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Module 7: Variation, Function and Disease 
 
 
Aim 
 
Learn how to explore variation and the relationship between genotype and 
phenotype / disease using the following tools and databases: 
 

• The Ensembl Variation Effect Predictor (VEP) 
• PolyPhen-2 
• OMIM 
• GEO Profiles and Gene Expression Atlas 
• COSMIC 
• DECIPHER 
• Ontologies 

 
 
Often the most valuable information to know about a variant is the effect the 
observed alleles have on genes, transcripts and proteins. This information can 
be very helpful to prioritise any variants for further investigation. To determine 
this effect, several tools are available. One should keep in mind though that all 
these tools do is make predictions and consequently findings should always 
be confirmed by experiments. 
 
The Ensembl Variant Effect Predictor (VEP) 
 
The Ensembl Variant Effect Predictor (VEP) determines the effect of variants 
(SNPs, insertions, deletions, CNVs or structural variants) on genes, 
transcripts, and protein sequence, as well as regulatory regions. It also 
calculates SIFT and PolyPhen scores for changes to protein sequence. 
 
Worked example 1: The Ensembl Variant Effect Predictor (VEP) 
 
In this worked example we will study four newly found variants in human: 
 
Deletion of an A at position 128328461 on chromosome 9 
Substitution C>A at position 128322349 on chromosome 9 
Substitution C>G at position 128323079 on chromosome 9 
Substitution G>A at position 128322917 on chromosome 9 
 
We will use the Ensembl VEP to answer the following questions: 
 
• Have my variants already been annotated in Ensembl? 
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• What genes are affected by my variants? 
• Do my variants result in protein changes?  
• Do any of my variants affect gene regulation? 

 
Go to the Ensembl Variant Effect Predictor page 
(http://www.ensembl.org/info/docs/tools/vep/index.html). 
 
This page contains information about the VEP, including links to download the 
script version of the tool. Click on “Launch Ve!P” to open the input form. 
 

 
 
The data should be inputted in the following format: 
 
Chromosome Start End Alleles (reference/mutation) Strand Name 
 
Replace the example data in the “Paste data” box with: 
 
9 128328461 128328461 A/- + var1 
9 128322349 128322349 C/A + var2 
9 128323079 128323079 C/G + var3 
9 128322917 128322917 G/A + var4 
 
The VEP will automatically detect that the data is in “Ensembl default format”. 
 

Put	
  your	
  data	
  
in	
  here	
  

Give	
  your	
  
data	
  a	
  
name	
  

You	
  can	
  also	
  
upload	
  a	
  file	
  

Choose	
  your	
  
transcript	
  
database	
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There are further options that you can choose for your output. These are 
categorised as “Identifiers and frequency data”, “Filtering options” and “Extra 
options”. Let’s open all the menus and take a look. 
 

 
 

Choose	
  to	
  see	
  
scores	
  for	
  

protein	
  changes.	
  

Find	
  out	
  if	
  
variants	
  already	
  
exist	
  in	
  our	
  
database.	
  

Choose	
  to	
  only	
  
see	
  common	
  or	
  
rare	
  variants	
  

Which	
  
identifiers	
  do	
  

you	
  want	
  to	
  see?	
  

Get	
  frequency	
  
data.	
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Hovering with your mouse over an option will show a pop-up with an 
explanation of that option. 
 
When you’ve selected everything you need, scroll right to the bottom and click 
[Run]. 
 

 
 
 
 
 
The display will show you the status of your job. It will say “Queued”, then 
automatically switch to “Done” when the job is done, you do not need to 
refresh the page. You can edit or discard your job at this time. If you have 
submitted multiple jobs, they will all appear here. 
 
Click “[View results]” once your job is done. 
 
In your results you will see a graphical summary of your data, as well as a 
table of your results. (Note that some empty columns in the results table have 
been hidden in the following screenshot to save space.) 
 

