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What, Why, & How

Computational Disease Gene prioritization

« What: Computationally assigning likelihood of gene
Involvement Iin generating a disease phenotype

 Why: Narrows down the set of genes to be tested
experimentally — saves time/resources.

* How: “Guilt by Association™ - Gene “priority” in
disease is assigned in a more “informed” way taking
INto account a set of relevant features or annotations
(e.g., gene expression, function/processes, pathways,

model organism phenotype, etc.) - Functional
Similarity-based methods
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Prioritization

Similarity-
based
Approaches Network/Topol
- ogy-based
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annotations- PP
based)
Training set- Training set- Training set- Training set-
Independent dependent iIndependent dependent

* Protein-Protein Interactions
* Protein Associations (Functional Linkage)
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Functional annotation-based candidate disease
gene prioritization

* Guilt by association - Reliable predictions about the
disease involvement of a gene can be made If several of
Its partners (e.qg., genes with correlated expression
profiles or protein interactants or genes involved in same
biological process or pathway) share a corresponding
annotation.

* Incorporating the prior information or knowledge about a
disease (e.g., known disease genes) is critical.

» Challenge: Gather, normalize, and integrate
heterogeneous data from multiple sources (and keeping
them current).
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Functional annotation-based candidate disease
gene prioritization — General workflow

« Step 1: List of candidate genes (Test Set) to prioritize - linkage
regions, chromosomal aberrations, association study loci,
differentially expressed gene lists or genes identified by sequencing
variants, or the complete genome

« Step 2: Seed Genes or Training Set: Prior knowledge about the
disease - known disease genes, or disease-relevant keywords, or
biological processes or pathways.

» Step 3: Prioritization methods: Which one to select/use?

» Step 4: Assessment - Are the selected training/seed genes,
keywords and tools suitable? Can reliable predictions be made using
these?

« Step 5: Use multiple tools or multiple sets of seed gene or keywords
- Combine the results to obtain a consensus result
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What constitutes a “good” seed gene set?

* Relevancy: Review each gene - Domain experts
especially for selecting keywords (e.g., disease-
relevant phenotypes)

» Size Matters: Nelther too small nor too large.
* Too small - may be insufficiently informative
* Too large - too heterogeneous pattern to be useful.
* Break them down into multiple random sets
* Filter them based on additional features (e.g.,
genes assoclated with a BP term + MP term)

 |deally 6 — 30
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What constitutes a “good” seed gene set?

 Robustness: How robust are the ranking results
using a particular seed set?

Cross-validation - Assess whether a set of seed
genes provides a coherent pattern

*» Create multiple sets of seed genes or keywords
covering complementary phenotypic aspects of the
disease and assess their performance separately.

“* Negative control seed genes: Use genes for other

unrelated diseases as training set.

» Top-ranking candidates are same with negative control seed
genes — suggests some systematic bias and prioritization
results are probably unreliable
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Other Quality Control Measures

Tool A ranks my “favorite” gene on/among top —
Therefore tool A Is the BEST!!!

 Smaller Test Sets: Perform prioritizations both on the
actual set of candidates and on the whole genome OR
on a larger set that includes the smaller set of

candidates.
= Are the top-ranking candidates from the small subset rank
within the top 5-15% of the whole genome?
= |f not, the prioritization might not have been able to capture
enough Iinformation to identify good candidates

 Functional Coherence: What are the enriched terms for
the top ranked candidates? Do they match expectations for
the biological process or phenotype of interest?

Moreau & Tranchevent, 2012
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Resources commonly used for compiling seed set
OMIM: http://omim.org

Phenopedia: http://hugenavigator.net
OMIM" L

Online Mendelian Inheritance in Man® @» HuGE Navigator (version 2.0)

An Online Catalog of Human Genes and Genetic Disorders An integrated, searchable knowledge base of genetic associations and human genome epidemiolagy.

Updated 13 May 2014

c e S H HuGE Mavigator = Phenopedia (HuGEpedia) Last data upload: 08 May 2014.

xample Searches

Search -

Bear(}h OMIM - OMIM Tutorial PhEHDpEdla

Advanced Search: OMIM, Clinical Synopses, OMIM Gene Map Data collected since 2001 Home | About |
Search Fhenopedia ~ for Entera disease term | Go | | Clear | | All |

GAD: http://geneticassociationdb.nih.gov

Genetic Assocration Database

ABCDEFGHIIJTKLMMNOPQRSTUVWXYZ KEGG Disease:
Fi;::ﬁ::umplete disease/phenotype list, dick here. e View Semrch for ALZHETMER http://WWW.genome.J p/kegg/dlsease/

Broad

FPhenotype MeS5H Disease | Mamow Maolecular

(Disease) Disease Terms Expert |Phenotype Phenotype |P Value
view | Y HHEX MEURCLOGICAL Alzheimer's Disease  Alzheimer Disease 10 KEGG DIS EAS E
view | M CTSD NEUROLOGICAL Alzheimer's Disease Alzheimer Disease|Genetic Predisposition to Disease 11 . .

Diseases viewed as perturbed states of the molecular system
view | HFE NEUROLOGICAL Alzheimer's Disease Alzheimer Disease|Genetic Predisposition to Disease|Cognition Disorders 8
view | HFE NEUROLOGICAL Alzheimer's Disease Alzheimer Disease|Genetic Predisposition to Disease|Cognition Disorders 6 i JEIIJEII'IEE-E
view | GSTO2 NEURCLOGICAL Alzheimer's Disease Alzheimer Disease|Genetic Predisposition to Disease 10 KEGG2 PATHWAY BRITE MODULE DISEASE DRUG ENVIRON MEDICUS
view | M G5TO1 NEUROLOGICAL Alzheimer's Disease Alzheimer Disease|Genetic Predisposition to Disease 10
Search H number, name, description, category, pathway, and I:l genes Cancer

wiew | Y GSTO2 MEURCOLOGICAL Alzheimer's Disease Parkinson Disease|Alzheimer Disease Age at onset P=0.005 10 Path.u.gen
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Additional resources for compiling seed set

Comparative Toxicogenomics Database: http://ctdbase.org

' '"“=.
$ The Comparative Toxicogeno.., 'l,\_+

& & ctdbase.org/:jsessionid=9EFSFEECCEDC2E6G93EFEASETIBE3941

R
m Muminating how chemicals affect human health.

Comparative Toxicogenomics Database

omo - | Seach ~ | Abge w] Domead - | rop - |

All Tools

Connect. Comp g

CTD illuminates how en Sat Anal

fect human health. More

VZer

Discover. MyGeneVenn

. What human diseasgene;’pmtein? (Example)

] L Y Fr e .
. What human diseasqREUAYENE chemical? (Example)

. What genes/proteins interact with a chemical? (Example)

. What chemicals interact with a gene/protein? (Example)

. What references report a chemical-gene/protein interaction? (Example)

LT ¥ B N TR B (N

\WiTh ot ~olliilare fiincticone fF0M tormoey ara affortad by 39 clhoamieral? frceemem el ot
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Comparative Toxicogenomics Database: http://ctdbase.org

—--------------------§\ lnEEIEﬂ?ﬂuri“putwa ‘
l n Select your input type 1 : ) Chemicals (MeSH® names, synenyms, or IDs, or CAS RNs) ?:
1 I oo
| Chemicals (MesSH* names, synonyms, or IDs, or CAS RNs) ? I 1 Diseases (MeSH or OMIM names, synonyms, or IDs) * |
I ) Diseases (MeSH or OMIM names, synonyms, or IDs) ? | | ~ Genes (NCBI symbols or IDs) * |
I © Genes (NCBI symbols or IDs) ? | I © Gene Ontology terms (GO names, synonyms, or IDs) ¢ |
I @ Gene Ontology terms (GO names, synonyms, or IDs) 7 | l Uy Pathways (KEGG or REACTOME names or IDs) ? :
1 & Pathways (KEGG or REACTOME names or IDs) ? | \ References (PubMed® IDs or DOIs) ? y,
‘\ () References (PubMed® IDs or DOIs) * /' S ——————————
O B Provide query terms (I_II]' to 4_,[":"]}
Provide query terms (up to 4,000
B query (up ! ) Return-, tab- or |-delimited Or upload a tab-separated file:
Return-, tab- or |-delimited Or upload a tab-separated file: | Browse. | No file selected.
| Browse_ | Mo file selected. Identifiers column: | 1 al |-
Identifiers column: | 1 =2
‘----------~
4 S ﬂ Choose data to download
EJ choose data to download ' \
Data I Format : Data Format
. . . ical— i i ? i@ -
Chemical-gene interactions * I @ TSV (tab-separated values) i Chemical-gene interactions @ TSV (tab-separated values)
Chemical associations 2 : ) CSV (comma-separated values) | Chemical associations ? LSV (comma-separated values)
. © ISON [ © All JSON
Gene associations ? I d XML
@ Curated | M I - fL;ratEd '
inrerre
Disease associations ? I‘ [l '———————————————————\
Gene associations ¢
2 Inferred N o o o e - 1 o |
Pathway associations * l G Curated :
- - I e
Gene Ontology associations ¢ \  ©Inferred I

~------------------/

Disease associations 7

Download || Clear |

Pathway associations
) Inferred

Gene Ontology associations ¢

Download || Clear |
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Comparative Toxicogenomics Database: http://ctdbase.org

o e @G ESVMBbOL
go:0007507 Y TEX20
go:0007507 | EFNA1
go: 0007507 [ GATLS
go:0007507 NOTCH1
go: 0007507 [ TEX20
go:0007507 | TWIST1
go:0007507 | FHLZ
go: 0007507 I MYH15
go: 0007507 WEX2-5
go: 0007507 0 WEXZ—6
go:0007507 | ISL1
go: 0007507 || REMZ 42
9010007507 REMZ 4B
go:0007507 EMP10
go: 0007507 I MYH&
go:0007507 | PITX2
go:0007507 | PROX1
go:0007507 ¢ THNNT2
go: 0007507 TNNT2A
go: 0007507 I WHNT2
go:0007507 | MYHE
go:0007507 | MYL7
go:0007507 g ANKZ
go:0007507 DANDS
go: 0007507 [ GJLS
go:o007507 1 NPHP3
go:0007507 | TBXS
go:0007507 g CEC1
go: 0007507 CFC1E
go: 0007507 [ CYRE1
go:0007507 | GATRL4
go:0007507 | GJAS
go:0007507 HEYZ
go: 0007507 ISL1
go: 0007507 ] WEX2-5
go:0007507 | NOTCH2
go:0007507 | SMO
go:0007507 | TEX20
go: 0007507 TEXS
go: 0007507 [ ZFPM1
go:0007507 | ACVR1
go:0007507 | GATRA4
go:0007507 || SOX4
go: 0007507 0 WHSC1
go: 0007507 GATRL4
ga:0007507 1 WHSC1
go:0007507 | GJAl
go: 0007507 | GJLS
go: 0007507 i PDLIM7
go: 0007507 TEXSA
go:0007507 | TEX3
go:0007507 | ACTC1A
go:0007507 | FOXN4
go: 0007507 [ GATR4
go: 0007507 HLS2
go: 0007507 I MMD
go:0007507 § ETEN11

\

-m =n = .

