Assessing
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Comparative Sequence Analysis

Dr. Elliott Margulies
Current Topics Lecture 3-1-05

* Tools for aligning genomic sequences
* Electing to use multiple species
 Conservation as an indicator of

functional elements
» Sequence similarities reflect evolutionary
relationships




Intra- and Interspecies Sequence Comparisons
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How do I use genomic databases to
find information about functional elements that
might regulate expression of my gene
of interest?




Outline

Classes of Functional Elements

Computational Analyses
Experimental Analyses/Validation

Preponderance of Evidence

Functional Elements

e Intragenic Functional Elements

e Coding Exons
t=)

e Untranslated Regions (UTRs)
e Introns

e Intergenic Functional Elements
* Boundary Elements

* Regulators of Gene Expression

* Promoters
* Enhancers/Repressors




A Typical Genomic Locus

Transcription unit 2

Transcription unit 1

Promoter 2

Alternative

Promoter 1 exon
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Minimal Promoter
Regulatory Promoter

Coding and Noncoding Exons
Enhancers/Repressors
Boundary Element

e Often omitted from gene annotations
e 5° UTRs indicate transcription start site

promoed_Exon | B8 oo

Transcription Translation
Start Site Start Site

e Can be regulatory in nature




Secondary Structures in UTRs

Primary transcript
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Mature transcript

E Post—transcriptional regulation f )

Translation initiation Message stability
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Genome Browser - Description Page

Home Genomes Genome Browser Gene Sorter Blat

Human Gene BRCA1 Description and Page Index

Description: BRCA1 protein.

Alternate Gene Symbols: NM_007294

Representative mRNA: BCO72418 Protein: Q6IN79

RefSeq Summary: BRCA 1, which functions as a tumor suppressor in hum:
phosphoprotein which associates with RNA polymerase II holoenzyme. Mu
responsible for approximately 45% of inherited breast cancer and more than

cancer. BRCA | may function as a transcriptional regulator, due to an amino
nuclear localization signals, and an acidic carboxy terminal domain. BRCA 1
as a secreted growth inhibitory protein. BRCA 1 may normally serve as a neg
growth. This function is compromised in breast cancer either by direct mutat
BRCAI participates in transcription-coupled repair of oxidative DNA damag
human chromosome 17, and consists of 24 exons. 22 of which are coding ¢

an unusually high density of Alu repetitive DNA (41.5%), but a relatively lo
sequences. BRCA intron lengths ranged in size from 403 bp to 9.2 kb and

located in introns 12, 19, and 20. Other genes have been localized close to Bj
genes on the chromosome is: centromere-IFP35-VATI1-RHO7-BRCA 1-M1
play a significant role in modulating the subcellular localization and physiol

LB LT Ol Quick Links Sequence Microarray

Other Species| GO Annotations mRNA Descriptions | Pathways

Data Retrieval via Table
Browser

NNN (CSC Genome Browser Home

[ < > ] [E  http: / /genome-test.cse.ucsc.edu/

[0 NED: Search (View Only) ENCODE project portal NIH VideoCasting Apple .Mac Amazon eBay Yahoo! Newsvy

UCSC Genome Bioin

Genomes Gene Sorter Blat PCR Tables Proteome FAQ Help
N’

About the UCSC Genome Bioinformatics Site
This site contains the reference sequence and working draft assemblies for a large collection of genomes. It also
shows the CFTR (cystic fibrosis) region in 13 species and provides a portal to the ENCODE project.

—




’ Output knownGene as BED
Table Browser

Use this program to get the data associated with a track in text format, to calculate intersections between
sequence covered by a track. See Using the Table Browser for a description of the controls in this form.
Page is still available for a limited period.

clade: [ vertebrate  [3) genome: | Human %) assembly: "july 2003 [3)

group: Genes and Gene Prediction Tracks W] track: ' Known Genes ¥ 3)

table: ' knownGene %) (describe table schema )

