AN

OpenHelix.

Copyright OpenHelix. No use or reproduction without express written consent

Fd
4]
LY

Important note to slide users:

[ Microsots Powespoien . (Prevemtationt].___________-[O[% 800 Slade Finger
25 W FE———p—
= = Open New ke
=@, Mac users
o

O | —
cm Scrar Sream o

|

= To maintain the color schemes/cues and the animations, if you
import these slides into other slide sets please click the
checkbox in the PowerPoint Insert window that maintains slide
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A
8Galaxy Conceptual Framework

Obtain data from many data

sources including the
UCSC Table Browser,
BioMart, WormBase,
or your own data.

Prepare data for further
analysis by rearranging

filtering data and many
other actions.

Analyze data by finding
overlapping regions,
determining statistics,
phylogenetic analysis
and much more

or cutting data columns,

I
8Galaxy Start

© Useitnowt http://galaxy.psu.edu/

ittt bt eyt

! €) Use it now!

= 0 Galaxy = collaboration and reproducibility

Designed for biologists and developers

€3 Why did we do it?

You s rindegist, Vo keep g o 2tk '] dats. Vi kg even {f 1 k Exoel as g
pro.it not load 12, SNPs, 50 how do you i = - 3

Sugges 304 want o i BmAD pISTStec ith the highet SNP density The is 30 raightiorvard ‘way of doing it without learing programming
firnt. And this b why...

= x T T s TR
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Galaxy bn 2010...

{ The Center for Comparative
== Genomics & Bioinformatics,
2! Pennsylvania State University

Jestfutes of the e
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gGaIaxy Publications

= 1

Galaxy: A platferm for interactive large-scale ) )
genome analysis Giardine, B., et al. Galaxy: a platform for
Bebnda Giwdine, ' Cathy Riemer," Bos €. Hardion, ' Rid m, Lana interactive |arge-SCa|e ana|ysis_

Ui Prachd Shah, 2 V) Zhang. ' Dheiel Bankesboery.' Bivins Albert,' james.

.| Genome Research (2005) 15:1451-1455

£ 3 Qurr Protoc Bi 007 10:Unit 10, .
B ) Taylor, J., et al. Using Galaxy to perform
Uning palaxy to perform largs-scaie Intarac large-scale interactive data analyses.

) Current Protocols in B|0|nformat|cs (2007)
e York Univeraty, New York,Hew York, USA. Chapter 10, unit 10.5
While most experimentsl bickogists know where B0 download genomic oata, few have &

concrete plan on how 1o analyze [t This situation can be corrected by: (1) providing unified
portals sarving ganamic data and (2) building Wob apalications to aliaw Mexibin retrieval and

Curr Pretoc Mol HeL 291D Jan Chagter 191088 19.10.1-21
Galaxy: a web-based genome analysis tool for experimentalists.

Blankanberg 0, Von Kuster G, Coradr M Ananda G, Lazarus R Mangan U, Neamutanko &, Tajtor )
The Huck insttates for e Lite Stances. Pecnsylvana State Univer

< Blankenberg, D., et al. Galaxy: a web-based

e genome analysis tool for experimentalists.
T 3 software system that this support iy . .
ausamancally managing e compatational dstads. Galar s aisibsed by CUTTENt Protocols in Molecular Biology (2010)

wanmsmrsmémmnnmu nrwngammr::umnin periom| Chapter 151 unlt 19'10

PUID: 08553 fPubiled - in process] ]

ah bioio
an and aben vary Thas,
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“Galaxy Screencasts

Aesabyee Dt

Workfow  DelsLiwwies  Help  User

Galaxy in 2010...

