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Workshop Outline

v" Day 1
= UCLA galaxy and user account
= Galaxy web interface and management
= Tools for NGS analyses and their application
= Data formats
= Build/share workflow and history
= QandA

v Day?2
= Galaxy Tools for RNA-seq analysis
= Galaxy Tools for ChIP-seq analysis
= Galaxy Tools for annotation.
= QandA
*** Published datasets/results will be used in the tutorial



UCLA Galaxy
http://galaxy.hoffman2.idre.ucla.edu

v" Hardware
— Headnode (1)
96Gb memory, 12 core
— Computing nodes (8)
48Gb memory, 12 core
— Storage
100 Tb disk space

v Galaxy Resource Management
— Hoffman2 grid engine
Default: 1 core/job
bowtie, bwa, tophat, cuffdiff, cufflinks, gatk programs: 4 core/job



UCLA Galaxy
http://galaxy.hoffman2.idre.ucla.edu

v"galaxy login account:
login: your email associated with ucla

v'Disk quota:
250Gb/user



Galaxy Account Management

GCalaxy
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Analyze Data  Workflow

fanipulation
and Sort

ubtract and Group

rt Formats

t Features

Sequences

rnomic Scores

te on Genomic Intervals

ional Mutagenis
ava genomics toolkit

Juantitation Tools
iols

User preferences Logged in as mygalaxy@galaxy.uc

Preferences
You are currently logged in as mygalaxy@galaxy.ucla.edu.

) ) Logout
Manage your information 9

Change default permissions for new histories
Manage your APl keys
Logout of all user sessions Saved Datasets

You are using 13.5 Gb of disk space in this Galaxy instance. Your disk quota is| apj Keys
expected? See the documentation for tips on how to find all of the data inyour'_________

Saved Histories
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Get Data
= Upload File from your computer

= UCSC Main table browser
= UCSC Archaea table browser

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Insertional Mutagenis
NGS: java genomics toolkit
NGS: Quantitation Tools
GFF tools

EMBOSS

Motif Tools

FASTA manipulation
PYCRAC (work in progress)
Integrative Analysis
Human Genome Variation
Genome Diversity

NGS: QC and manipulation
NGS: Picard (beta)

NGS: Mapping

NGS: Methylation Mapping
NGS: Indel Analysis

NGS: RNA Analysis

NGS: BEDTools

NGS: SAM Tools

C' | (¥~ Yahoo

Analyze Data

Upload File (version 1.1.3)

File Format:
Auto-detect
Which format? See help below

4

File:

Browse... | No file selected.
TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload large files, use
the URL method (below) or FTP (if enabled by the site administrator).

URL/Text:

Here you may specify a list of URLs (one per line) or paste the contents of a file.
Files uploaded via FTP:

File Size Date

Your FTP upload directory contains no files.
This Galaxy server allows you to upload files via
FTP. To upload some files, log in to the FTP server
at galaxy.hoffman2.idre.ucla.edu using your
Galaxy credentials (email address and password).
Convert spaces to tabs:

() Yes
Use this option if you are entering intervals by hand.
Genome:
| unspecified (?) +|

Auto-detect

The system will attempt to detect Axt, Fasta, Fastgsolexa, Gff, Gff3, Html, Lav, Maf, Tabular, Wiggle, Bed and
Interval (Bed with headers) formats. If your file is not detected properly as one of the known formats, it most
likely means that it has some format problems (e.qg., different number of columns on different rows). You can
still coerce the system to set your data to the format you think it should be. You can also upload compressed

Q
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HISTORY LISTS
Saved Histories

Histories Shared with Me
CURRENT HISTORY
Create New

Clone

Copy Datasets

Share or Publish
Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets
Purge Deleted Datasets
Show Structure

Export to File

Delete

Delete Permanently
OTHER ACTIONS

Import from File

[>]

Installed tools

Launch analysis and view result History of execution and results




Galaxy / UCLA

Tools

]

( search tools

)

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Insertional Mutagenis
NGS: java genomics toolkit
NGS: Quantitation Tools
GFF tools

EMBOSS

Motif Tools

FASTA manipulation
Integrative Analysis
Human Genome Variation
Genome Diversity

NGS: QC and manipulation
NGS: Picard (beta)

NGS: Mapping

NGS: Methylation Mapping
NGS: Indel Analysis

NGS: RNA Analysis

NGS: BEDTools

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Peak Calling

NGS: Simulation

Galaxy: Status

Workflows
= All workflows
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" Results (sam/bam)
]

Downs{ream Analyses
]

" Visualization |

REVARGE

Upload to Galaxy

deMultiplex

Results (sam/bam)

Downstream Analyses

Visualization

*_gseq.txt, *.fastq

File transfer protocol (ftp)

Barcode splitter, deMultiplex workflow

fastqc, compute quality statistics,
draw quality score boxplot, draw
nuclotides distribution

Trim sequences, sickle, scythe

bwa, bowtie, bowtie2, tophat

Text manipulation toolkit, BEDTools, SAM
Tools, java genomics toolkit, picard toolkit

BS-Seeker?2, cufflinks, cuffdiff, macs, macs2,
GATK, CEAS

Genome browser, IGV



Repositories of Galaxy Tools
https:/[toolshed.g2.bx.psu.edu

~_ Galaxy Tool Shed

2957 valid tools on Jan 30, 2015

Search
= Search for valid tools

= Search for workflows

Valid Galaxy Utilities

= Tools

= Custom datatypes

= Repository dependency definitions
= Tool dependency definitions

All Repositories

= Browse by category

Available Actions

= Login to create a repository

<l

Repositories by Category

search repository name, description

Name

Assembly

ChiP-seq

Combinatorial Selections
Computational chemistry
Convert Formats

Data Managers

Data Source

Fasta Manipulation
Fastg Manipulation

Genome-Wide Association Study

Genomic Interval Operations

Graphics

Imaging

Metabolomics
Metagenomics
Micro-array Analysis
Next Gen Mappers
Ontology Manipulation
Phylogenetics

Proteomics

vl
Z
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Description

Tools for working with assemblies

Tools for analyzing and manipulating ChiP-seq data.
Tools for combinatorial selection

Tools for use in computational chemistry

Tools for converting data formats

Utilities for Managing Galaxy's built-in data cache
Tools for retrieving data from external data sources
Tools for manipulating fasta data

Tools for manipulating fastq data

Utilities to support Genome-wide association studies
Tools for operating on genomic intervals

Tools producing images

Utilities to support imaging

Tools for use in the study of Metabolomics

Tools enabling the study of metagenomes

Tools for performing micro-array analysis

Tools for the analysis and handling of Next Gen sequencing data
Tools for manipulating ontologies

Tools for performing phylogenetic analysis

Tools enabling the study of proteins

Utilities for RNA

Tools for manipulating alignments in the SAM format



Using 1% Edit Attributes

History e Name:
| —  HISTORY LISTS E knownGene
— i i Info:
U= Saved Histories

Download from UCSC browser
dayl Histories Shared with Me

— | CURRENT HISTORY I Annotation / Notes:

2: UCSC N release date
Create New y

w Add an annotation or notes to a dataset; annotations are available when a history is viewed.

