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Slides and Example data sets available for download at:
http://anil.cchmc.org/dhc.html

Workshop Evaluation: Please provide your valuable feedback
on the evaluation sheet provided along with the hand-outs

This workshop is about the analysis of transcriptome
(identifying enriched biological processes, etc.) and ranking or
prioritizing candidate genes. It does not cover microarray data
analysis.

Contact Huan Xu (huan.xu@cchmc.org for GeneSpring related
guestions or microarray data analysis.

All the applications/servers/databases used in this workshop
are free for academic-use. Applications that are not free for
use (e.g., Ingenuity Pathway Analysis, etc.) are not covered
here. However, we have licensed access to use some of these
and please contact us if you are interested in using them.



mailto:huan.xu@cchmc.org�

What are we going to cover today?
1. Gene List Functional Enrichment
Analysis
2. Multiple Gene Lists Functional
Enrichment Analysis
3. Prioritizing or Ranking Candidate

Genes

e Based on functional annotations
e Based on network connectivity

ToppGene Suite: http://toppgene.cchmc.org

ToppCluster: http://toppcluster.cchmc.org



Related Publications
(for methodology- and validation-related details)

ToppGene Suite

1. Chen J, Xu H, Aronow BJ, Jegga AG. 2007. Improved human disease
candidate gene prioritization using mouse phenotype. BMC
Bioinformatics 8:392.

2. Chen J, Aronow BJ, Jegga AG. 2009. Disease candidate gene
identification and prioritization using protein interaction networks.
BMC Bioinformatics 10:73.

3. Chen J, Bardes EE, Aronow BJ, Jegga AG 2009. ToppGene Suite for
gene list enrichment analysis and candidate gene prioritization.

Nucleic Acids Research doi: 10.1093/nar/gkp427.

ToppCluster

1. Kaimal V, Bardes E, Jegga AG, Aronow BJ. 2010. ToppCluster: a
multiple gene list feature analyzer for comparative enrichment
clustering and network-based dissection of biological systems.
Nucleic Acids Research (In press).



| have a list of co-expressed mRNAs (Transcriptome)....

Now what?

1. Identify putative shared 2. ldentify the underlying

regulatory elements biological theme

e Known transcription * Gene Ontology
factor binding sites e Pathways
(TFBS) * Phenotype/Disease
e Conserved Association
e Non-conserved e Protein Domains

e Unknown TFBS or e Protein Interactions
Novel motifs * Expression in other
e Conserved tissues/experiments
* Non-conserved e Drug targets

* MicroRNAs e Literature co-citation...
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| have a list of co-expressed mRNAs (Transcriptome)....
| want to find the shared cis-elements — Known and Novel

d Known transcription factor binding sites (TFBS)

< Conserved 1. Each of these applications
e 0oPOSSUM support different forms of input.
: Very few support probeset IDs.
 DIRE |
2. Red Font: Input sequence
% Non-conserved required; Do not support gene
e Pscan symbols, gene IDs, or accession

. % : numbers. The advantage is you
I\/Iatlnspector ( Llcensed) can use them for scanning

J Unknown TFBS or Novel motifs sequences from any species.

< Conserved 3. *Licensed software: We have
access to the licensed version.

« oPOSSUM

 Weeder-H Covered in the last workshop (Sept.
<» Non-conserved B [1) B

« MEME Will not be covered today.

 Weeder Training material is available on-line.



| have a list of co-expressed mRNAs (Transcriptome)....

ldentify the underlying biological theme
What are my genes “enriched” for?

Gene Ontology

Pathways

Phenotype/Disease Association
Protein Domains

TFBS and microRNA

Protein Interactions

Expression in other
tissues/experiments

Drug targets

Literature co-citation...



ToppGene Suite (http://toppgene.cchmc.org)
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¢ Home e ToppFun: Transcriptome, ontology, phenotype, proteome, and pharmacome annotations based gene list functional enrichment anakysis

e Links

Detect functional enrichment of your gene list based on Transcriptome, Proteome, Eegulome {TFBS and miEMA), Ontologies (G0, Pathway),
Fhenotype (human disease and mouse phenotype), Pharmacome (Drug-Gene associations), literature co-citation, and other features.

* Database details

¢ Supplementary » ToppGene: Candidate gene prioritization
* Help

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

+ Publications
e ToppNet: Relative importance of candidate genes in netwaorks

* Terms of LUse
e Contacts Frioritize or rank candidate genes based on topological features in protein-protein interaction networlk.

e ToppGenet: Prioritization of neighboring genes in protein-protein interaction netwark

Supported by:
l[dentify 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 [ ToppMet).

Computational

Medicine

Center

1. Free for use, no log-in required.

2. Web-based, no need to install
anything (except for applications to
visualize or analyze networks)

3. Validated and published




ToppGene Suite (http://toppgene.cchmc.org) - ToppFun

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

Select your gene identifier type, paste your sets helow or select example set, then submit.

Entry Type: Entrez D) |

HGMC Symbol  Entrez 1D

Example gene sets:
& 4 (click an "HGMC Symbol" ar"Entrez ID" to use the example training and test set of genas)

Training Gene Set:  |z259 ~ Input Gene List (81 { 97)
SZ265
350
335 Entered Human Symhol
335 3 259 AMBF 259
1538 5265 SERPINAI 5265
1571 350 APOH 350
2259 335 APOAT 335
x 11 1550 CYPZCE 1550 L3
125 1571 CYPZET 1571
3240 229 ALDOE 229
5105 4F2 SERPINGCI 462
SZE6E5 125 ADH1E 125
3273 32400 HF 3240
2244 5105 PRI 5105
2158 3273 HRG 3273
5053 2244 FGEB 2244
125 2158 F5 2158
1356 Al53 FAH a053
3G27 1356 CP 1356
383 w 3827 kMG 827
- 383 ARG 383
5004 ORM1 5004
325 APCS 325 >
CINN BN EEN NN DN BN EEN NN DN BEN EEN BN BN BN EEN BN BN BN EEN BN BN BN BEN BN BN BEN EEN BN BN DS BEN BN BN BEN BEN BEE BEE BNN BN BEN BEE I Genes Not Found
I . . l
11. Supports variety of inputs l m— Stats
: . : 335 Duplicated
2. Supports symbol correction | |2 Dupicated
I i 125 Duplicated
. . . 1571 Cuplicated
'3. Eliminates any duplicates e Duicatod
I i 1373 Duplicated
14. Drawback: Supports human and mouse S e
i i 2243 Duplicated
i genes On Iy I 3927 Duplicated
225 Duplicated
kg2 Duplicated

2328 Duplicated




ToppGene Suite (http://toppgene.cchmc.org) - ToppFun

1 Gene list analyzed for as
many as 17 features!
. Single-stop enrichment

Calculations

—-"

Feature Correction p-Value cutoff Gene Limits

N

TargetScan, PicTar and
miRrecords/Tarbase.

|

0

1 0

1 0

1 0

1 0

: I

0

A Bonferroni % | 0.05 1 = n= 1500 [ . I

| 1 | I analysis server for both l

Y| =01 Malecular Function | Bonferroni *v*lIII.IIIE w ] = n= 1500 | :

¥| 50 Biological Process |Bonferroni *v*lIZI.IZIE w ] = n= 1500 : regulatory elements (TFBSS :

7] 50: Cellular Companent]Bonferrani % | 0.05 v 1 = n< 1500 . and miRNA) and biological :

¥| Hurman Phenotype Enn:ermni *-*IEE; w 1 Z h= EEE i themes i

¥| Mouse Phenotype anferrant | L. hd ZNE I . i

¥| Domain Bonferroni *-*lIII.IIIE hd 1 = n= 1600 :3 BaCk-er.]d has an EXhaUStIVG, :

7] Pathway Bonferroni ¥ | 0.05 | |1 <nz/1500 |y hormalized data resources !

; P [ . .

¥| Pubmed Bonferroni "v*ll:I.I:IE W ] = n=|1500 \ : Comp”ed and |ntegrated i
' Bant ' .05 ] Z nh= 1800 I . . .

- Interaction onferroni §[005 8 " 14. Bonferroni correction is “too }

v| Cytoband Bonterrani *-*|III.III5 A 1 Z hz | 1500 : _ ) ] . :

¥| TFBS Bonferron le.IIIE v 1 = nz| 1500 : Strmgent ’ FDR with 0.05 is :

7] Gene Family Bonferroni v |0.05 v |1 <nz 1500 |1 preferable. i

v EDEHPFEESiDﬂ Eonferrani 1"""'IDDE W 1 = hn=|1h00 ES. TFBS are based On COnserved :

¥| Computational Eonferroni % 005 |+ 1 = p< 1600 | : : :

v| MicroRRA Bonferroni *v*lIZI.IZIE W 1 < n= 1600 : CI? e!ements an(.j motifs . :

7] Drug Borferrani v 005 v |1 |=n< 1500 |} Within +2kb region of TSSin

7] Diseass Bonferroni ¥[005 v |1 |<n<1500 |1 human, mouse, rat, and dog. i

16. mMiRNA-targets are based on !

