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Structure of human genome
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Structure of human genome

* Total of 23 pairs of chromosomes.

QEE;ESEEEEE . Each chromosome is ioloid
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Annunziato A. 2008. DNA packaging: Nucleosomes and chromatin. Nature Education 1(1).



Information in the genome
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Reference human genome

Human genomes vary significantly between individuals (~0.1%)

Important things to note about the reference genome:
— |Is a composite sequence (i.e. does not correspond to anyone’s genome)

— Is haploid (i.e. only 1 sequence)

Computationally, a reference genome is used.

NCBI34/hgl6 NCBI35/hgl7 NCBI36/hgl8 GRCh37/hg19 GRCh38/hg38
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Reference human genome

 Genomic data is most common represented in two ways:

1. Sequence data — fasta format (.fa or .fasta)

>chrl

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ACAGTACTGGCGGATTATAGGGAAACACCCGGAGCATATGCTGTTTGGTC
TCAgtagactcctaaatatgggattcctgggtttaaaagtaaaaaataaa
tatgtttaatttgtgaactgattaccatcagaattgtactgttctgtatc
ccaccagcaatgtctaggaatgcctgtttctccacaaagtgtttactttt

2. Location data — bed format (.bed)

chrl 934343 935552 HES4 0
chrl 948846 949919 ISG15 0
chromosome start end name score strand

All about genomic formats here - http://genome.ucsc.edu/FAQ/FAQformat.html



http://genome.ucsc.edu/FAQ/FAQformat.html
http://genome.ucsc.edu/FAQ/FAQformat.html

Structure of the
human genome

What we will cover

Genomic information

* DNA (Sequence variation)
 RNA (Genes & gene expression)
* Regulation\Epigenetics

 DNA methylation

e Histone modification

* Transcription factor binding




DNA: Sequence variation




Variations in DNA sequence

Cytological level:
— Entire chromosome (e.g. chromosome numbers)

— Partial chromosome (e.g. segmental
duplications, rearrangements, and deletions)

Sub-chromosomal level:
— Transposable elements
— Short Deletions/Insertions, Tandem repeats

Sequence level:
— Single Nucleotide Polymorphisms (SNPs)

— Small Nucleotide Insertions and Deletions
(Indels)
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Sequence variation

* Single nucleotide
polymorphisms (SNPs)
— DNA sequence variations that
exist with members of a species.

— They are inherited at birth and
therefore present in all cells.

e Somatic mutations

— Are somatic —i.e. only present
in some cells

— Mutations are often observed in
cancer cells




Types of SNPs/Mutations

Synonymous

TSS Coding
Non- codlng Intergenic region — X/ N Non-Synonymous

—-——

Most SNPs and mutations fall in
intergenic regions.

ATG GAA GCA CGT

Met Glu Ala Gly
Within genes, they can either fall in the
non-coding or coding regions. l

ATG GA GCA CGT
Within coding regions, they can either

not-change (synonymous) or change
(non-synonymous) amino acids.




Effects of sequence variation

* Non-synonymous variants:
— Missense (change protein structure)
— Nonsense (truncates protein)
* Synonymous or non-coding variants:
— Alter transcriptional/translational efficiency
— Alter mRNA stability
— Alter gene regulation (i.e. alter TF binding)
— Alter RNA-regulation (i.e. affect miRNA binding)

Majority of sequence variation are neutral




RNA: Genes and gene expression
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Types of genes

A geneis a functional unit of DNA that is transcribed
into RNA.

e Total genes in the human genome — 57,445

MRNA

Small non-
coding RNA,

) 5% ‘ ) IncRNA

Source: GENCODE (version 18)




Protein coding genes

Transcription Transcription
DNA start site Intron Exon stop site
s -~ \
Pro omoter ¢ Transcription
Potemnal
regulatory Initial transcription product
elements ¢ Splicing

Intron sequencesm

removed during Finished transcription product
splicing _~containing only exons

| om———
Translation

Initial translaty
product

(amino acid chain)
Posttranslational modification

% Finished protein

Source: http://www.news-medical.net

Traditionally considered to
be the most important
functional unit of
genomes.

~ 20,000 in the human
genome.

Due to splicing one gene
can make many proteins.




MicroRNA (miRNA)

. I—' - .
mMiRNA gene ¢ e Discovered in 1993.
pri-miRNA

= = * Plays arole in post-
3 L :
ore-miRNA ﬁ? > transcriptional regulation.
T T T T T T i’ * Acts by either causing RNA
et ﬂ 3 degradation or inhibition
| S of translation.
Q

miRNA/miRNA* | ‘é’

| } * Implicated in many aspects
miRISK w selected | of health and disease
mMiRNA arm including:

5% — Development
«'é..;:ta—fﬁ . ¢ — Cancer
. IUTR © Deadenylation — i
S | . Heart disease
3 e"' 3'-UTFi'.II!"“'3
Degradation
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Long non-coding RNA (IncRNA)

Recently described class of RNAs — b Scaffold
which often transcribed by Polll
promoters and often spliced. ﬁ@é Q )
Unlike coding and miRNAs, IncRNA
are less conserve. € Guide d Enhancer
N AVEETTDONIY,
\\}> ~ @ @g@
W i )

IVI a ny fu n Ctl O n S . CO m m 0 n Iy Models of long noncoding RNA (IncRNA) mechanisms of action. (#) The IncRNAs can act as decoys that
H H *L: titrate away DNA-binding proteins, such as transcription factors. (b)) These IncRNAs may act as scaffolds to
re C ru It m e nt Of h I Sto n e m Od Ifl e rs bring two or more proteins into a complex or spatial proximity and (c) may also act as guides to recruit
proteins, such as chromatin modification enzymes, to DNA; this may occur through RNA-DNA interactions
or through RNA interaction with a DNA-binding protein. (d) Such IncRNA guidance can also be exerted

Non-coding transcripts > 200 nt in
length.

through chromosome looping in an enhancer-like model, where looping defines the ¢is nature and spread of

the IncRNA effect.
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RNA expression

Measuring the level of RNA in
the sample.

Generally microarray-,
sequencing- or high-throughput
PCR- based.

Computation analysis and
normalisation of expression data
can be complicated.

Scale 100 Kb|—| hg1g
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0_ u...__.l_‘.._....i___
H—
222073_at |
213541 _s_at |
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241926_5_at |
1563392_at |




RNA expression applications
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RNA expression applications

* Differential expression of g RS
indiVid Ual genes nOt ;%1 ésk3 €9 P3gMAPK %ﬁ; ¢BLB HA\IQFJ%T TiMB2  MAPK12  JGRIN - (WIEY)
necessarily informative.
{ RKI2 ~cholg IFN alpha/beta 4G2,
* Genes are often grouped in kg CJ
gene-sets based on ontology
or biological pathways. il S
r@z Collagan(s) BMIP2
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Gene Regulation
Epigenetics




Epigenetics

e Mechanisms that alter cellular function
independent to any changes in DNA sequence

* Mechanisms include:
— Transcriptional regulation: Transcription Factors
— Genome methylation
— Histone modification / Nucleosome positioning
— Non-coding RNA




Transcriptional regulation

* Transcription factors are proteins that bind DNA to
co-regulate gene expression.

e Typically binds at gene promoters or enhancers.

