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* Approaches to handle spliced reads
® Quantifying gene expression

® Publicly available RNA-seq software



analysis

> Metabolic network visua ization

o
http://www.urmc.rochester.edu/libraries/
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Sample preparation
Genomic RNA

Library construction

Sequencing
[llumina, Roche (454), SOL1D, etc

Raw reads
FASTQ or color space FASTQ

Quality control & filtering
HTSeq etc

Alignment
BWA, TopHat, etc

Alignment statistics & filtering

Mapped reads
SAM or BAM format



BASIC HIGH-THROUGHPUT SEQUENCING
WORKFLOW: DOWNSTREAM

Microarray RNA-Seq

Hybridization,
Scanning images. Sequencing,
Quantification. Base call.

Algned to

Preprocassing: : - ;
known isoform & exon-
Junction sequences.

Expression levels of Expression levels of Novel
Transcripts (continuous) Transcripts (counts) transcripts

Statistical analysis

Differentially
expressed
transcripts

Cellular
functional/pathway
analysis

_

From: Fang Z, et al. Cell Biosci. 2012;2:26
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(, Galaxy

Tools < 4

search tools 0

Get Data

Lift-Over

Iext Manipulation
Convert formats
EASTA manipulation
Lilter and Sort

GALAXY SUITE OF TOOLS

http://galaxyproject.org/

Analyze Data

Galaxy-User

Galaxy will Ba intarmittently unavalabie betwesn 10am - Gpm EDT (UTC -0400) on Saturday, Sept 20th dus to sohadylad nataodk mantsnancs. Beacution of sew jobe will Be pactad to pravent faldures.

Galaxy is an open source, web-based platform for data intensive biomedical research. If you are new to Galaxy start here or
consult our help resources.

Tweets

G Galaxy Project

Adding to ¢

metho genomic analysis, Su /WEMI_resaarch bt
Tools at bat.ly, P Xnw

OpenHelix Staff .
Support altmetncs research and dey et and usage, 1035 &
pactstory by subscribing Bitly/IgNRefl

Galaxy Projmct

~ Hans-Rudelf Hots 0 hiars
Bl preliminary schedule for the 2nd Swizs Susegalaxy
, during # 147 w avadable
P

wiki.galaxyproject.org/Events/Switzer

Using 0%

History
Unnamed history
0 bytes

o This history is empty. You can
load vour own daty of
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Bi OCO n d U Cto r Home Install Help Developers About

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

About
Bioconductor

Bioconductor provides tools for the
analysis and comprehension of high-

Install » Learn »

Get started with Bioconductor Master Bioconductor tools

= Install Bioconductor Courses
Explore packages Support site

throughput genomic data. Get support Package vignettes
Bioconductor uses the R statistical Latest newsletter Literature citations
programming Ianguage, and is open Follow us on twitter Common work flows
Install R

BIOCONDUCTOR AND R

https: //www.bioconductor.org/

https: //www.r-project.org/
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® Hierarchical clustering

* Set-level analysis (GSEA, e.qg.)

Principle Components Analysis ——
# AL pAS / ® Protein interaction analysis

Other graphical representatior - :
grap P - ® Common functions of compounds
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p-value versus fold-change
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VOLCANO PLOT

By Roadnottaken - Own work, Public
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https: //commons.wikimedia.org /w/
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I\KJ WATERFALL PLOTS

Cell Type 1
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Gene order on these graphs is different!
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® There are other type ' - - - mmonly but may be important

~In your proje

* k-means clustering, self-organizing maps (SOM), etc.
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New in JMP® Pro 12

As the advanced analytics version of our software, JMP

Pro contains everything users know and love about JMP —
and more. With the release of this latest version — JMP Pro
12 — users will enjoy new capabilities and see a leap in
performance in almost all of its earlier platforms.

> Learn how to get JMP Pro 12

JMP: BETTER STATISTICAL ANALYSIS

http: //www.jmp.com/en_us/home.html

\ ? http: / /tech.rochester.edu/services /software-site-licensing /
e



Morpheus

Contact

Open your own file
Linking

Choose afile... Tutorial

GCT 1.3. GCT 1.2, MAF. GMT, a tab-delimited text file, or an Excel spreadsheet Source Code
All data is processed in the browser and never sent to any server

Or select a preloaded dataset
Name Gene Expression Copy Number By Gene Mutations Gene Essentiality

Cancer Cell Line Encyclopedia (CCLE), Project Achilles ] U O J

TCGA data version 1/11/2015
Please adhere to the TCGA publication guidelines when using TCGA data in your publications.