Exons and SNPs

.8

{Galaxy Agenda

Introduction and Credits
Interface

Getting Data

Preparing Data
Analyzing Data
Histories & Workflows
Summary

Exercise

Galaxy: http://galaxy.psu.edu/
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“Galaxy Registration
=_ Galaxy
Galaxy in 2010,
New

Create account

Cmail

Password

Confirm

Public Username -

—
Subscribe To Mailing List

- ¥

“Galaxy Interface Sections

Mapping Pipeline
for lllumina, 454,
and SOLiD

Galawy Quickies
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Galaxy Interface Behavior

f— e dat s et format, 1o =l
corvered by # gk hwmuwlwnmwtmklwhm-mhl
Gt ot Oty
xmawmsnm the Users Gukls for precral information aed sample recrics, and the Openilelin
B, Contratserver Tabls Browser sl for  namaod presemtation of the soéhwars foatares and saags. For mors complen querics, yos
Grmmenet Conra seess may w1t 0 un il crour bl S0, scove: el e s pag o he ot of comribeton sed st
resrictions associated
——— clade: [Mamms ] prmomes i asembly; |, 354
= PO | Canas ant Cone Prusicnnn Tonckn T tewekt | S Canen S5 e vkt
e [rope— e e whama L
Sadien rrglon: (& penoma () ENCODE ¢ 0T T (s ) (eies soge
ENGORE Tosls identifiers (namesaccruson: T
Lavar
—~ Biter: (o
Gosvart Formats Intersecsion: (s
FASTA manigulatian correlation: oo
Fitar and Sart = 098
Exiract Fstures output fle: (heave blask 1o boep outpst i browser)
& plain text
Faiuh Aligsments
Genomic oo ¢
_ - - o
Statitics To resctall & bere
Grmh, Displey Date.
Bestonal Yaristion
[
ok Using the Table Browser
Hassgenamic anabyse This scction provides brief lise by line descriptions of the Table Browser contols. For mort isformutos o8 using s
e prograss, soc e Tabik Brwace Lser's Gk
mas TOOLBOX BETA
« clades Spociios which clade the cnganie i 8
15 Maggng O e
sne. s bk i

Data Uploaded

"SLWCHC AN o0 Haman; @ 0 5
newnGene (heti-
154913754}

hagiay  UCSC main

s | rEun

Copyright OpenHelix. No use or reproduction without express written consent 13
M OF and mankuition #931, 21529, 23520, 20410, J1400, 33118, AN,
MGS. Mapsing dapp. L 0 . i
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| B i 5
MGS. Mapsing ® . R T
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Edit Attributes

maCacs  Workhow  DetsLbrwes bl

Tosis

ta amrautes
FELEN
= siousd Fle Fromm yor comguter Mama:

UCSC Main o0 Human: kecwnGens (eheil
1ate
UCSE Main on Human: knewnGene (che

Tage:

Database Buiis:
Human e, 2006 (g

Mumisr of comasent lises:

[p—

Extzaet Datturie arand cotumn {click bew & sebect
Fetch Seausnces e (el e et

et

Gt Gersmic Sores Mot Thartifiar cobmn {ich b & select]
Dprate on Sessmic Enterests St

Statavics

Srash Disptay ata o

Beginal Varistion e

s mple rearesan =

Eesiution

HBESS Canvart 1o mew faeman

[T [

[
11 UCHC Main o Haman @ §
knawnGene (chrXii-

137

Z
Einstory and Workflow

UCSE Main o Human: knewsGeng (X

List Histories

Tt
UCSC Main 0n Human: nawnGene (chvk
Tage:

Database /Buite

Hamien Ma. 2006 (hg18)

it o4 camment Bnes

Strand cosma (click Box & sebect)
“ie

Mama/Tdestifier column {click bex & sebact]
o2

=

Conwert tn e format

St W e 2 T
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EGetting Data

Galaxy in 2010...

* UCSC Archass tatse browser
= Gt Merotal Data

Galaxy Developer
Conference

Cold Spring Harbor Lboratory
Lomevasbinely Kobimee) By f Geeneres |

P e—————
* BN server

SRR Timki Galany Quickies

Cofrert Pormans

FASTA manigulation
Fiter and $ae1

Juin, Subtract and Sreup
Extrnct Features

Fateh Sagemncy
Fatah Sgnmants

Scores
Gomrate on Genemic inbervals
Statintics

Geapn Display Data
Regional Varistion
Fiutiphe resressisn

st | colecne ot
amed history ?
2.1a

[ e
Dt o Eha et e b2 skt
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Getting Data: Table Browser

Galaxy in 2010...

