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Chromosome distribution
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Examples

Candidate gene identification

Starting from a genomic region (whole chromosome
15 in the example), try to narrow down the number
of candidate genes that may contribute to a

cerebellum-related phenotype
Chromosome distribution
Gene Ontology analysis
Pathway analysis
Boolean operations
Connecting from WebQTL

Bing Zhang (zhangb@ornl.gov)



“d WebGestalt - Microsoft Internet Explorer

(= [5X]
! File Edit View Favorites Tools Help

‘ Gene Set Analysis Toolkit i
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD || By location | RETRIEVE | Select gene set v DELETE | Select gene set [

Select method

From file 3 1
BOOLEjrey - Belect gene set A ¥ | Select geen set B ¥ || Select Operator X
e —mta By [ocation = '

By Gene Ontology

Select “By location” from
the UPLOAD options

#]Done

| @ Internet
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“d WebGestalt - Microsoft Internet Explorer ‘:HEHX‘

: File Edit View Favorites Tools Help 4
‘ Gene Set Analysis Toolkit i
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD | Select method v | RETRIEVE | Select gene set 2 DELETE | Select gene set [

| BOOLEAN OPERATATION || Select gene set A V Select geen set B ~ | Select Operator |5

Gene Set Upload Form

Gene set name:

Gene set description:

Organism: Select...

Chromosome number:

Geain(opy | | Gene set uploading form

End(bp): | |

(By location)

&) Done . @ Internet
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) WebGestalt - Microsoft Internet Explorer ‘:HEHX‘

! File Edit View Favorites Tools Help ar

’ Gene Set Analysis Toolkit
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD | Select method v | RETRIEVE | Select gene set v DELETE || Select gene set v

BOOLEAN OPERATATION || Select gene set A :\é': Select geen set B ¥ | Select Operator X

Gene Set Upload Form

Gene set name: Mm_chr_15

Gene set description:
211 genes on mouse chromosome 15

Chromosome number: 15
Begin(bp):1
End(bp):300000000

SraspIs /
Chremosome number: 15 Click the “UPLOAD” button

/
Regin(bp) |1 |

End(bp): |300000000
UPLOAD

after complete the form

#]Done @ Internet

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer [:HE‘E‘

File Edit View Favorites Tools Help "
= Set Analysis Toolkit 1
http://genereg.ornl.gov/webgestalt ‘

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory
|__ BOOLEAN OPERATATION |/ Select gene set A ¥ || Select geen set B v || Select Operatar b
== Active gene set description
=Gene set name: Mm_chr_15 . . .
»Gene set description: All genes on mouse chromosome 15 User Interface Wlth Varlous
=There are 581 input IDs in this gene set. These 10s represent 581 known genes
>>=Gene set information retrieval tool gene Set analySIS tOO|S
=Default IDs Input ID LocusID
=MNomenclature O Gene symbaol O Symbaol alias OO Gene name [ Name alias
=>0ther IDs O Refsaq_ MM O Refseq_MWP O UMNIGEMNE O EMSEMBL [0 SwissProt
=Map Info [0 Cytogenetic [ Physical
=Function Info O Domain [ QM [ PubMed [0 GRIF

[ Gene Ontology [ KEGG [ Biocarta [ Phenotype
[ Information Retrieval ]
= =Gene set organization tool
[ GO Tree ] [ Tissue Expression Bar Chart _L[ Chramosome Distribution Chart ] [ Protein Domain Table ]
| GRIF Table |[ PubMedTable || BioCarta Table and Maps

Click the “Tissue Expression
==Gene list{ Click on each LLID to get gene information record for individual genes)
E
Input ID LLID Symbol Name Bar Chart” button
104445 104445 CdecdZepl COC4z effector protein [(Rho GTRase binding) 1
105722 105722 Tmem 16f transmembrans protein 16F
105727 105727 Slc38al solute carrier family 38, member 1
105732 105732 AA409316 expressed sequence AA409316
105734 1057324 AA409802 expraessed sequence AA409802
105782 105782 Scrib scribbled homolog (Drosophila) v
i&] Done @ Internet

Bing Zhang (zhangb@ornl.gov)



73 Tissue Bar - Microsoft Internet Explorer

. File Edit View Favorites Tools Help

* Gene Set Analysis Toolkit

hitp://genereg.ornl.gov/iwebgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory If yOU are |Ook|ng for

Bar chart of the tissue expression pattern Candldate genes from
chromosome 15, and
oo Mz may contribute to a
Gaiass cerebellum-related
: T lGq58858z225 . phenotype, this simple
= a0 I | NiNiN I IaE s 5.
o TR T a2 2 5 . tool can reduce the
= o T aaaaacE . candidate gene
AAE numbers by 55%.
%.

Among the 581 genes on
chromosome 15, only 264 are
expressed in cerebellum

All Cerebellum

Bing Zhang (zhangb@ornl.gov)




Examples

1. Candidate gene identification

2. Chromosome distribution

« Starting from a functional category, do
neurotransmitter regulators form clusters on
the chromosome?