: :

1 0

1 0

1 0

1 I



ToppGene Suite (http://toppgene.cchmc.org)

GO Biological Process

Annotations:
Senes:

GO Cellular Component

Annotations:
Senes:

GO Molecular Function

16,372

15 079
Updated Sug 26, 2009

2,335

16,728
Updated Sug 26, 2009

Annotations: 8,583
Genes: 15 948
Updated Aug 26, 2009
Pathways
Annotations: 1 k72
BioCyc 164
A 25, 2009 CGAP BioCarta 314
GenhAPP B
Jun 15, 2009 KEGG pathway 202
btz 10, 2009 MSigDB 431
FantherDB 150
Aug 25, 2009 FPathway Ontology 0k
FHeactome 25
sigmaAldrich 2
signalling Transduction KE 11
Genes: b BYY
Interactions
Annaotations: 18 047
BIMD 4 370
BioRID 7 B2
HFRD k075
Genes: 5 541
mIiRNA
Annotations: 740
MSigDB 313
FicTar 178
Target=can 244
Genes: 11 B18
Computational Gene Set
Annotations: 427
Genes: 4 712
Master Gene Info File
For All Annotations 35 449

Updated &ug 28, 2008

Human Phenotype

Annotations:

Senes:

Domains

Annotations:
Gene3D
InterPro
FROSITE
Ffamm
FroDorm
SMART

Senes:

Cytoband

Annotations:

Senes:

Gene Families

Annotations:

Senes:

Drugs

Annotations:

Aug 25, 2009 CTD

Aug 25, 2009 Drug Bank

Aug 25, 2009 Stitch

Senes:

8551

2531
Updated Sep 10, 2009

10,223
285

4 555
1,351
2774
355
S5
12,430

G
239,821

151
b 095

13,141
4 977
2,003
B,155

14 836

Mouse Phenotype

Annotations:
Senes:

Pubmed

Annotations:
Senes:

TFES

Annotations:
Senes:

Coexpression

Annotations:

Senes:

Disease

Annotations:
Aug 28, 2009

Senes:

b 2035

5 550
Updated &Aug 25, 2009

-1 Database updated regularly
'2 Exhaustive collection of

: annotations

221 252

2217k
Updated &ug 25, 2009

B15

8770

1,203

Body Map 23
m3igDB 1,180
12 B394

3,789

CTO 1 00&
SVYAS 291

il 1] 2492

4 385




ToppGene Suite (http://toppgene.cchmc.org) - ToppFun

Input Parameters [fid: -l
Results |
Mumber of genes in training et L}b a1
Go To Start Page Mumber of genes in test set: 0
category Correction Cutoff Min Max
Input Parameters [Shc_w Deta“] % Z0 Molecular Function |[Bonferroni (0.0 (1 (11300
iz Biological Process |Bonferroni (005 1 11300
F0: Cellular Component |[Bonferroni (005 1 (11300
Trﬂining Results [Sh-:-w .“.II] [D-:wmlc-ad .ﬂ.ll] [Sparie Matrix Human Phenatype EDI’IfEfI"DI’I! 002 1 {1500
house Phenotype Bonferroni 005 1 1500
Diarmain Bonferroni 005 [ 1500
1. GO Malecular Function [Display Chart] [Show Detail] Pathevary Bonferroni 005 1 AS00
2. 60 Biclogical P _ _ Carrection and Cutat Pubmed Bonferroni 003 1 1300
. - Biological Process [Display Chart] [Show Detail] : \nteraction Bonferroni 1005 1 1500
3 G0 Cellular Component [Display Chart] [Show O Cytoband Bonterroni 005 1 (1500
TFB= Bonferroni (005 [ 1500
4: Human Phenotype [Display Chart] [Show Detail] Gene Family Bonferroni (005 |1 (1300
COEXpression Bonferroni (003 1 1300
a: Mouse Phenotype [Dizplay Chart] [Show Detail] Comptational Bonferroni 005 [ 1500
_ rdicroRMA Bonferroni (003 |1 1300
B: Diormain [Display Chart] [Show Detail] Drug Bonferromi 005 11 M500
Dizeaze Bonferrani (003 |1 1500
I Pathway [Display Chart] [Show Detail]
Fandom sampling size in analysiz: |0
8. Pubmed [Display Chart] [Show Detail Minimun festure count intest =et; |2
9: Interaction [Display Chart] [Show Detail Analyziz ook 2 econds
Analyzis finished at: =N =ep 27 16:45:06 EDT 2009
10: Cytoband [Display Chart] [Show Detail] :
11: TFBS [Display Chart] [Show Detail]
D Mame =ource P-walue  Termin Query Term in Genome
12 Gene Family [Display Chart] [Show Detail] 1 | GO0009605 responze to external stimulus 0 27 s
2 GG:DDDTEL% blood coagulation 0 12 115
13 Coexpression [Display Chart] [Show Detail]
3 | GO000629 | lipid metabolic process 0 29 ard
14: Computational [Display Chart] [Show Detail] 4 | GO0044255 | cellular lipid metabolic process 0 23 r20
_ S | GO00S031 7 | coagulation 0 12 119
14 MicraRMA [Dizplay Chart] [Show Detail]
B | 00007599 | hemostasis 0 12 120
16: Drug [Display Char] [$how Detail 7 |&2:0009611 |response to wounding 0 20 542
. g [ GO0042060 | wound healing 0 13 185
17 Disease [Display Chart] [Show Detail]
9 | GO00S0578 | requlation of body fluid levels 0 12 151
10| GO 0055114 | oxidation reduction 0 19 G24
11 | GO 0013752 | carboxylic acid metabalic process 0 18 a0




ToppGene Suite

(http://toppgene.cchmc.org) - ToppFun

2: GO: Biological Pracess [pisplay Chart] [Hide Detail
I Mame =ource P-walue  Termin Query Term in Genome
1 | GO0009605 | response to external stimuys I 27 S
2 GG:DDDTEL% bilood coagulation I 12 115
3 | EO0006629 | lipid metakbolic process I 29 ard
4 | G00044255 | cellular lipid metabolic process I 23
o 000203817 | coagulation I 12
B | GO0007599 | hemostasiz 0 12
¢ 20009611 | response to wounding I 20
g | SO0042080 | wound healing I 13
9 | GO002037E | regulation of body fluid levels I 12
10 G00025114 | oxidation reduction 0 19
11 | GO 0019752 | carboxylic acid metabolic process 0 18
Significant Terms For: Pathway
Gene count -
°» 12 3 & s & 7 & 3w u 12 13 4 response to external stimulus; GO:0009605
% Entrez Gene ID Gene Symbol Gene Hame Original Symbol
1. Drug metabollsm - cytechrome P50 | 1 126 ADH1C alcokol dehydrogenase 1C (class 1), gamma polypeptide 126
2. stemoitic metabo s o |0 . .
3. Complement and mgu.L..mfa_.m.;— £ 1333 APOAT apolipoprotein A- 333
4. Metabalism of *'”“hi“if:Tfrﬂr“f:‘:T“— 3 350 APiOH apolipopratein H (beta-2-glycopratein 1) 350
- Retinel metabolism [
6. MAPDOO71 Fatty acid metabalism 4 12158 Fa coagulation factor [ | 2138
e 5 15950 RBP4 retinal binding protein 4, plazma ) 253l
: B 197 AHSG alpha-2-H=-glycoprotein 197
10, MAPODISD Tyrosine metabolism
11, Drug metabalism - other enzymes 72243 Fisa, fihr’iI'II:IgE!I'I EI|FI|"IEI chain 2243
12, TYROSINE_MET AR QLIS M .
13 MAFDDD1D Glyealysis Glucansagenesis E 21 3 'E'LB EI"::ILIITI"'I 21 3
S e el 9 2244 FizB fibrinogen beta chain 2244
15, GLYCOLYSE
16. Blood coagulation 10629 iZFB complement factar B G249
e Aoy zﬂ.ﬂﬁiﬂﬁiE 11|3158 HMGCS2 S-hydrozy-3-methylghutaryl-Coenzyme & syrthase 2 (mitochondrial) 5155
15. Metabolism of sugars 12(2444 PO paraoxonase 1 444
E L1 MAPt030 Tprophan metabotivm 131361 CPE2 carbowypeptidase B2 (plasma) 1361
22. Tyrasine metabolism 143075 CFHRA cotmplement factor H-related 1 3078
23, BILE_ACID_BIOSYNTHESES
24. Plasminogen activating tascade 155265 =ERPIMNA1 zerpin peptidase inhibitar, clade A (alpha-1 antiproteinase, antitrypsind, member 15265
e e 163827 KNG kininagen 1 3827
27. MAPDO36L ﬂwm:ﬂ"':xlﬂ'":':;ﬂ"-"hr-’h“---_ 17|325 APCS amyloid P componert, serum 325
Bile acid blosynthes!s G
2. I 1812538 FEPC glucoze-B-phosphatase, catalytic subunit 2538
a0, TRYPTOPHAR_METABOLE M [N I ] . .
31 Intinsic Prothrombin Activation A 1914153 hiBL 2 mannose-hinding lectin (protein C 2, z=oluble (opsonic defect) 4153
2 [ 200|735 iZ8 complement component 9 T35
33 IRINOTECAN_PATHWAY_PHARMGEE [N - - — - -
34, BLOOD_CLOTTING_Cascant [ 211462 SERPINCY zerpin peptidase inhibitar, clade C (antithrombind, member 1 452
35. Fatty acid metabolism [ o . .
S m:m aegratuton | I —— 2213273 HRG histidine-rich glvcoprotein 3273
37. ghycalysisfgluzonecgenesi: [ N - 2315340 PLG plaﬂminﬂgen 2340
38, ANDROGEN_AND_ESTROGEN_METAROLS e m .
39. Linoleic acid metabolizm [ — 2415004 DR orosomucoid 1 o004
o m‘*"f“":'fj‘;‘"f“‘f— 1 25 316 A aldehyde oxidase 1 36
- Acute Myocardial Infarction [
263053 =ERPIND zerpin peptidase inkibitor, clade D (heparin cofactor), member 1 a053
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 271336 <P ceruloplasmin (ferroxidase) 1356