* WCEC Archass tatle brows
= Gt Moot Data
Rr——

* Gramensiar Central sreer
= Byming server

= ExPamhl server

* LocodeCHd st WHGRI

= ESGRAP sereer

Send Data

&c::m Galawy Quickies

Get Table Main axy Developer aTm

Conference

Cold Spring Harber Laboratary
vty Nk By of e

e Jo gl o 0ot Lfe Surcs

Copyright OpenHelix. No use or reproduction without express written consent 21
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clade: Mammal
genome: Human

assembly: Mar. 2006

group: Genes and...
track: UCSC Genes

table: knownGene A7)

Output format:
BED, and check
Send output to

Getting Data: UCSC Table Browser

Wirfow  Dotalfewws b Hel  User

[T — Tables GanaSorier PO Session FAQ  Help
Table Browser

e this program i retrieve the data msociated widh 3 track i seat forma. 1o calculaie inenections befwoen Sacks. and
0 seirieve DINA sexqacnce coveond by & track. For help in using this application sev Lsing e Tabik Browser for a
descripion of e costruls in this form, e Liser's Guds for grcrad =d sarmplc gecnes. and g Dpenbcln
Tabls Browser farial fo 3 sarmaiod proscreaos of the oftwass Ieatures ase wage. For mom complen querse., you
muay wiest 1o use Gialany o 0w public MySOL server. Refer o the Credis page for the list of contributoes and wiage

clades Mamest | genomel | emse i sssembly 2000

EFOUPS | Conet i o Pt Trbe

bl | ingmreCans
‘region: [ pesome | ENCODE = poution cux o | | dutine regon
bemtifiers inameyacorssiomn | | sae bon | et

[

imsersection! | v

Convart Farmat

71 Cend cuiper o Uiy ]
Newve blank W keep output = Browser)

==« Get Output
N

el bere.

Muipte rearession =
3 Using the Table Browser

e S This section provides brief Ine-by-ine descripioss of the Table Browser control. For more isformasion on usisg this
frnass peogram, s e Table B Users Giukde

o + clades Spocifies which clad the orgasium is in

* gemame: Spocifics which orpasises e 1 e,

&
by

Getting Data: Send Table Results to Galaxy

it
= Lgkoad Pig from your comguter Oulmltmn!‘mnukﬂ)

T

* UCSC Archass table Srowur
* Gt Mcrobal Data
femosarionll

o Geimgpi Centra e

* Eieming sever
* ExPaaCd s
= Encoein st wHGal

Crrate ooe BED record per:
= Whole Gene

e bases
0 bases ot each end

] bases ot each el

5 UTR Exoes

Coding Lxons

¥ UTR Exom

Noae: if a foatery s cf
b wuncacd in order
e ety 9 Gt

jdownsiram bases. e addod, they may

Camin
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st 0ata [ E—
= s P roem e comgnter
[T T —
* LICSE Archans tatie browser
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Getting Data: Addltlonal Data Sources

fomn ehexil:
7841

forona, Pormat: e,
(1]

P e Human @ § 5

§
% Getting Data:

- Galaxy

http://www.openhelix.com/galaxy

Upload File —

[ESRENN | | (&1 ) (i Oekise

File Format i

Upload or paste file

e P

UL Tem:

Canvart spaces to tabe:

(Ferse Bap. 2007 (eguCatd)
Horse Jan. 2007 jequCan1) S

Species e

Copyright OpenHelix. No use or reproduction without express written consent 2
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Tl Man
ey

* Comute e expression on
ey riem

* CODDREnE Buenes -t
=

* Condense coneetive
=

* Convert desmiters to TAB

= Maros Cobumng together
* Crste segle rier

Cut Duemmmsn s TEXH
~ oaan cs s

o Baste tw Ples side by side

« Barmizes begering of a e

= Sabect st s from & Query
* Sahect st nes trom & Quary

CESSTT ) Text Manipulation [

Preparing Data: Text Manlpulatlon

e

- “m i Ry 'l

et by retmaring
o From

PP

Manipulation
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Preparing Data: Cut columns