-0 : 7~ ae S TR TANAATATY o LI _4 4 ‘,I \‘
el B all fields from selected table [[5-41662412 Pog
identifiers (na  chosen fields from selected and related tables
— sequence
. BT
filter: _edit Q GTF - gene transfer format

intersection: ( BED - browser extensible data

ALA
output for
— yperlinks 1o Lenome Browser

O DU e | e (O KCCP OUTPUL in browser)

file type returned: @ plain text O gzip compressed
Note: if a feature is close to the beginning or end of a chromosome and upstream/(
order to avoid extending past the edge of the chromosome.
{ge{ BED ) (cancel)

IREIQEBL Splice Junctions FIIBIKOIN

49252 49262 49272 49282 49292

49247: --—-TCACTGCTTTGTCCCCCGGJAGBAGCTCGGTTCCCCGGTGTGGGGG human
1156719: AGCTC.CTCC. s s oCou. A=
1870778: ——=-A..TGT.....C.A.T.——

eseecctciteeeGaieennnann cat

fecccccccccceeTeneenencns mouse

1305970t ====C..TGT+ 222 sCoBeTom=duufeneueenaenaeeTeunenns A, rat
187645 ..C..CT..A.CCJ..].TATC..C.vvvvv..C..A..C. chicken
ELN:10
49302 49312 49322 49332 49342

49293: TGCTCCCTGGAGTTCCCACTGGAGCAGGAGTTAAGCCCAAGGCTCCAGGT| human
1156767 wuveeeeCoeGasaneneaCoseBuossneseCaneGauoassBuCaunao cat
1870821t cccccescscscscssscssesessChAeoccscsCoecBAGeccsscsscscsnscs mouse
13060137 wuvveanseeannsennneessChrosaseaCaseGaueanaTeoraGa rat

187685: ....G..C..C. «CA.C..GA.C...G.G..A.G.uuuu chicken

P o




Splicing Enhancers (Exonic)

RESCUE-ESE Web Server

An online tool for identifying candidate ESEs in vertebrate exons

http://genes.mit.edu/burgelab/rescue-ese/

RESCUE-ESE Server

Choice of Vertebrate ESEs

Check if YES, default is NO
© Human (Homo sapiens)
@ Mouse (Mus musculus)

m Zebrafish (Danio rerio)

m Pufferfish (Fugu rubripes)

 Find eses Jil Reset ]

Enter Your Sequence (RNA or DNA) as plain text or multi-FASTA format
(maximum 4k bases of sequence data)
ACCAACCTCACAACATTCACCCAAACACAACAGCATCCACACGCAAAACTG
TCACTGGCCCCTCAGGCAAACTTGACTGAACTGCATATATATTCAAGAAG
CTTATCTCAACAAACTGCCTTGCGAAATAAGTCAAGAAATTAACCAACAAC
ACTTAAAGGTAGGTATACATCGCTTG




Alternative splicing events

Exon Skippin Conserved across species:

38%

Alternative 5’ splice sites

%

Alternative 3’ splice sites

—@-\/—

Intron Retention

N =—— 3%

Mutually Exclusive
N/A

Nature Reviews Genetics
5; 773-782 (2004)

UCSC Alt-splicing Data

Base Fosition 116760068] 116758688] 116568688] 116858088]
able browser guery oh KnownGene

T
Known Genes Based on SWISS-PROT, TrEMBL, MRNA, and RefSeq
(B0 | =4 L b e ML I 1 B e o (i By

o m e e ey

Representative mRNA: M28668 Protein: P13569 (aka CFTR_HUMAN)

RefSeq Summary: The protein encoded by this gene is a member of the superfamily of ATP-binding cassette (AB(]
membranes. ABC genes are divided into seven distinct subfamilies (ABC1, MDR/TAP, MRP, ALD, OABP, GCN
resistance. This protein functions as a chloride channel and controls the regulation of other transport pathways. Mutaf]
fibrosis (CF) and congenital bilateral aplasia of the vas deferens (CBAVD). Alternative splice variants have been des|

ST NGl Quick Links UniProt Comments | Sequence Microarray < Al[»splicilE
RNA Structure | Protein Structure | Other Species GO Annotations|mRNA Descriptions | Pathways

Alternative Splicing

http://genome-test.cse.ucsc.edu




Splicing Enhancers (Intronic)

UGCAUG
|
|

e Associated with alternatively spliced exons that have
brain specific expression pattern.