3. Gene Ontology analysis
4. Pathway analysis

5. Boolean operations

6. Connecting from WebQTL

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer [:HE‘E‘

File Edit View Favorites Tools Help L

Gene Set Analysis Toolkit q
http://genereg.ornl.gov/webgestalt ‘

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory
' |Select method :
; 1From file L N r

'By Gene Ontology
== Active gene set descripti
=Gene set name: Mm_chr_15
=Oene set description: &l genes e chromosome 15
=There are 581 input IDs in this g ese IDs represent 581 known genes
>>=Gene set information retriev
=Default IDs Input:
=Nomenclature O Gens S I “B G O | 3
=0ther IDs [ Refsd e eCt y ene nto Ogy issProt
i SO o s he UPLOAD opiti
>Function Info [0 Dom rOm t e OptlonS

O Gen =
[ Information Retrieval ]
= =Gene set organization tool
[ GO Tree ] [ Tissue Expression Bar Chart ] [ Chramosome Distribution Chart ] [ Protein Domain Table ]
| GRIFTable |[ PubMedTable || BioCarta Table and Maps |
==Gene list{ Click on each LLID to get gene information record for individual genes)
Input ID LLID Symbol Name
104445 104445 CdecdZepl COC4z effector protein [(Rho GTRase binding) 1
105722 105722 Tmem 16f transmembrans protein 16F
105727 105727 Slc38al solute carrier family 38, member 1
105732 105732 AA409316 expressed sequence AA409316
105734 1057324 AA409802 expraessed sequence AA409802
105782 105782 Scrib scribbled homolog (Drosophila) v
] Done #® Internet

Bing Zhang (zhangb@ornl.gov)



“d WebGestalt - Microsoft Internet Explorer

(= [5X]
! File Edit View Favorites Tools Help

‘ Gene Set Analysis Toolkit i
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD | Select method v | RETRIEVE | Select gene set 2 DELETE | Select gene set [

| BOOLEAN OPERATATION || Select gene set A V Select geen set B ~ | Select Operator |5

Gene Set Upload Form

Gene set name:

Gene set description:

Organism: Select...

S0 1D | UPLOAD |*pan't know the SO ID7Y Query here: | QUERY

Gene set uploading form

- (By GO category)

Bing Zhang (zhangb@ornl.gov)



“d WebGestalt - Microsoft Internet Explorer

(= [5X]
! File Edit View Favorites Tools Help

‘ Gene Set Analysis Toolkit i
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD | Select method v | RETRIEVE | Select gene set v DELETE | Select gene set [

| BOOLEAN OPERATATION || Select gene set A \* Select geen set B v || Select Operator |5

Gene Set Upload Form

Gene set name: [Mm_RL_NT_levels

Gene set description:

All genes in the GO category "regulation of neurctransmitter levels" in mouse

Query the GO IDs for “neuro”

G0 ID: | | UPLOAD |*pion't know the G0 1ID? Query here: ||'|BU"3| |[ QUERY ]

#]Done

| @ Internet

Bing Zhang (zhangb@ornl.gov)



) GO_term search - Microsoft Internet Explorer

File Edit View Favorites Tools Help

http://genereg.ornl.goviwebgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

neurotransmitter uptake: GO:0001504
regulation of neurotransmitter levels; GO:0001505
neuromedin U receptor activity: GO:0001607

Gene Set Analysis Toolkit

neuronal migration: GO:0001 764

ciliary neurotrophic factor receptor activity: GO:0004897
neuropeptide ¥ receptor activity: GO:0004983
neurotrophin TRK receptor activity: GO:0005013
neurotrophin receptor activity: GO:0005030

ciliary neurotrophic factor receptor binding: GO:0005127
neurctrophin receptor binding: GO:0005165
neurotrophin p75 receptor binding: GO:0005166
neurotrophin TRKE receptor binding: GO:0005169
neuropeptide hormone activity: GO:0005184
neurchypophyseal hormone activity: GO:0005185
neurotransmitter transporter activity: GO:0005326
neurotransmitter:sodium symporter activity: GO:0005328
neurofilament: GO:0005883

neurctransmitter transport: GO:0006836

neuronal cell adhesion: GO:0007158

neuropeptide signaling pathway: GO:0007218

GO categories and the GO IDs
matching the query “neuro”,
Let's assume that we are
interested in genes related to
“regulation of neurotransmitter
levels” (GO:0001505)

neurotransmitter secretion: GO: 0007269

neuromuscular synaptic transmission: GC:0007274
neurogenesis: GO:O0007399

neuroblast cell fate determination: GO: 0007400

neurcblast proliferation: GO:0007405

negative regulation of neuroblast proliferation: GO: 0007406
fasciculation of neuron: GO:0007413

detasciculation of neuron: G:0007414

defasciculation of motor neuron: GO:0007415
neurcomuscular junction development: GO:0007528