* No Gene Expression

| AAGATTAGATA Gene |

L ﬁ Gene Expression

[ AAGATTAGATA Gene I |




DNA methylation

DNA is methylated on cytosine's in CpG
dinucleotides

. 3 ? - -
DNA | : == O Unmethylated
. ' < SHEh @ O Methylated

ACC GE;CAGATGC—@ TG

111 .
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Nucleosomes & Histones
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Structure of the
human genome

What we will cover

Genomic information

Data acquisition

DNA (Sequence variation)
RNA (Genes & gene expression)
Epigenetics

 DNA methylation

e Histone modification

* Transcription factor binding

Microarrays
Sequencing
Chromatin IP




Array Technology

Biotin-labeled
Total RNA cDNA cRNA
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https://www.dkfz.de/gpcf/affymetrix_genechips.html

Relies on fluorescence-based
on hybridisation of DNA against
complementary probe on

array.

Known molecule that can be
converted to cDNA.

— Expression array (probe for
exonic DNA regions)

— SNP array (probe for two
alleles)

— Methylation array (probe for
bisulfide converted DNA)

Limited by probes present on
the array.




Array Technology

Images Processing

PCA Mapping (43.4%)
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Next-generation sequencing

Whole Genome

Re-sequencing /

-

Gene Expression

Targeted

e \
Other

Applications MicroRNA discovery

U E THE UNIVERSITY OF NEW SOUTH WALES
[2awy e



Next-generation sequencing (lllumina)




Next-generation sequencing (lllumina)

Alignment
human reference genome
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Pros/cons of each technology

* NGS

— Greater dynamic range (only limited by depth of
sequencing)

— Coverage of genome does not need to be limited.
— Many more applications from sequencing data.
— Data analysis and management can be challenging.

* Microarrays
— Microarrays are still significantly cheaper.
— Largest public datasets are likely to be microarray based.
— Data analysis pipelines are well standardised.




Chromatin Immunoprecipitation
Sequencing (ChIP-seq)

ChIP-seq of the seven transcription factors ERG locus
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What we will cover

Structure of the

Genomic information
human genome

Data acquisition

« Background
 Genome Assemblies
* Annotation Tracks

* Associated Tools

* Practical Exercise

UCSC
Genome Browser




Genome Browser

http://genome.ucsc.edu/

UCSC Genome Bioinformatics

Genomes

Training

Credits.

Publications

Cite Us

Blat Tables Gene Sorter PCR VisiGene Session FAQ Help

About the UCSC Genome Bioinformatics Site
Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collectio
We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work ¢

genes that can be related in many ways. Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to th
to examine expression patterns. Genome Graphs allows you to upload and display genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the Center
have feedback or questions concerning the tools or data on this website, feel free to contact us on our public mailing list.

News [0

To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the
24 October 2013 - Job Opening: UCSC Genome Browser Trainer

The Center for Biomolecular Science and Engineering (CBSE) at University of California Santa Cruz seeks an articulate, self-motivated educat
in-person training on the UCSC Genome Browser at universities, hospitals, institutes, and professional meetings in the United States and interr
Browser experience ranging from novice users to bicinformatics specialists. Presentations include formal talks, problem-solving sessions, and

This position requires a Master's degree in a biological science, depth in molecular biology, experience in a research environment, working knc
teaching or training in a scientific environment. Preferred qualifications include a PhD in a relevant field, experience with video production, and

For more information and to apply for this position, see Job #1304619 on the UCSC Staff Employment website.

23 October 2013 - dbSNP Build 138 Available for hgl9

We are pleased to announce the release of four tracks derived from NCBI dbSNP Build 138 data, available on the human assembly (GRCh37/
corresponding coloring and filtering options in the Genome Browser.

As was the case for the annotations based on the previous dbSNP build 137, there are four fracks in this release. One is a track containing all r
subsets of this frack and show interesting and easily defined subsets of dbSNP:

« Comman SNPs (138): uniquely mapped variants that appear in at least 1% of the population or are 100% non-reference
« Flagged SNPs (138): uniquely mapped variants, excluding Commaon SNPs, that have been flagged by dbSNP as "clinically associated"
» Mult. SNPs (138): variants that have been mapped to more than one genomic location

By default, only the Common SNPs (138) are visible; other fracks must be made visible using the track controls.

You will find the four SNPs (138) tracks on the Human Feb. 2009 (GRCh37/hg19) browser in the "Variation and Repeats" group.

The fracks were produced at UCSC by Angie Hinrichs and Luvina Guruvadoo. We'd like to thank the dbSNP group at NCBI for providing acces

UN
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+ 2 @ Web | genome.ucsc.edu/cgi-bin/hgc

