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Session 1: Overview of GRNs (Feb 23)
a. Computational Approaches
b. Cis-Element Identification
c. Comparative Genomics
d. Regulatory region variations
e. p53 case study

Session 2: Database Session (Feb 24)
a. Genome Browsers
b. Promoter Analysis, TFBS Search
c. Co-regulated gene analysis
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About the UCSC Genome Bioinformatics Site

Welcotne to the TTCSC Genotne Browser website, This site contains the reference sequence and wotling draft assemblies for a large collection of genomes. It also prowndes a portal

to the ENCODE project.

We encourage vou to explore these sequences wath our tools. The Genome Browser zooms and scrolls ower chromosotnes, showing the worke of annotators wotldwide. The Gene
wotter shows expression, homelogy and other information on groups of genes that can be related in many ways. Blat quickly maps vour sequence to the genome. The Table Browser
prowvides conwentent access to the undetlnng database. VisiGene lets you browse through a large collection of in sifne mouse and frog wnages to exarnine expression patterns.
(renotme Graphs allows vou to uplead and display genome-wide data sets.

The TC5C Genome Browser 13 developed and mamtamned by the Genome Bicinformatics Group, a cross-departmental team within the Center for Biomeoelecular Science and
Engineering (CELE) at the University of Calformia Santa Croz (OS50 IEvou have teedback or questions concermng the tools or data on this website, feel free to contact us on our
public mathing list,

News News Archives

To recetve announcements of new genome assembly releases, new software features, updates and traming serinars by email, subscribe to the genome-announce mailing list.

9 September 2009 - Changes to the bigBed-bigWig data formats

If wou have been taling adwantage of the new bigBed format (for very large data sets), vou'll be happy to hear that we have considerably shmmed down the memory footprint of the
progratn that converts BED files into bigBed files: bedToBigBed. Because it now uses a multi-pass approach, it now takes only 1/4 the amount of EAN as the size of the
uncompressed BED input file (instead of the 5z EAN it needed prewously ). Eead more here. Pick up the new bedToBigBed executable here.

I conpunction with this change, there 13 also a change to the way you must specify vour bigBed or bigWig Custom Track. “When vou specify the location of vour local bigBedfbig'Wig
file {on your web-accessible http, https, or ftp server), use this designation: bigDatallr] (instead of the old designation: datallrd).

.2 track type=bigBed name="My Big EBed" description="S3ome Data from My Lakh"™ bighatalUrl=http://myorg.edu/mylab/myBigBed.bb

Addihonally, we would ke to announce a compation program to the prewously-announced wigToBigWig program: bedGraphToBigWig This program converts bedGraph files mto
big'Wig files. The bedGraph tormat allows display of spatse of varying-size data. Eead more here. You can download the new bedGraphToBig'Wig utility here.

The main advantage of the bigBed and big'Wig formats 15 that only the portions of the files needed to display a particular region are transterred to TTCEC, so for large data sets,
displaying bigBedfbig'Wig data 15 considerably faster than regular BED/wig data. The bigBedibag'Wig file remams on wour web accessible server (http, hitps, or fip), not on the
TC5C server. Consequently, creating vour Custom Track 15 wery fast. Only the portion that 15 needed for the chromosomal position you are currently wiewing 15 locally cached at

TiZ5C as a "sparse file",
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Genome Browser (http://genome.ucsc.edu)

wser Gateway

ormatics Group of UC Sanisfmz.
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Human (Homeo sapiens) Genome
The UCSC Gen Browser was
Software zht (c) The

clade

assembly position or search term image width

’—”_Mar_g[lﬂﬁ v | [ mbaol, keyword, ID here | EELEEP | [ submit

Deuterostome | Chimp et the browser user mterface settings to thnlen' defaults.

Insect ?HhEEUS hirgcks || | configure tracks and display | sition

Nematode Hayse
Fat

L Other ! Cat Configure Imagé o

Dog . | . . R T e — _
Co May 2004 image width: 620 Ite:{t size: ;small  iv) | Submit |
Opossum July 2003 . tin .
Chicken Apr. 2003 Display chromosome ideogElliE _ ain graphic.
. fropicalis Show light blue vertical gui g?d;um _
_Erei:lraﬂjh Display labels to the left of huge ks,
FE an? e Display track description above each track.

Genome Browser Gateway choices:

1.

2.
3.
A

d

Select Clade
Select genome/species: You can search only one species at a time
Assembly: the official backbone DNA sequence

Position: location in the genome to examine or search term (gene symbol, accession
number, etc.)

Image width: how many pixels in display window; 5000 max
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Genomes - Blat - Tables - Gene Sorter - PCR - VisiGene - Proteome - Session - FAQ - Help
N—___~

Cenome About the UCSC Genome Bioinformatics Site

Browser Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working d

ENCODE
A e encourage vou to explore these sequences with our tools. The Genome Browser zooms and scrolls ovet
wvs. Blat quicklvy maps vour sequence to the genome. The Table Browser provides convenient access tc
d and displav genome-wide data sets.

Blat

Table Browser

clade genome assembly image width

Vertebrate v ar. 2006

Click here to reset the browser user interfacd settings to their defaults.

620 | submit |

[ add custom tracks ] [ configure tracks and digplay ] [ clear position ]

arch term

clade genome assembly image width

Venebrate ¥ || Human v || Mar. 2006 1'

620 | submit |

Click here to reset the browser user interface settings to their defaults.

[ add custom tracks ] [ configure tracks and display ] [ clear position ]
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Genome Browser (http://genome.ucsc.edu)

UCSC Genome Browser on Haiman Mar. 2006 Assembly (hgl8)
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posttionfsearch | chr9:103,218,857-103,241,688 | jump || clear |size 22852 bp.| configure |
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tmove start move end

| Click on a feature for details. Click or drag i the base posttion track to zoom . Click grawblue bars on left for track options and descriptions.

< Jeo [ < J2o |[>]

| default tracks || hide all || add custom tracks || configure || reverse || refresh |

Tze drop-down controls below and press refresh to alter tracks displayed.

| collapse all | | expand all |

Tracks with lots of items will automatically be displayed in more compact modes.

Mapping and Sequencing Tracks refresh

d

I

Phenotype and Disease Associations refresh

Genes and Gene Prediction Tracks refresh

mBRNA and EST Tracks refresh

i

d

Expression refresh

Regulation refresh

i

I

Comparative Genomics refresh

tracks
+

Variation and Repeats refresh

d

I

Pilot ENCODE Regions and Genes refresh

)
L a
o
o)
O
Q
X
LL]

Pilot ENCODE Transcription refresh

il

Pilot ENCODE Chromatin Immunoprecipitation

Pilot ENCODE Chromatin Structure refresh

Pilot ENCODE Comparative Genomics and Variation refresh
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UCSC Genes
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[ ]
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BC103581 - Mus musculus, pancreatic and duodenal homeobox 1 sequence.
BC103582 - Mus musculus, pancreatic and duodenal homeobox 1
BC105642 - Mus musculus. mwpancreatic and duodenal homecbox 1 ";qullEIIEE Retrieval Recion ﬂptiDﬂS'
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Blat Tables - Gene Sorter - PCR - VisiGene - Proteome - Session - FAQ - Help

About the UCSC Genome Bioinformatics Site

Welcotne to the TTCSC Genotne Browser website, This site contains the reference sequence and wotling draft assemblies for a large collection of genomes. It also prowndes a portal

to the ENCODE project.

We encourage vou to explore these sequences wath our tools. The Genome Browser zooms and scrolls ower chromosotnes, showing the worke of annotators wotldwide. The Gene
wotter shows expression, homelogy and other information on groups of genes that can be related in many ways. Blat quickly maps vour sequence to the genome. The Table Browser
prowvides conwentent access to the undetlnng database. VisiGene lets you browse through a large collection of in sifne mouse and frog wnages to exarnine expression patterns.
(renotme Graphs allows vou to uplead and display genome-wide data sets.

The TC5C Genome Browser 13 developed and mamtamned by the Genome Bicinformatics Group, a cross-departmental team within the Center for Biomeoelecular Science and
Engineering (CELE) at the University of Calformia Santa Croz (OS50 IEvou have teedback or questions concermng the tools or data on this website, feel free to contact us on our
public mathing list,

News News Archives

To recetve announcements of new genome assembly releases, new software features, updates and traming serinars by email, subscribe to the genome-announce mailing list.

9 September 2009 - Changes to the bigBed-bigWig data formats

If wou have been taling adwantage of the new bigBed format (for very large data sets), vou'll be happy to hear that we have considerably shmmed down the memory footprint of the
progratn that converts BED files into bigBed files: bedToBigBed. Because it now uses a multi-pass approach, it now takes only 1/4 the amount of EAN as the size of the
uncompressed BED input file (instead of the 5z EAN it needed prewously ). Eead more here. Pick up the new bedToBigBed executable here.

I conpunction with this change, there 13 also a change to the way you must specify vour bigBed or bigWig Custom Track. “When vou specify the location of vour local bigBedfbig'Wig
file {on your web-accessible http, https, or ftp server), use this designation: bigDatallr] (instead of the old designation: datallrd).

.2 track type=bigBed name="My Big EBed" description="S3ome Data from My Lakh"™ bighatalUrl=http://myorg.edu/mylab/myBigBed.bb

Addihonally, we would ke to announce a compation program to the prewously-announced wigToBigWig program: bedGraphToBigWig This program converts bedGraph files mto
big'Wig files. The bedGraph tormat allows display of spatse of varying-size data. Eead more here. You can download the new bedGraphToBig'Wig utility here.

The main advantage of the bigBed and big'Wig formats 15 that only the portions of the files needed to display a particular region are transterred to TTCEC, so for large data sets,
displaying bigBedfbig'Wig data 15 considerably faster than regular BED/wig data. The bigBedibag'Wig file remams on wour web accessible server (http, hitps, or fip), not on the
TC5C server. Consequently, creating vour Custom Track 15 wery fast. Only the portion that 15 needed for the chromosomal position you are currently wiewing 15 locally cached at

TiZ5C as a "sparse file",
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Genome Browser (http://genome.ucsc.edu)

Table Browser

Table Browser

Use this program to retrieve the data associated with a track in te at, to calculate mtersections between tracks, and to r Tze this program to retrieve the data associated with a track in text format, to calculate mtersections between tracks, and to
see Using the Table Browser for a description of the controls m this form, the User's Guide for general mformation and sampls see Jaing the Table Browser for a description of the controls in this form, the User's Gude for general information and sarmplg
presentation of the software features and usage. For more complex queries, you may want to use Galaxy or our public yS presentation of the software features and usage. For more complex queries, you may want to use Galasy or our public MyS0)
restrictions associated with theze data restrictions associated with these data
clade: | Mammal | genome: | Human v | assembly: | Mar. 2006 clade: | Mammal ¥ | genome: Human + | assembly: Mar 2006
group: | Genes and Gene Frediction Tracks v | track: | RefSeq Genes [ add custom tracks aroup: | Genes and Gene Frediction Tracks v | track: | RefSeq Genes v [ add custom tracks ]
tahle: | refFlat describe tahle schema table: : refFlat v [ describe table schema ]
. . , : . refGene ~ " , :
region: & genome O ENCODE O position |chrx151073054-151383976 [ lookup l [ define regions ] region _, . posttion | chre151073064-1513835976 [ lookup ] [ define regions ]
1dentifiers (names/accessions): [ paste list ] [ upload list 1dentif Sgagmna e list ] [ upload list ]
filter: -c:reate filter: ghCdnalnfo
- ] ghbdiscOiff
mtersection: mterse ghSeq
: ghStatus
output format: | all fields from selected table v | [ Send output to Galasy output ghiarn Rhle v [ Send output to Galasy
output file: (leawe blank to keep output in browser) output L:”;‘HT::'D”E (leave blank to keep output in browser)
gre .
file type retmmed: @ plain text O grip compressed B file ty) knownToRefSeq pip cotnpressed
mrmalrientinfo

Please paste in the identifiers you want to include. The tterns must be values of the genelVame fiel mrnaFefse
[ get output ] [ summar'}x,."statistics ] schema" button shows more information about the table fields) Some example values: @_

PrEbc . reflink o) ekt
To reset all user cart settings (including custom tracks), click here |™0 [ 2 TESE refSegAl pstom tracks), chek here.

iEE refseqStatus

SERPINAL refSeqosummany

'i'il;'ggl Usi “@TWSE b
*hyld refFlat SERPINC1 range=chrl:172153140-172153633 APOLL ’ S“‘.g '
gasacgogottgoatgoaccooayyoectyotottototoocotgtoos gggg?

accacttcagggctgctggg&aatgggtctctctgtgggccacaggtgta
accattgtgbtttocttgbotgtgoocagyyacaccttgyoactoagatge
ctgaaggtagoagottgooootott oot tototaattagatattoote
tototototooctototooatasagasaactatgagagagygtgggtacy

Table Browser (Input Identifiers)

aaccaagtttgitiocttgyitagtttoctaaccaagtttyagggtatga [ subimit ” clear ” cancal l . . _ . :
acatactetecttttocttitetatasagotgaggagaagagtyagggag Use this program to retneve the data associated with a track in text |
totgggoaagagagytyctoagyotttooctgyyoctgat tgaacttta . L ] ]
asacttototactasttanacascactyggetotacasttigettaacce see sing the Table Browser for a description of the controls in this
tgygaactggtoatcagooctttgacctoagttocooctoctaccagoto o ft}l f d F 1
>hgl8_refFlat_ALDOB range=chr9:103237854-103238383 5'pad=0 3| |Sequence Retrieval Region Options: presentafion of the software features an usage. o'or more Comples
Ltottgaatgooctactgogtacagacactatacaactocacttaatgotoo I-Esml:tll::lﬂs ESSchatE{l mth thESE data
tgtgaaattyagatoocactttacagayaagaasataacgyotoagacas

v
gtaaaaqaacaaqaccaaaaaccogioaccaagttoatyogttttgtaagt Promoter;‘UpstrE:am bjf 5':”] bases 'l'“l::"l l:ll?: Mﬂmmﬂl " FenOIne: HleEl.rl a ﬂSSE‘lﬂhl‘y"
gttacagotacactaacattottoctagtatcatttaatggac oo tagag D 5. U'IR Egc-ns = n
ctocatcattgactagotgtatgacttaagyyaacctocttatot oottt T
gocttagtttoctocatctgtgaaatggagygt ctggattaggaactooac DCDS Ezons Q‘Ullll: GEHES E‘-nd GEHE PrEdlEtlDﬂ TrEU:kS b 1
gOtotasagacattocttgoagotttaacattotatgagoataaggagta D 2' TITE Exons
tatgggoatgattttaagactygt ttttatgagocaat cagagytgtt t::'I]J].E': rEfFlat “ | dESCfibE tﬂl:lle SEhEITIEI.
gaatasacacctocctactagytcaagytagasadyUdagygeaaatatt [ Introns
gyasaaasasasaaaacatyatyagaagtoctataaaaattytgtgotaccaaag |:| Diownstreatn b (1000 hases . . . : : : .. _
>hgl8 refFlat AMEP range=chr9:115880574-115881073 5'pad=0 3'jp 4 e 1011 ® SENOINE O EMCODE O posttion | chrx151073054-11
totgggoaagtoacticacttettggagactoaactoctotgeet ghass ® One FASTA record FEr ZENE.
gyygacasatagoacctacttogtaagortyttgtyyygatttactyyac O One FASTA record per region (exon, intron, ete.) with |0 extra bases upstrearn (5" and |0 extra doy  Ldentifiers (names/accessions): | paste list | | upload list | | le
acctgbtggoacgtytaaagtyoctydtacacagocayeacatagoaggtg ) )
Ctoagtgaacgyaaget oyt aacagteatoat LYt taatgro Lot at LAt O split UTE and CD' parts of an exon into separate FASTA records filter:
ttgcasagyctagygoaagoctyyggyctgyagaagyasctotggagaca HMote: if a feature 15 close to the begmning or end of a chromosome and upstream/downstream bases are added, they m Sl =S

gyatacctgyyttotyyiottgyototgoocatagact oo tgagyo ot

ctggoaagtoacttoctotoottgyyooctoagttttttoctgtgagaaat illt?l'ﬂ?fﬁl:lll: Create

gogooccaatcaggottgacctgotgyotoacagagotgtgagytococagat b 'E'll“'l‘ll'[‘ ¢ Forma "'I_llg Dl} fions:

gooatgactoagoagaaadoocagytogotocooatootogoat oot : i
b 3 "

tytggyggact bt tggoy s Juagoocaat ooyt got o ocagggo oot ® . . ] l:“'“]-]“t format: L L e ————————————————_———_—————————_— H
>hgld refFlat CYPZCB range=chrl0:96819245-96319744 5'pad=0 3' * Exons in upper case, everything else m lower case. Il fields lected takl