establishment of synaptic specificity at neuromuscular junction: GO: 0007529

neuronal pentraxin receptor activity: GO: 00028030

neurcnal cell recognition: GO:0008038

neuropeptide receptor activity: GO:0008188

regulation of synaptic growth at neuromuscular junction: GO:0008582
glial cell line-derived neurotrophic factor receptor activity: GO:0016167
neurcnal remodeling: GO: 0016322

neurctensin receptor activity, G-protein coupled: GO:0016492

glial cell line-derived neurotrophic factor receptor binding: GO:0020116
neuron differentiation: GO:0020182

neurctransmitter receptor activity: GO:0030594

neurconal lineage restriction: GO: 0042055

long-term strengthening of neuromuscular junction: GO:0042062

@ Internet

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer

==
! File Edit View Favorites Tools Help

’ Gene Set Analysis Toolkit
http://genereg.ornl.goviwebgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

UPLOAD | Select method v | RETRIEVE | Select gene set v DELETE | Select gene set [

| BOOLEAN OPERATATION || Select gene set A \* Select geen set B v || Select Operator X

Gene Set Upload Form

Gene set name: [Mm_RL_NT_levels

Gene set description:

All genes in the GO category "regulation of neurctransmitter levels" in mouse

Organism: | Mus musculus | v

G0 1D: |GO:0001505| | _UPLOAD | «port know the GO ID? Query here: |neuro || QUERY

Complete the Form with
the GO ID GO:0001505
(neurotransmitter , the
#lbene Click the UPLOAD button @ Inemet

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer

File Edit View Favorites Tools Help "
]
Gene Set Analysis Toolkit B
http://genereg.ornl.gov/webgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory
|__ BOOLEAN OPERATATION |/ Select gene set A ¥ || Select geen set B v || Select Operatar b
== Active gene set description
=Gene set name: Mm_RL_NT_levels . . .
»Gene set description: All genes in the GO category "regulation of neurotransmitter levels" in mo User Inte rface Wlth Varlous
=There are 35 input IDs in this gene set, These 105 represent 35 known genes
>>=Gene set information retrieval tool gene Set analySIS tOO|S
=Default IDs Input ID LocusID
=MNomenclature O Gene symbaol O Symbaol alias OO Gene name [ Name alias
=>0ther IDs O Refsaq_ MM O Refseq_MWP O UMNIGEMNE O EMSEMBL [0 SwissProt
=Map Info [0 Cytogenetic [ Physical
=Function Info O Domain [ QM [ PubMed [0 GRIF L
[ Gene Ontology [ KEGG [ Biocarta [ Phenotype
[ Information Retrieval ]
= =Gene set organization tool
[ GO Tree ] [ Tissue Expression Bar Chart ] [ Chramosome Distribution Chart ] [ Protein Domain Table ]
| GRIFTable |[ PubMedTable || BioCarta Table and Maps |
Click the “Chromosome
==Gene list{ Click on each LLID to get gene information record for individual genes)
. . . 1
Input ID LLID Symbol Name Distribution Chart” button
104245 104245 Slogas zolute carrier family & (neurctransmitter transporter, glycine), m
109647 109647 Fors formamidase 5
12287 12287 Cacnalb calcium channel, voltage-dependent, M type, alpha 1B subunit
12322 12322 Camk2a calcium/calmodulin-dependent protein kinase II alpha
12647 12647 Chat choline acetyltransferaze
12846 12846 Comt catechol-O-methyltransferase v
i&] Done

@ Internet
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2 Chromosome distribution - Microsoft Internet Explorer

. File Edit View Favorites Tools Help

- Gene Set Analysis Toolkit
. http://genereg.ornl.gov/webgestalt
WebGestalt University of Tennessee and Oalk Ridge MNational Laboratory
Possible neurotransmitter
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| regulator clusters on the
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6.

Examples

Candidate gene identification
Chromosome distribution
Gene Ontology analysis

Starting from a gene list generated by high-

throughput techniques, what

are the major

functional categories of the ethanol responsive
genes identified from my microarray experiment?

Pathway analysis
Boolean operations
Connecting from WebQTL

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer

File Edit View Favorites Tools Help "
Gene Set Analysis Toolkit q
http://genereg.ornl.gov/webgestalt

WebGestalt University of Tennessee and Oak Ridge Mational Laboratory
' Select method " :
|By Gene Ontology )
== Active gene set descripti
=Gene set name: Mm_RL_MNT_|e
=Gene set description: &l genes | category "regulation of neurotransmitter levels" in mouse
=There are 35 input IDs in this ge ese [0 represent 35 known genes
= =Gene set information retriev
=Default IDs Input:
=Momenclature [0 Geng S | “F fl 1) f h
~Other IDs [0 Refed elect "From file” from the  |iccrror
=Map Info [0 Cytol UPLOAD t-
>Function Info [0 Dom Op IOnS B
O Gen =
[ Information Retrieval ]
= =Gene set organization tool
[ GO Tree ] [ Tissue Expression Bar Chart ] [ Chramosome Distribution Chart ] [ Protein Domain Table ]
| GRIFTable |[ PubMedTable || BioCarta Table and Maps |
==Gene list{ Click on each LLID to get gene information record for individual genes)
Input ID LLID Symbol Name
104245 104245 Slogas zolute carrier family & (neurctransmitter transporter, glycine), member 5
109647 109647 Fors formamidase 5
12287 12287 Cacnalb calcium channel, voltage-dependent, M type, alpha 1B subunit
12322 12322 Camk2a calcium/calmodulin-dependent protein kinase II alpha
12647 12647 Chat choline acetyltransferaze
12846 12846 Comt catechol-O-methyltransferase v
€l #® Internet