~1,500,00 Clone Database/Build:

format: gt Human Feb. 2009 (GRCh37/hg19) (hg19)

. ng Copy Datasets -
L‘_l] (1) ¥ Number of comment lines:
: Share or Publish

display at
Extract Workflow Save

1.Seqname Auto-detect

Dataset Securit
A This will inspect the dataset and attempt to correct the above column values if they are not accurate.

chrl
Show Deleted Datasets
chrl A Convert to new format
h Show Hidden Datasets
chrl Convert GFF to BED :
chrl Purge Deleted Datasets This will create a new dataset with the contents of this dataset converted to a new format.
C T
chrl Show Structure e
chrl Export to File Change data type
| Delete New Type:
gtf h
g | Delete Permanently I This will change the datatype of the existing dataset but not modify its contents. Use this if Galaxy has incorrectly guessed the type of you
LUGCHK 1y6r ACTIONS save
knownGe|

82,960 re| Import from File
format: bed, database: hg19

H (;) JU’ 5 manage permissions: Users having associated role can manage the roles associated with permissions on this dataset

Manage dataset permissions on UCSC Main on Human: knownGene (genome)

- - Roles associated:
dISpIay at UCsC main mygalaxy@galaxy.ucla.edu

view in GeneTrack
display at RViewer main

1.Chrom 2.Start 3.End 4.Name 5 6. . .

Y ey ——— v Hlsf[ory panel contglns all datasets that are uploaded and results
chrl 11873 14489 uc@lBnxr.1 8 + derlved from Certaln analyses

chrl 11873 14409 ucBlOnxq.1 @ + v A history can be organized, annotated, and managed as a

chrl 14361 16765 ucB@9vis.3 8 - project

chrl 16857 17751 uc@@9vjc.1 @ -
chrl 15795 180861 uc@@9vjd.2 @ -

History is sharable.

Workflow is extracted and built from a history

Each dataset under a history can be viewed, examined,
converted to other formats, and annotated.

ANANEN




Getting Data to the Galaxy

- Galaxy ¢\ 4

galaxy.hoffman2.idre.ucla.edu () ¥?~ Yahoo Q ﬁ B 4 A =

_ Galaxy / UCLA

Tools = . . Data Libraries History o
Upload File (version 1.1.3)
Get Data . . . -
) X Published Histories (Y15 =
= Upload File from your computer File Format: )
Auto-detect v Published Workflows Unnamed history 0 bytes
= UCSC Main table browser uto-detec
Which format? See help below 0 Your history is empty. Click 'Get
" ~L5bArchazst Qwser File: Data’ on the left pane to start
Lift-Over

Browse... | No file selected.

Text Manipulation TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload large files, use the

Filter and Sort URL method (below) or FTP (if enabled by the site administrator,

Join, Subtract and Group URL/Text:

Convert Formats

Extract Features http://

Fetch Sequences hgdownload.soe.ucsc.edu/

Get Genomic Scores goldenPath/danRer7/bigZips/

Operate on Genomic Intervals mrna.fa.gz

Statistics Here you may specify a list of URLs (one per line) or paste the contents of a file.

Insertional Mutagenis
NGS: java genomics toolkit

Files uploaded via FTP:

File Size Date
NGS: Quantitation Tools
GFF tools Your FTP upload directory contains no files. %
EMBOSS This Galaxy server allows you to upload files via

FTP. To upload some files, log in to the FTP server

Motif Tools at galaxy.hoffman2.idre.ucla.edu using your
FASTA manipulation Galaxy credentials (email address and password).
PYCRAC (work in progress)

RAC (work in progress Convert spaces to tabs:
Integrative Analysis Yes
Human Genome Variation Use this option if you are entering intervals by hand.
Genome Diversity Genome:
NGS: QC and manipulation unspecified (?) s

NGS: Picard (beta)

NGS: Mapping m

< >

UCSC table browser: allows to upload genome assembly and annotations to
the galaxy

Data libraries: datasets need to be put on the galaxy server before they can
be uploaded.
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(Secure) FTP Clients
FileZilla: http://filezilla-project.org

mygalaxyworkshop_l@galaxy.ucla.edu@galaxy.hoffman2.idre.ucla.edu - FileZilla
n

e - -

> - ¥ - ‘ ~

Host: |galaxy.hoffman2.id Username: 'mygalaxyworks Password: eeeeesssseses Port: { Quickconnect | | ~
Status: Server aoes not support non-AsCIi cnaracters.
Status: Connected
Status: Retrieving directory listing...
Command: PWD
Response: 257 "/" is the current directory
Command: TYPE|
Response: 200 Type set to |
Command: PASV
Response: 227 Entering Passive Mode (164,67,172,98,254,215).
Command: MLSD
Response: 150 Opening ASCIl mode data connection for MLSD
Response: 226 Transfer complete
Status: Directory listing successful
Local site: | /Users/wyan/workshop/ v | Remote site: |/ v
4 gsea_home
» igv
> Volumes , S : s
bi Filename ~ Filesize ' Filetype Last modified f
in
cores
dev

Empty directory listing

Filename ~ Filesize | Filetype Last modified

.DS_Store 6148 File 07/10/201!

14 files. Total size: 1482593643 bytes Empty directory.

4 @@ Queue: empty ee

Host: galaxy.hoffman2.idre.ucla.edu
Username and Password: galaxy login




(Secure) FTP Clients

‘®0 0 |2/ CuteFTP Mac (ucla galaxy)

FTP servers
H y ﬁ ‘ e > ¥ Local Favorites

Site Manager Quick Connect Disconnect Reconnect Upload Download 74 ucla galaxy

Connection attempt 1: galaxy.hoffman2.idre.ucla.edu
Connecting galaxy.hoffman2.idre.ucla.edu (164.67.172.98:21)

220 ProFTPD l.3.4a Server (ProFTPD galaxy.hoffman2.idre.ucle
[164.67.172.98]

ucla galaxy

mygalaxy@galaxy.ucla.edu

S8sssssssnen
-

| Computer View e e ~ —
Name A| Size | Di Name Standard FTP =
:

88.4GB 1! 28

\

Free: 842.3 GB Capacity: 930.7 GB =

https://www.bol.ucla.edu/software/mac/cuteftp/



Upload Data to Galaxy

v"Data Transfer from your Hoffman2 Account”

[wyanflogin3 ~]$ module load gftp

[wyan@login3 ~]§ gftp galaxy.hoffman2.idre.ucla.edu

gFTP 2.0.19, Copyright (C) 1998-2008 Brian Masney <masneybfqftp.org>. If you have any questions, comments, or suggestions about this
program, please feel free to email them to me. You can always find out the latest news about gFTP from my website at
http://www.gftp.org/

gFTP comes with ABSOLUTELY NO WARRANTY; for details, see the COPYING file. This is free software, and you are welcome to
redistribute it under certain conditions; for details, see the COPYING file

Username [anonymous]: mygalaxy@galaxy.ucla.edu
Pagsword:

Looking up galaxy.hoffman2.idre.ucla.edu
Trying galaxy.hoffman2.idre.ucla.edu:2l
Connected to galaxy.hoffman2.idre.ucla.edu:21

USER mygalaxy@galaxy.ucla.edu




[wyan@loginl ~]$ gftp galaxy.hoffman2.idre.ucla.edu

gFTP 2.0.19, Copyright (C) 1998-2008 Brian Masney <masneyb@gftp.org>. If you have any questions, comments, or suggestions
about this program, please feel free to email them to me. You can always find out the latest news about gFTP from my website
at http://www.gftp.org/

gFTP comes with ABSOLUTELY NO WARRANTY; for details, see the COPYING file. This is free software, and you are welcome to
redistribute it under certain conditions; for details, see the COPYING file