= Blaros Cournng tegsther
* Creite sege PG 45 4 hew
ey

U ke B & ee

* Chacgs Cane of wisctes
ey

o Baste tw Ples side by side

Type:
cl1,c2,c3,c6,c4,c10

o A P
e Add Columns ==
p—e

21 UCSE Mainon Human; @ § X
chrkid-

ments, T re esanist o
o e R lbest Piatery

(0.9, your aeigena dek

—

s
s putat e 2

L
)

c2elch;

i tan sl present - am

Exampie

2,423 regions, format: bed,
database: hg18

Info: UCSC Main on Human;
knownGene (chrX:1-154913754)
save | display at UCSC main

140854 156002
140854 156002
157538 157538
161740 158184
161740 170886

L]
@
@
L]
L]
]
o

215101 221653
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8 o b2 g awiting
ey
Comiate a0 axpresn o
Caecatenace aueres tad-1o-
=

dense corsscutoe

[
Faraen
Cacert desemtens so TAS

mmj Save

Ckt coburmang rom 2 Tatie

Datubase Buile
Haman Mar. 2006 (hg

Wumiser o4

ChrXGenes

Preparing Data: Change Attributes

g ppe—

T

ST 1T 1ab e
ot

e
N

ke i car e te roles atsscated with Ths

I

reparing Data: Change Format

* Coccaterate aueries tad-to-
=3
Cacense consecstve
Paracers

* Comyet detemters o

= Hgeom Cotumes together

* Crmate singie eterysl a5 8 pew

.

= Bomows begreieg of 4 e

+ ST b o Qe

= Sttt b o  Gpoiry

- Trim b o trting
Saractens

Sora Formans

Filter and Sart

Extract Peatures

Patch Segeences

Fatch Aigamants

Gt Ganome Scores
Conrate an Genpmic Inbervals

006 (hg18)

ment Bnes:

Select: interval

Parmissions snd role sssociations of CRsGenss

fBiane: sie i Car, marupe TR A SLAHERS wER T

ercpgrepan [P p—
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“Preparing Data: Select Columns
isdaion
* A iume to an existing
e
* Compute sn expresson on Togm
—
= =Ty Chrom column: 1
E—— P pr— Start column: 2
* Caryer delmiters to TAS
. T End column: 3
LA ==
uary 1 WESC Main e Human: & 0 3
S ot courmn:
* Change Case of seiecte 11
g i
« Pttt by s 5
[ T T TR B § S Strand column:
* Seiect frsl Wees Soem & Quary e .
I | o et ) Name column:
e
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Preparing Data: Filtering and Sorting

@) ot uosens

Filter and Sort

ich Seauences
Ferch Alanmests

St Genemic Scoms

Operate on Gesemic Intervals

Statatics
Giragh/Display Bata
Begienal Varsation

Muliple rearession

Filter & Sort

¢
2 Chrxganes X
P o
Satuase: BgLH

Sk | En | dhspiay ot UCSC main

- e

4

Preparing Data: Filter on Column

ot cor M LM 1S

Graph Dissiay Dt
Messonal Varktion . i € a5 s, For qxampie, €4 refars b5 tha frst
Multiple rearession -

o . i charsctir cparatort ESrEn 56 wAES KoAcH [ .4, € B vald
Evsiution
Petapnemi snalrses . " must be used (23,
EMBOsT . singhe or ot uctes |
NGS TOOLBCX BETA . o, bt make
63 TOOLBGK B ‘GhIT) or Rt 08,
MGS, OC and manisleten
HG3: Mapsing Eanmsie
MGS: SAM Tooks