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer ‘:HEHX‘

: File Edit View Favorites Tools Help ar

’ Gene Set Analysis Toolkit
http://genereg.ornl.goviwebgestait

WebGestalt IUniversity of Tennesses and Oak Ridge MNational Laboratory

| UPLOAD | Select method Al RETRIEVE | Select gene set o DELETE || Select gene set [

_' BOOLEAN OPERATATION || Select gene set A '~ | Select geen set B ~ || Select Operator e

Gene Set Upload Form

Gene set name: |[Ethanol_response

Gene set description:
Genes responds to ethanol treatment in wild tvpe mouse striatum |

Upload a gene list with 330
Affymetrix probe set ids that
are responsive to ethanol
o e meeaee i treatment, as |dent|f|§d from

o T | a microarray experiment

Upload your file of gene set: |C:\Documents and SE“ Browse... |

| UPLOAD |

& @ Internet

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer [:HE‘E

File Edit View Favorites Tools Help r

Gene Set Analysis Toolkit —-‘

http://genereg.ornl.goviwebgestait
WebGestalt IUniversity of Tennesses and Oak Ridge MNational Laboratory

| UPLOAD || Select method A RETRIEVE | select gene set ~ DELETE || Select gene set M

__ BOOLEAN OPERATATION || Select gene set A ~ || Select geen set B ~ | Select Operator ~

== Active gene set description
=Gene set name:Ethanol_response

»>Gene set description: Genes responds to ethanol treatment in wild type mouse striatum User inte rface With Various

=There are 519 input IDs in this gene set. These IDs represent 494 known genes

>>=G@ene set information retrieval tool gene Set analySIS tOO|S

> Default IDs Input ID LocusID

> MNomenclature O Gene symbaol O Symbol alias [0 Gene name [ Name alias

=0ther IDs [ Refseq MV :

=Map Info [0 Cytogeneti 1 1] ”

PHERAAI Click the “GO Tree” button
O Gene Ontol

[ Information Retrieval ]

ization tool

Tizsue Expression Bar Chart ] [ Chromaosame Distribution Chart ] [ Protein Domain Table ]

| GRIF Table |[ PubMedTable || BioCarta Table and Maps |

= =Gene list{ Click on each LLID to get gene information record for individual genes)

Input ID LLID Symbol Name

100033 _at 17685 MshZz muts homolog 2 (B, coli)

100043 f at 76943 2310020482 1Rik RIKEMN cDMNA 2310020421 gene

100056 _at 30050 Fbhxw2 F-box and WD-40 domain protsin 2

100073 _at 62043 25100050028Rik RIKEM cDMNA 2510005008 gene

100086_at 16976 Lmapl lowe density lipoprotein receptor-related protein associated protein 1
100150 _f at 16334 Ins2 insulin II

i&] Done @ Internet

Bing Zhang (zhangb@ornl.gov)



) Add a reference? - Microsoft Internet Explorer

File Edit View Favorites Tools Help

& Gene Set Analysis Toolkit

= http://genereg.ornl.goviwebgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

If wou just want to organize the active gene set by GO, vou can press the "Make GO Tree" button directly.

Howewer, if wvou want to do statistical analysis to identify GO categories with enriched gene numbers, vou need to select a reference gene set
from the list,

The list includes some prestored gene sets in WebGestalt, including hurman genome, mouse genome and some affy arrays (prefized with
"WEBGESTALT "), as well as all of vour uploaded gene sets,

WebGestalt provides two statistical methods, hypergeometric test and Fisher's exact test, If vou know which method is better for vour
analysis, you can choose it from the dropdown menu.

If vou use MOE430 as a reference, as it is a spedial combination of MOE43048 and MOE430B, hyvpergeometric test will be used.

If wou are not sure which method is better for vou, WebGestalt will try to choose an appropriate one for vou based on the reference gene set
vou select, However, this will take some time,

Select a reference set:

|WEBGESTALT_MG_U74AV?2 v

Select a reference gene set and
a statistical method, then click
the “Make GO Tree” button

Select a statistical method:

| Hypergeometric test |

| Make GO Tree l

i&] Done @ Internet

Bing Zhang (zhangb@ornl.gov)



) Go Tree Structure - Microsoft Internet Explorer

: File Edit View Favorites Tools Help

§ Gene Set Analysis Toolkit

http://genereg.ornl.goviwebgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

ar:

There are totally 4590 categories in your GOTree,
WebGestalt will use Hypergeometric test to calculate the statistic for each category,
It may take a while if the number of categories is large. Flease he patient,

If vou didn't piclk the statistical method by vourself, WebGestalt has picked the Hypergeometric test for vou because:
All genes in the active gene set are included in the reference gene set

([eepenEnEEEmEEEEEEEBE | progress scale
BRI IR YRR

It may take a while if the
gene list is large, waiting
for the processing...

