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Cellular component:
mitochondrial inner membrane
G0:0005743

substrate + O, -> CO, +H,0 product

Biological process:
Electron transport
G0O:0006118

Molecular function:

monooxygenase activity
G0O:0004497
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Metabolic
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Macromolecule

Metabolic Process

Generation of Precursor
Metabolites and Energy

v

v

Primary Metabolic
Process

v

Carbohydrate Metabolic
Process

Energy Derivation by Oxidation
of Organic Compounds

Y

Alcohol Metabolic
Process
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Extracellular Ligands
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Ma’ayan A et. al. (2005) Science 309: 1078
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Nodal signaling
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= NCBI Resources (%] How To (¥

GenBank Nucleotide v | |

GenBank + | Submit + | Genomes v WG5S » | HIGs v | EST/GSS = | Metagenomes + | TPA « | T5A = | INSDC

GenBank Overview
GenBank Resources

What is GenBank? GenBank Home

GenBank ¥ is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids Submission Types
Hesearch. 2013 Jan: 41(D1):036-42). GenBank is part of the International Muclecotide Sequence Database Collaboration , which comprises Submission Tools

the DNA DataBank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL), and GenBank at NCEI. These three

organizations exchange data on a daily basis. Search GenBank

The complete release notes for the current version of GenBank are available on the NCEI ftp site. A new release is made every two Update GenBank Records

months. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An example of a GenBank record may be viewed for a Saccharomyces cerevisiae gene.

Access to GenBank
There are several ways to search and retrieve data from GenBank.

» Search GenBank for sequence identifiers and annotations with Entrez Mucleotide | which is divided into three divisions:
CoreMucleotide (the main collection). dbEST (Expressed Sequence Tags), and dbGS5S (Genome Survey Sequences).

« Search and align GenBank sequences to a query sequence using ELAST (Basic Local Alignment Search Tool). BLAST searches
CoreMucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

« Search, link, and download sequences programatically using MCEI e-ufilities .

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scientific community to the most up to date and
comprehensive DMNA sequence information. Therefore, MCEI places no restrictions on the use or distribution of the GenBank data.
However, some submitters may claim patent, copyright, or other intellectual property rights in all or a portion of the data they have
submitted. NCBI is not in a position to assess the validity of such claims, and therefore cannot provide comment or unrestricted
permission concerning the use, copying, or distribution of the information contained in GenBank.

Confidentiality &l dlole ulid Caw) Gl Giignl de gase

Some authors are concerned that the appearance of their data in GenBank prior to publication v llllrgggnlpmw?ﬁlg}gggm.o(;enBank will,

upon request, withhold release of new submissions for a specified period of time. A date must be speci iRGS\yE Lan A Id a sequence




X | [ www.rcsb.org/pdb/home/home.do

RCSB PDB Deposit + Search~ Visualize v Analyze ~ Download ~ Learn v More ~

An Information Portal to

104866 Biological Search by PDB ID, author, macromolecule, sequence, or ligands

Macromolecular Structures

R $PDE @ o

Advanced Search | Browse by Annotafions

A Structural View of Biology

M Welcome This resource is powered by the Protein Data Bank archive - information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and

EX) i
T DepOSlt agriculture, from protein synthesis to health and disease.

As a member of the wwPDB. the RCSB PDB curates and annotates PDB data.
Q Search

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology. computational

Cd Visualize biology. and beyond.

Use this website to access curated and integrated biological macromolecular
EE':' Analyze information in thg context of function, biological processes, evolution,
pathways, and disease states.

& Download

B Leamn
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BLAST Align Upload lists

@ Basket

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein
sequence and functional information.