GenelID
57057
1242
2825
4851
57057
T291
2274
22989
1482
137814
3870
405801
Se2236
27302
4a24
5308
Sez2a
7139
28071
TaTZ
4624
58498
287
199699
2702
27031
6910
559497
653275
3491
2826
2702
23493
3870
1482
4853
6808
57057
6910
1e1EEZ
a0
2aZa
6659
T4aE
2826
T4e8
2897
2702
92ad
30071
6926
408256
121643
2eZ2&
3037
23531
5781

Cmtology

Biological
Biological
Biological
EBiological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
EBiological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
EBiological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
EBiological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
Biological
EBiological
Biological
Biological
Biological
Biological
Biological
Biological

GoTermMame GoTermID
| _ B B B _ B B B B B B B B B N & N N B B B B B B |
Process aortic wvalwve dewvelopment Go:00031 76
Process ‘ aocortic wvalwve morphogenesis Go:0003180
Process aortic wvalve morphogenesis FO: 0003180
Process I aortic wvalwve morphogenesis Go:0003180
Process I aocortic wvalwve morphogenesis GO:0003180
Process aortic wvalve morphogenesis FO:0003180
Process I atrial cardiac muscle cell development GO:0055014
Process I atrial cardiac muscle cell development GO:0055014
Process I atrial cardiac muscle cell development GO:0055014
Process I atrial cardiac muscle cell development GO:0055014
Process atrial cardiac muscle cell differentiation G0:0055011
Process I atrial cardiac muscle tissue dewvelopment F0:0003228
Process I atrial cardiac muscle tissue development GC:0003228
Process I atrial cardiac muscle tissue morphogenesis Go:0055008
Process I atrial cardiac muscle tissue morphogenesis F0:0055008
Process I atrial cardiac muscle tissue morphogenesis GC: 0055009
Process atrial cardiac muscle tissue morphogenesis E2:0055008
Process I atrial cardiac muscle tissue morphogenesis FC0:0055009
Process I atrial cardiac muscle tissue morphogenesis F0:00550085
Process I atrial cardiac muscle tissue morphogene=sis EF0:0055009
Process I atrial cardiac myofibril assembly GC:0055004
Process atrial cardiac myofibril assembly Go:0055004
Process I atrial septum development FO:0003283
Process I atrial septum dewvelopment Go:0003283
Process I atrial septum dewvelopment GO:0003283
Process I atrial septum dewvelopment GO:0003283
Process atrial septum development FO:0003283
Process I atrial septum morphogenesis Go:0060413
Process I atrial septum morphogenesis GO:0060413
Process I atrial septum morphogenesis FO: 0060413
Process I atrial septum morphogenesis Go:0060413
Process atrial septum morphogenesis GO:0060413
Process I atrial septum morphogenesis GFO: 0060413
Process I atrial septum morphogenesis GO:0060413
Process I atrial septum morphogenesis GO:0060413
Process I atrial septum morphogenesis GO:0060413
Process atrial septum morphogenesis FO:0060413
Process I atrial septum morphogenesis Go:0060413
Process I atrial septum morphogenesis GO:0060413
Process l atrial septum morphogenesis GFO: 0060413
Process I atrial septum primum morphogenesis GC:00032E88
Process atrial septum primum morphogenesis Go:0003285
Process I atrial septum primum morphogenesis F0:0003289
Process I atrial septum primum morphogenesis GC:00032E88
Process I atrial septum secundum morphogenesis GC:0003230
Process I atrial septum secundum morphogenesis GC:0003230
Process atrial wventricular junction remodeling GO:0003294
Process I atrial wventricular junction remodeling GO:0003294
Process I atrial wventricular junction remodeling GO:0003294
Process l atrial wventricular junction remodeling GO:0003294
Process I atrioventricular bundle cell differentiation Go:0003167
Process atrioventricular canal development Go:0036302
Process I atrioventricular canal development GFC:0036302
Process I atrioventricular canal development F0:0036302
Process I atrioventricular canal dewvelopment GC:0036302
Process l atrioventricular canal development F0:0036302
Process \ atrioventricular canal development F0:0036302

L F F F F r r r rr rr rrrrrrrE rrE 2

\----------------------’

hiological_process
i & I |
Ir) [~ )
mutticellular organizmal process
-
developmental process
o/ SiNgle-organism process

o, L . .
= gingle-mutticelular arganism

Process
L

zingle-organizm developmental
process

Ia

anatomical struu:ture development MUlticelular organizmal
L4 development

.m: : 4 2N

syﬂemﬂevmnpmem

|
M N~
| circulatory system development
' 1=
i3
fa]

pnsﬂvefagMaﬁnnnf
Drgandeg§Mpment ﬁﬁH@EHEﬁ&HW&ﬁ?HﬁHﬂ

v .
E sevalapment o omater involved

adult heart develnpmn_ant in heart development

regulation of tranzcription

from EMA polymeraze || promoter

invalved in heart development
peticardium development

atrioventricular cansl _ |
development
cardiac chamber development

cardiac conduction system
¥ larval hear‘t development

development v
cardiac muscle tizzue p&% éﬁ% Hz hEE& valve ﬂ'IEEtVEmFJTEHT
development it heart development .Dneg e regulstion o

tran=scription from Rha,
polymeraze || promoter involved

in heart development
heatt morphogenesis

¢%%§b
cardiac skeletan develupmerrt ‘ﬂﬁn

cardiocyte differentistion

cell migration invalved in
heart development

cell zurface receptor signaling
pathweay involved in heart
development

embryonic heart tube developmert determination of heart
leftiright asymmetry

heart growth
endocardium development

endocardial cushion development

coronary vasculature desvelopment

Ontological tree —
Children nodes and their
annotations also used
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Comparative Toxicogenomics Database: http://ctdbase.org

LN

Er |
m Iluminating how chemicals affect human health.

. Comparative Toxicogenomics Database

tomo - | Seach ~ | Anhae ] Dowiuso ~ | o~ |

Connect. Comp

CTD illuminates how en Set Analy

Discover. l My GeneWVenn

. What human dlseaﬁdenefpmtem? (Example)

. What human dlﬁeak VennViewer r:lwermr:al? (Example)

. What genes;’pmtems interact with a r:hemu:al? (Example)

T ¥y I U W R

. What chemicals interact with a gene/protein? (Example)

. What references report a chemical-gene/protein interaction? (Example)
. What cellular functions (GO terms) are affected by a chemical? (Example)

All Tools

Batch Cluery
rect human health. More..

\N

il |

Explore the Venn
utilities — Handy for
generating/comparing
annotated gene lists
(seed set selection)
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NCBI MedGen - http://www.ncbi.nlm.nth.gov/imedgen

—= NCBl Resources ¥ How To & = e
MedGen MedGen - Search
M  Search_
[ Limits 'Advanced Help
MedGen MedGen - i
Advanced Help
Limits
r -------------- \
I Field: All Fields - |
S —— J
P L L L L L L L L L L L L T 1S
[ N ( !
|
1 B 7 ] 13 [ 19 [ MT :I:I Found in GeneReviews : I || Disease Focus |
[ 2 [0 8 ] 14 [ 20 [] Unknown I | With genetic testing I |\|:| Clinical Fea’turea,I
Fl 3 [ 9 Fl 15 [F 21 1 [ Associated with a gene i o T N N W N S S N N N M M M N N N N N NN BN SN N
B4 [ 10 [ 16 [ 22 L ) (
Es B @wWw @EX 0000000202020 emmmemassaae— : ] GTR [ HPO [ MeSH [ NCI
[ 6 [ 12 [ 18 [ Y I ] OMIM
‘ﬁ ------------------------- > 4
| Clear | | Search |

NCBI's portal to information related to Medical Genetics. Terms from
the NIH Genetic Testing Registry (GTR), UMLS, HPO, ClinvVar and
other sources are aggregated into concepts and their gene annotations
where available.
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NCBI| MedGen - http://www.ncbi.nlm.nih.gov/medgen

Alzheimer's disease (AD)
MedGen UID: 1853 « Concept |ID: C0002395 « Disease or Syndrome

Synonyms: AD; Alzheimer dementia (AD); ALZHEIMER DISEASE, FAMILIAL, 1, AUTOSOMAL RECESSIVE; Alzheimer scfeeasiss
Alzheimer syndrome; Alzheimers disease; Alzheimer-type dementia (ATD). dementia; Dementia; Early-Onset f [olecular resources
Alzheimer Disease; familial Alzheimer disease (FAD). Presenile and senile dementia; Primary Senile Degenerat
Dementia
Modes of inheritance: Heterogeneous O
Autosomal dominant inheritance
SNOMED CT: AD - Alzheimer's disease (26929004); Alzheimer disease (26929004). Alzheimers disease (26923004 ); Alzheimj HEEEQGEHE
disease (26929004)
-----------------------------------------\ = = = ] =
Genesi _ _ _ __ _ PAXPY SORLY. PLAU. NOS, MPO: HFE; ACE: BLH: APP: APBE2 AZM _} View A2l vanations in ClinVar
Cytogenetic locations: 10g22.2; 11g24 1; 12p13.31; 17q11.2; 17g22; 17q23.3; 21q21.3; 4p14-13; bpd2 2; 7q3b.1; Tgab.2 : — : :
OMIM: 104300 View APBBZ vanations in ClinVar
; ; ; View APPF vanations in Chn\ar
Genetic Testing Registry ﬂDiSDn:I.er of nervous system | o | |
Deletion/duplication analysis (2) ﬂl:ll;':'r[';l_er nl:fltthE;ﬂt_rm nervous system View BLMH vanations in ClinVar
Isorder of brain
Mutation scanning of select exons (1) © Delirium. Dementia. Amnestic. Cognitive Disorders View ACE vanations in ClinVar
© Cognitive disorder
Research (1) © Dementia View HFE vanations in ChnVar
Seqguence analysis of the entire coding & Alzheimer's disease Vi VPO - iy
region (14) + Alzheimer disease, type 6 IEW varations in LAnvar
Targeted variant analysis (4 Table of contents + Alzheimer disease, type 7 : oL : :
9 y N e + Alzheimer disease, type 8 View NOS3 vanations in ClinVar
.................................. : ISed5e Cnardaclersics + Alzheimer disease tvpe 9 : - : :
see all (20); i deeerion . Alzheimer diseace. JEE 0 View PLAL variations in ClinVar
itional descnptions . . ‘
Flmm——————— Alzheimer disease, type 11 View SORL1 variations in ClinVar
1 | Clinical features. * Alzheimer disease, type 12
D * Alzheimer disease, type 13 View PAXIP1 variations in ClinVar
Term Hierarchy + Alzheimer disease, type 14

