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Module 5: Working with Genome Browsers 
Web-based ‘genome browsers’ have been developed to make it easier to access 

comprehensive information about regions of the human genome and about the whole human 

gene set.  They help you to: 

• Explore what is in a chromosomal region 

• Search & retrieve across the whole genome 

• Investigate genome organisation 

• Compare to other genomes 

• View alternative regions 

Browsers display the location and structure of known genes and predicted novel genes along 

with information about the mRNA transcripts and may also include information about 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) and displayed alongside the genomic sequence assembly.  Protein, mRNA 

and EST entries from various sequence databases may also be shown ‘mapped’ onto the 

chromosomes. Other resources that can be found include: 

• Links to other databases and resources 

• Text Searching 

• BLAT and other sequence similarity searching 

• Download of genomic sequence, gene information and other data 

• Data mining facilities 

We will take a look Biomart in Ensembl,Table Browser in the UCSC Genome Browser and 

biotypes and patches in Vega. 

While browsers can be very useful tools, they do not provide the definitive answer to every 

question! Remember, new data and updates make genome browsing a fluid, changing, and 

improving, process. 
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BioMart 
 
Demo: BioMart 
 
Follow these instructions to guide you through BioMart to answer the following query: 
 

You have three questions about a set of human genes: ESPN, MYH9, USH1C, 
CISD2, THRB, DFNB31 
(these are HGNC gene symbols. More details on the HUGO Gene Nomenclature 
Committee can be found on http://www.genenames.org) 
 
1) What are the EntrezGene IDs for these genes? 
 
2) Are there associated functions from the GO (gene ontology) project that might 
help describe their function? 
 
3) What are their cDNA sequences? 

 
 
Step 1: Click on BioMart in the top header of a www.ensembl.org 
page to go to: www.ensembl.org/biomart/martview 
 
NOTE: These answers were determined using BioMart Ensembl 79. 
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Why are there multiple rows for one gene ID? For example, look at the first few rows. 
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What did you learn about the human genes in this exercise?  
Could you learn these things from the Ensembl browser? Would it take longer? 
 
For more details on BioMart, have a look at these publications: 
Smedley, D. et al BioMart – biological queries made easy 
BMC Genomics 2009 Jan 14;10:22 
Kinsella, R.J. et al Ensembl BioMarts: a hub for data retrieval across taxonomic space. 
Database (Oxford) 2011:bar03 
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Uploading data to Ensembl 
 
Demo: Attach URLs of large files 
 
Large files, such as BAM files generated by NGS, need to be attached by URL to be viewed 
in Ensembl. I’ve put a BAM file of human chromosome 20 RNASeq data online at: 
http://www.ebi.ac.uk/~emily/Workshops/BAM/  
 
Let’s take a look at that URL. 
 

	  
 
Here you can see a number of BAM files (.bam) with corresponding index files (.bam.bai). 
We’re interested in the files GRCh38.20.illumina.merged.1.bam and 
GRCh38.20.illumina.merged.1.bam.bai. These files are the BAM file and the index file 
respectively. When attaching a BAM file to Ensembl, there must be an index file in the same 
folder. 
 
Click on the Add your data button at the left. If you’ve previously added data to Ensembl, this 
button will say Manage your data instead. 
 

 or  
 
A menu will appear:  
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We’ll name our data Illumina reads and choose BAM as the data format. 
 
Paste in the URL of the BAM file itself  (http://www.ebi.ac.uk/~emily/Workshops/BAM/ 
GRCh38.20.illumina.merged.1.bam), then click Attach. 
 

 
 
Close the menu. 
 
To see this data, jump to a region on chromosome 20. Let’s go to the region of the CDH22 
gene. Search for the gene and click on the location.  
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We can zoom in to see the sequence itself. Drag out boxes in the view to zoom in, until you 
see a view like this.  
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Exercises: BioMart 
 
Exercise 1 – BioMart: Finding genes by protein domain  
 
Find mouse proteins with transmembrane domains located on chromosome 9. 
 
