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* Graphical interface for genomic data

* Shows information from biological databases
mapped onto genomic sequence
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UCSC Genome Browser

* Developed and maintained at the University of
California, Santa Cruz (UCSC)

* Interactive website

» Access to genome sequence data from

— Human genome
* Latest assembly (GRCh37), but also earlier versions
— Mouse, rat, and approx. 40 other mammals
— Chicken, turkey, reptiles, frogs, and fish
— Insects, nematodes, S. cerevisiae and more
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ABSTRACT

The University of California Santa Cruz Genome
Browser (http://genome.ucsc.edu) offers online
public access to a growing database of genomic
sequence and annotations for a wide variety of or-
ganisms. The Browser is an integrated tool set for
visualizing, comparing, analyzing and sharing both
publicly available and user-generated genomic data
sets. In the past year, the local database has been
updated with four new species assemblies, and we
anticipate another four will be released by the end

INTRODUCTION

The University of California Santa Cruz (UCSC) Genome
Browser (1,2) at http://genome.ucsc.edu is a web-based set
of tools providing access to a database of genome
sequence and annotations for visualization, comparison
and analysis by the scientific, medical and academic
communities. Our primary mission is to provide timely
and convenient open access to high-quality human
genome sequence and annotations in a framework that
enables easy exploration from genome-wide down to the
base level. Annotation datasets, or ‘tracks’, on the human
genome cover conservation and evolutionary compari-
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Predicted genes

Transcripts

Promoter binding sites

Repeats

Epigenetic marks

Links to

detailed data
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The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For
more information about this assembly, see GRCh37 in the NCBI Assembly database.

Sample position queries
A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS

marker, a chromosomal coordinate range, or keywords from the GenBank description of an mRNA. The following list
‘shows examples of valid position queries for the human genome. See the User's Guide for more information

ouse lemur

ruary 2009 h = luence (GRCh37) was prod

omaion about tfouse e GRCh37 in the NCBI Ass
naoroo rot

e position qu

2@ position can
a chromosomal
xamples of vali

uines pig
aboit
Squirel

e accession number of a sc
. or keywords from the Ger
for the human genome. Se

11000000
chr3:1000000+2000

RH18061:RH80175

Request: Genome Browser Response:

chr7 Displays all of chromosome 7

chrUn_g1000212 Displays all of the unplaced contig 9i000212

20p13 Displays region for band p13 on chr 20

chr3 Displays first million bases of chr 3, counting from p-arm telom

15q11,15q13 H80175, or chromosome bands 15q11 to 15q13, or SNPs rs1042522 and rs1800370. This

151043522,r51800370  syntax may also be used for other range queries, such as between uniquely determined ESTS,
MRNASs, refSeqs, etc.

D1653046 Displays region around STS marker D16S3046 from the Genethon/Marshfield maps. Includes
100,000 bases on each side as well

AA205474 Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on chr 17

AC008101 Displays region of clone with GenBank accession AC008101

AF083811 Displays region of mMRNA with GenBank accession number AF083811

PRNP Displays region of genome with HUGO Gene Nomenclature Committee identifier PRNP

NM_017414 Displays the region of genome with RefSeq identifier NM_017414

NP_059110 Displays the region of genome with protein accession number NP_059110

ere
Displays a region of chr3 that spans 2000 bases, starting with position 1000000

Displays region between genome landmarks, such as the STS markers RH18061 and
Ri
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brief demo
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ENCODE data in UCSC

Published online 30 October 2010 Nucleic Acids Research, 2011, Vol. 39, Database issue D871-D875

doi: 10.1093/nar/gkq 1017

ENCODE whole-genome data in the UCSC genome
browser (2011 update)
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enome.ucsc.edu/ENCODE/aboutScaleup.html

ABSTRACT

The ENCODE project is an interational consortium
with a goal of cataloguing all the functional elements
in the human genome. The ENCODE Data
Coordination Center (DCC) at the University of
California, Santa Cruz serves as the central reposi-
tory for ENCODE data. In this role, the DCC offers a
collection of high-throughput, genome-wide data
generated with technologies such as ChiP-Seq,
RNA-Seq, DNA digestion and others. This data
helps illuminate transcription factor-binding sites,
histone marks, chromatin accessibility, DNA methy-

into RNA, which might be spliced. transported to an ap-
propriate_cellular compartmeni B
proteins. This process is regulated

DNA methylation, chromatin 1

transcription factors to_the DM

fa NA and RNA trar

processes, through direc
genomic technologies and detail
ENCODE began with a pilot ph
and scaled

CHCO

Hypersensiive
Sitos

RNA poymerzse

R0
).

lation, RNA expression, RNA binding and other
cell-state indicators. It includes sequences with
quality scores, alignments, signals calculated from
the alignments, and in most cases, element or peak
calls calculated from the signal data. Each data set is
available for visualization and download via the
UCSC Genome Browser (http:/genome.ucsc.edul).
ENCODE data can also be retrieved using a
metadata system that captures the experimental
parameters of each assay. The ENCODE web portal
at UCSC (http://encodeproject.org/) provides infor-
mation about the ENCODE data and links for access.
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Ensembl Genome Browser

* Joint project between EMBL-EBI and the
Wellcome Trust Sanger Institute

* Central resource for studying genomes of
vertebrates

Mainly chordates, but some few extra (e.g. C. elegans

and S. cerevisiae)

Updated several times a year with new genome

assemblies and new species

Annotations of genomes (e.g. genes and their splice

variant, SNPs) added by the Ensembl pipeline

Automatic gene prediction (with or without
experimental evidence) & some curator input
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Ensembl Genome Browser

Ensembl Species
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What's New In Release 16 (October 2012)
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* Bacteria, protists, fungi, plants and other metazoa (359 genomes)
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Now something different!