+ eLwmichrl” sects ines i which tha frat coturmn & chel

Sesiews v abiracting cokume 3 from cokume 7 s e

8 whare [0 second ok B hesa [ Hor

o wakom o cok
i comena - €3<

o e
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Fitering wih che-2, et
Toge e
Fiiter and Sart g— g with il =2,
e LIS ChrXGenes<= 2exons [+
o — R e
- Sar o g or ;
e e
e R S——
expression. -
Jows, Subtrect and Sreup ‘ -
B Paak tI-‘_v« G -
Feth Seawtnces 2 -
Fatch Aligamants Start column:
Gt Genomel Sobres T
Cenrate on Genomic Intervaly . 2 CheNGena *fn
F— A e e
Statisnos s e th
Restonal Variaman Birand cobumn [click bon B sebect)
Hultipls regression ¥iaz
. P -
AL UCHE Main on -dn
Human: kngmnGens chrk:1:
AR4RLITEA)
2,023 e, fermat b,
s
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- Galaxy

* Bty Central server
 GEamaneran Cern senr
* Exming server

= EuPRnDE server

= EncodeDh s NesGAE

* ESKGEARY server

Sand Data

NCOGE Taols

Lift-Cremr

Tt Manipulatien

Convert Permats
FASTA manipubation
Filtee o Sort

G52 9C and manipulation.
HG3: Mapsing

“Preparing Data: Download second dataset

2 Chrxgenes .0n
ZAT) regars, lormac ngervel,
8

L1 WCKC Main o0 -0
Faman; knewnGene (e -
154913754}
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5Preparing Data: Download second dataset

Sl Homs Genomes Genoms Browser  Biat T, Gena Sorter  PCR  Session FAQ  Help

* EScodeCs st WiGR]
= ESGRM server

Sond Data
EMCODE Tosls

Le-Over

Text Maniwtation

Comvers Formats

FASTA masiputateon
Fifter and Sart

Extract Faatures

Fateh Segeences.

Fetch Alignments

Gt Ganomic Score

Comeane on Genmmic Enteryats
Statintics

Gragh/ Display Oans.

Regional Variation

Huipte rearession

Evobution

Hesagenomic anatrses
mmoss

WS TOOLBOX BETA

e UCSC Main |, cod wih 3 vk s e, e st
= d by & k. Lsing the fora

= Get Mcrobisl Outa description of the 8 i o, the: L'y Ok ke gutrica, and the Opeeiieli

[er—— ol -

1968, G wnd misigvlation
[p—— = penemse: Spocifics which crganivm data 1 .
sns sau e R P —

T B atrial & 4
ey wearst 0 wse Clakany of our pablic MySOL server. Refer 1o e Cridits page for the st of costribrston ad usage
+ acciated wih S dwa

i f] DVBOME: |t £ Ssmmbly: CFTED

table; | rgemnes | il At s s ] Um

Tegien: ) ponoms ) ENCOUL = poskion oo genome: Human

eacrs tameinadont (Eome) (oo \ assembly: July 2003

hum- ”‘: o

correlation: e

Oulput FBFMmSE: | B - beomas ses s s 7)o Sead| group: Regulation

e eave blask 1o kecp oo
perap—— track: NHGRI DNasel —HS

table: nhgriDnaseHs

Using the Table Browser

This. section peovides. brief line. by line descriptions of the Table Browser controls. For more isformasion o using s
program, soe the Table Bmwser User's Gisidk

* clade; Spocics which clade the organism 5 8
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ﬁPreparing Data: Download second dataset

e Sl Homs Genomes  Genoms Browssr Bist Tables GensSorer PCR Session FAQ  Help

Akt Pl from e s Output nhgrilnaseHs as BED

T —— Inchude custom track headee:
* et iceotial Outa [ T
o Dot Contrat server GescripORe ubie b e 54 shap Doanain,
* Goamensttus Central server visibllitys (pacs
* Ereming server e
Pun 0 e
* E=coce0s st WWGR Create one LD record per:
——— % Whak Gens
Sond Guta Upsmamby (200 bascs
ENCODE Tosts

bases
e begisning o end of

Send to Galaxy

Downsmam by ‘702

Taxt Hanigsdation Basas oo aced, day may
Comven Formans

Filter and Sart

Extract Festures

[Ty re—

Faten Aigments

Gat Ganomic Scores
Gowrate on Genemic Intersats
Statintics

Grasn /Disadey Data

Resional Varistion

Muhiste rearession

Eroaution

Hetaenomi anatvaes
DRoss

WS G5 and masigulation
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MGS TOOLBOK BETA