* Alzheimer disease, type 15
* Alzheimer disease, type 16
Recent clinical studies O Early-Onset Familial Alzheimer Disease
O Late-Onset Familial Alzheimer Disease

FProfessional guidelines

Fecent systematic reviews
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NCBI BioSystems - http://www.ncbi.nlm.nih.gov/biosystems

& NCBI Resources ¥ How To @
EiﬂS}"EtEI‘ﬂE BioSystems -
Limits  Advanced
*s
2
.
.
.
2
BioSystems BioSystems -
Advanced
Limits

| Conserved BioSystems
] Organism Specific BioSystems

KEGG
BioCyc & MetaCyc

Feactome
WikiPathways

LIPID MAPS

Gene Ontology (GO)

*
*

Pathway Interaction Database (PID)

¢

-------------

] Functional Set
"] Signature Mnduj%

N

]

I

Pathway I
I

I

I

I

. '

|

|

I

}‘ ] Structural Complex

.

|

|

\

4

A group' of genes that

Reset

Search

have a pathogenicity

or other phenotype
associlated with them
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Functional Similarity — What features to consider?

/[ It'sa
\ Fan! { ,

It’s
a Snake!‘

Cartoon: G. Renee Guzlas
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Biological
Processes
(Gene

a Pathways A
(KEGG,
BioCarta,

Model Reactome) a Literature A
organism Co-citation
Phenotype (Gene-2-

~ | PubMed)
N N /

. -
Protein - ~ —
Interactions & Co-expression

Associations
\_ J \_ Y,

* No single source of data can be expected to capture all relevant relations
* Integrate multiple data sources: Better signal-to-noise ratio and improved
prediction accuracy Cartoon - G. Renee Guzlas

Tranchevent & Moreau
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Biological
Processes
(Gene

-—~-/ Pathways B
(KEGG,
BioCarta, -~
Model Z\L Reactome) Literature
organism (e o7 : / Co-citation
Phenotype ‘\‘R\ | (Gene-2-
s | / PubMed)
~ - a0\ /
.‘( \ / ‘T',”.
AN 7 4\ |
/ X)) "3
=k oS
“wme

[Co-expression}

Protein -
Interactions &
Associations

Gene prioritization through genomic data fusion

S Aerts, D Lambrechts, S Maity, P Van Loo... - Nature ..., 2006 - nature.com

Abstract The identification of genes involved in health and disease remains a challenge. We
describe a bioinformatics approach, together with a freely accessible, interactive and flexible
software termed Endeavour, to prioritize candidate genes underlying biological processes ...
Cited by 552 Related articles All 41 versions Web of Science: 341 Cite Save

ToppGene Suite for gene list enrichment analysis and candidate gene prioritization
J Chen, EE Bardes, BJ Aronow... - Nucleic acids research, 2009 - Oxford Univ Press

Abstract ToppGene Suite (http://toppgene. cchme. org; this web site is free and open to all

users and does not require a login to access) is a one-stop portal for (i) gene list functional
enrichment,(ii) candidate gene prioritization using either functional annotations or network ...

Cited by 231 Related articles All 13 versions Web of Science: 148 Cite Save

Guilt-by-association:
Approaches differ by the
strategy adopted In
calculating similarity and by
the data sources utilized

With some exceptions
(e.q., ENDEAVOUR,
ToppGene), most of the
existing approaches mainly
focus on the combination
of only a few data sources

For methodological detalls

& validation see:

« Aerts et al., 2006 Nature Biotech.
e Chenetal., 2007 BMC Bioinfo.
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ENDEAVOUR ToppGene

Select | All || None |

Al

[ GO: Molecular Function
"l GO: Biological Process
[l GO: Cellular Component

"] MSigDB C2: University Pierre and Marie Curie

Annotation - EnsemblEst @
Annotation - GeneOntology Q@ ) GeneaD
Annotation - Interpro
Annotation - Kegg Q

"] Mouse Phenatype
b Domain

" InterPro

| PROSITE

| Pfam

| ProDom

| SMART
¥ [ pPathway

rl'i.umu B0 e

"I MSigDB C2: University of Liverpool
"] MSigDB C2: University of Washington
"] MSigDB C6: Broad Institute

[ MSigDB CT: Nick Haining lab (DFCI)

¥ ] Coexpression Atlas

| Body Map
"l FaceBase RNAseq
"l FaceBase ST1

[l BioSystems: BIOCYC
"] BioSystems: KEGG

" Gudmap Mouse MOE430.2

Annotation - Swissprot Q
et Pty Interaction Datab | Gudmap Mouse ST 1.0
I03YSIEMS. Fainway Interactuon Liatabase D Gudmap HN,&SEQ

Blast @ Ba
BioSystems: REACTOME
I lImmgen.org, GSE15907

CisRegModule @ F Biosystems WikPathways - mmg

1 1 MSi - BioCarta 1 Alvze
Expression - SonEtAl @ " USGDB C2 Sgmankrich S
Expression - SuEtAl Q@

"] MSigDB C2: Signaling Gateway . ) ) .
[l MSigDB C2: Signaling Transduction KE g ﬁglggg Ej B EEN&:CEHCEr;GjﬂlE Neighborhood
Ig i - Slancer Woaules

. ) [ MSigDB C2: SuperArray |

Interaction - Bind @ | Pentnerd® v MieroRNA
athway Ontology [l MSigDB

Interaction - BioGrid @ — - icroRNA org

- ] Gene
Interaction - Hprd Q@ Pl timed 7 PicTar

. 1 Interaction | TargetScan
Interaction - InNetDb @ 71 Cytoband ) miRTarbase

. [l Transcription Factor Binding Site [ miRecords_TarBase
Interaction - Intact @ ) Gene Family ¥ [ Drug
¥ [] Coexpression F cTD
Ll L D :
Interaction - Mint @ W 71 CTD Marker

1 MSigDB C2: Aristoteles University of Thessaloniki
] MSigDB G2 Broad Institute [l CTD Therapeutic

[ MSigDB C2: Columbia University "] Drug Bank

Interaction - 5tring Q@
I:l [ - Dana-Farber Cancer Institute ;
Mﬂtif {3 = Eggg gi gianniia gasfni Instit:.itett t \ AN DiSEESStltCh
1 Msi - Johns Hopkins University School o icine
Precalculated - Duzﬂuniﬂ {3 Dﬂzggg gi:tlj_ar;nra?ni:CarL:ﬂeN v Beneo e tJcTD
Precalculated - Prospectr @ ISP G- Stis T S

[l MSigDB C2: Michigan State University "I Clinical Variations
- Steinbeis Transfer Center for Proteome Analysis oMM

T {3 1 MSigDB C2: Telethon Institute for Child Health Research
'E'It "] MSigDB C2: University Pierre and Marie Curie
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ENDEAVOUR
http://nomes.esat.kuleuven.be/~bioluser/endeavour/index.php

& Perform gene prioritization using our Web server

& Perform gene prioritization using our Java server

Prioritize your candidates in 4 steps with the following wizard

1. Species 2. Training genes 3. Data sources used to bulld models 4. Candidates

,—------------~
Species

@ Homo sapiens

' Rattus norvegicus

' Mus musculus

" Drosophila melanogaster
' Caenorhabditis elegans 4

-====xeeeD> Supports multiple species

|
]
]
]
]
]
]
\

Prioritize your candidates in 4 steps with the following wizard

HIE'-E.d'j’ 1. Species 2. Training genes 3. Data sources used to build models 4. Candidates

Training genes (14 genes)

a_-, Gene (Reference ID)| Alias Description

(| |ENSGO0000168646 |AXINZ | Axin-2 (Axis inhibition protein 2) (Conductin) (Axin-like protein) (Axil). [Source:Uniprot/SWISSPROT; Acc:Q9Y2T1]

| |ENSGO0000109472 | CPE Carboxypeptidase E precursor (EC 3.4.17.10) (CPE) (Carboxypeptidase H) (CPH) (Enkephalin convertase) (Prohormone-processing carboxypeptidase). [Source:Uniprot/SWISSPROT; Acc:P16870]

o [ENSGO0000144831  |AGTR1 |Type-1 angiotensin Il receptor (AT1) (AT1AR) (AT1BR). [Source:Uniprot/SWISSPROT; Acc:P30556]

| |ENSGO0000168036 | CTNNB1|Catenin beta-1 (Beta-catenin). [Source:Uniprot/SWISSPROT;Acc:P35222]

| |ENSGO0000133895 |MEN1  |Menin. [Source:Uniprot/SWISSPROT;Acc:000255]

o |ENSGO0000159224 | GIP Gastric inhibitory polypeptide precursor (GIP) (Glucose-dependent insulinotropic polypeptide). [Source:Uniprot/SWISSPROT; Acc:P09681]

Add follovsing genes
AXIN2

CEE

AGTR1

= Little picky on the input types

LHCGR
FaronaR [ Add |@

o | »
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1. Species 2. Tramming genes 3. Data sources used to bulld models 4. Candidates

Select | All || None |

GPFR125 -

Text 0 F7 0‘

Full genome

7] Annotation - EnsemblEst O

Y| Annotation - GeneOntology Q@

Y Annotation - Interpro Q@

Y1 Annotation - Kegg Q@ : - : .