Username [anonymous]: wyan@chem.ucla.edu

Password:

Looking up galaxy.hoffman2.idre.ucla.edu

Trying galaxy.hoffman2.idre.ucla.edu:21

Connected to galaxy.hoffman2.idre.ucla.edu:21

220 ProFTPD 1.3.4a Server (ProFTPD galaxy.hoffman2.idre.ucla.edu FTP) [164.67.172.98]
USER wyan@chem.ucla.edu

331 Password required for wyan@chem.ucla.edu

PASS xxxx

230 User wyan@chem.ucla.edu logged in

SYST

215 UNIX Type: L8

TYPE A

200 Type set to A

PWD

257 "/" is the current directory

ftp> help

Supported commands:
about clear lcd Imkdir mkdir rename
ascii close lchdir lpwd mput rmdir
binary delete 1chmod lrename open set
cd dir ldelete  lrmdir put site
chdir get ldir 1s pwd
chmod help 11s mget quit

ftp> help put

Uploads local file(s)
ftp> help quit

Exit from gFTP

ftp> put filenamell



File Formats

Analyze Data

-_ Galaxy / UCLA

Tools

Get Data
= Upload File from your computer

= UCSC Main table browser

= UCSC Archaea table browser
Lift-Over
Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features
Fetch Sequences

Get Genomic Scores
Operate on Genomic Intervals

Statistics

Insertional Mutagenis
_NGS: java genomics toolkit

<

Upload File (version 1.1.3)

File Format:
Auto-detect

Auto-detect
Roadmaps
Sequences
abl
affybatch
afg

axt

bam

bed

br than 2GB is guaranteed to fail. ~

Files uploaded via FTP:

File Size

Date

Here you may specify a list of URLs (one per line) or paste the contents of a file.




File Formats

v Formats created by application
roadmaps from assembler Velvet, gatk _dbsnp, gatk recal...from GATK,
lav and axt from blastz...

v Formats used for sequences and sequencing qualities
fasta, fastq, fastgSolexa, fastqillumina, fastqsanger...

v" Formats used for annotations
BED (bigBed), GFF (general feature format), GFF3, GTF (gene transfer
format), GenePred

v Formats used for NGS alignment information
sam (sequence alignment/map), bam (compressed binary version of sam)

v Formats used for displaying continuous-valued data
wig (wiggle), bigWig (indexed binary format of WIG), bedGraph

v Formats for variation data
vcf (variant call format), pgSnp (personal genome SNP format)



iOO

<> | > . genome.ucsc.edu/FAQ/FAQformat.html

iCloud Facebook Twitter Wikipedia Yahoo!

Apple

File Formats
http://genome.ucsc.edu/FAQ/FAQformat.html

Popular *

Frequently Asked Questions: Data File Formats

General formats:

Axt format

BAM format

BED format

BED detail format
bedGraph format
bigBed format

bigWig format

Chain format
GenePred table format
GFF format

GTF format

HAL format

MAF format
Microarray format

Net format

Personal Genome SNP format
PSL format

VCF format

WIG format

ENCODE-specific formats:

ENCODE broadPeak format

ENCODE gappedPeak format
ENCODE narrowPeak format
ENCODE pairedTagAlign format
ENCODE peptideMapping format
ENCODE RNA elements format

ENCODE tagAlign format

Download only formats:

.2bit format
fasta format
fastQ format
.nib format

Credl . on880858
Credl . 08868188

aus.g976_t1
aus.g977_t1

taffold_S3680002

1AH24A6H , TMU

AAHR1ABSHTMU

AAHR1AGH ., TMU

ARHPSABSHTMU

AAHPRSAGH . TMU

AAHr1AGh . TMU
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Retrieving Data from UC

e 00

Galaxy

Ll Ll

-~ Galaxy / UCLA

Tools

search tools

Get Data

= Upload File from your computer

= UCSC Main table browser
= UCSC Archaea table browser
Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Seguences

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Insertional Mutagenis
NGS: java genomics toolkit
NGS: Quantitation Tools
GFF tools

EMBOSS

Motif Tools

FASTA manipulation
Integrative Analysis
Human Genome Variation
Genome Diversity

NGS: QC and manipulation
NGS: Picard (beta)

NGS: Mapping

NGS: Methvlation Mappina

<

"-__' galaxy.hoffman2.idre.ucla.edu

Apple iCloud Facebook Twitter Wikipedia Yahoo! Popularv News Y font%3E

Analyze Data Workflow  Shared Data

A Genomes Genome Browser Tools Mirrors

Table Browser

Use this program to retrieve the data associated with a track in text format, to calculate intersections between
tracks, and to retrieve DNA sequence covered by a track. For help in using this application see Using the
Table Browser for a description of the controls in this form, the User's Guide for general information and
sample queries, and the OpenHelix Table Browser tutorial for a narrated presentation of the software features
and usage. For more complex queries, you may want to use Galaxy or our public MySQL server. To examine
the biological function of your set through annotation enrichments, send the data to GREAT. Send data to
GenomeSpace for use with diverse computational tools. Refer to the Credits page for the list of contributors
and usage restrictions associated with these data. All tables can be downloaded in their entirety from the
Sequence and Annotation Downloads page.

clade: | Mammal :| genome: | Human s

assembly: | Feb. 2009 (GRCh37/hg19) *
group: | Genes and Gene Predictions B track: | ucsc Genes : add custom tracks | | track hubs
table: | knownGene : describe table schema

region: (=) genome () ENCODE Pilot regions () position chr1:981104-1068301 lookup | | define regions
identifiers (names/accessions): | paste list | | upload list

filter: | create

intersection: | create

correlation: | create

output format: | BeD - browser extensible data : | Send output to & Galaxy GREAT
GenomeSpace
output file: (leave blank to keep output in browser)

file type returned: () plain text () gzip compressed
get output summary/statistics

To reset all user cart settings (including custom tracks), click here.

Using the Table Browser

History &

2: UCSC Main on Human: ® {J
knownGene (genome

~1,500,000 lines

format: gtf, database: hg19
EOD

display at UCSC main

chrl hg19_knownGene exon
chrl hg19_knownGene exon
chrl hg19_knownGene exon
chrl hg19_knownGene exon
chrl hg19_knownGene exon
chrl hg19_knownGene exon

1: UCSC Main on Human: @& {J %
knownGene (genome

82,960 regions

format: bed, database: hg19
OO

display at UCSC main

view in GeneTrack

display at RViewer main

1.Chrom 2.Start 3.End 4.Name 5

chrl 11873 14489 uc@Blaaa.3 @
chrl 11873 14409 ucBl@nxr.1 @
chrl 11873 14489 uc@l@nxg.1 @
chrl 14361 16765 uc@@9vis.3 @
chrl 16857 17751 uc@@9vjc.1 @
chrl 15795 18861 uc@@9vjd.2 @

>

Retrieve knownGene table in two formats from UCSC genome site



Genomes Pre-installed in Galaxy

A. thaliana Jan. 2009 (TAIR9) (araTha2)

C. elegans Aug. 2007 (WS180/ce5) (ce5)

D. melanogaster Apr. 2006 (BDGP R5/dm3) (dm3)
Dog Sep 2011 (Broad/canFam3) (canFam3)

Horse Sep. 2007 (Broad/equCab2) (equCab2)
Human Feb. 2009 (CRCh37/hgl9) (hgl9)

