The Open Door Workshop Module 3: Comparative Sequence Analysis

Module 3: Comparative Sequence Analysis
and Identification of Regulatory Elements

Aims
. Overview of comparative sequence analysis and sequences available

from different organisms for homologous gene identification

. Identify putative paralogous and orthologous genes in Ensembl

. View phylogenetic trees

. Compare genome sequences from different organisms in UCSC

. |dentify evolutionary conserved sequences (ECRs) in ECR browser

and VISTA Enhancer Browser

Comparative Sequence Analysis

Comparative sequence analysis is a powerful method for aiding human gene
identification, inferring function of a gene's product, and identifying novel functional
elements such as those involved in transcriptional regulation. This is because
biologically important regions of the genome are, generally, under selective
constraint. Comparing the genome sequences from a variety of organisms may
facilitate the identification of functionally significant units in the human genome.

The information that can be inferred when comparing sequences is dependent
on the evolutionary distance between the two organisms. Organisms that are closely
related are more likely to share a higher degree of sequence similarity. Organisms
more distantly related to human, such as yeast and worm, share less sequence
similarity and are likely to show sequence conservation only in coding regions. This
may also be true for distantly related vertebrates such as fish. More closely related
organisms, such as mouse, are likely to be conserved in coding regions, and other
functional elements such as regulatory sequences. However, the closer the
evolutionary relationship with human, the more ‘sequence noise’ is likely to arise
where non-functional sequence appears similar because insufficient time has

elapsed for the two sequences to diverge.

67



The Open Door Workshop Module 3: Comparative Sequence Analysis

Evolutionarily Related Gene Sequences

Homologous genes are derived from a common ancestor and may retain a similar
sequence or function. In general, homologous genes can be divided into two
classes:

1) Orthologues are genes that often perform the same function in different
organisms. They are defined as being homologous genes in different organisms
derived from the same gene during speciation. In general, their sequence similarity
reflects the amount of time since they diverged from a common ancestor (i.e. the
less time that has elapsed since divergence, the greater the sequence similarity
between the two genes).

2) Paralogues are gene families that are present within a single species. Often they
arise by duplication. These genes are not under the same pressure to maintain their

function so that one copy may acquire a novel function.

*note: The terms orthologous and paralogous can apply to sequence without

genes as well!
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Figure 1 - Homologous Gene Sequences
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Identifying evolutionarily related gene sequences — where to start...

Most searches for orthologous genes begin with BLAST searches. The type of
search that you should perform depends upon what information you have at your
disposal. Protein sequence based queries generally find more distantly related
matches because of the redundancy in the genetic code (i.e. some amino acids are
encoded by more than one codon). Nucleotide searches using the discontiguous
megablast parameters are also very useful. We recommend that you survey a
number of different databases using a number of different search parameters to

obtain the most informative results.

BE CAUTIOUS: uncertain Orthologues

You may encounter gene sequences that appear to be orthologous and may be
derived from the same ancestor but no longer perform the same biological function
(for example genes 1 and 3 in Figure1). If you choose to analyze such sequences,
the sensitivity and specificity of your search will be reduced and it may not yield any

informative results.

For example, the gene for bone morphogenetic protein 8 (BMPS8) was duplicated in a
common ancestor of human and mouse, giving rise to BMP8a and BMP8b (see
Figure below). BLAST analysis of these four sequences yields quite confusing
results. Human and mouse BMP8a are reciprocal best alignments using both
nucleotide and protein sequences to search. In contrast, both the nucleotide and
protein sequences of mouse Bmp8b align best to their human BMP8a counterparts.
Human BMP8b mRNA aligns best to mouse Bmp8b mRNA, but human BMP8b
protein aligns best to mouse Bmp8a protein, while mouse protein Bmp8b aligns best
to human protein BMP8a (Nardoneet al., 2004).
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— ~220kb —

BMP8a BMP8b
uman chr1
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Bmp8a +— ~170kb ——— Bmp8b

—— mRNA alignments

—— protein alignments
Adapted from Nardone et al., 2004

Figure 2 - Uncertain BMP8a and BMP8b orthologues.

Therefore, we recommend that you perform the following steps to confirm the true
functionality and relatedness of your gene sequences. Much of this information can
be obtained from genome browsers such as Ensembl, NCBI or the UCSC.

1) Identify any other paralogues that may affect your analysis. This can
be achieved by performing a BLAST search using your sequence against its
source genome, or using the self-chain track at the UCSC genome browser.
2) Confirm the percent identity (similarity) at both the nucleotide and
protein level between paralogous and orthologous sequences to ensure that
you are analyzing the most closely related sequences.

3) Perform evolutionary analyses of nucleotide/protein sequence
(phylogeny). In contrast to similarity-based methods such as BLAST,
phylogenetic methods can better take into account the effects of repeated
substitutions at one site and variable rates of evolution among sequences.
Multiple genes are placed in an evolutionary tree representing genealogical
relationships.

4) Compare the exon/intron structure of your orthologous genes.
Evolutionary related genes often share a similar gene structure.

5) Examine the chromosomal context of the two orthologous genes.

Closely related species, such as human and mouse often have large
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conserved segments and therefore neighbouring genes are also shared

between the two species.

Comparative Genome Analysis

Comparing the DNA sequences of different species is a powerful method for
decoding genomic information. This is because functional sequences tend to evolve
at a slower rate than non-functional sequences (see Figure 3).
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Figure 3 - Diverging sequences. Miller et al, 2004. Annu Rev Genomics Hum
Genet. Immediately after speciation the sequence is 100% identical (see graph on
left).Over time, regions under little or no selective pressure, such as introns, are saturated
with mutations, whereas regions under negative selection, such as most exons, retain a

higherpercent identity (see graph on right).

By comparing the genomic sequences of several species at different evolutionary
distances it is possible to identify coding sequences, conserved non-coding
sequences, and those sequences that are unique to humans or other species.

When two species diverge from a common ancestor, those sequences that maintain
their original function are likely to remain conserved in both species throughout their
subsequent independent evolution. Therefore, comparing sequences in different
species is a powerful tool for increasing the confidence of a predicted functional unit,

or identifying novel functional units (e.g. human, mouse and zebrafish).

The sequence of many genomes has been generated using a combination of the
clone-by-clone method (adopted for generating the human genome sequence by the
public effort) and whole genome shotgun (WGS - used by Celera to generate the
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sequence of the fruit fly and their version of the human genome sequence). Finished

and unfinished genome assemblies are currently available for many vertebrates.
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Alpaca .
Dolphin The key genomes being
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Figure 4 - The genomes that have been aligned to predict conserved elements

at the UCSC genome browser.

In addition to many completely sequenced genomes, low coverage sequence for
numerous genomes is currently available and more are in queue to be processed.
Many new sequencing platforms offered by lllumina, Roche (454) and Agencourt/ABI
(SOLID) are offering faster ways to obtain many new partial and whole genome
sequences for much less cost. The draft sequence of the giant panda genome was
the first to use only next generation sequencing (Li et al Nature 2010).
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In general, greater evolutionary distance between the species is reflected by more

divergent sequences and fewer shared functional units (see table below).
Comparing sequences that diverged from a common ancestor approximately 450
million years ago (mya) (e.g. human and fish), aids the identification of coding
If the

evolutionary distance between the two species is reduced to approximately 90 mya

sequences. Conserved non-coding regions are generally not identified.
(e.g. human and mouse), both non-coding and coding units are commonly
conserved. However there can be background noise so comparing a number of
different mammalian species (including the more distantly related marsupials) is
useful. A large number of features are conserved between recently evolved species
such as human and chimpanzee. The inclusion of a closely related species in a
comparative analysis makes it possible to identify those genomic sequences that
may be responsible for traits that are unique to the reference species.

Table 1 - Selection of Species for DNA Comparisons

Human vs. Chimpanzee Mouse Opossum
Size (Gbp) 3.0 25 3.6 0.4
Time since ~5 MYA ~65MYA ~150 MYA ~450 MYA
divergence
Sequence >99% ~80% ~75% ~65%
conservation
(in coding
regions)
Aids Recently Both coding | Both coding Primary
identification of changed and non- and non- coding
....... sequences and coding coding sequences
genomic sequences sequences
rearrangements
Background HIGH MODERATE LOWER LOW
noise

73




The Open Door Workshop

Module 3: Comparative Sequence Analysis

WORKED EXAMPLES:

1. Identifying orthologues and paralogues in Ensembl.

The easiest and most common method used to identify homologous sequences

exploits the sequence conservation between related genes. This can be identified
using sequence similarity searches (i.e. BLAST searches) against nucleotide or
protein databases (see previous modules). However, in many cases, the genome
browsers such as NCBI, Ensembl and the UCSC have already done the hard work

for you. In this example, explore the data available in Ensembl.