7 Annotation - 5".-‘!155[}[‘[:1‘_ 0 1. Species 2. Training genes 3. Data sources used to bulld models 4. Candidates

7| Blast {;) Candidate genes to prioritize (14 genes)

N EiSEEEMﬂdUlE {3 @ |Gene (Reference ID)| Alias

o EIPFE'SEiCIﬂ - SU'I'IEml. 0 :::-,J ENSGO0000151617 |EDMRA Endothelin-1 receptor precursor (Endothelin A receptor) (E
/| Expression - SuEtAl 0 @ |[ENSG00000183625 |CCR3 C-C chemokine receptor type 3 (C-C CKR-3) (CC-CKR-3) ((
B Interar:ti-:-n ) Eind 0 o |[ENSG00000118523  |CTGF Connective tissue growth factor precursor (Hypertrophic g
: |ntEl'ﬂCt!ﬂﬂ ) Blﬂiﬂ{%@ o |[ENSGO0000163638  |ADAMTSY | ADAMTS-9 precursor (EC 3.4.24.-) (A disintegrin and met
7 ::E:EEEE: : I|_II'II]Hr-E'tD|:I 0 o |[ENSG00000153208 |MERTK  |Proto-oncogene tyrosine-protein kinase MER precursor (E
J| Interaction - Intact 0 o |[ENSG00000173598 |NUDT4  |Diphosphoinositol polyphosphate phosphohydrolase 2 (EC
7] Interaction - Mint @ ;:gfr Ri;:lllm*ﬁng candidates

/| Interaction - String @ CCR3 3

71 Motif @ S U

71 Precalculated - Quzounis @ e

/| Precalculated - Prospectr Q IGF2

'u"'
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12:35:21

“ Console (warnings and errors) clear

12:26:10 TUpdated tralining genes.

no gene for CCHT 1

AN N N SN B S B B B B B B B B B B B B B B B e e e e s

12:35:2]1 Updated candidate genes.

Results

Load previously saved results (exported

Legend

Mote: The top 16 genes are attributed a color in order to easily find the rank of a given gene obtained for each model (selected data source).

Sprint plot Table Export Discard results

| « Previous | Launch prioritization

Little picky on the input types - e.d., gene symbols

have to be HGNC approved.
Supports chromosomal regions, e.qg. chr:8p or

chr:20p13 — will fetch all the genes in that region
Doesn’t support chromosomal coordinates

L) Mo file selected.

Download the rankings table

What shared features make a test set
gene rank at top or What features are

ELM | Candidates ranking in the top 16 are attributed a random background color. . .
ELM| Candidates with global rank > 16 have a white background color. S h ared betwee n th e tral n I n glseed Set
ELM| Candidates in red color achieved a maximum dissimilarity score (most dissimilar to the training genes). and teSt Set gene are nOt expl ICIt.
ELM| Candidates displayed in a line through font were not scored for the data source (data missing).
. Gll.ct.l:ral . Annotation| Annotation |[Annotation |Annotation ﬁ.nn.l:ttatictn Blast |CisRegModule Expression | Expression Inter.actiun IntJ.?ract:iDn Interaction | Interaction | Interaction Intera.lctiun Intera.ctiun Motif Precal.culatted Precalculated Text
prioritization | EnsemblEst | GeneOntology | Interpro Kegs Swissprot SonEtAl SuEtAl Bind BioGrid Hprd InHetDb Intact Mint String Ouzounis Prospectr
EDNRA EDNRA EDNRA CCR3 EDNRA | GPRI25 | CTGF PVRL F7 | ADAMTSS F7 GPR125 | MERTK | GPRIZ5 | GPRI25 | GPRI25 | LTEPI F7 PVRL ADAMTSS | CCR3
[OMERTK | coLce CCR3 EDNRA | PVRLI | GPRI16 | CCR3 | ADAMTSS | GPRI16 | PVRLI | ADAMTSS | EDNRA | EDNRA | CALCE | CALCE | CALCE | EDNRA | GPR116 [ MERTK | NUDT4
PVRL corin [FNMERTR | cTGF CCR3 CCRI | EDNRA CORIN CORIN [ MERTK |  PVRL! F7 IGF2 EDNRA | EDNRA | EDNRA | cALCE | MERTK | 7 PVRL
GPR125 NUDT4 GPR125 GPR116 | LTEP1 EDNRA | GPR125 |  LTEP1 NUIDT4 7 | MERTK | ADAMTS9 | GPR125 | CTGF CTGF CTGF CORIN | CCR3 EDNRA | MERTK | CTGF
CCR3 LTEP1 GPR116 GPR125 7 | MERTK |[ADamTs3|  cToF EDNRA | CALCE | CALCE | PVRLI F7 LTEP1 LTEP1 LTEP1 IGF2 CTGF LTEP1 F7 IGF2
F7 CCR3 NUDT4 | ADAMTSS | CTGE PVRL1 | LTEP1 NUDT4 LTEP1 corRN | corn  [IOMERTK| ADAMTSS | CORIN | CORN | CORN | ADAMTSS [ADAMTS3|  cORIN EDNRA PVRL1
CTGF F7 S (EDT 7 | MERTK |  EDNRA PVRL1 | GPR125 | GPR125 | CALCB | PVRL CCR3 CCR3 CCR3 CCRI | GPR12S IGF2 LTEP1 CORIN
ADAMTS9 | GPRIZ5 CORIN NUDT4 | GRR125 IGF2 | GPR116 | GPR125 | GPR125 | IGF2 IGF2 CORIN | CALCE | PVRLI PVRL1 PVRL1 PVRL1 | PVRL1 | GPR125 CTGF EDNRA
CORIN IGF2 CALCE CORIN | ApamTse [ cToF F7 ccrs | MERTK | EONRA | EDNRA IGF2 CORIN | ADAMTS9 | ADAMTS9 | ADAMTSS | MERTK | NUDT4 CTGF GPR125 | ADAMTS?
IGF2 GPR116 IGF2 cace  [LMEREE | CORN | nupT4 [DMERERN  CTGF CCR3 CCR3 CCR3 CCR3 IGF2 IGF2 IGF2 NUDT4 | LTEP1 GPR116 IGF2 LTEP1
LTEP1 | ADAMTSS PVRLI IGF2 MUDT4 | LTBP1 | PVRL1 | GRRi& | ADAMTSS | GPR116 | GPR116 | GPR116 | GPR116 F7 F7 F7 GPR125 | EDNRA |  CALCB CALCE | GPR125
GPR116 PVRL LTEP1 PVRL1 coRM | ADAMTSS | IGF2 = CALCE CTGF CTGF CTGF cTeF | MERTK | MERTK [ MERTK | GPr116 | CORMN CCR3 CORIN NUDT4
CALCE | MERTE | ADAMTSS LTEP1 CACE | cace | CORIN 1GE2 IGF2 NUDT4 | NUDT4 | NUDT4 | MNUDT4 | GPR116 | GPR116 | GPR116 | CTGF | CALCE | ADAMTSS CCR3 CALCE
NUDT4 cTGE F7 F7 1GF2 NUDT4 | CALCB | caLce ccR3 LTEP1 LTEP1 LTEP1 LTEP1 | NUDT4 | NUDT4 | NUDT4 F7 1GF2 NUDT4 GPR116 | GPR116
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ToppGene — http://toppgene.cchmc.org

ToppGene Suite

A one-stop portal for gene list enrichment analysis and candidate gene prioritization
based on functional annotations and protein interactions network

e ToppFun: Transcriptome, ontology, phenotype, proteome, and pharmacome annotations based gene list functional enrichment analysis

Detect functional enrichment of your gene list based on Transcriptome, Proteome, Regulome (TFBS and miRNA), Ontologies (GO, Pathway), Phenotype (human disease and mouse phenotype), Pharmacome (Drug-Gene

associations), literature co-citation, and other features.

(TEESETIIATEToTSS - mmmmmmmmmm -

¢ ToppGene: Candidate gene prioritization I

[ Friontize or rank candidate genes based on functional similarity to training gene list.

‘_------------------------------

o ToppNet: Relative importance of candidate genes in networks

)

Prioritize or rank candidate genes based on topological features in protein-protein interactig

¢ ToppGenet: Prioritization of neighboring genes in protein-protein interaction network

|dentify and prioritize the neighboring genes of the seeds in protein-protein interaction netw

Doesn’t support other
than human/mouse

Select your gene identifier type, paste your training and test gene sets below or select example sets, then submit.

HGNC Symbol

(click on "HGHNC Symbol” or "Entrez ID™ to use the example training and test =et of genes)

Example gene sets:

Symbol Types

ITraining Gene Set:

Entrez ID

HGNC Symbol

I R¥TNZ

e e s s _FE

AGTRI
CTNNE1
MEN1
GIF
WISEZ
LHCGR
LVFRIB
MCZR
LVERIR
ADERRBI1
GIFR
LVERZ

I Test gene setzl

L B & B §F B 4

HGNC Symbol

EDNEREA
CCR3
CTGF
ADRMTSO
MERTE
NUDT4
IGF2
GPR125
E7
LTEBF1
GER1lG
CORIN
CALCEB
CCHNT
PVRLI1
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Training set (14 / 14) | Test set (14 / 15)
Entered Human Symbaol Gene ID Entered Human Symbaol Gene ID

AXINZ AXINZ 8313 EDMNRA EDNRA 1309
CPE CPE 1363 CCR3 CCR3 1232
AGTR1 AGTR1 185 CTGF CTGF 1490
CTNNBA CTHNMNB1 1499 ADAMTSS9 ADAMTSS 56999
MEM1 MEN1 4221 MERTHK MERTK 10461
GIP GIP 2695 NUDT4 NUDT4 11163
WISP2 WISP2 8939 IGF2 IGF2 3481
LHCGR LHCGR 3973 GPR125 GPR125 166647
AVPR1B AVPR1B 563 F7 F7 2155
MC2ZR MC2R 4158 LTBP1 LTBP1 4052
AVPR1A AVPR1A 552 GPR116 GPR116 221395
ADRB1 ADRB1 153 CORIM CORIN 10699
GIFR GIPR 2696 CALCB CALCB 797
AVPR2 AVPR2 h54 PVRLA PVRL1 5818
Ignored Ignored

Entered Status Entered Status

Training parameters

Test parameter

v FDR 0.05
| GO: Molecular Function | FOR 0.05
I GO: Biological Process I FOR 0.05
| GO: Cellular Component | FOR 0.05
Human Phenotype FOR 0.05
i yP I bz -

I Mouse Phenotype [ FOR 0.05
i > Domain I FDR 0.05
i > Pathway I FDR 0.05
> Pubmed FDR 0.05
[ Interaction I FOR 0.05
[ Cytoband | FDR 0.05
0 Transcription Factor Binding Site I FDR 0.05
| Gene Family I FOR 0.05
> Coexpression | FDR 0.05
I Coexpression Atlas 1 FDR 0.05
i Computational | FOR 0.05
™ MicroRNA [ FDR 0.05
1™ Drug | FDR 0.05
I A Disease | FDR 0.05

I CTD I

I Clinical Variations I

GWAS J

OMIM 2

CCNT

Mot Found

Find alternatives for missing symbols

ek | o | ek | ok | ok | ek | ek | ek | ok | ek | ek ok | e | ek | ek | ek e | ek | o=k

1T T 1 & & & & &

r o & &8 & B & B & &N §B §N §B §N _§N |

l Random sampling size: 1500 (6% of genome) - l

[ ¥ § ® §F B F & B &N B N B B B /4
Min_ feature count: 2 -

[”| Group results within a category by source.