Human Mar. 2006 (NCBI36/hgl8) (hgl8)

M. fascicularis Jul. 2011 (gigadb/CE) (macFas)
Mouse Dec. 2011 (GRCm38/mm10) (mm10)
Mouse July 2007 (NCBI37/mm?9) (mm9)

R. norvegicus Mar. 2012 (RGSC 5.0/rn53) (rn53)

S. cerevisiae Apr. 2011 (SCD/sacCer3) (sacCer3)

S. cerevisiae June 2008 (SGD/sacCer2) (sacCer2)

X. laevis Version 7.1 (xenbase 3.1.1/Xenla_7.1_JCl) (xenLael)
X. tropicalis Nov. 2009 (JCI 4.2 /xenTro3) (xenTro3)



e OO0 galaxy - mygalaxy@galaxy.ucla.edu@galaxy.hoffman2.idre.ucla.edu - FileZilla

= >, B8 m = T PR T/ = L g T
Host: vgalaxy.hoffmanZ.id- Username: 'mygalaxy@gale‘ Password: ssssssssssss | Port: | ‘ Lv)

Local site: /Users/wyan/bioinformatics/bioinformatics/collaboratif ./ Remote site: lv

Filename Filesize ' Filetype Last modified Filename Filesize  Filetype

s_6_2_0008... 8189860... txt-file 11/25/2014 0... s_6_2_0008_gseq.txt 818986078 txt-file

1 file. Total size: 818986078 bytes 1 file. Total size: 818986078 bytes
Em Queue: empty v v

4
. .
upload s_1 1 600000 gseq.txt to galaxy or use published gc history
i i i 800 Galaxy o
RIRIANY — & A 0[] petratigeicacn ¢ Jiezel| (0]
| S Galaxy & 2 T8 o ot b T Wi i iy Yo o W et
S ~ Galaxy / UCLA Aoaize Data
( € ) @ galaxy.hoffman2.idre.ucla.edu C' | ('¥?~ Yahoo Q ﬁ B3 A = Tl @SOS R 62 s wh oL B804 | ity ¢
b/ s W 5w amd 2 0 1
GetDu SNGOS VA2 6 28 202740 %520 0 1 e
- A . + lmdflefomprcomer g yop 6o wen Me 0 1 156
-_ Galaxy / UCLA Analyze Data  Workflow d ‘ o | [ ‘
© Ak b bty S8 R 6 28 26 HE 0 1 3 e
¢ i ) . D608 VAR 6 28 20090 9680 0 1 ..CTTACTCGCTCTGECT.T.CoTA o GTE £6.2 0008dem gieat
Tools % | Files uploaded via FTP: History #  omou ol e i aveams
: - e S w6 3 msm %m0 1 e TG GRACATCTEGT ERETRURLTN L i upated ablr e
Get D File Size Date Lok NS W 6 2 A B 0 1 AT T GeRANOOK) V
et Data e e S8 OR 6 28 2% 9 0 1
=) Conenjomas qs Ny
= Upload File from your computer @ 5.6.2.0008_qseq.txt 7810 11/25/2014 y o o e ol 3w w030 B )
_0_c_ A A Mb 04:37:49 PM nnamed history yte fsch Seuences S605 VR 6 2 380 1L 0 1
» UCSC Main table browser . o s e wo 6 w0 WA 0 1 T
This Galaxy server allow: I les vi - . OwmeonGenicies | s W 5 3 L e 0 1 T e o _ARSOOSY P USCUTE
s Galaxy server allows you to upload files via © Your history is empty. Click ‘Get suiss S WL § W 1A I 0 1 TGO ™ eoweom: QDRI MR ——
= UCSC Archaea table browser FTP. To upload some files, log in to the FTP server Data’ on the left pane to start p—— s w6 % w0 w0 L P——— o .
. at ga[axy-hOﬁma"ZAidfeAuda‘edu using your SN0 VAOR2 6 28 2500 10310 0 1 (G GG A2 PRIDISOSHPEPNEERG | 0 148 6 T8 641 L0 B 1
Lift-Over NGS Ouamizion Tos S8 W 6 T IS0 0 1 AGGCAT @ CATCTCGTACGECGTCTCTGT LT GHASYUNPATIKTSYFRTI 2.
_ Galaxy credentials (email address and password). Gl SIS W 6 %O IMA) 0 1 CUACGCACTAGGOICCATC o z oLy )
" " . v 0 0 TG feete 000 oin
Text Manipulation e s vom 5 3o w0 1 G S —— et | ZAL0BLG
Text Manipulation Convert spaces to tabs: iy s w6 1w 0 1 ShEel
Filter and Sort P ST miniton A6 W 6 2% 40 W00 0 L Il sptes e
ZErane 200 - S8 WO 6 2 20 W) 0 1 AHCTONAG
loin, Subtract and Grou Yes p S8 wow 6 28 L0 188 0 1 °
loin, Subtract and Group Use this option if you are entering intervals by hand. j‘“‘“‘“ﬁ“‘““ NGO VR 6 28 890 LB 0 1 CCAGohnnC 28008 R
e — e e Sé W 5 @ w0 1 T I TR — ot w01
Convert Formats Genome: e i S e 6 1 o o 0 1 el
Extract Features " RO s nesipiaion SNG0S VA2 6 28 760 1050 0 1 CT.
Extract Features y st o, S W0 6 @ M 00 0 1T TOTATGCCTCTIOTGTT sttt e e cac Sy OIS K
Mouse July 2007 (NCBI37/mm9) (mm?9) v Msipia S0 WO 5 % D6 AW 0 | RO - e ———
Fetch Sequences 5 et i S WR 6 B DR W2 0 1 KON - n , S T—————
N NGS: Indel Anaysis SNGOS VAR 6 28 32 1220 0 1
Get Genomic Scores NS RA A A0S WL 6 28 16 11230 0 1 ATICAGMEGATGACC T KBTIV UG YULL b HUEDLZNGHSEOUI A
Operate on Genomic Intervals M ol e wo 6w ae 1w 0 1 XY s YD
< N NS GATCT08 e e W 6 w0 W 0 1
T lom I VI 0 AT T ST W s s 5

qgse(q file format
v a plain-text file format for sequence reads.
v" Each line contains: sequencer identifier, run number, lane number, tile number, x
coordinate, y coordinate, index , read number (1 for single, 1 or 2 for paired ends),
sequence, quality, filter



FastQ File Format
http://en.wikipedia.org/wiki/FASTQ_format

A FASTQ file normally uses four lines per sequence.

« Line 1 begins with a '@’ character and is followed by a sequence identifier and an optional description (like a FASTA title line).

e Line 2 is the raw sequence letters.

« Line 3 begins with a '+' character and is optionally followed by the same sequence identifier (and any description) again.

 Line 4 encodes the quality values for the sequence in Line 2, and must contain the same number of symbols as letters in the sequence.

A FASTAQ file containing a single sequence might look like this:

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

U ((((***+))888++) (3388 ) . 1x**—4x ' ') ) **55CCF>>>>>>CCCCCCCE5

The character '!' represents the lowest quality while '~' is the highest. Here are the quality value characters in left-to-right increasing order of quality (ASCII):

L"#$%& " ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{|}-

FASTQ files from the NCBI/EBI Sequence Read Archive often include a description, e.g.

