins NGS Quality Control Using Galaxy: Training Day, GCC 2014 usinggalaxyd W R * Jul 02, 2014
NGS Analysis 2013 Supplemental Tutorials "MiMB: Analysis of Next-Generation Sequencing Data Using Galaxy” galaxyproject Jun 18, 2014
Extract Workflow Tutorial: Extract Workflow from a History galaxyproject May 13, 2014
Tutorial (Yodosha, 2014 kawaji May 08, 2014
. Galaxy 101 NGS Tutorial: Heteroplasmy: Mother-Child mtDNA Variant Polymorphism Detection Step-by- s 7 3 7
Galaxy 101 NGS: Introduction to Polymorphism Detection via Variant Analysis Step galaxyproject W iy i ngs | [ variant | | tutorial | [ galaxy101 | | video Apr 30,2014
Controlling for Contamination in Resequencing Biotechniques 56(3) companion page aunl Mar 18, 2014
CloudMap A Cloud-based Pipeline for Analysis of Mutant Genome Sequences gm2123 Feb 08, 2014
inerger[t functior?s of hematopoietic transc.rig‘tion factors in lineage priming and paper companion site csm165 Jan 15, 2014
differentiation during ervthro-megakaryopoiesis
FinalProject.Fridland Elucidation of Conserved and Nonconserved Residues in MspA and Similar Portal Proteins sfridland Dec 15, 2013
Self-Binding GPCR Seach bnorgeot Dec 14, 2013
Screencast videos for usegalaxy.org UseGalaxy.org Screencast Videos at Vimeo galaxyproject Dec 03,2013
Supplemental information for "Using Galaxy to Perform Large-Scale Interactive Data Analysis” paper in o = = 5
ing y ot 5 % I t hip- f | | tutorial t | Dec 03, 2013
Using Galaxy 2012 Current Protocols in Bioinformatics, unit 10.5 gelaxyprojed Wik Seoy) ) (e i e S
OianYuBioinformatics BioinformaticsProblemSet clark Nov 27,2013
This page contains datasets for the following paper: "Segmenting the human genome based on states of
iverg o " : Oct 23, 2013
ARidvergence states neutral genetic divergence” Proc Natl Acad Sci U S A.... Lk wkk ik 5
. . Trackster is Galaxy's integrated visual analysis environment. This page describes how Trackster was used to
Interactive RNA-seq with Trackster Jeremy 0 0 6.8 ¢ ¢ Sep 18, 2013

perform interactive RNA-seq using...
SNP classification SNP classification workflow and history for Mutation Detection 2013 Belinda Apr 19, 2013

data sets and workflows for the paper "High-throughput analysis of large and possibly unassembled

pipeline genomes” webb Mar 18, 2013
Sy data sets and workflows for the paper "Aye-aye population genomic analyses highlight an important center webb AR Mar 17, 2013

of endemism in northern Madagascar” (PNAS)

MR - ;



History

' Histories are all steps in the process and the used setti ng.

'+ Histories can be imported into your session and rerun asitis
or modified.

