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Genome Browsers 
 (modified by Laurens Wilming from Open Door Workshop module by Xosé M. Fernández, Bert 

Overduin and Michael Schuster) 

 

 

Aims 

• explain why it can be useful to look at the whole genome. 

• discuss how genes and other features can be predicted and displayed. 

• briefly present the main web-based genome browsers. 

• using Ensembl, demonstrate some of the features and applications of genome browsers. 

• introduce the BioMart data retrieval system. 

• examples (may include location and structure of a known gene and its products; information 

about a defined chromosomal region; convenient export of selected information). 

 

Introduction 

 
Web-based genome browsers have been developed to make it easier to access comprehensive 

information about regions of human, mouse and other genomes and about their whole gene sets. They 

help you to: 

 

• explore what is in a chromosomal region 

• see features in and around a specific gene 

• search & retrieve across the whole genome 

• investigate genome organisation 

• compare to other genomes 

 

As well as the genomic sequence assembly itself, browsers attempt to show the location and structure 

of known genes and also to display predicted novel genes. They show information about the predicted 

mRNA transcripts and may also include information about the protein products. Information about 

genes is integrated with information about other genomic features (e.g. cytogenetic bands, markers, 

SNPs, repeated sequences, regions homologous to other species). Protein, mRNA and EST entries from 

the sequence databases may also be shown mapped onto the chromosomes. 
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In addition to providing annotation across the whole genome, browsers provide other resources. The 

browsers differ in what is provided and how it is presented. Resources that can be found include: 

 

• l inks to other databases and resources 

• text Searching 

• BLAST and other sequence similarity searching 

• download of genomic sequence, gene information and other data 

• data mining facilities 

 

Browsers (and some of their strengths) 

 
• Map Viewer – maintained by NCBI                               

http://www.ncbi.nlm.nih.gov/mapview/ 

• Human Genome Browser – maintained by UCSC  

 http://genome.ucsc.edu 

• G-integra Genome Browser – maintained by DDBJ and JBIRC  

 http://www.h-invitational.jp 

• Ensembl – maintained by EBI / Sanger Institute          

http://www.ensembl.org 

 

 

 

NCBI Map Viewer 

• good integration with other NCBI 
resources 
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UCSC Genome Browser 
 
• straightforward feature display 
• old assemblies available 
• wide range of tracks supplied by other 

groups 
 

 
 
 
 
 
 
 
 
G-integra Genome Browser 
 
• human gene database, with integrative 

annotation validated by full-length cDNA 
clones 

 
 
 
 
 
 
 
 
 
 
 

Ensembl 
 
• well-supported gene set with evidence 
• range of different views 
• easy retrieval of data sets 
• archive available 
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While browsers can be very useful  tools,  they do not provide the 
def ini t ive answer to every question! 
 

 
Data retr ieva l  and data mining 

 
Genomic annotation data, due to its complexity and volume, does not lend itself to easy access. 

Presenting it on a web site is important, but so is providing simple but flexible ways to select and 

retrieve specific sets of data. NCBI has the Entrez query system and UCSC has its Table Browser. 

 

In Ensembl, BioMart facilitates rapid retrieval of richly annotated gene lists and sequences and of SNP 

details, integrated with third party data and applications. Genes can be selected by chromosome region, 

protein domains, associated external identifiers or SNP properties, and these filters can be combined to 

group and refine biological data, including cross-species analyses, disease links, sequence variations and 

expression patterns. 

 

BioMart is built upon a query-optimised relational database schema allowing quick and efficient access to 

this voluminous data through a user-friendly, interactive web interface. After selecting the biological 

object and the species, the results can be refined using a set of pre-defined filters. After each navigation 

event, the user is provided with immediate feedback on the number of matches found. Output can 

consist of annotated gene lists, gene structures, SNP details or various kinds of sequence sets. Output 

can be in HTML, text, Microsoft Excel and compressed formats. 