--Galaxy

Not a genome browser!
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* Galaxy is a platform (open, web-based) for
computational medical projects and
bioinformatics
— Accessible: Not necessary to know programming,

Unix, or how to install programs

— Reproducible: You can build and store complete
workflows, pipelines, and the full computational
analysis

— Transparent: Users can publish and share whole
worksflows

» A bioinformatics workflow management system
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Reproducibility

Repeatability of published microarray gene expression

analyses

John P A Toannidis!—3, David B Allison%, Catherine A Ball?, Issa Coulibaly“, Xianggin Cui?, Aedin C Culhane®’,
Mario Falchi®®, Cesare Furlanello!?, Laurence Game!l, Giuseppe Jurman'?, Jon Mangion“, Tapan Mehta?,
Michael Nitzberg®, Grier P Page*!2, Enrico Petretto!"!? & Vera van Noort!*

Given the complexity of microarray-based gene expression
studies, guidelines encourage transparent design and public
data availability. Several journals require public data deposition
and several public databases exist. However, not all data are
publicly available, and even when available, it is unknown
whether the published results are reproducible by independent
scientists. Here we evaluated the replication of data analyses
in 18 articles on microarray-based gene expression profiling
published in Nature Genetics in 2005-2006. One table or
figure from each article was independently evaluated by two
teams of analysts. We reproduced two analyses in principle
and six partially or with some discrepancies; ten could not

be reproduced. The main reason for failure to reproduce was
data unavailability, and discrepancies were mostly due to
incomplete data annotation or specification of data processing
and analysis. Repeatability of published microarray studies

is apparently limited. More strict publication rules enforcing
public data availability and explicit description of data
processing and analysis should be considered.

c\ Oslo |
e universitetssykehus

Can reproduce in principle

Can reproduce with some
discrepancies. .

Can reproduce
from processed data
with some discrepancies

Can reproduce partially with some.
discrepancies

Figure 1 Summary of the efforts to replicate the published analyses.

UiO s Department of Informatics
University of Oslo

Reproducibility

Was it version
2.4 0r3.1?

Run program 1

Jon K. Leerdahl,
Structural Bioinformatics

Raw data

r

| had to add my own

which parts | added

> module, but | am not
D 2SI sure | can remember

| have it stored
somewhere?

This postdoc left the

happened to that
script

c\ Oslo |
e universitetssykehus

Run my own python

script

.
.

lab. | don’t know what | Feeie=s i sl e dlas
| got from someone

Publication?

UiO 3 Department of Informatics
University of Oslo
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Jon K. Leerdahl,
UNMATCHED MESSAGES Structural Bioinformatics

The swapping out of a single base in a section of messenger RNA alters the genetic information
transcribed from the DNA before it i translated into a protein

Translation: G
A three-base arbosomer protein
sequence codes
Transcription: fora specific

a complementary amino acid
strand of RNA is

produced

this codon Growing
Py popeptide 47
chain

G G
— A —
C. (3
- )
ma oo
INA b

Ri
produced 15 March 2012
DNA
G resear ve discov wist in
Asingle base ——G > > whereby genes are f
is altered Science fast nin
e W
\ Adifferent amino
\ acid is added are generaly faihtul matcnes to the on

commentaries publisned today In Science,
ertors in multpe aspects of e stuay. fed by
Philadeiphia tsc

RNA editing study under intense scrutiny

Debate highlights pitfals in interpreting genomic data.

Adifferent  grika check Hayden

protein is

coe 7

ups suggest that
i Ghieung of the Universty of Pennsyivania In

found a new of g o
432 | NATURE | VOL 472 | 26 MAY 2011
© 2011 Macmillan Publishers Limited. Al rights reserved

Estimates of errors

Keeping track

Li, M. et al. Science 33, 53 (201 1), Ju Iy 2011: Four groups, including three publishing today in Science, have now estimated that the vast
" > 10’ 000 Sites i n th e h u m a n geno m e Where a n majority of RNA-DNA differences reported by Cheung's group were the result of error..

Estimated rate of false

RNA sequence did not match the sequence of stuay positives Possible sources of error
Lin et al. 89% Mapping errors, genetic variation, gene
the DNA duplications
* Evidence for a new mechanism of RNA Pickellctal | a5-94% Sequencig ertors, mapping erors
age enetic variation
editing? ’
Kieinman & 68-90% Sequencing erors, mapping erors,
« Central dogma is wrong in 10,000 places? magsk® genoyping errors
Schrider et al.® >90% Gene duplications
c\ Oslo UiO ¢ Department of Informatics
universitetssykehus University of Oslo

Jon K. Leerdahl,
Structural Bioinformatics

--Galaxy

* Galaxy is a platform (open, web-based) for
computational medical projects and
bioinformatics
— Accessible: Not necessary to know programming,

Unix, or how to install programs

— Reproducible: You can build and store complete
workflows, pipelines, and the full computational
analysis

— Transparent: Users can publish and share whole
worksflows

* By the way, Galaxy is written in Python...