P-value

m Gena count -m P-u‘aluel




ToppGene Suite (http://toppgene.cchmc.org) - ToppFun

ﬁ.: ToppGene Result Page -

Mumber ot genes intraming et |21
Mumber of genes in test zet: 0
category Correction|Cutoff Min | Max
2 Molecular Function Bonferroni (002 (1 (1500
0 Biological Process |[Bonferroni (005 (1 (1500
iF0: Cellular Componert |[Bonferroni (005 (1 1500
Human Phenotype Bonferrani (0.0 (1 1500
Mouze Phenctype Bonferrami (0.0 (1 1500
Domain Bonferrani (0.0 1 1300
Pathueay Bonferroni (005 (1 1500
| Pubmed Borferroni 005 1 [1500 Enter name of file to save to...
Correction and Cutaff; - -
Interaction Bonferroni (0.03 N1 1500 @ Dk
Cytokand Bonferroni (005 1 1500 esklop
TFES . EDI‘IfE:I’I’EII‘I? DDS 1 15':":' . @ DDEU'TIEFII:E Iji'IM':.-"'."'."E:tlEItE:
(SENE Farmlly EI::unferrn:un! oos 1 (1300 i [‘;j TOBL pS3 Q:JM,:.I, Mebwork Places
Cu:uexpres:smn EI::unferrn:un! o0 1 (1500 My Recent [‘;j Refrig-Bulb :é My Computer
CompLtations Bonferroni (005 1 (1300 Diocurmnets ri=j miRMNApromaters 192 IDM';.* Dacumments
MicroRMA, Bonferroni (002 |1 (1500 AT
: =t Al
Drug Bonferrami (005 (1 1500 E'Ii My Computer
Dizeasze Bonferroni (002 |1 1200 =
Desktop I':j] Imp_Dates
Random sampling size in analysis: |0 () Bioinfo_‘Workshop-2009
Minimun festure count intest et |2 A gl_lnused Desktop Shortcuts
J Disease CVs
Analysiz took: 2 ZEconds __J E3)p53mhwin
Analysis finished at: Sun Sep 27 16:45:06 EDT 2009 Jify DiseunnEis Esongs
I Mew Folder
L. - \.)Photos
Training Results [=r... -] [Emeeeem] [soer=e tetrix] i ) Misc
1. G0 Malecular Function [Dizplay Chart] [Show Detail] _ :
File name: Liveraenes_ToppFun. bt
2 500 Biological Process [pisplay Chart] [Show Detail] by Metwork  Save as type: Text Daocument
3. 50 Cellular Component [pisplay Chart] [Show Detail]
4. Human Phenatype [pisplay Char] [Show Detail]
5. Mouse Phenotype [pisplay Chart] [Show Detail]
b: Domain [pisplay Chart] [Show Detail ]
7 Pathway [pisplay Chart] [Show Detail]
8. Fubmed [Display Chart] [Show Detail]




Download Example Data Sets for Exercises From
http://anil.cchmc.org/dhc.html

Two Excel Files:

1. Genelists.xls: Has two worksheets
a. Tissue Genelists: Has a list of overexpressed genes in some of
the digestive system tissues

b. miRNA-Targets Validated: Has a list of validated target genes
for some of the microRNAs

2. CandidateGenes.xls: Has two worksheets

a. abnormal dig sys morph genes: Has a list of genes associated
with the phenotype abnormal digestive system morphology in
mouse

b. miRNA Putatitve Targets: Has a list of predicted targets of
some of the miRNAs from TargetScan (version 5.0)



Exercise 1: Use the different gene lists from the downloaded

file (“Genelists.xls”) and find out:

Note: The “Genelists.xIs” file has two worksheets and within each
worksheet there are several gene lists based on tissue-specificity or
being microRNA targets (validated)

a. How many of the liver-overexpressed genes are associated
with lipid metabolic process?

b. Are there any enriched TFBSs for liver overexpressed
genes?

c. What are the enriched miRNAs in the colon-cecum
overexpressed genes?

d. What gene families are enriched in esophagus
overexpressed genes?

e. In which other regions are stomach (cardiac) genes
overexpressed?

f. What biological process are miR-1 target genes enriched

for?




What if | want to compare several gene lists at a time?
ToppCluster (http://toppcluster.cchmc.org)

Ol Cincinnati

Children’s

Biomedical Informatics

A multiple gene list feature enrichment analyzer for the dissection of biological systems
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ToppCluster (http://toppcluster.cchmc.org)

- Qptions

Correction

p-Value
cutoff

Gene Limits

Bonferroni » J 0.05 +
GO Malecular Function | Bonferroni » | 0.05  » | |1 < r = 1500
50 Biological Process Bonferroni » | 0.05 » 1 =5 = 1500
50: Cellular Companent| Bonferan | 008 v |1 <n < 1e00 H ..................................................................................
' : [Setwark Generatar |
Humaﬂ F'hEﬂI:lt'!ll'l‘:lE BDﬂfEFFDHI W DI:IE L 'I Eﬂ' E: 'IEI:II:I . s mmEEEEEEEEREEEREERREERRn -. ........................................................... -
e FRErEE s Bonferroni v |[0.05 ~| |1 = =|1500 Intaractive
Domain Bonferroni [ 0.05 | |1 < = (1500 Comma SEFlEll"EI.tEIj Yalues
Pathuway Bonferrani » || 0.05 »| |1 <= 1500 LeneFattern Format [GC_I_J
Pubmed Baonferrani » | 005 |+ |1 == 1500 Tah Separated Yalues
Interaction Bonferroni » || 0.05 «| |1 = n < 1500 HTrL Tahle
W . W W = = I — e R
Cytoband Bonferroni 0.05 1 < n = 1500 ["-]I:!Tl.l'l.l'l_ll‘lﬂl._ Canatator
TFES Bonferrani » | 0.05 | |1 < r = [1500 E
aich
Gene Family Bonferrani » | 0.05 | 1 < nr = 1500 I: S t I:ZI "-...-" |
Coexpression Bonferrani » | 0.05 | |1 = = (1500 Omima EFIE"FEI' E allles
Computational Borferroni v 0.05 ~| |1 =& =[1500 Tab eparated Values
MicroRMA Bonferroni » | 0.05 ~| |1 =n < |1500 Clustered Data (Zipped)
Drug Bonferroni » | 0.05 | |1 sn<|1500 |, FLOF HEEI.'tl"I"IEI.FI
—r—— = T r
-ene Sets
Kidney M Liver Pancreas A
303 known - 59 unknown 279 known - 30 unknown 134 known - 46 unknown