 

Further reading 

Birney, E et al. (2004) 
An Overview of Ensembl .  
Genome Research 14: 925-928  
http://www.genome.org/cgi/content/abstract/14/5/925 

 
Hubbard, T et al. (2005) 
Ensembl 2005.  
Nucleic Acids Res 33: D447-D453  
http://nar.oupjournals.org/cgi/content/abstract/33/suppl_1/D447 
 
 
Ashurst, JL et al. (2005) 
The Vertebrate Genome Annotation (Vega) database.  
Nucleic Acids Res 33: D459-D465  
http://nar.oupjournals.org/cgi/content/abstract/33/suppl_1/D459 
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Karolchik, D et al. (2003) 
The UCSC Genome Browser Database.  
Nucleic Acids Res 31: 51-54  
http://nar.oupjournals.org/cgi/content/full/31/1/51 

 
Imanishi, T et al. (2004) 
Integrative Annotation of 21,037 Human Genes Val idated by Ful l -Length cDNA Clones.  
PLoS Biology 2: 0856-0875 
http://biology.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.pbio.0020160 

 
Dombrowski, SM and Maglott, D (2002) 
Using the Map Viewer to Explore Genomes  
In: The NCBI Handbook: 20-1-20-25 
http://www.ncbi.nlm.nih.gov:80/books/bv.fcgi?rid=handbook.chapter.1562
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How to access genomic information using Ensembl (worked example) 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Multi-species text searching  

STEP 1: 
Load Ensembl:  
http://www.ensembl.org 

Help  

Sidebar navigation: 
 

 

STEP 2: 
Click [browse] under 
Homo sapiens 
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STEP 3: 
Go to MapView by clicking 
on chromosome X in the 
Karyotype panel 

Display a region between any 
two features  

Click to display that region 

STEP 4: 
Go to ContigView 
choosing to display the 
region between Markers 
DXS7096 and DXS7094 
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Entire Chromosome 

Detailed view shows a 
region of 1 kb – 1 Mb  
 

Overview shows a region 
of 1 Mb  

Basepair view shows a 
region of 25-500 bp 

STEP 5: 
Click on the F9 gene in 
Overview to center 
Detailed view on this 
gene and zoom in using the 
[+] button 

STEP 6: 
Customise Detailed view 
using the Features drop-down 
menu:  
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STEP 8: 
Go back to ContigView 
via the sidebar: 
 

 
 
Center again on the F9 gene 
and zoom out 
 
View this region in the 
UCSC browser (which will 
open in a new browser 
window!) 
 

 

STEP 7: 
Go to MarkerView by 
clicking on a marker in the 
Markers track and 
subsequently on Marker info 
in the pop-up menu 

Assembly 

Features on forward (+) 
strand 

Features on reverse (-) 
strand 
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Main track information panel 

Navigation controls 

Track controls: hide, show, 
collapse, etc. numerous 
different tracks 

STEP 9: 
Click on the F9 gene for all 
the information on that gene 
and links to other sources. 
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Gene description 

External links 

Uniprot description 

Microarray data 
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Protein domain and 
structure information 

UTR info 

Homology/orthology 

Gene Ontology 

Matching mRNAs 

Pathways 

STEP 10: 
Go back and zoom in so that 
not more thyan 30kb is 
displayed, then click on 
anything in Conservation area 
to see cross-species genomic 
alignments 
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Alignment of conserved 
sequences with colored 
exons. 