* Developed by the labs of Anton Nekrutenko
(Penn State University) and James Taylor (Emory
University)

c\ Oslo UiO ¢ Department of Informatics
universitetssykehus University of Oslo

20/11/2012
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Jon K. Leerdahl,
Structural Bioinformatics

Galaxy

Community
Conference

TUTORIAL __ CITATIONS

UPCOMING EVENTS SYSTEM MESSAGES [ews ]
5. | BEAST u dto
19 A7 more>

* Bioportal -> Galaxy
* Galaxy at UiO submitting jobs
to the Abel cluster

G Oslo UiO ¢ Department of Informatics
universitetssykehus University of Oslo

Jon K. Leerdahl,
Structural Bioinformatics

--Galaxy

* Can be run on a free public server at Penn
State

* You can install Galaxy on your own server or
computer cluster (soon on Abel)

* You can run Galaxy in the cloud

Invent ‘

UiO s Department of Informatics
- University of Oslo

c\ Oslo
+ universitetssykehus

20/11/2012
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Jon K. Leerdahl,

Free public server: Structural Boinformatics

Galaxy

“The cluster on which many NGS tools run will be dow

19 until 9 AM the following day (ESTSEDT, UT Ister at that time will be interrupted.

i for maintenance from 4 PM, Monday, Nov.

Login
Register

istory &

gistory is empty. Click ‘Get
g the left pane to start

Tools

search tools )

Running Your Own

Get Data
Send Data
ENCODE Tools
Lift-Over
Text Manipulation An in-depth tutorial
Convert Formats

FASTA manipulation

Eilter and Sort
Join, Subtract and Group
Extract Features

Live Quickies

Advanced fasiQ 454 Mapping Uploading Data
nd

Graph/Display Data

Multiple regression
Galaxy is an open, web-based platform for data intensive biomedical research. Whether on this free public
Server or your own instance, you can perform, reproduce, and share complete analyses. The Galaxy team is a
part of BX at Penn State, and the Bioloay and Mathematics and Computer Science departments at Emory
University. 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 Emory University.

Metagenomic analyses

‘Genome Diversity Galaxy build: $Rev 8154:5dcbbdfe1087$

Phenotype Association

EMBOSS ¥ galaxyproject

NGS TOOLBOX BETA
16 hours aga rapy - ranwee - Fvore

NGS: ind mani ion

NGS: Mapping N e b CloudMan

NGS: SAM Tools 16 hours 0. eply  retvest - avorice:

NGS: GATK Tools (beta

NGS: Variant Detection of | et fne more ...

< This is a free, public, interet accessible resource. Data transfer and data storage are not encrypted. If there are restrictions  « >
o Oslo UiO ¢ Department of Informatics
“I" universitetssykehus University of Oslo

[Eai=ameampn K. Leerdahl,

© ° pracx|zom PP uctural Bioinformatics
sh s Cloud~  H:

=_ Galaxy Analyze Data p- U

“The cluster on which many NGS taols run will be down for maintenance from 4 PM, Monday, Nov. 19 until 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

Tools “] mistory ]
search tools ) B
Get Data . 0 bytes
= Upload File from your
computer

The Galaxy
Project
Wants You!

= UCSC Main table browser
= UCSC Archaea table browser
= BX table browser
= EBISRA ENA SRA

= BioMart Central server

Live Quickies

= GrameneMart Central server

= Flymine server

Advancedasta 454 apping UploadngDaa £ fork e I
manipulaton: nd using FTP [3onkl@fresbee ~]$ cd MBV-INFK410_Unix/subDiz3 B
{Sonkl@fresbee subDir3]$ cat 015537.fasta

1>5p| 015527 0GG1_HUMAN N-glycosylase/DNA lyase OS

= modENCODE fly server

= modENCODE modMine server

0 L= PARALLPRRUGHRTE RLDLvE
» Yeastlline server B — = : ZovT o
= modENCODE worm server [rest o :
 WormBase server Galaxy is an open, web-based platform for data intensive biomedical research. Whether of |yerrerpc, p :
server or your own instance, you can perform, reproduce, and share complete analyses. T
= EUPathDB server part of BX at Penn State, and the Bioloay and Mathematics and Computer Science Gepartr | scny1 gezecbes subDLzs]S cat M_002542. fasca
y. The Galaxy Project NSE, NHGRI, The Huck Institutes of||>5s | 137276607 a
N University. The Galaxy Project is supported in part by NS, NHGRI, The Huck Institutes of| |54 | 15727660
[N Institute for CyberScience at Penn State, and Emory University. 221 procesn,
= EDIGRAPH server [
» Genomespace import from file Galaxy build: $Rev 8154:5dcbbdfe1087$ ) c = RATTCS
browser S — sroera: .
Send Data » galaxyproject ceceen
ENCODE Tools G
e hours g 1o - et vt - c creeras ehsscachcenaon
-
Text Manipulation Foiw
Convert Formats A —— T
u e S scecTeecTas
< This i a fre, publi, intemet accessible resource. Data transfer and data storage are not encrypt
{jonkl@fresbee subDiz3]s 1
Oslo \ !
“I" universitetssykehus
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Jon K. Leerdahl,
Structural Bioinformatics

ATm—— X e —

Analyze Data
T | History &
1 | Upload File (version 1.1.3)
©

File Format:
Get D% [fasta
= Upload File from your Nhich format? See help below istory is empty. Cli et

computer it ata’ on the left pane to star

File: Data’ on the left pane to start
* UCSC ain table rowser oBV- NP 010D (Bre—]
e TIP: Due to browser limitations, uploading i to fal. To upload large files

use the URL method (below) or FTP (if enabl
= BX table browser

= URL/Te
= EBLSRA ENA SRA - N
jork@frecbeesubDi3
» Blotart Central server &i
[Jonkl@fresbes ~1$ c MBV-INFX410_Unix/subDir3 3
= GrameneMart Central server [jonkl@freebee subDir3]$ cat 015527.fasta
291015527 0661 KUUAN N-glycosylase/DNA lyase OS=Homo sapiens GN-0GGL PE=1 SV=2

= Flymine server Here you may spediy a list of URLS (one per line) or paste the contents of a file. ) o b g
= modENCODE fly server Files uploaded via FTP:
= modENCODE modMine server File Size Date
= Ratmine server Your FTP upload directory contains no files.