Gene GISTIC Copy Copy Number By

/3 MORPHEUS
¢

https: / /software.broadinstitute.org /morpheus/
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Welcome to the Web MEV

WebMeV (Multiple Expenment \iewer) Is a cloud-based applk n supporting analysis, visualization, and stratification of large genomic data, particularly for RNASeq and microarray data

Vith WebMeV platform, you can
Perform RNASeq Analysis - Perform differential expression analvsis using RNASaq raw count data to draw biologkal nsights
Access to Public Domain Data - Directly search and pull TOGA and GEO gene expression and sample attribute ¢ata in addition 10 private cata for analysis

Stratify Cohorts using Clinical Attributes - Perform complex cohort stratification using sophisticated regular expression. facet filter, and set operations

jeb MeV i being budt 1o meet the challenge of exploning Large public genomic data sat and Next.Generation Saquencing data with Infuive graphical Interface for analysis. MeV i$ a free and open-source cloud service
plattorm that does not require 10g In 10 use

Whaere to start - A senes of videos tutorials are avallable on ¥ and accessible after entenng the \ Exampie files for count matrix and sample attribute are avalladle here

Customized Analysis - Complex bioinformatics analysis outside the scope of WebMeV functionalities can contact the Center for Cancer Computational Biology at Dana-Farber Cancer Institule as consulting pee

here for more nforma

MULTI-EXPERIMENT VIEWER (MEV)

http: / /www.tm4.org /# /welcome

Feedback %

SIgn In With Google

Tuloriaks

what's inside







©  ASsess ove r undaer-represente NALLS

® Pat vay analysis

® Allows integration of novel experimental data with known biological function
' - | :

® Relies on accurate mapping of pathways in public domain
O ® Assumes that pathways are the same in all contexts






Gene Ontology Consortium  Home  Documentation +  Downioads +  Community +  Tools »  About v  Contact us

Gene OntOIOgy Consort' u m The mission of the GO Consortium is to

develop an up-to-date, comprehensive,

EanChment computational model of biological
anaIyS|S systems. from the molecular level to

Search GO data larger pathways, cellular and organism-

Your gene IDs : level systems. more
4 \ d gene products

Search
documentation

Ontology Annotations

biological process Y Search

5 Fi Dow [ tat
Homo sapiens Filter classes Download annotations (standard files)

m Download ontology Filter and downlioad (customizable files User Stones

<100k lines
Gene Ontology: the framework for ; )
Advanced opfions / Help the model of biology. The GO GO annotations: the model of
Powered by PANTHER defines concepts/classes used fo biology. Annotations are statements

THE GENE ONTOLOGY CONSORTIUM

http://geneontology.org/

Explore documentation related to your
personal user story.




¥ PANTHER
Classification System
Home PANTHER Tools l Workspace ‘ Downloads [ HelpiTutorial
1 PANTHER 9.4 Click to view details

Please refer to Nature Protocol publication for details to how to use page.

Help Tips
v Steps: ; Enter ids and or select file for batch upload. Else select file or list
Whole genome function 571 Selact list and from workspace for comparing to a reference list.
- : list fypeito Enter IDs:
Genome statistics analyze Supported IDs

. Select
How to cite PANTHER o:geanism

Re : 't Upload IDs: Choose File | No file chosen
NEv. \\,cent ubllcano : =3 . File format l

separate IDs by a space or comma
Z

O PROTEIN ANALYSIS THROUGH EVOLUTIONARY RELATIONSHIPS

(PANTHER)
/;) http: / /www.pantherdb.org/




‘» "l DAVID Bioinformatics Resources 6.8(Beta)
“ " ATe National Institute of Allergy and Infectious Diseases (NIAID), NIH

Home | Start Analysis | Shortcut to DAVID Tools | Technical Center Downloads & APIs | Term of Service Why DAVID? | About Us

*** Welcome to DAVID 6.8 Beta with updated Knowledgebase (_Lmore info). ***

Shortcut to DAVID Tools Recommending: A paper published in Narure Protocols describes step-by-step procedure to use DAVID!