* Show conservation across mammalian species

Minovitsky et al. NAR 2005

Cis-Acting Regulatory Elements

Defined with respect to location and orientation from the
transcription start site

e Promoters

* Proximal to transcription start site
* Determine timing of gene expression during development
* Recruit basal transcription machinery

* Enhancers/(Repressors)
 Act in a distance and orientation independent manner
* Augment the level of expression or choice of tissue
specificity




e Core Promoters

Elements located proximal to transcription start sites
that determine the timing of gene expression during
development and act to recruit the basal transcription
machinery.

High Throughput Promoter Analysis

Identification and functional analysis of human transcriptional promoters
Trinklein et al. (2003) Genome Research 13(2):308-312.

Manpaion S
a&m;s ' \ ] Test pro
Collection\ A

* Upstream regions from the Mammalian Gene Collection.
* 90% of tested predictions are positive for function

* Over 40,000 mapped candidate promoters in the human genome.

Available at genome-test.cse.ucsc.edu
April 2003
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« Enhancers [

baboon [*

cow | #

O Identify candidate cjas
through multiple seqiast® &
alignment - I

fugu

T T T T T T T T T T T T
1140k 1142k 1144k 1146k 1148k 1150k 1152k 1

CNC2

CNC1

|_>
| Test element || pro |Luciferas>

asesj0N, BpUBH/ASEIRYON Ao

0000200051

Transfection Assay

Annotations of Putative Regulatory
Regions

Expression and Regulation
GNF Atlas 2 UCLA Tissues GNF Ratio Affy U133 Affy GNF1H
[hide 3] [hide 3] [ hide | 3] [hide 3] i =
Affy U133Plus2 Affy U95 CpG Islands FirstEF 3x Reg Potential
[hide %) [(hide %) [hide 2] [hide %) full 3]
2x Reg Potential TFBS Conserved  Transfrags
hide $ | hide |$% l hide |$% l

Comparative Genomics

10-Way 10-Way Most
Conservation Conserved

Most Cons. (Std) phastCons HCE

(ful’ 2]  [hide |3) [hide 2] [hide ' #]

12



Regulatory Predictions

Conservation
PhyloHMM (PhastCons)

Regulatory Potential Scores

Base Fosition 868] 127450008] 127455000] 127490808] 127495600
own Genes (Now 22, 84) Based on SWISS-FROT Tr‘EMBLi MRNA, and RefSeq

LEF
8.01 _ 3 atpry Fotential - Human, Mc

2 Potential
a

Conservation

chicken
fuau
zebraf ish

Data Retrieval via Table
Browser

elele) [CSC Genome Browser Home
< | ¢ ||+ | @ ntp://genome-test.cse.ucsc.edu/ ~(Q-

[0 NED: Search (View Only) ENCODE project portal NIl VideoCasting Apple .Mac Amazon eBay Yahoo! Newsv

Genomes Gene Sorter - Blat - PCR Tables Proteome FAQ

About the UCSC Genome Bioinformatics Site

This site contains the reference sequence and working draft assemblies for a large collection of genomes. It also
shows the CFTR (cystic fibrosis) region in 13 species and provides a portal to the ENCODE project.

http://genome-test.cse.ucsc.edu/

13



Genomes Gene Sorter Blat PCR Tables FAQ

Table Browser
GNF Atlas 2

- 5 . NCI60
Use this program to get the data associated withat oo o b calculate

intersections between tracks, and to retrieve DNAt  pg 4133 ! atrack. See
Using the Table Browser for a description of the ¢(  affy GNF1H [he old Table
Browser Page is still available for a limited period.  Affy uss

. . | CpC Islands -~
clade: | vertebrate |4 enome: ' Human [2003 3)
o 8 (Human __§ FirstEF .