CCNT

Update

= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n=|1500
= n = (1500
= n=|1500
= n = |1600
= n=|1600
= n <1500
= n=|1600
= n <1500
= n=|1500
= n=|1500

] Checlk All

* Supports synonyms

 Presents
suggestions/alternatives
for unrecognized entries

Entered Suggestions

CCNT1 - eyelin T1 Human Synonym
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Training Results [expana an] [pownioad an] [sparse matrix] pisplay pvaiues and scores as Scientific (4 significant digits) ~ Table row imit 50

-

1: GO: Molecular Function [pisplay Chart] 132 annotations before applied cutoff / 18273 genes in category

1D MName Source pValue FDR B&H FDR B&Y Bonferroni Genes from Input Genes in Annotation
1/G0O:0017046 | peptide hormone binding 1.18E-10| 1.389E-8 7 589E-8| 1476E-8 5 43
2|G0:0008528 | G-protein coupled peptide receptor activity 2.736E-10| 1.389E-8 | 7.589E-6| 3.612E-8 b 126
3| G0:0001653 | peptide receptor activity 3.157E-10| 1.389E-8| 7.589E-8| 4.167E-8 6 129
4 |G0:0042562 | hormone binding 1.979E-9| 6.529E-8 | 3.568E-7 | 2.612E-7 5 75
51G0O:-0005000 | vasopressin receptor activity 1251E-8| 3.302E-7| 1.804E-6 1.651E-6 3 7
Show 45 more annotations
2: GO: Biological Process [pisplay Chart] 1554 annotations before applied cutoff / 18138 genes in category
1D MName Source pValue FDR B&H FDR B&Y Bonferroni Genes from Input Genes in Annotation =
1|G0:0007186 | G-protein coupled receptor signaling pathway J.501E10| 5441E-7 | 4.312E-6| 5441E-7 10 1057 E n r I C h m e nt Of
2|G0:0030819 | positive regulation of cAMP biosynthetic process 1.788E-9| 6.796E-T | 5.38VE-6| 2.779E-6 5 73 . .
3/ G0:0060341 | regulation of cellular localization 2 187E-9| 6.796E-7| 5.3B7E-6 3.398E-6 9 875 Tral n I n g /S eed S et :
4 1G0:0030816 | positive regulation of cAMP metabolic process 2197E-9| 6.796E-T| 5.38VE-6| 3413E-6 5 76
5| G0O:0042592 | homeostatic process 2352E-9| 6.796E-T| 5.387E-6 3.655E-6 10 1284 - Helps In a.sseSSIHQ the
Show 45 more annotations

3: GO: Cellular Component [Display Chart] 104 annotations before applied cutoff / 18818 genes in category

“quality” of the training set

1D MName Source pValue FDR B&H FDR B&Y Bonferroni Genes from Input  Genes in Annotation
1/G0-0005768 | endosome 3.932E-6| 4.089E-4| 2.137E-3| 4.089E4 6 650 - Can aSSISt In SeIeCtI ng SU b_
2 G0O:0005887 | integral component of plasma membrane 2019E-5| V.322E4 | 3.827TE-3| 2.099E-3 7 1341
3 GO:0031226 | intrinsic component of plasma membrane 2589E-6 T.322E-4 | 382TE-3 | 2.693E-3 7 1393 = =
4 | GO:0030877 | beta-catenin destruction complex 2816E-5| T.322E-4 | 382TE-3| 2.929E-3 2 11 SetS Of tral n I ng Set to
51G0O:0031410 | cytoplasmic vesicle 8434E4| 1.754E-2| 9.188E-2| B877IE-2 5 1093
Show 5 more annotations

perform prioritizations (e.g.,

4: Human Phenotype [Display Chart] 321 annotations before applied cutoff / 3811 genes in category

1D Mame Source pValue |FDR B&H FDR B&Y Bonferroni Genes from Input Genes in Annotation Iarg e tral n I n g Set)
1 HP:0000850 | Cushing syndrome V61E-5| 1.849E-2| 1.174E-1| 1.849E-2 2 B
2 |HP:0001578 | Hypercortisolism 2101E4| 2.248E-2| 1.428E1| B.745E-Z 2 11
3 |HP:0004316 | Increased cortisol production 2101E4 | 2.248E-2| 1428E1| 6.745E-2 2 11
4 |HP:0004421 | Elevated systolic blood pressure T191E4| 3521E-2| 223881 | 2.308E1 2 20
5 |HP:0010514 | Hyperpituitarism 9 545E4 | 3521E-2| 2.23BE-1 3.064E-1 2 23
Show 45 more annotations

5: Mouse Phenotype [Display Chart] 1062 annotations before applied cutoff / 7344 genes in category

1D MName Source pValue FDR B&H FDR B&Y Bonferroni Genes from Input Genes in Annotation
1/ MP:0005418 | abnormal circulating hormone level 591E-8| 6.278E-5| 4.737E4 | 6.278E-5 9 656
2 |MP:0000639 | abnormal adrenal gland morphology 1454E-7| 6.387E-5| 4 819E-4 | 1.545E4 5 86
3 \MP:-0003953 | abnormal hormone level 1.804E-7| 6.387E-5| 4 819E4 | 1.916E4 9 745




O\ Cincinnati RIVERS T o

Children’s Cincinnati

Test Results [rwos osta] [oowniosa] [snow networe]
?:t? m ES'E Eﬂ:ﬂulgular mw GO Cellular Human Mouse Domain Fatt Pu i I ti Cytot i Imms::uhr Gene Family C . W C ional MicroRHA Drug Disease m m
Score palus Soore pWalus Soore palue Score  pValue  Score|  pValue Score|  pValue Score  pYalwe| Score  pValue  Score|  pValue  Score| pValue Score p¥alue, Score  pYalue Score|  pYalue Soore pvalue, Score| pValue| Score  pialue Score|  pValue Score|  pYalue
1|:| EDNRA 1909| 9.135E-1| 5.Z32E-3| 1.000ED| 6.7IBE-2Z| B.OTBE-1  1.243E-2|(1.323E-1| 4 B44E-2|3.591E-1 |4.382E-2 1.142E-1|7.848E-3 | 9.532E-1| 1.0D0E-5| 1.000ED 1.112E-2|2.T48E-1 |4.055E-2 | 0.000ED (5.045E-1 0.00DED 4 5571 T.117E-1 (1.000E8 2.362E-1| 5.886E-3|7.959E-1 (1.000E-6| 0.000ED (4.957TE-1 1.000ED|9.810E-3 [2.013E-1 | 6.540E-3 5.028E-1 B.BB0E-12
2 IGF2 3481 5.930E-1| 4.T70SE-Z| 1.000ED0| B6.736E-2| 9.085E-1 G.540E-|( 1.000ED| 6 540E-4|8.685E-1 (1.85TE-2 0.000EQ|5.085E-1 | 0.0D0ED| 5.154E-1| 1.000ED 1.048E-2|7.353E-1 |5.885E-3 | 0.000ED | 5.045E-1 0.00DED 4 55TE-1 7.557E-1(1.000E5 3.Z85E-1| 3.524E-3| 0.0D0ED [5.003E-1| 0.000ED | 4.957TE-1  1.000E0|5.810E-3 (8.721E-1| 1.308BE-3 5.335E-1 3.530E-8
3|:| CCR3 1232| 9.135E-1| 5.Z32E-3| 1.000ED| G6.736E-2| B.0Z8E-1 1.243E2 2.50TE-1 |5.952E-2 1.142E-1|7.848E-3 | 8.511E-1|2.616E-3|9.931E-1 2.420E-2( 0.00DED | 5.258E-1 | 0.00DED | 5.045E-1 0.00DED 4.557E-1 0.000ED | 4.997E-1| 5.7T32E-1|2.616E-2 0.000ED| 5.173E-1|7.955E-1 | 1.000E-6| 0.000ED (4.55TE-1 8.654E-1 | 1.014E-1 | 0.00DED| 5.083E-1 4.254E-1 3.308ES
4|:| CTGF 1490| T.B4B8E-1| 1.835E-2| 1.000ED| 8.736E-Z| 4.245E-1  1.354E-1 3.72%E-1 (4.251E-2 9.93BE-1|6.540E~4 | D.0D0ED|5.154E-1| 1.000ED 1.048E-2| 0.000ED | 5.258E-1 | D.0D0ED | 5.045E-1 0.00DED 4.55TE-1 6.812E-1 |6.540E-4 2.382E-1| 5.886E-3| 0.0D0ED [5.003E-1| 0.000ED | 4.95TE-1  1.000E0| 1.048E-2 4.526E-1| 3.524E-3 4.345E-1 1.438E-5
5|:| GPR11G 21385 G.602E-1| 3.009E-2| 9.964E-1| 1.485E-1| G.168E-1 S510E-2 3.50TE-1 |5.Z98E-2 9.TD4E-1|2.616E-3 | 0.0D0ED| 5. 154E-1|3.163E-1 1.236E-1 0.000ED | 5.045E-1 0.00DED 4.557E-10.000ED | 4.997E-1| 0.0D0ED(5.154E-1 2.382E-1| 5.888E-3 0.000ED 4.95TE-1 4.710E-1|1.687E-1 3.630E-1 5.245E-3
E-D CORIN 10899 2.504E-1| 1.387E-1| 1.000ED| G.738E2| B8.5B1E-1  1.308E-3| 1.247TE-3| 5.484E-2(1.181E-1 |T.125E-2 0.000ED|5.095E-1 | 0.000ED | 5.154E-1|9.570E-1 2.053E-2 0.000ED | 5.045E-1 0.00DED 4.55TE-1 0.000ED(5.154E-1 3.295E-1| 3.524E-3| 0.000ED | 5.003E-1| 0.000ED [4.95TE-1 7.081E-1|1.308E-1 | 0.00DED| 5.085E-1 2TT3EA1 5.686E-3
;r|:| GPR125 188647 B6.602E-1| 3.009E-2| T.B81E-1| 2.485E-1( 3.184E-1  1.60%E1 1.000E-2 (T.B48E-2 9.7Z1E-1|1.962E-3 6.835E-1 7.58TE-2( 0.00DED |5.258E-1 | 0.00DED | 5.045E-1 0.000ED(5.154E-1  0.000ED| 5.1T3E-1 0.000ED 4.95TE-1  0.000ED|6.167E-1 3.081E-1 2.11BE-2
-BI:‘ FT 2135 4.430E-1| T.260E-2| 1.000E0| 6.802E-2| 6.354E-1 4.120E-2|2.673E-1|2.B59E-Z|2.507TE-1 |5.952E-2 0.000EQ|5.085E-1 | 0.000ED| 5.154E-1| 1.000ED 1.112E-Z| 0.000ED |5.258E-1| 0.000ED | 5.045E-1 0.000ED(5.154E-1  0.000ED| £.172E-1| 0.000ED | 5.003E-1| 0.000ED [4.997TE-1 9.911E-1 |4.774E-2 | 0.000ED| 5.065E-1 2.8T0E-1 Z.53IEZ
-_g|:| CALCH T97| B.463E-1| 5.614E-2| 9.587E-1| 1.328E1| O0.000ED 6.568E-1 0.000ED | 5.095E-1 | T.597E-1| 5.232E-3 | B.8680E-1 5.3831E-2 0.000ED | 5.045E-1 0.00DED 4.557E-1 0.000ED|5.154E-1 0.000ED| 5.173E-1| 0.000ED | 5.002E-1| 0.000ED|4.95TE-1  1.000ED (9.810E-2 3.105E-1 2.850E-2
1,:,|:| CCNTY o | B20IE-1| 1.373E-Z2| 1.0M6ED| T.A8E-2| 5238E1 G6TIEZ 0.000ED | 5.005E-1 | 0.0M0ED| 5. 154E-1|7.583E-1 6 598E-2 |4 5BBE-1 |2 158E-2 | 0.000ED | 5.045E-1 0.DMIED 4 55TE-1 0.000ED (5. 154E-1  0.0M0ED| 5. 17TIE-1| 0.00DED | 5.003E-1| 0.0D0ED | 4. 55TE-1 4.0T1E-1|1.838E-1 3.080E-1 3.093E-2
1 I:l PVRL1 5818| B8.505E-1| 1.048E-2| 1.000ED| T5M9E-2| 48313E1 5. 7T745E-2 | B.204E-Z| 4 SDSE-Z| 1.000E-2 |T.B48E-2 0.000ED|5.095E-1 | O0.0D0ED| 5. 154E-1|9.972E-1 2.027TE-2| 0.000ED | 5.258E-1 | 0.0MED | 5.045E-1 0.DMIED 4 S9TE-1 (0.0D0ED | 4.557E-1| 0.00ED| 5. 154E-1  0.000ED| 5.1TIE-1| 0.0MED | 5.003IE-1| 0.000ED |4 55TE-1 8. 888E-1|9.810E-2 | 0.0ED| 5. 0GSE-1 2.4D03E-1 5.302E-2
12 M -2 B.T33E-Z 2.5TEE-T 0.000ED | 5.085E-1 | 0.000ED| 5.154E-1| O.000ED 5.818E-1 0.000ED | 5.045E-1 0.000ED 4.55TE-1|0.000ED | 4.557E-1| 5.136E-1 |2.616E-2 D.000ED| £.173E-1| 0.000ED | 5.003E-1| 0.000ED [4.55TE-1 6.224E-1 | 1.445E-1 1.517E-1 5.20ZE-2
13|:| M 2| B.882E-1  3.205E-2 | 1.24TE-3| 5.4%4E-2|5.145E-1 |3.7T28E-2 0.0DDED|5.05E-1 | 0.0D0ED| 5.154E-1| D.000ED 5.518E-1| 0.0D0ED |5.258E-1 | 0.000ED |5.045E-1 0.00DED 4 55TE-1 0.0D0ED(5.154E-1 0.000ED| 5£.173E-1| 0.000ED | 5.003E-1| 0.0D0ED 4.55TE-1 5.005E-1 | 1.625E-1 | 0.000ED | 5.085E-1 2.024E-1 3.434E-2
14|:| 1 h-.k m m 1|  O0.000ED  5.568E-1 2.507TE-1 |5.952E-2 O.00DED|5.085E-1 | D.0D0ED|5.154E-1|7.945E-1 5.344E-2( 0.000ED | 5.258E-1 | D.0D0ED | 5.045E-1 0.00DED 4.557TE-1 0.0D0ED|5.154E-1  0.000ED| £.173E-1| 0.000ED | 5.003E-1| 0.000ED [4.957TE-1 6.978E-1 | 1.321E-1 2.3B2EA1 1.203E-1
15|:| ADA {I-H} SF'M .] 1| 3B8TE-1 1.408E1 1.000E-2 (T.848E-2 0.000ED|5.055E-1 | 0.000ED| 5.154E-1 | 5.856E-1 9.418E-2 0.000ED | 5.045E-1 0.00DED 4.557E-1 0.000ED | 4.5957E-1| 0.000ED|5.154E-1 0.000ED| 5.17T3E-1 0.000ED (4.95TE-1 8.444E-2|2.341E-1 | 0.000ED| 5.085E-1 1.750E-1 1.738E-1
I N .y