— - O l]'l'l'l]_]'l.'lt file- all Telds rom selecied 1anle |
tatacatttattagotaataatttgatatatgtatggtaattocaacatgt 2CDE UppEr Case ['E i1 lower case. ] . . -
atgagttatattoactatttoatgtttaggoagotgtat tttaagtgaac O selected fields from primary and related tables
tatactaastattbgasagyettttgttatcaayyyctaagteioctatt 2 Allupper case. file type refiun
ttttgatatagoattacaatgtacattttttatacacaasaatatagaata i
cactgatttcgctcaaggtu:gtaaattcccaactggtcattaatcEgaga o AT @ ) GTF- gene transter forrmat

W O 3 .
atattgaattttgagtatattotaacatagaatoatttacttoagtgttt [ Mask repeats: 2 to lower case U to I BED - browser extensible data
ctocatcatocacsyyssak tiasssacsagyyacttttaat tasaaata | gEt DLItFILIt | | g custorm track
cotggyetocastraatagadt telahetagaatctoctagat tggoact [ ] [ l .
et sequence cancel

JUAAAYAANIANTANYACARRAIAACALLLLALLCATCCATOYCCaR e sen heypetlinks to Genome Browser

agtccacteagasaaasagtatasattgyatctaggtyattgtttacttt To reset all user cart settings (including custommn tracks), click here.
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refFlat Genomic Sequence

Sequence Retrieval Region Options: sUpSt_ANGETL? range=chrl:62834775—62835774 5 'pad=0

aattggctgggctcacgocttgtaatocggoctgnnnnnnnnnnnhnnninnnn
nnnnnnnnonnnnnnhannhnnnnannanannanhannnnnnnannnnnn

f:PfDﬂHHEPT:lﬂHEﬂﬂ1h¥ 1000 bases nnnnnnnnnnnnnnnnnnnnnnnnnnnnonnnnnnnnnntgttattaatct
— cctctttttgttaaatgtatattatcaaaattgttactaagctaacaaac

I
5' UTR Exons ttcagasaaacttatgatgggocaagotgottgtgacattgaaggtattta
DS Exons agattcaattictagtttggtocctagatgaccacatatccattgticococtic
aacgagcacatggtasagagcctagaacacagagacacagaacacagtgg
3' UTE Exons ajJaaaagggagtgaaatgtctttaatgacacttactatatatgggatttt
gtgacaatatacaaggatggttaagacatataaggtgatgocaaaaaaaca
Introns tattaacaattatagtgacaaaaaatgaggagcatataattatacatiga
tttatacagagtaccagaggaacacagcattgagagococgtaacaccacct

1000

Ihﬁ#ﬂﬂi&ﬂﬂlb? bEEEE Jagggagtggagaaaggct tcagagagaaagtgttttttggaatggatca
ctgtttccaaaagaactaaagtacagtttgagaaatgcatacttaattca
'::‘E:' One FASTA record PET SCIIC. ttacttttttocococtoaactttaataataaatttacccaacaaaasaagtt
, , : tatttttgacttigtaaatcticttasaaatcataaaaaagtaaaattagcot t
(O One FASTA record PET TEZ101 [E}iﬂl nfromn. EFtC-:} with U eXflfa ttasssacaggtagtcaccatagoattgasatgtgtagtttataatacageo
. . aaagttaaatacaattitcaaattacctattaagttagttgoctocattitott
bases upstreain [:5 :I' and |0 extra downstream [:E'l- :I' tgatttcatttagoattgatctaactcaatgtggaagaaggttacattocg

— : tgcaagttaacacggcttaatgattaactatgticacctaccaaccttac
Spht UTR and CDS parts of an exon mto separate FASTA records cttttoctgggoasatattggtatatatagagttaagaagtoctaggtctgo

MNote: if a feature 15 close to the beginning or end of a chromosome and 20pot FISB rangeschrl 1o 0302112530400 5 pad-l
NN NN NN NN NN nnnnnnnnnonnnIininnIin

m}gh'eam-"dmﬁ,ﬂgﬁ'eam hases are added__ ﬂ1|,=_';‘=_.f mav bhe tuncated i ordet tol nnnnnnnnnnnnnRnnnnnnDINNhhhhhhhRARNNnhhnnhhhhhhRRRn
L : ) ) nnnhnhhhhhhhnhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhih
avord E}Ltﬂﬂdl‘tlg ]E}E'Et the E:dgE: of the chromosome. nnnnnhhhhhnihhhnhnihhhhhhhhhhhhnhhhhhhhnnhhhhhihn

NN N NN NN NN NN nnnnnnnnnnnnnnnnmnrnnD

NN N NN N NN N NN NN NN NN NI n NI NN

EE["] ence Fo [‘m:.]ﬂ'i[lg ﬂp[‘iﬂns: nnnnnnnnnhhnnnnhttoctattttgtattttaaattasaaactnnnnnnn
AR hahaRaR AR AR AR R aRaR AR AR R aN s ahahahaR R R ahohahahabaR R hehohahaban b ahahahanahan b hahahaha]

NN NN NN NN NN NN nnnnnnnnonnnonnnnn o nnnnn

; . ; ; ] nnnnnnnnnnnnnnnnnt tgatatas tgctgatctcaccacctgo

E} Exons m LbbellE e E:E'E:t'f_-'ﬂlmg clse m lower case. cacaaagtaaaaactctoctaaatgtcaaacactactattataagtaatac
.:::_'} CTS 1n upper case, UTE m lower case. tattctatcattgagacaactatggttctgtatctoctttaaggagtgoag
) tctaggcaacaacatatttcaacatcaggtatctgttatctcatgttoct

{}ﬁﬂluppﬂrcaﬁe_ aagttcatctttttacctgatcaatattagtaaagatctatggoctcaag

tgaactttactctatgaatttacaattgggaacttaggttgaaaatttac
ctagtattatttattctgoctgotataatttattatttiattoctgoctgotat
tgttgoccctaatcagttatcatgoctocttactggactctgacatggtaagt
aatgtcaattaatatagttgtgttatttitaacattatticaaaatatttt
aagtgaaatataagactcgttacaaaaggacttagacagaggttataaat
tattaactttttoctcaagagaagtattigtgtacttiaatgacaagttoct

L ) All lower case.

Mask repeats: ) to lower case ) to N

cancel
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Other Genome Browsers: ENSEMBL
http://www.ensembl.org

{ | BLAST/BLAT |BioMart |Docs & FAQs | Mirrors

| Search: | Allspecies ~ | for | Gio | : Mew to Ensembl?
I e.g. human gene BRCAZ2 or rat X:100000..200000 or insulin I Did you know you can: )
"y § yF §F F Fr F Fr rrFr rFrrrFr 8 rrFr rFr FrrFr 8 N §F Did you know...7?

e?l Learn how to use Ensembl
with our video tutorials and walk-throughs

A preliminary

Browse a Genome assembly of the NEW!
e? Add custom tracks commaon baboan

The Ensembl project produces genome databases for vertebrates and ather eukaryatic species, using our new Contral Panel (Fapio _ _

and makes this information freely available online. hamadryas) is now available

. . o 2 Upload your own data on our prel site,
Click on a link below to go to the species’ home page. 2 .
: " Hed and save it to your Ensembl account hitp://pre. ensembl.org

Popular genomes (Log in to customize this list) {Baboon
e?l Search for a DNA or protein sequence

. Human using BLAST ar BLAT

L & | GRCh37

| ;

A e? Eetch only the data you want

Mouse from our public database, using the Ensembl Perl AP
‘ HEBIbE=T e Downloead our databases via FTP

in FASTA, MySCL and other formats
Zebrafish
A v e? Mine Ensembl with BioMart

and export sequences or tables in text, html, or Excel format

Still got questions? Try our FACS

All genomes

— Selecta species — hd

“iew full list of all Ensembl species What's New in Release 56 (15 September 2009)

Other pre-build species are available in Ensembl Pref — New species - pig (Pig)

New species - marmoset (Marmoset)

Ensembl iz a joint praoject between EMEL - EBI and the
Wellcome Trust Sanger Institute to develop a software EMBL-EBI & i
system which produces and maintains automatic

Multispecies views (all species)

L
L
# New rat gene set (Hat)
L
L

New Requlatory Feature Panel (Human, hMaouse)

annotation on selected eukaryotic genomes. Mare neves.

Ensembl receves majar funding from the Wellcome Trust. Our acknowledgements page includes s 2009-12-16° Ensembl Evants in January 2010

a list of additional current and previous funding bodies. M MWavination tips
o PNNE-17-11- RBlawe an Pral e - -
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| have a promoter sequence and
how do | scan it for known

TFBSs?




JASPAR: http://jaspar.genereg.net

Browse the JASPAR CORE database directly:

You are using the JASPAR server: jaspar.genereg.net

JASPAR CORE Plantae JﬁlSP CORE Fungi Jﬁl‘SPﬁlE CORE t-:.r Structural Class

DOCUMENTATIO DOWNLOAD CONTACT

The high-quality transcription factor binding profile database

Browse the JASPAR CORE database directly:

e, . I - [ searcr [ 1]

JﬁSPR CRE Insecta JASPAR matrix models: ANALYZE selected matrix models:

-————— cuuster | + | selected models using srane

Create RANDOM matrix models bazed on selected models
MAOODD31  TRAP2A Homo sapiens Zipper-Type Helix-Loop-Helix

JASPAR. CORE Plantae JASPAR. CORE Fungi Q- M o Frelses: S

DOCUMENTATION DOWNLOAD CONTACT

JASPAR. CORE by Structural Class |

1z 2 4 % & @9
[ IH‘:II.II?W(I?EIIS

Create models with PERMUTED colurmns from selected:
mA0004.1  Arnt Mus musculus Zipper-Type Helix-Laop-Helix A — -
Type: | within each mati: | Format:

CIH"I:II.II?WI:I?EIB PERMUTE n

| RANDOMIZE | ? |

-

SCARMN this (fasta-formatted) sequence with selected matrix models
MAO00E.1T  Arnt:Ahr HMus musculus Lipper-Type Helix-Loop-Helix C
—

E Itﬂ"buhwthﬁlh

2
MA0DOT A Ar Rattus rattus Zinc-coordinating :2;”;;1”;'”“':'8” 1 'cp I c
h’?—T .-?Ef -.-;1"= ‘? 5"‘
2 [
!

-

8 B0 12 1% 16 1B 20
EIH'I:H.II?WU?EIIS

Beta-Hairpin-
MADDDS 1 T Mus musculus Ribban T LIA T I__A&

1 2 3 4 5 & 7
DIH'tIUI?th?EIB

mMaodid44  Paxs HMus musculus Helix-Turn-Helix Homeo i
{ o%0 10 E,Jﬂc,-,

2 04 & B 10 1T 1+ 16 18 20

ik o vkw ckfalk Relative profile zcore threshold |E=I:I |%

scan |2

Haormaone-nuclesr

2
H 0 1 |
AT T A MREF omo sapiens Zinc-coordinating Receptor h AECHT A-‘*—C‘f"l'
5 e

1 22 4 56 7 & 9 10111221214
Clekoukwceale
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JASPAR: http://jaspar.genereg.net

r-----------‘

e [T T G I T ) I N

[ 1] name
|
IMADDDSJ TFAP2A,
|
1
|
=mmm?.1 MR2F 1
|
l
|
=mmma.z CREB1
|
l
|
Meooze1  E2F1
|
1
|
=mmnzs.1 MFIL3
|
l
|
|mmnza.1 ELK1
|
I
|
Immnam FOXF2
|
|
—
2/24/2012

% JASPAR matrix models:
species class family
Homo sapiens Zipper-Type Helix-Loop-Helix
Homo sapiens Zinc-coordinating :Ercrggtn;-nuclear
* Ratlus
norvegicus
®* Homo sapiens Zipper-Type Leucine Zipper

& Mus musculus

Winged Helix-

Homo sapiens Turn-Helix =i

Homo sapiens Zipper-Type Leucine Zipper
Homo sapiens ?S?E_T_lde:?f"x_ Ei=

Homo sapiens inged Helix- Forkhead

Turn-Helix

ANALYZE selected matrix models:
sequence logo CLUSTER | 7 | selected models using sTame
) Create RANDOM matrix models based on selected models
i
_ Mumber of matrices: 200 Format: | Faw w
= __ _}
1 =z 3 4 i B 7 & A
Clckoukw cktalk RAHDOMIZE 7
) Create models with PERMUTED columns from selected:
i
il S
_ %‘;‘?I Type: | “within each matix » [ Format: B aw o
1 232 &« T & 7 & 9 10111212 14
Clkoukw ckalk PERMUTE o
I BN BN DN D B DD N D B B D D D B D B B B e
- I SCAM this (fasta-formatted) sequence with selected matrix models
) C [ *hgl8 ct threfCene 787 NM 0004828 up 1000 chrl 172153140 r A
I"—:—:'- b range=chrl:172152140-17Z154133 L5'pad=0 3'pad=0 strand=-
ERERERERERTRERT | zepeatMasking=none
© I B ukw el | SEEEACACATEACCCTETREREATICTOREEECETTICERACARTTCTCE
GCTACTLTTCACACTCEACATCEAGLEECTTCAAAGEATCCAGELTCTIAL
| TCAGCCRAGRACTTAGACACAGCTTCAGTTCAGGAGAGATGTCCTCTETC
: | ATGARCLAACGALCTOTECALAR TGO TAT CACTCCALCAACAAC TACALL:
1 GAGTECTTEATCACACAGLAGCALGCACATECCLCCTETCALCTTLGT G
= J CTGCAGTCCTTRTGATGRTGCTTTTGECTATTTCAGALCABGEALATCTA
N EAT | AL AR CTGCCCTTTATCTCCACTACTTITEAATTTACCCAATCTCCCEA
Gk T VW cRlk ATAACTARTAARRATARCATACACATARATATAATTTAGTTITCTTITTTA
| TTTCAGCAGTTGTACGTGGGTTTTTCACCTGCCCCGCATTCTGTCTCCTE
2 | ATECCEATIALACT I AR AT I ICCEAREIEEICACACEECTIS
GARACGL LT TG ATECACCECLALGCECTGLTICTTCTCTCCETETOCE
! T I 0 ACCACTTCAGGLCTEC T LG EAATCEETCTETCTGTCELCCACAGLTITA
T = | AEEATIEIEITTTIEETICTC I ECCAREERCACETTEECACTCRGATES
R T T CTGAAGGTARCAGETTGTCCCTCTTTGCCTTCTCTARTTAGATATTTCTC
l T I eI CCATAAACARALC TAT CALAGAGLETCELTATE
N AT T e T T TACT T CCTARCCARGTTTCAGECTAT GA
: AT T T eI T T T TATARALC AL CAGARGAGT AL GI-AL
1 [ T A A A LA TG TCAGLCTTTCC LT L GO TEATTAACTTTA h
oC
et ! I Relative profile zcare threshold B0 %
1 2 39 4 5 & 7 & 9 1a
Clckoukw cktalk I
I SCAH | ?
- "N §F N § § B F B B B B R FR R B F R ER B R R F
i C
A o
J—I I q—\_._
1 232 & T & 7 & 9 1di111212 14
Clkoukw ckalk
Biomedical Informatics 16
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JASPAR: http://jaspar.genereg.net