Welcome to the new UniProt website! We hope you enjoy the new design. If you're not quite ready yet, you can still go back to the old site.

v 7 ¢
UniRef Unikare ’Pt m’é News yau

K like Koagulation | Change of the

Swiss-Prot Sequsrce dualtes Sequgglc archive cross-reference ArrayExpress to
(546 790) (.\. — b 8 ExpressionAtlas
o — UniProt release 2014_10 ..
‘ﬁ Manually n
annotated and : _ i
reviewed. Supporhng GT-\ a Small is beautiful (and useful) | P3
Evidences in the UniProtKB flat file ,
Uteraturé"%fi%ns ) < d)"?’oﬁbmw ” Suhé’ellular'locatlons format
TrEMBL " : ) UniProt release 2014_09
(86,536,393) ﬁﬁ ' g )
i o pust
~ Automatically ) - T sauiti i
Cross-ref. databases Diseases Keywords Hb'q‘fmn catht, at.nfs o gaTe | %
annotated and not S8
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RE XXX [B) News archive <

Getting started Y@@  UniPrbtithagg e sle sisel 4seme Protein spotlight a
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KEGG v Search | Help e oS Kad 5
» Japanese T
EGG Home KEGG: Kyoto Encyclopedia of Genes and Genomes
Release notes
Current statistics . . . . .
Plea from KEGG KEGG is a database rescurce for understanding high-level functions and utilities of
the biclogical system, such as the cell, the organism and the ecosystem, from
GG Database molecular-level information, especially large-scale moelecular datasets generated by
KEGG overview genome sequencing and other high-throughput experimental technologies (See
SearcingKEGG  Fease otesfor new and updted feaures).
KEGG mapping ’ wedp pp
Color codes Mew service
-GG Objects BlastKOalLA for genome/metagenome anncotation is now available. more ...
Pathway maps
Brite hierarchies & Main entry point to the KEGG web service
GG Software KEGG2 KEGG Table of Contents Update notes |
KegTools &' Data-oriented entry points P3
KEGG API .
KEML KEGG PATHWAY KEGG pathway maps [Pathway list]
KEGG BRITE BRITE functional hierarchies [Brite list]
GG FTP KEGG MODULE KEGG modules [Module list | Statistics] v=w! »
Subscription KEGG ORTHOLOGY Ortholog groups [KO system | Annotation]
KEGG GENOME Genomes [KEGG organisms] |
enomeNet KEGG GEMES Genes and proteins [Release history]
AGET/LinkDB KEGG COMPOUND Small molecules [Compound classification]
KEGG REACTION  Biocchemical reactions [Reaction modules] 4
edback KEGG DISEASE Human diseases [Cancer | Infectious disease]
. KEGG DRUG Drugs [ATC drug classification] -
inehisa Labs KEGG MEDICUS Health information resource [Drug labels search] LE

&' organism-specific entry points I dloles Gulid Cuno) glo Gijsal degame il

KEGG Organisms  Enter org code(s) Go | hsa thagggars.org/fvbio%W 1
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About

Content

REACTOME

A CURATED PATHWAY DATABASE

Documentation

Browse Pathways

User Guide

Tools

Community Download Contact

LN

Analyze Data

aa

Data Download

| H
’ Reactome Fl Network

Contact Us ‘ ‘

About Reactome

Reactome is a free, open-source, curated and peer reviewed pathway database. Our goal is to provide
intuitive bioinformatics tools for the visualization, interpretation and analysis of pathway knowledge to
support basic research, genome analysis, modeling, systems biology and education. The current version
(v560) of Reactome was released on October 8, 2014.
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~ Search

Current Version: Reactome hits 50

-~ reactome

@reactome

Great @NatureProtocols paper by Scooter Morris

interpreting PPI data derived from AP-MS
experiments, bitly/10VDkSj #cytoscape

P reactome

@reactome

51 0ct
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C' [ www.ncbi.nlm.nih.gov/geo/

& NCBI Resources (¥) How To (¥

GEO Home Documentation + | Query & Browse -

Gene Expression Omnibus

Email GEO

GEQ is a public functional genomics data repository supporting MIAME-compliant data submissions. Array- and
sequence-based data are accepted. Tools are provided to help users query and download experiments and curated

gene expression profiles.