Matching mRNA data 

Matching mRNA alignment 
with color coded exon, 
intron and UTR sequence in 
genomic context 

STEP 12: 
Click on link to see 
alignments 
 

 
 
 

 
 
 
 

STEP 11: 
Go back and click on a 
matching mRNA for 
information on that sequence 
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STEP 13: 
Close the UCSC browser 
window 
 
Go to CytoView: 
 

 
 
 
 
 

STEP 14: 
Go to mouse 
SyntenyView: 
 

 
 

 
 
 
 

Export clones and features 

Tiling path 
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STEP 15: 
Go to human-mouse 
MultiContigView for the 
F9 gene using the 
[MultiContigView] link in 
the Homology Matches table 
 

 
 
 

 
 
 
 

STEP 16: 
Go back to ContigView: 
 

 
 
Go to GeneView by 
clicking on the F9 gene in the 
Ensembl trans. track in 
Detailed View and 
subsequently in the pop-up 
menu on Gene: 
ENSG00000101981 
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STEP 17: 
Go to TransView: 
 

 
 

 
 
 
 

 
 
 

Homologous genes in other 
species 

Links to other databases 

GO annotation 

Transcript structure 

Protein domains 

Protein structure 

Find related proteins 

Genomic location 
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STEP 18: 
Go to ExonView: 
 

 
 
 

 
 
 

 
 
 
 

Customise transcript 
sequence 

Transcript sequence 
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STEP 19: 
Export the genomic 
sequence of the F9 gene in 
FASTA format: 
 

 
 
 

 
 
 

 
 
 
 

Supporting evidence used to 
build the gene 

Customise exon-intron-
flanking sequence 
information 

Exon and flanking sequences: 
• flanking sequence 
• UTR 
• exon 
• intron 
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STEP 20: 
Copy part of the sequence 
 
 
 
 

 
 
 

 
 
 
 

STEP 21: 
Go to Ensembl BLAST: 
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STEP 22: 
Paste the sequence in the 
input box, select Homo 
sapiens as the species and 
BLASTN as the search tool 
 

 
 
 

 
 
 
 

STEP 24: 
Click [Retrieve] to see 
whether the query is 
completed; if so, the 
[VIEW] button is shown  
 
 
 

 
 
 

 
 
 
 

STEP 23: 
Click [RUN] 
 
 

 
 
 

 
 
 
 

STEP 25: 
Click [VIEW] 
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STEP 26: 
Click [C] in front of the best 
hit to view this hit in its 
genomic context in 
ContigView   
 
 

 
 
 

 
 
 
 

BLAST hits 
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Summary  
 

• Genome browsers render the plain sequence more accessible.  
• Ensembl is a system, which provides automatic genome annotation, yet strongly based on 

experimental evidence from cDNA and protein sequences in public sequence databases. 
• Ensembl heavily links to data sets from other species, as well as to external resources. 
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Exercises 
 
1. Explor ing features related to a gene 
 
Find the gene report for the human HRAS gene. 
Hint: use the search/find boxes to do a text search. 
 
How many transcripts are predicted for this gene? What is the size of the longest predicted mRNA? 
How many exons does it have? 
 
With what diseases is HRAS associated? What is its cellular function? 
Hint: follow some of the links in the ‘Similarity Matches’ section of GeneView. 
 
How many amino acids does the HRAS transcript code for? Which InterPro domains does the protein 
product contain? 
 
Find the GO section of GeneView and follow the links to explore the ‘Gene ontology’ terms (describing 
gene and protein function) in Ensembl GOView. 
 
In which chromosomal band, on which clone and contig in the genomic sequence assembly is HRAS 
located? In ContigView, look at regions that are conserved with mouse (turn on ‘Mm blastz’ and ‘Mm 
high cons bz’ tracks). 
 
Is there a putative mouse orthologue? If so, where is it in the mouse genome? 
 
 
2. Explor ing a reg ion 
 
Display the region between markers D12S764 and D12S1871 in ContigView. 
Hint: start by clicking chromosome 12 on the human homepage. 
 
How many clones/contigs are used to make this portion of the assembly? 
 
Centre the display around the TENC1 gene by clicking on this gene in “Overview”. In “Detailed View”, 
why are some genes above and some below the DNA contigs? 
 
What is the closest marker to the TENC1 gene? How many synonyms does this marker have? 
 