] Opening page http://genereg.ornl.gov/webgestalt/gotree.php... [TTIT] @ Internet

Bing Zhang (zhangb@ornl.gov)



) Go Tree Structure - Microsoft Internet Explorer

. File Edit View Favorites Tools Help

ﬁ Gene Set Analysis Toolkit

hitp://genereg.ornl.gov/webgestalt
WebGestalt IUniversity of Tennesses and Oak Ridge MNational Laboratory

There are totally 4590 categories in yvour G0Tree,
WebGestalt will use Hypergeometric test to calculate the statistic for each category.
It may take a while if the number of categories is large, Flease be patient,

If vou didn't pick the statistical method by vourself, WebGestalt has picked the Hypergeometric test for vou hecause:
Al genes in the active gene set are included in the reference gene set

([eeneeeeeeeneneeemEaEE | progress scale
ErEI RN REFRIRERIRETET N

I Check Go Tree

When it is done, click the
“Check Go Tree” button

i&] Done

@ Internet

Bing Zhang (zhangb@ornl.gov)



) Go Tree Structure - Microsoft Internet Explorer

File Edit t t t t
GO term search Bar chart at selected ]
«genereg.ornl.goviwebgestalt GO an nOtatlon Ievel
WebGestalt niversity of Tennessee and Oak Ridge Mational /
[ crar | [ Espon coree
[ GO Term Search | [ ey Word Search | biological_process |
GOTree for the gene set tom_ECwvsSC .
Al genes from MG_U74AV2 were used as the reference for the statistical analysis EanChed DAG
Use GO Term Search to search for one or more G0 categories, separated by comma only
Lze Key Word Search when yvou don't know the exact GO term, one word or phase each time
Use Enriched DAG to get the graphical network view of enriched GO categories (p<0.01) in a DAG (Directed Lcyclic Graph)
Use Bar Chart to get the bar chart for the GO categories at the selected annctation level
Use Export GOTree to export 30Tres in html format =
Click on + to browse the GOTrees, click on each node to check gene list
B3 biological_process(0=214;E=214;R=1) H
B-S3behavior(0=3;E=2.36:R=1.27  P=0.421382322098 14) I m pO rta nt CategO res
= gadult bebavior[ 0=2;E=0.4,R=5,P=0.058059951578258)
& adult locomotory behavior{0=2;E=0.29;R=56.9;P=0,0317389447 12094) | d d
L& adult walking behavior*(0=2,;E=0,11;R=18,18,P=0,0038352939624678) are CO Ore re
@ locomotory behavior(O=2:E=0.76:R=2 .63, P=0.17569968038461)
rhythmic behavior[ O=1;E=0.58,R=1.72,FP=0.4467 251482 1445
¥ biclogical_process unknown({O=10;E=11.28;R=0.89)
-G8 cellular process{ 0=125,E=115.85;R=1.08;F=0.11317722333308)
B8 development(O=32,E=37 .03, R=0.864)
B physiological process(0=182;E=178.96,R=1.02;F=0.32198167 785308
B-E8 regulation of biclogical process{Q=38,E=46.93,R=0.81)
B8 molecular_function{ 0=239,E=23%,R=1)
B-Ebinding( =139 E=146.48;R=0.95)
B8 catalytic activity(O=104;E=89.953;R=1.16;F=0.03317 1730611191
B-E8 enzyme regulator activity( O=8,E=9.46;R=0.85) BrOWSG the GO Tree
¥ molecular_function unknown{ O=8;E=10.25;R=0.78)
B8 motor activity( O=<4,E=2.22 ,R=1.8;F=0.17989232 120059 \| |
B obsolete molecular function({O=1,E=1.43,R=0.7)
B-E3 sighal transducer activity(0=39,;E=43.37 ;R=0.9)
B E@ structural molecule activity( 0=19;E=14.49,R=1,31,;P=0,13537 7214455444
B-E8 transcription regulator activity(O=17 ;E=23.02,R=0.74)
B E8 translation regulator activity(O=2,E=3.04, R=0.66)
ERE3 transporter activity™®(0=40,E=26.21,R=1.53,P=0.0038750155405427)
B8 cellular_component{O=215,E=215;R=1)
?@ cel*(0=192:E=179.25:R=1.07 :P=0.008565 1967 443368) .
R0 cell fractinnl M=AF=F 26 D= OA Rl

& @ Internet
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== [=4 lon transport