Getting Started

Overview

FAQ

About GEOQ DataSets
About GEO Profiles
About GEO2R Analysis
How to Construct a Query

How to Download Data

Information for Submitters

Login to Submit

Tools

Search for Studies at GEO DataSets

Search for Gene Expression at GEO Profiles
Search GEOQ Deocumentation

Analyze a Study with GEO2ZR

GEO BLAST

Programmatic Access

FTP Site

Submission Guidelines

Update Guidelines

Gl Blob ulids Sy gl (o) gal ds gaze
faradars.org/fvbio9307

Browse Content

Repository Browser

DataSets:
Series: EJ
Platforms:

Samples:

MIAME Standards
Citing and Linking to GEO
Guidelines for Reviewers

GED Publications

3848
52294
13573

1271608

Sign in to NCBI

e

Gene Expression Omnibus

| Search |

0P NS S5 3138
www.faradars.org




C' [J www.ncbi.nlm.nih.gov/omim

& NCBI

Sign in to NCBI

Resources (¥} How To

OMIM OMIM v I Search
Limits Advanced Help

OMIM

@ M H M ; B = , OMIM is a comprehensive, authoritative compendium of human genes and genetic phenotypes that is freely
=3 s available and updated daily. OMIM is authored and edited at the McKusick-Nathans Institute of Genetic Medicine,
Johns Hopkins University School of Medicine, under the direction of Dr. Ada Hamosh. lts official home is omim.org.

Using OMIM OMIM tools Related Resources
Getting Started OMIM API ClinVar
FAQ Gene

GTR

MedGen

Last updated on: 16 Nov 2014

You are here: NCBI > Genetics & Medicine > Online Mendelian Inheritance in Man (OMIM) Write to the et Zuerk
T Z.888Y7 %2

3o Lo L Cawny gl () RN Pl

GETTING STARTED RESOURCES poptfLARL 2 sle Wsel dserriep NCBI INFORMATION L)*;;l .

NCBI Education Chemicals & Bioassays PubMed faradars.org/fvbio9307 Genetic Testing Registry About NCBI il
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Tutorial
| Analyze Your Gene-lists | Analyze Your Peaks | Browse Manual Database | Browse Reprocessed Database | Query Databases | Download Command-line Tool | Case Studies |

Gene-list enrichment analysis against the manual database

Paste Entrez Gene Symbols here: Create Subnetworks

I Connect targets

Filter Experiments
) Use filter

All v Species
All v | Cell Type
P All v | ChIP-Method

Analyze with Enrichr Also
ChIP-X Enrichment Analysis Y !

please try ChEA2
C' [ amp.pharm.mssm.edu/lib/kea.jsp

XP

KEA  Kinase Enrichment Analysis

Tutorial
| Web Application | Downloads and Instructions |
Paste Entrez Gene Symbols here:
Find Targets of:
© Kinase-Class
' Kinase-Family
® Kinase

Create Subnetworks
I Connect Substrates

Kinase Enrichment Analysis

Analyze with Enrichr B0

| Slole (owlid Cawn ) gl o )gal de
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[ www.maayanlab.net/X2K/
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exPrESSK)th nases Home User Manual Case Studies iggssg ==;-=
CITATION: Chen EY, Xu H, Gordonov S, Lim MP, Perkins MH, Ma'ayan A.

Expression2Kinases: mRNA Profiling Linked to Multiple Upstream Regulatory Layers.

>
Bioinformatics. (2012) 28 (1) 105-111 [PubMed)] J '.)’ J_l)s

Please cite our paper if you are using this software for your project. -

o> M SG 31 ,31,8

www. 1-21 ra (.1 ars.o ["L{
Download Installer Version 1.6.1207 (58.4 MB) 4629 downioads

~ Compatible with Windows/Mac/Linux. Source included. Java & or higher required to run.

Downlead individual components. ..

FEATURES:

» Two methods for identifying transcription factors for lists of differentially expressed
genes (ChEA and PWM) |

« Large-scale protein-protein interaction network made from 18 s
to build subnetworks that connect seed lists of genes/proteins

» Kinase enrichment analysis tool and a database of kinase-subs

4 AT'i\I ~NA

ﬁ}ll r?uestift;ns relattzlddto X2K cancfl::eddfirecteddto a-.-'i.maa-;-an?f_?.jm;;m.ec!L| alt the Mo#ntlgi e ——
of this software and data is intended for academic users only, commercial users shoul Idenﬁfy Upstream &
Transcription '4
Factors by -
Promoter Analysis
orChiP-X _Jy
Enrichment c . Identify Upstream Protein
identify ‘AMWSB (ChEA) onnect ldentified i 2coc ] ikely Regulating the
Differentially Transcription Factors - £ormagion of the Subnetwork
Expressed Genes using Known Protein |15 Kinase Enrichment
o Cananie Interactions to Construct a Analysis (KEA)
Wide mRNA Protein Interaction
Profiling Subnetwork (G2N)
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What is Cytoscape?