Zoom in on the TENC1 gene. Identify a coding SNP and look at the corresponding SNPView page. 
Hint: turn on the SNP track if necessary.  
 
Zoom out again, and export an Ensembl gene list for the region. Include Ensembl gene id, known gene 
external id, known gene external database name, gene description, InterPro short description. 
Hint: use the left-hand menu to get to MartView. 
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3. Explor ing the mouse genome with Ensembl 
 
Hint: use what you know about navigation in human Ensembl. 
 
Find the ‘generic’ Ensembl homepage and select mouse. Bring up a ContigView display of mouse 
chromosome 2 between 18.7 Mb and 19.1 Mb.  
 
How many ‘known’ and ‘novel’ genes are predicted in this region? For one of the known genes, find 
some information about its function, and look at an entry for it in EntrezGene, UniProt/Swiss-Prot or the 
Jackson Lab’s Mouse Genome Informatics site. 
Hint: the ‘Marker Symbol’ in the ‘Similarity Matches’ section links to MGI. 
 
Can you find out anything about the possible functions of the novel genes? 
Hint: Try looking at homologs in other species and at other members of protein families. 
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Exercises answers 
 
1. Explor ing features related to a gene 
 
Enter the gene name into the text search box and follow the link to GeneView (don’t follow links to 
HRAS-like suppressors). 
 
The HRAS gene (ENSG00000174775) has 2 predicted transcripts. The longer transcript is 
ENST00000311175. The length of the transcript is 1113 bp, 7 exons (look in Transcript section of 
GeneView). 
 
Check the ‘Disease Matches’ section, and follow the links to OMIM and EntrezGene or UniProt/Swiss-
Prot. HRAS is associated with bladder cancer. It is a protein that binds GDP/GTP and has intrinsic 
GTPase activity. 
 
The transcript codes for 189 aa. Check the ‘InterPro’ section in GeneView. The domains include 
IPR001806 (Ras GTPase), IPR001230 (Prenyl group, CAAX box, attachment site), IPR001687 
(ATP/GTP-binding site motif A (P-loop)) and IPR006689 (ARF/SAR superfamily). 
 
Clicking on a GO identifier gives you a GOView page showing the position of that term in the GO 
structure (note the number of Ensembl genes mapped to each term). Click Help to find out more about 
GOView. 
 
Going back to GeneView, follow one of the links in ‘Genomic location’ to get a ContigView display. 
HRAS is located on 11p15.5. It is located on contig AC137894.5 (see GeneView - Genomic Location, 
or point to the contig in ContigView). If you follow the link to the EMBL entry (or if you turn on the 
‘Tile path’ track from the Decorations menu of ContigView) you can see this is clone RP13-46H24. Turn 
on the display of regions conserved with mouse using the ‘Comparative’ menu in ContigView. 
 
Back in GeneView, ENSMUSG00000025499 (Hras1) is named in the ‘Orthologue Prediction’ section. 
Click on it to go to its GeneView page in the Mouse Ensembl site. Follow the link to mouse GeneView 
to find that it is on mouse chromosome 7. 
 
 
2. Explor ing a reg ion 
 
Start on the human homepage and click on chromosome 12. Enter the markers in MapView. 
 
The region includes sequence from 4 different contigs (one is quite small) – you can see this better if 
you turn on the tile path track. 
 
The genes above the contig track are transcribed in the forward orientation; the genes below are in the 
reverse orientation. 
Get marker information by pointing your mouse to the marker at the right of TENC1. It is D12S2110 
and 6 synonyms are listed. 
 
SNPs can be turned on using the ‘Features’ menu. Coding SNPs are shown in red (non-synonymous) 
and green (synonymous). Note the ‘SNP Context’ display in SNPView. 
 