1 [ EDNRA.| 1909 i
oA er2| e Why Is a test set gene ranked at top or Download the rankings table

What features are shared between the

3 |:I CCR3| 1232 Opening ToppGeneData.csv ﬁ

J=) —— training/seed set and ranked test set
5|:| GPR11 34305 gene are presented bOth a.S a network =] ToppGeneData.csv

which is: Microsoft Excel Comma Separated Values File (2.8 KB)

g1 CORN| 108 and tabular format. from: https://toppgene.cchme.org

7 |:| CPR125 | 188847 What should Firefox do with this file?

s[C] F7| 2188 « Select the ranked genes

i) Sawve File

g [ CALCB a7 ° ReSUIt|ng tralnlng Set, Shal'ed ["] Do this automatically for files like this from now on,

o] CCHT1 904

1y evRu| s annotations, and the ranked gene(s)
:;[I NUDT4 1:1::.5 can be downloaded as an XGMML or o
GEXF file (Cytoscape/Gephi import)

13 [ MERTK | 10481

14 [ LTBP1| 4052

--------------\

15 [ IADAI'.'ITSEII 5999
[p——4
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Supporting Details

selected genes shown in bold

Feature ID Name Genes

GO: Molecular Function GO:0008528 G-protein coupled peptide receptor activity AGTR1 AVPR1A AVPR1B AVPRZ EDNRA LHCGR MC2R
GO: Molecular Function GO:0001653 peptide receptar activity AGTR1 AVPRA1A AVPRIB AVPRZ2 EDNRA LHCGR MC2R
GO: Molecular Function G0:0004930 G-protein coupled receptor activity ADRB1 AGTR1 AVPR1A AVPR1B AVPRZ EDNRA GIPR LHCGR MC2R
50: Molecular Function 50:0004888 transmembrane signaling receptor activity ADREB1 AGTR1 AVPR1A AVPR1B AVPREZ EDNRA GIPR LHCGR MC2R
50: Molecular Function 50:0038023 signaling receptor activity ADREB1 AGTR1 AVPR1A AVPR1B AVPRZ EDNRA GIPR LHCGR MC2R
G0O: Biological Process GO:0043084 penile erection AVPR1A EDNRA
GO: Biological Process GO:0051482 positive regulation of cytosolic calcium ion concentration involved in phospholipase C-activating G-protein coupled signaling pathway AGTR1 EDHNRA
GO: Biological Process GO:0051281 positive regulation of release of sequestered calcium ion into cytosol EDNRA LHCGR
50: Biological Process 50:0007620 copulation AVPR1A EDNRA
50: Biological Process 50:0007190 activation of adenylate cyclase activity ADRB1 AVPRZ EDNRA GIPR LHCGR
G0O: Biological Process GO:0045762 positive regulation of adenylate cyclase activity ADRB1 AVPRZ EDNRA GIPR LHCGR
GO: Biological Process GO:0031281 positive regulation of cyclase actiity ADRB1 AVPRZ EDNRA GIPR LHCGR
GO: Biological Process G0:0090183 regulation of kidney development AGTR1 CTMMB1 EDNRA
50: Biological Process 50:0051349 positive regulation of lyase activity ADRB1 AVPRZ EDNRA GIPR LHCGR
G0O: Biological Process GO:0007202 activation of phospholipase C activity AVPR1A AVPR1E EDNRA
G0O: Biological Process GO:0010863 positive regulation of phospholipase C activity AVPR1A AVPR1B EDNRA
GO: Biological Process GO:0045761 regulation of adenylate cyclase activity ADRB1 AVPRZ EDNRA GIPR LHCGR
GO: Biological Process G0:1500274 regulation of phospholipase C actiity AVPR1A AVPR1B EDNRA
50: Biological Process 0:0007200 phospholipase C-activating G-protein coupled receptor signaling pathway AGTR1 EDNRA LHCGR

— FoeosSa B (727 1 Shared annotations Gene in bold Is

—— = s == — between training set ranked test set gene;
= GATA4 = e & ranked test set rest are training/seed
- o [Re—— [— —
el TBX1 - __ | |gene genes

Blue nodes: Seed genes
Pink nodes: ranked candidates

All other nodes — shared annotations




O\ Cincinnati

Children’s

UNIVERSITY OF (E

Cincinnati

Combining gene level information with genomic
variant information — Few case studies

Exome sequencing and gene prioritization
Pedigree of the affected family 'z’
&) v
* * ( | ) Chromesome 2
O Homozygosity
mapping v
+/- +/- > ( :h ) Chromosome 3
. ( T :] Chromosome 10
+f=- +f= o +/+ +I+ +f- ++ .
* Exome sequenced 4 homozygous regions
* Genotyped A
@
@ = h iy
Filtering
Resequencing of KIF1A * Not homozygous wild-type
* 3 patients homozygous * Not inherited
* 6 unaffected individuals heterozygous = Not in dbSNP/1000 Genomes
* Conserved
< Non synonymous F
@ \J
Rank Prioritization
* Suspects /] THAP4
2 3 4 5 ¢+ ToppGene OR682
Suspects [ZTWM DzHGDH HDLBP  ING5  ATG4B LEndesvour OR6B3 | 15 genes.
ToppGene aTWl D2HGDH ATG4B  LOC728846 SNED1 NS o 5008 coding bases
Endeavour KIF1A PASK D2HGDH HODLBP ATC4B AQP128
Combination KIF1A DZHGDH  ATG4B HOLBP PASK
Nature Reviews | Genetics
Exome sequencing and disease-network analysis of a single family

implicate a mutation in KIF1A in hereditary spastic paraparesis

Yaniv Erlich, Simaon Edvardsan, Emily Hadges, et al.