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentatf
Human (GRCh37) v
o
Ay

Homo sapiens

Search all categories =TT T

Scaroh al B5-133161157 or osteoarthritis

categories

Gene & + lar GCA_000001405.13)

Transcript 8 Q ﬂ a
Ind statistics -

Variation
uence (FASTA -

Phenotype H ( ) View karyotype

StructuralVariation 0 GRCh37 coordinates ——

[ —

LSggatic Mutation N Ensembl =

Gene mitf

Current selection:

< all Species

Only searching Human

< all Categori

ies

Only searching Gene

100

Show all results in one page

Standard

Table

Only searching Human Gene Eti1{¢3

Step 1: Search the Human
genome for MITF:

Select gene, then type in
MITF and click on Go.

1 results match mitf when restricted to [ category: Gene 3¢ | [ species: Human 3¢ |

Did you mean... v

MITF (Human Gene)
ENSG0000018098 3:69788586-70017488:1

Microphthalmiad-associated transcription factor [Source:HGNC Symbol;Acc:7105].

Variation table « \ocation « Regulation « Orthologues « Gene tree

S A

Ensembl release 73 - Se\tember 2013 € WTSI /
EBI

Step 2: Click on the entry.
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Login/Register

Bl - search Human

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

Location: 3:69,739,435-69,968,337 (el IT1ig

Human (GRCh38) v
Gene-based displays

i~ Summary
- splice variants (17)

Gene: MITF EnsGoo000187098

[~ Transcript comparison Description microphthalmia-associated transcription factor [Source:HGNC Symbol;Acc:HGNC:7105)
- Supporting evidence

F Gene alleles Synonyms bHLHe32, MI, WS2, WS2A

- Sequence Location Chromosome 3: 69,739.435-69.968,337 forward strand.

L Secondary Structure

- External references

i~ Regulation

- Comparative Genomics
Genomic alignments
Gene tree
Gene gain/loss tree
Orthologues (78)
Paralogues (3)
Ensembl protein families (2)

— Phenotype

= Genetic Variation

E Variation table

INSDC coordinates chromosome:GRCh38:CM000665.2:69739435:69968337:1

This gene has 17 transcripts (splice variants) (Sl RIEREIISELIE

Transcripts

Summary @

Name
CCcDs
UniprotKB

MITE (HGNC Symbol)

This gene has proteins that correspond to the following Uniprot identifiers: 075030
Overlapping RefSeq Gene ID 4286 matches and has similar biotype of protein_coding
Variation image
Structural variation
- External data

L Personal annotation
ID History

L Gene history

ﬁ Configure this page
Prediction Meth
cdvorqaas Alternative genes
4 Export data
Go to RegiN

LRG 776 provides a stable genomic for
ENSG00000187098.12

for this gene

This gene maps to 69.788.586-70.017.488 in GRCh37 coordinates.
View this locus in the GRCh37 archive: ENSG00000187098

—

Gene type Known protein coding

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.

This gene corresp to the
Havana gene: OTTHUMG00000149921

¢ Bookmark e
« Share this page

Step 3: View protein families

Step 4: Protein families
indicates potential
paralogues. View location
in genome - click where it
says 5 genes.

Ensembl protein families @,

Show/hide columns

Family ID
ENSFMO00250#

4 Consensus annotation
TRANSCRIPTION FACTOR

Other MITF proteins in this family Multiple alignments

(5. genes)

ENSFMO00550000751758
(1.gene)

UNKNOWN

.

.

.

.

.
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ENSP00000295600 (MITF-001)
ENSP00000391803 (MITF-007)
ENSP00000411389 (MITF-009)
ENSP00000418845 (MITF-014)
ENSP00000391276 (MITF-002)
ENSP00000324443 (MITF-015)
ENSP00000398639 (MITF-003)
ENSP00000324246 (MITF-005)
ENSP00000377880 (MITF-004)
ENSP00000433487 (MITF-008)
ENSP00000481286 (MITF-006)
ENSP00000435909 (MITF-016)
ENSP00000327867 (MITF-201)

ENSP00000407620 (MITF-012)

398 Ensembl members of this
family JalView

662 members of this family
JalView

1 Ensembl members of this family
JalView

1 members of this family JalView
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« Protein families HUMAN genes in this family help Variation Table »

Ensembl genes containing proteins in family ENSFM0O0250000000692

MITF has 3
potential
paralogues.

There are 4 g i o
entries as g‘
oneisona &
GRC patch. E - é D
TELIR
Gene ID and Location Gene Name Description (if known) Protein ID(s)
ENSGOOOOO187098 MITE microphthalmia-associated transcription factor [Source:HGNC
Chromosome 3: € Symbol;Acc:HGNC:7105]
ENSGOOOOO112361 TFEB transcription factor EB [Source:HGNC Symbol;Acc:HGNC:11753]
Chro: ome 6: 41.68m
ENSGOQOQ@O&QG? TFEC transcription factor EC [Source:HGNC Symbol;Acc:HGNC:11754]
LRG 7767 MITE microphthalmia-associated transcription factor [Source:HGNC
LRG_776: 202.12k Symbol;Acc:HGNC:7105]
ENSGOOOOOOuBEZS TFE3 transcription factor binding to IGHM enhancer 3 [Source:HGNC
Chromosome X: 49.03m Symbol:Acc:HGNC:11752)]
Step 5: Navigate back to protein
Multiple alignments p 9 . . P
. families and click JalView under
395 Ensembl members of this the multiple alignments section. In
family JalView < .
<« some browsers, a second JalView
662 members of this family button may appear. Click JalView
JalView for family members.
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510 520 530 5

4
[ERSRNOP00000012830/1-1398 —====-] A i
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Jalview is a stand alone alignment
program. It can be used to identify the
important residues for these protein
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in many Ensembl species.
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Gene-based displays

- Summary Step 6: Return to the gene view page
:?gfjcf;:‘ig‘; ;;’S . for MITF and view. This is a different
way of getting to the same answer.

~ Supporting evidence
 Gene alleles
- Sequence
L Secondary Structure
— External references
— Regulation
Comparative Genomics
~ Genomic alignments
 Gene tree
— Gene gainfloss tree
~ Orthologues (78)
— Paralogues (3)
 Ensembl protein families (2)
— Phenotype
El- Genetic Variation
— Variation table
 Variation image
- Structural variation
- External data

L Personal annotation
B ID History
L Gene history

n
b

—0
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h
Showi/hide columns Filter
Type A | E bl identifier & gene Compare Location Target Query
taxonomy name Yeid Y%id
Paralogues (same Bony verlebregt_g_g_ ENSG00000068323 « Region Comparison X:49028726-49043486:-1 48 53
Species) (Elitelé ij « Alignment (protein)
TFE3 « Alignment (cDNA)
transcription factor binding to IGHM
enhancer 3 [Source:HGNC
Symbol;Acc:HGNC:11752)
ENSG00000105967 « Region Comparison 7:115935148-116159896:-1 47 32
« Alignment (protein)
TFEC « Alignment (cDNA)
transcription factor EC [Source:HGNC
Symbol;Acc:HGNC:11754)
Paralogues (same Vertebrates ENSG00000112561 « Region Comparison 6:41683978-41736259:-1 40 38
Spi { ) « Alignment (protein)
TFEB * Alignment (cDNA)

transcription factor EB [Source:HGNC
Symbol;Acc:HGNC:11753]

Orthologues

Orthologues are the same gene but in different species. To investigate the evolution
of a gene we can investigate the relationships between orthologues and paralogues
in all the species for which genomic sequence is available

Gene-based displays
— Summary
— Splice variants (17)

— Transcript comparison

| Supporting evidence Step 7: Click on the Gene: MITF tab at the
- Gene alleles top of the page to get back to the gene

E- Sequence .
L Secondary Structure page and then click Gene Tree (Image)

— External references

— Regulation

B Comparative Genomics
Genomic alignm
Gene tree
Gene gain/loss tree
Orthologues (78)
Paralogues (3)
Ensembl protein families (2)