TTTAALATT TTTT TOTGAUARGA TARTGA TUT T T TALTLAGTAAAR TGATT T TAARAT TA
CAAGTTAGAAAAGTTTATCTAGTTGTTTCTATATAGCATTAATCTGGGCTGCTTTGTCAA
ABATTTATTTTATTTTTGAATCAGGGTGTCACTCTGTCACCCAGGCTAGTGGCGTGATCA
CAGCTCACTGCAGCCTTGAACTCCTGGGACTGCAGT TGTGCACCACCATGCCCGGCTTTT
TGTATTTATTTATTTTTTTGTAGAGACTGGGTACTCTCATGTTGCCCAGGCTGATCCCGG
GCTCAAGCGATCCACCCGCCTCTRTCCTTCAAAGTGTTGGEATTACAGETGTGAGTCAAC
ABGATTTCTTTAAACCAAGGT TAAAAGATAAAAAGAAGGCACAGAATTTGGTGTATTTTT
GAGTAGTCCAAAGTAATTTTTATTCTCTAATTAGTCACCTCACGACTTTATTTGAATGAA
TTAATGAGAAGCTAAATAAACTAGCTTTTTAAAAAATATTTTCTTCTCTTTCTCCAGGCA
ATGGGTCACTTTGGGGLGCTGCAGAACATCTGTGCTTTCCCTGTGCCCCATCACCTTCCC
AGCTCCTGAGCTGTAGCCATCTCTGCTGCACCTGCTGTCAGAGGGCAGCTCCTCCGGCTC
CTGCTCCTGGGTTGCAGGTGCCACATCTGTGCAGAAGGL T TAGGAGAAGCAGTGAGCCTT
CTAACTGCAGCAGTCCTGACAAAGCACTTTGTGAACCCCTCCGGGACATAAGGGCATCAA
ACTAGGAACAAAAACACAGTCTTGACTGTGATTTGGTGATTTTACCACATACAAGGCCCG
ARAGCCAATTGAAGACAAGAAAAGAAGACAAATCTCTTGCCAGCAGGAGTAAGATTGTAC
AGGAGTCTGAGTATACATCAGGGCAAGCCAAGAGACAGGGACAAACAGAGAGAARAGGTT
CATGCAATTATGAATATGACC TGGAGGGGGCTTTGGAATTAGAT TACAACAGTAACAGAG
AGTTAATGCCATTTTGAAACAATTTAAGAATTATGTATTTGAAGGAACTCAGTATTATCA
TGTTATCCARAATTATCCCAGTTGCTCATAAGACTTGCTAATAACCTGGACTGGGGGETGG
AGGGTTGAGGGATCTAATGGAAAACATCTGTTAAAATTGAATATGATAATCATGTCTTGT
TTTTATGATCTTGCTCATGAGACAGTCTTGAAGAGAGAACTGAGTGATTATCCAAGTAAA
TGTGTATTTCTATGAAGAATGTAGGTGTGTCTTGACTTTGCATTCCAAAATAAAAATGAC
TGATCTTTTCCATTAGCACAGTTTGGGTCAGCCTAACTGCCAGCTTTCATGATTGTATTT
ATTTATTTTCCCTAAGGAGATACGGGCACTTTGTGGGCCTTCCCAGGC TGCTGCAAAATG
ATGGATGGTTGGGLTCCGTCTAATCCAAATGACACGGGGTGTCAGGAGCATTGGTAATCG
TGTCCTGCCGACTTCAAAGCCCACTGCCAAAACATCCACAGCACAGAGGTTTGGCAACTT
CACATAATCATAGCAAAAGGACTGCAACGTGAAAAARACAGGCCCTGAAACAGCTATGAA
AAGGGCCAGTTCAGAAACCTATTCAGCTAAGATGTTTCGGCTAGCGCCTTCGCACGGTCA
CCTTGTATTTTCACCTTTTGAGT TGCCTTCACCTGGACCAAGGT TGGCAGCATTTGTGAT
TCAAAGAAAAGATGCCCAGGGAAACTGACTCTAGATTATGGAAATAAACATTGTCTTCAA
GGGATAGCCAGCAACAT CAGGCTCAGGGC TAGTGAATCCCAAGCCACAGTGCCCAGGTAR
CTCTGATGTAGCAGGAC TAAAGCTGTCTACCTAGTGAGAGC TCCTGAAAGAGAAACCCCG
CAGCAAATCTAGACGTTATCCCTTGTTTCTGTAAAGTGAGAAAT TGCAGCTATCCATGAC
GCTTTATTTGCCAGTAATAATACAGTTTGCCTTACGAGTGGTAGCTTGTTCACTGTTCAA
CARATGTATTTTAATCATAGCAGGAATTAAGGGTGATTTGTGACCAGGTGCTGAACTAGA
ATTTCTCAATGACAACCCCAGCTTCATAGGCCTCTTTCCATTCCAGGCATARATATGGAG
GCTCCAATGTGAAACCCGGGGTCCTTCTGTTCCAARAGGGGCTAGAAATAAAAGACAGGA
GGGGAGGCAAGAAGGAC CTGGAGAGGCTGACGCCATTTGGGTGCCAAACATCCTATTTCC
TTGGCTCTCCCTTGCACAAGT TCCTGGACAAAGTAAATTATAACACAAAATCCACAACAT
TCAGCACATGTTTTCATTAAGCAACTTTAGTCACTAAAARAAGT GCAAATGCAGACTCCT
GTATAAATCTGATTTGCCATGCTAGGCCAAGCTTATTTTATTACATACATTCTGCATTCT
AAGAACTAATAACTTCATATTGTAAACATTAAGCATACAGAGTTAAAATTCAAGGCCACA
TTATATCGATTGTCTCTTTTGTCGTGTGTCTTTGGCTGGCCGAGATCAACTCGTAGTGTA
TAAATGCATAAGTTATATAATTATTATATAAAAAGGGGGAAAAACATTGACTTGTATACT
TCATTCTGACAAACGCACAGCGTTCGCGACTCAAAGGAAAACTGGAGGCCGCCTACCCAA
AATGCCTGCGTGATTTCTGATTGTGGCAGC CAAGAAGGCCATCTCTTACCTGACCCTGTG
GAGAACAAAGCCCCCACATAATGATGAGGTCCTGAATGTTTCTCTTAAATATCAGACAAT
TCCAGTTAARATTTTCATTTGACAAACAAAGAAAGAGATGCGCATTTTTGTTTCTGAATT
CTACTACTTCCCCTTTCTCCATTACGCTGTGTCCTTTCTCCTAACACTGGGTTTGGTATA
ACACTGACTGCATGAACCCTCGAGTCTCCATAACTCATTGTACACAGTCCCCAAATGTCC
TGAGTCCAGTCTTCATTGCTTGAGAAGTTTCTTTCCCAGCCCTGGTCTCCTCCTTCTCTG
CCTCTTCCTCCTCCTTCTTCACCCCTCTGTCTACAATCACACGCTCACTCTATACACATC
CTCAGTCCCACCTTTTAGTTCATAGTCCCGGTAATACTGTAAAGGAGT TGGAAACTTTGG
GTCATCTTCACAGTTTGAGAAAGCTGACAGCTGTCCATCAAACGGAATGTATTTGATTTC
AACCAAAACAGCACATGCCATGCAGTTGCATATCAACGTCTGTTGATGGGCCACAGTCTC
TCTCGTGTCTTTTCTCTTGTTTTTGATATGTTTCTATTTTTAAATACAGGTAGTTTTCCT
TAAAATGGCATTATAAACGGTATGTTAGGTCAAAACTGTGTTGTTTCTATTGCTTTAGTT
TCATCCCAGTTTGCATTAGTGGGATTCCAAACTCTACTCTAAAGTTTATACATTTCTTAA
GACCACTTTCTTTGGCACTTTGTCCTTAAGACTTCATGCTTCTACATACACTGTCTTTTA
CAAGGTCAGTCCACAGATGATATGTCCATATTCGTGACATTTTTAGCATCCTCCTCATTT
CTGTAGTAAGACTTCAGTAACTCCCTCCCAAGAGTCTTTGGATCTCTTCCCCGGOTTCCT
TCCCCAGCCCCAGTAAAGCTTTTTTCATTCCTCTTGAGGCACTTTTGATTCATGTTCTCC
GATAGAGTTTGTGGCGATGGGCTGGTGAATGCACGCTGATGGGAAAAGCCTCCGCCAGGT
CTTTAGTAGTAAGTGCCCAGATGAGAAGGCATATGGL TGGTGGGGAGL CTAGTGTTGLGE
TATATACCCCCAGTTGGTGAATTCCAGTATGGGT TTGGGGCAGCAAAAAAACTGGAAGAT
GTCACGGGGAGGGLTGGAGGGTGGGGCGCCACAAAGTTCATCTTCTGTGGGTGGGLGTGA
TAGGAGCCCATGTACGGGAGGTCTGAGGGGTACTTGTACAGAGATGAC TCCGGGGGETGE
GGLTGGAGGGLCTGLGELGATCCCGTGGAAGTCGAACTTGTAGGLGTAGLGCTTCCCATGG
ACCTTGRTCATGATRTTC TTGTCATAGTAGTAAC GRAGGG GIGAM TGAGT TTATCGTAG
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Background

Visualization of genomic data

[ Graphical viewpoint on the very large amount of genomic sequence
produced by the Human Genome Project.

Human Genome: 3,156,105,057 bp

[ Focus turned from accumulating and assembling sequences to
identifying and mapping functional landmarks

Genetic markers
Genes
SNPs

Points of regulation

1 Visualization of Next-generation-sequencing data




Background

Client-side

Integrative Genomics Viewer*

O Application (Java) on the user’s

machine
Often difficult to install

Does not have the extensive third-
party data of the other browsers

Much faster than web-based browsers

http://www.broadinstitute.org/igv/

ntegrative
Genomics
Viewer

1+ Home
¥ Downloads
[E] Documents
Hosted Genomes
FAQ
HIGV User Guide
[EFile Formats
[ Release Notes
Credits
@ Contact

Search website

Broad Home
Cancer Program
© 2013 Broad Institute

v.broadinstitute.org/igv/

Integrative
Genomics

What's New

NIWI October 2013. We're presenting an IGV
= > workshop at the ASHG annual meeting in
7 Boston on October 25, 2013

April 2013. IGV 2.3 has been released. See the release
nates for more details.