Welcome to DAVID 6.8 Beta

- Functional Annotation ‘:| \7 Search l

Bl Gene-annotation enrichment analysis, functional 2003 2016
annotation clustering , BioCarta & KEGG pathway - £\ > ' o P
mapping, gene-disease association, homologue <> What's Ilnpol tant in DAVID?
match, ID translation, literature match and more

The Database for Annotation. Visualization and e Version 6.7 release note
Integrated Discovery (DAVID ) v6.8 Beta comprises a e New requirement to cite DAVID

Provide a rapid means to reduce large lists of e 2 SR ~
e AR ST Gy TS full Knowledsebase update to the sixth version of our e IDs of Affv Exon and Gene arravs supported

DATABASE FOR ANNOTATION, VISUALIZATION AND
INTEGRATED DISCOVERY (DAVID)

https: / /david.ncifcrf.gov/

- Gene Functional Classification




’ WEB-based GEne SeT AnaLysis Toolkit

WebGestalt Translating gene lists into biological insights...

START | Sample data | Manual | Citation | User Forum

To visualize and compare multiple GO term lists, please use GOView.

To discuss the use and development of WebGestalt or GOView, please join the new User Forum.

http: / /www.webgestalt.org/

/} WEB-BASED GENE SET ANALYSIS TOOLKIT (WEBGESTALT)
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GENE ONTOLOGY ANALYSIS

Created with Ingenuity Pathway Analysis software, March 2016
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GENE ONTOLOGY
ANALYSIS

Created with Ingenuity Pathway Analysis
software, March 2016
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GENE ONTOLOGY ANALYSIS

Created with Ingenuity Pathway Analysis software, March 2016
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REACTOME

A CURATED PATHWAY DATABASE

About Content Documentation Tools Community Download Contact ) Search

*\b‘

% Current Version: Reactome hits 50

Browse Pathways Analyze Data Reactome Fl Network 3 IntAct at EBI 14 Oct

THE REACTOME PROJECT

http: //www.reactome.org/




Gene Set Enrichment Analysis GSEA Home

Downloads Molecular Signatures Database

Overview
Molecular Profile Data

Gene Set Enrichment Analysis (GSEA) is a computational method that :
determines whether an a priori defined set of genes shows statistically - ; Enriched Sets
significant, concordant differences between two biological states

(e.g. phenotypes).

From this web site, you can:

» Download the GSEA software and additional resources to analyze,
annotate and interpret enrichment results.

Explore the Molecular Signatures Database (MSigDB), a collection of
annotated gene sets for use with GSEA software.

View documentation describing GSEA and MSigDB.
Gene Set Database

. GENE SET ENRICHMENT ANALYSIS (GSEA) &
THE MOLECULAR SIGNATURES DATABASE (MSIGDB)

http: / /www.broadinstitute.org/gsea/index.jsp

jo,




EESI = | INGENUITY Start Here

=1 My Projects PATHWAY ANALYSIS
O [ Pathway Cross-Talk Test o Iearn IPA through e easy tutorials below. Each will be checked as you complete it.
& Colon CRGs
£ Ingenuity KEGG gene lists 2
9 ) 9 &F View Pathways

E Human Genes Chromosomal Lot
. B[ Example Analyses
. @[ Tissue Expression Search for Genes
“& Shared Projects

[ Genes and Chemicals l Diseases and Functions | Pathways and Tox Lists
ninleitial ] name Advanced Search |:@|
1 Project Manager i

Learning IPA Shortcuts

Explore the Pathway Library
View specific examples or browse the library

= [ Libraries

See an Analysis Example

INGENUITY PATHWAY ANALYSIS

http: //www.ingenuity.com /products /ipa

\ https: //www.urmec.rochester.edu/libraries /Miner /research /MolecularBiologyTools.cfm




INGENUITY
PATHWAY
ANALYSIS
OUTPUT

Hypothetical “network” generated

by Ingenuity Pathway Analysis

b: 8 hrs; IPA Network 1







BioGRID *4

Welcome to the Biological General
Repository for Interaction Datasets

BioGRID is an interaction repository with data compiled
through comprehensive curation efforts. Our current index
1s version 3.4.134 and searches 55,957 publications for
1,055,196 protein and genetic interactions, 27,501
chemical associations and 38,559 post translational
modifications from major model organism species. All data
are freely provided via our search index and available for
download in standardized formats.

INTERACTION STATISTICS LATEST DOWNLOADS

Search the BioGRID

Search by identifiers, keywords, and gene names...