— Phenotype

= Genetic Variation

E Variation table

Variation image
Structural variation
= External data

‘ L Personal annotation
B ID History

L Gene history
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Bp<EFEAHE
. rthopods and nematodes: 2 homlogs TN T T TN T
Bony vertebrates: 62 homologs T T T T W T T O T T
m Teleost fishes: 19 homoalogs T DTN NN T TOTI I |
Marsupials: 3 homologs I W T T 7T 0 T
Arican mammals: 3 homologs. I WM eEY e 11 7101 I
old World monkeys: 3 homologs I WY T T OTW I
! MITF, Chimpanzee 1 ! T )
| | 10— -
MITF, Human
| I N J— |
MITF, Gorilla
| | I Y I |
DKFZP468P1411, Orangutan [ i o T
MITF, Gibbon 1
| | I |
MTF, Marmoset
2 {
[ L f f
. MITF, Tarsier
— L (— !
t — Rabbits and Pikas: 2 homologs N N RRUNI NN 0 D |
p—— | L
i L e o
Boreoeutheria: 14 homologs I WY T T TOTIW I
Boreoeutheria: 5 homologs T 07 WM EEEY e 11 711 |
Laurasiatherian Is: 3homologs_ T T TTT MY TN I
Xenarthran mammals: 2 homologs T T E W T 1711 |
—0 MITF, Platypus : : :
m Bony vertebrates: 10 homalogs 1IN BT T 1111 |
L—q mrF, Coslacarth | | | ” | |
“—0 mitfa, Spotted gar J (N
Bony vertebrates: 64 homologs T NN T T 1 710 0 1
—= Lamprey: 3 homologs | | |
4'4 D e — TN TN T TIT (T WO T
-— = Ciona sea squirts: 2 homologs I IIN | ISP I
LEGEND.
Branch Length Nodes Genes Collapsed nodes Collapsed Alignments Expanded Alignments
—— x1 branch length O gene node Gene ID gene of interest collapsed sub-tree [] 0-33% aligned seq gap
-- x10 branch length ®m  speciation node Gene ID within-sp. paralog <« collapsed (this gene) O] 33 -66% aligned seq aligned seq
-- x100 branch length [ ] dup;i.cation no:e - collapsed (paralog) B 66 -100% aligned seq
; arennelguﬁiltjse::n: (x10 branch length)
J S (x100 branch length)

Maximum likelihood phylogenetic tree drawn using PHYML. Red squares represent
duplication nodes, while blue squares represent speciation nodes. When the branch
length is too long for the display, they are shortened and displayed as dashed lines
with color depending on the branch length. The green bars at the right of the tree are
a schematic representation of the multiple alignment of the peptides made using
MUSCLE. Full boxes indicate matches/mismatches, open boxes indicate gaps in the

alignment.

Ensembl uses a pipeline to predict orthologues and paralogues in which "maximum
likelihood phylogenetic gene trees (generated by TreeBeST) play a central role".
However, BE WARNED as some of the orthologues predicted in the less

characterised genomes are not always well annotated.
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Gene-based displays
~ Summary
 Splice variants (17)
— Transcript comparison
I~ Supporting evidence
— Gene alleles
E- Sequence
L Secondary Structure
— External references
— Regulation
- Comparative Genomics
— Genomic alignments
 Gene tree
— Gene gain/loss tre
— Orthologues (78)
— Paralogues (3)
— Ensembl protein families (2)
— Phenotype
El- Genetic Variation
— Variation table
— Variation image
— Structural variation
- External data

L Personal annotation
E- ID History

L Gene history

—m

Turkey 1-to-1 nfa
(Meleagris gallopavo)

Wallaby 1-to-1 na
(Macropus eugenii)

Xenopus 1-to-1 n/a

(Xenopus tropicalis)

Zebra Finch
(Taeniopygia guttata)

1-to-many n‘a

Zebra Finch
(Taeniopygia guttata)

Zebrafish
(Danio rerio)

Zebrafish
(Danio rerio)

1-to-many na

Step 8: Click on

orthologues
Make sure you check carefully
as not all orthologues are 1-to-
1 e.g. zebrafish has 2 copies of
MITF. Some orthologues may
be partial e.g. platypus.
ENSMGAG00000009507 « Region Compariso 14:16287512-16329099:1 87
« Alignment (pro
MITF + Alignmen
factor «
[Source:HGNC Symbol;Acc:7105]
ENSMEUG00000000099 GeneScaffold 9177:11014-95772:1 85
R lignment (protein)
MITF Alignment (cDNA)
i Gene Tree (image)
[Source:HGNC Symbol;Acg
« Region Comparison GL173261.1:16072-155698:1 78
* Alignment (protein)
« Alignment (cONA)
factor « Gene Tree (image)
+ Region Comparison 12:16777226-16818678:1 92
« Alignment (protein)
el Ensembl prediction « Alignment (cDNA)
Uncharacterized protein [Source: « Gene Tree (image)
UniProtKE/TrEMBL.; acc: H0ZHVO)
ENSTGUG00000017182 «» Region Comparison Un:26926871-26938092:-1 81
« Alignment (protein)
Novel Ensembl prediction « Alignme NA)
Uncharacterized protein [Source: « Gene Tree (image)
UniProtKB/TrEMBL; acc: H1ASLO!
ENSDARG00000003732 « Region Comparison 6:43321687-43364577:1 62
« Alignment (protein)
mitfa « Alignment (cDNA)
i i factor + Gene Tree (image)
a [Source:ZFIN;Acc:ZDB-GENE-820910-11]
ENSDARG00000037833 « Region C 23:730122-781915:-1 66
« Alignment (protein)
mitfb « Alignment (cDNA)

factor
b [Source ZFIN;Acc:ZDB-GENE-010919-1)
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2. Comparing genome sequences in the UCSC.

We will next use the UCSC genome browser to identify evolutionarily conserved
regions and then investigate them to see if they have any epigenetic signatures that
suggest they have regulatory roles in the genome.

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

group genome assembly position search term
Mammal + || Human + || Feb. 2009 (GRCh37/hg19) * | chr17:41,243,452-41,277,500

mitf| I | submit |

MITF (Homo sapiens ption factor (MITF), transcript variant 1, mRNA.)
Click here to reset the browser user interfa ttings to their defaults.

| track search || add custom tracks | | track configure tracks and display |

Step 1: Search for the MITF gene.
The search box will autocomplete
if the term is a known gene name.

UCSC Genes

MITF (uc02lxam.l) at chr3:69985751-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 6, mRNA.
MITF (uc021xal.l) at chr3:69985751-69988216 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 8, mRNA.
MITF (uc0llbgb.2) at chr3:69812707-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 7, mRNA.
MITF (uc003dof.3) at chr3:69985751-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 4, mRNA.
MITF (uc003doe.3) at chr3:69985751-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 5, mRNA.
MITF (uc003doc.l) at chr3:69925491-69928534 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 2, mRNA.
MITF (uc003dob.3) at chr3:69915375-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 2, mRNA.
MITF (uc003doa.3) at chr3:69812962-70017488 - Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 3, mRNA.
MITF (uc003dnz.3) at chr3:69788586-70017488 Homo sapiens microphthalmia-associated transcription factor (MITF), transcript variant 1, mRNA.
TFE3 (uc004dmb.3) at chrX:48886242-48900990 -“Womo sapiens transcription factor binding to IGHM enhancer 3 (TFE3), mRNA.

USP13 (uc003fkh.3) at chr3:179370933-179507189 -\gomo sapiens ubiquitin specific peptidase 13 (isopeptidase T-3) (USP13), mRNA.

IKZF4 (uc00lsjd.l) at chrl2:56414689-56432219 - Hol sapiens IKAROS family zinc finger 4 (Eos) (IKZF4), mRNA.

TFE3 (uc004dmc.3) at chrX:48886242-48900990 - Homo sgns transcription factor binding to IGHM enhancer 3 (TFE3), mRNA.

TFEB (uc0030gs.l) at chr6:41651716-41702798 - Homo transcription factor EB (TFEB), transcript variant 1, mRNA.

TFEB (uc031sop.l) at chr6:41651716-41702139 - Homo sapiens anscription factor EB (TFEB), transcript variant 4, mRNA.