group:  Expression and Regulation o [ig:ld v 3x Reg Potential

2x Reg Potential
q - = - )
table: ' regPotential3X | & ! Describe Table Schema ) TFBS Conserved

region: O genome O ENCODE @ position |chrA56214201756201736

( Lookup )

filter: ( Create )

intersection: (Create )

output format: ' data points B
output file: (leave blank to keep output in
browser)

file type returned: @ plain text azip compressed

- B

Note: output is limited to 100,000 lines returned. Use the filter setting to change this
limit.
( Get Output ) ( Summary/Statistics )

[0 Apple .Mac Amazon eBay Yahoo! Newsv

Home Genomes Blat Gene Sorter PCR FAQ

Table Browser

Use this program to get the data associated with a track in text format, to calculate intersections betwee
to retrieve DNA sequence covered by a track. See Using the Table Browser for a description of the co
form. The old Table Browser Page is still available for a limited period.

clade: ' vertebrate »:) genome: Human %) assembly: " May 2004 »:]
group: Comparative Genomics . [ig:ld v 10-Way Conservation

10-Way Most Conserved
. ™ B 4 =
table: ' phastCons10way | v) describe table schema) Conservation (Stdy)

O ENCODE @ position 'chj Most Cons. (Std) (1ookup )
phastCons HCE jr——
Ultra Conserved
Extended Ultras

S Opossum Ultras

output format: ' data points Chicken Ultras

Conservation

output file: (led  Most Conserved browser)

CNS

Old World Cons

37 Species CFTR

=

file type returned: ® plain text O gzip compres




Binding Site Prediction

Gene Protein ° Zlab Home Page ~ Boston University -~ BU Bioinformatics

Requlation Engineering
Tools Tools : Z a

People Publications Lab Schedule Resources Links

http://zlab.bu.edu/zlab/gene.shtml

* Regulatory Networks

¢ Clusters of binding sites

* High-througpout approaches
*Precomputed, Genome-Wide Analyses
(rVista/zPicture, Genome Browser, Table-Browser/GALA)

. . . . . on Alignments
Visualizing Binding Sites = .
as Genome Annotations

hitp://www.dcode.org - Comparative Genormics Center at Lawrence Liverrore National Laboratory

Expression and Regulation
GNF Atlas 2 UCLA Tissues GNF Ratio Affy U133 Affy GNFIH
hide v hide v hide 3 hide v hide v
Affy U133Plus2  Affv U95 CpG Islands FirstEF 3x Reg Potential

hide % hide % hide &) hide %) hide &)

15



Genome Browser Conserved Binding Sites

Expression and Regulation

UCLA Tissues

hide %

Affy Ul133Plus2  Affy U95
hide &

GNF Ratio Affy U13 Affy GNFIH
hide ¢ hide ; hide v

CpG Islands FirstEF 3x Reg Potential
hide v hide v full v

Transfrags
hide v

Y$NRSF_a1
YENFY_C
Y$OCT1_86
VFBRNZ-61
VENKK2S_81
VETITF1_Q3
Y$BRN2_81
V$FREAC3_81
V$DR4_Q2
sHP1SITEFACTOR_Q6
V$GATAL_84

VEMIF1_ 81
V$TFIIA_GE
V$CEEPE_62

03
Y$ROAZ_B1
V$EBF_Q6

Filtering the dataset W ER[EE

bin s
chromStart is

chromEnd is [ ignored %

score is [ ignored %

strand

chrom match

name match

Filter on Fields from hgl6.tfbsCons

—
[~ AND
[ AND
[ AND
[ AND
[ AND
[ AND

species

humar| AND

factor

MEFz  |AND

id

AND

Free-form query: |
q

16



Filtering on Binding Sites

Home - Genomes - Gene Sorter - Blat - PCR - Tables - FA Help
Table Browser

Use this program to get the data associated with a track in text format, to calculate intersections between
tracks, and to retrieve DNA sequence covered by a track. See Using the Table Browser for a description
of the controls in this form. The old Table Browser Page is still available for a limited period.

clade: | Vertebrate :[Human ¢ assembly:[July 2003 ¢]]
group: track: [TFBS Conserved ¢ ]

table: [ tfbsCons 2 | |Describe Table Schema ‘
region: O genome ® ENCODE O pusiliunlm
identifiers ( s/accessi -\-[m[m]

filter:

intersection:

output format:[ all fields from selected table s ]

output file: (leave blank to keep output in browser)

file type returned: ® plain text © gzip compressed

(Get Output] (Summary/statistics ]