This Galaxy server allows you to upload files via FTP. To upload some files, log in tothe FY [~

server at main.g2.bx.psti.edu using your Galaxy credentials (email address and passworl| [ jonk1@gresbee ubDiz3]$ cat MM 002542.fasta
£1NM_002542..51

nscrips variant la, mRNA

» YeastMine server

o sapiens 8-cxoguanine DNA glyccsylase (0GG1), n

= ModENCODE worm server 504113727660

a1 protein,

Convert spaces to tabs:
= WormBase server [ Yes
Use this option if you are entering intervals by hand.

= EuPathDB server

 EncodeDB at NHGRI Genome: oy

[Cick o Sere o st

 EDIGRAPH server

= GenomeSpace import from file =
e [ exccue ] o Chcana
Send Data
ENCODE Tools Auto-detect
The system will attempt to detect Axt, Fasta, Fastasolexa, Gff, Gf3, Html, Lav, Maf, Tabul
. Interval (Bed with headers) formats. If your file is not detected properly as one of the kno
D " . h i =
Lz sdupipnltn likely means that it has some format problems (e.g., different number of columns on T
Convert Formats still coerce the system to set your data to the format you think it should be. You can also u|
ipulati files, which will automatically be decompressed.
lter and Sort B =

{3onkezzecpee sunizals |

S Oslo |
universitetssykehus L

Jon K. Leerdahl,
Structural Bioinformatics

€ > T T

- Galaxy soalyze Data

“The cluster on which many NGS tools run will be down for maintenance from 4 P, Monday, Nov. 19 until o AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

Tools History ®
| o “The folloving job has been successfully added to the queve:
search tools L) 1: NM_002545.fasta ve ?
Very simple. 0bytes
Get Data You can check the status of queued jobs and view the resulting data by refreshing the History pane.
= Upload File from your When the job has been run the status wil change from ‘running’to finished' if completed ©1:NM 002385 2
computer successfully or error”f problems were encoutered. AiE8 Mastedosa

= UCSC Main table browser
= UCSC Archaea table browser
= BX table browser

= EBI SRA ENA SRA

u Blollart Central server

Analyze Data

“The clster on which many NGS tooks un wil be down for \ Monday, Nov. 19 unt (ESTSEDT, UTC-0400). Job runring ontha custer ot tha time will be interrupte,

= GrameneMart Central server

= Flymine server Tools Histor 2
Elvmine (@ et s sty o e e <

= modENCODE fly server search tools ve

serchwds ) 15 NM_007545 fasta oL <

mox modttine server Very Simple Obytes

» modENCODE moditine L oo You can check th status of quaued Jobs and view the esulting dta by rfreshing the History pane. e

Jo— + Uload e from your ihen the io has been run the statu il chanae rom rumming o Fmhe  competed NCOUEEIEE e 0%
Batmine computr Succasstly or‘rro W problems ware encounter e

= Yeasthine server + UGS it bronser fom: fasta,

= modENCODE worm server ® UCSC Archaea table browser O —

B + B tabl browser .

= EBL SRA ENA SRA
= Biotart Central server

= Gramenettart Central server
= Eiymine server

= ModENCODE fy server

= modENCODE modvine server
= Ratmine server

» EUPathDB server

 EncodeDB at NHGRI

= EDIGRAPH server

 GenomeSpace import from file
browser

ENCODE Tools

ft-over = Yeastiine server
Text Manipulation = modENCODE worm server

Convert Formats = Mormease server

= Eupathg server

ter and Sort - + EncodeD ot NHGRE
< | + EviGuapi server

= GenomeSpace import from file
browser

Send
ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats
FASTA manipulation

Filter and Sort 2
< [>

+ Oslo UiO ¢ Department of Informatics
universitetssykehus University of Oslo
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Jon K. Leerdahl,
Structural Bioinformatics

e —
£ > emm—— X e —

_ Galaxy
Tools

Get Data

ENCODE Tools
Lift-Over

Text

search tools

Analyze Data

5941197276607 | ref |NM_002542.5| Homo sapiens DNA glycosylase (0GG1), nuclear | Mistory 9
N - o ve
| cenncors Very Simple... ol
AcTACGSS : 1:NM 0025a5fasta @ 0 % ||

Convert Formats

Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

st

Kolaskar and Tongdonkar.