@ Cytoscape Version 2.5 File Edit View Select
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Control Panel
| 72 Network

Current Visual Style

VizMapper™ | Editor | I

el -

Sample3 [ ]

Defaults

Visual Mapping Browser

5 [E e

Mapping Type Continuous Mapping
200.0|

Graphical View

100 18.00
¥ Node Label D
¥ Node Color gal4RGexp

Mapping Type Continuous Mapping

Graphical View
-241 122
¥ Edge Visual Map...
¥ Edge Color interaction
Mapping Type Discrete Mapping
pd [E— | ¥

Tool Panel al

! Rotate  Scale  Align and Distribute ]

Layout

Plugins Help
Cytoscape Desktop (Session: galFiltered.cys)

galFiltered.sif
e

Open source
Cross platform
A consortium

Inskitute For Syskems Biology
University of California at San Diego

Memorial Sloan-Ketkering Cancer Center

-

" Inskitut Pasteur

.. fgilent Technologies

University of California at 5an Francisco
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University of Toronto
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Welcome to Cytoscape 2.5 Right-click + drag to ZOOM
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TABLE 1 | Comparison of network analysis platforms.

% Comparison of network
analyses platforms

Feature cy GM VA 0S D AR IN GG PI PR BL PA
Free for academic use " Y N R " N J J
Free for commercial use N J N N

Open source J N, N

Curated pathway/network content v N v J v

Standard file format support J V N N V v
User-defined networks/pathways N N V N N J N Vv Vv V N N
Functionality to infer new pathways J V J v J

GO/pathway enrichment analysis J v V J N

Automated graph layout J V V N < J \ N, N v
Complex criteria for visual properties V Y, J V N V o
Multiple visual styles V \ V J J V

Advanced node selection J v J J y v J N J
Customizable gene/protein database v J J N

Rich graphical annotation N N N v N
Statistical network analysis J v N v v v
Extensible functionality: plugins or APL J N N J N v v

Quantitative pathway simulation N J

Y, Cytoscape™'; GM, Gen MAPP2; VA, VisANT*%; 05, Osprey® (http://biodata. mshri.on.ca fosprey/) ; C0, CellDesigner®: AR, Ariadne Genomics Pathway Studio; IN, Ingenuity Pathways Analysis: GG, GaneGo; P1, PLANA
(http://shi.imim.es/piana/); PR, ProViz (http://chi.labr fr/engproviz, htm): BL, BioLayout; FA, PATIKA
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Network Nodes  Edges | Nreal Nrand *SD_ Zscore | Nreal  Nrand * 5D Zscore | Nreal  Mrand * SD_ Zscore
Gene regulation X Feed- X 7 Bi-fan
(transcription) \2 forward
Y loop
\ Z W
z
E. coli 424 519 |40 10 203 47+12 13
S, cerevisiae* 685 1,052_| 70 14 1812 30040 41
Neurons X Feed- X Y Bi-fan X Bi-
\2 forward £\ parallel
Y loo) Y. Z
\% P Z w N /¢
z w
C. eleganst 252 509 125 90+10 3.7 127 53 27 35+10 20
Food webs X Three X Bi-
\ chain 2R parallel
Y Y, z
\% N ¥
z w
Little Rock 92 984 |3219 312050 2.1 7295 2220£210 25
Ythan 391 1182 1020420 7.2 1357 230450 23
St. Martin 205 469 NS 382 130£20 12
Chesapeake 67 80 NS 26 542 8
Coachella 243 279 3.6 181 80420 5
Skipwith 189 184 55 397 80425 13
B. Brook 104 181 7.4 267 3047 32
Electroni Feed- X Y Bi-fan P X Bi-
e : N
(forward logic chips) forward ¥ 2 parallel
loop N2
Z W w
s15850 10,383 424 285 1040 11 1200 480 241 335
$38584 20,717 413 120 1739 6+2 800 711 9+2 320
538417 612 400 2404 1%1 2550 531 2+2 340
59234 8,197 | 211 140 754 11 1050 209 11 200
513207 11831 | 403 225 4445 11 4950 264 241200
El 3 Three- X Y Bi-fan X—>Y Four-
(digital fractional multipliers) node node
ﬂ \ feedback feedback
Y<— z loop z W Z<—W loop
5208 122 189 10 1£1 9 4 1£1 38 5 1£1 5
420 252 399 |20 11 18 10 11 10 11 1£1 11
s838% 512 819 |40 141 38 22 11 20 23 161 25
World Wide Web X Feedback X Fully X Uplinked
) with two Z N connected / N mutual
& mutual | 2 triad v 2 dyad
dyads <> >
7 y
nd.edu§ 325,729 1.46e6 | 1.1e5  2e3+1e2 800 6.8¢6  Sedde2 15,000 1266 led=2e2 5000