TFEB (uc010jxo0.1) at chr6:41655083-41701591 - Homo sapiens tra
TFEB (uc003oqv.l) at chr6:41654267-41701591 - Homo sapiens trans . H 1
TFEB (uc003ogqt.2) at chr6:41651716-41703265 - Homo sagiens transcy Step 2' C“Ck On the |0ngeSt transcrlpt'
IKZF4 (uc00lsjc.l) at chrl2:56414689-56432219 - Homo sapiens IKARCOS TamrITy zInT TINGEr = (LOUST (IRZT ), TRNA:

IKZF4 (uc00l1sjb.1l) at chrl2:56413104-56432219 - Homo sapiens IKAROS family zinc finger 4 (Eos) (IK2ZF4), mRNA.

CADM1 (uc03lgei.l) at chr11:115044345-115375241 - Homo sapiens cell adhesion molecule 1 (CADM1), transcript variant 1, mRNA.
CADM1 (uc00lppi.4) at chrl1:115044345-115375241 - Homo sapiens cell adhesion molecule 1 (CADM1), transcript variant 1, mRNA.
CADM1 (uc031geh.1l) at chr11:115044345-115285467 - Homo sapiens cell adhesion molecule 1 (CADM1), transcript variant 1, mRNA.
KARS (uc002feq.3) at chrl6:75661622-75681585 - Homo sapiens lysyl-tRNA synthetase (KARS), transcript variant 2, mRNA.

TFEC (uc003vhj.2) at chr7:115575202-115670867 - Homo sapiens transcription factor EC (TFEC), transcript variant 1, mRNA.
PIAS3 (ucO0Oleoc.l) at chr1:145575988-145586546 - Homo sapiens protein inhibitor of activated STAT, 3 (PIAS3), mRNA.

TYR (uc00lpcs.3) at chr11:88911040-89028927 - Homo sapiens tyrosinase (TYR), mRNA.
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Scale 100 kb | | hgt9
chra: 69,850,000 69,300,000 69,950,000] 70,000,000]
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Step 3: Assuming your view does not look like this one — scroll
down to change the views. Turn off any unnecessary tracks
and then look at the Comparative Genomics section.

=

Comparative Genomics

@ Evo C
hide f

Primate Chain/Net Placental Chain/Net
hide hide

GERP

hide j

Click here to set adjust the
settings of the conservation
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Select all species and Multiz Alignments to full. Press submit.

Genomes Genome Browser Tools Mirrors Downloads My Data Help

Conservation Track Settings Subtracks| Description

Vertebrate Multiz

Maximum display mode:

& Conservation (1 00 SpeCieS) (4All Comparative Genomics tracks)

ancel | Reset to defaults

Select views (hel

Multiz Alignmenfs | full | Basewise Conservation (phyloP) | full = Element Conservation (phastCons) | hide | Conserved Elements |hide |

Multiz Alignments Configuration

Human

Defaults|
Chimp

Species selection:

Primate .7 Gorilla
Orangutan
¥ chimp # gorilla @ orangutan ¥ gibbon o rhesus Gibbon
¥ crab-eating macaque « baboon ¥ green monkey ¥ marmoset ¥ squirrel monke: Rhesus
» ) JUERLID [ =g Ve oy Y Crab eating macaque
¥ bushbaby Baboon
— Green monkey
Euarchontoglires *| = Marmoset
: 5 I - . Squirrel monkey
¥ chinese tree shrew  squirrel v lesser Egyptian jerboa  prairie vole « chinese hamster Bushbaby
+ golden hamster « mouse v rat # naked mole-rat ¥ guinea pig Chinese tree shrew
¥ chinchilla # brush-tailed rat # rabbit v pika Squirrel

Lesser Egyptian jerboa

Laurasiatheria [*1[=] Prairie vole
Chinese hamster

v pig v alpaca  bactrian camel # dolphin 7 killer whale Golden hamster

+ tibetan antelope « cow « sheep ¥ domestic goat ¥ horse :‘::t“se

¥ white rhinoceros ¢ cat  dog  ferret ¥ panda Mole rat

¥ pacific walrus 1 weddell seal # black flying-fox ¥ megabat ¥ david's myotis (bat) Guinea pig

¥ microbat ¥ big brown bat ¥ hedgehog v shrew ¥ star-nosed mole Chinchilla
Brush tailed rat

Afrotheria Rabbit
Pika

¥ elephant ¥ cape elephant shrew ¥ manatee ¥ cape golden mole ¥ tenrec Pig

¥ aardvark Alpaca
Bactrian camel

Mammal 1= Dolphin

Killer whale
Tibetan antelope

¥ armadillo @ opossum # tasmanian devil ¥ wallaby  platypus c
oW

= =

Sheep

Are there any conserved non-coding regions?
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Yes, there is a non-coding Evolutionary Conserved Region (ECR) in intron 2.
This is conserved back to fish suggesting it is an important regulatory element.
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199 kb}

1
786050004

Step 4: Select
region to zoom in

in

the scale

scale S
chr3: 699088008| 599560068 70000000 t
78 _ GC Percent in S-Base Windows : :
it E :
. MMLM on
UCSC Genes Based on RefSeq, UniFrot, GenBank, CCDS and Comparative Genomics
e EE6 4]
MITF } »
MITF | :
MITF-C b E ]
MIT o
i RefSeq Genes 4 i /
MITF | ¥
MITF } 58] //
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MITF i)
CpG Islands (Islands < 3898 Ba are Light Gr\ee b
Islands |
vertebrate MUltiz Alignmen t' & Conservation (44 SPQC
2 Flacental Mammal Basewise Conhservation by PhU‘OF

Zoom in on the ECR. Is it associated with any transcription factor binding sites?
Switch on TFBS conserved Track to “pack” (Regulation section).

Sc

38 _

200 ba:

UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics
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T ""W“ ! nwv [ i

MUt iz Alignments of 44 Vertebrate:

Repeating Elements by RepeatMasker

Ny

V$BRACH_91 Il

Yes, the ECR has a number of conserved transcription factor binding sites. This

track shows TFBS that are conserved between human, mouse and rat.
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Adding your own track to UCSC.

It is really easy to make and upload data files for your own tracks to UCSC. We are
going to add a very short bed file containing putative enhancers identified next to the
H19 non-coding RNA gene. The file also contains the known control region for H19

and IGF2 genes. The file is called UCSC-enhancers_track.bed.

browser position <chrl1:2000000-2030000

track name=PutativeEnhancers description="Putative_Enhancers" color=250,0,0
chrll 2013859 2014040 Cs1

chrll 2012311 2012615 CS2

chrll 2011146 2011294 CS3

chrll 2009454 2009727 Cs4

chrll 2001080 2001174 CS6

chrll 2021124 2023944 H19-DMR

This is a very basic track with only 5 regions. The format has a description line
including track name, description and in this case colour. This also includes the
position | am interested in in the genome. Below you need at least 3 columns
chromosome, start and end. | have also included a name column. Details of all of the

file types you can upload can be found on the Add Custom Tracks page

group genome assembly position search term

Mammal 4+ || Human + || Feb. 2009 (GRCh37/hg19) * | chr21:33,031,597-33,041,570 | enter position, gene symbol or search terms submit

Click here to reset the browser user interface settings to their defaults.
track search track hubs configure tracks and display
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Add Custom Tracks

clade [ Mammal :| genome | Human s assembly | Feb. 2009 (GRCh37/hg19) +

Display your own data as custom annotation tracks in the browser. Data must be formatted in BED, bigBed, bedGraph, GFF, GTF, WIG, bigWig, MAF, BAM, BED detail,

Personal Genome SNP, VCF, broadPeak, narrowPeak, or PSL formats. To configure the display, set track and browser line attributes as described in the User's Guide. Data in

the bigBed, bigWig, BAM and VCF formats can be provided via only a URL or embedded in a track line in the box below. Publicly available custom tracks are listed here.
Examples are here.

Paste URLs or data: Or upload: | Browse... | No file seIened.( Submit )
color=250,0,0

chrll 2013859 2014040 Cs1

chrll 2012311 2012615 CS2

chrll 2011146 2011294 CS3 ("Clear
chrll 2009454 2009727 Cs4 C—
chrll 2001080 2001174 Csé

chrll 2021124 2023944 H19-DMR

Optional track documentation: Or upload: | Browse... | No file selected.

|_Clear

Click here for an HTML document template that may be used for Genome Browser track descriptions.