Your	
  ticket	
  
number	
  

	
  

Click	
  to	
  get	
  
your	
  results	
  

	
  

Buttons	
  to	
  save,	
  edit	
  
or	
  delete	
  your	
  job	
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Note that the UCSC Genome Browser has a similar tool, named the Variation 
Annotation Integrator (http://genome.ucsc.edu/cgi-bin/hgVai), that offers 
largely the same functionality as the Ensembl Variant Effect Predictor. 
 
PolyPhen-2 
 
PolyPhen-2 (Polymorphism Phenotyping v2) is a tool that predicts the 
possible impact of an amino acid substitution on the structure and function of 
a human protein using physical and comparative considerations. 
 
Worked example 2: PolyPhen-2 
 
In this worked example we will have a look at a variant of the human BRAF 
(B-Raf proto-oncogene, serine/threonine kinase) gene.  The most common 
variant in the BRAF protein is a V to E change at amino acid position 600.  
Let’s assume we did not know the consequence of this variant and use 
PolyPhen-2 to see if it is deleterious. The UniProt identifier for the BRAF 
protein is P15056 (http://www.uniprot.org/uniprot/P15056). 
 
 
 
  
 

 

STEP 1 – Go to the PolyPhen homepage: 
http://genetics.bwh.harvard.edu/pph2 

 

STEP 2 – Enter P15056 
into the ‘Protein 

identifier’ textfield 

STEP 3 – Put 600 in 
the ‘Position’ textfield 

STEP 4 – Select V for 
‘AA1’ and E for ‘AA2’ 

STEP 5 – Click 
[Submit Query] 
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A similar tool to PolyPhen is SIFT (Sorting Intolerant From Tolerant; 
http://sift.jcvi.org). SIFT prediction is based on the degree of conservation of 

In this alignment, a hydrophobic 
residue (A, I, L, F, V, P, G) is 
highly favoured at position 600.  

It looks like this 
mutation is probably 
damaging 

STEP 6 – Click ‘View’ 
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amino acid residues in sequence alignments derived from closely related 
sequences, collected through PSI-BLAST. SIFT can be applied to naturally 
occurring nonsynonymous polymorphisms or laboratory-induced missense 
mutations. 
 
 
In the following section we will have a look at several resources that focus on 
the relationship between genotype and phenotype / disease. 
 
OMIM 
 
The OMIM (Online Mendelian Inheritance in Man; http://omim.org) database is 
a catalogue of human genes and genetic disorders.  OMIM focuses on the 
relationship between phenotype and genotype. 
 
Worked example 3: OMIM 
 
In this worked example we will have a look what information OMIM contains 
about the human BRAF gene. 
 
 
 
 
 

 

STEP 1 – Go to the OMIM homepage: 
http://omim.org 

STEP 2 – Enter ‘BRAF’ into 
to ‘Search OMIM …’ text field 

and click [Search] 
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The returned entry is a detailed description of the gene, its location and 
genetic defects that result in disease.  Each piece of clinical and genetic data 
is cited providing an excellent platform for understanding the function of the 
gene in a disease setting. 
 
 

STEP 3 – Click on ‘*164757’ to 
retrieve the gene information 

Gene centric information is preceded by ‘*’. 
Disease centric information is preceded by  
‘#’ and ‘%’ (if the underlying molecular 
basis is not known). 
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GEO Profiles 
 
The GEO Profiles database (http://www.ncbi.nlm.nih.gov/geoprofiles) stores 
individual gene expression profiles from curated DataSets in the Gene 
Expression Omnibus (GEO) repository (http://www.ncbi.nlm.nih.gov/geo/).  
 
Worked example 4: GEO Profiles 
 
In this worked example we will look whether there are any expression profiles 
for the human BRAF gene for malignant melanoma. 
 
 
 
  
 
 

STEP 1 – Go to the GEO Profiles homepage: 
http://www.ncbi.nlm.nih.gov/geoprofiles 
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STEP 2 – Enter ‘BRAF[Gene 
Symbol] AND (human) AND 

(malignant melanoma)’ in the ‘Search’ 
text field and click [Search] 

STEP 3 – Click on 
image for details  
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Expression Atlas  
 
Expression Atlas (http://www.ebi.ac.uk/gxa/home) provides information on 
gene expression patterns under different biological conditions. It includes both 
microarray and RNA-seq data. The data is re-analysed to detect interesting 
expression patterns under the conditions of the original experiment. There are 
two components to the Expression Atlas, i.e. the Baseline Atlas and the 
Differential Atlas. The Baseline Atlas displays information about which gene 
products are present (and at what abundance) in "normal" conditions (e.g. 
tissue, cell type). The Differential Atlas allows users to identify genes that are 
up- or down-regulated in a wide variety of different experimental conditions. 
 