Overview

The Integrative Genomics Viewer (IGV) is a
[T high-performance visualization tool for interactive
e e exploration of large, integrated genomic
datasets_ It supports a wide variety of data
types, including array-based and next-generation sequence
data, and genomic annotations.

Downloads

Please register to download IGV. After registering,
u you can log in at any time using your email
Be—n address. Permission to use IGV is granted under
the GNU LGPL license

Citing IGV
To cite your use of IGV in your publication:

Helga Thnwaldadnlllr James T. Robinson, Jill P_
Mesirov. ics Viewer (IGV): high-
performance genomics data visualization and
exploration. Briefings in Bioinformatics 2012

James T. Robinson, Helga Thorvaldsddttir, Wendy Winckler,
Mltchell Gunman Eric S. Lander, Gad Getz, Jill P. Mesirov.

Viewer Nature Biotechnology 29
24-26 (2011

Funding

Development of IGV is made possible by funding from the
Iational Cancer Institute, the National Institute of General
Medical Sciences of the MNational Institutes of Health, and the
Starr Cancer Consortium.

IGV participates in the GenomeSpace initiative, which is
funded by the National Human Genome Research Institute.
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Background

dintronerator was developed by J. Kent to
map the exon-intron structure of C. elegans
RNAs mapped against genomic coordinates
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Background

O Draft human genome sequence became available at the UCSC in 2000

O Intronerator was used as the graphics engine

UCSC Genome Browser on C. elegans May 2008 (WS190/ce6) Assembly

chrll:7,045,377-7,050,383 5,007 bp. ‘ enter position, gene symbol or search terms “El

Scale Zo Teee
ot | 70460000 70465000  7047000) 7047500 7048000 70485000 70430000 70435001 7.050,000]
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UCSC Genome Browser




Genome Browser

http://genome.ucsc.edu/

UCSC Genome Bioinformatics

Genomes

Training

Credits.

Publications

Cite Us

Blat Tables Gene Sorter PCR VisiGene Session FAQ Help

About the UCSC Genome Bioinformatics Site
Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collectio
We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work ¢

genes that can be related in many ways. Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to th
to examine expression patterns. Genome Graphs allows you to upload and display genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the Center
have feedback or questions concerning the tools or data on this website, feel free to contact us on our public mailing list.

News [0

To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the
24 October 2013 - Job Opening: UCSC Genome Browser Trainer

The Center for Biomolecular Science and Engineering (CBSE) at University of California Santa Cruz seeks an articulate, self-motivated educat
in-person training on the UCSC Genome Browser at universities, hospitals, institutes, and professional meetings in the United States and interr
Browser experience ranging from novice users to bicinformatics specialists. Presentations include formal talks, problem-solving sessions, and

This position requires a Master's degree in a biological science, depth in molecular biology, experience in a research environment, working knc
teaching or training in a scientific environment. Preferred qualifications include a PhD in a relevant field, experience with video production, and

For more information and to apply for this position, see Job #1304619 on the UCSC Staff Employment website.

23 October 2013 - dbSNP Build 138 Available for hgl9

We are pleased to announce the release of four tracks derived from NCBI dbSNP Build 138 data, available on the human assembly (GRCh37/
corresponding coloring and filtering options in the Genome Browser.

As was the case for the annotations based on the previous dbSNP build 137, there are four fracks in this release. One is a track containing all r
subsets of this frack and show interesting and easily defined subsets of dbSNP:

« Comman SNPs (138): uniquely mapped variants that appear in at least 1% of the population or are 100% non-reference
« Flagged SNPs (138): uniquely mapped variants, excluding Commaon SNPs, that have been flagged by dbSNP as "clinically associated"
» Mult. SNPs (138): variants that have been mapped to more than one genomic location

By default, only the Common SNPs (138) are visible; other fracks must be made visible using the track controls.

You will find the four SNPs (138) tracks on the Human Feb. 2009 (GRCh37/hg19) browser in the "Variation and Repeats" group.

The fracks were produced at UCSC by Angie Hinrichs and Luvina Guruvadoo. We'd like to thank the dbSNP group at NCBI for providing acces

UN
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Human (Homo sapiens) Genome Browser Gateway

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

assembly position
Feb. 2009 (GRCh37/hg18) ~§ chr10:123,227 429-123,343,066 | FGFR2

group search term

Mammal

genome

* Human -

FGFR2 {Home sapiens fibroblast growth factor receptor 2 (FGFR2), transoript variant 2,

mRNA. )

Click here to reset the browser user interface settings to their wwwws.-

[track search ] [ manage custom tracks J [ track hubs ] [ configure tracks and d.ispla'_.r]

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more information about this assembly, see
GRCh37 in the NCBI Assembly database.

Sample position queries

A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS marker, a chromosomal coordinate range,
or keywords from the GenBank description of an mRNA. The following list shows examples of valid position queries for the human genome. See the User's Guide

for more information.

Request:

chr7
chrun_glooo212
20p13
chra:1-1000000
chr3:1000000+2000

RH18061:RH80175
15q11:15q13
rs1042522:rs1800370

D1653046
AA205474
ACO008101
AF083811
PRNP
NM_017414
NP_059110

pseudogene mRNA
homeobox caudal
zinc finger

kruppel zinc finger
huntington

zahler

Evans.J.E.

Genome Browser Response:

Homo =apiens
{Graphic courtesy of CBSE)

Displays all of chromosome 7

Displays all of the unplaced contig gl000212

Displays region for band p13 on chr 20

Displays first million bases of chr 3, counting from p-arm telomere

Displays a region of chr3 that spans 2000 bases, starting with position 1000000

Displays region between genome landmarks, such as the STS markers RH18061 and RH80175, or chromosome bands 15g11 to 15g13,
or SNPs rs1042522 and rs1800370. This syntax may also be used for ofher range queries, such as between uniquely determined ESTs,
mRNAS, refSegs, etc.

Displays region around STS marker D1653046 from the Genethon/Marshfield maps. Includes 100,000 bases on each side as well.
Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on chr 17

Displays region of clone with GenBank accession AC008101

Displays region of mRNA with GenBank accession number AF083811

Displays region of genome with HUGO Gene Nomenclature Committee identifier PRNP

Displays the region of genome with RefSeq identifier NM_017414

Displays the region of genome with protein accession number NP_059110

Lists transcribed pseudogenes, but not cDNAs

Lists mRNAs for caudal homeobox genes

Lists many zinc finger mRNAs

Lists only kruppel-like zinc fingers

Lists candidate genes associated with Huntington's disease
Lists mRNAs deposited by scientist named Zahler

Lists mRNAs deposited by co-author J.E. Evans

= = THE UNIVERSITY OF NEW SOUTH WALES
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Genome Assemblies

Regular updates to genome assemblies to
close gaps in genomic sequence,
troubleshoot assembly problems and
otherwise improve the genome assemblies

Shifting coordinates for known sequences
and a potential for confusion and error
among researchers, particularly when
reading literature based on older versions.

Frequently used assemblies hg18/hg19

New assemblies increase genomic
coverage 6-fold and have been deposited
in GenBank.