This is a short file so it can just be pasted in.

Manage Custom Tracks Click on “chr11
to return to
genome: Human assembly: Feb. 2009 (GRCh37/hg19) [hg19] browser
Description | Type Doc ltems| Pos add custom tracks ]
[PutativeEnhancers|Putative_Enhancers|bed 6 [chri1d—T) 9o to genome browser |

go to table browser |

go to variant annotation integrator|

Make sure the display is set to “full” for your custom track, otherwise it won’t display
the feature names.

| track search | | default tracks | | default order || hide all | | manage custom tracks | | track hubs | | configure | | reverse | | resize | | refresh |
(collapse all | Use drop-down controls below and press refresh to alter tracks displayed. (Cexpand il |
- Tracks with lots of items will automatically be displayed in more compact modes. —

=] Custom Tracks
PutativeEnhancers
full ~|

[ + | Mapping and Sequencing

[ - | Genes and Gene Predictions
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Scale 16 Kb} | heta
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These regions, which are viewed here as red bars, can be explored to see if they lie

in areas of the genome that act as regulatory elements.

It is possible to save your session in UCSC so you can come back to it at a later
date. Go to the Sessions page, which is under my data. On your first visit you can

request an account.

Genomes Genome Browser Tools Mirrors Downloads My Data About Us View Help

UCSC Genome Browser on HumE=ZNS N h37/hg19) Assembly

move | <<< |[ << |[ < |[ > |[ >> | >>> | zoo| Track Hubs room out | 1.5x || 3x || 10x |

chr11:2,000,000-2,030,000 30,001 bp.

Custom Tracks e
enter pd ‘\ go |
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Sign in to UCSC Genome Bioinformatics

Login
Create an account

Signing in enables you to save current settings into a named session, and then restore settings from the session later.
If you wish, you can share named sessions with other users.

Session Management

See the Sessions User's Guide for more information about this tool.
Click here to reset the browser user interface settings to their defaults.
If you sign in, you will also have the option to save named sessions.

Save Settings

Save current settings to a local file:

file: file type returned: | plain text

+ | | submit |
(leave file blank to get output in browser window)
Restore Settings
Use settings from another user's saved session:
user: session name: [ submit |
Use settings from a local file: ‘Browse... | [ submit |
Use settings from a URL (http://..., ftp://...): _submit |

You can then save and share your sessions.
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3. Comparing genome sequences in the ECR browser and
identifying potential transcription factor binding sites.

The Comparative Genomics Developments website is a very useful resource
comparing genomes to decipher the code of gene regulation. It encompasses much
of the historical databases for genome alignments such as VISTA, rVISTA and
zPicture. In this exercise we will explore the WWOX gene for conserved elements
that may have regulatory function. But remember, conserved elements could be

anything.

NCBI DCODE.org Comparative Genomics Developments

comparing genomes to decipher the code of gene regulation

Tools Regulation of co-expressed genes
CLARE - Prediction of regulatory motifs and motif combinations in a set of co-functional enhancers.

ECR Browser

::R.b « Step 1: Choose the
EShado ECR Browser

oximal and Distant Regulatory Elements of co-regulated genes.
SynoR - Prediction of synonymous 1+ te genomes.

eShadow .
Whole genome alignments
CDI;‘QEE ECR Browser — Evolutionary conservation of multiple genomes. Identification and sequence analysis of regulatory elements.
SynoR Genome Alignment in ECR Browser — Align your FASTA nucleotide sequence to a genome of choice.
Ui Multiple and pairwise sequence alignments

Mulan - Full multiple sequence alignment. [Interactive conservation profiles, phylogenetic trees, etc.]
PUBLICATIONS zPicture - Stacked pairwise and multiple sequence alignment.
eShadow - Phylogenetic shadowing of closely related species.
ABOUT US
Identification of conserved transcription factor binding sites (cTFBS)

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

Features ase ge e feature or position (chrN:from-to

- multiple gene annotation tracks
- possibility to submit your own custom genome annotation
- share your cussom annotation by submitting it to

the ECR Browser User Annotation Databa. Genome AlignmenNn ECR Browser :: Align your sequence to a genome
- enhanced search through RefSeq, UCSC, Ensembl, mRNA, STS, SNPs, etc.
-zoom infout using mouse wheel (similar to Google Maps)
- 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

InstructlyNs on how to use ECR Browser.

- new alignments with repetitive elements included (colored in green) W
- synteny annotation under each conservation track . Add ECR Browser sed(ch button to your Google Toolbar.
- on-the-fly ECR and gene annotation Click HERE and selxct your favorite genome.
- single mouse-click Grab ECR function 5
- keyboard shortcuts: v Search

0-zoom out 3x, i-zoomin 3x, >- shiftto the right, <- shiftto the left, I-flip the plot, g - genome

selection window, p - parameters window, c - highlight coreECRs, r - reset parameters to

defaults, f-refresh the page, a- additional alignments, m - main gene annotation, z - blastz-

based genome alignment

Step 2: Search for
L@e@@ the WWOX gene

Note: ECR Browser was tested on Internet Explorer 7 and Mozilla Firefox 2. We were also told it .
works on both Safari and Opera. Please update your Internet browser, if you experience
unexpected behavior of ECR Browser. I n h u ma n

Citing ECR Browser
I. Ovcharenko, M.A. Nobrega, G.G. Loots, and L. Stubbs, Nucleic Acids Research, 32, W280-W286 (2004) [PDF]
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RefSeq genes...
chr16:78133327-78134096
chr16:78133327-78312593

UCSC genes...
chr16:78133327-79246564

chr16:78133327-78312593
chr16:78133327-78134096
chr16:78133327-79246564
chr16:78133327-79246564

chr16:78133327-79246564

MGC genes...
chr16:78133597-79246564

Base Genome DNA ECRs

Conserved SNPs

WWOX
WWOX

WWOX

WWOX

WWOX

WWOX

WWOX

WWOX

BC003184

Syntenv/Alignments

longest

WW domain-containing oxidoreductase isoform 3
WW domain-containing oxidoreductase isoform 2

| Step 3: Select the
Refseq
transcript for WWOX

WW domain-containing oxidoreductase isoform 1

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 1,

mMRNA.

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 2,

mMRNA.

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 3,

mMRNA.

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 1,

mMRNA.

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 2,

mMRNA.

Homo sapiens WW domain containing oxidoreductase (WWOX), transcript variant 1,

mMRNA.

WWOX

Custom annotation Core ECRs [?] Reset settings

ECR Browser on Human(hg18)

Parameters:
[change]

ECR ECR
length  similarity height

http://ecrbrowser.dcode.org
Layer

Coordinate = =4 . -
SR ‘ chr16:76587993-77907123 [ Submit ]
relative | GENOME ALIGNMENT: Align your sequence to a genome

1319,131 bps osition (chrN:from-to

ene orp

Instructions

RefSeq Genes
HCLEC3A ]WNOX
4 bt JAVWWOX
WH-)-)-)'P-)-)—)-)—)-)-)-)-)-WWVOX
X i A 100%
A fr2
1 D%
: = :
i 100%
xenT o2
AT AT NP I R =
e——

kil

1

.;A' M

100%
galGal
b 0%

ol

|
|
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I
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R
i |
M il HJ_: ’IL

u T 7T R 0 S s S S T s S St S S S S S-S T T I S S - s - S S S S S S
y M A ) munan amn

T 100%

urmnD( m.

100%|
mm9
D%

100%
canfal
D%

100%
ihe
09

T T 17,000,000
RefSeq Genes

External tools

[é646<€¢NM_0010446

HCLEC3A [WWOX
e 555 AWWOX
Hb3-HWWOX
UCSC Known Genes
HCLEC3A [WWOX
H DWW OX
# b 5 AWWOX
# b AWWOX
B HWWOX
Other Species RefSeq Genes
HNM_174633 INM_070178
HNMT001007223
MNM_001108899
|NM"_R?01093556

M_133807
INMZ001008280
Hi b

H-->HNM_001106188

Step 4: The database is based on original VISTA plots and contains gene
information imported from the UCSC. Be careful because it may not be
reflecting the same genome build. On the right hand side, you can remove or
add organisms (add cow and zebrafish). Click instructions at the top to get the
helpful key shown below. Change the parameters using the [change] function.
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n
CR Browser example Blue:
g coding exons

UTRs JL
@

HAB6B +
N 100%
canFam2 Aa x

+

Green:
transposons and

T10.000
Red:
simple repeats intronic regions intergenic regions Layer height

ECR Browser on Human (hg18) Settings

Graph type @ smooth graph O PIP plot

Evolutionary Conserved Regions

(€Re) i aogh 100] 5e Step 5: Change the

— el minimum identity (min

Layer haight (55 s id) to 85% to filter low
—— identity ECRs.
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File Edit View History Bookmarks Tools Help
i A Human chr16:77,929,566-79,643,611 -...
0

x | & JessieJ unsure of ‘The Voice' UK futur...