Worked example 5: Expression Atlas 
 
In this worked example we will have a look what information Expression Atlas 
contains for the human BRAF gene. 
 
 
 
 
 
 

 
 
 

STEP 1 – Go to the Expression Atlas homepage: 
http://www.ebi.ac.uk/gxa/home 

STEP 2 – Enter ‘BRAF’ in 
the ‘Gene query’ text box, 
select ‘Organism: Homo 

sapiens’ and click [Search]  
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The resulting page consists of three parts. 
 
The first part contains general information about the BRAF gene: 
 

 
 
The second part is the Baseline Expression: 
 

 
 
And the third part is the Differential Expression: 
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Detailed information about how to work with Expression Atlas, can be found in 
the Help section: 
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COSMIC 
 
Although OMIM is very detailed, it is not comprehensive.  COSMIC, the 
Catalogue of somatic mutations in cancer 
(http://cancer.sanger.ac.uk/cosmic/), is a specialist resource that aims to have 
a comprehensive list of genes and their mutations that are involved in cancer. 
COSMIC curates data from papers in the scientific literature and large scale 
experimental screens from the Cancer Genome Project 
(https://www.sanger.ac.uk/research/projects/cancergenome/) at the Sanger 
Institute. There are several ways to search COSMIC, in the following worked 
example the most common search interface will be illustrated. 
 
Worked example 6: COSMIC 
 
In this worked example we will use COSMIC to list all mutations found in the 
human BRAF gene. 
 
 
 
 
 
 

 
 

STEP 2 – Enter ‘BRAF’ 
into the ‘Search’ text field 

and click [SEARCH]. 
 

STEP 1 – Go to the COSMIC homepage: 
http://cancer.sanger.ac.uk/cosmic  
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Access the vast 
list of publications 
on BRAF 

STEP 3 – Click on 
the ‘BRAF’ link 

 

STEP 4 – Click on 
‘Histogram’ to obtain a 

detailed view of the 
mutations 

 

Simple graphical 
summary of 
mutations 
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The histogram 
shows the frequency 
that the amino acid 
position has been 
found to be mutated. 

Tissue sample 
summary for 
BRAF mutations  

STEP 5 – Select 
‘Mutations’ to reveal 
the molecular details 

of the mutations 

The ‘Mutations’ page lists all of 
the different types of mutations 
found, including amino acid 
changes.  The frequency of the 
mutation is shown in the 
‘Count’ column. 

STEP 6 – Select 
‘Tissue’  
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DECIPHER 
 
DECIPHER (DatabasE of Genomic variants and Phenotype in Humans Using 
Ensembl Resources; https://decipher.sanger.ac.uk/) is a web-based resource 
and database of genomic variation data from analysis of patient DNA. It 
documents submicroscopic chromosome abnormalities (microdeletions and 
duplications) and pathogenic sequence variants (single nucleotide variants - 
SNVs, Insertions, Deletions, InDels), from over 25,000 patients and maps 
them to the human genome. In addition it catalogues the clinical 
characteristics from each patient and maintains a database of 
microdeletion/duplication syndromes, together with links to relevant scientific 
reports and support groups. 
 
Worked example 7: DECIPHER 
 
In this worked example, we will use DECIPHER to investigate Williams-
Beuren Syndrome (WBS), a rare neurodevelopmental disorder 
(http://en.wikipedia.org/wiki/Williams_syndrome). 
 