alyze Data v " Using 0%

Tools Histo o= i
) HISTORY LISTS
import and start using history [ refresh | show deleted [ collapse all
| search tools RNAZS Saved Histories
NASe alysis_Galaxy_w 3 op_. )
e RNASeq_Analysis_Galaxy_workshop_2013 | Cicionas Shared Wikt
Send Data 1: http:/ /biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/SRR064154.fastg @ B TORY
ENCODE Tools 215.4 MB 39: ¢ Create New
Lift-Over format: fastq, database: 2 data  c5py History
i i tos Ll Copy Datasets
Jext Manipulation
Text Manipulation uploaded fastq file py
Filter and Sort =® 38: C Share or Publish
Join, Subtract and Group %— Extract Workflow
:8:1:2: i iffel
Convert Formats @SRRO64154.208 HWUSI-EAS627_1:8:1:2:1681 length=38 T Dataset Security
Extract Features ANGANNNGGACTTTGANAAGAGAGTCARAGAGTGCTTG 37:C  Resume Paused Jobs
Eetch Sequences i :’a""k Collapse Expanded Datasets
i ' ' rac
Fetch Alignments 710811 13(7BCBB<B(BE?BBACABBBBEBBGCABAB Include Deleted Datasets
Get Genomic Scores @SRRO64154.222 HWUSI-EAS627_1:8:1:3:1820 length=38 36: C Include Hidden Datasets
Operate on Genomic Intervals data
Operate on Genomic Intervals CCGONNNCCACTATCACGGCAGCGACGTCTCCACAAGC d'ata Unhide Hidden Datasets
Statistics | Delete Hidden Datasets
Wavelet Analysls 3: http:/ /biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/SRR064167.fastq @ 35: € Purge Deleted Datasets
Graph/Display Data data
B . 2 Show Structure
Regional Variation 4: http:/ /biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/tairl0Ochr.fasta @ FPKN
Export to File
Multiple regression ) = 0
e i 5: hutp:/ /biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/TAIR10.GTF @ 34:C Dpelete
Multivariate Analysis data
R B Delete Permanently
Evolution 6: http:/ /biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/SRR064155.fastq @ diffey - o ;
OT} X ACTIONS
Motif Tools
z z : http://bi .ucr.edu/~ iyar/ y p/ a/ .fastq 33:C . i
Multiple Alignments 7: hty biocluster.ucr.edu/~nkatiyar/Galaxy workshop/Rnaseq/SRR064166.fast. @ R Import from File
Metagenomic analyses 8: FASTQ Groomer on data 1 @ tracking
FASTA manipulation ’
g = : 32: Cuffdiff on data 19, @ ¢ &8
NGS: OC and manipulation 9: FASTQ Groomer on data 6 @
= data 15, and others: CDS FPKM
10: FASTO Groomer on data 3 @ differential expression testing

16



User Account

't An account is not required to access the Galaxy public Main
or Test instances,

' But if used, the data quota is increased and full functi onality
across sessions opens up, such as naming, saving, sharing,
and publishing Galaxy objects (Histories, Workflows,
Datasets, Pages).

17
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NGS Data

1 Raw: Sequencing Reads (FASTQ)

1 Derived
'l Alignments against reference genome
I'SAM / BAM
I"'VCF / BCF
' Annotations

INGFF / GTF
I'"'BED

19



FASTQ Format

' A FASTQ file normally uses four lines per sequence.

'+ Line 1 begins with a O@O character and is followed by a
sequence identifier.

11 Line 2 is the raw sequence letters.

.1 Line 3 begins with a O+O character, is optionally foll  owed by
the same sequence identifier.

'+ Line 4 encodes the Phred quality values for the sequence in
line 2, each value represents the error probability of a given
base call.

ESRR064154.208 HWUSI-EAS627 1:8:1:2:1681 length=38
ANGANNNGGACTTTGAAAACACAGTCAAAGAGTGCTTG

+

2!108!! !3C?BCBB<BCBB?BBACABBBBBBBECABAB

20




FASTQ Quality Score (Link)

1+ Quality score represents the error probability of a giv en
basecall.
1 Ina FASTQ file, quality scores are often represented using the

ASCII alphabet.

'+ For example, a Phred score of 40 can be represented as the
ASCII char OIO (40+33= ASCII #73), and an lllumina score of 40
as OhO (40+64=ASCII #104).

'+ The range of scores will depend on the technology and the
base caller used, but will typically be up to 40.

LLLLLLLLLLLLLLLLLLLLLL L L LL L L L L L L L L L L L L L L L . -« - - o o c h e i e e e e e s esosconononceeeseseeeenesnesnsnoaas

'TES%ET () *+,-./0123456789: ;<=>2@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]”_‘abcdefghijklmnopgrstuvwxyz{|}~
| | | | | |

33 59 64 73 104 126
L 26...31....... 40
Lo cocleococooo L 40
O oo O o e e e e e e e e e e 40
0.2, e 26...31......... 41
Sanger Phred+33, raw reads typically (0, 40)
Solexa Solexa+64, raw reads typically (-5, 40)
Illumina 1.3+ Phred+64, raw reads typically (0, 40)
Illumina 1.8+ Phred+33, raw reads typically (0, 41) 21




SAM Format

Il SAM stands for Sequence Alignment/Map format.

