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Genomics analysis at FMI

o Summary
Moativation

= local galaxy
= FMI specific tools (increasing)
= reduce workload of standard analyses

- R objects can be used seamlessly between palaxy and R
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Infrastructure and setup

internal FMI server
224 users

~ 100 FMI specific tools
~ 400 jobs per month

FMI Galaxy Server

is an FMI internal wels site, Flease contact

i

Imangs Helpdesk  you hive eny questions
[ you are sunning Windows, please wse Firefox or Chrome,

Please adhere to the follawing guidelines:

= If @ kool does ot work, b2 you get 2 red history mem, PLEASE
conkact us {urfess, of course, you realized you made
an obvious mistake during the jeb submissin),

- don't repeat a data canversion (i fastg to fastal. f you haws

Lo troubles Finding waur oid histary, get in contact with s,

FHNOSS TOO1S

EMBOSE sean Louls -1 pol are werking with Le data sels (ie 1GB o raw RGS data),
EMBOSS sequcnce make sure you access them from the "Galaxy dats libeanes'
masinulaticn taols

and do NOT use the ‘upload’ toal,
Lot s know, I pou need your data in & 'Galasy data bbrary’,

- be aware, of the diferencas between a gipped file versus the
-zipped file, We are happy fo xplain you the differences - We
admit, the way Galaxy handies gzipped files Is sometimes confusing,

7 - when you work with raw NGS data, make sure you use the nght Tool at
E the heginning of yoar warkflow, Depending of the S0urce, age, and
oo file format of the raw data, 2 different tool s necessary to get

ML DMA Hesiritan Dipest your gata inte the 'FMI Deep Sequencing FOling’, IF you are unsune
which ane to ue, please contact us,

Thie Gty Seaan i3 4 Sert of & ot bean Slete.

SAL ae ths sgck (ntiges shobs | Eojen



» ~ 400 jobs per month

&« C | [} galaxy.fmi.ch/root/index Qir =

_ Galaxv / FMI-Xenonl Analyze Data ; . Using 159.1 GB
Tools s _ | History o &

OFF FMI Galaxy Server ——

0 bytes QW e
Yext Manigulati
. ﬂ This history is empty. You can
FASTA manipulation This is an FMI internal web site. Please contact Bioinformatics Helpdesk if you have any questions. 1oad vour own data or gat data
EASTQ manipulation
Eilter and Sort If you are running Windows, please use Firefox or Chrome.
Join, Subtract and Group
Unix Tools Please adhere to the following guidelines:
Convert Formats
Extract Features - if a tool does not work, ie you get a red history item, PLEASE
Operate on Genomic Intervals s
=== contact us (unless, of course, you realized you made
Statistics an obvious mistake during the job submission).
Graph/Display Data
Multiple regression ; ;
- don't repeat a data conversion (ie fastq to fasta). If you have
troubles finding your old history, get in contact with us.
EMBOSS TOOLS
EMBOSS search tools - if you are working with big data sets (ie >1GB or raw NGS data),
LMBOSS sequence make sure you access them from the 'Galaxy data libraries'
mavipulation teels and do NOT use the 'upload’ tool.
GALAXY NGS TOOLS Let us know, if you need your data in a 'Galaxy data library'.
NGS: Peak Calling
T TOh s - be aware, of the differences between a gzipped file versus the
: un-zipped file. We are happy to explain you the differences - We
E = admit, the way Galaxy handles gzipped files is sometimes confusing.
EMI: Functional Genomics
EMIL: DeepSeqRepository
7 - when you work with raw NGS data, make sure you use the right tool at

EMI: NGS diff ial the beginning of your workflow. Depending of the source, age, and
expression file format of the raw data, a different tool is necessary to get
EMI: DNA Restriction Digest your data into the 'FMI Deep Sequencing Pipeline'. If you are unsure
EMI: qPCR which one to use, please contact us.
FMI: limited dilui "
EMI: Thoma-lab
EML: Schuebeler-lab
EML: Roska-lab
FML: Bentires lab ¥ | Ihe Galaxy team is a part of BX at Penn State,
galaxy.fmi.ch/root/index 3R, and the Huck Institutss of the | ifs Scisnces. - r