= backiranseq
protein sequence

Operate on Genomic Intervals

nseq Back translate a

= banana Bending and curvature  ~

<]

1 sequences
format: fasta, database: 2
iploaded fasta file
]

S Oslo |
universitetssykehus

UiO s Department of Informatics
University of Oslo

Galaxy

mein.g2.bx. psu.edu S-acx

“The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 19 until 8 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

Jon K. Leerdahl,
Structural Bioinformatics

Tools

= etandem Looks for tandem z
repeats in a nucleotide
sequence

= extractfeat Extract features
from a sequence

= extractseq Extract regions
from a sequence

u freak Residue/base frequency
table or plot

= fuzznuc Nudeic acid pattern
search

u fuzzpro Protein pattern search

= fuzztran Protein pattern u
search after translation

= gamier Predicts protein =

getorf (version 5.0.0)
Sequences:
1: NM_002545.fasta ],

Code to use:
Standard =]

um nucleotide size of ORF to report:

20

Maximum nucleotide size of ORF to report:
1000000

What to output:
Translation of regions between STOP codons. =]

All START codons to code for Methionine:

ves[=]

| History o
e oB
Very Simple... Obytes
1: NM_002545.fasta @R

1 sequences
format: fasta, database: 2
uploaded fasta file

7]

GAGAAGATAAGTY

< v

secondary structure =

. Circular sequence:

» geecee Calculates fractional

GC content of nucleic acid No [+]

EETED Find ORFs in the reverse complement:
» {getorf Finds and extracts open Yes

reading frames (ORFs)

Number of flanking nucleotides to output:
. nudeic
100

. Output Sequence File Forma
. cric

point of a pl
= infoseq Displa

information abol ces

. The input dataset needs to be sequences.

= isochore Plots isochores in

large DNA sequences
o [ s e s You can view the original documentation here.

DNA constructs m
= marscan Finds MAR/SAR sites Citation

in nucleic sequences . e i .

i ~| For the underlying tool, please cite Rice P, Lonaden 1, Bleasby A. EMBOSS: the European Molecular Biology

<] Open Software Suite. Trends Genet. 2000 Jun; 16(6):276-7. >

S Oslo |
universitetssykehus

UiO s Department of Informatics
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“The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 15 until 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

Jon K. Leerdahl,
Structural Bioinformatics

Tools

repeats in a nucleotide
sequence

= extractfeat Extract features
from a sequence

= extractseq Extract regions
om 3 sequence

u freak Residue/base frequency
table or plot

acid pattern

= fuzznuc Nud
search

= fuzzpro Protein pattern search

= fuzztran Protein pattern
search after translation

= gaier Predicts protein
secondary structure

= geecee Calculates fractional
GC content of nucleic acid
sequences

= getorf Finds and extracts open
reading frames (ORFs)

= helixturnhelix Report nucleic
acid binding motifs

= hmoment Hydrophobic
moment calculation

= iep Calculates the isoelectric
point of a protein

= infoseq Displays some simple

formation about sequences

= isochore Plots isochores in
large DNA sequences

dna Draws linear maps of

DNA constructs

= marscan Finds MAR/SAR sites
in nucleic sequences

<]

>
= etandem Looks for tandem .| LLEVVLWSAP

M_002542.5_1 [

TQLCAPTGSGGGRR

X 2 (91 - 156) Homo sapiens 8-oxoguanine DNA glycos
VARAGRDLHLRKAGELGHEAGL

NU_002542.5_3 [163 - 198] Homo sapiens S-oxoguanine DNA glycosylase (0GG1), nuclear o
PAXGEAC

>HM_002542.5 3 (2 - 202) Homo sapiens 8-oxoguanine DNA glycosylase (0GG1), nuclear geni

se (06G1), nuclear ge:

AGGEGIX
>NM_002542.5_5 [202 - 246] Homo sapiens S-oxoguan
VRQBRLLNSTVWARE

NU_002542.5_6 [250 - 306] Homo sapiens S-oxoguar
GSWSLSGRGLWASTREGSG

>HM_002542.5 7 (3 - 389) Homo sapiens 8-oxoguanine DNA glycosylase (0GG1), nuclear geni

ne DNA glycosylase (0GG1), nuclear g

LPARF
CEGAWGIVL
>NM_002542.5_2 [310 - 433] Homo sapiens S-oxoguar

ne DNA glycosylase (0GG1), nuclear g

>NM_002542.5_8 ne DNA glycosylase (0GG1), nuclear g
Bl RATALS

393 - 512] Homo sapiens S-oxoguar
LLDNLSGGGSKVLATGUVY

>NM_002542.5 10 1438 - Homo sapiens S-oxoguanine DNA glycosylase (0GG1), nuclear ©
APGPGSAFWIIFEVEGAKSCTIEWCISGSSMDTDSD

>NM_002542. {553 - 597] Homo sapiens S-oxoguanine DNA glycosylase (0GG1), nuclear !
GARPLHCVE:

>NM_002542.
facl

QErG
5_12 [543 - 647) Homo sapiens 8-oxoguanine DNA glycosylase (0GG1), nuclear :
5 ALCTEETRARLAGPHOTSWRECASTSS

>NM_0025£2.5 15 [601 - 261] Homo sapiens

s-oxoguanine DNA glycosylase (0GG1), nuclear «

FLQQQHRPHEWHGGAAVEGFRTSAHER
>NM_002842.5_14 (651 - 965] Homo sapiens S-oxoguanine DNA glycosylase (0GG1), nuclear «
MLERLNCITIGVEWT: T o

. v

>NM_0025£2.5_15 (968 ~ 1007) Homo sapien
VEVBERSWANRAT

>NM_002542.5_16 [868 ~ 1041] Homo sapiens S-oxogua

= s-oxoguanine DNA glycosylase (0GG1), nuclear

e DNA glycosyl 0G51), nuclear

>NH_002542.5_17 (1045 - 1085) Homo sapiens S-oxoguanine DNA glycos:
GGPIGPLHPANSGHOGS