26 genes
P=4.88E-05

cell

catalytic \
extracellular

192 genes
P=0.0085551957443368

calcium-

and
calmedulin-dependent

extracs|lular protein
matrix kinase

complex

transierase

etiety intracellular

hydrolase
activity

2 genes
P=0.0037272363594224

hydrolass profon-transporting
= actvi, g e S
grow acling transferring cytoplasm SYase membrane 10 genes.
behavior andjor S n a se on phosphoruscontaining | L€ty [copiasn] complex [membrane] P=3.2068209074957E05
maintenance, acid pp 3genes
. . anhydrides P=0.004453160 556349
transmission =
vity,
ing Tydrolase
n activity,
adult 8 g e n e S id acting Lo i
walking transport neuromuseLlar rides, on a "":“’I‘ poo plasma integral
bohavior 51genes physiological yzing acid i evloplasnic BT [
2 genes P=0.00351214764230 process mbrane anhydrides, ~ membrane
P=0.00383529306246 78 F - 9 . 33 E-03 ment in as P-0.008720155608458
phosphol ng acceplor
nces anhydrides
[ P=0.0085 155105045287
integral
hydrogen ion V. transmission transporter coated mitochondrial inner [ profon-transporting
transport transport of activity ATPass vesicle membrans membrans plasma twossctor
6 genes 26 genes nerve 40 genes activity 7 genes 10 genes. 10 genes membrane AlPass
P=0.0016508301006879 | | P=4 88542060 16041E.05 impulse P=0 00367 50155405427 P=0.0014203 783748835 P=0.00332428838524 76 | | P=0.00141094232553 24 genes complex
p g pl
P=0.00056363135304134
channel
; : . voltage-gated hydrogenransiocating
cation synaptic pore carrier mns'ggna profein clathrincoated mmﬁnf;‘f”“' potassium Fype
transpart transmission class activity Bl serinefthreonine vesicle channel ATPase
20 genes 5 genes transportsr 16 genes 1“3'33;::'35 kinase 6 genes ”‘;;"e'ﬁga complex complex
P=2 TAFBAZBS663IEDS P=0.008334B404881 50 activity P=0.004892 1 555536267 | 1., activity P=0.00347 7629064123 . 5 genes 3 genss.
14 genes (el P T ES0.D0Z6ESIS 1312 P=0.0011070835542962 || P=0.003226 17 58768758
P=0.007 52538628050 12
ATPase
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Examples

1. Candidate gene identification
2. Chromosome distribution

3. Gene Ontology analysis
4

Pathway analysis

« Starting from the same gene list as in example 3,
what are the pathways in which the ethanol
responsive genes involve and where are the genes
located in the pathways?

5. Boolean operations
6. Connecting from WebQTL

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer [:HE‘E

. File Edit View Favorites Tools Help 4
* Gene Set Analysis Toolkit |
hitp://genereg.ornl.gov/webgestalt

WebGestalt IUniversity of Tennesses and Oak Ridge MNational Laboratory

| UPLOAD | Select method e RETRIEVE | ST_ECvsSC_homolog - | DELETE | Select gene set v

| BOOLEAN OPERATATION | Select gene set A ¥ | Select gee ‘ Select Operator 2%

Benb ot nare S Feuegt, Hoiea It's a pity that WebGestalt does'’t
=Gene set description:homolog of ST_ECwsSC

=There are 257 input IDs in this gene set. These IDs represent 257 known geng have the mouse KEGG pathway

=anGeneset information retriewal tanl . . =

el : p information in the database vyet,
“petul - Click the “KEGG Table and |, . y
Smther Maps® button | however, when it uploads the
oo RS O | gene list, a corresponding human

KEGG O Biocarta [ Phenot homologous gene IISt |S
S B eormariediionios) automatically uploaded, which
(GoTee J[__Tesue Bpeseon B oy, | J L__ommeemeDmvin et cgn- be retrieved for the KEGG
| GRIF Table |[ PubMedTable || KEGG Table and Maps | [ BioCarta Table and pathway anaIYS|S

= =Gene list{ Click on each LLID to get gene information record for individual geresT
Input ID LLID Symbol Name

103172 400916 C22orfle chromosome 22 open reading frame 16

103742 24299 Cl7orf37  chromosome 17 open reading frame 37

105083 53918 PELO pelota homaolag (Drosophila)

107094 23225 KIRADE9D  KIARDESQD

107373 63201 FLI22794  FLI22794 protein

108911 55920 TD-60 RCC1-like

& @ Internet

=Function Info
F.&

[ Information Retrieval ]

Bing Zhang (zhangb@ornl.gov)



3 EGG abl-Microsft Internet Ex| A” pathways related to the gene ||St m
. File Edit View Favorites Tools Hel CIle on the uoxldatlve PhosphOFy|atI0n A