445 putative sites were predicted with these settings (B0%) in sequence named

hgl8_ct threfGene 6787 NM 000488 up 1000 _chr1 172153140

By

Model ID | Model name | Score | Eelative score Start | End | Strand | predicted site sequence
RAAODSS 2 | AP b./oY | 0.85055/025206700 |3 4 1 TGACAGA,
MAODZE. 1 | GATAZ £.559 |093E577973528286 |7 1M1 |1 AGATG
BAADOZT 1 | GATAS 4414 | 0.833279644173352 |7 12 |1 AGATGA,
LAOOODS 1 | TEAPZA 0.00b  |0.59253776907006812 | 13 21 1 GCCTCTGGE
IOAOOODS 1 | TEAPZLA 0125 | 0.9260265502573520 | 14 22 -1 GLCCAGAGG
BAAOOSE 1 | MIF1 1-4 4846 | 0.80B575055857775 |18 23 |1 TGEGECA
LEOTET. T | MFIC 5060 | 0.8547240705680730 | 18 23 1 TGGEGEEA
rLAOT0T.1 | REL b.973 |[081651ES52502126 | 18 27 1 TGGEECATTCT
hAOG42 1 | SCXI10 £.352 | 0.886446713233527 |22 27 |1 CATTCT
AAOODS 1 | TFAP2A 4649 | 0.812599397463511 |24 32 |- GCCCCAGAA
hLAOOSE T | MIFT 1-4 4965 | 0.813099655501624 | 27 32 1 TGGEGEEE
AOT&S 1 | PLAGT 12055 | 0829300251017 083 | 28 41 1 GEGEECECCTTTGEEA,
AAOODS 1 | TFAP2A £.702 | 0.846961000372097 | 31 39 |1 GCCCTTTGG
IADTS5 1 | BRCAT 4565 | 0.80685/65016573 | 33 35 -1 CCAAAGE
A OS42 1 | S0X10 5659 | 0.651241457314128 | 34 34 1 CTTTGG
BAAOOSE 1 | MIF1 1-4 5833 | 0.851836911132592 |36 41 |1 TTGGEGA
IMAOIET. T | MFIC 4801 | 0.836001153621289 |36 41 |1 TTGEGA
LAOODS 1 | TEAPZLA 4865 |0.81977540597959568 | 44 52 -1 GLCGAGAAL
AQOTF 1 | S0OxS 7 .851 0.85253581.205405345 | 52 RO -1 GAACAGTALG
BAAOO32 1 | FORCT f.801 | 0.889769661179929 | A3 GO | -1 GAACAGTA
oRY 0.58150285858035605 | 54 b -1 GTGAACAGT

BAODES. 1

b.137
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Gene-Regulation: http://www.gene-regulation.com
gene-regulation.com e

* Home Database Login

» Databases Pl‘ﬂl_:l rams User: ajegga.
» Free Trials

*» Programs I > Mame
L ® .liBabaz ® MatrizCatch ® molwSearch
» Publications
- I ® pPOxSHADE ® mZtransfac ® p-ratch I = Passwaord
» Subscriptions [ ® Clustalw % ® Composite Module Analyst {CRAS ® patch I T
: og In

g EVEHtS EE‘E‘ WEI:l.SItE:I I L D|E|||gr—|2 L F'Dl'}".":l'.Sl:aﬂ L ShEllEISt I I:'EISSWDrd fl:lr'I;II:lttEﬂ?

» Mews (BB Wehsite) I ® F-Match ® [LeoadSeq ® ShpFind 1 Mew User? Meed Help?

s Linkes ® atch ® SignalScan ® T{Blast I
l----------------------------- Feedback

> About Us Contact us

your login name: ajegga

Select a previous search result: and WIEW | It DELETE [it

[Deiere |

A Match™ version with additional functionalties | Goto Match Profiler |

is included in the ExPlain™ Analysis Flatform
MATC H - public version 1.0 B IO B A S
: Biological Databases /

Matrix Search for Transcription Factor Binding Sites Biologische Datenbanken GmbH

Please enter a hame for your search: default

Need to have
an account

O Select one of your stored sequences:
. OR take an example

use_high quality matrices only

OR take a new sequence and enter a name Cut-off selection for matrix group: (fre e fo r
O] default — > '
'::tr_ © | _to minimize false positives
' O | to minimize false negatives
- | to_minimize the sum e
academic use
Please enter your sequence or several Allowed formats 0.7 and 075 | as
sequences (you can use cut & paste): are: RAW, mat. sim. and core sim. cut-off
»*hgld ot threfGene 6787 NM 000483 up 100 4
0_chrl 172153140 r FASTA,
range=chrl: 172153140-172154139 S'pad=0  TRANSFAC, Predefined Profiles:
3"pad=0 strand=- repeatMasking=none EMBL, @ our F_)I'Dﬁ|ES muscle_specific. pr v
GETEACACAT CACGCCTCT GEECATTCTSEEECCCTTT GEE
ACAGTTCTCG GenBank, IG CJ our profiles v
CCTACTSTTCACACTGCACAT SEASSECT TCALAGESATCC o
AGGETCT GAA x,»-’(’ .
TCACGCCALCGAACTTAGACACAGCCTTCAGT TCAGEAGACAT A 5
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How can | identify putative

regulatory regions for a gene or
microRNA?




| have found a miRNA enriched in my gene list or | am
interested in a specific gene and | want to identify
putative regulatory regions for miRNA/gene

GenomeTrafac: http://genometrafac.cchmc.org

GenomelrakaC

A comparative genomics-based resource for initial characterizaton of gene models and
the identification of putative cis-regulatory regions of RefSeq Gene Orthologs

o Cis-elements shared between anv cene pan

Find shared cis-elements between user-selected gene segment pairs.

o Conserved Cis-Element Scannel

Cenome-wide ortholog conserved Cis-element module search %

Note: If vou publish results obtamed using GenomeTratac, please cite
Jegoa et al., Nucleic Acids Bes. 2006 Dec 15; [Epub ahead of prnt]
OR

Jeogoa et al., Genome BEesearch 12: 1408-1417, September 2002
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GenomeTrafac: http://genometrafac.cchmc.org

[,\\3 Basic Search

Drezcrption W

Search by disease, gene ontology, pathway, gene family, or custom groups

Select Query
Disease fAlways use Disease Selector)

Pathvaray fAlways wuse Pathway Selecior)

Gene ontology fAlways use Chetology Selecior)

Ilammalian phenotype fAlways use Phenotype Selector)
w | Gelect gene faraly from the list
% |Gelect custom group from the list

Cuery took 1514 5

OICNORONONC

(2 genes meet the search criteria)

i Query Term Accession Number Name
LIIR-1224 gl IEN1224 LIEM122A Human microBNA 12244 hea-mir- 1224 RII000D44

2/24/EMIR-IEEH mgI'u'IimIEEj%gga Biomedical |nformati|&-gj.mlﬂa1MDuse microREM A 122a mitna-rmar-1224a LIIOOODES




GenomeTrafac: http://genometrafac.cchmc.org

First Sequence second Sequence Tinestamp Action
hgb BTN 1224, MIEIN 12248 Human microEINA 122a hsa-mir-122a  |mghdirn122a, Miml22a Mouse microEINA 122a mimu-rmr- 1225 07950006 12:00 View
MATOOO0DS4 BATOO00ZS - |Begulogram

Regulogram
bp TraFaC Image First Seq. UCSC map second Seq. UCSC map
Mirn122a Mouse microRNA 122a mmu-mir-122a MI0O00025
a824 5391 Y58 Ha2b 100493 11661 13228 14795 16363 17930 19498
I I q [ | || | I | I —l]:
o, 20 '
5 "
LL o sl e sown AU s
£
o
T
|_E'Tl B LN St R
a0 100 e
254 m U T E
03 20- | w3
= 51 —
IE’ { L 4p S
0 m—‘,,\ H\'w 'f_zﬂr
. -0 =
B
0 | 0
—— = S — " E——— —
2664 4025 387 744 2110 H472 10834 121945 13557 14914 16281
M Exons M Repeats MIRN122A Human microRNA 122a hsa-mir-122a MI0O0004d4— Hits Fercent ldentical
Size: 850 X412 [0 Show ordered same-family hits also
Combme wnordered same-family matiices [0 Show only ordered same-family hits
NMunl22a Mouse microBINA 122 a ramu-maar-122 a MI0OOO2 S
From: 3824
| Export mouse GFF || Open mouse GFF_IJCSC | To 19438
MIEN122A Human microBIVA 1224 hsa-mair-122a MIOOO044 | From: |2664
Export human GFFE en human. GFR ® .
2/24/2012 \p—?egég—%ﬂemeeﬂr%{%%atlcs To: 16201 22




GenomeTrafac: http://genometrafac.cchmc.org

TF BS Freqg
Seqd

Se

Hits

Sedl-Seq?

Mirn122a Mouse microRMNA 122a mmu-mir-122a MID00025

3824 391 BEY958 852hA 10093 116R1 13228 147495 1B3R3 174930 194498
N 11 | | ] | | | Nl —l]:
20 '
0 MMMMWMMMMMMMMM s ko ab Bl T R TOR
17
[ L dur b
a0 100
20— ol
204
k 5O
154
410
1D_P‘I f H.,
- Vﬁ 20
i | i
:l:i:-] ‘ || || I N i | || |
2bh4 4024 aa3aT 2110 q472 10834 121494 13447 149149 16281
MIRN122A Hum icroRNA 122a hsa-mir-122a MID0004 4= 1t Percent Identical

M Exons M Repeats

|esluap| juaadad

M Exons M Repeats

MIRMN122A Haman microRNA 122a hisa-mir-122a MI00004 4= Hit:

Fercent Identical

First Seqg. UCSC map second Seq. DCSC map O |10x % | Zoom
Mirn122a Mouse microRMA 122a mmu-mir-122a MIO00025
4335 49532 5070 5187 5305 54232 55410 5657 STTH f292 G010
gﬁ. 20
fam
(3]
m_ 13
T
EES% ] ;ﬂn/lwfkﬁﬂi,nA;ﬂurh rﬁﬂL,f”xjﬂ;fJ\nnﬁﬁLqrmafw_gfaﬂnmﬁirr”ﬁuf“nfkwaHﬂﬂj“ﬁﬁrm;“
20 100 E
B - a0 g
DTy
0z - 60 =2
'-I=,_L 15 —
I = T (-
O 1 (4 1]
a0 =
H.
o - 0=
i ]
0 | 1
4570 4629 4809 45928 A048 5167 5287 S405 5526 fR45 5TRS




GenomeTrafac: http://genometrafac.cchmc.org

MIEN122A Human microENA 122a hsa-nur-122a

VENEX32.01

VIPULD1

Vi CDPCR3.01
VIHINF4.01

VISEF.03
VINBRE.D1
V$VDR RXR.01

V$ZBPE9.01
ViCLOX.01

VICDP.02

VIPIT1.01

VEGATALDS

V$PBEX HOXA9.01

ViCUT2.01

VEGATAD]

ViSO0X5.01

VEFREAC2.01

VEMTATA.01

VISEF.02

VIMZF1.01

[24/2012

4980

5238

Mirnl22a Mouse nucroENA 122a mumu-nur-122a

ViZBPE9.01
VIMZF1.01

VIINBRE.O1
VIHINF4.01

VENEX32.01

V$VDR RXR.01

VIPULO01

VECLOXD01

VICDP.02

VEGATALDS

VIPIT1.01

VICUT2.01

V$CDPCR3.01
V$PEX HOXA9.01

VEGATAD]

ViSO0X5.01

VEFREAC2.01

VEMTATA.01

V$SEF.03
VISEF.02




GenomeTrafac: http://genometrafac.cchmc.org

N Shared Cis-elements
(Genomatix Mamix Family Library Version 5.0 (January 20035))
(For details and annotatons of TEFBS-FPWNMs, please register at Genomatix)

heMIBN122A mehunllla

Famalyv/ M atrix Description

Begin | End Sequence Begin | End Sequence

Homeodomeain
protemn MEXE 2
(BAPX1, NEXZE,

Bagpipe homolog)

VENEXNH/ VEINE32.01 4353 (5007 COCCCACTCAGUAGA - [ 5301 |5515 CTGACTTAGTGEACT +

Pu.1l (Pul2d)
Etz-like transcription
factor 1dentified m
Iymphotd B-cells

VEETSE/ VEPTU1.01 5001|5017 CAGCAGAGTAATGGEACT +| 5326|5544 COTCTOTICCCCCACAS -

Cut-like
VECLOX/ VECDPCR3I .01 hotmeodotnatn S020 |5058 CCAATCTTGCTGAGTGTGT - | 5545 15561 TCOGATAATTTAATGTGACT -
protetn

Hepatic nuclear

VEHNF4/ VEHNF4 .01
factor 4

5037|5057 GUITTEACCAAAGEIGETECTG [+ 5283 |5303 GITTGACCAAAGEIGACTCTG |+

=BT PESH OLSIVE
tactor

VESRFF VESRFE.03 5038 |5056 TTIGACCA A AT ST - [ 23%% |5417 GEATCCCATAAAGGFAGAG -

Hepatic nuclear

VEHNF4/ VEHNFE4.01
factor 4

5061 (5061 TAGTGGUCTAAGGTCOGETIGOCC [+ 5307 (5327 TAGIGGACTAAGGTCATGCOCC |+

Monomers of the nur
subfarmily of miclear
receptors (nur77,
1, nor-1)

VEIRORAVSINBRE.OL 5065|5083 (i CCTAAGETCETECCCTC +| 5255 |5475 (AU TGEACCTTCGETT -

WDEEZSE Vitatmun
VERNEF VEVDE REYE.01L D receptor B3R S071 (5095 (AT DG T oo TOOC T OO ACT G - | 5317 (25341 | AGETCA TGO TOTOT OO ACA | -
heteroduner site

Zine finger

VEZBPF VEZEBP32.01 transcription facter | 5077 |208% | TGCCCTCCCTCCCCCACTGAATC (| 5245 (5267 | GOGGCATGEGGEGAGCTEEACCT |-
AN

AP IO T.OX .01 Clox 5089 |5107 | e gg @ A OTAAATOEAT ARATE +| 53534 (5352 COCCCACAATCGATAATTT j%




Tools

ECR Browser
ECRbase

Nulan
ZPicture
eShadow

DIRE
synoR

Array2BIO

multiTF
FWista 2.0

MEWS
PUBLICATIONS
ABOUT US

LINK TO DCODE!