Table Browser - Table Schema

Sample Rows

bin |chrom|chromStart/chromEnd name score strand species| factor id
585|chrl  |1679 1686 VSSRY 01  |860 human SRY  |Q05066
585|chrl  |1679 1686 VSSRY 01  |860 mouse SRY Q05738
585|chrl (2423 2433 VSMYOD Q6|850 N N N
585|chrl  |3779 3787 VSMZF1 01 |890 human [MZF-1 [P28698
585|chrl (3949 3956 VSNKX25 01{1000 mouse Nkx-2.5/P42582
585|chrl  |3949 3956 VSNKX25 01{1000 mouse (Nkx-2.5/P97335
585/chrl 14020 4042 VSMEF2 02 |850 human MEF-2 |N
585/chrl 14020 4042 VSMEF2 02 |850 mouse MEF-2 N
585|chrl 4020 4042 VSMEF2 03 |870 human MEF-2 |N
chrl 14020 4042 VSMEF2 03 |870 mouse MEF-2 N

vy oo g -

* Descriptions of all information relating to the track
* Sample data




GALA: Genome Alignment and Annotation database on Human July 2003 Freeze
Powered by DB2

History page

Expression and Regulation
Transcription factor binding sites
The transcription factor binding sites were produced with tffind . tfloc, and TRANSFAC (free registration required)
Query Jall TF binding sites (interval is required)
Jonly binding sites conserved in hg16Gg2 cutoff used was 0.85
—only binding sites conserved in hg16Mm3Rn3 cutoff used was 0.85
only binding sites conserved in hg16PtIMm3Rn3Gg2 cutoff used was 0.75

5 P——— , . P Score (range between 0.75 and |
To selectadd factor names (Click here ) To select/add factor IDs (Click here ) Strand [ %) (rang © )

nsu.edu

Experimental Approaches

e Inference

Altered chromatin structure

¢ Verification
Protein binding sites
e Prediction

High throughput assays

18



Levels of Gene Regulation

= ol Linear Sequence

Roel van Driel Journal of Cell Science: 4067-4075 (2003)

Detecting Protein Binding

Gel Shift / EMSA (Electrophoretic Mobility Shift Assay)

Purified Proteins
Nuclear Extracts

=

Nuclear Extracts

* Competition Assay
* Supershift assay

19



Detecting Protein Binding

Gel Shift / EMSA (Electrophoretic Mobility Shift Assay)

-

* Supershift assay -

[

Identifying Preferred Motifs

e Chromatin immunoprecipitation “ChIP”
e SELEX (Casting)

20



RA \‘ PATH -S/MARt DB
TRANSCompel - Cytomer

N =
o o

NN

= =
H NV WO OWNOUNEN O
B HOWONOOOOO
B OWOOKRKE ®MOKRKFR OO
WUWWRERWVID W
ZRERrprHAAsSZ2HAPPHAHAQRQ

[y

26 binding sites from 20 genes

High Throughput Binding Assays

e ChIP-chip
chromatin immunoprecipitation using DNA microarray
chips

* Detects Protein-DNA Interactions (Direct)
* Protein-Protein Interactions (Indirect)

21



L
~ =

P
@ Total chromatin (control)
@ Merged image

Chromatin Compaction

solenoid
* Transcriptionally inactive
* Nuclease insensitive

~ 30 nm fiber

* Decreasing levels of compaction

Beads on a string
10 nm fiber, with exposed linker region

LAUA A A A A A A A A A A

22



Detectable Histone Modifications

Gross rearrangements : movement or removal
Detected by DNAse I sensitivity

Subtle alterations: methylation, actylation, phosphorylation
Detected by ChIP assays

http://www-schreiber.chem.harvard.edu/home/animation.html

Chromatin and Gene Expression

* Changes in chromatin conformation can be measured by
accessibility of DNA to cleavage by DNase I

* DNase I hypersensitivity is an indicator of relaxed chromatin

* Often seen prior to detectable gene expression

23



DNAse I Assays

*Targeted Loci
In vitro and in vivo
Indirect end-labeling/ Southern Blot
Quantitative PCR