€ @ ecrbrowser.dcode.org/xB.php?db=hglo&location=chrl6:78133327-70246564 | B~ ECR browser ¥ & &8 B 0 A O
http://www.dcode.org - NCBI DCODE.org Comparative Genomics Developments
Base Genome DNA ECRs Conserved SNPs Syntenv/Alignments Custom annotation Core ECRs [2] Reset settings Instructions External tools
ECR Browser on Human (hg12) htpulecrbrowserdcode o | 1441323865 gene of posiion (chiromo
ECR ECR Layer Coordinate 2 I+
Parameters:  Graph length similarity height system m chr16:78133327-79246564  § )
gl e o e, ¥ GENOME ALIGNMENT: Align your sequence to a genome
o RefSeq Genes.
FHH9355955555>—WWO X A
&1 X +
A
i h i i
= M
/‘ i
i i L i h
! . L bl pi | | l R N R
R 1 AT 1) i }H\h“l b I T | I !
PO VPP Y W1 O 1 Y| T 1 O WY S PPV EPPYA VN (DY TNV Y
ENSEMBL Genes
i |ENST00000488662
- {ENST00000:
L& 51 {ENST0000053 3%
i {ENST0000040
- JENSTO000040 I
HENST0000029
UCSC Known Genes
IWWOX
{WWO X
H{W%%H JWWO X =
L a5 3JWWO X
L& 51 IWWO X
i SIWWO X
RefSeq Genes
[WWoXx
HHEb99559955 > >{WWO X x
H x .
x

Step 6: There is one very highly conserved ECR in intron 8 (the large final
intron). It's easier to see if you zoom out first! Zoom in a bit and you may
have to re-centre. Then mouse over the ECR on the fugu track. This will
bring up an alignment between the two species.

If you find it tricky to get to this ECR, simply open ECR browser from the following
co-ordinates:
chr16:78464965-78550000
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ECR :: Evolutionary Conserved Region

ECR [Evolutionary Conserved Region]
location: chr16:78511090-78511441

length: 352 bps

identity: 88.1%

Alignment
conserved transcription factor binding sites (TFBS)
overlapping alignment block:

chr16:78511090-78511465 -vs- fr3:chr9:2566448-2566823

2566823 2566803 2566783

GCTGATGGACTATTTTTCAAATTGATTTCARAAATGTACATAAGCAGCCGATCCCCTAGC
FEEE 1 Liee el
GATCTTCTAGT

FLEEEEEE e e e el

78511090 78511110 78511130

2566763 2566743 2566723
CCAGATTACCTATTGATTITTTAATATGARAAGCTCATTATATARGCAGGAACGGCARCAC
FRRREErrr e bbb bbb e ceeeerr ree ne el
CTAGATTACCTATTGATTTTTAATATGARARGCTCATTATGTARGCAGTARCCGC-ATAT
78511190

78511150 78511170

2566703 2566683 2566663

RARRARAGCTAGCCARCCTTTGCATARATCCTTTAATTGARTTTCCAGAGCCCGTGGTTICTA
FEEEE PEEEE PErerr e bbb e e e e ee e e e e e e e e e e e e berrrernn
RRRAAACCTAGCARACCTTTGCATARATCCTTTAATTGARTTTCCAGAGCCTGTGGTTICTA

78511209 78511229 78511249

2566643 2566625 2566605
(I:—IIIIIIIIIIIIIII FECREERREEEEEEr ber b
mmmmmmmmm’nfgg{gﬁgmﬂm

78511269 78511289

2566585 2566565 2566545
GAAGTGGGTGCTGTCCCAGAT.

L N e N NN NN Ny

RVISTA (@) OADING

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

Defining transcription factor binding sites
(® TRANSFAC professional V10.2 library

Biological species

™ vertebrates ] insects
[ plants [ fungi
") nematodes ) bacteria

Matrix similarity
@ Optimized for function

() predefined as | 0.85 5¢

Matrix selection
[TJuse only high-specificity matrices

() User-defined consensus sequences

REGULATORY VISTA
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Step 7. From here,
you can go directly to
rVISTA to assess
known transcription
factor binding sites.

Ea /

Step 8. You are now in
rVISTA, but importantly,
all the parameters have
been filled in for you,
and all you need to do is
select the TFBS of
interest.
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RVISTA s C

ORS

Total number of transcription factor families: 467
SELECT TRANSCRIPTION FACTORS
SELECT SEPARATE TRANSCRIPTION FACTORS

A
[JACAAT B [JAFP1 Q6 [JAHR [JAHRARNT ~ [JAHRHIF Q6 [JAHR Q5 [CJAIRE [JALPHACP1
CJALX4 [JAMEF2 Q6 [JAML1L [JAML1 Q6 CJAML Q6 OAPL CJAP1F) Q2 JAP1 C
JAP1 Q2 [JAP1 Q4 [JAP1 Q6 [JAP2ALPHA  [JAP2GAMMA [ AP2REP [JAP2 03 [JAP2 Q6
[JAP3 06 [CAPa [JAP4 Q5 [JAP4 Q6 [JAPOLYA B AR ] AREB6 [JARNT
[CJARP1 [JAR Q2 [JAR Q6 [JATATA B AT [JATF1 Q6 [JATF3 Q6 [CJATF4 Q2
AT CJATE B
B.C
[JBACH1 [JBACH2 [JBARBIE [JBEL1 B [JBLIMP1 Q6 []BRACH [JBRCA [JBRN2
) cAAT [JCAAT C [J CACBINDING (] CACCCBINDI (] CACD Ocap [JCART1 [JcBE
Dcocs O cop [ CDPCR1 [ CDPCR3 [JCDPCR3HD  []CDX2 Q5 [ CDXA [Jcox 05
[ cesp ) CEBPA [JcespB [ CEBPDELTA  [)CEBPGAMMA []CEBP C [JceBP Q2 [JceBP Q3
[JCETS168 Q6 [ CETS1P54 [ CHCH [T cHoP [ cHX10 Dciz [JCLOCKBMAL []CLOX
[ CMAF cmys [Jcomp1 ) COREBINDIN [} cOUP [JCOUPTF Q6 [JCOUP DR1 Q []CP2
[JCREB [JCREBATF Q6 []CREBP1 [JCREBP1CIUN [JCREBP1 Q2 [JCREB Q2 [JCREB Q3 [JCREB Q4
) CREL [JCRX 04
D.E
Y.Z
Owi Oyios  [JzBRK1 Dzec Dzes DOz B Daict Dzic2 Step 9: Be selective
Sas S Saleals D_M:—z/me/— or just select all!
TBXS5 and NKX2.5 are high-quality matrices created by Benoit Bruneau and Jochi Ar: i

SELECT ALL RESET SUBMIT

RVIST. BE§! H I§

ID: xbr04142010123759740

Summary:
54 conserved and 54 aligned transcription factor binding sites (TFBS) were identified

Dynamic visualization:
ynamicall lay TFBS prediction with the conservation profile
and perform clustering

Alignment: . ) )
Highlight TFBS positions in the alignment \ATAAAZAGATAATA;(I,'CTATT Step 1 0 Choose the
- ShGATANTARTCTARE dynamic visualization
) 60

Binding sites in the input sequences:
96 TFBS detected in the base sequence
89 TFBS detected in the second sequence

Input files:
Sequences: seqgl.fa :: seg2.fa
Gene annotation: annol :: anno2
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Picture Clustering

Bases per layer: 0.5kb + e ividual clusterin [T fiip

Picture width (in pixels): 800 v 1 v site(s) per 100 v bps Step 11: Redraw to

(] h pl . q
Smooth plot © Combinatorial clustering VIeW 0'5 kb per Ilne-

1 v site(s) per 100 ¥ bps

Show
conserved
[ aligned
[[all

Select TF Subset Summary page List clustered TFBS

WWOX

xvenT! Il CONSERVED
FOXM1 [ |
HNF6_Q6 [ | [ |
CDPCR3HD [ ]
ceBrGAMMA Il
ATATA_B | | ||
SOX9_Bl |}
CLOX [ |

]