For more details:

http://samtools.sourceforge.net/SAM1.pdf

26323
148438
2951
94272
13539059
8961
5248
14160
64267
52063
35449
34461
22488
29055
32009
10959
35900
44906
14202983
6803
24537
7446
14198274
1606
14199230

Tools QNAME FLAG RNAME POS
A @SQSNChL LN30427671

search tools O) [ @sqsN.chr2 LN:19698289
Cibia 25Q SN:Chr3 LN:23459830
S @5Q SN-Chrd LN: 18585056
T @5Q SN:Chr LN:26975502
S @5Q SN:ChrC LN:154478
Lift-Over 7
e @5Q SN:ChrM LN:366924
Lot Sanipulation @PG ID:bwa PN:bwa VN:0.5.9-r16
Citer and Sort SRRO38850.12 0 Chic
doin Subtract and Group SRR038850.74 0 Chi
Convert Formats SRRO38850.507 16 ChrC
Exirac PRl NS SRRO38850.576 0 ChiC
Eetch Sequences SRR038850.877 0 Ch3
Fetch Alignments SRR038850.889 16 Chr2
Get Genomic Scores SRR038850.1208 16 Chr2
Operate on Genomic Intervals SRR038850.1343 0 ChrC
Statistics SRRO38850.1467 0 ChrC
Wavelet Analysis SRRO38850.1539 0 ChiC
Graph/Display Data SRRO38850.1560 16 ChiC
Reglonal Variation SRRO38850.1597 0 CheM
SMaitile regrassion SRRO38850.1646 0 ChiC
Multivariate Analysis SRRO38850.1762 0 ChrC
T SRR038850.1788 16 ChrM
s SRRO38850.2044 0 ChiC
T SRRO38850.2048 16 ChrC
_u_mm S SRRO38850.2075 16 ChiC
e SRRO38850.2238 0 Ch3
FASTA manipulation

e SRRO38850.2329 16 ChiC
B SRRO38850.2456 16 ChrC
s oty SRRO38850.2498 16 Chr2
NGS: Indel Analysis SRRO38850.2688 16  Chr3
Azl SRRO38850.2914 16 Chr2
NGS: SAM Tools SRR0388503049 16 Chr3

MAPQCIGAR

37

37

23
37
37
37
37
37
37
37
37
37
37

37

o o o o

36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M
36M

MRNMMPOSISIZESEQ

O O 0 0 0 0 00 0000000000000 00 o o

o - - T - - =T = T T T - -]

CAAGCATCTTTTTTGAATTTCCCATTTATCCGTTTA
TTTTTGGAATAGATTCCATTTTGAGAGAGTTGAAAA
AAAAATCTTGGATTCAAAATTGATTTTTTTTTAATA
ATTATGCCTTGAAGAGGACTCGAACCTCCACGCTCT
CTCTCATATCTCCCTCGAATAAAGCTAAATTCTTTG
TGTGGCAGCCAAGCGTTCATAGCGACGTTGCTTTTT
ATGGGGATAGATCATTGCAATTGTTGGTCTTCAACG
ACAACGACTAATTCATCGGCTAATATATTTCCGAAA
TATCGAATACTGGTAATAATATCAGCAAAAGAACGT
TAACTCAGTGGTTAGAGTATTGCTTTCATACGGCAG
GCCCTATGAGTTAATACGATCACTATGTAGAGAAAG
TTTCTCTCGAACTAACATATCATCCAGCTTCTATCG
AATCGCCTTTTTTTTTATTTGGCAGTATTGAATACA
CCAATAAAAAAAAAAGTTCTTTATGATTCTTTTTCC
CCAGTAAAGGTCTAATTCTTAGTTTTTCTATTTTAT
ATTAATTCTCGCTGGCCGCGTCCTATAGGCATCATG
AGTCTTCTTGGTGGGTATCCTTAATTCTCTTATCTC
TCTTTCCGTACTTTCAACAAATTCACCAATCTTACG
GCTCTTCCTATCATTGTGAAGCAGAATTCACCAAGT
TAAAACTTACTTTATTGATCATTACATAGAATTCAA
ACGATCTTCTCAGTGTCAGTATAAAGGATTTTTCCC
AAATGGATGGCGCTTAAGCGCGCGACCTATACCCGG
AGCGTATATTTAAGTTGTTGCAGTTAAAAAGCTCCT
AGTTTAGGATGTCAAGTTTGCATCAAATATGCCCAC
TCATTGCAATTGTTGGTCTTCAACGAGGAATTCCTA