Milo, R. (2002). Science 298(5594), 8247.
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Ma’ayan, A. (2009). The Journal of Biological Chemistry, 284(9), 5451-5.

Gl Blob ulids Sy gl (o) gal ds gaze

March 7, 2015
faradars.org/fvbio9307



.. '-
AR Loy ol clo a5t ;o Lo Cidge
.~§"‘ @ ) ﬁ *0 0‘0 6 * ) *0

BONLC

S972 (o) sonbrS pie s Sloe 5l LS 6l b cadge ©

.o
.m

lilg.goailf&db.;.cc\.gc«iaolﬁé Ol adl>

ainly® aibe e oai 15 olo) Calus o e olye oo ddl>
8 byo S

(gio) Cudn )]935> Ly adl>

Cam- ;| Pl Ol JAS )0 (Igad pf) (e ()95 my adl>
Kinase II

9,y g jo Jols JyuS 5o sl aily

Ma’ayan, A. (2009). The Journal of Biological Chemistry, 284(9), 5451-5.

Gl Blob ulids Sy gl (o) gal ds gaze
faradars.org/fvbio9307

March 7, 2015



092 U S5 31, Extracellular Ligands
www.fara (.1{1 rs,org

'AA‘XAAAAA‘AAAA\AAAAAAAAAAA/AAAA
. |
\

A

\
Membrane Pr&txei \s and Receptors
AANAASNAAAL ANAMANANA BA s AAANADAAL & A
AL < RS 7

/\ 4
—
~ :‘\"

\ v ."l'-" |
3 -"“ A4 )
ey VNG| W
ENYP e S A N e A
Y YR ass o | SRS FY Y § R )
v i rSSAMOGIES W3y

_ (VY - “__é&\o’_‘.fi“ —
[T\
" Motility
Machinery

Secretion
Apparatus

Transcription
Machinery

Translation
Machinery

Son sl b U S sS sle g

Slo 955 0 cerhits s cl g ploy JlEl Lo yane b 4S50 sla S ol

Sg7g0 SlaS 3 51 Y=Y b Gl ol L 15 4S o0y JuSis 0,5 OVY )

FolS g
Joke o

YA Electrical Response
(lon Channels)

Ma’ayan, A (2005). Science

309(5737), 1078-83.

March 7, 2015

& dlole Lalid o) @

faradars.org/fv

A

Transcription
machinery (37)

Extracellular
ligands (33)

v

Receptors

and other
membrane
proteins (63)

v

Central
signaling
network (311)

v

lon channels
(16)

N 'Eran*p[atinn

macRinery (33)

DI09307

Secretory
apparatus (27)

Motility
machinery (25)




e Extracellular
S a se.n Stimulation
§Y% Zo==

w0 oS S ) 3,8 Secretion
www.faradars.org Apparatus

b Extracellular ¢
Stimulation

T-Cell

Central
Signaling
Network

Extracellular

Pancreatic B-Cell Stimulation

Ma’ayan, A., Blitzer, R. D., & lyengar, R. (2005).
Annual Review of Biophysics and Biomolecular
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Motifs counts