 
Exercise 2 – BioMart: Convert IDs 
 
BioMart is a very handy tool when you want to convert IDs from different databases. The 
following is a list of 29 IDs of human proteins from the NCBI RefSeq database 
(http://www.ncbi.nlm.nih.gov/projects/RefSeq/): 
 
NP_001218 NP_203125 
NP_203124 NP_203126 
NP_001007233 NP_150636 
NP_150635 NP_001214 
NP_150637 NP_150634 
NP_150649 NP_001216 
NP_116787 NP_001217 
NP_127463 NP_001220 
NP_004338 NP_004337 
NP_116786 NP_036246 
NP_116756 NP_116759 
NP_001221 NP_203519 
NP_001073594 NP_001219 
NP_001073593 NP_203520 
NP_203522 
 
Generate a list that shows to which Ensembl Gene IDs and to which HGNC symbols these 
RefSeq IDs correspond. Do these 29 proteins correspond to 29 genes? 
 
Hint: For this exercise, it’s easier to copy and paste the IDs from the online exercise booklet 
(copy one column, then the other). 
 
 
Exercise 3 – BioMart: Export homologues 
 
For a list of Ciona savignyi Ensembl genes, export the human orthologues. 
 
ENSCSAVG00000000002 
ENSCSAVG00000000003 
ENSCSAVG00000000006 
ENSCSAVG00000000007 
ENSCSAVG00000000009 
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ENSCSAVG00000000011 
 
 
Exercise 4 – BioMart: Find genes associated with array probes 
 
Forrest et al performed a microarray analysis of peripheral blood mononuclear cell gene 
expression in benzene-exposed workers (Environ Health Perspect. 2005 June; 113(6): 801–
807). The microarray used was the human Affymetrix U133A/B (also called U133 plus 2) 
GeneChip. The top 25 up-regulated probe-sets were: 
 
207630_s_at 221840_at 
219228_at 204924_at 
227613_at 223454_at 
228962_at 214696_at 
210732_s_at 212370_at 
225390_s_at 227645_at 
226652_at 221641_s_at 
202055_at 226743_at 
228393_s_at 225120_at 
218515_at 202224_at 
200614_at 212014_x_at 
223461_at 209835_x_at 
213315_x_at 
 
(a) Retrieve for the genes corresponding to these probe-sets the Ensembl Gene and 
Transcript IDs as well as their HGNC symbols and descriptions. 
 
(b) In order to analyse these genes for possible promoter/enhancer elements, retrieve the 
2000 bp upstream of the transcripts of these genes. 
 
(c) In order to be able to study these human genes in mouse, identify their mouse 
orthologues. Also retrieve the genomic coordinates of these orthologues. 
 
Exercise 5 – BioMart: Export structural variants 
 
You can use BioMart to query variants, not just genes. (Make sure you use the right 
Datasets.) 
 
(a) Export the study accession, source name, chromosome, sequence region start and end 
(in bp) of human structural variations (SV) on chromosome 1, starting at 130,408 and ending 
at 210,597. 
 
(b) In a new BioMart query, find the alleles, phenotype descriptions, and associated genes for 
rs1801500 and rs1801368. Can you view this same information in the Ensembl browser? 
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Exercise Answers: 
 
Exercise 1 – BioMart: Finding genes by protein domain  
 
As with all BioMart queries you must select the dataset, set your filters (input) and define your 
attributes (desired output). For this exercise: 
Dataset: Ensembl genes in mouse 
Filters: Transmembrane proteins on chromosome 9 
Attributes: Ensembl gene and transcript IDs and Associated gene names 
 
Go to the Ensembl homepage (http://www.ensembl.org) and click on BioMart at the top of the 
page. 
Select Ensembl genes as your database and Mus musculus genes as the dataset. 
Click on Filters on the left of the screen and expand REGION. Change the chromosome to 9.  
Now expand PROTEIN DOMAINS, also under filters, and select Limit to genes, choosing with 
Transmembrane domains from the drop-down and then Only. Clicking on Count should reveal 
that you have filtered the dataset down to 425 genes. 
 