A




Infrastructure and setup

internal FM| server
224 users
~ 100 FMI| specific tools

~ 400 jobs per month

C [ galaxy.fmich/root/index Qv =

Analyze Data - - == Using 159.1 GB

L “ | History 5 -}

5F FMI Galaxy Server nnamed s

0 bytes Q¥ee
Text Manipulats o
This hist 5 o ¢

FASTA manipulation This is an FMI internal web site. Please contact Biginformatics Helpdesk if you have any questions. m': ¥o ,:”m:mmmmu r:ﬂu ;::,
EASTQ manipulation |  from an external source
Eilter and Sort If you are running Windows, please use Firefox or Chrome.
Join, Subtract and Group
Unix Tools Please adhere to the following guidelines:
Convert Formats

- if a tool does not work, ie you get a red history item, PLEASE
Operate on Genomic Intervals 5

= contact us (unless, of course, you realized you made

Stalistics an obvious mistake during the job submission).
Graph/Display Data
Multiple regression , v

- don't repeat a data conversion (ie fastq to fasta). If you have
Hultiple Alignments

tronihlec findina wvanr nld hictnre nat in rantact with ne




Storage

big data files accessible
- directly within in tools
- linked as data libraries

Affymetrix array
prepository

~ 20000 .CEL files

NFS mount

NGS repository

~ 7500 fastq files



tandard analyses

RNA-seq analysis
with edgeR

~ 150 NGS differential gene expression analyses

standard workflow for RMA-seq count data

Microarray analysis
with LIMMA

~ 850 Affymetrix array analyses

Faw count tabla

| —
= B
iffereratal l V

W/ gt vkt

gene
| npeson




Microarray analysis

with LIMMA

~ 850 Affymetrix array analyses

WOBHALTZE ARRAYS
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[ standard workflow for microarray data

EML: Functional Genomics
NORMALIZE ARRAYS

* Nosmalze acrays from the
repository

QC/PLOT EXPRESSION
VALUES

= Arcay qualty control plots
and outlier detection

I for
a set of microarrays

QC plots

* PCA (principle

analysis) for  set of

MICrOBrTays

= Eind genes with similar
expression pattem

= Barplat for normalized
signals of a probeset
FILTER FUNCTIONS

filtering

calculate
contrasts
& statistics

filtering

PLOT CONTRAST DATA
= Vaolcanoplot for a contrast
s Scatterpiot for two contrasts
= Heatmag for & set of genes
= Yenn diagram for a set of
contrasts and cutoffs

* SOM statistics (self
ing map)

plotting
&
visualization

Create gff/hed file
microarray contrast data

GENE SET ENRICHMENTS
ANALYSIS

. GSEA

gene list with gene
expression data

GET DATA FORM GEO

normalization

e

Filter by
annotation
/ value

differential
gene
expression

Normaliz

ontrol °°
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plots
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Filter
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data
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Workflow Canvas | Affy test workflow May 2014




RNA-seq analysis

with edgeR

~ 150 NGS differential gene expression analyses

[ standard workflow for RNA-seq count data ]

£MI: NGS differential
expression
EDGER TOOLS

* EdgeR normalization for RNA-
seq analysis

| for
normalized RNA-seq data

FILTERING TOOLS

» Filter contrast duta by fold-
change and p-value

» Find genes with a similar
expression pattenm

PLOTTING TOOLS

* Heatmap for sequencing data

= Scatterplot for two EdgeR
contrasts

* Volcans plot for an EdgeR
contrast

* MA plot for EdgeR normalized
data

ANNOTATION TOOLS

» Anngtate a table with gene
ids
OLD EDGER TODLS

* gdoeR worlkflow for
differential gene expression

TOOLS UNDER
DEVELOPMENT

= pGSEA - Gene Set
Enrichtmant Analysis for
EdgeR data

* Plot expression valueg of
genes

EMI: gPCR

Raw count table

{ Normalize ] ‘ ;
counts plot

Negative
binomial
modelling
differential l
gene
expression

Filter
contra st

iy

Correlated \
Eenes

s
values
- g/
' -\
Heatmap
plot
data
< &

Qotting & visualization _/




[ standard workflow for RNA-seq count data ]

expression pattemn
PLOTTING TOOLS

Heatmap for sequencing data
Scatterplot for two EdgeR

contrasts

Volcano plot for an EdgeR
contrast

MA plot for EdgeR normalized
data

ANNOTATION TOOLS

Annotate a table with gene
ids

OLD EDGER TOOLS
edgeR workflow for
differential gene expression
TOOLS UNDER
DEVELOPMENT