Genome Res 2011 21: B55-664 originally published anline April 122011

Moreau & Tranchevent, 2012
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that used Endeavour and ToppGene for
candidate gene prioritization

Familial Cancer
© Springer Science+Business Media Dordrecht 2013
10.1007/310689-013-9642-y Rank SUSPECTS ToppGene Endeavour

Original Article

The rank of candidate genes in different diseases prediction algorithms

1 EDMRA EDMNRA EDMRA

Whole exome sequencing identifies mutation | = == o o

of EDNRA involved in ACTH-independent AR i e i i‘]ﬂ
macronodular adrenal hyperplasia | |

N JOURNAL OF

al genetics

6 NUDT4 GPR18 LGRS Research Article A
_ o N _ o _ . _ ) _ o R ) Identification of novel candidate gene loci and increased sex '
Jie Zhu', Liang Cui ', Wei Wang', Xing-¥i Hang=, A-Xiang Xu®, Su-Xia Yang', Jing-Tao Dou *, ¥i-Ming Mu*, 7 IGF2 CALCB CUL1 chromosome aneuploidy among infants with conotruncal heart defects
- . i . - B .
Xu Zhang" and Jiang-Ping Gao 8 GPR125 ADCYS F7 Kazutoyo Osoegawa'™, David M. lovannisci Issue
' BinLin", Christina Parodi’, Kathleen American J ' of Medical
merican Journal of Medica
9 F7 GRM1 GRHPR Schulif, Gary M. Shaw” and Edward J. Genetics Part A
1
o Lammer Volume 164, Issue 2, pages
10 LTBP1 WFS1 PTK2

397406, February 2014

Aricle first published online: 11 OCT 2013
DOl 10.1002/ajmg.a.36291

Exome Sequencing and Systems Biology Converge to Identify Novel Mutations in the L-Type

Calcium Channel, CACNAIC, Linked to Autosomal Dominant Long QT Syndrome OPEN @ ACCESS Freely available online ) R
Nicole J. Boczek, Jabe M. Best, David J. Tester, J0111_1 R. Giudicessi, Sumit Middha, Jared M. Evans,
Timothy J. Kamp and Michael J. Ackerman Exome-Sequencmg Conflrms DNAJC5 Mutatmns 3

Cause of Adult Neuronal Ceroid-Lipofuscinosis

Bruno A. Benitez', David Alvarado? Yefei Cai’, Kevin Mayn1, Sumitra Chakmverl:y", Joanne Norton',
John C. Morris?, Mark S. Sands®**, Alison Goate'**%, Carlos Cruchaga'**

Cire Cardiovase Genet. published online May 15, 2013;

Table 3. Gene Ranking Using Bioinformatic/Systems Biology Algorithms
Table S$1. Summary of comparison of results from ToppGene and
Endeavour gene prioritization analysis
Rank Toppgene Results Endeavour results
Gene Endeavour™ SUSPECTS™ Topp Gene™ Total Rank : Gene Symbol | Rank | Average | Overall ri(ﬁ'ig‘;:t'ion Rank CO;EE::N
Human Genstics Net Score pValue P oo
March 2013, Volume 132, lzsue 3, pp 285-252
CACNAIC 1 1 1 1 DNAJC5 1 | 0.7031 | 7.07E-05 2 0.117 15
_ . . CcDC16 3 0.4483 | 0.0133049 3 0.167 3
ST 7 2 2
SLC26AI 3 2 2 2 Variants in GATA4 are a rare cause of ||rocoer s | ot [oozaezst| 1 | 007 :
MAPIA , 6 3 3 o . . NPY1R 2 | 0.6797 | 2.30E-04 5 0.249 35
* : familial and sporadic congenital Py 4 | osves | 00172 |4 o215 | 4
¥, d- h t- h » LCMT1 10 0.1008 | 0.1746657 8 0.312 e
e ) ) ) q 1aphragmatic hernia MUCA o | otass |ozesrse| o |omse| s
< T 5 ENPP3 7 | 0.2334 | 0.1058833 13 0.531 10
GLTSCRI 5 8 5 6 Lan Yu, Julia Wynn, Yee Him Cheung, Yufeng Shen, Gearge B. Mychaliska, Timothy M. ABCC1 11 | 0.2423 | 0.2043685 9 0.337 10
Crombleholme, Kenneth S. Azarow, Foong Yen Lim, Dai H. Chung, Douglas Potoka, Brad W. | | 2-0AP10 9 | 015171 01615053 | 12 ) 0.479 105
PPEIRIIC 4 - g - rombleholme, Kenneth 5. Azarow. Foong Yen Lim, Dai H. Chung, Douglas Potoka, Brad W.| | tyrcea 5 03164 | 0.0609277 16 0.705 11
Warner, Brian Bucher, Charles Stolar, Gudrun Aspelund, Marc 5. Arkovitz, Wendy K. Chung || LOC100287879| 14 -1 0.3513417 1" 0.41 12.5
MARCES 7 5 7 8 CCDC74B 15 -1 0.3513417 10 0.355 12.5
TTBK2 13 0.1311 | 0.2709082 15 0.689 14
LOC389906 16 -1 0.3513417 14 0.69 15
T
= . . W Endeavour . . . . . . . .
Bl N ‘_Tnppeene OTX2 Duplication Is Implicated in Hemifacial Microsomia
=3 Cwerall
B 4 = = = . . = . = Dina Zielinski’, Barak Markus?, Mona Sheikh', Melissa Gymrek"'z's", Clement Chu®, Marta Zaks®,
g :: [ . B B . . ] . | . Balaji Srinivasan®, Jodi D. Hoffman’, Dror Aizenbud®®, Yaniv Erlich'*®
= [ | . B . B . [ . . B . | . 1 Whitehead Institute for Biomedical Research, Cambridge, Massachusetts, United States of America, 2 Harvard-MIT Division of Health Sciences and Technology, MIT,
< 7 . . . . . . . . . - . - . - Cambridge, Massachusetts, United States of America, 3 Program in Medical and Population Genetics, Broad Institute of MIT and Harvard, Cambridge, Massachusetts,
o« United States of America, 4 Department of Molecular Biology and Diabetes Unit, Massachusetts General Hospital, Boston, Massachusetts, United States of America,
T3 ExiCh APEM 1 MAASD Cl4arf105 S1.C35F4 Cl4orf3T 5 Counsyl, South S.an Francisco, C.ii'Fa_'ria, United States of America, 6 Rambam Health Care Campus, Haifa, Israel, 7 Division of Genetics, Tufts Medical Center, Boston,
Massachusetts, United States of America
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Limitations & Points to Remember
» Blas towards the training set: Disease genes yet to be
discovered will be consistent with what Is already known about
a disease and/or its genetic basis — assumption not always true.

» Bias towards selecting better annotated genes: “true” candidate
can be missed If it lacks “sufficient” annotations.

» Accuracy depends on the quality (and coverage) of underlying
original sources from which the annotations are retrieved.

» Appropriate or “true representative” training set selection: Using
larger training sets (>100 genes) decreases the sensitivity and
specificity of the prioritization compared to smaller training sets
(6 to 30 genes).

» Coding-gene-centric: Complex traits result more often from
noncoding regulatory variants than from coding sequence
variants
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Gene Prioritization Portal

http://homes.esat.kuleuven.be/~bioluser/gpp/index.php

Gene prioritization

One of the major challenge in human genetics is to find the genetic cause underlying
disorders in order to unravel the molecular basis of these diseases and eventually
elaborate medical treatments. High-throughput technologies such as linkage analysis and
association studies are usually able to associate a chromosomal region with a genetic
condition. One can also wuse expression arrays and obtain a list of transcripts
differentially expressed in a disease sample with respect to a reference sample. A
common characteristic of these methods is usually the large number of genes returned:
for instance hundreds of differentially expressed genes are often reported. The warking
hvpothesis is often that only one or a few candidates are really of primary interest.
|dentifying the most promising candidates among such large lists of genes is a challenging
and time consuming task.The bicinformatics community has therefore introduced the
concept of gene prioritization that uses computational methods and genomic data to
identify the most promissing candidates.

The gene prioritization portal

In the last decade, many different strategies have been developed, some of which have
been implemented into web applications and eventually experimentally validated. This
website represents an regularly updated electronic review in that field. The aim is to
help biologists who need to select the most promising genes from large gene lists by
describing what are the current available options. We describe more than 20 strategies

Tranchevent LC., Bonachela Capdevila F., Mitsch D., De Moor B., De Causmaecker P.,
Moreau Y. A guide to web tools to prioritize candidate genes. Brief. Bioinform. (2010)
link to paper

Bornigen D., Tranchevent LC., Bonachela-Capdevila F., Devriendt K., De Moor B., De
Causmaecker P., Moreau Y. An unbiased evaluation of gene prioritization tools.

-

—

46 tools

12 data sources
113 publications
39 validations

SNPs3D
More details

List of gene prioritization tools

aGeneApart
Read the detailed page or browse the corresponding website

BioGraph

Read the detailed page or browse the corresponding website

Biomine
Read the detailed page or browse the corresponding website

Bitola
Read the detailed page or browse the corresponding website

Candid

46 tools

12 data sources
113 publications
39 validations
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Gene Prioritization Portal

mnnl Gene Prioritization Portal Inputs / outputs statistics
| Home || Tools | Stats | Search || Contact This section contains details about the different inputs needed by the gene prioritization tools and about the different
outputs they produce. The following two tables corresponds to Table 3 of the paper Tranchevent ef al. (2010). Further
details about the inputs / outputs can be found below the tables. The first table describes the inputs of the gene
General statistics prioritization softwares.
This section contains different statistics about the gene priortization portal. These statistics are automatically o )
retrieved from our frequently updated database and thus they reflect the current state of the art in eene Trﬂlnlng data Candidate genes
prioritization. Currently, the portal contains : I S
» 46 gene prioritization tooks Tools | Known genes | Keywords | Expression dataset Region DEG  Genome
. ata sources
& 113 gene prioritization related publications
# 39 gene prioritization validations -EIGI!IIEAPE.I'IZ X X
e e BioG X X
Data sources statistics raph
Thiz secton contains details about the different datasources and their use by the gene prioritization tools. The Biomine X X X
following table corresponds to Table 2 of the paper Tranchevent et al. (2010]. Further details about the data sources
can be found below the table. Emola X X X
Caesar X X X X
Candid X X X X
CGl X X
Tools DGP X
aGeneApart 1 DIR X X
BiaGraph ? DomainRBF X X
Biomine 8
) Endeavour X X X X X
Bitola 1
Caesar 7 eResponseMet X X
CGl X X 2
GeneDistiller X X X
DGP X X 2
DIR X X X 3 GeneFriends X X
DomainREF X ! GeneProspector X X
Endeavour| X X X X X X b4 X 8
eResponseMet X X X X 4 -ene k X X
G2D| X X X X 4 GeneRanker X X X
GeneDistiller| X X X X X X [ GeneSeeker X X ¥
GeneFriends X 1
GeneProspector . ; GeneWanderer X X X
GeneRank | X X 2 Géme X X X
GeneRanker| X X X X X 2 GenTrepid ¥ X ¥
GeneSeeker X X X X 4
GeneWanderer| X X X X X 5
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Gene Prioritization Portal