CDPCRI
HNF4ALPHA_Q6

|
E4BP4 [ ]
[ ]
|

VEP
TEF_Q6
OCTI

CEBP_Q2
OCTI_B

CEBP_Q3
CDXA
NKX61
MSXI
HMGIY_Q3
NFKAPPABGS
CETSIP54
NFAT_Q4
HMGIY_Q6
AR_Q2

CDCs5

[ |
OCT_C ||
OCT_Q6 [ ]
[
|
[ |
|

LHX3
RFX1

NCX
AHRARNT
)CT1_Q6
OCT1_Q5
RORA2 ||
GATAL [ |
APOLYA_B [ ]
LEFITCFl_Q [ ]
NEKX3A

mintergene S
itron — seql

Mcoding ] €q -
UTR

M repeat

r T T T T T T T 150%
0 88 176 264 352

Can we find any other functional information about this ECR?

g bp
identity: 88.1%

m

Step 15: Go to the Vista Enhancer
browser page and paste in the co-
ordinates from the UCSC website.
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VISTA Enhancer Browser VISTAw.

tive genomics.
whole genome enhancer browser e T
Home Browser Handbook and Methods Experimental Data Advanced Search Gallery Contact
The VISTA Enhancer Browser is a central for il i human and mouse noncoding fragments with gene Enh Di y Str :
activity as in ic mice. Most of these noncoding elements were selected for testing based on their extreme L
ion in other or epi i i (ChIP-Seq) of putative enhancer marks. The results of this in vivo enhancer

screen are provided through this publicly available website.

ChIP-seq from tissues

This program is located at Lawrence Berkeley National L. y. See | for itis details on this work or visit the
Experimental Results to view data. We invite external groups to submit requests for candidate enhancers to be tested at this single
developmental time-point.

As of 9/5/2013 the database contains information on 1951 in vivo tested -1056 with activity.

Lawrence y National L. y and OpenHelix ive training for VISTA.

Keyword Search

® Both (Human & mouse enhancers)
Human only (hg19 coordinates)
" Mouse only (mm9 coordinates)

< chr16:78511090-78511441 ‘u

Examples: gene, accession number, locus link, genomic position (e.g. chr1-3000000-5000000)

Advanced Search

Mouse Egg Microinjection E11.5 Reporter Staining

VISTA Enhancer Browser VISTAw.

whole genome enhancer browser comparative genomics analyses

Home Browser Handbook and Methods Experimental Data Advanced Search Gallery Contact

(7) Hyperlinks indicate coordinates in species of DNA origin. Non-hyperiinked coordinates indicate orthologous region in respective other species.
Download Data 1 element(s). Elements perpage: 50 ® 100 500 Al
D 110) Mouse (mmg) o Section

Z
&

chr16:78.510.608-78.511.944 WWOX-MAF chr8:117,268,335-117,269,838 Wwox(intragenic)

Home Browser Handbook and Methods Experimental Data Advanced Search Gallery Contact

Step 16: Click on location. The blue coloured mouse indicates

that in vivo analysis has been performed on this ECR
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Human element [ hs12 ]

Position: chr16:78,510,608-78,511,944 (UCSC browser)
Source: Lawrence Berkeley National Laboratory

Flanking genes: WWOX - MAF

Expression Pattern
forebrain (9 out of 11 embryos)

hindbrain (rhombencephalon) (9 out of 11 embryos)

Embryo 1

Embryo 3

Images of enhancer
staining in embryos.

A

Embryo 7
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Tasks:
1. Ensembl:

a. ldentify the Bax gene in Zebrafish — hint: you may not be able
find it by searching in the zebrafish Ensembl.

b. Can you identify any predicted paralogues

c. View the orthologues for the zebrafish Bax gene

d. View the Gene tree view for Bax

2. UCSC genome browser:

a. Find the ARID1A gene in the genome.

b. Are there any non-coding ECRs within or close to this gene?

c. A recent paper has identified putative heart enhancers in
developing mouse heart via p300 ChIP (Blow et al. Nat Genet.
2010 September; 42(9): 806—-810). On your computer is a file of
the coordinates of these putative elements (p300_Heart). Read
this file in to UCSC and see if any of the peaks coincide with the
regions identified above.

3. ECR browser. Using the Human ZAK gene:

a. View the gene in the ECR browser

Can you find non-coding ECRs?

c. Set up rVISTA analysis between human and mouse on the most
conserved ECR. Also try looking at the conserved TFBS for this ECR at
UCSC

d. Is there any evidence for this being a regulatory element in the
Vista Enhancer browser?

=4
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Answers:

1. Ensembl:
a. ldentify the Bax gene in Zebrafish — hint: you may not be able find it by
searching in the zebrafish Ensembl.

Search for the human BAX gene and view the orthologues. There will be a zebrafish
orthologue called baxa. Interestingly there are two copies of BAX in the zebrafish
genome - it appears to have been tandemly duplicated baxa and baxb.

b. Can you identify any predicted paralogues for baxa?

Type Ancestral Ensembl identifier & gene Comp L i Target Query
taxonomy name %id %id
Paralogue (within Danio rerio ENSDARG00000089129 « Region Comparison 3:37761255-37768582:-1 50 52
species) « Alignment (protein)
baxa « Alignment (cDNA)

bel2-associated X protein, a
[Source ZFIN;Acc:ZDB-GENE-000511-6]

Paralogue (within Euteleostomi ENSDARG00000030881 + Region Comparison  3:32211782-32216892:-1 20 22
species) «+ Alignment (protein)

baxb + Alignment (cDNA)

bei2-associated X protein, b

[Source ZFIN;Acc:ZDB-

GENE-050227-21)
Paralogue (within Euteleostomi ENSDARG00000089995 « Region Comparison 3:32204378-32208411 :-1 19 16
species) « Alignment (protein)

BX511080.2 « Alignment (cDNA)

Uncharacterized protein [Source:
UniProtKB/TrEMBL (E7F560]

Paralogue (within Euteleostomi ENSDARG00000068102 + Region Comparison  7:54755948-54779600:-1 32 34
species) « Alignment (protein)
2gc:153993 « Alignment (cDNA)

291153993 [Source:ZFIN:Acc:ZDB-
GENE-060929-176]

c. View the orthologues for the zebrafish Bax gene

There are 55 orthologues
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d. View the Gene tree image for Bax

Gene tree
Gene gain/loss tree
Orthologues (55)
Paralogues (4)
Ensembl protein families (1)

Phenotype

- Genetic Variation
E Variation table

Gene tree @

Number of genes
Number of speciation nodes
. Number of duplication

Variation image

Structural variation
- External data
‘ L Personal annotation
= ID History

L Gene history

ﬁ Configure this page

N Add your data

Number of ambiguous

Number of gene split events

4 Export data

i Bookmark this page

baxa, Zebrafish

GeneTree ENSGT00730000111112

73
57
8
7
0

Cave fish: 2 homologs

baxa, Zebrafish

Teleost fishes: 9 homologs

oS 7 o5t fishes: 4 homologs

[<EBEDE

Lobefinned fish: 43 homologs

«{ Share this page

----0 ENSCING00000013537, C.intestinalis

Vertebrates: 12 homologs

LEGEND.
Branch Length Nodes
—— x1branch length O gene node
- x10 branch length m  speciation node
- x100 branch length ®  duplication node
= ambiguous node
o gene split event

Expanded Alignments

Genes Collapsed nodes Collapsed Alignmerts
Gene ID gene of interest collapsed sub-tree [J 0-33% aligned seq [ gap
Gene D within-sp. paralog < collapsed (this gene) [] 33-66% alignedseq [ aligned seq

<« collapsed (paralog) M 66 -100% aligned seq

(x10 branch length)
(x100 branch length)

You can expand the image to view the full tree, and alter the display parameters

under configure this page.
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2. UCSC genome browser
a. Find the ARID1A gene in the human genome.
ARID1A is found at chr1:27022522-27108601

b. Are there any non-coding ECRs within or close to this gene?

chri: 27,050,000] 27,100,000
RefSeq Genes
ARID1A i .
ARID1A i [ Jm
PIGV .
PIGV 44