*High-Throughput Analyses
Cloning endpoints of enzymatic cleavage

5

DNAse I Assays

Indirect end-labeling/ Quantitative PCR
Southern Blot

24



DNAse I Footprinting

Identifies regions inaccessible to
the enzyme that cleaves the DNA

“DNAse Protection”

Advancing Technologies

Automated sequencing machines for hypersensitivity assays

relative Fluorescence

@ WT probe alone

B3 +MonoMacé extract
. l

Base pair resolution

25



High Throughput DNAse I
Hypersensitivity

D
CutwithDNase |

‘Blunl end withT4 17"

n n__n 'Cul with Bam/Bgl JL’

\//

Clone and sequence
from blunt (DNased) end

Identifying gene regulatory elements by genome-wide recovery
of DNase hypersensitive sites.
Crawford et al. (2004) Proc Natl Acad Sci U S A. 101:992-7.

Characteristics Implicating
Function

Location in genome

Conservation in a multiple sequence alignment
Predictive tracks

Collections of Protein binding sites

26



¢ ENCODE Project at ucsc

Regions - Data Submission - Downloads - Tools - Terms - Help

The ENCODE project- Amassing hl%

throuBbRASEHINSCSS UG e/ ansosde/

The ENCODE Project: ENCyclopedia Of DNA Elements

© overview

© Consortium Membership

© pata Release Policy 1 ,
© Accessing ENCODE Data L" _——y E:
© Common Consortium Resources ‘

© Target Selection Process and Target Regions

© Comparative Sequence Analysis

© Meeting Reports

© Request for Application (RFA)

© Press Releases and Publications

© Program Staff

http://www.genome.gov/10005107

Features that identify promoters

o Base Fosition 115460606'
gnes SgAd on SNISS FROT, TrEMBL, mMRNA, and ReFSeq

ford Promoter SR ity in ENCODE Regions

JCMP!L! Po12 IMRE Ludwig Institute,UCsSD Ch Fo R38) in ENCODE Regions
| + 12 DL P R -
‘chIP/LI TAF1 IMRS Lucia InZtitute, UGS OhIF7chip CTAFL 1MRG6Y in ENCODE Redions

DNAse I hypersensitivity ?




Integrative Data Management

Servers providing tools to:
* Compare and contrast annotation tracks
* Include or exclude features on command

* Progressively refine the search criteria

EnsMart Genome Data Mining Tool

project The Wellcome Trust
e.’ / Ensem bl MartView Sanger Institute %|

Home » EnsMart & TextSearch a BlastSearch a MartSearch a Download a

([ new J START C Om
Help Desk
START { next»
o Summary
This page is used to initialise your search criteria. Please
complete the following selections: » start
@ Not yet initialised
Select the dataset for this query :
» filter
Focus: Ensembl Genes ¢ ] © Not et intaise
Species: [ Homo sapiens (NCBI 35 dbSNP123 HGVbase15 TSC1) 3 » output
Feedback
We would like to hear your i i of EnsMart, i i
functionality that you would like EnsMart to provide in the future. Many
thanks for your time.
Feedback Form

http://www.ensembl.org/Multi/martview

28



Compound Queries with Table Browser

Home Genomes Blat Gene Sorter PCR FAQ

Table Browser

Use this program to get the data associated with a track in text format, to calculate intersed
tracks, and to retrieve DNA sequence covered by a track. See Using the Table Browser fi
the controls in this form. The old Table Browser Page is still available for a limited period
clade: vertebrate &) genome:  Human "+)  assembly: May2004 )

group: Genes and Gene Prediction Tracks ! track: | Known Genes _t]

table: ' knownGene 3) idescribe table schema?