Detailed view of a gene prioritization tool

Previous tool Back to list  HMext tool

Inputs / outputs

Tramning data: expression

dataset r . . .
Name e » -! » Prioritized list of candidates
Pinta ' oW Test Statistics
Candidate genes: DEG --.,.__;
URL Candidate genes: genome

Publications
Description
PIMTA identifies the most promising candidates within a region when only sparse information about the phenotype is _ - ) )
available by replacing this knowledee by experimental data on differential gene expression between affected and Nitsch er a’f'r_FIHTA: a web server for network-based gene prioritization from expression
healthy individuals. Considering the problem from the perspective of a gene/protein network, we assess the data, Nucleic Acids Res. (2071)
relevance of a candidate gene by considering the level of differential expression in its network neighborhood under _'-:"_h_':j*-'}"_ @!:'_5_15[§F'_:: _||_”_|'~’_- o paper
the assumption that strong candidates tend to be surrounded by differentially expressed neighbors.
Software modes
Web based The software contains a web based interface and therefore can be used Benchmarks
software from a web browser.
Mitsch er af, Candidate Gene Priormization by Network Analysis of Differential Expression
using Machine Learning Approaches, fMC Boinformarnics (Z2070)
Datasources

Show abstract, link to paper
Keywords associated to the genes and describing their functions or the ones of
the corresponding proteins. Often an organized vocabulary {ontology) is used.
The most used annotation source is Gene Ontology.

Functional
annotations

Tools used: Pinta.

Data covering the expression level (usually at the transcript level) of many genes

Expression , o ) . -
(usually genome-wide) over a wide range of tissues/caonditions.
Critical Assessment
Text Links between genes abtained by applying text mining techniques in order to
(co-citation) find co-citations occurring in the scientific literature. Results of a critical assessment performed on 8 gene prioritization softwares (reference to come). Regular
benchmarks are usually run on know data; oppositely this benchmark mimics the discovery of a novel disease gene by
Interactions Collection of gene-gene (or protein-protein) interactions coming from biological performing predictive prioritizations. More precisely, 42 novel disease gene associations were used to benchmark the

(peri ts. Tw ; I f h dat DIP and BioGrid. . _ . :
SHREMITELS. e ERalples of sutl gata sourees ars =ne Eler tools as soon as they were published and therefore before their inclusions in the databases used by these tools.

This plot presents the results of this benchmark for Pinta. Several performance indices are computed: median aver
the 42 rank ratios, AUC {Area Under the ROC Curve), and True Positive Rates at 10% and 30%.
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Disease Gene Prioritization - Network-
based strategies

» Candidate genes are ranked based on their
topological relevance (e.g., distance) to known
disease genes (Training/seed genes) In a network.

* Protein-protein interactions network (BioGrid,
BIND, HPRD, etc.)
* Protein association network (STRING)
 Random-walk (or PageRank) approaches outperform
clustering and neighborhood approaches.
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T N h / / Training set (7 /7) | Test set (146 / 158) ‘
O et (nttp://to ene.cchmec.or
p p ( p " p p g " " g Entered Human Symbol Gene ID Entered Human Symbol Gene ID
MKX2-5 MNKX2-5 1482 ACVRA ACVRA 90 =
MEF2A MEF24A 4205 ACVR2B ACVR2B 93
1 GATA4 GATA4 2626 ADAMA19 ADAM19 8728
ToppGene Suite L
HAND2 HAND2 9464 ADRATA ADRATA 148
= c = c c e = TBXA TBXA 6910 ADRA1B ADRA1B 147
A one-stop portal for gene list enrichment analysis and candidate gene prioritization SRF SRF 6722 ADRBK1  ADRBKI 156
based on functional annotations and protein interactions network S— i
ATPEVOA1 ATPEVOAT 535
_ _ _ _ _ _ BMP10 BMP10 27302
* ToppFun: Transcriptome, ontology, phenotype, proteome, and pharmacome annotations based gene list functional enrichment analysis BMP2 BMP2 650
BMP4 BMP4 652
Detect functional enrichment of your gene list based on Transcriptome, Proteome, Regulome (TFBS and miRNA), Ontologies (GO, Pathway), Phenotype BMPR1A BMPR1A 657
(human disease and mouse phenotype), Pharmacome (Drug-Gene associations), literature co-citation, and other features. CALCRL CALCRL 10203
CASP3 CASP3 836
o ToppGene: Candidate gene prioritization ﬁgﬁ; xggg :‘ﬂ
Prioritize or rank candidate genes based on functional similarity fo training gene list. L o
-----------------------------\ CITEN? CITFN? 10370 i

« ToppNet Relative importance of candidate genes in networks |

Prioritize or rank candidate genes based on topological features in protein-protein interaction network. i
8 Fr F F F rFr F Fr Fr Frr rFr 8 rr Fr 8 rFr Fr 8 F 8 8 N § 4 Graph priﬂrftfzatfﬂn parameters
- ToppGenet: Prioritization of neighboring genes in protein-protein interaction network

Prioritization method: Page Rank With Priors
Identify and prioritize the neighboring genes of the seeds in protein-protein interaction network based on functional similarity to the "seed" list

(ToppGene) or topological features in protein-protein interaction network (Topphet).

Bias (between 0 and 1): |03

® Training gene neighborhood subnetwork visualization parameters
‘-NDUFB?J . Neighborhood distance: 1 «
. @ 2 ® | "QPZRSD ‘_(,-) HEY . L . .
(:jGLL4 CD,@CTN‘* DDBD A_PSCL1 o /[ HEYL When training set is big, the training gene neighborhood subnetwork can be huge.
cERPENX N Hev O - ERBB2IP
a \ 7, < sm—— -L PH30K2A \
o /@8 CQP'?'S s -V ‘f Test Genes [Hice ai]
HNRNPAL - »HDACQ_}_”_’E' s ‘,HANDZ 'HAND1
@& % g, (o ME@ ?@Cu L O’Pﬁéz 7 T\PRBCA ’OACHE Rank ID Name
HDACS 10C1 /NP HBZf | W
olEDL 1P/ p" i “‘.,ﬁ_ 4 /| |-X HOXD13 1 2033 EP300
_ ._C;AMK{ i SM\ADT AN, 1/ PRKACA\"
Q. ET 4HD@C‘? {0 O MAPI@A iy v 2 3399 D3
_, .\ HDACY SRAL
OCTEZTR] e T ’gsi NCO‘QSM AD3 i ® 3 3398 D2
: Q¢ IQD [}k 4 3397 D1
L SMAD4
SW&E&“gD 9:: i A neTCa 5 10014 HDAC5
*Ho%lo Y00y MAPKAPK2 ZF% ZBTB3 6 8928 FOXHT
R e ;a ‘ b SR o 7 6909 TBX2
Pl PM‘L.-e H—THSF © 8 836 CASP3
: MED1
S HMGAIS
9 7003 TEAD1
UBEQ Rg% APKIQ tA 4 .
RE,_A ATV HIP EZHZ. 10 840 CASP7
T S NC%,@ 11 5469 MED1
CKATF21 Pmsp\y ‘ \ELK4 R
RO it 20, ~e 12 9734 HDACS9
i SPETHS RARGO & (e ¢Q<x2‘s '6“ ALX 4 13 477e HEALE
§rePL SN O 14 23414 ZFPM2
cazesrs O & T\ AL suz&'ﬁB 4 TEX
& FLIl BRE ~ThE1 EZH1 15 23054 NCOA6
A@HBAl@’bPX e KDMEA ©
o | 16 5501 PRKDC
(D63 4SCC2 ASGE1 :15 N JARID2 17 4851 NOTCH1
PRRX1 EPc® CRIPZ:
camTa2 @ 18 1499 CTNNB1
HIPKL  rovs 19 841 CASP8
20 93649 MYOCD

Chen et al., 2009
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New tools —

Variant prioritization

http://homes.esat.kuleuven.be/~bioiuser/eXtasy/

Variant Prioritization

What is eXtasy?

gxtasy is a pipeline for ranking nonsynonymaous
single nucleotide variants given a specific
phenotype. It takes into account the putative
deleteriousness of the variant, haploinsufficiency
predictions of the underlying gene and the
similarity of the given gene to Known genes in the
given phenotype.

eXtasy: Variant Prioritization by Genomic Data Fusion

K LEvvex |
(4

http://compbio.charite.de/ExomeWalker
exomewalker

Prioritization of whole-exome data by random-walk analysis of protein-protein interactions

EXOME WALKFR is a computational method to prioritise a Genes are prioritised according to a variant score (predicted

Who develops eXtasy?

extasy was developed in the Bioinformatics group at the
Department of Electrical Engineering of the University of
Leuven (part of the iMinds Future Health Department). It
was implemented by Alejandro Sifrim and Dusan
Fopovic under the supemnision of Prof. Jan Aerts, Prof.
Bart de Moor and Prof. Yves Moreau.

Run eXtasy online:

-------------------------5

set of candidates in exome sequencing projects that aim to
identify novel Mendelian disease genes. Our approach mvolves
filtering a Variant Call Format (VCF) file according to a number
of user-definable criteria, for instance, off-target variants (those
that are not located within or close to protein-coding exons) are
removed.

1. Upload VCF Data

pathogenicity, ranty, patterm of vaniants compatible with the
assumed mode of inhenitance) and to their vicinity to other
genes that belong to the same disease-gene family within the
protein protein interaction (PPI) network, using the
Random-Walk method as described in Kéhler et al. (2008) to
determine similarity within the PPI network on the basis of the
global characteristics of the network.

VCF files for single or multiple samples are supported. If vou upload a multiple-sample VCF file, yvou will also be
required to enter pedigree data in PED file format The file suffix must be "VCE" or "vef”.

Choose VCF file: Mo file selected.

Submit

HPO term{s): (Comma-separated) l
I I
I VCE file: No file selected. I
\-------------------------l
Email: |(Optional)
Output file name: |(Optional)
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