Vertebrate Conservation by PhastCons
Vertebrate Cons

Placental Mammal Basewise Conservation by PhyloP

Mammal Cons S T W N Y TNl

ONVUTIUW TUUIUIN 1} T MU' O " Y U TRRTIN T a W

Multiz Alignments of 46 Vertebrates

Chimp [ N
Rhesus (ll [ IMAENSRANES N A N OGN | OMERMDRNEN [N NN | B

[ T8
Bushbaby —{l—— PSS LA M i L A 1
Mouse B A o o8 bl o ol Ol O il

Rat 1l 1t i U R A
Covr I 41111 M i kb 1 1k

AL O LA A it Y L
Dog [T 1810 MMM 1 1 M 1 A o
D 1 M | i A O 4 N Y 1 A

Elephant WA ERE SN L i 1l
Armadillo (FU-IFAH D0 AL b Y D 1N
wikid A [TTTh R BN e

Wallaby
Opossum
Platypus
Chicken

Yes there are a number of non exonic ECRs

C. A recent paper has identified putative heart enhancers in
developing mouse heart via p300 ChIP (Blow et al Nat Genet.
2010 September; 42(9): 806—-810). On your computer is a file of
the coordinates of these putative elements (p300_Heart). Read
this file in to UCSC and see if any of the peaks coincide with the
regions identified above.
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Mouse_p386_Heart_

8 _
304
H3K27ac Summary

Scale 188 Kb} | heig
| chri: | 27,099, 068| 27,658, 04| 27,189, 008| 27,158, 068|
21.2 Mouse_p386_Heart_converted

Roadmap Epigenome H3K27ac Summaryd for S8 sample type(s)

o LUK L LA

1D1A

UCSC Genes (RefSeq,
AR

GenBank, CCDS, Rfam, tRNP?"S Comparative Genomics)

ARID1A

ARID1A

Ht n BCO16143
- ZDHHC 1S potetihii
H - ZDHHC1S s SFN)
ARID1A H B SFN1
ARID1A {1
ARID1A whJu
ARID1A wfu
FIGY 44
FIGY H-{
PIGY )

The file contained 3 peaks all of which correspond to heart H3K27ac peaks in
heart derived tissues. Together these data suggest that these regions act as
enhancers in the mammalian heart.
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3. ECR browser. Using either the Human ZAK gene:

a. View the gene in the ECR browser

http:/ /www.dcode.org - NCBI DCODE.org Comparative Genomics Developments

Base Genome DNA ECRs Conserved SNPs Synteny/Alignments Custom annotation Core ECRs [?7] Reset settings Instructions External tools
ECR Browser on + 18) hitplecrbrowser.dcode.org 192473pST gene or position (chr:from-to
ECR ECR Layer Coordinate 3 " -
Parameters: Graph length similarity height system | chr2:173648811-173340983
[change] smooth 100 70 55 elative GENOME ALIGNMENT: Align your sequence to a genome

.
b zAK /\ o ‘

RefSeq Genes
e + FSB-1IZAK
100%

X

n” —

{
| AT A N A | = €€
N W Lo N

h_
A
L, *LMJ_:%M -

nFam2

ik 100%

| rheMac2 ‘ x
50% =

T Ti60.000 X T T +
ENSEMBL Genes
Kid + ok el IENST0000D: x
UCSC Known Genes \YJ
B4k 1 _IZAK
A + B> IZAK x
4 R R h-HLIZAK
| Ealaw s 0040565
RefSeq Genes
35 P— — x
.' 15454 g Hp->oH b-HLIZAK
’ +
GNF Atlas 2 x
[ T T T T T T O T T T T T T T T T T T T T T T TTTTTTTTT 18833_at
A
L T0ME R UNVMITAT TN 00D ORI 0 00 U RTTmnn TR ORI UCO RN OO0 ITOMNEVO0C00T 00000 ORI 00000 00O U000 WOOIOL IO T (W irs3769147 - ¢
] 1511384409 57607475 11534515836 I 11535481842

Flip| move: | Left Right| zoomin: 1.5x|3x 10x zoomout |1.5x 3x|10x

b. Can you find non-coding ECRs?
There are a couple of non-coding ECRs that may be real. There is a really

well conserved ECR in intron 14 of ZAK.

c. Set up rVISTA analysis between human and mouse
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ZAK

MEF2
GLI_Q2

ZIC3

E2F1_Q4
E2F_Q3

LYF1

SRF_Q4
E2F_Q4

E2F_(
RUSHIA
GATAL
GATA2
GATA3
LMO2COM
GATA_Q6
ER_Q6
SMAD_Q6
COUPTF_Q6
T3R

PPARG
T3R_Q6
HNF4ALPHA_Q6
HNF4_Q6

OUP_DRI1_Q6

CREBPICJUN
HNF4_DRI_Q3
PPAR_DRI_Q2
DRI1_Q3
HES1_Q
SOX9_Bl
SOXS5
OCTI
OCT_C

CTL O
)CT_Q6
POU3F2
CDX_Q5
CEBPB
EBP_Q.
CEBPA
CEBP_Q2
CDP
VMYB
ART1
OCT1_Q6
OCTI_B
OCT4
TCFLIMAFG
MAF_Qt¢
ZTA_Q2
MEF3_B
TITF1_Q3
AREB6
DELTAEFI
HMEF2_Q6
MEF2_Q6
BACHI
APL
NFE
APIFI_Q2
AP1_Q2
AP1_Q4
AP1_Q6
BACH
AP1_(
TANXCREB
NANOG
IRF_Q6
BLIMP1_Q6
HELIOSA
ENI
AHR
LUNI
\LX4
PIT1_Q6
PBXI1
PAXH4
APOLYA_B
HMGIY_Q
ICSBP_Q6
E4BP4
EVIL
OTX_Ql
BRN

CDXA
CAP
MSXI1
MYCMAX
MYOD
EBOX_Q6
NMYC
USF_Q6
TFE_Q6
USF_(
AMLI1
AML1_Q6
RREBI
LDSPOLYA B
PR_Q

PADS_C
GR_Q6
CETSIPS54
STATSA
STATC
PTFIBETA_Q6
s8
CHXI10
NKX62_Q2
HOXA4_Q
BRACH
ATF4_Q2
ATF3_Q6
VMAF
REB_(
FOXO4
AMEF2_Q6
MMEF2_Q6
SRY

CONSERVED
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244 conserved transcription
factor binding sites were
identified between human and
mouse.

This is quite meaningless; it is
more informative to see which
TFBS are conserved between
more than 2 species.
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You can also look at the region in UCSC and see which conserved transcription

factor binding sites were identified between human, mouse and rat

J sScale 560 bases| |
chra: |1 1 173823108| 1 1 1 | 1 1 173823700| 1 1 1 | 173524100 173824200|
Assemb 1y from Fragments
_J Assenb 1y
Ferfect Matches to Short Sequence (CG)
I short maten o I O I I |

Your Seguence from Blat Search
Yoursey
UCSC Genes Based on RefSeq, UniFrot, GenBank, CCDS and COMPAarative Genomics

2K
BCO48565

RefSeq Genes
RefSeq Genes

CpG Islands (Islands < 390 Bases are Light Green)
CpG Islands
HMR Conserved Transcription Factor Binding Sites
V$BACH1_1 [ ]
V$OCT1_03 ]
$0CT1_63 [ ]
V$TCF11MAFG_81 m
V$PAX4_02
VSCHX16_91
VEMYCHMAX_02 []
V$BACH1_ 81 ]
V$CART1_ 81 ]
V$SOXS_B1 []

ER_

VSLMO2COM_62 [
VSGATAL_02 ]
VSMEF2_81 u

vertebrate MUItiz Alignment & Conservation (44 Species)
Flacental Mammal Basewise Conservation by PhuloP

2

Mammal Cons

-8.35 _
MUltiz Alignments of 44 Vertebrates

Rhesus

Tarsier —.-I—

Lizard
®_tropicalis M [T T T 1 TT1]
Stickleback | | I | W11

N I |
Sinple Nucleovilue Folumorphisms (cdbSNF build 138)

SNPS (138)

d. Is there any evidence for this being a regulatory element in the Vista

Enhancer browser?

Yes - there is evidence for enhancer activity in the forebrain, midbrain and

w39

neural tube.
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