Original Hurnan Svmmbol Entrez Ciriginal Hurman Surmbal Entrez ID Ziriginal Hurman Surmboal Entrez ID

il S 1D CYP344 CYP344 1576 APOBECZ  APOBECE 10930
ALDHSA1L ALDHSATL bab s/ ALDHEAL  ALDHSAL 64577 EDM3 EDM3 1908
LOC340094 LOC340094 340094 1UR 1R Q4062 SYTS oy TS 6961
SLC3BA2 SLC3BA2 153201 CYP345 CYP3AS 1577 SLC448 SLC44a 80736
DZIF1 DZIP1 22873 A2M A2 z C140rfs0 C140rfs0 145376
EHHADH EHRADH 1962 CYP3AT CYP347 1551 COHZZ COHZZ 64405
BTC BTL 083 ACPI AQPO 366 TTR TTR 7276
LOC 388588 LOLC 3358355 355258 MASPZ MASP2 10747 ERO1LE EROILE SE605
DHNASELLS DHASELLS 1776 EHHADH EHHADH 1062 FEX027 FEXO27 126433
kLHDC /A kLHDC /A 127707 CYP2DE CYPZDE 1565 GPR44 GPR44 11251
BEOx1 BBO~1 G4 RFX4P RF%4P 5094 PPP1R14, PPP1R14, 5502
HOxD 10 HUXD 10 3236 DMASELLE  DMASELL3 1776 GP2 GP2 2813
GLOC GLDC 2731 HEMGH HEMGH 55363 CPAZ CPAZ 1358
.":"J:II:IE .":"J:II:IE 359 AT TOA AT TOA 105 nl A= 10 nl A= 10 [ e |




ToppCluster

ipCIuste

{ & Processing Salivary_Glands

MNavigate

Jump To ..

G kMolecular Function
GO0 Biological Frocess
G Cellular Component
Human Fhenotype
tMouse FPhenotype
Lomain

Fathuan

Fubmed

Interactian

Chvtohand

TFBS

Coexpression
Computational

Dirug

Diseasze

rAicroFMNA

(http://toppcluster.cchmc.org)

~Mavigate

‘ Jump To ..

v ‘

Category

ID

. ~Links

Back to Start

EI Shareable Link | .

=

Highlighting

] Highlight genes

B ~Metwork Generator

Select nodes to be incuded in the network

Then click next

MNext »

Title {or Source) Kidne',r_lugP Liver_logP|Pancreas_logP Kidney_GeneSet

GO: Molecular Function

p¥alues

GO: Molegfar [30:0048037 cafactar binding ol [ W] 3 21320 10.0000 ACADSE AGXT2 ALDHBAL CHDH DDC DMGOH
Functio = EHHADH FMO1 GCSH GLDC GPT HAQZ HMF4A
- MIDW MOSCZ2 NOx4 OGDHL PAH
GOMalecular |GO:0004252 serine-type endopeptidase activity n 10.0000| [#] 2.3520
Ffction u
0: Molecular [50:0005215 transporter activity a 0¥ 10.0000 50795 ABCCA AQP2 ATPEVOAG ATPEVOD2 ATPEV1G3
Function n CLCHER CLDM1G CLUBMN FyD2 FxvD4 HCM3
o KCHIL KCHI1S KCMI16 KCNES LOC153328 LRP:
: DSTBETA PDZK L RBPS SCHMN1G SLC104AZ
- sLC12A1 SLC12A5 5LC13A1 SLC134AZ 5LC13A3
m sLC16A12 5LC16ATF SLC164A9 SLC17AL
= SLC17A3 SLC1AL SLC22A2 SLCZ2286 SLC22AT
: SLC2Z2A8 SLCZ23A1 SLC23A3 SLCZ26AT SLC27AZ
- SLCZ2BA1 SLC2AZ SLC2AY SLC30AZ SLC344A1
n sLC36AZ SLC3AL SLC4A4 SLC4AD SLCS5ALL
. sLC2A1Z2 SLC3AZ SLC3ASB S5LCEALS SLCGALY
- sLCEA3 5LCFA13 SLCYAS SLCO4C1 TEPME
GO: Molecular |G0:0017171 serine hydrolase achivity n 10.0000! [#] 2. 7787
Function g
GO Molecular |G0:003 1406 carboxylic acid hinding m 2 1541 10.0000 ODMGDH OPYS FOLR2 FTCD GCSH GLDC HMF4A,
Function : MR1H4 PAH PCK1 SLC1A1
GO Maolecular |GO0:0016491 oxidoreductase activity 5 0183 10.0000 ACADSE ADHA ALDHEAL ALDHEAL BEOX1 CHDH
Function CYP17A1 CYP27R1 CYP4VE DAD DHDH DIO1
DMGOH EHHADH FMO1 GLDC HADZ HGD H5DL1
MICx MOSCZ2 NDUFC1 MOxX4 OGDHL PAH PIPOX
PRODHZ
GO: Malecular [G0:0005496 steroid binding 011 5055 10.0000 AGXT2 CALBL DDC GLDC GPT HMF44 HMF4G KL
Function MOSCZ2 MR1H4
GO Molecular |GO:0001871 pattern binding 10.0000
Function
GO Malecular |GO:0008324 cation transmembrane transporter activity ] 10.0000 ATPEVDASG ATPEVODZ ATPEV1GE CLDM1G FXYD4
Function HCMNZ KCNIL KCHNI1S KCNI1o KCHNEDS SCHM1G
sLC10AZ SLC1241 5LC12A3 S5LC135341 SLC13AZ
SLC13A3 SLC17A3 SLC1AL SLC22A2 SLC22A5
SLC23A1 SLCZ28A1 SLC2AZ SLC249 SLC30AZ
SLC36A2 SLC4A4 SLCSA1T SLCSAZ SLCEALS
sLCBA1S 5LCEAS TEPMG
GO Molecular |G0:0016705 oxidoreductase activity, acting on paired donors, with 10.0000

Function

incorporation or reduckion of molecular oxygen
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Network Generator

[ Warning: because of the network size, some options like layout, preview and PG have been limited or hidden.

I----------------------------~

~Sumnary

2126 checked boxes
2016 nodes in an ABRSTRACTED network,
2600 nodes in a GEME LEVEL network,

i,

T T L . 4

-----------------------------,

~Method

& ABSTRACTED A Feature to Cluster network where the score is used as the edge weight..

) GENE LEYEL & gene-based network where each gene connects from a Cluster to a Feature,
Method Options

[] create a Category node linked to all features of that category

File Farmat

& XGMML An XML based format compatible with Cytoscape, (roaore information)
O TEXT A& Simple Text Format.
O GEXF &n XML based format compatible with Gephi. (rmare information)

Network Generator

’-------------------------\

A5umrmary

:2?9 checked boxes
1265 nodes in an ABSTRACTED netwaork,
I660 nodes in a GEME LEVEL netwaork.

i)

N -

\-------------------------"

«fMethDd

Method Options
[] create a category node linked to all features of that category

X,

| . )
1 & ABSTRACTED & Feature to Cluster network where the score is used as the edge weight..
O _GENE LEVEL & gene-based network where each gene connects from a Cluster to a Fea

~Layout Algorithm

® Kamada-kawai.

O Fruchterman-Reingold.
C Spring.

O Circle,

O Meyer's Self-Organizing.

Ty

1 @ XGMML An XML based format compatible with Cytoscape. (more information)
: O PNG & raster graphic format, (rmore information)

1 © TEXT & simple Text Format,

: ) GEXF &n %ML based format compatible with Gephi. (rhare infarrmation)

L

hg

N e -

2

- .




ToppCluster (http://toppcluster.cchmc.org)
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ToppCluster (http://toppcluster.cchmc.org)

Network Generator

~SLmrmary

279 checked boxes
265 nodes in an ABRSTRACTED networlk,
660 nodes in a GEME LEVEL network,

~Method

* ABSTRACTED & Feature to Cluster network where the score is used as the edge weight..

0 GEME LE¥EL & gene-based network where each gene connects from a Cluster to a Feature.
Method Options

[ | Create a Category node linked to all features of that category

Opening data.xgmml

You have chosen ko open

~Layout Algarithm
® kamada-kawai. %] data.xgmml
O Fruchterman-Reingold. which is a: XGEMML file
& Spring. From: htkp:fftoppcluster . cchme,arg
O cCircle, What should Firefox da with this File?
O mMeyer's Self-Organizing.