Consists of header and alignment section
11 mandatory fields

QUAL

@@<@?@BBAAB@> > = ==7@AB?7= <:6>@A@:7:
BBBBAABAABAAABBBBBBB?A?A>B>B@=B=>AAB
@@<9<(@BA@BB@BBBBBB@>A> <ABAB@?57:BAA<
?BCCBCCCCCBCCBBABBBBB>CBBC@CBBBACBCC
BCCCCCCBCCCBCBBBCBCCCCBCBBBBABCBCER?
B<@==,7762@67,@BB <?@@A <B=AACBBAB?CBA

BAB@BBEB ( AR @

BAC?CCCB@BCCCCCBB7@BABCACACCB=@CBBCC
75@BCBB@B@B==;CBBBCBCBBBB@>77@ABCEES
9CCBCCCCABAGBCBC?5BBE> @CB<=CA@BCBCBA
AB=B8BABBBCCBBCICBCCB=BCCCRBCCCCCCCH
BBBC@B@CB=BBBBCABAB@@B@BBBABAG@ABAT?
B7BCAABBCBCBBEB=BAB;S > @B@7A>AB>  <@=
BA@<@@@BBBABBA@IIAABBAA@=>7BABBBABGA
97AAC===B=A>CAAB@BBB>ABBBAB: <B:B:A<B
ABCCBCCCCCCCBBBCCCCCBCCCCCCBABBBCCCC
AA=BBBBCY8BB; > CBB@>ABBBBBABB@A> BB>A
9AABB> =AA=>B@A@BAB@@ACBAB7B> BBIBBBECH
AABICBBCCCCCCCBC=>AB>BCA@BBBBBBBBBBA
A@@B@ABC:ABAAB?BB@BBEBE?=ABCBCBAACBE
{BA7A@ABA?(BBBBBBEBBEEBBBB8B8B=BAB=B
>A@AA?> AA@=ATBBA@@AA=ATBS: <> BATBCAAB
CBB@BBBCBCBBBBI?A>B
A<BBAA@@BB@B?8?@@BA= BBBBB<B
AABBBABBBBBBBBBEA> @BAB@ABCBBBCBBBCACA

OPT

XT:A:U NM:i:0 X0:i:1 X1:0:0 XM:i:0 X0:1:0 XG:i:0 MD:Z:36

XT:AR NM:i:1 X0:0:2 X1:i:0 XM:i:1 X0:1:0 XG:i:0 MD:Z:1G:

XT:A:U NM:i:0 X0:i:1 X1:1:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0::0 XG:i:0 MD:Z:36
XT:A:R NM:i:0 X0:1:2 X1::0 XM:i:0 X0:i:0 XG:1:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:i:1 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:0:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:i:0 XM:i:0 X0:1:0 XG:i:0 MD:2:36
XT:A:U NM:i:0 X0:i:1 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:1:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:1:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:0:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:0:1 X1:0:0 XM:0:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:2:36
XT:A:R NM:i:0 X0:i:2 X1:i:0 XM:i:0 X0:i:0 XG:1:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:1:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:A:U NM:i:0 X0:i:1 X1:1:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0::0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0:1:0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0:1:0 XG:i:0 MD:Z:36
XT:AR NM:i:0 X0:1:2 X1:i:0 XM:i:0 X0:i:0 XG:i:0 MD:Z:36

History R

SNPseq_Analysis_Galaxy_worksho
p2013

308.4 MB

15: beftools view on data @ ) 8
B

14: MPileup on data 7 and ® { %
data 10 (log)

13: MPileup on data 7 and ® 8
data 10

10: SAM-to-BAM on data @ {/ %
7 and data 9: converted BAM

%Map withBWAfor @/ &%
Illumina on data 8 and data 7:

mapped reads

~100,000 lines, 8 comments
format: sam, database: ?