The left-hand menu has an option ‘Export Gene info in region’ that takes you to BioMart. Enter the 
required data (the chromosomal coordinates and Ensembl Gene ID are already selected for you). 
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3. Explor ing the mouse genome with Ensembl 
 
No fixed answers. 
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Manual Genome Annotation: 
the Vertebrate Genome Annotation Browser VEGA 
 
 
 
 
 

 
 
 
 

 

STEP 1: 
Load Vega: 
http://vega.sanger.ac.uk 
 

STEP 2: 
Select human genome 
annotation 
 
 

STEP 3: 
Search for gene symbol NFIB 
(Nuclear Factor IB) under All 
or Gene 
 

Ideograms of annotated 
chromosomes or regions 
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STEP 4: 
Follow the link to the Vega 
GeneView page 
 

Manually curated peptides 

Manually curated transcripts 
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STEP 5: 
Follow the genomic location 
link to the Vega 
ContigView page 
 

List of manually curated 
transcripts and their 
corresponding transcript 
models 

Transcript panels 

Transcripts model 

Protein model and protein 
domains 
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Summary 
 

• Vega is a browser displaying manually annotated vertebrate genomes. 
• Manual annotation is labour intensive but generally of higher accuracy than automatic annotation.  
• Manual annotation is thus considered the 'gold standard' .  

STEP 6: 
Compare the manually 
annotated region in Vega 
with the automatic 
annotation provided by 
Ensembl 
 

Ensembl predicts 2 
transcripts models for the 
NFIB gene, Vega predicts 8 
 
Ensembl predicts a protein 
coding gene where Vega 
predicts a pseudogene 
 
Vega predicts transcripts that 
Ensembl doesn’t predict 
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Data mining in Ensembl with BioMart 
 
 
The gene encoding Glucose-6-phosphate dehydrogenase (G6PD) is located on chromosome X in 
cytogenetic band q28. 
Which other genes related to human diseases locate to the same band?  
 
 
 
 
 
 

 
 
 
 

STEP 1: 
Load Ensembl:  
http://www.ensembl.org 

STEP 2: 
Go to BioMart:  
 

 

STEP 3: 
On the START page select 
the datasets Ensembl and 
Homo sapiens genes (NCBI35) 

STEP 4: 
Proceed to the FILTER 
page with [next>] 
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STEP 7: 
Proceed to the OUTPUT 
page with [next>] 

STEP 6: 
In the GENE section select 
Disease genes and Only 

STEP 5: 
In the REGION section select 
Chromosome X and Band Start 
q28 and Band End q28 

Filter by GO terms 

Filter by expression pattern 

Filter by SNP association 

Filter by protein domain 

Filter by ortholog association 
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STEP 8: 
On the OUTPUT page 
select the Features Attribute 
Page 
 
Ensembl Gene ID is selected 
default 
 
Also select Ensembl Transcript 
ID, External Gene ID, 
EntrezGene ID, Disease OMIM 
ID and Disease description 
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STEP 9: 
Select HTML as output 
format 
 

STEP 10: 
Click [export] 
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STEP 11: 
Use the browser BACK 
button to go back to the 
OUTPUT page 
 
Select the Sequences 
Attribute Page. 
 
Select cDNA sequences 
 

STEP 12: 
Click [export] 
 



Genome Browsers            IMGC Bioinformatics Workshop 2005
________________________________________________________________________________________ 

 38 

 
Summary 
 

• BioMart is a highly flexible tool for data mining. 
• Queries are defined applying convenient filters in just three steps:  

the 'START', 'FILTER' and 'OUTPUT' phases.  
• Genomic regions, Gene identifiers, Gene Ontology terms, and many other sources of 

information can serve as filters.  
• BioMart heavily links data sets within Ensembl and provides links to external resources. 

 

Restrict your 
query with 
filters, then 
‘next’ 
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Exercises 
 
1. Retrieve all SNPs for ‘novel’ human G-protein coupled receptor genes (GPCRs – IPR000276) on 
chromosome 2.  
 
Choose ‘Data mining [BioMart]’ from the left-hand menu. 