>N 002542.5 18 [1011 - 1109) Homo sapiens S-oxoguan
PGCSSYESPRMRIPTRPSASCLEWARRWLIASE

>NM_002542.5_19 [1085 - 1173] Homo sapiens S-oxoguanine DNA glyc
LHLEDGPRQAPGEARGCRYVAHCET

>NH_002542.5_20 (224 - 1378] Homo sapiens S-oxogua:

e DNA glyc
MGHRTLASTP

&
ALWASIECE:

£

LGYRAR: TizE L

- &7] Homo sepiens §-oxoguenine DNA glycosylase (0GG1), nuclear gene[| Mistory ol

ne DNA glycosylase (0GG1), nuclear o

18KB

2:getorfondata 1 [®0 %
62 sequences
at: fasta, database: 2
o=

s 02sez.s 1 11 -

3 Homs sapiens
LLFVIREARSETRRIGLCAFIGIGSIRR

0025525 2 (51 = 156) Homo sapiens

S 00284253 1165 - 138) Homs sapien

SARGEACRRIR

<m B
@0 R

1 sequences
format: fasta, database: 2
Info: uploaded fasta file

B

5941267276607 | xe£13%_002842.51 Home

GCOTCOACEAGGECTOOTTCTEMRTAGICIEUECTA
<[om

Too many
OREFs..

e Oslo |
universitetssykehus

UiO s Department of Informatics
University of Oslo
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‘The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 19 until 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

Jon K. Leerdahl,
Structural Bioinformatics

Tools

= etandem Looks for tandem
repeats in a nucleotide
sequence

= extractfeat Extract features
from a sequence

= extractseq Extract regions
from 3 sequence

» freak Residue/base frequency
table or plot

 fuzznuc Nudleic acid pattern
search

= fuzzpro Protein pattern search

 fuzztran Protein pattern
search after translation

= gamier Predicts protein
‘secondary structure

= geecee Calculates fractional
‘GC content of nucleic acid
sequences.

' getorf Finds and extracts open
reading frames (ORFs)

 helixturnhelix Report nucleic
acid binding motifs

= hmoment Hydrophobic
moment calculation

 iep Calculates the isoelectric
point of a protein

= infoseq Displays some simple

getorf (version 5.0.0)

Sequences:

2: getorf on data 1 [+]

1: NM_002545 fasta

2 getort on data 1

Standard (=]

um nucleotidg

ize of ORF to report:

500

Maximum nucleoti
1000000

What to output:
Translation of regions between START and STOP codons=]|

All START codons to code for Methionine:
ves[=]|

ular sequence:
W

d ORFs in the reverse complement:
"o ]

Number of flanking nucleotides to output:
[100

Output Sequence File Format:

FASTA (m)

=

A ]
CIC] Zic)
Very Simple... 1.8KB

: ®fR
62 sequences
format: fasta, database: 2
o8B

< v
information about sequences
. . The input dataset needs to be sequences.
= isochore Plots isochores in
large DNA sequences
« lindna Draws linear maps of You can view the original documentation here.
DNA constructs M
Finds MAR/SAR sites citation
el . "
n nuceic sequences ~| For the underlying tool, please cite Rice P, Lonaden I, Bleasby A, EMBOSS: the European Molecular Biclogy
<] Open Softuware Suite. Trends Genet, 2000 Jun; 16(6:276- >

S 002862.5 2 151 - 156) Hemo sapiens

S 002842.5.3 1263 - 198) Hemo sapien

1: NM 002545 fasta ®0R
1 sequences

format: fasta, database: 2
Info: uploaded fasta file

oB
5941267276607 | a£ 14 0025425 Home =x
CTACTTCCGGTGGTGOTOTORTETCCCCTIGAGAACE

GGCTTCOACGAGCCTGTTCTORGTAGGGIGACTA

e Oslo |
universitetssykehus

UiO s Department of Informatics
University of Oslo
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“The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 19 until 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time will be interrupted.

rom 3 sequence

fuzznuc Nudieic acid pattern
search

fuzzpro Protein pattem search

fuzztran Protein pattem

Tools SNM_002542.5_1 [344 - 1375) Homo sapiens S-oxoguanine DNA glycosylase (0GG1), nuclear gei History 3
‘etanderm Looks for tandem 4| M IRCERSE | — -
repeats in a nucleotide = e 2

QD HG
R FrsLoat Very simple. 14.7 kB
= extractfeat Extract features TLRGV

4:getorfondatal (@

ooverzzTEE

(CTVYRGORSGASRPTFOELE

cevaGRzasTRLIRGRTECLESES

PSLOALAGPEVEANLRKLGLGYRARYVSASARAL

Jon K. Leerdahl,
Structural Bioinformatics

|

1 sequences
» axtractseq Extractreglons A g
m a seauence S P
= freak Residue/base frequency .
table or plot BL002642.5_3 1348 = 33781 Homo 2n Where is 3?

| did a mistake
and had to

20/11/2012

remove it

search after translation

POTCTVADCICIMALDREQATE VDY

= garnier Predicts protein E e

secondary structure e

= geecee Calculates fractional = o
GC content of nucleic acid 62 sequences.
Sequences format: fasta, database: 2
. [Flol)
= getorf Finds and extracts open
reading frames (ORFs) ooz e 11 - o

= helixturnhelix Report nucleic
acid binding motifs.