\ ! / ? () Openwith | Firefox (default)

—File Farmat

* ®XGMML 2n XML based format compatible with Cytoscape. fmare in [ ] Do this autamatically For Files like this From now on.
) PNG & raster graphic format, (more information)
) TEXT & simple Text Format.

GEXF An xML based format compatible with Gephi. (rare informatic

Ik | | iZancel

Begin } Preview }

Cytosca pe (http://cytosca pe.org) Should be installed on your

computer and the downloaded

Gephl (http'//gephl,()rg) files should be imported into

these applications




Cytoscape Network (Abstract View)

& Cytoscape Desktop (New Session)

File Edit Miew Select Lawvout Plugins Help

B5E QL@ g &&= |

Cantrol Fanel Rl B Cluster Enrichment Results
?g Metwork | YizMapper™ | Editar | Filkers

Current Visual Style

Cluster Enrichment Resulks 5., %

Defaults
SOUICE
—{Targel

Visual Mapping Browser

2345

= Edge Visual Mapping -
+ Edge Color wizmap: Cluster Enrich. ..

=l Mode Visual Mapping

+ MNode Color wizmap: Cluster Enrich. ..

+ Node Label I

+ Mode shape wvizmap:Clusker Enrich, ..

= Unused Properties
Edge Fonk Face

Edge Faont Size

Edge Label

Edge Label Colar

Edge Label Opacity
Edge Line Style

Edge Line Width

Edge Opacity

Edge Source Arrow ..,
Edge Source Arraw O, .,

Edge Source Arrow Sh...

Edge Target Arrow Color

Data Panel

Edge Target Arrow O, E D ﬁ
1.

Edge Target Arrow sh...

Edge Toolkip regulation of hormone levels
digestion

Mode Border Calor

W
N Mode Aktribute Browser | Edge Aktribute Browser | Mebwaork Attribute Browser

Welcome ko Cytoscape 2.6.3 Right-click + drag ko Z00M Middle-click + drag ko PARN




Cytoscape Network (GenelLevel View)

& Cytoscape Desktop (New Session)

File Edit Wiew Select Lawout Plugins Help

5E QROA 8 BE =« ‘(B ]

Contral Panel B Cluster Enrichment Results r'—”Elrz'
Te Network | VizMapper™ | Editor | Filkers

Metwiork Modes Edges

Data Panel

(O Sy
| D

Mode Aktribute Erowser | Edge Attribute Browser || Mekbwork attribute Browser

Welcome to Cytoscape 2.6.3 Right-click + drag ko ZOiomM Middle-click. + drag to PAN




Cytoscape Network (GenelLevel View)

; EHF Al Network View — Shared and
; COLISAL 3 specific genes and

: LOC100130100 M annotations between

CTS:_IAl different gene lists

L IGKC 3l Cytoscape

L 1GL@ M (http://cytoscape.org)

: FAM129A Hll installation required

: ATPSB] abnormal gastric

mucosa
morphology
abnormal stomach
morphology
abnormal digestive
secretion
abnormal digestive
system physiology

Salivary Gland




Exercise 2: Use the different gene lists from the

downloaded file (“GenelLists.xls”) and find out:

Note: The “Genelists.xIs” file has two worksheets and within each
worksheet there are several gene lists based on tissue-specificity or
being microRNA targets (validated)

a. What are the shared and specific biological
processes between stomach and salivary glands?

b. Are there any enriched miRNAs for stomach? If
so, which other tissues are enriched for this
miRNA?

c. What are the functional similarities and
differences between the 3 regions of the
stomach (cardiac, fundus, and pylorus)?




ToppGene Suite (http://toppgene.cchmc.org)

| have a list of 200 over-expressed genes and | want to prioritize them for
experimental validation (apart from using the fold change as a parameter).....

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, proteame, and pharmacome annotations based gene list functional enrichment analysis

Detect functional enrichment of your gene list based on Transcripiome, Proteome, Eegulome (TEES and miENA), Ontologies (G0, Fathway),
Fhenotype (human disease and mouse phenotype), Pharmacome (Drug-Gene associations), literature co-citation, and other features.

e ToppGene: Candidate gene prioritization

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

e ToppNet Relative importance of candidate genes in networks

Prioritize or rank candidate genes based on topological features in protein-protein interaction networ,

e ToppGenet Prioritization of neighboring genes in protein-protein interaction netwark

l[dentify and prioritize the neighboring genes of the seeds in protein-protein interaction network based on functional similarity to the "seed" list
(Toppisene) or topological features in protein-protein interaction network (Topphet).



ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

| have a list of 200 over-expressed genes and | want to prioritize them for
experimental validation (apart from using the fold change as a parameter).....

Genes bhased on:

* Disease (OMIM, GAD)
* Pathway

e G0 Term

= Mammalian Phenotype

* [ranscription Factors
= Other grouping ....

Linkage ] ( Microarray Protein
Analysis Expression Interactome
Candidate genes Differentially
at the locus expressed genes

Interacting
genes

Training Set

Test Set

GO: Molecular Function

GO: Biological Process

GO: Cellular Component
Human Phenotype —— Human Phenotype

Mouse Phenotype —— Mouse Phenotype
KEGG, BioCarta,

Gene Ontology
NCBI Entrez Gene

BioCyc, Reactome, Pathways
GenMAFPF, M5igDB Interact
nieractions
NCEI Entrez Gene Pubmed
InterPro, Pfam, SMART . .
PROSITE, Gene3D, ProDom ‘ J ity e i
: : TFBS
MSigDB, PicTar, TargetScan miRNA-targets
CTD, Drugbank, Drug-Gene
Metador, Stitch Disease-Gene

GNF ——— Gene Expression

D

Scoring and Ranking

_‘

Mapping to Protein-Protein
interaction network (PPIN)

Similarity Score
Based on
Fuzzy Measure

» K-5tep Markov
* Hits with Priors
* Page Rank with Priors

B!
Scoring and Ranking

Test Set genes based on relative
location to all of the Training

€t genes using global network
distance measures in the PPIN.

Similarity Score
Based on
Pearson Correlation

Prioritized

Genes

|




ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

ToppGene: Candidate gene prioritization

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

E]{ample gene sets: HGN':S:HTIEIN Entrez ID
" felick on "HGHNC Symbol" or"Entrez ID" 1o use the example training and test set of genes)

symbol Types HGMNC Sywmbol b HGEMNC Symibol W

’---------

"Training Gene Set:]

‘---------’

f-------

"Test gene set [ acvry

| QI ——

ACWVERZR
ADAMIS
ADM B
ADERATA
ADEALE
ADEEBE1
ALDHIAZ
ALPE3
ATPEVOAL]
BEMP10
BEMPZ
BEMP4
EMFPE14
CALCRL

| &

SRS
CEMNTAZ
CHDY

| 4




ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

Training set (7 [ T)

Entered Human Symbol
[ l2=22-5 22225
MEFZA, MEF2A,
GATAL SATAL
HAMNDN HAMND
HAMDZ HAMNDZ
TB=5 TH*5
SRF ~HF

1452
4205
2B
H4.21
Hdkhd
B310
SR

Entered
CEMTAZ
ChY AT
A
HCOF

’ Update ]

alggestions

AL0AFY - ARGAR with dual PH domains 2 Human Synonym
#IEFT - ®in actin-binding repeat %ntaining 1 Human Synonym

GJCT - gap junction proten, gamma 1, 45kDa Human Synonym

HOFY - HOP homeobox Human Synonym

=113 - suppression of tumongenicity 13 (colon carcinoma) (HspsU
interacting protein) Human Synonym

=TT - stress-induced-phosphoprotein 1 Human Synonym

A8 IN] |

REF=UH RBPJ Duplcated

Check All

Test set (146 / 158)

Entered Human Symbaol
AR AR
ACVRZEB ACVRZEB
ADAMTS ADAMTS
A0 A0
ADRATA, ADRATA,
ADRATE ADRATE
ADRBRKT ADRBRKT
ALOHTAZ ALOHTAZ
ALFKS ALFKS
ATPEYA] ATPEYA]
BMF10 BMF10
B2 B2
BhF4 BhF4
BMPRTA, BMPRTA,
CALCRL CALCRL
CASP3 CASP3
CASPY CASPY
CASHFE CASHFE
CASOL CASOL
CHODY CHODY
CITEDZ CITEDZ
lgnored

Entered

CENTAL Mot Found
ChY AT Mot Found
GATAL In Training et
GJAT Mot Found
HAMDH In Training et
HAMDZ In Training =et

Mot Found
I Training Set
Mot Found
Mot Found
In Training et

Sene D

=1l

=
0725
133
143
147
156
85054
57535
535
2730
B50
RS2
b5/
10203
g3k
G40
841
045
55036
10370