Choose the database and the species for your query on the START page: 

• Select ‘Ensembl 34’ as we are looking for a gene list (NOT a SNP list!). 

• Select ‘Homo sapiens genes (NCBI35)’. 

Click next. Note that the Summary to the right is updated. It indicates the total number of Ensembl 

genes present in the database. 

Select your genes of interest using the FILTER page: 

• Select ‘Chromosome 2’. 

• Select ‘Known Genes’ and tick ‘Excluded’ to retrieve ‘novel’ genes only. 

• Click count at the top of the Summary panel and note that the number of genes fulfilling these 

criteria is given under f i l ter .  

• In the ‘Protein’ section, select ‘InterPro ID(s)’ and enter ‘IPR000276’ 

• Click count again and note that the number of genes is updated. Click next. 

Select the OUTPUT for your gene list: 

• Choose the ‘SNPs’ Attribute page. 

• In the ‘Gene’ section ‘Ensembl Gene ID’ is selected by default – also select ‘Ensembl Transcript 

ID’ and ‘Ensembl Peptide length’. 

• In the ‘Gene associated SNPs’ section ‘Reference ID’ is selected by default – also select ‘Allele’, 

‘Peptide location (aa)’, ‘Location in Gene (coding etc)’, ‘Synonymous Status’ and ‘Peptide Shift’. 

• Choose ‘MS Excel’ as output format. 

• Click export. 

 

Note that the output for this query gives you one row for each SNP, and if there are alternative 
transcripts then SNP data is given for each. This means that a particular SNP may appear more than 
once. Find the coding SNPs, and note that you have information about the effect of the SNP, and its 
location within the protein. How many coding SNPs are there in each transcript? Of these, how may 
affect the amino acid sequence?  
  
2. Retrieve all mouse homologues of human disease genes containing transmembrane domains located 
between 1p22.1 and 1q22. 
Hint: Start with a human gene list. Include “Disease OMIM ID” and “Disease description” in the OUTPUT section. 
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3. Retrieve the gene structure of the following mouse genes: ENSMUSG00000042351 
ENSMUSG00000022393 
Hint: Use the ‘Ensembl Gene ID(s)’ option under ‘ID list limit’ on the FILTER page. Select on the OUTPUT, ‘Structures’ Attribute page 
‘Ensembl Gene ID’, ‘Ensembl Transcript ID’, ‘Ensembl Exon ID’, ‘Exon Start’ and ‘Exon’. Export the gene structure in HTML format. 
Then take the link from the Ensembl genes to GeneView in order to confirm the gene structure. 
 
4. Retrieve the sequences 5kb upstream of all human ‘known’ genes between D1S2806 and D1S464. 
Hint: Use ‘Flank (Gene)’ under the sequence type options on the OUTPUT, ‘Sequences’ Attribute page. ‘Known’ genes in Ensembl 
are Ensembl gene predictions that could be mapped to external database entries (e.g. UniProt/Swiss-Prot) with a high similarity 
score. 
 
5. Retrieve all human SNPs that have a TSC ID, from chromosome 6 between 15 Mb and 15.2 Mb, with 
200 bases flanking sequence. 
Hint: This time you want to start with a ‘SNP’ list. 
 
6. Design your own query! 
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Exercises answers 
 
Warning: if there has recently been a new Ensembl release based on an updated gene set and/or an updated 
SNP set, these numbers may have changed.  
 
1. You should find four novel genes on chromosome 2 with this InterPro domain. The result set has five 
transcripts and a total of about 2371 rows of output. All transcripts have one or more coding SNPs, 
most of which are non-synonymous (synonymous status = no).  
 
2. You should find five genes. One of these is linked to two OMIM IDs and five Disease descriptions, 
while the other four genes are linked to one OMIM ID and one Disease description. 
 
3. - 
 
4. You should find 26 genes. 
 
5. You should find 69 SNPs. 
 
6. - 
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Notes
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