2/24/2012

DCODE: http://www.dcode.org/

NCBI DCODE.org Comparative Genomics Developments

comparing genomes to decipher the code of gene regulation

Whole genome alignments
__r"l _I" ECR Browser -- Evolutionary conservation of multiple genomes. Identification and sequence analysis of regulatory
. 1EU elements.
Bl JJ_I Genome Alignment in ECR Browser -- Align your FASTA nucleotide sequence to a gcenome of choice.
aA__ il
I T R

Multiple and pairwise sequence alignments

Mulan -- Full multiple sequence alignment. [Interactive conservation profiles, phylogenetic trees, etc.]
ZPicture -- Stacked pairwise and multiple sequence alignment.
eShadow -- Phylogenetic shadowing of closely related species.

Regulation of co-expressed genes

RE -- Identification of proximal and Distant Regulatory Elements of co-regulated genes.

Di
@, SynoR -- Prediction of synonymous regulatory elements in vertebrate genomes.

o~
=

[dentification of conserved transcription factor binding sites (cTFBS)

EVENTI1_0O1
aTAT 01

il

Excluding up to 95% false positive TFBS predictions using sequence conservation as a filter,
multiTF -- ¢cTFBS in multiple sequence alignments,
rVista 2.0 -- cTFBES in pairwise alignments,

Additional resources

S o

Insitu.dcode.org - Xenopus tropicalis in situ database
Reverse complement a nuclectide sequence
Batch sequence retrieval from the UCSC Genome Browser

Jegga Biomedical Informatics
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ECR Browser: http://ecrbrowser.dcode.org/

&

e m—

T aa T

,—-------------------\
l base genome feature ar position (chrf:from-ta) \
- multiple gene annotation tracks \ Human b ':':HDﬂ /
- passibility to submit your own custom genome annotation L L L L L L T
- share your cussom annotation by submitting it to Genome Alignment in ECRE Browser & Aligh your sequence to a genorme

the ECHE Browser Llser Annotation Database
- enhanced search through Ref3eq, LUCSC, Ensembl, mEMA, 5TS, SMPs, e, ]
- zoom infout using mouse wheel (similar to Gooogle Maps) Instructions on howto use ECR Browser.
- drag & drop rearrangement of gene annotation tracks
- drag & drop recentering of the conservation plot
- gene annotation drop on the conservation plot changes the reference annotation
- newy alignments with repetitive elements included (calored in greemn) ‘ﬂf Add ECR Browser search buttan to your Google Toalbar,

- svnteny annotation under each conservation track Clivk HERE and select vour favorite genome
- oh-the-fly ECR and gene annotation =Tt ¥ o :

- single mouse-click Grab ECR function ol [P caarch . gl

- kevhoard shortcuts: : W= |
0 - Zoom out 3%, 1-Zoam in 3%, = - shift to the right, < - shiftto the left, 1- flip the plot, - genome selection
window, p- parameters window, ¢ - highlight coreECES, 1 - reset parameters to defaults, T - refresh the page,
a - additional alignments, m - main gene annotation, z - blast-based genome alignment

CL AL

Note: ECRE Browserwas tested on Internet Explorer 7 and Mozilla Firefox 2. We were also told itworks on hoth
Safari and Opera. Please update your Internet broweser, it you experience unexpected behavior of ECE Browser.

Multispecies (not limited to

pairwise comparisons)
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ECR Browser: http://ecrbrowser.dcode.org/

Fefseq genes...

chil1:EY1h5054-91 73425 E:CIHGEJ“I ey lin Ol
UCSC genes...
chil1:E9165054-69178423 CCROM cyclin D

Ensembl genes...
chil1:E9165054-69178422 ENSTOO000Z227A07 CCMDT_HUIMARM
chil1:EY165054-69178422 ENSTOOO00Z27A07 CCMDT_HUIMARM
chil1:EY165054-69178422 ENSTOOO00Z27A07 CCMDT_HUIMARM

A4S NN IN NN DINN NENN NN NN NN NN DN DEEN DD DN BN DN DEEE DN DEEN DN DEEN DN DEEN DEEN DNEN DN DN DN DN DEEN DN DN DN DEEN NN DN NN DEEN DNEN DEEN DN DEEN DEEN DEEN DN DEEN DN DEEN DN DN DN DN B N S

l Hase Genaome DA, ECEs Consened SMPs SyntenyiAlionments Custom annotation zore ECHs [V] Feset settings Instructions External tools I
--------------------------------------------------------J
ECF. Browser on Human (hg18) hitprecrbrowser.deode. org

13,370 hps gene ar position {chri:from-to)

ECR ECR Layer Coordinate = a.r 4
Parameters: Graph  length  similarity  height system , L chri1:63163034-631 /8423 i
(change] smooth 100 0 55 ralative f”m}. GENOME ALIGNMENT: Al|gnynursequencetnagennme
RefSeq Genes - -\
- - L i . |CCND1 +
1009 ~I
% fr2 ———

509

o

100%

xenlmn? ﬁ b
| . NWM 50%

100%

A .  WOVAW T W VY
La g s o

100%:

'Y A Ao =
1009

MM.\MW A MWWW anran ol

: i r"lﬂll - : 509% Lt

100 %

rhehac? b
59 ‘ﬁ

L

T T T T T T T T [10.000 T T T +
EMNSEMBL Genes
. | | | | |[ENSTO00002238
} FHEMSTOODO0D3
LCSC Known Genes
. |2 | || [CCMO
} FeAK 124252
Heﬁquenes »
. |3 L || |CCMO +
iMF Expression Atlas 2
HEEEEEESENEESEEEEEEESEESESEEESEESEEEEEEEEEEENEEEENEENEEEEEEEEEENEEENEEEEEEEEEE 214019 at
[TTTTTTTTTTIT T [ T T, 15 711 = at »
3L NN NEREN SEEEE 208712_at
gnf1h05610_x a
gnfih05609 af
SMPs
I [ I [ [ . Ir=32 12868 I | 1 I O I | - | [ CE1Trr e 11l [ 1 0 O I I | I [ 10 TEE T rs1803190 |

Ir=17852153



ECR Browser: http://ecrbrowser.dcode.org/

ECR :: Evolutionary Conserved Region

Elﬂlt Blastz alignment... ok
Fetching annotation files... ok

ECR [Evolutionary Conserved Eedion]
location: chr11:69166218-69166661
length: 444 hps
identity: 75.7%

Defining transcription factor binding sites

& TRAMNSFAC professional Wio.2 library
Biological species

ﬂ.-'er‘tel:urates [ insects
Al t [] plants [] fungi
|g|"lm'E!|"I [ rermatodes [] bacteria

conserved transcription factor hinding sites (TFES

. . Matrix similarit
averlapping alignment block: !

chr11:69160152-69169452 -vs- mm9:chr?152121812-152129815 % © optimized for function

{:" Predefined as I 0.85 w

Matrix selection

SUBMIT

152124700 1521246380 152124660
mmY GETTCTGEATTTGEAGEALCCTE T TAGGTC AR C T GGG ok A C LA A A GO

1 I AR I 11 [Tl | | NN '::::'USEF—dEﬁﬂEdEDﬂSEﬂSUSSEQUEHEES

[use anly high-specificity matrices

hols GEATATCGGCTTIGGAGGACCTICTCCGAG-CLAGCCGLEFECCTHG———————— AGCALC
EAlaa2ls E9laGs5a EAlaa257 I
152124640 1582124620 152124600 Total number of transcription factor families: 467
mwmY AT TICAGATGT ICAGCAGGAGACTCAGGGGTCCC AL AR TAT T T TALMMTAAT T -0 SELECT TRANSCRIPTION FACTORS
(1 1 T I A A A I A O I I O O I SELECT SEPARATE TRANSCRIPTION FACTORS
hold ATTTTCAGACCTTICGGTGGGCGECTEAGGGGCCCGLAAGTATT T TAARATALT T T T T xAk A
9166269 EOl66289 69166309 Hacaar 8 [larei ge [JaHr Clanrarnt  Clanrnir g6 [Clane g5 [lare [JalpHace1
T Clamerz gs Clamua Clam os Clame os Clapa Ll apie o2 Clapl c
152124581 152124861 152124E54% [lap1 oz [lap1 g4 [lap1 ge Llapzaipna  Clapzgamma  [apzrer [lapz 03 Llapz g6
un? AGTGAGGCATAATGCCCTTGT-AGAGGCARACAGCGCCCGCACCC-TELALLAGGGGGEE Claps 06 [lape Clapa 05 [lapa 06 Dlapovas  [ar [larees ;s
A N R N N R A R RN RN R e R RN Cares Uar oz Daros  Uamatae  Uarw Uates 06 Dlates 06 [atra o2
hols AGTGCGGCGTGGTGCCCT TG GAGAGGGAALCGCCGCCCFCGCCCAGG GG AL GLGEE [ atre Olate &
GEA1EE3ZD GA166349 EA1E636D B.C
lpacH1 CleacHz [learplE Cleews e Cleumer 0s  [lpracH Clerca Clernz
152124525 152124503 152124455 Clcaat Lcaat © L ecaceinoing [Jcacceeinot [oaco Ccap [carTt Clcer
mm% CCCCGGAGTTTGAGTTGCTGGAGCTCACCCCCCGATGTCCACTGAGCTCCTGACCCTCGE Dcocs Ccoe Ocoeces  Dlcoecrs  Dlcpecrsip  Dlcoxz o5 Dlcoxa Ucox os
COLLLLITEITEr T TEr L 1n | | TR TNEER [Jceer [1ceera [lceere [Jceerperta [ ceprcamma [lcepr C [lceer o2 [lceer 03
hgld CCCCGGAGTTTGAATTCCTGGGGCTOCCCCCGEAGCCTRTALCGAACTCCCAACCCCCGE Ao dczmien ol AL L docnee docs
50166380 50166400 50166420 [ cmar Clcmve [lcomeL [Jcorepinoin [ cour L courtr g6 [lcour pr1 g Cleopz
[ cres [lcreeatr gs [lcrepr Llcreepicaun [lcreerr gz [lcree gz [Clcree gz [lcree o4
1521244673 1521244473 1521244273 E% e
wmY CTTIGGATCALGGGTCGTCCGAT GG T TAT T TTCAGGTCGT I TITAGGCACCTA N
Cloer os [l oEart Cpec g1 [l oELTAEFL Clor1 o3 Clors o4 Clopa oz CloTrrers B
Lttt el rerrrrind FETTET T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e [Je1z g6 Clez Cleza oz Cleza o6 Cleze Clezriorr Olezriopire ClEzFiprz
ClezF1 os ClezF1 o4 ClezF1 os ClezFapP1 ClezFapp2 ClezF g2 ClezF o3 ClezF o4
ClezF g8 Clez g8 Cleaz [eappa Cle4F1 g8 LleerF g8 [epox o8 Clerc gs
Clecr1 Clecrz Clecra Clecr g8 CleLF oe ek Clent Clerri g2
[ler o6 LleTr g6 [JeTs1 B Llersz B LlETs 04 LleTs 06 Cewit
F
[rac1 [roxDps [ oz [ JFoxm1 [roxo1 [roxos [ roxos Clroxp
Clroxes 04 Clrox oz ClrrEAC? ClrrEACS ClrrEACY LlrrEACT Clexr 1r1 g6 Clexe g3
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ECR Browser: http://ecrbrowser.dcode.org/

Request ID: xbr01202010181133958

Hummary:
43 conserved and 43 aligned transcription factor binding sites (TFRES) were identified

{——————————————————————————————~
[

Dynamic visualization: |
Dynarically averlay TFRS prediction with the conservation profile [
I and perform clustering [

CONEFEEATED

‘_-----------------------------" I-|r- .-; J .__ _I-.I{.-l
Alignment:
Highlight TFBS positions in the alignment 40 50
VATAAGAGATAATAATCTATT

TP
5CT- - GAGATAATAATCTAAC

3 GO

Binding sites in the input sequences:
207 TFRS detected in the base seguence
173 TFBRS detected in the second seguence

Input files:
Sequences: segl.fa i seg2.fa
Gene annotation: annol @ annos

Ferun r/fista using different pararmeters

2/24/2012 Jegga Biomedical Informatics
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ECR Browser: http://ecrbrowser.dcode.org/

Picture Clustering
Bazes per layer: | 1k:b W F flip

'::‘E' Individual clusterin
Pickure width (in pixels): | 1200 "ﬂ*ll 1w zite(s) per| 100 W bps SUBMIT
D Srmooth plot I
I '::::' Combinatoral clusterin
Il 1 % zite(s) per| 100 % bps

|
[
[
[
[
[
[

Show
c-:-nier'.'ed I
‘ Daligned ,
1 an
\_ N N N N N N _/

Select TF Subset Summary page List clustered TFBS

CCNDI1 ﬁ ﬁ

TEF Q6 [ ] CONSERVED
SF1_Q6 H

CACD B
I |

rBRE] [ |
PPARG B

COUP_DR1 Q6 [ |
HMEF? Q&

pIRLEEF S
TCFII
“REB
CREB_Q32

REB_Q
ATF3 Q6
ATF4_Q2
CREBPL Q2
uIF
HEEALF L
“REB_(Q3
E4Fl DOfH

ATFG

=
7

ETAT]
P23
ETF_Q6

AHRARNT

TFi

WwHiM B
MUSCLE_INI_B

100°%

W irergens .
iFrran seql

Ecoding —_— - S -
UmTR

seq2
-rg pEaT —

| J T 1 T T T 1 50°%
0 111 222 333 444
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RESOURCES - URLs: Summary

Genome Browser http://genome.ucsc.edu
JASPAR http://jaspar.genereg.net/

Gene Regulation http://www.gene-regulation.com
GenomeTrafac http://genometrafac.cchmc.org
DCODE http://www.dcode.org/




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

3 Known transcription factor binding sites (TFBS)
< Conserved

« 0OPOSSUM
. DIRE 1. Each of these applications
. support different forms of
“ Non-conserved input. Very few support
e Pscan probeset IDs.
- 2. Red Font: Input
. Matlnspector (*Licensed) e Tont. "NpUt sequente
_ required; Do not support
L UnknOwn TFBS or NOVel mOtlfS gene symbols, gene IDs, or
2 Conserved accession numbers. The
advantage is you can use
oPOSSUM them for scanning sequences
« Weeder-H from any species.
.:. Non_COnserved 3. *Licensed software: We have
MEME access to the licensed version.

» Weeder



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

J Known transcription factor binding sites (TFBS)
<+ Conserved
« oPOSSUM
 DIRE
<+ Non-conserved
* Pscan )
« Matlnspector (*Licensed)
d Unknown TFBS or Novel motifs
<+ Conserved
« oPOSSUM
« Weeder-H
<+ Non-conserved
« MEME
» Weeder




oPOSSUM (http://burgundy.cmmt.ubc.ca/oPOSSUM/)

Ty

OPOSSUM s onta

Wwelcome to oPOSSUM

oP25SUM 15 a web-based system for the detection of aver-represented transcription factor binding
sites in the promoters of sets of genes.

AT I E I EEEEEEEEEEEEEEEEEEEEEEEDRN

Humnars3ingle Site Analysis [554)6s designed to detect over-represented conserved

cingle sites 1n hurman and mouse genes,

Reference: Ho Sul, ot & (2005), oPOSSUM: Identification of over-represented transcription factor
binding sites in co-expressed genes, MNAS, 330100 3154-64, PMID: 15933209

AN I E N EEEEEEEEEEEEEEEEEEEEEEEEEEEEERm

HumareComhbination Site Analysis CE.-ﬁ.ElsileﬂtiﬂES over-represented combinations of

EEEEEEEEEEENEEEEQEEEENEN EEEEEEENN

conserYed transcription factor fin Ing sites in sets of hurman and mouse genes.