Click on Attributes and expand GENE. Select Associated gene name.  

Now click on Results. The first 10 results are displayed by default; 
display all results by selecting ALL from the drop down menu. 
  
The output will display the Ensembl gene ID, Ensembl Transcript ID 
and Associated gene names of all proteins with a transmembrane 
domain on mouse chromosome 9. If you prefer, you can also export  
as an Excel sheet by using the Export all results to XLS option. 

 
 
Exercise 2 – BioMart: Convert IDs 
 
Click New. 
Choose the ENSEMBL Genes 79 database. 
Choose the Homo sapiens genes (GRCh38) dataset. 
 
Click on Filters in the left panel. 
Expand the GENE section by clicking on the + box. 
Select Input external references ID list - RefSeq protein ID(s) and enter the list of IDs in the 
text box (either comma separated or as a list).  
HINT: You may have to scroll down the menu to see these. 
 
Count shows 11 genes (remember one gene may have multiple splice variants coding for 
different proteins, that is the reason why these 29 proteins do not correspond to 29 genes). 
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Click on Attributes in the left panel. 
Select the Features attributes page. 
Expand the External section by clicking on the + box. 
Select HGNC symbol and RefSeq Protein ID from the External References section. 
 
Click the Results button on the toolbar. 
Select View All rows as HTML or export all results to a file.  
 
 
Exercise 3 – BioMart: Export homologues 
 
Click New. 
Choose the ENSEMBL Genes 79 database. 
Choose the Ciona savignyi genes (CSAV2.0) dataset. 
 
Click on Filters in the left panel. 
Expand the GENE section by clicking on the + box. 
Enter the gene list in the Input external references ID list box. 
 
Click on Attributes in the left panel. 
Select the Homologs attributes page. 
Expand the Orthologs section by clicking on the + box. 
Select Human Ensembl Gene ID. 

Click Results. 
 
 
Exercise 4 – BioMart: Find genes associated with array probes 
 
(a) Click New. 
Choose the ENSEMBL Genes 79 database. 
Choose the Homo sapiens genes (GRCh38) dataset. 
 
Click on Filters in the left panel. 
Expand the GENE section by clicking on the + box. 
Select Input microarray probes/probesets ID list - Affy hg u133 plus 2 probeset ID(s) and 
enter the list of probeset IDs in the text box (either comma separated or as a list).  
 
Count shows 24 genes match this list of probesets. 
 
Click on Attributes in the left panel. 
Select the Features attributes page. 
Expand the GENE section by clicking on the + box. 
In addition to the default selected attributes, select Description.  
Expand the External section by clicking on the + box. 
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Select HGNC symbol from the External References section and AFFY HG U133-PLUS-2 from 
the Microarray Attributes section. 
 
Click the Results button on the toolbar. 
Select View All rows as HTML or export all results to a file. Tick the box Unique results only. 

Your results should show that the 25 probes map to 24 Ensembl genes. 
 
(b) Don’t change Dataset and Filters – simply click on Attributes. 
 
Select the Sequences attributes page. 
Expand the SEQUENCES section by clicking on the + box. 
Select Flank (Transcript) and enter 2000 in the Upstream flank text box.  
Expand the Header information section by clicking on the + box. 
Select, in addition to the default selected attributes, Description and Associated Gene Name. 
 
Note: Flank (Transcript) will give the flanks for all transcripts of a gene with multiple 
transcripts. Flank (Gene) will give the flanks for one possible transcript in a gene (the most 5’ 
coordinates for upstream flanking).  
 
Click the Results button on the toolbar. 
 
(c) You can leave the Dataset and Filters the same, and go directly to the Attributes section: 
 
Click on Attributes in the left panel. 
Select the Homologs attributes page. 
Expand the GENE section by clicking on the + box. 
Select Associated Gene Name. 
Deselect Ensembl Transcript ID. 
Expand the ORTHOLOGS section by clicking on the + box. 
Select Mouse Ensembl Gene ID, Mouse Chromosome Name, Mouse Chr Start (bp) and 
Mouse Chr End (bp). 
 