€SRR001666.1 071112 SLXA-EAS1 s 7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+SRR001666.1 071112 SLXA-EAS1_s_7:5:1:817:345 length=36
IIITITIIIITIITIIIIIIIIIIIIIIIIIIOIGIOIC
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FastQ Quality Scores

SSSSS5SSSSSSSSSSS55S55S55SS5SSSSSSSSSS5SSS5SS5 55 e eteecsscccccccscsasssscssscsscscsssscssassssscsssncsas
D R RN N XxxxxxxxxxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxx I
on.o.nnoo.ao.noo...oon.osnn.o.cIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIonoooo-oooco.anoo.o.on

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLtQ.l...t..l‘..l0...l...l...t...l..l....l...l..l....l

1"#$%&"' ()*+,-./0123456789: ; <=>2@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_"abcdefghijklmnopgrstuvwxyz{

73 104

.40

S R R 40
0..-..-0.9.0.ooo...onco-o.-o.c.n.ocon..40

se.dl

59 64
...................... 2 OleY=t=r3.

-5....0
...................... 26...31
Sanger Phred+33, raw
Solexa Solexa+64, raw
Illumina 1.3+ Phred+64, raw
Illumina 1.8+ Phred+33, raw

reads
reads
reads

reads

typically (0,
typically (-5,
typically (0,

typically (O,

40)
40)
40)

41)

}..
I

126



Phred Quality Score

60

50

40

Qsanger =-10 I0910 P

Q-score
20

10

0.0 0.2 04 0.6 0.8

probability

Phred quality score | P. That the base is | Accuracy of the
called wrong base call

10 1in 10 90%
30 1in 1,000 99.9%
40 1in 10,000 99.99%

50 1in 100,000 99.999%



Expected Sequence Quality

v A good quality read will have quality scores all
above 28.

Trim reads with lower quality score.

v Per base sequence and GC content

|deal reads have no variation with GC content
along the length of the read.



40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

o N OBO

Quality Control of Raw Sequences

v Uploads 1 1 600000 gseq.txt
v" Run gseq_to fastq program
v" Run Fastqgc program

Quality scores across all bases {Sanger / lllumina 1.9 encoding) Sequence content across all bases
100
I IIII I %T
O =i !
- — | IIIIIII 90
- %G
IO I
4
I
L - | | 70
e S L -\\ —
L L_| i -
L1 ™
S et 60
____ \_
¥L 30
40
LS. L .- 30
B :[:[I B
10 [/
0
1 2 3 4 5 6 7 8 9 1519 2529 3539 4549 5550 6569 7579 8589 9509 123 456 7 8 9 1519 2529 3539 4549 5550 6569 7579 B5-B9 95.99

Position in read (bp)

Position in read {bp)

Alternatively, use compute quality statistics -> draw quality
score boxplot -> draw nuclotides distribution chart programs



Tools

AL T Ty

GFF tools

EMBOSS

Motif Tools

FASTA manipulation
Integrative Analysis
Human Genome Variation
Genome Diversity

NGS: QC and manipulation

FASTQC: FASTQ/SAM/BAM

Fastqgc: Fastgc QC using FastQC
from Babraham

ILLUMINA FASTQ

aseq to fastq Illumina HiSeq
QSEQ output to FASTQ format

FASTQ Groomer convert
between various FASTQ quality
formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end
reads

FASTQ Summary Statistics by
column

ROCHE-454 DATA

Filter FASTQ reads by quality
score and length

FASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

FASTQ Masker by quality score

FastQ Converter

FASTQ Groomer (version 1.0.4)
File to groom:
[ 2: FASTQ file + |

Input FASTQ quality scores type:
[ Sanger & lllumina 1.8+ :]

Advanced Options:
| Hide Advanced Options % |

Execute

What it does

This tool offers several conversions options relating to the FASTQ format.

When using Basic options, the output will be sanger formatted or cssanger formatted (when the input is Color Space Sanger).

When converting, if a quality score falls outside of the target score range, it will be coerced to the closest available value (i.e. the minimum or maximum).

When converting between Solexa and the other formats, quality scores are mapped between Solexa and PHRED scales using the equations found in Cock PJ, Fields CJ.
Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for sequences with quality scores, and the Solexa/lllumina FASTQ variants. Nucleic Acids Res. 2009 Dec 16.

When converting between color space (csSanger) and base/sequence space (Sanger, lllumina, Solexa) formats, adapter bases are lost or gained; if gained, the base 'G'
is used as the adapter. You cannot convert a color space read to base space if there is no adapter present in the color space sequence. Any masked or ambiguous
nucleotides in base space will be converted to 'N's when determining color space encoding.

Quality Score Comparison

S55555555555555558 SSSSS S88 S55555555555555555555555555555555558S8
............................ «e . IITIIIITIIIITIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIT
.......................... P0.0.0.000.00000.00000.00000000000900000.9000.0090090000.9000009990009906099060994
L #$%&" () *+,-./0123456789: ;<=>?ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{ |}~

| | | | I |
33 59 64 73 104 126

S - Sanger Phred+33, 93 values (0, 93) (0 to 60 expected in raw reads)
I - Illumina 1.3 Phred+64, 62 values (0, 62) (0 to 40 expected in raw reads)
X - Solexa Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)

Diagram adapted from http://en.wikipedia.org/wiki/FASTQ format

B Nurnr fram Hlimina 1 21 ninalinac ava Cannar ancadad
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FastQ Manipulation

Analyze Data

Tools
DEIWEETT vdluus TAS T yudiy
formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end
reads

= FASTQ Summary Statistics by

column

ROCHE-454 DATA

Filter FASTQ reads by quality
score and length

FASTQ Trimmer by column

= FASTQ Quality Trimmer by
sliding window

FASTQ Masker by quality score

FASTQ interlacer on paired end
reads

FASTQ de-interlacer on paired
end reads

Manipulate FASTQ reads on
various attributes

FASTQ to FASTA converter
FASTQ to Tabular converter
Tabular to FASTQ converter

Sickle Windowed Adaptive
Trimming of FastQ data

Scythe Trimming
adapters/contaminants using a
Naive Bayesian classifier

AB-SOLID DATA

Qualitv format converter (ASCII-

Sickle (version 1.0.0)

Single-End or Paired-End reads?:
Single-End *
Note: Sickle will infer the quality type of the file from its datatype. l.e., if the datatype is fastgsanger, then the quality type is sanger. The default is fastgsanger.

Single-End FastQ Reads:
2: FASTQ file *

Quality Threshold:

20

Length Threshold:
20

Don't do 5' trimming:

Discard sequences with Ns:

Most modern sequencing technologies produce reads that have deteriorating quality towards the 3'-end and some towards the 5'-end as well. Incorrectly called bases in
both regions negatively impact assembles, mapping, and downstream bioinformatics analyses.

Sickle is a tool that uses sliding windows along with quality and length thresholds to determine when quality is sufficiently low to trim the 3'-end of reads and also
determines when the quality is sufficiently high enough to trim the 5'-end of reads. It will also discard reads based upon the length threshold. It takes the quality values
and slides a window across them whose length is 0.1 times the length of the read. If this length is less than 1, then the window is set to be equal to the length of the
read. Otherwise, the window slides along the quality values until the average quality in the window rises above the threshold, at which point the algorithm determines
where within the window the rise occurs and cuts the read and quality there for the 5'-end cut. Then when the average quality in the window drops below the threshold,
the algorithm determines where in the window the drop occurs and cuts both the read and quality strings there for the 3'-end cut. However, if the length of the
remaining sequence is less than the minimum length threshold, then the read is discarded entirely. 5'-end trimming can be disabled.