Motif # CN* SN** Z-score
FBL3 22 8.6 +8.1 4.34
SCAF 25 9.0+34 4,72
BIFAN 1009 180.3 = 28.0 29.60
FFL4 301 103.4 £ 17.2 11.51

* CN- Cellular Network.
** SN- Shuffled Networks.
Mean + SD computed for 100 shuffled networks. b ol yo2 (gl 005 1.5 0525 camailis wilsd oo (gl ailg  aige
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Bifan (this study)

Feed forward loop

Feedback loop

SIM

Delay/speedup

Depends on logical gating

Exact function depends on
sign, logical gating, and

Autoregulation may
reduce response time

coherence (8,13,15,23) whereas longer loops

can cause delay (14,32)

Filter noise AND gates filter better

than OR gates

FFLs reject transient input
pulses and respond
only to persistent
stimuli (16,24)

Filtering by using
interlinked loops (28)

Sort and TF activity is synchronized Input node is often
synchronization under a broad range of autoregulated, yielding
conditions a coupling between a
FBL and a SIM (13,14)

Bistability Fluctuations and stochasticity

play a role in switching

between the stable states

(17,19,20,25-27)
Oscillations Negative feedback is required

for oscillations
(12,17,18,28-31)

FBL, feedback loop; FFL, feed forward loop; SIM, single input modules; TF, transcription factor.

Lipshtat, A., Purushothaman, S. P., Iyetngar R., & Mz7' \g\_n, A.(SZOOSBiophysica/ Journal, 94(7), 2566—2579.
aradars.org/tvb109307
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Ma’ayan, A., Blitzer, R. D., & lyengar, R. (2005).
Annual Review of Biophysics and Biomolecular
Structure, 34, 319-49
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Mangan, S., & Alon, U. (2003). Proceedings of
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E. coli — X 28 — X 2 — Y d — X 1
l 1 l 1
h i Y Y b
5. cerevisiae z 26 Z 5 Z 0 Fi 0
Incoherent type 1 Incoherent type 2 Incoherent type 3 Incoherent type 4
Species Structure Abundance Structure Abundance Structure Abundance Structure Abundance
E. coli — X 5 — X ) — X 1 — A 1
l | | 1
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g Environmental inputs
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fiIhDC

fliA promoter

AV

Basal body

Class 2 promoters_¥ Y

A

Class 3 operons

(flagella filament and chemotaxis system)

Kalir, S., Mangan, S., & Alon, U. (2005).. Molecular Systems Biology, 1, 2005.0006.
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Zoomed out

Zoomed in

Tissue-cell Intracellular Molecular

Clinical indicators
and analyses

level network level level

Levels of interacting systems

Drug intake

Drug action on targets

Clinical care

Organ-based specialities:
cardiology, nephrology etc.

Systems pharmacology

Clinical
practice

Wist, A. D.,
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Laboratory
research

Clinical/translational
research

Berger, S. I., & lyengar, R. (2009).. Genome Medicine, 1(1), 11.
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TABLE 1

A comparison of the current reactive, evidence-based medicine with proactive P4 medicine

Reactive medicine — evidence-based medicine

Proactive P4 medicine

Reactive-respond after a patient is sick (symptom based)
Disease-treatment system
Few measurements

Disease-centric, with standard of care associated with

population-based disease diagnosis

Records not highly linked

Large-scale diffusion of medical information mediated

mostly through physicians alone

Drugs tested against large populations — 10s of thousands

to develop statistics for FDA

Science based healthcare takes place almost entirely

in clinics and hospitals

Discovery science and medicine are largely separate

spheres of activity which communicate primarily through
publication of articles in peer reviewed journals

Proactive-responds before a patient is sick (based on pre-symptomatic markers)
Wellness-maintenance system

Many measurements, including complete genome sequencing, high-parameter
blood diagnostics, many longitudinal omics measurements

Individual-centric, with standard of care tailored more fully to multiple
measurements on the individual

Deeply integrated data that can be mined for continued improvement of
healthcare strategies

Social networking of patients to enhanced shared experiences and diffusion

of knowledge in consultation with their physicians

Stratification of disease populations into small groups, 50 or so, that can be
effectively treated to achieve FDA approval