&

Find alternatives for missing symbols




ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

Training parameters
v Bonterront » | 005w ] 1600
¥| GO Molecular Function | Bonferroni v 005w 1 = n= | 1600
¥| GO: Biological Process | Bonferroni v || 005w 1 = n= 1600
¥| GO: Cellular Component | Bonferroni v | 005w 1 = pn= | 1500
¥| Human Phenotype Bonferrani » || 005 + T %2 n= 1500
¥| Mouse Phenotype Eonferroni » || 0.05 1 = n= 1600
“| Diamain Bonferrani v || 005 + T 2 n< 1500
¥ Pathweay Bonferrani v | 005 w 1 < n= 1600
¥| Pubmed Bonferrani » || 005 w T £ n< (1500
“| Interaction Bonterrom % | 005w T Z n= 1600
¥| Cytoband Eonferroni » || 0.05 1 = n= | 1600
v| TFES Baonferran || .05 ] =z n= | 1500
¥| Gene Family Bonferrani » || 005 w 1 < n= 1600
¥| Coexpression Bonterroni v || 0.05  » 1 2 n< (1500
¥| Computational Bonferrani v || 005 1 = n= | 1500
| MicroRMA Bonferrani » | 005 w 1 Z n< 1600
| Dirug Bonferrani v || 005 + T 2 n< 1500
¥| Disease Bonferrani v | 005 w 1 < n= 1600
Test parameter Random sampling size: | 1500 (6% of genome)
bdin. feature count: |2 »

'Ij'gppGene IS processing your query

.h...
« Estimating p-“Yalues
To see the training results before the test set 1z complete, click here.




ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

Gene

Symbol

o

e

EF300

TEADT

HIF 1.2

CTRMBET

TBRXZ0

LFPh2

BhiF4

THX

THH*Z

2
3
]
2
b
¥
o
9
[l

—_—

TEFBEZ

Average
Score

Chwerall
P-value

03417445

00000003

0. 30135437

0.000005E

03041435

00000062

024539552

000007 55

03207447

000005335

02749466

0000112

0. 229805

0.0001 Fa7

02395215

0000222

0. 2566615

O.O00Z2E1 S

0. 25051 56

00002614

0. 3307261

00002975

cene fGene  “Funon | Process  Componemt  Phenotpe  Phenowpe | Doman SEETT S T

il 0 =Care pYalue =Care phalue =COre pYalue Score phalue =Ccore  pialue =Ccore pYalue =Care pYalue =Care phalue =Ccore péalle  Soore phalue
1 EP300 § 2033 07136999 0023535641 09999726 0.00294:35 |0.4305514 0,001 0 0.5 09999551 | 0.0035 0 0.5049534 | 0.541 0056 0.001 |0./9917535| 0.001 0| 05004907
2 TEAD“I FO02 (05804123 (00308275 [ 0997771 |0.0103093 (04305514 0,001 0 0.5 09959337 | 0.035 0 0.5 0.7393714 0.001 0716058635 | 0.001 0| 05004907
3 HIF14 § =091 09391513 00029455 1 0001 | 04305514 0,001 09997067 | 0.02 05355697 | 0.001 005049334 0| 0.49950935 0| 0505 0| 0.5004907
4 07136999 | 00235641 1 0001 | 04305514 0.001 0 09529215| 006 06371253 0.001 0| 04995093 0| 0505 0| 05004907
5 05804123 | 00309275 [0.9999964 | 0.0014728 0| 05022091 09993902 | 0.005 0 0.5 0 |0.4995093 0 |0.5004907
G 06308709 |0.0250365 [0.9993975 000 0| 05022091 0 1| 0.0 0 0.5 0| 04995093 0 | 05004907
¥ 0| 05493573 1 0,001 0| 05022091 0 09993435 0.M 0 0.5 06478057 0.001 | 0.79935714 0,001 0| 0505 0| 05004907
g 09660507 0.001 | 0.999997 000 0| 05022091 0 09996966 | 0.02 0 0.5 0 |0.4995093 0 | 05004907
9 054158552 | 00397644 [0.9943931 |0.0162003 (04305514 0,001 09993505 | 0.035 0 0.5 0| 05043534 0| 04935095 0| 05004907
10 08603852 | 0.005591 1 000 0| 05022091 09333995 | 0.005 0 0.5 03937178 | 0.0033223 0| 04935093 0| 04505 0| 05004907




ToppGene Suite (http://toppgene.cchmc.org) - ToppGene

Why is a test set gene ranked higher?

[
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[ ]
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ToppGene Suite (http://toppgene.cchmc.org) - ToppNet

| have a list of 200 over-expressed genes and | want to prioritize them for
experimental validation (apart from using the fold change as a parameter).....

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, proteame, and pharmacome annotations based gene list functional enrichment analysis

Detect functional enrichment of your gene list based on Transcripiome, Proteome, Eegulome (TEES and miENA), Ontologies (G0, Fathway),
Fhenotype (human disease and mouse phenotype), Pharmacome (Drug-Gene associations), literature co-citation, and other features.

e ToppGene: Candidate gene prioritization %

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

e ToppNet Relative importance of candidate genes in networks

Prioritize or rank candidate genes based on topological features in protein-protein interaction networ,

e ToppGenet Prioritization of neighboring genes in protein-protein interaction netwark

l[dentify and prioritize the neighboring genes of the seeds in protein-protein interaction network based on functional similarity to the "seed" list
(Toppisene) or topological features in protein-protein interaction network (Topphet).



ToppGene Suite (http://toppgene.cchmc.org) - ToppNet

Graph prioritization parameters

Priaritization method: k-Step M arkoy L

step Sizefnormally 4-3) | F

Traiming gene neighborhood subnetwork visualization parameters

Meighborhood distance: |1 s

When training =et iz big, the training gene neighborhood subnetwork can be huge.

Test Genes [nid= «1]

Rank D Hame Interactant count Score
1 2033 EP300 129 0005192
2 23414 ZFPR2 4 0.004724
3 4776 MEATCA 4 0004615
4 7003 TEALD 9 00037349
5 9734 HDACS 20 00023149
= 10014 HDACS 33 0002317
7 23054 MCOAR 49 0.001991
g 93649 e 2 00016
9 57496 hb L2 2 00016
10 14949 CTHMET 135 0.001546




ToppGene Suite (http://toppgene.cchmc.org) - ToppNet
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Exercise 3: Prioritize the 721 genes
(“CandidateGenes.xls”) using “stomach

genes”’ from the “Genelists.xls”.

a. What are the top 10 ranked genes using
ToppGene and ToppNet?

b. What is the rank of TFF3 in ToppGene-based

prioritization and why is it ranked among the top

in ToppGene prioritization? What is its rank in

ToppNet?



Are there any other tools
similar to these?



DAVID (http://david.abcc.ncifcrf.gov)

Database for Annotation, Visualization and Integrated Discovery

{ DAVID Bioinformatics Resources 2007
!r* n 1 National Institute of Allergy and Infectious Diseases (NIAID), NIH

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

Shortcut to DAVID Tools Welcome to DAVID Bioinformatics Resources

2003 - 2007 _ o
What's Special in DAVID 20077
= Functional Annotation

: | The Database for Annotati gk
Gene-annotation enrichment analysis, : =

' (DAVID) 2007 1s the fifth
Fu.mj:i-:rnal annoctation |:|u5terir1g. . programs of DAVID 2006
BioCarta B KEGG pathway mapping, gene- . ]
disease association, homologue match, 1D CDﬂJpI'EhE:ﬂEﬂ’E: set of funct
translation, literature match and maore mderstand biglngical mes

gene list, DAVID tools are

[dentify enriched biological themes, particularly GO terms
Discover enriched functional-related gene groups

Chuster redundant annotation terms

Visualize genes on BioCarta & KEGG pathway maps
Display related many-genes-to-many-terms on 2-D view.
search for other functionallv related genes not m the list
List mteracting proteins

Explore gene names in batch

Link gene-disease associations

Highlight protem functional domains and motifs

Eedirect to related hteratures

Convert gene identifers from one type to another.

And more

= Gene Functional Classification
FProvide a rapid means to reduce large lists , , ,
of genes into functionally related groups of & [dE;Ilhf- enriched biol

genes to help unravel the biological content E Discover enriched fin
captured by high throughput
technologies. More & Chster redundant a

& Visnalize genes on Bi
& Display related many
Convert list of gene IDfaccessions to others } }

of your choice with the most comprehensive & Search for other func

gene ID mapping repository. The ambiguous - List :iIltEI'E.CﬁIlg pI'GtI
accessions in the list can also be determined

= Gene ID Conversion

& Explore gene names
& Link gene-disease as
& Highlicht protein fung
Display gene names for a given gene list; E PRedirect to related hit
Search functionally related genes within your ) . .
list or not in your list; Deap links to enriched & Convert gene identifg

detailed information. More & And more

semi-automatically. More

fnew!