LLPTVLNSAPGESRRTOLCAPTOSGG0RR

S _002542.5 2 (31 - 136) Homs sapt
= hmoment Hydrophobic

moment calculation

2053 1165 - 138) emo szp
= iep Calculates the isoelectric

PARGEAGRRRRY
point of a protein .

< ’

. Displays some simple.

information about sequences.
1:NM 002545.fasta @ § X
1 sequences
format: fasta, database: 2
Info: uploaded fasta file
@OO

= isochore Plots isochores in
large DNA sequences

= lindna Draws linear maps of
DNA constructs.

Finds MAR/SAR sites.
in nucleic sequences

"7'” . :

5941167276607 zef 11%_002542.51 Home

UiO s Department of Informatics
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‘The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 19 until 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at that time willbe interrupted.

Tool: Hist o
oo Remove beginning (version 1.0.0) Y —

search tools
Remove first: ve B
Get Data LR Very Simple. 14.7 k8
lines 4:getorfondatal  ® (R
ENCODE Tools u

from: 1 sequences

Over format: fasta, database: 2
LE-Over 4: getorfondata 1 [+] - d z

[~[61%] Z
= Add column to an existing

= Compute an expression on
every row, What it does

= Concatenate datasets tail-to- This tool removes a specified number of lines from the beginning of a dataset.
head

 Condense consecutive

Example
characters v .
§ Input File: =
= Convert delimiters to TAS
chr1 56632 s10 % 2igetorfondatal @ 0 %
= Merge Columns together 7 56736 354+ e Teaarcad
7 220 +

nr7 SE761
2

= Create single interval as a new format: fasts, database: 2
dataset 1

= Cut columns from a table

= Change Case of selected
columns

05 cTeE R7 372+ LLFVLXSARERRTQLEAPTGIGOERR
DI17003_CICERs 207 + s _oozs

2052 (51 - 156) Heme mapt
w Paste two files side by side

= Remove beginning of a file

= Select random lines from a file:

» Select first lines from a
dataset

1:NM 002545.fasta @ %

1 sequences

format: fasta, database: 2

uploaded fasta file

o

= Select last lines from a
dataset

= Trim leading o trailing
characters.

a dataset

<
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Tools AR ERRMGHRTLASTERLASTECERSE: History |

search tools DI € 1= T E] o2 3
Get Data Very simple... 15.6K8
Send Data

ENCODE Tools

Text Manipulation
= Add column to an existing
dataset

. an expression on
every row

= Concatenate datasets tail-to-
head

= Condense consecutive
characters

= Convert delimiters to TAB.

» Merge Columns together

= Create single interval as a new
dataset

= Cut columns from a table

. of selected
columns

= Paste two files side by side

= Remove beainning of a file

= Select random lines from a file

 Select first lines from
dataset

 Trim leading o
Characters

= 1 in/Word/Character.
<

9: Remove beginning @} 7 %
ondatad

e
|

Jon K. Leerdahl,
Structural Bioinformatics

=2 hitps://main. 2 bpsu edu

Galaxy

“The cluster on which many NGS tools run will be down for maintenance from 4 PH, Monday Nov. 19 untl 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that cluster at tha

Tools.

~ p-acx =

History.

£

S Oslo |
universitetssykehus

dataset

search tools

Get Data

Text Manipulation

Add column to an existing
dataset

Compute an expression on
every row

Concatenate datasets tail-to-
head

» Condense consecutive

characters
‘Convert delimiters to TAB
Merge Columns together

Create sinale interval as a new
datasat

Cut columns from a table

Change Case of selected
columns

Paste two files side by side
"Remove beginning of a file
‘Select random lines from a file
lines from a

Select last lines from a
taset

leading or trailing

.
characters

Vine/Wnd[Character count of

vE

Very i

11: Select
9

61 bytes

Ve
format:

HOU

9: Remove beginning ® { ¢
on data 4

351 bytes

format:
({619 2

DTG ER TR GARET

1 sequences
format:
(01%]

nple. 15.6 kB

rst on data (@ 3¢

fasta, database: 2

fasta, database: 7

fasta, database: 7

atics

University of Oslo

(<6

Tools

Lift-Over

et

= Add column to an existing
dataset

= Compute an expression on
every ro

= Concatenate datasets tail-to-

= Condense consecutive
characters

= Convert del
= Merge Columns together

» Create single interval as a new
dataset

iters to TAB.

= Cut columns from a table

= Change Case of selected
columns

= Paste two files side by side
= Remove beainning of a file

Select random lines from a file

» Select first lines from a
dataset

» Select last lines from a
dataset

= Trim leading or trailing
characters

= Line/Word/Character count of
a dataset,

= Secure Ha ssage Digest
on a dataset.

Trim (version 0.0.1)

this dataset:
11: Select first on data 8

Trim this column only:
[o

0= process entire line

Trim from the beginning to this positio

1
1= do not trim the beginning

Remove everything from this

13
0= do not trim the end

5]

position to the end:

=_ Galaxy Analyze Data [rems—

|
“The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, Nov. 19 i 9 AM the folowing day (ESTSEDT, UTC-0400). Jobs running on that cluster at tha

History &
o -
Very Simple.. 15.6 KB

G ores

format: fasta, databas

S[619)

move inni @R

1

Jon K. Leerdahl,
Structural Bioinformatics

Is input dataset in fastq fc
o [
1F et to S, the tool il not
Ignore lines beginning with
(select Al (unselect Al

>

Galaxy

Analyze Data

= T &
<3| == https://main. 52 bx.psu.edu £ - @0 X |52 Galmy
YOz o o-acx]

“The cluster on which many NGS tools un will be down for maintenance from 4 PM, Monday, Nov. 19 until § AM the folowing day (ESTSEDT, UTC-0400). Jobs running on that custer at that

oo
Cvate

Oooocoooooooooo
I = [

B
lines beginning with these are n|

Tools

Lift-Over

Text Manipulation

= Add column to an existing
dataset

 Compute an expression on
every row

= Concatenate datasets tail-to-
head

= Condense consecutive
characters

= Convert delimiters to TAB.