Click the Results button on the toolbar. 
Select View All rows as HTML or export all results to a file. 

Your results should show that for most of the human genes at least one mouse 
orthologue has been identified.  

 
 
Exercise 5 – BioMart: Export structural variants 
 
(a) Choose Ensembl Variation 79 and Homo sapiens Structural Variation (GRCh38). 
Filters: Region: Chromosome 1, Base pair start: 130408, Base pair end: 210597 
Count shows 35 out of 4,163,079 structural variants. 
Attributes: Structural Variation (SV) Information: DGVa Study Accession and Source Name 
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Structural Variation (SV) Location: Chromosome name, Sequence region start (bp) and 
Sequence region end (bp).  
 
(b) Choose Ensembl Variation 79 and Homo sapiens Short Variation (SNPs and indels) 
(GRCh38). 
Filters: Filter by Variation name enter: rs1801500, rs1801368 
Attributes: Variation Name, Variant Alleles, Phenotype description and Associated gene. 

You can view this same information in the Ensembl browser. Click on one of the 
variation IDs (names) in the result table. The variation tab should open in the Ensembl 
browser. Click Phenotype Data. 
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The UCSC Table Browser: 
The underlying data for the UCSC browser is arranged in primary (positions, names etc) and 

auxiliary tables within a MySQL database. This data can be queried using table browser. 

 

Worked example 1: 

In this example we’ll find the number of UCSC genes in the ENCODE pilot regions on the 

human genome with more than 20 exons. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

STEP 1: 
Click on Tools and then Table Browser 
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2

Select specific region, 
ENCODE regions, or 
whole genome. Select 
Encode pilot regions 

Can upload list of 
name/accessions to 
retrieve data for  

1

Can filter based on 
values in certain fields Can output in many 

different ways, 
including getting 
sequence 
 

STEP 2: 
Click on “create” button next to filter 

1

Select corresponding database 
table for track. In this case 
knownGene 

Select annotation 
track to extract data 
from. For this example 
use UCSC Genes  
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String fields that can 
use wildcards ‘*’ 
 

Numeric fields with 
range of =, <, >, etc 
 

More advanced free-
form statement for 
SQL queries 
 

Free form query field is for 
SQL queries 
 

 

STEP 3: 
Click on exonCount is and change to  >  
then add in 20. Click on submit. 

2
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Click on                                           to give the number of genes found:               
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STEP 5: 
Select the fields shown. 
Then click get output. 

 

STEP 4: 
Click back to table browser and under output format choose 
selected fields from primary and related tables. Then click get 
output. Leave output file blank. 
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Output sent to browser window. 
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Worked example 2: 
Search for the number of simple repeats on human chromosome 4 between 3 and 4 million 

bp that have a copy number of more than 10. Then find out how many of these simple repeats 

are located in known genes. 

 

 

 

 

 

 

 

 

STEP1: 
Select:  
group – Variation and Repeats 
track – Simple Repeats 
table - simpleRepeat 
region – position 3000000-4000000 
 
Click on create filter. 
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STEP 2: 
Select copyNum is > 10. 
Then click submit 

S
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This will create and intersection with another data set, that is anything that overlaps. For this 

query we will select known genes. 

 

 

STEP 3: 
Click on summary/statistics to get the result of 140. Then 
go back in your browser to get back to table browser. 

STEP 4: 

Click on create intersection 
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STEP 6: 
Click back to table browser then 
select custom track in output 
format and give the track a name 
ending in .bed. 
Click on get output 

 

STEP 5: 
Click on submit, then get summary/statistics. 

There are 5 known UCSC 
genes that contain simple 
repeats that have a copy 
number of > 10. 
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This can be viewed as a custom track in UCSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You can make a file of the custom track for later use, as custom tracks are only 
available for 8 hours on the browser. 
Get custom track in table browser will mean that you can use the track for another 
intersection. 