Supports
human and
mouse

Reference: Huang, 5., Fulton, O, et &, (2006), Identification of over-represented combinations of
transcription factor binding sites in sets of co-expressed genes, in Advances in Bioinformatics and
Computational Biology, Vol 3, Immpernal College Press, London, Uk, 247-56. PDOF,

Worm S5A Enter ==

Worm Single Site Analysis (S54) identifies over-represented conserved transcription
f';_ factor binding sites in sets of £, eleqans and C, briggsae gehes.
£
-

Yeast S5A Enter ==

Yeast Single Site Analysis (554) identifies over-represented transcription factor binding
sites 1n sets of 5. cerevisize genes. Phylogenetic footprinting has not been used far

1;! yeast,

2/24/2012 Jegga Biomedical Informatics 35




oPOSSUM (http://www.cisreg.ca/oPOSSUM)

Select Analysis Parameters ,
Disadvantage:

STEP 1: Enter a list of co-expressed genesg [Supports either

human or mouse
Species:
':E.-:' hurman '::__::' mouse
Gene ID type:
O ensembl O HUG2MGI Sernbalfalias O FefSeq

* paste gene I0s;
[ lze sample genes H Clear ]

only

) OR upload a file containing a list of gene identifiers:
Browse..
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oPOSSUM (http://www.cisreg.ca/oPOSSUM)

STEP 2: Select transcription factor binding site matrices

JASPAR CORE Profiles

O all profiles with a minimum specificity of |3 bits (rmin. 8 bits)

The JASPAR PHYLOFACTS database consists
of 174 profiles that were extracted from
phylogenetically conserved gene upstream
elements. They are a mix of known and as of
vet undefined motifs.

Arnt-Ahr _
ARBT0 When should it be used?

Athib-] They are useful when one expects that other

: factors might determine promoter
JASPAR PhyloFACTS Profiles] - o cteristics and/or tissue specificity.

O all profiles with a minimum specificity of |5 bits (min. 8 bits)




oPOSSUM (http://www.cisreg.ca/oPOSSUM)

STEP 3: Select parameters

Level of conservation:
Top 10% of conserved regions (min. consersation %) I

Matrix match threshold:
Ol w2

Sront o am [/ downstream sequence:

0002000 W

IR anlal=Talui = .5|:l|EI'[.":
& Top |10 » | results

) OR only results with Z-score >= |10 | and Fisher score <= [0.07

Sart results by
() Z-score *IFisher score

Press the Submit button to perform the analysis or Reset to reset the analy
ceconds to a minute ar more to perfarm. Please be patient,

[ Submit ” Feset J
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oPOSSUM (http://www.cisreg.ca/oPOSSUM)

Matrix

Excluded:

ﬁ%‘nalysis Results

Conservation level:

match score:

Upstream sequence length:
Downstream sequence length: zooo
Number of genes submitted:
Number of genes included:
Mumber of genes excluded: =

Target Genes

Selected Parameters

Top 10% of cond |F28

20%%
2000

21
15

TF Class

HOMEQ
HMG

bZIP

bZIP
FORKHEAD
HOMED
FORKHEAD
HOMED
bZIP
HOMED

oPOSSUM Analysis

TF

Supergroup IC
vertebrate 15.5483
vertebrate 9,193
vertebrate 10.670
vertebrate 11.147
vertebrate 14.070
vertebrate 11.127
vertebrate 11.926
vertebrate 9.040
vertebrate 9,187
vertebrate 8.270

Download as a tab delimited text #le (results will be kept on the server for 3 days after an

Background
gene hits

1466

G624

Fool

3376

3533

2391

5516

9599

SE63

10169

Background

gene
non-hits

13684
BSEE6
G149

11774

11617
3759
2634
2251
Q287
493

Target T;:E:t Background | Background
gene hits non-hits TFBS hits TFBS rate

g 7 1560 0.0021

13 2 34149 0.0248

11 4 1a086 0.0104

s g =014 0.0048

i (5] 6047 0.0054

2 & 12155 0.00649

a a] 11145 0.0072

13 2 24092 0.0z261

a a] 12176 0.011s

13 2 29121 0.0333

Target
TFBS hits

il el (=1
RSO K o I Ay B (R Y Y (Y B P R (VR [

Target
TFBS rate

oo o o o oo o o O

0136
0361
0155
0131
0120
0110
0146
0342
0z04
0442

Z-SCOre

22.69
6,967
4,553
10.72
g.z207
4,543
7875
4,571

721

5465

Fisher
SCOFE

2.692e-05
1.55Ze-02
3.175e-02
J3.19%6e-02
4.0Z6e-02
4.696e-02
5.417e-02
6.515e-02
7.8644e-02
g.496e-02

Fedf1a56 350 2158 259 383 335 3273 462 1571 5105 229 325 2168 2244 5053
226830 1338 123 2240 3227 3004

Genes Containing Conserved HNF1A Binding Sites:

Gene ID Ensembl ID Chr Strand TSS Promoter Start Promoter End TFBS Sequence TFBS Start TFBS Rel. Start TFBS End End TFBS Orientation TFBS Score
1356 ENSGO0000037 457 3 -1 150422269 150420270 150424269 GETTAATETTTAAT 150421319 951 150421332 938 1 15,334
350 ENSGO0000091583 17 -1 E1655974 E1653975 61657974 GETTAATETTTAAS 61656032 -58 61656045 -71 -1 13,479
3273 ENSGO0000113905 3 1 187866487 157864457 1878654586 TGETAAATGATTAGT 187866344 -143 187866357 -130 -1 9,708
1571 ENSGO0000130649 10 1 135190857 135188857 135192856 GGETTTATTATTAGC 135190745 -112 135190758 -99 -1 14,409
5105 ENSGO0000124253 20 1 SSSE9543 SSSETS43 SS571542 AGATAATCATTGAA SSSE9296 -147 55569409 -134 -1 9,903
325 ENSGO0000132703 1 157824239 157822239 1578252684 AGTTATTTATTAGA 157824079 -160 157824092 -147 -1 12,759
2168 EN5S5GO0000163586 -1 8208693 58206694 5210693 AGTTAATGTTTGAA 8208792 -99 28208805 -112 -1 12,830
2244 ENSGO0000171563 1 155703596 155701596 155705595 AGTTAATATTTAAT 155702524 -72 155703537 -59 -1 14,863
““ I E EEEEEEEEEEEEEEEEEERmE I.
] L .
g Download as a tab delimited text file =
=
EEEEEEEEEEEEEEEEEEEEENS
Genes Containing Conserved SRY Binding Sites: N
Gene ID Ensembl ID Chr Strand TSS Promoter Start Promoter End TFBS Sequence TFBS Start TFBS Rel. Start TFBS End TFBS Rel. End TFBS Orientation TFBS Score
1356 EMSGOD0D00D4F457F 2 -1 150422269 120420270 1504242693 TTAAACATT 15042132232 247 150421221 2329 -1 6,961
150422269 150420270 150424269 TEACACAAT 1504223261 -92 150422369 -100 1 F.793
150422269 150420270 150424269 TAA AT AR 150423255 -986 150423263 =994 -1 9.474
350 ENSGOD0DOD091583 i7 -1 61655974 61653975 61657974 TAATATAAT 61654150 1825 61654158 1217 1 S5.862
61655974 615653975 G1657974 LT LT e T T 61654256 1719 61654264 1711 -1 2.914
2158 EMSGODD0OD1ID1981 £ 1322440561 1238438561 1238442560 TTGEGEAC AR 1328441494 9324 138441502 Q42 1 6,016
383 EMSGODD0OD118520 & 12132a0359 13212324059 1212322058 ATEAATAAT 121925224 =235 132319325832 =227 29,8635
3273 EMSGOD0D00D113905 3 1872866427 127264427 1237268426 TTAATCAAT 187866425 -52 187266443 -44 8.773
462 EMSCODDOD117F6G01 1 -1 1721532139 172151140 172155139 T T ARG AR 17215321932 -ad4 172153201 -E2 1 5,779
1721531329 172151140 172155139 TTAAACAMC 172153216 =77 OAT2153224 -25 -1 Fo440
15371 EMSGCODD0O0D130649 i0 1 13251202857 1251883857 13251922856 G AT AAT 13518289832 -1874 1351223991 -1868 -1 2,002
135190857 135188857 135192856 GCTAATAAT 135130745 -112 135190753 -104 1 6,366
135200355 1351983555 135202554 TAAAMACATT 135199099 -1456 135199107 -1448 -1 6,342
3103 EMSGOD0D00D124253 20 1 So069543 20267043 20271542 ST AT AT AUl So2e9204 -3329 SooEe9212 -321 1 2,214
e S5569543 S5567543 7 N -162 55569389 -154 1 6,332
2/24/20"%9 EMSGOD0D0D136GEF2 9 -1 102227926 10323225927 Jegg%ﬁﬁorﬁg@ﬁﬁl |nfgzﬁ§§;tlcs 254 103227021 246 1 5,965 39
103237926 103235927 103239926 FTAAATARA 103237407 920 103237415 512 1 7.334



1356
350

3273
1371
3105
325

21638
2244

Gene ID Ensembl ID

ENSGOO0000047457
ENSGOO000091583
ENSGO0000113905
ENSGOO0000130649
ENSGO00D0124253
ENSGOO000132703
ENSGO0000163586
ENSGOO00D0171564

Chr Strand
c -1
17 -1
< 1
10 1
20 1

1
-1
1

T55
150422269
61655974
1837865487
133130257
09569543
157824239
88208693
1537035396

Genes Containing Conserved HNF1A Binding Sites:

Promoter Start Promoter End

150420270
1653975
157564457
135188857
SS5E7543
157522239
85206694
155701596

TFBS Sequence
GETTAATETT TAAT
GETTAATETT TAAG
TETAAATEATTAGT

GIETTTATTATTAGC
AGATAATCATTGAA
AGTTATT TATTAGA
AGTTAATGETTTGAA
AGTTAATATTTAAT

137566344
123120745

157824079

1537035324

TFBS Start § TFBS Rel. Start
150421319

61656032

290636

SEZ208732

TFBS End
150421332
61656045
1878656357
133130758
293263409
157824092
S88203805
1533703337

TFBS Rel.

End TFBS Orientation

238
=71
-130
-39
-134
-147
-11Z2
=99

TFBS Score

15,334
13,479
2.7038
14,409
2,903
12,759
12,830
14.863

Download as a tab delimited text file

Genes Containing Conserved SRY

Gene ID Ensembl ID

250

2158

383

3273
462

2105

221

ENSGO0O000D47457F

EMNSGO0O0000D1583

EMSGO0000101981

EMSGO0O000118520

EMSGO000011390%

EMNSGO0000117601

EMSGO0O000130649

ENSGO0D000124253

EMNSGO0000136EF2

17

L o

20

Chr Strand

T55
150422269
150422269
150422269

61655974

615535274
138440561
131936059
187866487
17215321329
1721521349
135120857
133120837

(]
29369343
25569343

103237326
103237926

Binding Sites:

Promoter Start Promoter End TFBS Sequence

150420270
150420270
150420270

61653975

61553275
138438561
131934059
187864487
172151140
172151140
1351883857

133185837

2093675243
295673243
103235927
103235927

150424269
150424269
150424269
61657974
61657974
135442560
1319328058
157865486
172155139
172155139
135192856
135192856
N7
S5571542
S5571542
103239926
103239926

R

TTAMACATT
TEACACAAT
TASPAIC RS
TAATATAAT
PR RO R,
TTEGACASA
ATEAATAAT
TTAATCAAT
TTASGCALA
TTARSC AT
GRS AN TAAT
GSCTAATAAT

oy g 0 0 T
FTACACANA
AT TAACAAIT
TCTCACAAT
T AR T AR

TEBS Start

1504213253
150422361
150423255
61654150
61654256
155441494
131935524
157566435
172153195
172153216
1351889853
135190745
A
55569204
SS569381
103237075
103237407

TFBS Rel. Start

1325
1712

234
235

TFBS End TFBS Rel. End TFBS Orientation TFBS Score

1504212321
150422369
150423263

61654158

ele5d42e4d
138441502
131935832
1837866443
172153201
172153224
135188991

13531907353

29269212
23389389
103237021
103237415

1217
1711

242
227

2/24/2012
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oPOSSUM (http://www.cisreg.ca/oPOSSUM)

Select Custom Analysis Parameters

STEP l1la: Enter a list of co-expressed genes

Species:

'G:'human G‘I‘l‘lEII.ISE %

Gene ID type:
':::'EHEErnl:-l G‘HI_IG-:-,."MGI Surnbaolfalias G'Refﬁeq I:ji'-h;'Entrez Gene

) paste gene IDs imax. 1000 genes):

| Use sample genes || Clear |

259
Sz2B5
350
335
335
1555

) OR upload a file containing a list of gene identifiers:

| Browse.. |

STEP 1b: Enter a background list of genes

0 Use background set of 1000 randam genes
* OR Paste background gene IDs (mayx. 1000 genes):

Clear

1251
1251
1505
125
10551

' OR upload a file containing a list of gene identifiers:

Browse...

Human 554

Human C5A

‘IIIIIIIIIIIII

wWorm 554

.

Yeast 554

0P 0SSUM Main | Home |

e =TT

L 4

..IIIIIIIIIIIII“

Custorm Anal SiE?-?I Download API | Download DE

oPOSSUM Analysis

TF TF Class
HMF18 HOMEOQ
HLF bZIP
ME=3-1 HOMEO
Bapxl HOMEO
Lhx3 HOMEOQ
Pdxdl HOMEOQ
SRY HM G
Mkxz-5 HOMEO
Fo=I1 FORKHEAD
ora 1| WA

TF

Supergroup

vertebrate
vertebrate
vertebrate
vertebrate
vertebrate
vertebrate
vertebrate
vertebrate
vertebrate

vertebrate

IC

15.545
11.147
11.1:27
g.942
12.941
9.040
9.193
g.270
13.183

13.190

Background

gene hits

N R BT NV O I A

jury

Background
gene
non-hits

10
10

ot I Y A O TN R

10

Target
gene hits

&3 153 |15 |ieo (IS
[ES IV (VI [ I PPV [ (e R DY R EN R T

Target
geneg
non-hits

[ U L A% T T I oy R R o B |

=
=

Background
TFES hits

[ B R i

26
Pt

Background

TFEBS rate
0.0025
0.0021
0.0037
0.0079
0.0079
0.0295
0.0410
0.0344
0.0168

0.0015

Target Target
TFBS hits | TFBS rate

g 0.0136

9 0.0131
13 0.0110
z0 0.0216
11 0.0120
47 0.0342
33 0.0361
52 0,044 2
17 0.0248

5 0.0061

Z-score

£0.32
21.65
10.95
14.26
4,173
2.533
-2.303
4,865
5.955

9233

Fisher
sCore

24z26e-02
4.943e-02
1.042e-01
1.286e-01
1.775e-01
1.526e-01
1.526e-01
1.526e-01
2.14Z2e-01

Z2.73%e-01




DiRE (http://dire.dcode.org/)

DiR

Digtant Regulatory ¢ Llements of co-regulated geneg

hitp#fdire.deode.arglf

jok 1D: 09260910381523049

Home Details Qutputexample Screenshots Return to submitted joh... Citing DIRE Contact us

ldemtifying distant regulatory elemenmts...
parameter optimization: azi
April 30, 2008. The DIRE tool operates with newy ECRE Browser alighments now. It is also possible to run DIRE on human chg18), mouse (mm4), and rat (rmd) genomes.