Gene | ;; 1
this is the map vy terested
- - ©N€ 1if this is the map you are interested in
WebGestalt University of Tenn
KEGG map /;Gﬁe numberiLo’cus link IDs
[oxidative Phosphorylation =" la [10632 10975 1337 23545 27089 514 521 535 7324
[Phosphatidylinosital Signaling System 3 [11266 1408385 3632 5286 5795 2760
|aTP Synthesis 5 [10632 23545 514 521 535
[Type 1II Secretion System 5 [10632 23545 514 521 535
[Purine Metabolism |4 [z987 5437 o061 9533
[Glyceralipid Metabolism |4 [10554 4023 5049 5760
[Pyrimidine Metabolism I3 [1241 5437 9523
|GlycolysiS_Gluconeogenesis :2 |1737 97
[Ubiquitin-mediated Protealysis [2 [7322 997
|Pyruvate Metabolism :2 |1737 97
|Fructose and Mannose Metabolism :2 |5208 AR =
|Arg|n|ne and Proline Metabolism :2 |1 159 4842
|In08|tol Fhosphate Metabolizm :2 |3632 5286
[Citrate Cycle (TCA Cydle) [1 [2271
|Am|nosugars MWetabolizm |1 |55907
[RMA Polymerase [1 [5437
|Am|noacyl—tRNA Bicsynthesis |1 |7453
|Sulfur MMetabolism |1 |906 1
|N|trogen Wetabolism |1 |762
|Porphyr|n and Chloraphyll Metabolism |1 |3 163
|Sph|ngog|ycol|p|d [Wetabaolism |1 |7357
|Phosphol|p|d Degradaticn |1 |1 b B
|Keratan sulfate Biosynthesis |1 |8?O4
|Chondroitin ¢ Heparan Sulfate Biosynthesis |1 |2 137
|Proteasome |1 |569 1,
|Glycoprotein Biosynthesis |1 |8?O4
|Ga|actose [Metabaolism |1 |8?O4
|Tryptophan MWMetabolism |1 |7453
|Se|enoam|no Acid Metabolizm |1 |906 1 i
|Glutathione MWMetabolism |1 |2944 _
lirea miidle and Mataholizrm of Armins Groone 1 [115a i~
€l @ Internet
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) Oxidative phosphorylation - Homo sapiens - Microsoft Internet Explorer

File Edit View Favorites Tools Help o
[ LinkDBE search | Ortholog table | Pathway menu ] 24
Homo sapiens e | [Mext]
| exipatvEPHOSPHOR YLATION |
Clommplex T Complex 1T Complex I1T Complex IV Complex ¥
ZH* 2xzH* 2H* St
- T
' VI
ii?ﬂl;lngemse Fumaramn reducta Quinomne e R q ] -~ i ‘Aﬁ'I'thmt]]]miase .
Inte rmem brane - (E.coli) pool : . .I-. it o | ‘\jIh L {Escherichia coli)
space - ; - o 4 Tla
biis
L1 T ]
)
viic .
13591 e
NaDH HY NaD+ LEEh) 18: v mo . E
] ZHt e hrome © oxidase
Blctinat Eumarate Catoctipmebel Coviplex APR ey 65143310
HMADH dehpdrogenase H 3636
= [wor | e s e [woa s e ] Pathway map with your
f_'m_"\
B/AME[ Nuos | NuoB | Huo@ | NuoD | HusE | NuoF | Hued | HuoH | H . . . 00
B/E [ MdhC [ MahE [ HahJ [ NdhH | HoxE | HoxF | HoxU [ Hdha [ N genes hlghllghted In red
Buccinate dehsrdrogenass | Fumerate reductase i n th e m a
E [spHC | spHD | sDHA [ SDHE | p
Bia| 2dnc | 2dnD | sdha | sans |
| Fra | FaE | Frac | FuiD |
Cytochoome ¢ reductase
EiEta] I8F | Cwtb | Oxted
E | cori [ gcRe [ QCRE [ QCR7 | QCRG [ QCRS [ QCRIO|
Zytochrome o oxidase T
E [cox10] [coxs [ coxi [ coxz [ CoXd [CoxsA[C0EE [C0Mea] COHER [COXEC[COXTA] COXTR [ COXTC| COXB '
coxi1[ coxis]
Bl&| CyoE | CyoD [ CyoC [ CyoB [ Cyod
CoxD | CoxC | Cox& | CoxB
QuoxD | QoxC | QoxB | QoxéA
Cytochrome ¢ oxidase, o bh3-type Ctoc hrome bd complex
B[ 1 [ u [ 1w [ m |
00190 10{26/04 L
et

i&] Done @ Internet
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Examples

1. Candidate gene identification
2. Chromosome distribution

3. Gene Ontology analysis

4. Pathway analysis

5

Boolean operations

« More than 500 genes are responsive to ethanol
treatment in the wild-type mouse, however, only 47
genes are responsive in the mutant. Are there any
common genes in the two responsive gene sets?