 

STEP 7: 
Click get custom track in genome browser 
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STEP 8: 
Zoom in on any of the 
5 regions in the track 
by drawing a box 
around them. 
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There are many other functions in table browser.  
Examples include: correlation, to calculate a simple linear regression between two datasets. 
You may also use your own data in a track (see Custom Tracks on the browser for details). 
You may also loads your own GWAS data (see Genome Graphs), but there are also many 
custom tracks from outside data sources already available (see Custom tracks) e.g. GWAS of 
bipolar disorder, CNVs, structural RNAs etc. 
 
 

 

STEP 9: 
Zoom in even more 
to get to bp level 

This simple repeat with a copy 
number of >10 is associated with the 
3’ UTR of the LRPAP1 gene. 
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Tasks: 
1. Obtain a list of SNPs in a single gene (CIZ1) using table browser 
 
 
2. Find all the genes on human chromosome 22, add the gene symbols and GO IDs using 
table browser. 
 
 
Answers: 
 
1.  
Go to table browser, select human and February 2009 assembly. Choose group variation and 
repeats in group, and All SNPs135 in the track menu and snp135 in the table menu. 
Type in CIZ1 in the position box and then click lookup. The second entry (uc011mar.2) gives 
the longest transcript with the position of chr9:130, 928, 344-130, 953, 868. Under output 
format choose selected fields from primary and related tables, then click get output. In the 
menu then choose chrom, chromstart, chromend, name, strand, observed and func. Click get 
output. 
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2.   
Go to table browser, select human and February 2009 assembly. Choose genes and gene 
prediction tracks group and the track UCSC genes. Then select the table knownGene. 
Choose the position button and type chr22 then click lookup. This adds the range for the 
whole chromosome. The output needs to be selected fields from primary and related tables. 
Select name, chrom and protein ID. Then add some fields from the hg19.kgXref fields box, 
namely kgID, geneSymbol and refseq. Selecting fields in the kgXref table has now made new 
tables available in the linked tables area below. Check the go section, which is at the top of 
the linked tables, and is called goaPart. Then click on “allow selection from checked tables” at 
the bottom of the page. Select goId to get all the GO IDs, then select get output from the 
section above the go.goaPart fields table. 
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Looking at Biotypes and Patches 
It’s useful to be able to see the differences between the annotation in the genome browsers, 

and so here are some examples of how to find out biotypes and also how to view GRC 

patches in genomes. 

Worked example 1: 
View the ABO locus. What biotype is this gene in Vega, Ensembl and UCSC? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

STEP 2: 
Select human genome 
annotation. 
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STEP 3: 
Search for gene 
symbol ABO 
 

STEP 4: 
As this has search is by text there 
are 5 choices. The description 
explains how they differ. 
Click on the GeneID link of the 
top hit. 
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STEP 5: 
Notice that there are no 
protein products for this gene. 
The annotation attributes 
section shows that there is a 
genome error. 

STEP 6: 
Click on the transcript ID. The 
remarks field contains more 
detailed information. 
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As there is a suspected genomic error we should check and see if this is being investigated 

by the GRC. In order to view the GRC track in a genome browser we will need to go to 

Ensembl. 

 

 

 
 

STEP 7: 
Click onto the location 
tab. You can then 
jump into Ensembl by 
clicking on the link at 
the side. 

STEP 8: 
The Ensembl tracks show 2 
coding transcripts. Click on 
these to bring up the 
transcript view. 
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STEP 9: 
There is a section called 
frameshift introns. Click on 
this to bring up the definition. 
Clicking on the number (6) 
will take you to the exons 
view. You can see the gt that 
was inserted to keep the 
coding frame. 
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You can view the GRC report in Ensembl to explain what the genomic problem is. In order to 

do this you need to configure the view. 

The GRC track is shown in green, if there is a GRC report for that region.  