127 genome assemblies have been

released on 58 organisms (April 2012)

Assemblies
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Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the

Software Copyright (c) The Regents of the University of Califo
group genome assembly position
Mammal = Human = Feb. 2009 (GRCh37/hg19)+ chr10:123,227 429-123 343,066} FGFRZ
Click here to reset the browser user interface seftiggs fo their

nia. All rights reserved.

search term

mRNA. )

FGFR2 {Home sapiens fibroblast growth factor receptor 2 (FGFR2), transoript variant 2,

track search m

Human Genome Browser — hg19 assembly (sequences)

RefSeq Genes

(W¥_881144914) fibreblast growth facter receptor
(M¥_281144915) fibreblast growth facter receptor
(W¥_281144919) fibreblast growth facter receptor
(M¥_281144917 ) fibreblast growth facter receptor

2
2
2

2

isoform 4 precursor
isoform 5 precursor
isoform 9 precursor
isoform 7 precursor

(Mw_e22978) fibroblast growth factor receptor 2 isoform 2 precursor
(M¥_881144916) fibreblast growth facter recepter 2 iscform & precursor
(MM_881144918 ) fibroblast growth facter recepter 2 iscform 8 precursor
(Mv_eee141) fibroblast growth factor receptor 2 isoform 1 precursor
(MM_8e1144913) fibroblast growth factor recepter 2 isoform 3 precursor
(Mw_823829) fibroblast growth factor receptor 2 isoform 11 precursor

(NR_873889 )

(Mw_1783383) fibroblast growth factor receptor 2 isoform 3 precursor
(nv_ee1e9e663 ) fibroblast growth factor receptor 2 precursor
(mv_ee1182856) fibroblast growth factor receptor 2 precursor
(Mw_285319) fibroblast growth factor receptor 2 precursor

(M¥_881131221) fibroblast growth factor receptor
receptor
receptor
receptor

receptor

(nv_ee1e83336) fibroblast growth factor
(Mv_ee1163863 ) fibroblast growth factor
(nv_ee1899924) fibroblast growth factor
(nv_ee1e82688) fibroblast growth factor

2
2
2
2
2

precursor
precursor
precursor
precursor

(mw_2e1e81) fibroblast growth factor receptor 2 isoform IITh
(mw_e1e287) fibroblast growth factor receptor 2 isoform ITIc
(Mv_ee1189893 ) fibroblast growth factor receptor 2 isoform c
(nv_ee1189896) fibroblast growth factor receptor 2 isoform +
(Mw_812712) fibroblast growth factor receptor 2 isoform a

factor
factor
factor
factor
factor
factor
factor

(nM_se1189894) fibroblast
(nM_se1189892) fibroblast
(nM_se11@9895) fibroblast
(n¢_ee12e5318) fibroblast
(nM_ee1243pea) fibroblast
(nM_ee1243ees) fibroblast
(nM_ee1243ees) fibroblast

growth
growth
growth
growth
growth
growth
growth

receptor
receptor
receptor
receptor
receptor
receptor
receptor

2

2
2
2
2
2
2

isoform d
isoform b
isoform e

isofaorm
isofarm
isofaorm

1 precursor
2 precursor
4 precursor

Basic Gene Annotation Set from ENCODE/GENCODE Version 17

FGFR2 @t chri@:123237844-123353481
The February 2009 human reference sequence (GRCh37) was produced by tff EEER2Z at chrle:123237844-123356159
GRCh37 in the NCBI Assembly database. FGFR2 at chrl@:123241367-133357972
FGFR2 @t chri@:123237844-123357972
Sample position queries FGFR2 @t chri@:123237844-123357972
FGFR2 at chri@:123237844-123353772
A genome position can be specified by the accession number of a sequenced { LSER2 at ':h”'a'f EEPE T ol PR
or keywords from the GenBank description of an mRNA. The following list shoy ESERZ &t chrl@:123237844-133357972
g " — FGFR2 at chri@:123241367-123353481
FGFR2 @t chri@:123237844-123353481
Request: Genome Browser Response: FGFR2 @t chri@:123237844-123357972
chr? Displays all of chromosome 7 Ncn-Human RefSeq GE“ES
chrun_glo00212 Displays all of the unplaced contig gl000212
20p13 Displays region for band p13 on chr 20 ofra st chri:
£hr3:1-1000000 Displays first million bases of chr 3, counting from p-a FEF:§ - Eh:izigig;:;iigiizii
chr3:1000000+2000  Displays a region of chr3 that spans 2000 bases. Star| £ -+ 115 193239923 123225219
) ) FGFRZ at chri@:123239371-123353399
RH18061:RHB0175 Displays region between genome landmarks, such as | tcera at chrig: 123237856- 123269887
15911;15q13 or SNPs rs1042522 and rs1800370. This syntax may 4 ccera at chrig: 123237856- 123353434
rs1042522:rs1800370 MRNAs, refSeqs, etc. e R
FGFRZ at chri@:1232339238-123353378
D16S3046 Displays region around STS marker D16S3046 fromtll egrr2 at chrie:123239559-123353331
AA205474 Displays region of EST with GenBank accession AA20| Fgfra at chrie:123737845 123353315
AC008101 Displays region of clone with GenBank accession ACO| Eefr2 at chrie:123237846-123358315
AF083811 Displays region of mRNA with GenBank accession nury Fefr2 at chrie:123237873-133357855
PRNP Displays region of genome with HUGO Gene Momencly F2fra st chras:123237273-123357355
NM_017414 Displays the region of genome with RefSeq identifier | F2fr2 at chrid:123937873-123357855
NP_059110 Displays the region of genome with protein accession | E2fr2 &t chrie:123937873-133357855
FEfr? at chrie:123237873-123357855
) ) FEfr? at chrie:123237873-123357855
pseudogene mRNA L!sts transcribed pseudogenes, but not cDNAs SETE T i i ieen
homeobox caudal Lists mRNAs for caudal homeobox genes e o il BRTET o nemiE
zinc finger Lists many zinc finger mRNAs fefra at chri@:123239371-123324898
kruppel zinc finger Lists only kruppel-like zinc fingers fofra st chrip:123239371- 173324995
huntington Lists candidate genes associated with Huntington's dig
zahler Lists mRNAs deposited by scientist named Zahler
Evans.J.E. Lists mRNAs deposited by co-author J.E. Evans

EGFR2
EGFR2
EGFR2
EGFR2
EGFR2
FGFR2
FGFR2

chrig:
chrig:
:123237855-1233575098

123237348-123353481
123237348-123356159

23237873-123298828

:123238586-123357972
:123238732-123357312
1123239133-123357966




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

move [ <<< | << < |[ > |[>> | >>> Jlzoom in [ 15x || 3x | 10x | base | zoom out

chr10:123,237,844-123,353,481 115,638 bp. | enter position, gene symbol or search terms ‘
|chr~1a (o26.13) [ FEis]
Seale S8 kbl | ho1a
chr1a: | 123,380, 8aa| 123,350, 880|
LUCSC Gehes (RefZed, GemBank, CCOS, Rfam, tRHAS & Comparative Genomics)h
FiGFR2 FGFRE | i
FGFR2 i
FGFF.2| } }
FGFR2 |
FGFR2 uf t !
FiGFR: } 1
FiGFR2 }
FGFRE2 | 14
FGFR2 I
FGFR2 ¥
FGFR2| boia FEFR2 | :
FGFR2 e F-- - t
FGFR2 e M aaan -t
FGFR2 Fet H R 1
FGFRZ |
FGFR2 b 41
FFR2
|
t

+ @

RefIeq Genes
|

Refieq Genes m—-H—4 1 I

CIICK O & reature 1or aetans.
Click or drag in the base
position track to zoom in.

move start Click side bars for track move end

[ < |20 options. Drag side bars or [ < ]20
labels up or down to reorder
tracks. Drag tracks left or
right to new position.