Sickle also has an option to discard reads with any Ns in them.

Sickle supports three types of quality values: lllumina, Solexa, and Sanger. Note that the Solexa quality setting is an approximation (the actual conversion is a non-linear
transformation). The end approximation is close. lllumina quality refers to qualities encoded with the CASAVA pipeline between versions 1.3 and 1.7. lllumina quality
using CASAVA >= 1.8 is Sanger encoded. Sickle will get the quality type from the datatype of the file.

Note that Sickle will remove the 2nd fastq record header (on the “+" line) and replace it with simply a "+". This is the default format for CASAVA >= 1.8.

Sickle also supports gzipped file inputs.

Sickle is a sliding window trimmer and tries to keep the longest high quality &’

sequence reads.

windows of N bases moving from 5’ to 3’ end are tested for average quality. In
the first window that fails to meet >Q, bases are trimmed starting with the first

base with quality < Q
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FastQ Manipulation

Analyze Data

Tools

FASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

FASTQ Masker by quality score

FASTQ interlacer on paired end
reads

FASTQ de-interlacer on paired
end reads

Manipulate FASTQ reads on
various attributes

FASTQ to FASTA converter
FASTQ to Tabular converter
Tabular to FASTQ converter

Sickle Windowed Adaptive
Trimming of FastQ data

Scythe Trimming
adapters/contaminants using a
Naive Bayesian classifier

AB-SOLID DATA

Quality format converter (ASCII-
Numeric)

Compute guality statistics
Draw guality score boxplot

Draw nucleotides distribution
chart

FASTQ to FASTA converter

Scythe (version 1.0.0)

FastQ Reads:
2: FASTQ file *
Note: Scythe will infer the quality type of the file from its datatype. l.e., if the datatype is fastgsanger, then the quality type is sanger. The default is fastgsanger.

Adapter/Contaminant file (in fasta format):

Add a tag to the header indicating that Scythe cut a sequence?:
Also output another file with details about adapter/contaminant matches?:

Prior:
0.3
The prior contamination rate

Smallest length adapter/contaminant to consider:
5

Filter sequences less than this length (after trimming):
35

Scythe uses a Naive Bayesian approach to classify contaminant substrings in sequence reads. It considers quality information, which can make it robust in picking out 3'-end adapters, which often include poor
quality bases.

Most next generation sequencing reads have deteriorating quality towards the 3'-end. It's common for a quality-based trimmer to be employed before mapping, assemblies, and analysis to remove these poor
quality bases. However, quality-based trimming could remove bases that are helpful in identifying (and removing) 3'-end adapter contaminants. Thus, it is recommended you run Scythe before quality-based
trimming, as part of a read quality control pipeline.

The Bayesian approach Scythe uses compares two likelihood models: the probability of seeing the matches in a sequence given contamination, and not given contamination. Given that the read is contaminated, the
probability of seeing a certain number of matches and mistmatches is a function of the quality of the sequence. Given the read is not contaminated (and is thus assumed to be random sequence), the probability of
seeing a certain number of matches and mismatches is chance. The posterior is calculated across both these likelihood models, and the class (contaminated or not contaminated) with the maximum posterior
probability is the class selected.

Scythe is an adapter trimmer for lllumina reads that
employs a Bayesian model to classify contaminant
substrings in reads



FastQ Manipulation

- Galaxy / UCLA Analyze Data

Tools &

ETWEET VATOUS RS T qUETTY FASTQ Trimmer (version 1.0.0)

formats

_ o ) FASTQ File:

= FASTQ splitter on joined paired 2: FASTQ file

end reads
= FASTQ joiner on paired end Define Base Offsets as:

reads Absolute Values H

Use Absolute for fixed length reads (lllumina, SOLID)

= FASTQ Summary Statistics by Use Percentage for variable length reads (Roche/454)

column

Offset from 5' end:
0
= Filter FASTQ reads by quality Values start at 0, increasing from the left

score and length
Offset from 3' end:
= FASTQ Trimmer by column 0

= FASTQ Quality Trimmer by Values start at 0, increasing from the right
sliding window

= FASTQ Masker by quality score
= FASTQ interlacer on paired end

= FASTQ de-interlacer on paired
end reads

= Manipulate FASTQ reads on
various attributes

= FASTQ to FASTA converter
= FASTQ to Tabular converter

ROCHE-454 DATA

Keep reads with zero length:

This tool allows you to trim the ends of reads.

You can specify either absolute or percent-based offsets. Offsets are calculated, starting at 0, from the respective end to be trimmed. When using the percent-based
method, offsets are rounded to the nearest integer.

For example, if you have a read of length 36:

€Some FASTQ Sanger Read

= Tabular to FASTQ converter CAATATGTNCTCACTGATAAGTGGATATNAGCNCCA
+
» Sickle Windowed Adaptive =@@.@;B-228>CBAE>7@7BBCAL-48%<; ; $<BE

Trimming of FastQ data

X X And you set absolute offsets of 2 and 9:
= Scythe Trimming

adapters/contaminants using a eSome FASTQ Sanger Read
Naive Bayesian classifier ATATGTNCTCACTGATAAGTGGATA
+

AB-SOLID DATA
€.8;B-%?8>CBAE>7@7BBCA4-4
Qualitv format converter (ASCII-
< Or you set percent offsets of 6% and 20% (corresponds to absolute offsets of 2,7 for a read length of 36):

Run FASTQ trimmer with 15 as offset from 5 end and 30 as offset from 3’ end, then
run FastQC with trimmed reads



Mapping Reads to a Genome

Map with BWA for lllumina (version 1.2.3)

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

Use a built-in index ;

Select a reference genome:
araTha2 v

Is this library mate-paired?:

Single-end +

FASTQ file:
4: FASTQ Trimmer on data 2 +
FASTQ with either Sanger-scaled quality values (fastqsanger) or lllumina-scaled quality values (fastqillumina)

BWA settings to use:
Commonly Used  +
For most mapping needs use Commonly Used settings. If you want full control use Full Parameter List

Suppress the header in the output SAM file:

BWA produces SAM with several lines of header information

What it does

BWA is a fast light-weighted tool that aligns relatively short sequences (queries) to a sequence database (large), such as the human reference genome. It is developed by Heng Li
at the Sanger Insitute. Li H. and Durbin R. (2009) Fast and accurate short read ali with Buri Wheel Bioinformatics, 25, 1754-60.

Know what you are doing
There is no such thing (yet) as an automated gearshift in short read mapping. 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

BWA accepts files in either Sanger FASTQ format (galaxy type fastgsanger) or lllumina FASTQ format (galaxy type fastqillumina). Use the FASTQ Groomer to prepare your files.

A Note on Built-in Reference Genomes

The default variant for all genomes is "Full”, defined as all primary chromosomes (or scaffolds/contigs) including mitochondrial plus associated unmapped, plasmid, and other
segments. When only one version of a genome is available in this tool, it represents the default "Full" variant. Some genomes will have more than one variant available. The
“Canonical Male" or sometimes simply "Canonical" variant contains the primary chromosomes for a genome. For example a human "Canonical” variant contains chrl-chr22, chrX,
chrY, and chrM. The "Canonical Female" variant contains the primary chromosomes excluding chrY.

BWA performs gapped alignments and can be
used to detect indels and SNPs. BWAis
generally used for DNA projects.