 
 
 
 
 
 
 

 
 
 

STEP 2 – Click on 
‘Disorders’ 

STEP 1 – Go to the DECIPHER homepage: 
https://decipher.sanger.ac.uk/ 
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STEP 3 – Filter for 
‘williams’ 

STEP 5 – Click on 
‘Genotype’ 

General information 
about ‘Williams-Beuren 
Syndrome (WBS) 

STEP 4 – Click on 
‘Williams-Beuren 
Syndrome (WBS)’ 
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Biological ontologies 
 
There is no universal standard terminology in biology and related domains, 
and term usages may be specific to a species, research area or even a 
particular research group. Different people may use different terms when 
referring to the same thing and/or may use the same term for different things. 
This makes communication and sharing of data more difficult. To try to make 
everyone using the same term when talking about the same thing, biological 
ontologies have been developed. Two widely-used biological ontologies are 
the Gene Ontology (GO) and the Sequence Ontology (SO). 

WBS region 

Genes in the WBS 
region

CNVs in the WBS 
region; blue = gain, red 
= loss 

Variants in the WBS 
region 
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Gene Ontology (GO) 
 
The Gene Ontology (GO; http://geneontology.org/) consists of three 
hierarchically structured, controlled vocabularies that describe gene products 
in terms of their associated biological processes (“What does a gene product 
do?”), cellular components (“Where does a gene product do what it does?”) 
and molecular functions (“How does a gene product do what it does?”) in a 
species-independent manner. 
 
Sequence Ontology (SO) 
 
The Sequence Ontology (SO; http://www.sequenceontology.org/) is a set of 
terms and relationships used to describe the features and attributes of 
biological sequence. 
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Exercises 
 
 
Ensembl Variant Effect Predictor 
 
Resequencing of the genomic region of the human CFTR (cystic fibrosis 
transmembrane conductance regulator (ATP-binding cassette sub-family C, 
member 7) gene (ENSG00000001626) has revealed the following variants 
(alleles defined in the forward strand): 
 
• Substitution G/A at position 7: 117,530,985 
• Substitution T/C at position 7: 117,531,038 
• Substitution T/C at position 7: 117,531,068 
 
Use the Ensembl Variant Effect Predictor to answer the following questions: 
 
(a) What genes are affected by these variants? 
(b) Do any of the variants result in protein changes?  
(c) If so, are these protein changes predicted to be deleterious or damaging?  
(d) Have the variants already been annotated in Ensembl? 
 
 
OMIM, GEO Profiles and Expression Atlas  
 
Prostate cancer antigen 3 (PCA3, also referred to as DD3) is a gene that 
expresses a non-coding RNA. PCA3 is only expressed in human prostate 
tissue, and the gene is highly overexpressed in prostate cancer. Because of 
its restricted expression profile, the PCA3 RNA is useful as a tumor marker.  
 
Explore what information is available about PCA3 in OMIM, GEO Profiles and 
Expression Atlas. Can you find any evidence that this gene is indeed only 
expressed in prostate and that it is highly overexpressed in prostate cancer? 
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Exercises answers 
 
 
Ensembl Variant Effect Predictor 
 
(a) The only gene affected by these variants is CFTR.  
 
(b) The variant at position 117531038 results in a L/P change at position 138 
in two of the CFTR proteins. The variant at position 117531068 results in an 
I/T change at position 148 in two of the CFTR proteins. The variant at position 
117530985 doesn’t result in a protein change. 
 
(c) The protein change at position 138 is predicted to be deleterious / 
damaging. The protein change at position 148 is predicted to be tolerated / 
benign. 
 
(d) All three variations have been already described and are known as 
rs1800077, rs1800078 and rs35516286 in dbSNP. 
 

 

 
 
 
OMIM, GEO Profiles and Expression Atlas 
 
OMIM contains basic information about the PCA3 gene (official and 
alternative gene symbols, cytogenetic and genomic location) as well as some 
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information from a paper that has shown overexpression of this gene in 
prostate tumors and has suggested that the gene codes for a noncoding RNA. 
 

 
 
According to the Baseline Expression in Expression Atlas, the PCA3 gene is 
indeed only expressed in the prostate: 
 

 
 
GEO Profiles shows a number expression profiles from which it is clear that 
the PCA3 gene is highly expressed in prostate cancer. For example: 
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