MG3: OC and manisuletien
GS: Marging

MGS: SAM Tools
ek

Preparing Data: Liftover
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Preparing Data: Change Name

- Galaxy

Change name:
kAo DnasHs on ChrX

Fetch Alanments

st { Qperate on Genomic Intervals\
Graph/Display Data

Bagansl Yarition

P mple rearesson
|aucscumeon  won

BetaEn G analyses Human; nhoeiDnarells

e KhrKid-LEPTIRL)

NS TOOLBOX BETA

M5 O and manipeation

G3: Mapsing

NGS: SAM Teuls

Wkt

LiCheNGenmsz @0 X
mxans

436 regiona, format- etareal,
duestase: 19t
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Analyzing Data: Getting Flanking regions

-~ Galaxy

Operate on
Genomic Intervals

on-unamum\-n
* lotac e ot f s

Sultract the teres of bes.
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5Ana|yzing Data: Flanking regions

-. Galaxy
Tosts | ey Options -
SetOew s | cotacee ot
e B

- e s
Rintver =Y
Bt Einhcietbins Dnastisn Chex @ 0 B
Conver Farmats e
FASTA manisulasn

S '...,.
Get Genamic Soores
wnamumﬂh E T
* ltamaec e ntarva of b 300
- St v i i == Execute

= Blaros the overangins istervals
of 8 guary

P p—

* Gt Saky reterms Rasking
P4 e ey e

* Estch closest sty for wewry.

+ Bt Arcotatons o o vet of JiChiGanes= @ 0 %
perama sierein axas
S 426 rwgenu, format: et
ety
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Analyzing Data: Joining Two Datasets

-. Galaxy

Sptrase on dinemic itk
* lotac e ot ot

* St the et of b
= Blaros the overangins istervals
of 8 guary

= Concatenany tes quenes s
e query

= B Cenrnn of a8 tervals

ha et of mtervas
o veed vt of ‘

- Comgsmaet wiaress of &
query

« Cuser the b o » s,
* mome
atres S\
* ek facks o\ fir g
reguon s e €0y pene

[ ——
» Erafie Arcctaton for & st of
gemom icervan
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Analyzing Data: Joining Two Datasets Analyzing Data: Viewing Data Analysis

Tosks IBASEIN wedidnge. ] Hisry
n0ie esbedea. 3 FEr— i
Sand Data ki)
e Unnessed hissary ¢ ENCOGE Teols wedotdev.t 3 Unnamd hiater [
Le-Ovar 0.Tas Lif-Crvmr -
Texl Maniguiation “ﬁ“m‘-l’ Tent Maniguation -
Comvart Formats wmummﬁmh:' = Canvert Fermats :: CIICk Eye
FAATA maniguiation
Filter and Sart Filtes wed Soat 3 b
Join, Subtrect and Sreus Datasets: P
Extract Features Extract Features N L
e 7: ChrXgenes <= 2exons, upstream e o
o1 Gensmic Scomes
n-um.ln:m- And e 2 2
e r—— wp———
ol 6: DnasHs on ChrX o
T Bt e e s
- N N w1 pawen s - e —
o Merme the svertapping ntarvas T y « Hgre e overisogng inservais a 1
o & ey o & query i1 <= -
* ozt oo ueres ein + Conumenn tes s 020 ;..’l::";: o
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Obtain data from many data
sources including the
UCSC Table Browser,
BioMart, WormBase,

or your own data.

Prepare data for further

analysis by rearranging
or cutting data columns,
filtering data and many
other actions.

Analyze data by finding

overlapping regions,

determining statistics,
phylogenetic analysis

and much more
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