[ track search ] [ default tracks ] [ default order ] [ hide all ] [ add custom tracks ] [ track hubs ] [ configure ] [ reverse ] [ resize ] [ refresh ]

Use drop-down controls below and press refresh to alter tracks displayed.
| collapse all | . . . ; . . | expand all |
CONPSE & Tracks with lots of items will automatically be displayed in more compact modes. SRacs

Mapping and Sequencing Tracks
Phenotype and Disease Associations
Genes and Gene Prediction Tracks refresh

Literature refresh
mRNA and EST Tracks refresh
Expression refresh
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() Genomes Genome Browser Tools Mirrors Downloads My Data About Us View Help

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move [ <<< | << < |[ > |[»> | >>> | zoom in [ 1.5x || 3x | 10x | base | zoom out

chr10:122,775,292-123,816,033 1,040,742 bp. ‘ enter position, gene symbol or search terms ‘
|cnma (426 12-026 .13 [ PECEIEE ]
Scale Saa kbi I hai9
chri@: 123, 6ae, aao| 123,508, aaa|
UCEC Genes (Reffed. GenBank, CCDS, Rfam, TRHMAsS & Comparative Genomics)
MIRSES4| | FGFRZ [ TE {
FOFRZ } ATEL H
CFFz H ATE
ATE1L
+ ATEL H
L ATEL bttt i
ATE L bttt
} HEMCE4A @
H HEMCE4R @
b HEMCE4R
NSMCE4H'|
FOFRZ TRACCE b
FoFR2 TRACCE b
ForRe M TACEE bsl]
FGFR2 TACCE b+
FGFR2
FEFRE b
FOFRE febed
FGFRE bbed
RefSeq Genes
| rerses cenes W TN

Click on a feature for details.
Click or drag in the base
position track to zoom in.
move start Click side bars for track move end
[ < ]20 options. Drag side bars or [ < ]20
labels up or down to reorder
tracks. Drag tracks left or
right to new position.
| track search | | default tracks | | default order | | hide all | | add custom tracks | | track hubs ||| configure ||| reverse | | resize | | refresh |

Use drop-down controls below and press refresh to alter tracks displayed.
| collapse all | . . ; ; . . | expand all |
COTPSE & Tracks with lots of items will automatically be displayed in more compact modes. e

Mapping and Sequencing Tracks refresh

Phenotype and Disease Associations refresh
Genes and Gene Prediction Tracks refresh
Literature refresh

mRNA and EST Tracks refresh

Expression refresh
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C0) Genomes Genome Browser Tools Mirrors Downloads My Data About Us Help

Configure Image

image width: 600 | pixels
label area width: 17 | characters
text size: 12~

Display chromosome ideogram above main graphic
Show light blue vertical guidelines

Display labels to the left of items in tracks

Display description above each track

Show track controls under main graphic
Next/previous item navigation

Next/previous exon navigation

=

=l

=

=l

O

=l

Configure Tracks on UCSC Genome Browser: Human Feb. 2009 (GRCh37/hg19)

Tracks: | track search | | hide all | | show all | | default | Groups: | collapse all | | expand all |
Control track and group visibility more selectively below.

Mapping and Sequencing Tracks
Phenotype and Disease Associations hide all § show all i default @ submit
Genes and Gene Prediction Tracks
Literature hide all | show all § default @ submit
mRNA and EST Tracks
Expression
Regulation hide all | show all | default § submit

~ @~ THE UNIVERSITY OF NEW SOUTH WALES
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() Genomes Genome Browser Tools Mirrors Downloads My Data About Us View Help

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move [<<< | << < |[ > |[>> | >>> | zoom in [ 1.5x || 3x | 10x | base | zoom out

chr10:122,775,292-123,816,033 1,040,742 bp. ‘ enter position, gene symbol or search terms ‘
[shr10 ze 12-gz6 1) [ IO I T METTM | 1|
Scale 500 kb | hgta
| chrid: 123,000,000 123,500,000
UCEC Genes (RefSeq, GenBank, CCDS, Rfam, tRMAs & Comparative Genomics)
MIRSES4 | FGFR2 (HH &TET i
b ATET }
b ATET H
&TET |
b ATET B
bl ATEN ke pskebh
| ATET kesteeee]
- e Wle{=ETY ||
4 MatCESs H]
FGFRE H-H—— MSMCE4S B
MEMCE4A
TACC2 b+
h TACCE
b TACCE
] TACC2 ]
e |
i
4
| i
RefSeq Genes
RefSeq Genes —| i - HH

Click or drag in the base
position track to zoom in.
move start Click side bars for track move end
[ < ]20 options. Drag side bars or [ < ]20
labels up or down to reorder
tracks. Drag tracks left or
right to new position.
| track search ||| default tracks | | default order | | hide all | | add custom tracks | | track hubs | | configure | | reverse | | resize | | refresh |

collapse al | Use dfop-down _controls_ below anq press re_fresh to glter tracks displayed.

[+ ] Mapping and Sequencing Tracks

B Phenotvpe and Disease Associations refresh
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Annotation tracks

TEFRE FEFRET

FOFR2 |
FEFR2 b
FGFRE

Refseq Genes
Refien Genes wH-HH + +

Click on a feature for details.
Click or drag in the base
position track to zoom in.
move start Click side bars for track move end
[ <20 options. Drag side bars or [ <20
labels up or down to reorder
tracks. Drag tracks left or
right to new position.

) Genomes Genome Browser  Tools Mirrors. Downloads My Data About Us Help

[ track search | | default tracks | [ defautt order | [ hide all | [ add custom tracks | | frack hubs | [ configure | | reverse | | resize | | refresh |

collapse all

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

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

expand all

[ +] Mapping and Sequencing Tracks
[ +] Phenotype and Disease Associations
[ +] Genes and Gene Prediction Tracks
a Literature

Comparative Genomics
C_onservation@_ Cons Indels MmCf @ @ Evo Cpg P_rimate Chain/Net mt
hide | |hide ~| hide ~| |hide ~| lhide " ~ | hide ~|

Search for Tracks in the Human Feb. 2009 (GRCh37/hg19) Assembly

Search Advanced

conservation

[ search | [ clear | [ cancel |

(2 of 17 selected)

[+1-] Visibility Track Name Sort: @ by Relevance - Alphabetically «
[ =] # Conservation Vertebrate Multiz Alignment & Conservation (46 Species)
O |hide =]  Primate Cons Primate Conservation by PhastCons
[l [nide =] Vertebrate Cons  Vertebrate Conservation by PhastCons
O |hide ~|  Primate Cons Primate Basewise Conservation by PhyloP
O |nide =]  Vertebrate Cons  Vertebrate Basewise Conservation by PhyloP
O [hide =] Mammal Cons Placental Mammal Conservation by PhastCons
O |hide =] Cons Indels MmCf Indel-based Conservation for human hg19, mouse mm8 and dog canFam
[fur =]  Mammal Cons Placental Mammal Basewise Conservation by PhyloP
[0 |nide ~| # Mod Hum Variants Variant Calls from 11 Modern Human Genome Sequences
O [hide =] Denisova Variants Variant Calls from High-Coverage Genome Sequence of an Archaic Deni
O fhide ~]  CCDS Consensus CDS
L |hide ~| #& TransMap TransMap Alignments
[ |hide ~|  TransMap UCSC  TransMap UCSC Gene Mappings
[l |nide ~|  TransMap RefGene TransMap RefSeq Gene Mappings
O [nide =]  TransMap mRNA  TransMap GenBank mRNA Mappings
[ |hide ~|  TransMap ESTs  TransMap Spliced EST Mappings
O |hide »] GERP GERP scores for mammalian alignments

Neandertal Assembly and Analysis refresh

Denisova Assembly and Analysis
on and Repeats

Reiumnio Browser | (2 of 17 selected)

# Tracks so marked are containers which group related data tracks. Containers may need additional configura
icon) before they can be viewed in the browser.