= Gene Name Batch Viewer
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DAVID (http://david.abcc.ncifcrf.gov)

Annotation Summary Results

Upload List Background

Demolist 1 Demolist 2
Upload Help

A- Paste a list

Clear

B:Choose From a File

| Browse...

AFFY_ID v

()

Submit List |

Current Gene List: demolistl

Current Background: Homo sapiens

Main Accessions (0 selected)
Other Accessions (0 selected)
B Gene Ontology (2 selectad)

Help and Tool Manual

171 DAVID IDs
Check Defaults

[ | coTerm_eP_1 79% 136 | Chart
[ ] coterm_ep_2 76% 131 | Chart
[] GOTERM_BP_3 7a% 127 | Charl | e—
[] coTerm_eP_4 60% 119 | Char | ssssssssssssssss—
[] GOTERM_BP_5 60% 104 | N | ————————
GOTERM_BP_ALL 7% 136 |0 NarT | e ————
[] GOTERM_CC_1 70% 121 | Chart | —
[] GOTERM_CC_2 61% 106 | Char | o
[] GOTERM_CC_3 33% 93 | ——————
[] GOTERM_CC_4 J0% 86 1| e ——
[ ] coTERM_cc_5 38% 65 |Char |ss 2p View
SLlEl nL L 70% 121 | Char B corresponding gene- term association positively reported
. | — HiDownload File ViewEditor
[ | coTerm_mF_1 75% 129 | Chart
T . | Options
D GOTERM_MF_2 Rl _':hEII"t -l Rerun Using Options
[ ] coTermM_MF_3 50% 102 | Chart | s
[ | coTErm_MF_4 s6% 07 | Chart | e
[ ] coTERM_MF_5 450 78 |Chart | s
GOTERM_MF_ALL 75% 129 | Chart | =
Protein Domains (2 selected)
Pathways (3 selected)
General Annotations (0 selected)
Functional Categories (2 selected)
Protein Interactions (0 selected)
Literature (0 selectad)
B Disease (1 selected)
GEMETIC_ASSOCIATION_DB 13%0 13
D OMIM_DISEASE 13%, 32

Combined View for Selected Annotation

I_ Functional Annotation Clustering™"'

| 4

Help
B corresponding gene- term association not reported yet

epilepsy, progressive myoclonus type 2?a, lafora disease (lafo...
protein phosphatase 1, regulatory subunit 3d

glutamate decarboxvylase 2 (pancreatic islets and brain, 65k...
spectrin, beta, erythrocytic (includes spherocytosis, clinical ty...
tumor protein p53 (i-fraumeni syndro...

lectin, galactoside-binding, soluble, 3 (galectin 3)

pdz and lim domain 5

immunoglobulin heavy constant gamma 1 {glm marcer)
immunoglobulin heavy locus

immunoglobulin kappa wariable 1d-13

v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro /glioblastoma derive
3-hydroxyanthranilate 3,4-dioxygen...

arachidonate 15-lipoxygenase

myeloperoxidase

cytochrome p450, family 4, subfamily a, polypeptid...

nitric oxide synthase 2a (inducible, hepatocyt...

cytochrome p450, family 3, subfamily a, polypept...
hemoglobin, beta

hemoglobin, delta

hemoglobin, alpha 1



DAVID (http://david.abcc.ncifcrf.gov)

DAVID Bioinformatics Resources 2007

National Institute of Allergy and Infectious Diseases (NIAID), NIH

Home

start Analysis

Shortcut to DAVID Tools

Shortcut to DAVID Tools

= Functional Annotation

= Gene Functional Classification

= Gene ID Conversion

= Gene Name Batch Viewer

Gene-annotation enrichment analysis,

functional annotation clustering
BioCarta & KEGG pathway mapping, gene-
disease association, homologue match, ID

translation, literature match and more

Provide a rapid means to reduce large lists

of genes into functionally related groups of

genes to help unravel the biclogical content
captured by high throughput
technologies. More

semi-automatically. More

Display gene names for a given gene list;
Search functionally related genes within your
list or not in your list; Deep links to enrichad

detailed information. Mare

U EIL II2L W =l LA diiEsS 1 ONS t':l' |:|'thE'r5
of your choice with the most comprehensive
gene ID mapping repository. The ambiguous
accessions in the list can also be determined

few!

Technical Center

Downloads & APIs

Term of Service . Why DAVID? | About Us

Welcome to DAVID Bioinformatics Resources
2003 - 2007

The Database for Annotatigs

(DAVID) 2007 is the fifth
programs of DAVID 2006
comprehensive set of funct

understand biological mea
gene list, DAVID tools are

[dentify enriched biol
Discover enriched

Chaster redundant a
Visualize genes on Bi
Display related many
Search for other func
List mteracting prote
Explore gene names
Link gene-disease as
Highlight protein func
Redirect to related li
Convert gene identifs
And more
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What's Special in DAVID 20077

[dentify enniched biological themes, particularly GO terms
Discover enniched functional-related gene groups

Cluster redundant annotation terms

Visualize genes on BioCarta & KEGG pathway maps
Display related many-genes-to-many-terms on 2-D view.
search for other functionally related genes not in the list
List mterachng proteins

Explore gene names m batch

Link gene-disease associations

Highlight proten functional domains and motifs

Redirect to related hiteratures

¥ Convert gene identifers from one tvpe to another.
¢ And more
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DAVID (http://david.abcc.ncifcrf.gov)
Convert NCBI Entrez Gene IDs to RefSeq Accession Numbers

List Background Gene ID Conversion Tool

List Background

Upload Gene List |
us how you lilke the tool

Upload Gene List chrical notes of the tool

ﬁ Submityour gene list to start conversion!

_otitact us for questions

The Cross-Conversion of Gene ID Types:

Step 1: Enter Gene List
e Entrez (Gene 11

e Athy ID
e CenBank Accession
® Cenpept Accession
e IMCE] (ol
e PIE AT

* PRID

— e PIE NEEF ID

e Eetieq Genomic Accession

® Eeteq mEINA Accession

_ e Eefeq Protemn Accession
e Eetheq EINA Accession _
FOWSe..

e Tlnigene
Step 2: Select Identifier o TTHIPEOT

Step 1: Enter Gene List

_ Accession
AFFY (D o T Step 2: Select Identifier

I e TTMIEEF100 ID EMTREZ_GEME_ID

_ : e Cfficial Gene Syinbol e
Step 3: List Type |
e Mot Sure ™%

Gene List & Step 3: List Type
Background Cene List O

Background
Step 4: Submit List

Submit List Step 4: Submit List
Submit List




DAVID (http://david.abcc.ncifcrf.gov)

Background

Gene List Manager

Convert the gene list being selected in left panel to (REFSEQ MRNA v
-lse All Species -
HORO SAPIEMNSED)
LIM BSOS ) l 2L ‘
LINIDENTIFIED{T)

Ex

List Manager Help

ploaded List_1

Select List to:

U |

Show Gene List™*!

Gene ID Conversion Tool Result

Right-click to Download the result Help
Gene Accession Conversion Statistics Help
Conversion Summary From To Species David Gene Mame
ID Count In DAYID DB Conversion | |20z MM 001624 EEEIIENS ABSENT IM MELAMOMA 1
60 TEs Successful HOMO
g 1Ds Yoe None s MM 001615 S APIENS ACTIM, ALPHA 2, SMOOTH MUSCLE, AORTA
01IDs Mo Mone 7z MM 001615 EEE“ENS ACTIM, ALPHA 2, SMOOTH MUSCLE, AQRTA
0 IDs Ambiguous Pending HOMO
Total Unique User IDs: 68 27299 MM 014479 S APTENS ADAM-LIKE, DECYSIN 1
125 MM O00&67 gg;ﬁms ALCOHOL DEHYDROGEMASE 14 (CLASS I, ALPHA POLYPEPTIDE
Summary of Ambiguous Gene IDs HOMO
ID Count |Pussih|e Source |Eun'l.l'E:rt Al 125 MM O00G6SE S APIENS ALCOHOL DEHYDROGEMNASE 14 (CLASS 1), ALPHA POLYPEPTIDE
126 MM O00G69 EEEII(ENS ALCOHOL DEHYDROGEMASE 14 (CLASS ), ALPHA POLYPEPTIDE
All Possible Sources For Ambiguous IDs HOMO
Ambiguous ID |PD55ihi|it'l_|l' | Convert 126 MM O00G6SE SAPIENS ALCOHOL DEHYDROGEMASE 14 (CLASS I, ALPHA POLYPEPTIDE
125 MM 000669 EEEII(EHS ALCOHOL DEHYDROGEMASE 148 (CLASE I, ALPHA POLYPEPTIDE




Exercise 4: Convert affymetrix probeset IDs to gene
symbols

Exercise 5: What are the enriched pathways and
diseases for this gene set? Compare your results with

ToppGene.