P

region: O genome O ENCODE & position chr7:127471196-127495720 (lookup )

identifiers (names/accessions): (paste list ) (upload list )
filter: (create)

intersectio

Intersect with Known Genes

Select a group and track to intersect with:

group: Expression and Regulation B track CpG Islands

These combinations will maintain the gene/alignment structure (if any) of Known

® All Known Genes records that have any overlap with CpG Islands

O All Known Genes records that have no overlap with CpG Islands

O All Known Genes records that have at least 80 = % overlap with CpG Islands
O All Known Genes records that have at most 80 % overlap with CpG Islands

These combinations will discard the gene/alignment structure (if any) of Knowr
position ranges.

O Base-pair-wise intersection (AND) of Known Genes and CpG Islands
O Base-pair-wise union (OR) of Known Genes and CpG Islands

Check the following boxes to complement one or both tables. To complement
intersection if it is nor included in the table.

1 Complement Known Genes before intersection/union
1 Complement CpG Islands before intersection/union

iSubmit \ ’ Cancel \




Additional Query/Analysis Tools

GALA Database

clade: genome: assembly: [ May 2004 ¢
group: [ ENCODE Tracks 2] track: [ ENCODE Regions %]
table: [ encodeRegions %] [Describe Table Schema)

region: ® genome © ENCODE O position [chr7:127471196-127495720
identifiers (names/accessions): [Paste LiSI][Upload LiSt]
filter:
intersection:
output format: | v all fields from selected table
output file: chosen fields from selected and related tables yrowser)
sequence
GTF - gene transfer format
[:Sun BED - browser extensible data
| query results to GALA |
custom track
hyperlinks to Genome Browser

file type returne

To reset all user ¢

GALA: Genome Alignment and Annotation database o

Freeze .
GALA History Page
Powered by DB2

e !/ P
Menu | Query form

GAL,Common queries 03 Freeze

Powered These can be used for viewing or compound queries. For the display button these queries u
1Az all genes (default set, UCSC Known Genes) Found 18238 range(s)
B: all CpG islands Found 257361 range(s)
e | C: all SNPs  Found 4880901 range(s)
) D: alignments human vs. mouse, min 100bps, 70%identity Found 585026 range(s)
1 E: Union of exons from all gene models Found 452256 range(s)
I F: nonrepetitive DNA aligned with both mouse and rat  Found 2134502 range(s)

Previous user queries

These queries will stay in the history for 14 days from last use.
) 1: table browser query on ChIP/LI Pol2 HeLa status: ready Found 24339 range(s)
(12: table browser query on Promoter/Stanford status: ready Found 642 range(s)

TDELETE selected user queries \

f EDIT a query description )

Vs

30



GALA Compound Queries

Operations that can be performed on selected queries

On 1 of the above queries

ONor

O Restrict region size: greater than or equal to less than or equal to

O Get aligning coordinates from pairwise alignments for ® chicken O mouse O rat
2 Get orthologous genes and view in corresponding GALA

0 Get orthologous regions using net alignments and liftOver

On 2 or more of the above queries

®UNION
OINTERSECTION
OINTERSECTION and trim regions

On 2 of the above queries
OINTERSECTION returning ranges from the earlier query that overlap anything in the later query
OINTERSECTION returning ranges from the later query that overlap anything in the earlier query

OSUBTRACTION earlier minus later query
OSUBTRACTION later minus earlier query
Remove: [ whole regions C

Proximty

Return regions from query number that
P

Ulie within bj

Ao ,_P_

lie more than IR l:{)
ey 7 S Bpetd ) from
a region in query number

o
 Clusters
Return regions from query that have at leas regions from query within +/- bps of a region in first query

Table Browser Query

Request:
Identify promoters that are regulated by muscle-specific factors
e Of all functional ENCODE promoters (Stanford Promoters Track)

* How many correspond to conserved regions in mammals?

* How many have a conserved MEF-2 site?




Home - Genomes - Gene Sorter - Blat - PCR - Tables - FAQ

Intersect with TFBS Conserved

Select a group and track to intersect with:

group:[ ENCODE Tracks P4 v Promoter/Stanford
eI-HS/NAGR

These combinations will maintain the gene/alignment st

@® Al TFBS Conserved records that have any overlap v
O Al TFBS Conserved records that have no overlap w
O All TFBS Conserved records that have at least ’al:- %
O All TFBS Conserved records that have at most W?

These combinations will discard the gene/alignment st
simple list of position ranges.