BWA Version: 0.5.9-r16 BWA run on
single-end data

dOOR

1.QNAME 2.FLAG 3.RNAME 4.POS 5.MAPQ

@s0 SN:Chrl LN:3@427671
@0 SN:Chr2 LN:19698289
@0 SN:Chr3 LN:23459830
@50 SN:Chrd LN:18585056
@0 SN:Chr5 LN:26975502
@s0 SN:ChrC LN:154478

8:Filter FASTQon data 3 @ {/ %
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GFF and GTF format

'+ General Feature Format (GFF) ( Link)

browser position chr22:10000000-10025000
browser hide all
track name=regulatory description="TeleGene(tm) Regulatory Regions"

visibility=2

chr22 TeleGene enhancer 10000000 10001000 500 + . touchl
chr22 TeleGene promoter 10010000 10010100 900 + . touchl
chr22 TeleGene promoter 10020000 10025000 800 - . touch2

1 Gene Transfer format (GTF) ( Link)
'+ The list attribute must begin with 2 mandatory attributes.
1 Gene_id _value, transcript_id_value

gene_id "Em:U62317.C22.6.mRNA"; transcript id "Em:U62317.C22.6.mRNA"; exon_ number 1




VCF header

Body

BED format (Browser Extensible Data) (Link)

1 Flexible way to define the data lines in the annotation tr ack.

track name=pairedReads description="Clone Paired Reads" useScore=1
chr22 1000 5000 cloneA 960 + 1000 5000 0 2 567,488, 0,3512
chr22 2000 6000 cloneB 900 - 2000 6000 O 2 433,399, 0,3601

BCF / VCF format ' VCF: Variant Calling Format ( Link)
BCF: Binary version of VCF

( ##fileformat=VCFv4.0 = Mandatory header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36
##INFO=<ID= AA Number 1, Type St ring Description—"Ancestral Alle

Optional header lines (meta-data

about the annotations in the VCF body)

##FORMAT—<ID GQ Number 1 Type Integer Descrlptlon—"Genot e Quality (phred score)">
##FORMAT=<ID=GL, Number=3,Type=Float,Description="LikeliAoods for RR,RA,AA genotypes (R=ref,A=alt)">
##FORMAT=<ID=DP, Number=1,Type=Integer,Description="Re#d Depth">

##ALT=<ID=DEL ,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descriptiga="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">

Reference alleles (GT=0)

\ #CHROM POS 1ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMP
1 1 . ACG_ A,AT PASS . GT:DP 1/2:13 0/0%29
1 2 rsl T,CT PASS H2; AA=T GT:GQ 0]1:100 2/2Y0
1 5 . A G . ASS . GT:GQ |0:77 1/1:9
1 100 T <DEL> . P SVTYPE=DEL ; END=300 GT:GQ:D%/1:12:3 0/0:20 Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP T Incertion Other event Phased data (G and C above
Large SV are on the same chromosome)

- —_ &



Available NGS Analysis Toolsets

' Prepare, Quality Check and Manipulate FASTQ
reads

' Mapping
1 SAMtools

' SNP and INDEL analysis
' RNA- seq analysis

1 Peak calling/ ChlP-seq
't Many moreE..
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NGS Analysis Using Galaxy

1 Galaxy overview and Interface
1 Getting Data in Galaxy
1 Analyzing Data in Galaxy
' Quality Control
' Mapping Data
' History and workflow
1 Sequences and Alignment Format

' Galaxy Exercises
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Getting started with Galaxy

-_ Galaxy

Data intensive biology for everyone.

Galaxy is an open, web-based platform for data intensive biomedical
research. Whether on the free public server or your own instance, you can

perform, reproduce, and share complete analyses.