THE UNIVERSITY OF NEW SOUTH WALES




Annotation tracks

JThe database may contain any data that can be
mapped to genomic coordinates and therefore
can be displayed in the Genome Browser

L Overview of tracks: http://genome.ucsc.edu/cgi-bin/hgTracks

dThree different categories:

O computed at UCSC
0 computed elsewhere and displayed at UCSC

O computed and hosted entirely elsewhere



http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display

Annotation tracks computed at UCSC

d Comparative genomic annotations as well as Convert and liftOver
capabilities

(d mRNAs and ESTs in GenBank are aligned to the reference assembly in
separate tracks (75 million GenBank RNAs and ESTs, ~3 billion bases of the
human reference assembly = 2 CPU-years of computing time)

1 The Conservation composite track displays the results of the multiz
algorithm that aligns the results from up to 46 pairwise Blastz alignments
to the reference assembly (e.g. hg19 human assembly consumed 10 CPU-
years)
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Annotation tracks computed elsewhere and
displayed at UCSC

Annotations that are not post-processed by the UCSC

O Probe sets for commercially available microarrays, copy-number variation from t
Database of Genomic Variants or expression data from the GNF Expression Atlas

O Data Coordination Center for the ENCODE project allowing access to a large numr
of functional annotations in regards to gene regulation

Annotations that are post-processed by the UCSC
1 dbSNP (Common SNPs, Flagged SNPs, Mult. SNPs)

d OMIM (OMIM Allelic Variant SNPs, OMIM Genes, OMIM Phenotypes)
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Annotation tracks computed and hosted
elsewhere

dData tracks are hosted remotely (no data

Roadmap Epigenomics Visualization Hub (VizHub)

Roadmap Epigenomics Project | NCBI Epigenomics Gateway | Roadmap Data Coordination Center

Embedded WashU EpiGenome Browser learn how RJzlesel=yl:)

LA I [ 1 chr7:27052997-27373365 [PNNNT T S

[ ot Etl B B R o 8§ B B N GssTE] o |

00 27080000 7110000 7149000 7170000 27200000 20000 S0000 27280000 27320000 50000

e st "””L....w MMMM%MWM&HMM&MMMMMMMM
I J..Jln .

o d

Hakémez of 180 ﬁ
0

291 &
H3Kéme3 of IMRSO
WY E TN

42,08
H3K4me1 of IMRSD

WPV WY WO W ST PRRRSR I 1 D

3878
H3K4me1 of MRS
Adbhcwe ddhasian b e oo bk e

PTIT T SN
W.IMJL_W.AMM e il ikems o
BT

st o N ORI | 11 4\!\ LIy HJLL ! J\.HMMIIII (LT THINIE L PR

HOZARI e b
HOTAIRN 154 o xAGl- aise:
HOXA28 LOC1001233311e-481
A3 mH—efe HOXAT0-HOXAGs e
dubiees HOXATD=ed]

0
18,9995
H3Keme3 of IMRSD

Y N e

U AU OV

12.35:
H3KIme3 of IMRID

e & s st sicmmenb bt b ot i st sbdin ot abealid e,

54.4695

H3K27me3 of msn:l
o

cegpeld R —
H3K27me3 of INRS0
E017 IMR90 chromat,

HOXA10%

VizHub

Displaying sequencing data
from Roadmap Epigenomics
project, powered by a local
mirror of UCSC Genome
Browser.

Remote Data Hub
Displaying sequencing data
from Roadmap Epigenomics
project, powered by UCSC
Genome Browser through
data hub function.

WasHU ErPIGENOME BROWSER
A new-generation genome browser for
integrative visualization of genom
information. Hosts high volume of tra
from ENCODE and Roadmap Epigenomic
proje upports mumple1 organisms,
visualizes ¢ teraction data (e.g.
i ] ene plot,

OWSEF M Go to the Hub)p

Go to the Browserp

and many others
high performance

VizHub

Roadmap Epigenomics Visualization Hub at Wash U

Genomes

Genome
Browser

ENCODE
Neandertal
Blat

Table
Browser

Gene Sorter

Genome
Graphs

Galaxy
VisiGene
Utilities
Downloads
Release Log

Custom
Tracks

Microbial
Genomes

Mirrors

Blat Tables Gene Sorter PCR VisiGene Session FAQ Help

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft
assemblies for a large collection of genomes. It also provides portals to the ENCODE and Neandertal projects.

We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over
chromosomes, showing the work of annotators worldwide. The Gene Sorter shows expression, homology and other
information on groups of genes that can be related in many ways. Blat quickly maps your sequence to the genome.
The Table Browser provides convenient access to the underlying database. VisiGene lets you browse through a
large collection of in situ mouse and frog images to examine expression patterns. Genome Graphs allows you to
upload and display genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-
departmental team within the Center for Biomolecular Science and Engineering (CBSE) at the University of California
Santa Cruz (UCSC). If you have feedback or questions concerning the tools or data on this website, feel free to
contact us on our public mailing list.

News Archives b

News £

To receive announcements of new genome assembly releases, new software features, updates and training
seminars by email, subscribe to the genome-announce mailing list.

16 August 2012 - Announcing a Genome Browser for the Medium ground finch

We have released a browser for the Medium ground finch, Geospiza fortis, reknowned as one of naturalist Charles
Darwin's Galapagos finches. This species, which has been the subject of many evolutionary studies, is one of a
group of birds that evolved over a few million years from a single ancestral species into multiple species whose beak
sizes and shapes are specialized for using different food resources. The phenotypic diversity of these birds
contributed to Darwin's theory of evolution. The significance of this genome assembly is described in the August 16,
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http://epigenome.wustl.edu/
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Associated Tools

dTools other than the main graphic image
account for 42% of traffic on the UCSC
server |

UCSC CGls
offsite
BLAT
isPCR
3rd-party
data
Table
l Browser
UCSC data /
=
files tables
(sequence) (annotation)




Sessions

Save Settings

Tools Mirrors Downloads My Data About Us View Help

e Browser on Huma === RCh37/hg19) Assembly
T=== > = Track Hubs 5| zoom out [1.5x | 3« | 10x Save current settings as named session:
name: hg19 allow this session to be loaded by others | subm

_ Custom Tracks

844-123,357,972 120,129 bp. ‘ BTHET posIion, gena symbol or search terms ‘ @

Save current settings to a local file:

file: UCSC_Session.txt file type returned: plain text - subm
scale S8 kbl { hgig ) )
. enrad ' 133,360 |peel jos. gsp. sepl (leave file blank to get output in browser window)
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Restore Settings

Use settings from another user's saved session:
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1 Use settings from a URL (http://..., ftp://...): submit

RefSeq Genes w4 H+—+
4 _

L
M
n
)
3
*
i
=
)
ES
=
o
m
i
in
o
=
B
o
o
o
=
in
i
3
P!
]
E
=
5
-3
pi
i
R4
i
o
)

Mammal Cans | X . L ) .