O Base-pair-wise intersection (AND) of TFBS Consery
O Base-pair-wise union (OR) of TFBS Conserved and

Check the following boxes to complement one or both t
in the intersection if it is not included in the table.

) Complement TFBS Conserved before intersection/ur
] Complement Promoter/Stanford before intersection/u

D

ChIP/LI Pol2 HelLa

ChIP/LI Pol2 THP1

ChIP/LI Pol2 IMR90

ChIP/LI Pol2 HCT116

ChIP/LI TAF1 HelLa

ChIP/LI TAF1 THP1

ChIP/LI TAF1 IMR90O

ChIP/LI TAF1 HCT116 iserved and producd
Chip/Affy Pol2 Pval
Chlp/Affy Pol2 Sites
RNA/Affy Signal
RNA/Affy Sites

DNA Rep/UVA 0-2hr
DNA Rep/UVA 2-4hr
DNA Rep/UVA 4-6hr
DNA Rep/UVA 6-8hr
DNA Rep/UVA 8-10hr

means to include a r

Base Fosition 1274585080] 127459888]

V$MEF2_83
Y$MEF2_83
Y$MEF2_82
V$MEF2_82

AKB92535

Human /Ch imp /Mouse /Rat /Chicken

Conservation

T T T T

mouse

chicken

AGS
CRL1698
G482

45a560]
table brogser qﬁer‘g qn tfbsCons

1
Known Geges Based on SWY{SS-FROT, mRNA, and RefSeq

AL e B 4 et L. e LS 16 AL LA LIRS Lidiblhia
rat Wi " g i S AR i) e b 1l AL L 13 2 I il

Lk
Stanford Promoter Activity in ENCODE Regions

127 127460008]

Ot iz Alignments & FhuloHMM Cons
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Table Browser - GALA Query

Request:
Identify promoters that are regulated by muscle-specific factors
e Of all functional ENCODE promoters (Stanford Promoters Track)

* How many correspond to conserved regions in mammals?

* How many have a conserved MEF-2 site?

e Can we identify clusters of binding sites in active promoters?

GALA Query

Rationale: Identify clusters of MEF-2 and MYOD binding sites
in promoters analyzed by the Stanford Group
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Expression and Regulation
Transcription factor binding sites
The transcription factor binding sites were produced with tffind . tfloc, and TRANSFAC (free registration requirg
Query (all TF binding sites (interval is required)

Jonly binding sites conserved in hg16Gg2 cutoff used was 0.85

¥ only binding sites conserved in hg16Mm3Rn3 cutoff used was 0.85

only binding sites conserved in hg l6PtIMm3Rn3Gg2 cutoff used was 0.75

Previous user queries

These queries will stay in the histogy for 14 days from last use.
() I: table browser query on ChIP/H-Pel2-Hela—statas—ready— Found 24339 range(s)

(_12: table browser query on Promoter/Stanford status: ready Found 642 range(s) I
13: (only binding sites conserved in hg |6Mm3Rn3) AND (factor ID = VSMEF2_01, VSMEF2_02,
VSMEF2_..) status: ready Found 2284 range(s) )
4 (only binding sites conserved in hg16Mm3Rn3) AND (factor ID = VSMYOD_01, VSMYOD_Q6) stat’
Found 158646 range(s)

¥ VSMEF2_01
¥ VSMEF2_02

¥ VSMEF2_03 ¥ VSMYOD_01
¥ VSMEF2_04 ¥ VSMYOD_Q6

Base Fosition 127459108] 127459288] 1274593 88] 1274594 08] 127459588]
Query results, user selected regions
query results

Gap Locations
Gap

Known Genes Based on SWISS-FROT, TrEMBL, mRNA, and RefSeq
Ref3eq Genes
RefSeq Genes
Human/Chimp /Mouse /Rat /Chicken Multiz Alignments & PhyloHMM Cons

Conservation

T
[T T T ITT R T
Takifugu rubripes (Aug. 2862/fri) Translated Blat Alignments

Stanford Promoter Activity in ENCODE Regions

>
Repeating Elements by RepeatMasker
RepeatMasker
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