Science based healthcare takes place in the home as well as the clinic as networked
and activated healthcare consumers use the information made available from systems
biology and wireless measuring devices to do a better job of managing their health
Discovery science and the practice of medicine are integrated through digital
networks and heterogeneous databases that capture data from every clinical
encounter for discovery purposes and quickly and efficiently distribute information
about stratified diseases and populations to physicians on an ongoing basis
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Table 1. High Throughput Technologies for the Study of the Pathogenesis of Cancer

Tissue
Parameter Available Technology Target for Detection Requirement Advantage Disadvantage
DNA copy number  Comparative genomic DNA copy number Blood (cDNA or High throughput Most platforms still require
hybridization aberrations germline DNA) high quality frozen
material
Digital karyotyping Polymorphisms Fresh/frozen Comprehensive/whole genome Limited dynamic range

DNA mutation
detection

Epigenetic profiling

Gene expression
profiling

Detection of splicing
RNA forms

Functional
proteomics

ROMA

Single nucleotide
polymorphism arrays

Molecular inversion
probes deep
seguencing

Candidate gene analysis
GWAS

High throughput DNA
sequencing

Single molecule
sequencing

Mass spectroscopy for
single nucleotide
polymorphisms

Methylation arrays

Acethylation arrays

Transcriptional profiles

RT-PCR

Exon junction arrays

Genome tiling arrays

Reverse phase protein
arrays

Mass spectroscopy

Genomic
rearrangements

Identification of common
low risk variants

Presence or absence of
a mutation

Germline changes in
metabolizing enzymes

Methylation

Acethylation

Messenger RNA

Exome

Protein expression and
activation

Paraffin embedded

Blood (cDNA or High throughput
germline DNA)

Fresh/frozen Comprehensive

Paraffin embedded

Blood {cDNA or High throughput

germline DNA)
Fresh/frozen Comprehensive/whole genome
Paraffin embedded
Fresh/frozen High throughput

Paraffin embedded Comprehensive/whole genome

Fresh/frozen High throughput
Particularly comprehensive/whole
exome
Fresh/frozen High throughput

Paraffin embedded Allows simultaneous study of
several hundred proteins
Applicable to both frozen and
formalin fixed paraffin
embedded tumor samples
Useful to study specific
candidates

&l Blol Cwlis Cownl glo () G APREEK,

Expensive

Expensive

Many platforms require
high quality frozen
material

Most platforms still require
high quality frozen
material

Most platforms still require
high quality frozen
material

Limited dynamic range (eg,
in comparison with
qPCR)

Expensive

Requires high quality
frozen material

Limited dynamic range

Most appropriate
applications and analysis
approaches still to be
defined

Expensive

Limited to proteins with
available high-guality
antibodies

Primarily discovery tool

Platforms still not robust
and difficult to compare
across centers

Abbreviations: ROMA, representational oligonucleotide microarray; GWAS, Genome Wide Associations Studies; gPCR, quantitative polymerase chain reaction.
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Other arrhythmogenesis
genes found in
neighborhood

Leave-seed-out
cross-validation
Rank  Node Score
1 KCNH2 0.134
1 KCNQ1 0.096
5  KCNE1 0.039
8  KCNE2 0.033
16 ALG10 0.021
26 *AKAP9  0.019
43 *SNTA1 0.009
102 SCN5A 0.006
203  KCNJ2 0.002
451 CACNA1C 8.1e-4
789  CAV3 3.4e-4
1264 ANK2 1.0e-4
1425 SCN4B 4.4e-5

Rank  Node Score
1  PRKCA 0.053
2 PRKACA 0.052
87 RYR2 0.006
108 ADRA1D 0.005
109 CACNB2 0.005
140 NOS1AP  0.004
267 ADRA1A  0.002
294 KCNA5  0.001
308 ADRB1  0.001
311 ADRB2  0.001
369 ADRA1B 9.2e-4
588 ADRA2A 5.7e-4
678 GNAI2 4.6e-5
730 ADRA2C  4.1e-4
1007 GJA5  2.2e-4
1139 ADRB3 1.5e-4

S$>0.01
55 Nodes

S§>0.001
360 Nodes

S$>0
LQTS neighborhood
1629 Nodes

* LQTS seed gene published
independently over the course of
this study.
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