= Merae Columns togather

= Create single interval as a new
dataset

= Cut columns from a table

= Change Case of selected
columns,

« Paste two files side by side
= Remove beginning of a file
= Select random lines from a file

= Select frst lines from a

S Oslo |
universitetssykehus

9

351

History *

=] B
Very simple... 165K8
L im on data 11 @ () ¢
14 bytes

"t
format: fasta, database: 2
wWOO

11: Select first on data ® ¢ 38

61 bytes
format: fasta, database: 2
X

9: Remove beginning @ ¢/ 3¢
bytes

mat: fasts, database: 2
)

t

ol 2
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Tools
= patmatdb Search a protein
sequence with a motif

= pepcail Predict coled coil
regions

‘epinfo Plots simple amino.
acid properties in parallel

= pepnet Displays proteins as a
helical net

= penstats Protein statistics
= Bapiihsal Shows protein

« pepuind]
hydropaf

« pepuindfiual
hydropatt
seqences

= plotcon Plot quality
conservation of a sequen
alignment

= plotorf Plot potential open
reading frames
olydot Displays al-agairst-all
dotplots of  set of sequences,

= breq Regular expression
search of a protein sequence

= prettyplot Displays aligned
sequences, with colouring and
boxing

= prettyseq Output sequence
with transiated ranges.

« primersearch Searches DNA

es for matches with

primer pairs

<

pepwheel (version 5.0.0)

Seauence
121 Trim on data 11 =

Steps, the number of residues plotted per turn is this value divided by

the turns’ value:
)

Turns, the number of residues plotted per turn is the ‘steps’ value
lue:

divided by this valu

[s ]

“The cluster on which many NGS tool run il be down for maintenance from 4 PH, Monday, Nov. 19 unti 9 AM the following day (ESTSEDT, UTC-0400). Jobs running on that uster 3t tha

14 bytes
format: fasta,
ol

database: 2

2| History. =
ve o8B
Very simple. 165K8
12: Trmondata 1l @ 0 3%

Jon K. Leerdahl,
Structural Bioinformatics

Residues to mark with sauares:
[

Residues to mark with diamonds:
[oenest |

Residues to mark with octagons:

[y

Plotthe wheel:

Yes[5]

1 this is true then the residues ACFGILMVWY o
all other residues are unmarked. This overrides
Vou may have specified:

o [5]

You can view the original documentation here.

citation

For the underlying too, please cte 0
European Molecular Bicloay Open Software Suite. Tre

1f you use this toolin Galaxy, please cite Blankenberc
Zhana ¥, Ghent M, Veeraraghavan N, Alber n
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“The cluster on which many NGS tools run will be down for maintenance from 4 PM, Monday, flov. 19 until 3 &M the following day (ESTSEDT, UTC-0400). Jobs running on that cluster a that

Tools.

= patmatdb Search a protein
sequence with a motif

= pencoll Predicts coiled coil
regions

= pepinfo Plots simple amino
acid properties in parallel

= pepnet Displays proteins as a
helical net

= pepstats Protein statistics

= pepwheel Shows protein
sequences as helices

= pepwindow Displays protein
hydropathy.

= pepwindowall Displays protein
hydropathy of a set
sequences.

= plotcon Plot quality of
conservation of a sequence
alignment

= plotorf Plot potential open
reading frames

= polvdot Displays all-against-all =
dotplots of a set of sequences

= preg Regular expression
search of a protein sequence

. Displays aligned

sequences, with colouring and

boxing

= prettyseq Output sequence
with translated ranges

« primersearch Searches DNA
sequences for matches with

p-@ox

Helical wheel of raw::/galaxy/main-pool/pool2 /filg M=ty

Tue 20 Nov 2012 113131

CICE] % M

Very Simple.

3: pepwheel on data ® §/ ¢
12

12:Trimondatall @ 0 R

11: Select first on data ® {/ 3¢
9

61 bytes
format: fasta, database: 7
DY

9: Remove beqinning @ %
ondata 4

ytes
format: fasta, database: 2
o]%)

Tnput dataset

output

Workflow Canvas | Workflow constructed from history 'Very Simple..."

* Edit workflow

* Share workflow
S5 * Share on a website?
o * As supplementary material for publication?

Options ~
® getorf b3 Remove beginning 3¢ Select first % Trim ® pepwheel ®
Sequences from from this dataset Sequence
out_file1 (fasta) out_file1 out_file1 out_filel out_file1 (png)
getorf 2
", 4 H
* Create a “workflow” from your history
B B “ ”
* Edit settings for all “modules
* Add new modules
<
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* A very simple demonstration

* Galaxy can quite easily answer questions like:

— Which exon in the human genome contains the
largest number of SNPs?

— How many exons are there on mouse chromosome 17?

* Very good for making pipeline to analyze HTS
data

— ChIP-seq, RNA-seq etc
* If you are doing this kind of work, Galaxy might
be something to consider!

* Try it yourself? Check out the Galaxy 101
screencast?
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