 

 

 

 

STEP 10: 
Go to the Configure this page 
and click on GRC alignments. 
Then select genomic curation 
and click on the tick to close. 

STEP 11: 
Click on the GRC curation 
track and it will detail the 
genomic error and if it has 
been resolved. 
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Worked Example 2: 
New and updated annotation is made available on a weekly basis by means of the Vega 

update. This means that annotation is available very quickly between Vega releases. 

 

 

 

 

 

 

The gene is an antisense transcript with one splice variant. 

 

 

 

 

STEP 1: 
Search for a gene ID: 
OTTHUMG00000186331 

STEP 2: 
Click on the link to the 
updated annotation. 
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In location view the update track is shown in brown: 

 

 

 

 

 

 

STEP 3: 
The updated annotation has 
an official gene symbol. 
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Genes in Vega update may be new annotation or updated annotation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Open Door Workshop                                   Module 5: Working with Genome Browsers 
 
 

 

173 

Worked Example 3: 
Loss of function (LoF) transcripts are annotated for the predicted functional effects caused by 

single nucleotide variations. These originated from the pilot 1000 genomes project and are 

shown as a separate track.  This work has been published by MacArthur et al (Science. 2012 

Feb 17;335(6070):823  PMID: 22344438). 

Search for the CNKSR1 gene in human Vega: 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STEP 1: 
Click on the gene link of the top hit. 
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The Vega annotation for this gene has 15 transcripts, of which 7 are protein coding. 
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There are two NMD transcripts which arise from SNVs from the 1000 genomes project, which 

could potentially code for 180 and 169 aa proteins. The LoF gene track can be viewed in 

Vega. 

 
 
 
 
 
 
 
 
 
 
 
 

STEP 2: 
Click on the gene link of the LOF hit. 
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Tasks 
 
1. 
Search for the FCGR2C gene in Vega. 
How many alternative variants are there and what are their biotypes? 
 
 
2.  
Search for the HERC2 gene in Vega. 
How many entries do you get from the search and why? 
Take a look at the reference assembly gene. How many alternative variants are there and 
what biotypes are they? 
Which strand is this gene located on? 
 
3. 
Zoom out a little to view the region upstream of this gene in the two neighbouring clones. 
Change your view to incorporate these two clones. 
What is the name of these two BAC clones and what genes do they contain? 
Is there an alternative assembly for this region and if so, what are the HG reference 
numbers? 
 
4. 
Search for the gene ID OTTHUMG00000187111. Has the gene been updated? 
What has changed? 
 
5. 
Search for the PLA2G2C gene. What extra information and gene tracks are available? 
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Answers: 
 
1. 
The FCGR2C gene has 10 variants in Vega. One of these is protein coding but there is a stop 
codon in the middle of the protein. This is because there is a SNP/DIP in this region of the 
reference genome that stops the gene from coding by introducing a stop codon. This 
polymorphism is known and so makes it a polymorphic pseudogene. 
Other individuals will have a coding gene, but this cannot be currently represented in the 
reference genome. 
 
2.  
Vega 57 brings up 19 entries. This is a simple text search that looks for the text string 
HERC2, so these are also brought up by the search. 
There are 2 protein coding gene entries, one on the reference genome and one in an 
alternative assembly (HSCHR15_1_CTG8). 
 
In the reference assembly there are 12 alternative variants, 2 of which are protein coding, one 
is NMD (has a CDS as potentially coding), one transcript and 8 retained introns. 
 
The gene is located on the reverse strand as it is shown below the blue line that represents 
the BAC genome sequence. 
 
 
3. 
Upstream of this gene are two neighbouring clones AC1091304 and AC138749. There are 
several pseudogenes here, both processed and unprocessed, plus the GOLGA8F and 
GOLGA8G genes. This region also has an alternative assembly (HSCHR15_4_CTG8).  
 
4.  
The gene has been updated with a new symbol LINC00540 and an extra splice variant. 
 
5. 
The PLA2G2C gene has a LoF gene that shows a truncated NMD protein of 32 aa. 
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