Outputs

The output is in SAM format, and has the following columns:

Column

Description

QNAME
FLAG
RNAME

WO N L e W N
]
[}
@

Query (pair) NAME

bitwise FLAG

Reference sequence NAME

l-based leftmost POSition/coordinate of clipped sequence
MAPping Quality (Phred-scaled)

extended CIGAR string

Mate Reference sequence NaMe ('=' if same as RNAME)
1-based Mate POSition

Inferred insert SIZE

query SEQuence on the same strand as the reference
query QUALity (ASCII-33 gives the Phred base quality)
variable OPTional fields in the format TAG:VTYPE:VALU

The flags are as follows:

Flag
0x0001
0x0002
0x0004
0x0008
0x0010
0x0020
0x0040
0x0080
0x0100

Description

the read is paired in sequencing

the read is mapped in a proper pair
the query itself is

the mate is unmapped

strand of the query (1 for reverse)
strand of the mate

the read is the first read in a pair
the read is the second read in a pair
the alignment is not primary

It looks like this (scroll sideways to see the entire example):

QNAME FLAG RNAME POS MAPQ CIAGR MRNM MPOS ISIZE
HWI-EAS91_1 30788AAXX:1:1:1761:343 4 * 0 0
HWI-EAS91 1 30788AAXX:1:1:1578:331 4 * 0 0

SEQ

*

*

AAAAAAAN]
GTATAGAN]

BWA settings

All of the options have a default value. You can change any of them. All of the options in BWA have been implemented here.

BWA parameter list

This is an

For aln:

-n NUM

-0 INT
-e INT

-d INT

exhaustive list of BWA options:

Maximum edit distance if the value is INT, or the fraction of missing
alignments given 2% uniform base error rate if FLOAT. In the latter
case, the maximum edit distance is automatically chosen for different

read lengths. [0.04]

Maximum number of gap opens [1]

Maximum number of gap extensions, -1 for k-difference mode
(disallowing long gaps) [=-1]

Disallow a long deletion within INT bp towards the 3'-end [16])



RNA-Seq Aligners

v" Bowtie

It doesn’t perform gapped alignments. It runs faster and
requires smaller memory footprint.

v Bowtie2

It is fast and can perform local and gapped alignment. It
performs better for reads longer than 50bp.

v Tophat

Most popular splice junction mapper for RNA-Seq
reads. It first uses bowtie to align reads, and then
analyzes the mapping reads to identify splice junctions
between exons.



Bowtie for RNA-Seq

Maximum permitted total of quality values at mismatched read positions (-e):

Map with Bowtie for Illumina (version 1.1.2) 70
Will you select a reference genome from your history or use a built-in index?: Seed length (-I):
Use a built-in index 3 28
Built-ins were indexed using default options Minimum value is 5
Select a reference genome: & Whether or not to round to the nearest 10 and saturating at 30 (--nomaground):
mml10 v Round to nearest 10 :

if your genome of interest is not listed - contact Galaxy team
Number of mismatches for SOAP-like alignment policy (-v):

-1
-1 for default MAQ-like alignment policy

Is this library mate-paired?:
Single-end
FASTQ file:

9: FASTQ Trimmer on data 2+
Must have ASCII encoded quality scores

Whether or not to try as hard as possible to find valid alignments when they exist (-y):
Do not try hard +

Tryhard mode is much slower than regular mode

Bowtie settings to use:

- Report up to n valid alignments per read (-k):
Full parameter list +

For most mapping needs use Commonly used settings. If you want full control use Full parameter list 1

Skip the first n reads (-s): Whether or not to report all valid alignments per read (-a):

0 Do not report all valid alignments +

Only align the first n reads (-u): Suppress all alignmepts ad if more than n reportable alignments exist (-m):

-1 1

-1 for off -1 for no limit

Trim n bases from high-quality (left) end of each read before alignment (-5): Write all reads with a number of valid alignments exceeding the limit set with the -m option to a file (--max):

0
g Write all reads that could not be aligned to a file (--un):
Trim n bases from low-quality (right) end of each read before alignment (-3):

0 Whether or not to make Bowtie guarantee that reported singleton alignments are 'best' in terms of stratum and in terms of tl
Maximum numbgr tches permitted in the seed (-n): Bonotuse hest
Removes all strand bias. Only affects which alignments are reported by Bowtie. Runs slower with best option
2
May be 0, 1, 2, or 3 Maximum number of backtracks permitted when aligning a read (--maxbts):
125
Maximum permitted total of quality values at mismatched read positions (-e):
70 Override the offrate of the index to n (-o):
-1

Seed length (-I):
28 |
Minimum value is 5 Seed for pseudo-random number generator (--seed):
-1

-1 for default

-1 for default

Whether or not to round to the nearest 10 and saturating at 30 (--nomaqround):

Round to nearest 10 :

Number of mismatches for SOAP-like alignment policy (-v): Suppress the header in the output SAM file:

-1 Bowtie produces SAM with several lines of header information by default
-1 for default MAQ-like alignment policy
Whether or not to try as hard as possible to find valid alignments when they exist (-y):

Do not try hard  +

Select ‘mm10’ as reference genome
Select trimmed reads as input for FASTQ file
Change Suppress all alignments for aread to 1 (-m 1)



Sequence Alignment/Map Format (SAM)

v A generic nucleotide alignment format that describes the alignment of reads
to a reference genome in text format.

v" It consists of optional header section and alignment section.

Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

+r004 ATAGCT.............. TCAGC
-r003 ttagctTAGGC

-r001/2 CAGCGGCAT

The corresponding SAM format is:

@HD VN:1.5 SO:coordinate
@SQ SN:ref LN:45

r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG =*

r002 0 ref 9 30 3S6M1P1I4M * O O AAAAGATAAGGATA *

r003 0 ref 9 30 5S6M * 0 O GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 O ATAGCTTCAGC *

r003 2064 ref 29 17 6H5M * 0 0 TAGGC * SA:Z:ref,9,+,556M,30,1;
r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT * NM:i:1

http://samtools.github.io/hts-specs/SAMv1.pdf



Alignment Summary

v" Best if more than 80% reads aligned to the
reference

v" good library if 60% aligned

v" less than 20%, not complete reference or sample
contamination



Picard - SAM/BAM Alignment Summary Metrics

SAM/BAM Alignment Summary Metrics (version 1.56.0)

SAM/BAM dataset to generate statistics for:

11: Map with Bowtie f..apped reads *
If empty, upload or import a SAM/BAM dataset.

Title for the output file:
Picard Alignment Summary Metrics
Use this remind you what the job was for.

Select Reference Genome:
Use the assigned data genome/build H

Check the assigned reference genome:

Mouse: mm10 =
Galaxy thinks that the reads in you dataset were aligned against this reference. If this is not ¢
approprtiate Reference.