Use Galaxy Get Galaxy Learn Galaxy Get Involved

Advanced fastQ

manipulation

Install locally or In the cloud Screencasts, Galaxy 101, ... Mailing lists, Tool Shed, wiki

Use project's free server
or other public servers or get Galaxy on SlipStream

Search all resources

The Galaxy Team is a part of BX at Penn State, and the Biology and Mathematics and

Computer Science departments at Emory University. The Galaxy Project is supported in part

by NHGRI, NSF, The Huck Institutes of the Life Sciences, The Institute for CyberScience at

Penn State, and Emory University.

http://galaxyproject.org/




fo: report bugs | wiki | screencasts | blog

Logged in as wlathe@openhelix.com: manage | logout

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
= Intersect the intervals of two

et o | | second auery ;mole, Flank-length: 500, Offset:
® Subtract the intervals of two with min overlap: save | display at UCSC main
queries | |
e v i
= Merge the overlapping by
intervals of a query (bp) chrx 157038 157538 +
. chrx 719513 720013 +
» Concatenate two queries into Return: e16000 161650
one query { Only records that are joined (INNER JOIN) |4 EHEXS F1616000/1 668001
chrx 1545451 1545951 -
= Base Coverage of all intervals
chrX 2429015 2429515 -
= Coverage of a set of intervals chrx 2428580 2429080 -
on second set of intervals S
» Complement intervals of a € TIP: If your query does not appear in the pulldown menu -> it is not in 18
query interval format. Use "edit attributes” to set chromosome, start, end,
and strand columns 6: Dnase HS on ® )R
= Cluster the intervals of a ChromX
juel 182 reaic q
auery; Scicericastel 182 regions, format: bed,
= Join the intervals of two database: hg18 J
queries side-by-side See Galaxy Interval Operation Screencasts (right click to open this link in Info:
another window). save | display at UCSC main
» Gt flanks returns flanking . oy
region/s for every gene 1.Chrom 2 3.End 4.
Syntax
= Fetch closest feature for every chrx 3621172 3621566 1 2
interval « Where overlap specifies the minimum overlap between intervals chrX 7061139 7061247 2.2
5 that allows them to be joined.
* Profile Annotations for a set of « Return only records that are joined returns only the records of GHEXD  19269213) 92696213 352
genomic intervals the first query that join to a recond in the second query. This is chrX 9943173 9943208 42
Statistics analogous to an INNER JOIN. chrx 10024268 10024749 § 2
Sraoh Di « Return all records of first query (fill null with *.") returns all % e R
Graph/Display Data intervals of the first query, and any intervals that do not join chex Z
Regional Variation Y interval from the second query are filled in with a period(.). This is &9 <>
logous to a LEFT JOIN.
Multiple regression anal .
« Return all records of second query (fill null with ".") returns
: HyPhy all intervals of the second query, and any intervals that do not join 4: UCSC Main on ® 0 R
Ta: lati 7 an interval from the first query are filled in with a period(.). Note | | | Human: nhgriDnaseHs e
EMBOSS that this may produce an invalid interval file, since a chrX:1-153692391 3
e v indf ) ie nat o valid ch stazt and argtrand v

Join
Join:

[7: Flanks ChrXGenes <=2 Exons |4
First query

with:
(6: Dnase HS on Chromx )

History

Options

refresh | collapse all

7: Flanks ChrXGenes ® (J %%
<=2 Exons

436 regions, format: interval,
database: hg18

Info: Location: Upstream, Region:
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11 Sequences and Alignment Format
11 Galaxy overview and Interface

1t Analyzing Data in Galaxy
Il Quality Control
Il Mapping Data

11 History and workflow

11 Galaxy Exercises

By

30
























11 Sequences and Alignment Format
11 Galaxy overview and Interface
11 Getting Data in Galaxy

1
I Lift-Over
Il Text manipulation tools
I Filter and Sort
Il Operate on Genomic Intervals
I Quality Control
Il Mapping Data

1t History and workflow

L Galaxy Exercises
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11 Sequences and Alignment Format
11 Galaxy overview and Interface
11 Getting Data in Galaxy
1 Analyzing Data in Galaxy
ITLift-Over
Il Text manipulation tools
Il Filter and Sort
Il Operate on Genomic Intervals
1 Quality Control
Il Mapping Data

11 Galaxy Exercises
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11 Galaxy exercises
ITSNP-Seq
ITRNA- Seq

11 Visualization

ITIGV (Integrative Genomics Viewer)
I

By
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