From the same example data set (“Genelists.xls”), use the probe set
IDs (1st column) and extract their RefSeq accession numbers



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

Protein ANalysis THrough Evolutionary Relationships

PANTHER

Classification System

f LOGIN

GQuick links

Brows=se PANTHER

~earch PANTHER

Hatch search

REGISTER

Brows=e pathways

Community Curation

v Workspace

(zene expression tool

Find PANTHER-classified genes, transcripts,and proteins by uploadingalist of IDs

Batch ID Search

/ ACADSB h/
ACSL4
ﬁ Enter IDs: |,

separate IDs by a spa comma - supported IDs

Upload | Browse...
" _file format

CONTALCT US HELP

Gene Symbol [v

® 1D List

ct upload ID type:

Select File Type:

HK I =coring

ceMNP anakvsis

Downloads

Siie map

O Previously exported text search results

Res ult page: ® Genes O Transcripts/Proteins

Select datasets:

Celera: |:| H. sapiens D M. musculus |:| R. norvegius

NCBI: H. sapiens

D M. musculus |:| R. norvegious

FlyBase: [ ] p. melanogaster

7

GENE EXPRESSION DATA ANALYSIS

* Compare gene lists @
Upload lists of genes or gene
products and statistically
compare them to a reference
list to look for under- and

over-represented functional
categories.

Search |

Our expression analysis tools can be used for microarray data intrepretation.
Multiple gene lists can be mapped to PANTHER molecular function and
biological process categories, as well as to biological pathways. Our pathway
visualization tool will display your experimental results on detailed diagrams
of the relationships between genes/proteins in known pathways.

» Analyze alist of genes with

expression values @

Upload a list of genes and
their corresponding fold-
change values from a
differential expression
experiment.




Compare Classifications of Lists

Map lists of genes to @ PANTHER ontology.For pathways, you can then view the gene
expression values overlaid on top of a pathway diagram, where genes will be colored

differently for different clusters of genes.

Use the binomial statistics tool to compare classifications of multiple clusters of lists to a
reference list to statistically determine over- or under- representation of PANTHER classification
categories. Each list is compared to the reference list using the binomial test (Cho B Campbell,
TIGs 20007 for each molecular function, biclogical process, or pathway term in PANTHER.

Steps:
1. Select list(s] to
analyze

= 2. Select
referance list

1. Select Lists to Compare to a Reference List

For example, each selected list may be a cluster of co-expressed genes under a
particular set of conditions.

selected: FetalLiverSpecific.tx=t
FetalBrainSpecific.txt
AdultHeartSpecific.txt

2. Select Reference List

For example, the reference list may be the set of all genes in the experiment, or the
set of all genes in the genome being analyzead.

default: NCBI: H. sapiens genes

Search options
PANTHER Ontology:

® Pathways
O Biological Process
(O Molecular Function

lUse the Bonferroni correction for mutiple testing

v

FetalLiverSpecifictxt

I NCBLI: H. sapiens genes(REF) i

I FetalBrainSpeafictxt I

I AdultHeartSpecifictxt I

B 5-Hydroxytryptamine biosynthesis(F04371)
B S5-Hydroxytryptamine degredation(P04372)
B s-arachidonylglycerol_biosynthesis(P05726)
SHT1 type receptor mediated signaling pathway(F04373)
SHTZ type receptor mediated signaling pathway(F04374)
B S5HT3 type receptor mediated signaling pathway(F04375)
S5HT4 type receptor mediated =ignaling pathway(P04376)
ATP synthesis(P02721)
B Acetate utilization(PO2722)
B Adenine and hypoxanthine salvage pathway(F02723)
B Adrenaline and noradrenaline biosynthesis(P00001)
B Allantoin degradation({F02725)
B Alpha adrenergic receptor signaling pathway{F00002)
B Alzheimer disease-amyloid secretase pathway(PO0003)
B Alzheimer diseaze-presenilin pathway(FO0004)
B Amincbutyrate degradation(F02726)
B Anandamide_degradation(POS728)
B Androgen/estrogene/progesterone biosynthesis(PO2727)
B Angiogenesis(PO000S)
Apoptosis signaling pathway(FO0008)
B Ascorbate degradation({F02723)
Asparagine and aspartate biosynthesis(P02730)
Axon guidance mediated by Slit/Robo(PO000&)
B Axon guidance mediated by netrin(PO0009)
B Axon guidance mediated by semaphorins(PO0007)
B B cell activation(FPO0D10)
Betal adrenergic receptor signaling pathway(F04377)
BetaZ adrenergic receptor signaling pathway(F04378)
Beta3 adrenergic receptor signaling pathway({F04373)
Blood coagulation(P00011)
Bupropion_degradation(P05729)
Cadherin =signaling pathway(P0O0012)
Carnitine metabolism{P02733)
B Cell cycle(FPO0OD13)
Cholesterol biosynthesis(FO0014)
B Circadian clock system(F00015)
B Cobalamin biosynthesis(P02735)

B Cortocotropin releasing factor receptor signaling pathway(P04380)




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

Protein ANalysis THrough Evolutionary Relationships

Results @
Colars for viewing Feference lisk | Example-5et-3.bxt
E;Eangiz I_il_l:lgl::'ath'f-'a';-' Mapped IDs: 25431 135
Exarnple- Unmapped IDs: 0 1

Sat-3 ety LFED bt

QFa) . components oRly in
the referanca lisk

Zlick on pathway name to see genes highlighted on pathway diagram

SOl At e Yiew: | Bar Chart of Gene Count W

MCEI: H. sapiens genes (REF) Example-Set-3.Exk
Pakhiways 3 # expected +/- AP wvalue
Blood coagulation 55 =) 2 + 1.38E-07
Plasminogen ackivating cascade 21 .l 11 +  9.37E-04




PANTHER (http://www.pantherdb.org/)
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SUSPECT
ToppGene

PolySearch
MimMiner
PhenoPred
PGMapper
Endeavour
2D

TOM
SNPs3D
GenTrepid
GeneWanderer
Bitola
CANDID

aGeneApart

Q

GeneProspector
PosMed

GeneDistiller

Gene Prioritization Tools
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Adapted from Gene Prioritization Portal:
http://homes.esat.kuleuven.be/~bioiuser/gpp/index.php



RESOURCES - URLs: Summary

Application/Resource

ToppGene http://toppgene.cchmc.org
ToppCluster http://toppcluster.cchmc.org
DAVID http://david.abcc.ncifcrf.gov
PANTHER http://www.pantherdb.org



http://toppgene.cchmc.org/�
http://toppcuster.cchmc.org/�

U

Exercises - Summary

. Exercise 1: Use the gene list from the downloaded file (“GenelLists.xls”) and find out:

e How many of the liver-overexpressed genes are associated with lipid metabolic process?
 Are there any enriched TFBSs for liver overexpressed genes?

e What are the enriched miRNAs in the colon-cecum overexpressed genes?

* What gene families are enriched in esophagus overexpressed genes?

 |In which other regions are stomach (cardiac) genes overexpressed?

 What biological process are miR-1 target genes enriched for?

. Exercise 2: Use the different gene lists from the downloaded file (“GenelLists.xls”) and find out:

* What are the shared and specific biological processes between stomach and salivary
glands?

 Are there any enriched miRNAs for stomach? If so, which other tissues are enriched for
this miRNA?

* What are the functional similarities and differences between the 3 regions of the stomach
(cardiac, fundus, and pylorus)?

. Exercise 3: Prioritize the 721 genes (“CandidateGenes”) using “stomach genes” from the

“Genelists.xls”.
* What are the top 10 ranked genes using ToppGene and ToppNet?
e What is the rank of TFF3 and why is it ranked amongst the top? What is its rank in
ToppNet?

. Exercise 4: Convert affymetrix probeset IDs to gene symbols
. Exercise 5: What are the enriched pathways and diseases for this gene set? Compare your

results with ToppGene.

For additional exercises, see http://anil.cchmc.org/dhc.html



	Functional Enrichment Analysis & Candidate Gene Ranking
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52