22 signal genes; 100 background genes

Co-regulated genes: : Background (control) genes: :
Logv @ gagteoene names (aor accessian numbers) (example) : Select the source of background genes: : Automatic status update every 3 seconds,
m | AMBE u . u &) random set of 1|:||:| W | [jenes u Click here to manually refresh the page.
s |serPmat = 5 Crandomsetolplll -
m |aFOH - - O copy and paste background genes -
m |AFDAT m ] [
AFPOAT
: CYP2CE : : : RequestID...
m [CYFZE1 g m Target elements: n _ 0926081006373607
m :Eigf‘m m m m perm link: httpJidire deode. orgi?id=0926091 00637 3607
: ADH1E : : @ top 3 ECRs + promater ECRs [default] :
u |HF - m < UTRECRs + promoter ECRs -
- AT - - O promoter ECRs only - 68 Potential Regulatory Elements... @
g HBE - EEEEEEEEEEEEEEEEEEENEENER intergenic 40 (59%:) |
] :::QGE ] aromater 10 (1 5%) |m
m [P 0 < utr 12 (18%) Il
EEEEEER intror B (9%) M1
Gene annaotation: | Gene symbols (GATAZ, PASR, efc) ¥
Genorme: | human (hg1 8w Detailed_descrintinn of regqulatory elements Chromosomal distribution
#  Transcription Factor Occurrence limportance m (In tabulated textual format)
1 MRESF 14.20% 036786
2 WMAF 10.00% 034781 i i
3 HoE? 5 BEo 028571 Candidate Transcriptjon Factors... @
4 YT 17.14% 0.27750 10 top TFs
i 4% 0.27679 occurrence Importance
6 IRF7 5.71% 019643 20% % 0 0.1 0.2 0.3 0.4
7T RUSH1A 8.71% 019643 B 00 NMRSF
S B 0000
8 ISRE 10.00% 014475 — I MSES
9 R 8.71% 017661 B 00 Y
B 00
10 HMGIY 11.43% 016571 - ———— r
11 CDOP 8.57% 0.16286 HE 3 T RUSH1A
[ O |
12 L¥R 5.71% 016161 — ERE
13 POLIGF1 5.71 % 015732 [ HMGIY
14 PPARG 18.71% 015714
15 CEBP 21.43% 0.15000 CLlTE list
16 STAT 11.43% 014857 —
z  Requlatory element Type "G Score Locus Gene Candidate transcription factor binding sites {relative positions}
, ] . . _ i 152 HEST(T1) MEF2(105) MEXZ2{TRD) ATATATE4) AFPT01BRY LHEZ( BRE) TELZ2(21 /) HEST(240)
1 chr 167 799292-187799916 intergenic 11.860 chrl: 1587 ¥72437-15794586451 APCS E2F1DE1(250) MYOD(265) HENT (3011 HMGIY(344) CREBP1 CJUN(4E) Yy 1 (611) COP(ET 1)
2 chr: 1678227 74-1587823321 promoter  1.327 chrl 1677 72437-1579486451 APCE 4 AREBB(ED TEXA(ED CHATOGEES) TEXA(E20)
3 chr11578323477-167823620 promoter 0.843 chrl a7 7 r2437-1457948651 ) _AF'CE d: AH_F'1 (127 LEF1 {20y CRAF{ES
1 chrisrhZdd 2 b eba176 promoter  6.780 chri:187772437-1579458651 Jegga Biomedigald nform@ﬁﬁﬁqazj RORAZ(TE) PPARAITE) LXR(EZ) ER(33) PPARAGD LXR_DR4(E3) HNF A T)

A9 PAKZ(ARE) STATI(ES) OSF2(106) PEBPOO7) AWML (107 REAT (3400 MFMUET {396)
IALIRETAITE ragay CHOPA0S Y e GaTaraasy COPR1I 1l om0 BESEF RS




DiRE (http://dire.dcode.org/)

I-k:

i I X

Regulatorny element

chil: 167 799292- 1577949916

chil 1578227 74-15782533
chil: 15782547 7-157825620
chrl 157825967-1478241 7R

Type H Score Locus

Gene Candidate transcription factor hinding sites {relative positions}
| | | _ 16 = HES1(T1) MEF 21 05) MKK22(1 B0 ATATA( B4) AFP1 (1 BE) LHX3(1 66) TEL2(215) HES1 (2403
Intergenic 11.860 chrl:1577724.37-157948631 AFCS E2F1DE1(250) MYOD(265) HENT (3011 HMGIYi344) CREBP1 CJUN(46) Y1 (6113 COPE11)
oromater 1,327 chrl157772437-157948651 BPCS 4 = AREBGED) TEXA(EZ) CHX10(365) TEX5(520)
aromoter 0,843 chri:157772437-157948651 BECS 3 ARP1(12) LEF1(20) CMAF(53)
oramoter  6.780 chri:157772437-157 948651 BRCS %= STATI(EZ) RORAZ(TE PPARAITE) L¥R(S7) ER(ET) PPARAGT LXR_DR4(EN HNF1(11T)

A9 PAKZ(EE) STATIES) OSF2(106) PEBRPOIO7) AML (107 RFEAT(340) MFEMUET Z396)
IALIRETAITE ra9ay CHOPANS SN e GaTaradsy ChPRT D L osdE] 1 BESE RS

ECR-Browser (http://ecrbrowser.dcode.org/)

ECRE Browser on Human (hg18) hitpiecrbroweser.decode. org

24 bps gene or position (chrifrom-to)
ECR ECH Laver Coordinate = _ _
Parameters: Graph  length  similarity height sysiem L chri:157749292 15??95915
[change] armooth 100 70 T el ative Eﬁd GENONE ALIGNMENT: Align wour segquence to & gename
DiRE rue«gul;at-:ngyr element prediction (score=11.B60)
4 HEST WRMEF2 ol 22 4apTEL? dREF1DP1 aHMGIY 4 CREEFP1CJIUN 4
i ATATA il HE 51 d4HEN1 4 CDF x
4 AFF1 ol 1
4 HX3
Retseq Genes .
100%
fr2 .
50%
100%
galGal3 bl
50% .
100%
xenTroZ ﬁ' x
50%
100%
monCom4 a x
50%
100%
canFam? A} x
R o e - - -
100%
mm< i X
50%
100%
rheMac? a |
50% -
s T e r i e e o 8 e i e S 2 s 1 - 1 e e B i S i S i 8 13- s e o BB 5 S s e & Sk~ T e e o i 1 B e e e +
' [100 T [200 . 300 ! [+00 ' (500 T [500
EMSEMEBL Genes o
LICSC Known Genes o
RefSeq Genes E
2/24/2012 Fs R ERatEdital Informatics 43%
[r= 109087 34




Pscan (http://159.149.109.9/pscan)

Insert Gene/Sequence ID list: (help) ’scaa

select Organism:  [Homp sapiens

Select Region:

-450 +50

Jaspar ®
Jaspar_Fam O
Transfac O
User Defineg O

| Fun! | l lndo changes ] [ Fesetl ]

Hez=ages

Select
Cescriptors:

Bioinformatics

" l...-ll - :. lﬂh _.‘
g w el T E =/ Evolution
5 . E
_- R I:: =4 I Ll FI':S
- '?_J_ COmparative
o ’. H _,-.l G

eMNomics

Pscan Web Interface

Use the input form on the left to set up
your query. The results will be displayed
in this window.

If wou need HELP please click here.

Source:
Diowinload Psocan source code

Reference:

F Zambelll, G Fesole, G Faves

Fscan: Finding Over-represented
Transcription Factor Binding Site Motifs 1n
Seguences from Co-Fegulated or
Co-BExpressed Genes.

Nuclelc Acids Research 2009 37(Vveh Server
ISsue ) W2 TS

Contacts:
giulio. pavesiz@unimi it
federico.zambelliicunimi .t

Sample data

List of MY T target genes. MY Cxx indicates that
¥ percent of the genes in the list are hYC
targets, while the others are random Qenes
added to the set to assess the performance of
the algorithim.

MYC100 MYCS0 MYCB0 MYCTS MYC6&5
MYC55

List of MNFKE target genes, collected from
literature. MFKBx= should be read as in the
YT dataset,

NMFKB100 NFKB30 NFKEB80O NFKETO NFKB&0
NFKES0 NFKE40

List of MEF1T target genes. NEF= should be
read as in the MYC dataset. Use the MNEF1
rmatrix with the link provided below to test these
datasets (save the matrix a5 a text file).

NRF1_100 NRF1_90 NRF1_80 NRF1_70
NRF1_60 NRF1_50 NRF1_40

NRF1 Matrix




Pscan (http://159.149.109.9/pscan)

Insert Gene/Sequence ID list: (help) "c‘

HM O0ed0s N
HM 00e41l%5

HM 008439
HM 008475

HM_ 0012585
HM_ 000665

HM 000667

HM 000669
HM 000e6S

Select COrganism:

Homo sapiens b

Select Region: 450 +50 w

Jaspar ®

Select Jaspar_Fam ©
Descriptors; Transfac ©
User Defined O

[ Funl ] [ ndo changes ] [ Fesetl ]

Me=z=ages M

E (out of 84) gene ID(=) not found:
HM 138298

HM 1358299
HM 024416

M 958565
XM 941953

M 950062

Morking on Y8 gene promoter(s) . o

Select Organism:

Select Region:

Select

Lrescriptors:

Homo sapiens

bAUs musculus

Hurman and kMouse
Drosophila melanogaster
Arahidopsis thaliana
Saccharomyces cerevisiae

Jaspar @

Jaspar_Fam O
Transftac O
ser Defined O



Pscan (http://159.149.109.9/pscan)

View Text Hesults

97 TF profiles used

Matrix Name P-value

T16F 1.559074e-05
Foxas 0000274075
FL=L 00006527034
) 000637227
Hand1-Tcrels 000697277
Mobox 0000730445
F O 0000504377
FPBEX1 N0 1242224
akF 0. 0INZdBd Y
Evil 0.001712255
TEADT 0.002125308
Lina 000303455
Foxg | 000325502
P 000458645
Lis U.0052 7407
k-1 000550562
MEILS 000642615
EEL 000655234
Faxh 000762503
Foxda 00077 6e63T
HME 1A, 0007533845
Cebpa 000920316

O O09A00499

M

Matrix Info

1D

[l AO 0 7

larme

Foxa

Class

L FORKHEAD

Species

Rattus norvegicus

Inf. Cantent

12443

SUperEroup

verehrate

Frotein ACc.

Pa2182

Twpe

COMPILED

FrAID

8139574

Repart
CCCUMTeNCES

ol

MAOOD4T

1

2

b
S
d
1

4

Sample Mean Score

0.975 0.95 0.95 0.9

4

Background Score Distribution

0.861

0.8/5 0.85 0.85 0.8

Sample Statistics

p-valle

0.000274074

Compare with... (using Welch's t-test) help

Bonferrani p-value

0.0265585663

bEAN

Gol

hEaN

0561172

Std Dev

Std Dew

0.0563177

SizZe

SlZe




Pscan (http://159.149.109.9/pscan)

Wiew Text Results -
Matrix Nj;lF per”ES U:idl"all.le I..IllllIIElIlIlllll TE::.:I EESUltS
=R | 1.569074e-05 |
| Eoxa2 [ 0000274079 | % Mame Score  Position Sequence Stranc
| FOXL1 | 0.000657034 |
[ MEF2A N | 0 000657227 | hal12 refGene MM 002395 0.93343 -197 CAATATTGATTT
| Hand1-TcfeZa § 0000697277 |
e ST hgl2 refGens Mh DDDSES 0022610 -145 AAATATTGACTT
| EOxI1 | \, n0000angs7y |
[ L o] hglS refGens MM 005408 0951013 252 CTTTATTTACTT
[ SRF | 000124647 |
= N7 hg1S ref@ens MM DDDEE7 0044804 24  ATTTATTTATTT
= — hglS refGens MM DDOS0Q 09397091 -428 ACTTSTTTGCTT
= T hglS refGens Hh O01033886 0030701 428 ACTTGTTTGCTT
I I hglS refGens MM 1994165 0939791 428 ACTTSTTTGCTT
e — hol2 refGene WM 021010 0935506 -261 GAGTATTTACTT
= e halS refGens MM 133477 0032417  -356  AAACATTTATTT
e ra—— holS refGens MM 104435 0031745 216 CTTTGTTTGTTT
e s hg12 refGense MM 003381 0031745 -216 CTTTGTTTGTTT
Matrix Info VIAOO4T hgl2 refGens Wi 005603 0022637 -143 GAATATTTACAT
[ | WAIT | 11213141567 |54 |10]11]12 hgl2 refGens 004646 09222 556 ATCTGTTTACTT
| Name | Foxa?2 | Alef11|a|o|1]|o|gfO|a|ol1]0
Species Rattus norvegicus G311 |0 #O0j0j6]8|0]1 0 4
T(1]2]|5 L0 [16]16(11] 0|8 [14]12 - - - -
R e Occurrences Position Distribution (score >=0.836)
LJFIEFGI'I:ILJFI vertehbrate Fy 5
| Protein Acc. | P32182 |
[ PMID I 5138574 0.861
Repart = 0.975 06.95 0.925 0.9 0.875 0.85 0.825 0.8 G |_5ﬂ |_1[.“] |-]5ﬂ |_j_ﬂﬂ |-Eﬂ |-3l]ﬂ
CICCUrrences . 35
4 »
Eackgrnund Score Distribution
Sample Statistics Compare with... (using Welch's t-test) help Occurrences Score Distribution
| p-value | 0.000274079 | Mean
[ Bonferroni p-value | 0.026585663 || |[ 5td Do gt
| Mean | 0.861172 | -
| Std Dev | 0.0563177 |
Size &0
-
£ 4
. TATTTACTT
D—%T% - o o m oo -l:?(a-:




Pscan (http://159.149.109.9

Wiew Text Besults
97 TF profiles Ned
Matrix Name
TEP A074e-08
Foxa? | 0.000%74073
FOXL1 0.0006R034
MEF 24 0.000657 X7
Hand1-Tcie?a 0.0006972
Mobox 0.000790445
F Ot 0.000804377
P 0.00124224
SREF | 0.00124647
Evil 0.00128699
TEADT 0.00212538
Lhx3 0.00303459
| Foxgl | 0.00355502
Prr«2 0.00486451
Lhx3 0.00527407
M- 1 0.00590862
MEILS | 000642618
REL 0.00685234
Paxd 0.00765503
Foxd3 000776631
| HME1A | 0.00783389
Cebpa 0.00920516
| bl & i 0 NNGANN=A0

TF NAME MATEIX ID

TEP Man10s
FoxaZ Maooq7
FOXL1 MaoO33
MEF=4 MaOOs5:z
Handl-Tcfeza

MNokhox MaO1z25
FOXT1 MaooOgz
PEX1 Maooro
SRF Manoss
Ewil Manoz9
TEAD] Maoo90
Lhx3 MiaO134
Foxgl Maoogo
Prr=:z Maoo7?s
Lhx3 MaO135
NEX3-1 MiO1:24
NFIL3 MaOOz25
REL MaO101
Paxt Maooe9
Foxds MApIcd]
HMF 14 HAaOOgs

a
o.
o

a.
a.