Assume the input file is already sorted:

Input file contains Bisulphite sequenced reads:

Adapter sequences:

One per line if multiple

Larger paired end reads and inter-chromosomal pairs considered chimeric:
100000

## net.sf.picard metrics.StringHeader

# Started on: Tue Feb 03 17:13:21 PST 2015
## METRICS CLASS net.sf picard.analysis.AlignmentSummaryMetrics

CATEGORY

TOTAL_READS

PF_READS

PCT_PF_READS
PF_NOISE_READS
PF_READS_ALIGNED
PCT_PF_READS_ALIGNED
PF_ALIGNED_BASES
PF_HQ_ALIGNED_READS
PF_HQ_ALIGNED_BASES
PF_HQ_ALIGNED_Q20_BASES
PF_HQ_MEDIAN_MISMATCHES
PF_MISMATCH_RATE
PF_HQ_ERROR_RATE
PF_INDEL_RATE
MEAN_READ_LENGTH
READS_ALIGNED_IN_PAIRS
PCT_READS_ALIGNED_IN_PAIRS
BAD_CYCLES
STRAND_BALANCE
PCT_CHIMERAS
PCT_ADAPTER

SAMPLE

LIBRARY

READ_GROUP
Picard Tool Run Log

UNPAIRED
600000
600000

1

0

72186
0.12031
3970230
72186
3970230
3487209
0
0017576
0017576
0

55

0

0

0
0.500776
0
0002177

INFO:root:## executing samtools view -h -b -§ -0 /u/home/galaxy/galaxy/galaxy-dist/database/job_working_directory/061/61959/dataset 112727

INFO:root:## executing samtools sort /u/home/galaxy/galaxy/galaxy-dist/database/job_working_directory/061/61959/dataset_112727_files/tmpNDe

INFO:root:## executing java -Xmxdg -Djava.io.tmpdir='/u/home/galaxy/galaxy/galaxy-dist/database/tmp'

Uncheck “assume the input file is already sorted”

-jar /u/home/galaxy/galaxy/galaxy-di



Extract Workflow

Workflow name History HISTORY LISTS

Workflow constructed from history 'qc' ‘ Saved Histories

o
| Create Workflow || Check all || Uncheck all | qc Histories Shared with Me
Tool History items created I CURRENT HISTORY
14: Picard
: 1:s_1_1_600000_gseq.txt Summary] Coate New
Upload File summary Clone
» R
. . 11: Map v
This tool cannot be used in workflows @ Treat as input dataset Nomina d Copy Datasets

. Share or Publish
10: FastQ  Extract Workflow

seq_to_fast
qseq_to_tastq P>  2: FASTQ file

. Q Dataset Security
™ Include "gseq_to_fastq" in workflow SR

data 2 Show Deleted Datasets
Fast S—— 8: Draw 8 Show Hidden Datasets
astqc: Fastqc istributi
>  3:FastQC_data 2.html distributil Purge Deleted Datasets
# Include "Fastqc: Fastqc QC" in workflow 7: Draw Show Structure

boxplot 0 Export to File

Compute quality statistics : . Delete

: . L 5: Compu
: : S » 5: Compute quality statistics on data 2 statistics] Delete Permanently
# Include "Compute quality statistics" in workflow =1

OTHER ACTIONS
3: FastQC

Import from File

Draw quality score boxplot 2:FASTQtle @ ¢ X
»  7: Draw quality score boxplot on data 5

) " . " 142.1 Mb
# Include "Draw quality score boxplot" in workflow format: fastgsanger, database: mm9
BHO®U
Draw nucleotides distribution chart >

R Draw nurlantidec dictrihuitinn chart an data



Workflow Management

-~ Galaxy / UCLA

Your workflows

Name
| gc-bowtie-pic|
| ceas | Run
| peak calling Share or Publish
' Download or Export
Workflows cione
Name Rename
— View
| demultiplex
—— Delete
Other options

| Configure your workflow menu

Analyze Data  Workflow

by others

’ Owner

mygalaxyworkshop_l@galaxy.ucla.edu

Published workflow/history listed
as shared data
A new workflow can be created
from scratch or import from a
published workflow

Workflow Canvas | peak calling

Ontions v ‘ Details

Input dataset P

output

Map with Bowtie for lllumina

FASTQ file

X

ChIP-Seq Control File

output (sam)

output_suppressed_reads_| (fastq)
output_suppressed_reads_r (fastq)
output_unmapped_reads_| (fastg)

output_unmapped_reads_r (fastq)

Save
MACS14 Run

ChIP-Seq Tag File

output_bed_file (bed) Close

output_xls_to_interval_peaks_file
(interval)

output_xls_to_interval_negative_peaks_file

(interval)
output_treatment_wig_file (wig)
output_control_wig_file (wig)

output_extra_files (html)

Edit Attributes

Auto Re-layout

fap with Bowtie for
a

select a reference
from your history or
wenwwdilt=in index?:

Use a built-in index ;

Select a reference genome: ¥
araTha2

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

FASTQ file
Data input 'sinput1' (fastqsanger
or fastqillumina or fastqsolexa)
Bowtie settings to use:

Full parameter list +

Skip the first n reads (-s): ¥
0

Only align the first n reads (-u):
\J

-1 ‘




Multiplex Sequencing

P5 Rd1 SP DNA Insert Index SP Index P7

Rd2 SP

v" During library preparation, adapters are ligated to the
DNA fragments.

Rd1 SP and Rd2 SP: primer sites
Index SP: primer site for the index read
P5 and P7: flow cell attachment sites
v" Index (barcode) allows for sample identification

v" Increase experimental scalability while reduce time and
cost

v" Attenuate lane effects



Demultiplexing of FastQ Sequences

v Barcode splitter

It splits the FastQ data with barcode included in 5 or 3
end of sequence reads.

v" Demultiplex workflow

The workflow perform demultiplexing of FastQ
sequence data with barcodes and sequences in two
separate files.

@2:1101:1074.60:113.50:Y @2:1101:1074.60:113.50:Y
CGATGTA CAGCTCATTGATGCAGTCCAGGCACTTCCCCCACATCTCTTCATGTAGGT
+2:1101:1074.60:113.50:Y +2:1101:1074.60:113.50:Y
@@@FDDD 3 <<DDB:AF?D<FGGBGEGCEE3:CGIII3CC:CC:DFE<D9??9?FDFA
@2:1101:1065.90:113.60:N @2:1101:1065.90:113.60:N
CAGATCA CAAAGGGGGGCTTGGTGGGGTGGTTCACGCCTGTAATCCCAGCACTCTGG
+2:1101:1065.90:113.60:N +2:1101:1065.90:113.60:N
CCCFFFF :>7<?A7TA<;:::5:(+()&&)0:28(3:78:::33(+++88++8(83(+
@2:1101:1067.40:113.90:N €2:1101:1067.40:113.90:N
CAGATCA GATTAGGGTGCTTAGCTGTTAACTAAGCGTTTGTGGGTTTAAGTCCCATG
+2:1101:1067.40:113.90:N +2:1101:1067.40:113.90:N

CC@FFFF +?<D+A:B2<?DDDEBB9? : <CEE4+2+<1) : C??@<08BD?D*?%2?2?)



Demultiplexing workflow

gseq_to_fastq = Input dataset P4
Illumina QSEQ file from your current output
history

fastg_file (fastgsanger)

Input dataset X4
output Jointine X Barcode Splitter Enhanced %
Input your first file Barcodes to use
Input your second file : :
Input dataset X Library to split
output merged_output output (html)
gseq_to_fastq =
Illumina QSEQ file from your current
history

fastq_file (fastgsanger)




Demultiplexing of FastQ Sequences

v Upload s 2 2 1101 _cut_gseq.txt,
s 2 1 1101 _cut _gseq.txt, barcode.txt to

galaxy
v Convert gseq files to fastq files
v"Run JoinLine program
Run barcode splitter enhanced program
Rename dataset to match sample name

Run QC workflow for the splitted sample
sequence datasets as needed.

N X X