All Organisms v

SUBMIT GENE SEARCHQ

L3

Advanced
# Search

Search
Tips

Fe'ature'd
Datasets

home help wiki tools contribute stats downloads pariners about us | .

auao Ag

uoneslignd Ag

%

BIOLOGICAL GE
DATASETS (BIOGRID)

http://thebiogrid.org/

ITORY FOR INTERACTION




Home Advanced Search About Resources Download

1§ ntAch

O IntAct Molecular Interaction Database

IntAct provides a freely available, open source database system and analysis tools for molecular interaction data. All interactions are derived from literature curation or
direct user submissions and are freely available. The IntAct Team also produce the Complex Portal &,

Search in IntAct

alite.. . Examples

Gene, Protein, RNA or Chemical name: BRCA2,

L -

Search Tips

INTACT MOLECULAR INTERACTION DATABASE

http://www.ebi.ac.uk /intact /

)




5 STRING

Welcome to STRING

Protein-Protein Interaction Networks

Search

Download

Help

SEARCH TOOL FOR THE RETRIEVAL OF INTERACTING

GENES /PROTEINS (STRING)

http://string-db.org/

|
My Data







_ MetaboAnalyst 3.0 W A
i A | l - a comprehensive tool suite for metabolomic data a
il a!.l.‘i I | L

Home Welcome click here to start

Overview News & Updates

» Added support for batch effect correction for multiple data sets (Other Utilities module) (02/22/2016); New
Updated the web framework for better performance (02/18/2016); NeW

Data Formats

FAQs Upgraded the Google Cloud server for improved performance (10/30/2015); New

Added support for detailed ROC curve analysis of individual biomakers (10/29/2015); NeW

Tutorials ; : R
Ry : Several feature improvements and bua fixes based on user feedback (10/16/2015); NEW

METABOANALYST 3.0

http://www.metaboanalyst.ca/
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Speces Companson

Supercheses: Bepctions-Olassited Sy-Coversion-Type > Simple-
Reactions -» Chemica-Reactions -» EC-Reactions -»
1 — O idoredyctasas > ] 2~ Aciing on the aldetnge
OF Col0 (oup of Gonars = 1 2.1 — WALh NAD(+) or
NADS[+} o5 pooapmor
Reactions -OGsind Sy-Subarale > Smal-Mokcuk-
Banctions

Enzymas and Genes

Py EES Oty NOQeNAse Mulioenyme compks - Ipd . acefF . acE

In Pathweary supevpatiwery of giveotysis, pyrrate detrydrogermase,
TCA, and ghyoeyinte trypass | 1 ion L,

I’ ' .NAD' + coenzyme A —» ..

0

pyruvate acelyl-CoA

The reaction diection shown, thal 5, A+ B<==>C+Dversus C+ D
c==> A+ B, 5 n axccordance weh the direction in which & was
curted

AGY kcakmal) -8 KCALMOLE

Summary
This complex reaction brigdges betmeen the pathway of glycolysis
and the TCA cycie. Detals of the component reactions are found
by quesying the pyruvale detydrogenase multienzyme complex

@9 NNAAD

o-mxzb.whav:

&me‘ M‘I‘I‘_- e |

Déruciose & phasphate

fruchoss-1 &-bisphgenh e
-~

. [hosyiate
¥ D iycaraldehyde-3-phasphate osph Fyruvaig B
g hyaroxyacs m

{ - D-moctr e

~
@ s

1.3-dpbosphall 3 phasphog 2_. 'm'“

o

MAVEN: OPEN-SOURCE METABOLOMICS DATA ANALYZER

http: / /genomics-pubs.princeton.edu/mzroll /index.php2show=index




IMPaLA: Integrated Molecular Pathway Level Analysis

1 pathway over-representation and enrichment analysis with expression and / or metabolite data
/ genes/proteins metabolites

- example input for over-representation analysis - example input for over-representation analysis
O -example input for enrichment analysis

- example input for enrichment analysis

paste genes or proteins below paste metabolites below
ispermine
arginine
‘ammonia
ornithine

pyruvate
lactate

® INTEGRATED MOLECULAR PATHWAY LEVEL ANALYSIS
(IMPALA)
/;) http://impala.molgen.mpg.de/
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Databases » Upload Services » Help more » Today's Statistics »

PubChem

: . : 5 ,
| @ BioAssay 2 ) Compound IZ]: | Substance 2

Try the new PubChem Search

PUBCHEM

https: / /pubchem.ncbi.nlm.nih.gov/

Go

Limits
Advanced

BioAssay Tools

Structure Search
3D Conformer Tools

Structure Clustering

Classification

Upload