£ SCOEE F VALUE SAMPLE AVERAGE

S.52625 1.,59074e-08 0.359494

3.45141 0.000274079 0.861172

3.21012 0.000657034 0.9139Z%

3.z20941 0.000657227 O.510=217%

MAOO2E  3.19081 0.000697277 835535
3.15645 0.00072049445 0.53530691 a
3.15094 0O.000504377 0.535506 0O.325765
3.02199 0.00124224 O.50727 o
F3.020%2 0.00124647 0.75991% a
3.01105 0.,.001236959 0.7e9179 a
£.85352Z 0.00212535 0.5327634 a
Z2.741%7 0.00303459 0.534537 |
Z.63855 0.00355502 0.5253721 o
2.58254 0.00456451 0.22434 0.532143 0
2.55439 0,00527407 0.793641 a
£.51437 0.00590862 0.53531Z5 a
Z2.43463 0.005642615 0.50452 0.733263
Z2.46099 0.0065523534 0.5543 85099973
2.42112 0,00765503 o.77ras47

&.4171 0.0077e6351 0.357359

£.41362Z 0.007533382 o.72071%9

a.

BACKGROUND AVERAGE
a.

>hgl8 refGene NM Q000088
>hgl8 refGene NM 058175
>hgl8 refGene NM 022844
>hgl8 refGene NM 002354
>hgl8 refGene NM 001937
>hgl8 refGene NM 207373
>hgl8 refGene NM 194435
>hgl8 refGene NM 001443
>hgl8 refGene NM 032413
>hgl8 refGene NM 013372
>hgl8 refGene NM 001613
>hgl8 refGene NM 001615
>hgl8 refGene NM 021010
>hgl8 refGene NM 000900
>hgl8 refGene NM 005603
>hgl8 refGene NM 199512
>hgl8 refGene NM 000090
>hgl8 refGene NM 003013
>hgl8 refGene NM Q000587
>hgl8 refGene NM 006274
>hgl8 refGene NM 002667
>hgl8 refGene NM 006418

=hal8 refGene NM 006439
SAMPLE DEVSTD

16511 0.0423175 &0
836541 a.0563177 &0
g9159: O.05237e3 =1
LTS T Oo.0710495 =1
0.879315 0.04258231 &0
.854103 O.0553916 &0
O.0653533 Go
781376 O.048527%7 =1
7207 EE O.0462157 &0
. 746615 0.0546341 &0
.510445 O.0565313 &0
804852 O.0683236 &0
LE0Z2203 O.0522346 =1
0397035 G0
L7739 54 0.0704547 &0
L8529214 O.0725452 &0
O.0663344 (N
O.0500624 (N
TEA6e5E 0.0436411 &0
g3 7Ea3 0.0p03465 50
TOERE O Te1596d =7H]

SAMPLE SIZE

pscan)

LY
0
L
Y
J
—
1
—
g~
-
Y]
I




Pscan (http://159.149.109.9/pscan)

Matrix Info

MAQD4T

| ID

MADDAT

12

| Name

Foxa2 |

| Class

L b

FORKHEAD

| Species

I Rattus norvegicus |

| Inf. Content

12.43 |

| SuperGroup

vertehrate |

| Protein Acc.

P32152

[ Type

COMPILED |

| PMID

5139574 |

Feport
CICCUNrences

ol

£

Sample Mean Score

0.975 0.95 0.92%5 0.9 0.875 0.85 0.825 0.8 O

£
Background Score Distribution

Sample Statistics

Compare with... (using Welch's t-test) help

| p-value

[ 0

000274079 |

| Mean |

| Bonferrani p-value || 0

026585663 |

| Mean

0861172 |

| std Dev

0.0563177

| Size

60 |

Gol

| Std Dev |
| Size |

Matrix Info

MAQD4T

e

MADDAT |

1]2

| Name

Foxa2 |

11

| Class

N

FORKHEAD |

| Species

Rattus norvegicus |

| Inf. Content

1243 |

| SuperGroup

vertebrate |

| Pratein Acc.

P32182 |

[ Type

COMPILED |

| PMID

8139574 |

Feport
CICCUTENCES

Gol

3

2

£

Sample Mean Score

<
Background Score Distribution

Sample Statistics

Compare with... {using Welch's t-test) help

| p-value

[ 0

000274079 |

‘ hean ||

| Bonferroni p-value || 0

026585663 |

| Mean

0861172 |

| Std Dev

0.0563177 |

| Size

60 |

|

| std Dev I
| size | |

nfé¢IAIITA$l£

T oM T o @ M~ @mo@m 2 T

— =

Comparing different input gene sets.

1. In the detailed output for a given matrix, you can compare the results
obtained with the matrix on the gene set just submitted with the results the
matrix had produced on another gene set. The latter could be a "negative"
gene set (or vice versa ).

2. To perform the comparison, you have to fill in the "Compare with..." box fields
with mean, standard deviation and sample size values of the other analysis -
for the current one you can find them in the "Sample Data Statistics" box or in
the overall text output that can be downloaded from the main output page.

3. Warning: Make sure that the values you input are correct, and especially that
they were obtained by using the same matrix. Once you have clicked the
"Go!" button, an output window will pop up and report if either of the two
means is significantly higher than the other, together with a confidence p-
value computed with a Welch t-test.

Compare with... (using Welch's t-test) help

Sample Statistics

Mean 0.815468
Std Dev 0.0541239
Size 334

Mean

Std Dev

GCo!

Size

Welch's t-test

Sample 1 Mean = 0.815468
sample 2 Mean = 0.83

t -2.72829142951
453.764151261

Degrees of Freedom

Sample 2 is more
gnriched than Sample 1
(this one) with a p-value
conhdence of

0.003307

Jegda Biomedical Informatics




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

3 Known transcription factor binding sites (TFBS)
<+ Conserved
« oPOSSUM
 DIRE
<+ Non-conserved
 Pscan
« Matlnspector (*Licensed)
d Unknown TFBS or Novel motifs
<+ Conserved
« oPOSSUM
 Weeder-H
<+ Non-conserved
« MEME
» Weeder




oPOSSUM (http://www.cisreg.ca/oPOSSUM)

2/24/2012

Select Analysis Parameters

STEP 1: Enter a list of co-expressed genes

Species:
':E:'human '::__::'n'n:-uie
Gene ID type:
) Ensermbl ':::'HLIGG.-"MGI SurmmbolfAlias ':::'Flefﬁeq

* paste gene I0s;
[ lze sample genes H Clear ]

) OR upload a file containing a list of gene identifiers:

Browse..

Jegga Biomedical Informatics
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oPOSSUM (http://www.cisreg.ca/oPOSSUM)

STEP 2: Select transcription factor binding site matrices

JASPAR CORE Profiles

O all profiles with a minimum specificity of |8 bits (rmin. 8 bits)

The JASPAR PHYLOFACTS database consists
of 174 profiles that were extracted from

' OR select by taxonomic supergroup:

plant vertebrate insect
phylogenetically conserved gene upstream

) OR select specific profiles: elements. They are a mix of known and as of
ABI4 . yvet undefined motifs.
ACamous
irGLH When should it be used?
Attt They are useful when one expects that other
Arnt-Ahr factors might determine promoter
axall! characteristics and/or tissue specificity.
Athio-1 W

JASPAR PhyloFACTS Profiles

hits (rmmin. 2 bits)

Z/I:IIZ!/ZEI{DNES Wlth = I'I'IIFIII'I'ILJI'I'I Spel:elgéglglgmedlcal Infarmatics 52




oPOSSUM (http://www.cisreg.ca/oPOSSUM)

STEP 3: Select parameters

Levvel of conseryation:
Top 10% ot conserved regions (min. conservation F0%) w

Matrix match threshold:
Ol w2

Sront o am [/ downstream sequence:

0002000 W

IR anlal=Talui = .5|:l|EI'[.":
& Top |10 » | results

) OR only results with Z-score >= |10 | and Fisher score <= [0.07

Sart results by
() Z-score *IFisher score

Press the Submit button to perform the analysis or Reset to reset the analy
ceconds to a minute ar more to perfarm. Please be patient,

[ Submit H Feset ]

2/24/2012 Jegga Biomedical Informatics



oPOSSUM (http://www.cisreg.ca/oPOSSUM)

oPOSSUM Analysis

TF TF Class Eupe-ll'-:ruup IC Backgru!.lnd Bacl;g:l;und Targe_t T;;:::::t Backgrupnd Background Targe_t T.?Fggt 7 ecore Fisher
gene hits non-hits gene hits non-hits TFBS hits TFBS rate TFBS hits rate sCOre
EyTAAWMNNMNTGAY  Unknown rmarmmmals 16.655 2636 12514 a & 3909 0.0041 15 0.0237 27570 2.670e-04
TAATTA Unbnown rmarmrals 1-2.000 7400 7750 13 Z 2T2ET 0.0132 a3l 0.0226 7458 Z2.848e-03
TATAAA Unbnown rarmrmals 12.000 9219 2931 14 1 47951 0.0232 47 0.0342 6,638 6.20%e-03
RoGTTAMWNATT nlsron rnarnrmals 17.072 2277 12873 B 9 31489 0.00za a 0.a107 13.33 1.705e-02
RTAALCA rgnown rarnrmals 13.000 7918 T232 1z 3 22209 0.014= 29 0.0246 7.953 2.670e-02
TATTNATC LI b rivge rnarnrmals 13.061 BE5E g29: 11 4 15528 0.0119 19 0.0185 0.394 2.682e-02
CTTTGEA LIk mioneg rarnrmals 12.000 10591 45549 14 1 24148 00262 47 0.034=2 4,553 J.478e-02
TCATTAR Unknown rmarmrnals 13.004 7484 7666 11 4 22958 0.0129 22 0.0157 4 .57 o.404e-02
A8 TN AR Unknown armmals 15.858 3060 12090 [=] 9 4631 0.0037 8 0.0097 8.817 6.381e-02
ToGAAAR Unknown wrnrnals 12.000 11182 3965 14 1 67892 0.0328 43 0.0313 -0.7882 6.656e-02

Genes Containing Conserved RYTAAWNNNTGAY Binding Sites:

Gene ID Ensembl ID

1356 ENSGOOO00D 47457
383 ENSGODO00118520
3273 ENSGOO000113905
462 ENSGOD000117601

EMSGOO0D013064
EMSGOO0D0124253

EMSGOOODD132703
EMNSGOODDD163586

EMNSGOO0ODD1IF1I564

2

=]
2
1

Chr Strand

-1
1

T55
150422269
131936059
187866487
172146654

172153139
135190357

25563543
23563543
292632543
157824239
22202633
28202693
282028893
155703596
1553703396

Promoter Start

150420270
131934059
1872864487
172144655

1721531140
135188857

25567543
23067543
Q0267543
157822239
22205534
28206634
28206834
155701596
155701396

Promoter End

0424269
1319232058
187868486
172148654

1721535139
135192856

25571542
233971342
29271542
157825284
22210693
28210693
28210833
155705595
15353703393

TFBRS Sequence
ACTAMATTGETETC
GTACAAGTTTGAC
ACTAATCATTTAC
CTTAATATCTGETC

GTCARAGECTEAT
TTCAAAGECTEAT

ACTARACCTTEAC
ST TAATGEAATESCT
GATAATCATTGAA
ATTASATACAGAT
GTTAATGTT TGN
CTTTATCATTGAC
ATTAATETTTGCT
GTTAATATTTAAT
GCTAATGETAAGAT

TFBS Start

150422362
131937518
187866344
172144991

17215331e3
135120716

5569306
23969374
AT2E939E
1578229221
222023792
28208819
28208867
155703524
155703971

TFBS Rel. Start

-9

TFBES End TFBS Rel. End TFBS Orientation

150422373
131937531
187866357
172145004

1721533178
135120729

25563319
23089387
29262409
1578229334
22202305
28208832
28202820
155703537
155703984

=106
14732

=120
1551

-39

TFBS Score

2,802
G, 292
2,969
B.144

11,059
5,038

13,603
2,174
& 601
10,324
12,2280
& 086
11.14%
11.267
F.084d




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

3 Known transcription factor binding sites (TFBS)
< Conserved

« 0OPOSSUM
« DIRE
& Non-conserved 2. Red Font: Input sequence
required; Do not support
« Pscan

gene symbols, gene IDs, or
« Matlnspector (*Licensed) accession numbers. The

0 Unknown TFBS or Novel motifs ==~ 2dvantageis you can use
. them for scanning sequences
< Conserved from any species.
e« OPOSSUM
e Weeder-H
+* Non-conserved

How to fetch promoter/upstream

- MEME . i1
. Weeder _sequence —single/multiple?




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

3 Known transcription factor binding sites (TFBS)
< Conserved

« 0OPOSSUM
« DIRE
& Non-conserved 2. Red Font: Input sequence
required; Do not support
« Pscan

gene symbols, gene IDs, or
« Matlnspector (*Licensed) accession numbers. The

0 Unknown TFBS or Novel motifs ==~ 2dvantageis you can use
. them for scanning sequences
< Conserved from any species.
e« 0oPOSSUM
e Weeder-H

RELUREINEGER] | se the fetched promoter/upstream

+ MEME sequences for the following analyses
» Weeder




WeederH

Motif discovery in sequences from homologous genes
Wersion beta running.,

Click here to switch to Weeder

Pleasze, avoid submining a large number of jobs (= §) simultaneously. For large-scale analy=es, you're welcome to
download the standalone version.

NEW If you are looking for over-represented motifs i promoter sequences, perhaps you can also
find our brand new tool, Pscan useful.

Enter Tour e.mail address

Input exactly one sequence in each bhox

Reference from
sequence (FASTA) Homo sapiens W
Homolo gons From
sequence n. | Homo sapiens W
(FASTE) £
Homolo gons Frorm
sequence n. 2 Homo sapiens P
(FASTLE) £ f
Homo sapiens
hius musculus -
Fathus norregicus
Homolo gons Catus farmbarns
sequence mn. 5 Yeast (any)
(FASTA) Drrozophila (any)
Caenothabditis {any)

Hﬂnpheles g:a.t'ﬂbiae —

| add another sequence | | rermove last sequence Arabidopsis thaliana

Fot techiiical reasons, it's better that you directly paste sequetice in the text boxes, rather than uploading a file.. Ci':'ﬂ_a iﬂtelsﬂﬂﬂ]is B
Lrarmo reno
Fugu rubnpes
Callus zallus

— Fenopus tropicalis
IMame of this job: | WeederWeb F. faleiparum

2/24/2012 Jegea-Biomeeic P tics |

Y ot seQUetlCes are Upstream "W

WeederH (http://159.149.109.9/pscan)

1. Supports large number
of species.

2. Does not support
multiple sequences
(multifasta) input. You
have to enter each
sequence separately.

3. Good for small number
of sequences where you
expect a potential novel
(or not included in the
TFBS libraries) conserved
motif.