6. Connecting from WebQTL

Bing Zhang (zhangb@ornl.gov)



) WebGestalt - Microsoft Internet Explorer [ - HI:l_l ‘ X ‘
. File Edit View Favorites Tools Help o

i — h 5’7 Favorites @ Media €0 (Iv ‘2 [ |3
Click the “Boolean |aroption.php v 86
Operation” bUttOﬂ rnal £]LL &]PubMed &]wiki €] WNYC €]NYT €IBBC £]BD &]ZZU
after complete the pet Analy Select gene set II:
selections e ensmacragsrais| ESPONSIVE genes in
= __ _ the mutant

| BOOLEAN OPERATATION | ST_ECvsNC v || ST_EMvsNM ~ || A and B (Intersection)  ~ |

==Active gene set description
=Gene set name: ST__EMwshW
=Gene set description; Sene list gener icroarray data, Genes thag @ally expressed in the ethanol

treated sample and non- handled sam Select ene Set I . . =
=There are 47 input IDs in this gene s4 g Select the Operatlon Of

==Gene set information retrieval 1 res OnSive enes in “ . ’
f 1 1osP J A and B, Intersection

=Default IDs Input IO
=0ther IDs [ Refseq_MNM Fefzeq_MF [ ONIGERE [TENSEMBEL [ SwissProt aS We are |00k|ng for

=Nomenclature [ Gene symbol the Wlld type

>Map Info [ Cytogenetic [ Physical iy

=Function Info [ Domain [ QMIM [ PubMed [0 GRIF COm monalltles
[ Gene Ontology [ KEGG [ Biocarta [ Phenotype

[ Information Retrieval ]

==Gene set organization tool
[ GO Tree ] [ Tissue Expression Bar Chart ] [ Chrormosorme Distribution Chart ] [ Protein Damain Table ]

[ GRIF Table |[ PubMedTable || BioCarta Table and Maps |

==Gene list{ Click on each LLID to get gene information record for individual genes)

Input ID LLID Symbol Name -
ANNN T3 ot CET73=2 [ | /1 narn_vicnm al himAasrnac i Foter 1A :
&] Done @ Internet
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“l Boolean operation - Microsoft Internet Explorer

_ Ml
. File Edit View Favorites Tools Help /o
§ Gene Set Analysis Toolkit

http://genereg.ornl.goviwebgestalt
WebGestalt University of Tennessee and Oak Ridge Mational Laboratory

ST_ECwsMC 'INTERSECT' ST_EMuwshHM generates:

LLID  Symbol Name

11980 AtpZal ATPase, aminophospholipid transporter (&PLTY, class [, type 84, member 1
16572 Kifsa kinesin family member 5A
16976

Lrpapl low density lipoprotein receptor-related protein associated protein 1
ZEEE03 Olr1i3e olfactory receptor 136

There are 4 genes that
are common in the two
gene sets

i&] Done

@ Internet
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Examples

Candidate gene identification
Chromosome distribution
Gene Ontology analysis
Pathway analysis

Boolean operations

Connecting from WebQTL

Analyses you can do for a gene set with 100 genes
whose expression patterns are highly correlated
with the “ethanol acceptance-male raw mean
consumption” phenotype, as identified from
WebQTL (http://www.webqtl.org)

Bing Zhang (zhangb@ornl.gov)



A. The top 100 genes whose
expression patterns are highly
correlated with the “ethanol
acceptance-male raw mean
consumption” phenotype were

retrleved from WebQTL

The webq‘l’l. Pmle:t

[
Casratation Hosults

T BO11TA [ et

C. GO Tree generated for the set of
received from WebQTL

B. WebGestalt receives the gene
set from WebQTL

Gestalt - Wicresoft Inbernet Exploror

100 genes

Tosh Hele

:ne Sel Analysis Toolkit for WebQTL

AR o WARHTIL
Unriesty of Tonmesi and D FXOp) atsoral Lapuratery

Homendlabrs
Other 10
g Indo

| [ iton Duman Tt

) ([rmioma Domniod T
| e ()

traed s hematrimas) ofseymmatne ecebyich)

e
lerrabon Setentatin teasence
chae e 20,08 COMEHR NOMOnO-ME 2 (TAC600M)

E. Tissue expression
bar chart for the set
of 100 genes

F. Genes expressing
in brain. One brain
enriched gene is
serinefthreonine
kinase 11 (Stk11)

Thai charl o Y5308 expies3508 pattein for gene SIKTT
LT =)

G. Tissue expression bar chart for
Stk11. This gene is over-represented
in brain, cerebrum and nervous while
under-represented in |ymphareticular
and head/meck

the set of 100 genes

| D. Enriched DAG.
| i i Interestingly, two major
BRR enriched areas are
“neurotransmitter metabolism”
{ and “neutral lipid metabolism”
]
; (AR l, | ﬂ ﬂ
123!56?591011121314!51611181‘9XY
H. Chromosome distribution of

l. BioCarta table and map
. :Gene ILocus link

Bioarta map number IDs

- ; 13163
MAPKinase Signaling Pathway 2 20111
Cell C\;d" G2/M Checkpoimt 11 20111
Growth Hormone S\gnahng Pa 1 20111
Regu!at:on of BAD phosphorylatmn 11 20111
Erk and PI-3 Kinase Are Necessary for Collagen Binding in Corneal [y [—
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