RGSEA - Gene Set
Enrichtment Analysis for
EdgeR data

Plot expression values of
genes

EMI: gPCR

differential
gene

expression

l

Negative
binomial
modelling

Filter
contra st

-

MA plot

(

plot

contrast

data

-

Heatmap

Scatterplot

Volcanoplot

Qotting & visualization /

EMI: NGS differential
I Raw count table
* EdgeR normalization for RNA-
seq analysis
] - ( >
li A
S Normalize S m
counts plot genes AR
Filter contrast data by fold- B
e expression Barplots
Find genes with a similar values E
|




Barplots

MA plot

Scatterplot

Volcanoplot

alization

NShet-GVwt: fold-change vs p-value

Average logCFM
571 genes, pvalue=1e-04, linFC=2

Veleane piol logFe_kd_b-i_s

-t Dl p el e




Datatypes

tabular and binary data types created for different R objects
- tabular datatype for user readable meta data
« binary datatype as easily accessible and readable data storage

<datatype extension="exphe" type="galaxy.datatypes.tabular:exphe" display_in_upload="true" />
<datatype extension="exset" type="galaxy.datatypes.binary:exset" mimetype="application/octet-stream" display_in_upload="true"/>

<datatype extension="conphe" type="galaxy.datatypes.tabular:conphe” display_in_upload="true" />

<datatype extension="cont" type="galaxy.datatypes.binary:cont” mimetype="application/octet-stream" display_in_upload="true" />

<datatype extension="edgernorm" type="galaxy.datatypes.binary:edgernorm" mimetype="application/octet-stream" display_in_upload="true" />
<datatype extension="edgerpheno” type="galaxy.datatypes.tabular:edgerpheno” display_in_upload="true" />

<datatype extension="edgerdge" type="galaxy.datatypes.binary:edgerdge” mimetype="application/octet-stream” display_in_upload="true" />

<datatype extension="edgercont" type="galaxy.datatypes.tabular:edgercont” display_in_upload="true" />



tabular and binary data types created for different R objects
- tabular datatype for user readable meta data
- binary datatype as easily accessible and readable data storage

<datatype extension="exphe" type="galaxy.datatypes.tabular:exphe" display_in_upload="true" />

<datatype extension="exset" type="galaxy.datatypes.binary:exset" mimetype="application/octet-stream" display_in_upload="true"/>

<datatype extension="conphe" type="galaxy.datatypes.tabular:conphe" display_in_upload="true" />

<datatype extension="cont" type="galaxy.datatypes.binary:cont" mimetype="application/octet-stream" display_in_upload="true" />

<datatype extension="edgernorm" type="galaxy.datatypes.binary:edgernorm" mimetype="application/octet-stream" display_in_upload="true" />
<datatype extension="edgerpheno" type="galaxy.datatypes.tabular:edgerpheno" display_in_upload="true" />

<datatype extension="edgerdge" type="galaxy.datatypes.binary:edgerdge" mimetype="application/octet-stream" display_in_upload="true" />
<datatype extension="edgercont" type="galaxy.datatypes.tabular:edgercont" display_in_upload="true" />




Console C:/Users/tiroloff/Downloads/

> load("Galaxyl120-[Normalized_pGeE_object].edgernorm™)
Loading required package: edger

Loading required package: limma

> 1s()

[1] "dge”

warning messages:

1: package ‘edger’ was built under R version 3.0.2

2: package *limma’ was built under R version 3.0.2

> dge
An object of class "DGEList”
$counts

HR1.R2.1_DMSO MBA.PR_HR1.P.2_BYL MBA.PR_HR1.P.3_BYL719 MBA.PR_HRL.P.3_DMS0
NM_001001130 303 451 449 437
NM_001001144 1072 1321 1362 968
NM_001001152 122 319 269 146
NM_001001160 15 10 12 15

NM_001001176 9 45

9 13
MBA.PR_HR1.R2.1.0N_BYL719 MBA.PR_HR1.R2.1.0N_DMSO

NM_001001130 430 396
NM_001001144 1313 1300
NM_001001152 183 201
NM_001001160 20 8
NM_001001176 32 25

28842 more rows ...

§samples
group lib.size norm.factors

HR1.R2.1_DMS0 control 61531434 1
MBA. PR_HRL.P.2_BYL control 51500844 1
MBA.PR_HR1.P.3_BYL719 control 54682219 1
MBA. PR_HR1.P. 3_DMSO test 63461504 1
MBA.PR_HR1,R2.1.0N_BYL719 test 50446360 1
MBA. PR_HR1.R2.1.0N_DMSO test 57703484 1

load history items in R
for in-depth analysis






Summary

* local galaxy
- FMI specific tools (increasing)
» reduce workload of standard analyses

R objects can be used seamlessly between galaxy and R
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FMI users