Weeder (http://159.149.109.9/modtools/)

OO0
Home V{Q& Weeder Do not use Groupwise mail
=00\ 2

Motf discovery in sequences from co-regulated genes Wh en su b m |tt| ng |a rge

On-line tools:

Version 1.3.1 ronmng.
Tools for MOtif Discovery in nucleotide sequences num be r Of Se q uences
A ——— ‘ because the results are sent

Weeder & WeederH

RNAprofile -
B - 1 - 7 (“: XV
Weeder Click here to switch to WeederH in the mail” and not as an
G .Pavel Motif discovery in sequences from co-regulated genes - .
WVersion 1.3.1 running. o )
Please note: submitting simultaneously a large (> 10) n atta Ch ment. An d G golv pWISe
el C ]l ok here o sviteh to Weedent 1 down the server, for your jobs, as well as the jobs submEeeET R (dilaleor 1 (= N1 81213 sages if
- .
Motif locator Please note: submitting simultaneously a large (> 10) number of jobs has the effect of slowing .ﬁ" E'E'dEI EItEﬂSIT'_E‘]'-_"'J -_I;‘-Du Ccarl dﬂ‘ﬁ.‘lﬂﬂ ad ﬂlE St&ﬂd— 31 One
Mo s L e enerating high workloads on the server (as defined in dUAISVACTERVIIAVA[eloT- S VIS
calculator generating hish workloads on the server (as defined i the previous sentence) might have ther : te = EtEd bE f[]_‘r_'E ;:Dmpleﬂgﬂ ‘i._"-',"iﬂ]_[ﬂ_]_t ﬂDﬁf_‘ a G . I . d A | . k h
jobs terminated before completion without notice. TITNTY - m a I I n Ste a I n to t e
i results page used to be sent
put at least rwo sEequences
Downloads: Enter vour e.mail address anil jegza(@igmail com)| ea rI ie r
w gﬁ;’;:;quences f;—I.D:rlno apiens .
RNAprofile 22 [ Biowse..] [ Ugload Input at least rwo sequences
To upload 2 file, first locate it by wsing the browse button, then dick on Upload.
[ Check here if you want to look for motifs in both strands of the input sequences [1]
bone @ et 00 - gattpttaatgactaatetptetocatpappeacagagecaagpaagaga |
tgoigotgclagoccagaagpocgocigizatcatgracagiacacizea
Input sequences = from
(FASTA) - Hemo sapiens w
| Browse... || Upload
To upload a file, first locate it by using the browse button, then dick on Upload.
W d [ Check here if vou want to look for motifs in both strands of the input zequences ]
[] Check here if vou want motifs to appear in all the sequences (default 1z in some)
Hint : don't try this option even if rou're pretty much sure that all Four sequences share a motif.
Thank vou!
You submutted 35 zequences from Homo sapiens [l Check here if vou think that the motif might appear more than once in a sinple sequence (without, vou expect zero or
ONE OCCULTENCE PEr SeqUence)
You azked to procezs both strand: of the input sequences _
_ And, finallv, vou'd hike:
You azked for a normal =can
O a quick zcan (zhort motifs, no longer than & nts) of ® z normal scan of vour O a complete and
A confirmation e-mail and the final results will be sent to the following e.mail address: your sequerces sEquences thorough scan

1] - I.-'_"\. o
JEEEALE ail.com Important: imput larger than 20K will be hrnited to quick analysis. For larger jobs, vou can download the soure code by following the hnk

i1 the home page.
Quick scan: rezults will be ready in 2 few minutes Normal scan: results will be ready in one-twro hours Thorough sean: rezults will be
drin a few hours However: tey the normal sean first. If nothing interesting comes out, try the thorough one.

Name of thiz job: Fetal Liver 33 27

l Submit J IRE.'EE."[I

2/24/2012 Jegga Biomed ieadhrforar gt fegrutstion. Click seset to desz all the fields. 58




Weeder (http://159.149.109.9/modtools/)

*** Y’Dl]_][' Weeder Web Regultg *** === Tnteresting motifs {(highest-ranking) seem to be -

GATAAACT
AGTTTATC

0 redundant motifs found:

The name of this jl':Il: was PFetal Liver 33 27 Best occocurrences (match percentage) :
Seq 5t oligo po=s match

1 + . CAAAARCT. 205 (92.84)
Input sequences from H. sapiens 1 + [AATAAATT] 676 (B5.29)
1 + [CATTAACT] 922 (88.60)
) _ _ ) 1 — .TATAAACT. T86 (92.79)
You asked to include both strands of the input =equences 1 — .AATAAACT. 697 (92.36)
You asked for a normal scan of your sequences o= [ edne SIESAR) dbiass ES - b
2 + [TAAAARCT] 508 (85.63) Frequency Matrix
2 + [TATAAATT] 944 (85.73) -
Confused about thi=s ontput? Click here 2 — [CAAAART] 956 (E85.28) All Occs Best Occs
2 — [AATAAATT] 776 (85.29) A C T A C T
F= AT AACT. &52 (90.33)
4 + [AATAAAAT] 546 (87.13) 1 28 16 167 31| 4 020 2
Searching for motifs of length & with 1 mutations..... : : :A’;TM:::TE ;:g Efﬁi;; = 2l Lok LE ] Rl
5 — [CACAAARAT] 260 (85.24) 3 33 14 19 176 | 1 0 025
1) CALTTA O0.E1 Ej [TE$M$1 ;gg E:fﬁ; 4 201 6 21 14| 25 0 1 0O
2) TRARACG 0.7T0 8 + [AATAAAAT] 307 (87.13) - <208 6 9 19] 26 0 0 O
3) ATTGAT 0.67 8 + [AATAAAAT] 791 (87.13) 6 196 10 13 21| 25 O O 1
8 — [AAAAARACT] BO8 (85.19) . .
4) TATGAT 0.63 & — [AATAAATT] 484 (ss5.298) | 5 146 25 28| 716 2 |
5) GATTTA 0.61 8 — [TATAAACT] 285 (85.24) 8 22 17 5 198 1 0O 0O 25
8 — [TATAAAAT] 13 (87.56)
6) ATGGTA 0.60 o + ATAAACT. 603 (100.00)
7) TCATTG 0.58 9 4+ [CACAAAAT] 615 (85.24)
9 — .CATAAAAT. 438 (94.77)
g) IGGIAD 0.35 10 + ATAAACT. 603 (100.00)
9) TGATTA 0D.355 10 + [CACAAAAT] 615 (B5.24)
= 10 - ATARAAAT. 438 (94.77)
10} IGAIAT 0.58 11 + [CATCAAAT] 148 (85.10)
11 + [CAAAAATT] 205 (85.77)
12 + ATAAATT. 143 (92.93)
o ) _ o ) 12 + .TATAAACT. 271 (92.79) C
Searching for motifs of length 8 with Z2 mutations..... 12 + [AATAAAAT] 2B86 (B87.13) ..
12 + ATARAMCA. 523 (90.60) -
12 + ATAAAAT. B96 (94.77)
1) CGTITTAGA 0.83 12 — [AATAAATT] 347 (85.29)
2} ACTAAACG O.88 13 + .AATAAACT. 549 (92.36)
13 — [CATAA CT] 832 (88.34)
3) GRIRARCT 0.27 13 — [CATAA CT] 577 (88.34)
4) TATGGTAT 0.87 14 + .AATAAACT. 549 (92.36)
14 — [CATAA CT] 832 (8BB.34)
=) CIRRRCEGT 0.87 14 — [CATAA CT] 577 (88.34)
6) AGTATTTIC 0.824 16 + ATAARAT. 161 (94.77)
-?:I ACATTGAT 0O.82 16 + [CACAARACT] 316 I:EE‘.}'?:I
16 + [AATAAATT] 814 (85.29)
g) GIAATACT 0.80 16 — .AATAAACT. 967 (92.36)
E':I CTAGCAAT O.79 1 -— ATAEATCT. 29493 (20 .40)
—8 — [TTAAACT] 637 (89.17)
10) ZTRETDOE 0. Jegga Biomedicahnformetiesar. sss (s4.77) 59



MEME (http://meme.sdsc.edu)

MEME takes as input a group of DNA or

protein sequences and outputs as many e
motifs as requested. MEME uses statistical \MEME

R

Lse this farm to submit DA or protein sequences

Multiple Em for Motif Elicitation to MEME. MEME will anahkze your sequences for
similarities amaong therm and produce a description
Yersion 4.1.1 (Imotify for each pattern it discovers.

modeling techniques to automatically choose| ... "~

the best width, number of occurrences, and Required
. . . rour é-mail address: How do you think the nccurrences of a
d escCri ptlo N fo ' eacC h m Otlf, anil.jegga@cchme.org Ggle rnyntifare distributed among the\

Fe-enter e-mail address: seqguences?
anil jeggag@echme.org O One per sequence

_ _ &) Zero or one Rer sequence
Flease enter the sequences which yvou believe share one or O Any number of repetitions

YO ur M E M E resu ItS consi St Of: mgﬁs. The sequences may contain no maore than 60000 NoteiThe maximurm number of occurrences

characters af a motifis limited to 200,

¢ your MEME results in HTML format total In any of a [arge number arformats. MEME will find the aptimurn width of each
. Enter the name of a file containing the sequences here: motiTwithin the limits you specify here:
e vyour MEME results in XML format

] Minimum width (== 2}
| Erowse.. | ) .
or 20 Maximum width (== 300}

® yo u r IVI E M E res u tS i n TEXT fo rm at the actual sequences here (Sample Protein Input Sequences): \ N e umber of motifs mw

=3ERPINGYT range=chr1:172153140-172154134%9 A
gofaacagatgaaceictagacaticlagageccitagoacagitctey N

e andthe MAST results of searching your actaciatcacaciasacalagagaaetcaasagalc:augaiclyas

1 1 atnaacoaanancicicoaaaatocciatgactacaacaacaactacaay
In pUt Seq UenCes fOr the mOtIfS fOU nd by gantccitoatcacacadcaggagocacatococcoiotnaactooton W

IVIEME USing MAST Optional

Drescription ofyour sequUences:

Enter the name of a file containing a

Tour job 1d i3 appl254080196482 background Markov model:
You can wew your job results at httpfmeme nber netfmemed 1 licg-bindquerystatus co Y jobid=app 1254080196462 & sernce=MEMNE MEME will find the optimurm number of sites for each motif I | Browse.. |
You can view server activity here. within the limits wou specify here:
Minimum sites (== ) DNA-ONLY OPTIONS
e Sequence file: pasted_sequences Maximum sites (== 300} (lgnored for protein searches)
® Distribution of motif occurrences: Zero or one per sequence [% ] _
o Number of different motifs: 20 [] shuffle sequence letters Search iven strand only
o MMinimum motf width: 5 ] Look far palindromes anly
o Manmum motf wadth: 20
® Ctatistics on vour dataset: R ——— | | Clear Input |
type of sequence dna
mumnber of sequences 20
shottest sequence (residues) 1000
longest sequence (residues) 1000
average sequence length (residues) | 10000
tot 1y tslues 20000 . . .
) Jegga Biomedical Informatics 60

Touwil also recerve a confirtming message at vour emadl address: amljeggai@cchme.org.




MEME (http://meme.sdsc.edu)

MEME Job appl1254080196482

o ‘homefnstallustfappsimeme 4 1 1ibinfmeme sequences -sf pasi

PN MOTIF 1 width = 20 sites = 7 lIr = 125 E-value = 1.9e+0040
LE Results
SEQUENCE LOGO
2- o NEME output as HTIL
Information Content iy, o e e
24 .4 (bats) e LEME output as XML
o 3 =LT Stylsheet for converting NMEME XL to HITAL.
Relative Entropy P o NMAST output as HTIWL
15.8 (bats) 1 e input sequences
Dovwnload LOGO A g
Without SSC:[EPS|[PNG] T 7 Messages
- 1 0= - B O~ B W %
With S5C:[EPs |[PNG] [ S ® Processing Messages
NAME STRAND START P-VALUE SITES ® Lrror Messages
~EEPIM AT + Q44 8 ane-12 CCTETCCAALG CTCCCCHCCCCTCCCCAGCC TACTECCTCC
ATHIE - 752 3.07e-10 CTTTTCCTCA CTTCCCACCCCCCCCCHGOC TOTCEAATTC
APOAT + G50 8. 10e-10 CCoCAGOSTCT CTCCCCTCCCCTCCTCT-CC AACACAAT S
AMNEF + Q27 4 Sl0e-0% ACCCCACCSTC GCTCCCCATCCTCGECATGCC CTCTETEEEE
SEEPTC] + 979 1.00e-08 TTTZACCTCA GTTCCCCCTCCTACCAGCT o
APOH + 2549 1.0%e-08 SACAACCCCC CTTCCGAACCCTCTCARAGCA ACAACATCAG
ATTOR - L 2 6ee-NE ALATCATTZT CTCTCCCATCTTCTCCAGTC CTCCAALACT
Motif 1 block diagrams
Lowest oo
Name p-value Motifs

SEEFIMNAL |8 35e-12

ADHIE 5.07e-10

APOA

1 g, 10e-10

AMEBP

9.50e-03

SEEFINCT |1.00e-08

+1

APOH

1.03e-08

+1

ATLDOE  [263e-08

-1

SCALE
2/24/201

T O L e e e e e e I e T O
1 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375400 425 450 475 500 525,550 575 600 625 650 675 700 725750 775 800 825 850 875 900 925 §50 975




MEME (http://meme.sdsc.edu)

MOTIF 1 width = 20 sites = 7 llr = 125 E-value = 1.9+000

EE AOTIFL

i

Fret YA Motif 1 position-specific probability matrix

:::::::
CTTCOCH

| Wiew PSPM 1 |

= _= I FIMO PSP 1 ‘ scan sequence databases for all matches with this motif usmg FINO.
TOMTOKM PSPR 1 J Compare to knovwn motifs in motif databases usmmg Tomtom.

SCALE

[ GOMO PSP 1 ] Find Genome Ontology terms associated with upstream regions matcling this motif usmg GOMNO.

=

r-----------------------------------------1

P —— I'TOMTOM can be used to find out if an
TOMTOM o e swem e | -
Mot Comparson Too T i ko ot 1 e loverrepresented motif in your sequences

imatches or is similar to a known TFBS

an alionment of LOGOs representing your query
I------------------------------------------

and the target motif it matches. For JASPAR and
Transfac searches, vou can click an the maotif 1D
to get more information. (& Transfac license is
reguired for viewing Transfac details)

Data Submission Form | . .
i | TOMTOMIOUTPUT
‘ TDMTDM_W"' compare Y:IDLII' uploaded motif with |Q11-3-1'1_r' File:  foutputftomtom 64592614 99603656/ query meme
achmotifina DA motif database, Example Alignment Target File: /home/memeimeme 4.1 Ubinddbimotf databaszesitransfac_matnx meme
N oz |Distzmn:e Measure: pearson
[
Salect the DMA Motif Database to search: 2, A All Motif Matches with ¢ value at most: 0.5 The g-value 15 the estimated false discovery rate f the ocourrence 15 accepted as significant. See Storey JD, Tibshiram B Statistical significance for
| TRANSFAC (COMMERCIAL) v | J_ =Al genome-wide studies. Froc, Nat] Aead, Sci. USA (2003) 100:.0440-0445
''''' M
Select the Motif Column Comparison Function: 3 2 00649
| Fearzon correlation coefficient {(pearson) V| 2. L A Target Motf: LI00645
‘_A TC _ Target Description: IAZ P
a e =1
== Ea— Query Motif: uEty = C TCC
Ot | Query Description: o . —%
ptiona p-value: 0.00015 " ™ " N ” ® " "
Drescription ofyaur maotif.
| g-value: 0.24 )
Overlap: ]
[ ‘Stant search! ] [ Clear Input Query Offset: -8 2,
= e eT=e(e s<(cTC cc e
Figures: EPS[PNG a - _— Z—-— g O T —-—(_____:
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Summary

Cis-Element Finding Matrix

CONSERVED NON-CONSERVED

KNOWN TFBS oPOSSUM Pscan
DIRE Matinspector*

oW IWIVIT(\ [e)\/\'l 0 POSSUM MEME
TFBS OR MOTIFS WEEDER-H WEEDER




RESOURCES - URLs: Summary

oPOSSUM http://burgundy.cmmt.ubc.ca/oPOSSUM/
DIRE http://dire.dcode.org/

Weeder-H http://159.149.109.9/modtools/

Weeder http://159.149.109.9/modtools/

Pscan http://159.149.109.9/pscan

MEME http://meme.sdsc.edu/

Matlnspector http://www.genomatix.de/

Genome Browser http://genome.ucsc.edu

ECR Browser http://ecrbrowser.dcode.org

Additional exercise available at:

http://anil.cchmc.org/grn.html
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