-4

NAS from GenBank
M il
L

Human wRHAS Bt :
Simp1e‘Nuc1e?Fiue Foldmat

1 - -
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| P There are several ways to share saved sessions with others.

OHIM A11E1ic Variant SHFs
17EQ45, GB35 NDROME |

176045, BB3T NDROME |
172045, 0654 U30h, SYUBRORL] » Each previously saved named session appears with Browser and Email links.
178543, G618 N GUTLS GEATA SYMDRNE ] i i

7R3 s 31015450, CROUzOn SeRGROLE that session loaded. The resulting Genome Browser page can be bookmarke
175543 5603 2101 paga; EooeE SrmERDNE | . . . -

176042, 0008 sigisasi: CROUZGH SYNDROE] Email link invokes your email tool with a message containing the Genome Bro
176943, 8813 21915496 CROUZON STYHDROME|

{76240, 000t sisizasn: CRoUia SvioRorE| « If you have saved your settings to a local file, you can send email to others w
176943, 8812 1915495; PFEIFFER SYNDROME| . . .
e g ane: i o genome.ucsc.edu/cgi-bin/hgSession .

176943, 0839 1918518: FFEIFFER SYMDROME | . . . =

178515, o62e|-i215:Sa00| CHOLZON SYBROE | « If a saved settings file is available from a web server, you can send email to ¢
175043, 062 123652001 1 CREZON SYNDROE| ; ; i
175543, 0614 121516487 CROLZON SYNDROVE | hgSession?hgS_dolLoadUrl=submit&hgS_loadUrIName=U where U is the URL
176943, AA29 21018505 FFEIFFER SYNDROME | - -
176943, 8811 p=T7S43618! APERT STYNOROME |

17654318817 r121a10438 ! FFERT SYNDROTE | mySession.txt . In this type of link, you can replace "hgSession" with "hgTracl

L75943, 8018, r=79154941: AFERT SYNDROME |
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Genom

Genome Brt Downloa

Add Custom Tracks

clade Mammal ~ genome Human ~  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 must be provided via a

URL 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:
Optional track documentation: Or upload:

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

Tools Mirrors Downloads About Us View

My Data

Help

Genome Browser

H Genomes

Tools Mirrors Downloads My Data About Us Help

Table Browser

o 3enome Browser on Human Feb. 2009 (GRCh37/hg’
move s | |2 < > | >> | »»>  zoomin 15x| 3x | 10x  base zoom out | 1.5x

Variant Annotation Integrator Use this program to retrieve the data associated with a track in text format, to calculate intersections between t
the Table Browser for a description of the controls in this form, the User's Guide for general information and sar
features and usage. For more complex queries, you may want to use Galaxy or our public MySQL server. To e

Refer to the Credits page for the list of contributors and usage restrictions associated with these data. All table:

Gene Sorter

10:123,237,844-123,357,972 120,129 bp. ‘ enter position, gene symbol or search terms

Genome Graphs ‘cm“lv coze. 1z [ EEIT=IN BN b4 ]

In-Silico PCR

scate 56wl [ hets clade: Mammal v genome: Human ~ assembly: Feb 2009 (GRCh37/hg19) v
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FoFRz ot oyl iMoo P el e ks e b i group: Phenotype and Disease Associations v|  track: Clinvar variants v add custom tracks  track hubs
VisiGene FGFRZ mt H
e [ t table: ETINERIELNERERIETY v| | describe table schema
Other Utilities FGFR2 mf " - = . . R
o » H region: © genome & ENCODE Pilot regions @ position |chr10:123237844-12335797  lookup | | define regions
o i identifiers (names/accessions): | paste list | | upload list
FGFRZ | o
ik seeped o filter: create
FOFRE | oo — ' i
rornel i subtrack merge: create
FoF i

| Ferseq cenes . intersection: | create

RefSeq Genes mH-
4

output format: all fields from selected table
output file: test
file type returned: @ plain text

v Send output to 11 Galaxy
(leave blank to keep output in browser)
© gzip compressed
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get output | summary/statistics
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176943, 8935 NOROME |

176943, 6637 NOROME |

176943, 6633 FER SYNDROME |

176943, 6834 UZ0M SYNOROME |

176943, 8015 0N CUTIS GYRATA SYNDROME |

176943, 8616 0N CUTIS GYRATA SYNDROME |

176943, BBAS 21015490 CROUZON SYNDROME |

176943, 8624 "EIFFER SYNOROME, TYFE III|

176943, 0009 210184941 CROUZOM SYNDROME |

176943, 6006 219184911 CROUZOM SYNDROME |

176943, BBAT 32 JACKION-WEITS SYNDROME |

176943, 8615 21915496 CROUZON SYNDROME |

176943, 6601 21816457 CROUZON SYNOROME |

176943, 0003 210184551 CROUZOM SYNDROME |

176943, 8012 1915435: FFEIFFER SYNDROME |

176943, BB A4 21915459 CROUZON SYNDROME |
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This section provides brief line-by-line descriptions of the Table Browser controls. For mare information on using

1 |#chrom chromStart chromEnd name type clinSign phenotype origin otherlds
2 chrio 123247548 123247549 FGFR2:c.1942G single nucleotit pathogenic germline OMIM Allelic Variant:176943.0035
3 chri0 123247608 123247609 FGFR2:c.1882G single nucleotit pathogenic germline OMIM Allelic Variant:176943.0037
4 |chr10 123256214 123256215 FGFR2:c.1694A single nucleotit pathogenic GeneReviews:NBK1455, MedGen:C1863356, germline OMIM Allelic Variant:176943.0033 track grou
OMIM:123500, Orphanet:207, SNOMED
CT:28861008, MedGen:C1865070, 15 in table 1
5 chri0 123258104 123258105 FGFR2:c.1576A single nucleotit pathogenic OMIM:609579, Orphanet:168624 germline OMIM Allelic Variant:176943.0034 2 arouo soi
6 chri0 123274745 123274746 FGFR2:c.1172T single nucleotit pathogenic MedGen:C3281247, OMIM:614592, germline OMIM Allelic Variant:176943.0043
7 chri0 123274776 123274777 FGFR2:c.1141T single nucleotit pathogenic MedGen:C3281247, OMIM: 614592, germline OMIM Allelic Variant:176943.0044
, GeneReviews:NBK1455, MedGen:C1852406,
8 chri0 123274793 123274794 FGFR2:c.1124A single nucleotit other, pathogenic OMIM:123790, Orphanet:1555 somatic, uncertain  OMIM Allelic Variant:176943.0015
GeneReviews:NBK1455, MedGen:C1852406,
9 chr10 123274802 123274803 FGFR2:c.1115C single nucleotit pathogenic OMIM:123790, Orphanet:1555 germline OMIM Allelic Variant:176943.0016
OMIM:123500, Orphanet:207, SNOMED
10 chrl0 123276855 123276856 FGFR2:c.1061C single nucleotit pathogenic CT:28861008 germline OMIM Allelic Variant:176943.0005 N
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