
Zebrafish Workshop    Module 3: Exploring Function and Disease 
 

   69 

Module 3: Exploring Function and Disease 
 
 

Aims 

• To look at the information available to determine the possible function 

of a gene product 

• To highlight various inter-linked information resources that are available 

for this purpose 

• Worked and task examples to help illustrate these resources 

 

By the end of this module you should be able to go from obtaining a gene 

structure, via various routes, to finding out about: 

 

• published information on the gene 

• known mendelian inherited disorder(s) associated with the gene  

• summary of predicted function from several linked databases 

• domains found within the protein  

• other predicted proteins also containing any domains found 

• Viewing structural information if available. 

 

This module will concentrate on looking at human data as this is this is what 

the disease databases are primarily concerned with. 
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Introduction 

 

Once we have located a gene and obtained its sequence and structure, how 

can we go about finding out more about the possible function of its protein 

product(s)?  

This module will take us through various inter-linked information resources 

that are now available, enabling the user to find out more about a given gene 

product. Protein “function” is of course an open-ended issue; there are many 

different levels, ranging from the biochemical functions such as kinase activity, 

to physiological function such as a role in an immunological signalling 

cascade. Information from various sources needs to be collated to piece 

together a picture of a protein’s potential function.   

By its nature, this is largely restricted to information that is already “known”, 

and is dependent on regular updates of databases. In addition, ab-initio 

analysis of novel sequences can provide clues as to the function of a protein, 

through homologies to proteins for which some functional information is 

available and from discovery of conserved domains within the sequence. This 

type of analysis will increase further in effectiveness as further genome 

sequencing ties in with mutational studies and protein structure determination. 

Later modules will involve further investigation of novel genes to find 

homologues/orthologues. 

 

 

The NCBI Web Server 

The National Center for Biotechnology Information (NCBI) is one of the 

world's premier web sites for biomedical and bioinformatical research. Based 

within the National Library of Medicine at the National Institutes of Health, 

USA, the NCBI hosts many databases used by biomedical and research 

professionals. The services include PubMed, the bibliographic database; 

GenBank, the nucleotide sequence database; and the BLAST algorithm for 

sequence comparison, among many others.  
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Information Associated With a Gene Locus 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Linking to further information 
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Books  
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Structure 

3D Domains Genome 
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Worked Example: Use the Entrez system to explore function and disease 
information for human adenylosuccinate lyase gene (ADSL). 
 
 
  
 
 
 

 
 

1. Enter ADSL 
into the search 
box 

2. Click Go 

3. View 
Genes 

Entrez Gene 
listing for ADSL 
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Scroll down for 
GeneRIF -- Gene 
Reference Into 
Function provides 
a simple 
mechanism to 
allow scientists to 
add to the 
functional 
annotation of 
genes described in 
Entrez Gene 

Marker information 
from UniSTS. 
UniSTS is a 
comprehensive 
database of 
sequence tagged 
sites (STSs) derived 
from STS-based 
maps and other 
experiments. STSs 

mRNA to Genomic 
alignment with 
quick links to 
mRNA and Protein 

Local genomic 
region 

Use the quick 
links to explore 
functional and 
disease 
information 

Scroll down page to 
GeneRIF 

Marker information 
from UniSTS. 
STSs are defined by 
PCR primer pairs plus 
additional information, 
such as genomic 
position, genes and 
sequences. 
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Links to KEGG: aim for complete computer representation of the cell, the 
organism, and the biosphere, which will enable computational prediction of 
higher-level complexity of cellular processes and organism behaviors from 
genomic and molecular information. 
Links to Reactome: The Reactome project is a collaboration among Cold 
Spring Harbor Laboratory, The European Bioinformatics Institute, and The 
Gene Ontology Consortium to develop a curated resource of core pathways 
and reactions in human biology. 

 
 
 
 
 
 
 
 
 
 
 

Phenotypic 
information from 
OMIM 
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Gene Ontology links: 

• A collaborative effort to address the need for consistent descriptions of 
gene products in different databases.  

• Three structured, controlled vocabularies (ontologies) that describe 
gene products in terms of their associated biological processes, cellular 
components and molecular functions in a species-independent manner  

• Ontologies are 'specifications of a relational vocabulary'  
• Terms in a particular vocabulary are restricted to a particular field. GO 

terms are all biological. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ADSL RefSeqs and 
related sequences 
used as RefSeq 
evidence 
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Genomic reference sequence 
available for download. Here 
available from three different 
assemblies. 

Further links, 
including 
locus specific 
databases 
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Clinical literature 
database curated at 
Johns Hopkins Univ 
 
Links human genes 
and genetic disorders 
to human disease 
 
Lists allelic variants 
that have clinical 
consequences 

5. Select *608222 for 
information on ADSL or 
#103050 for 
ADENYLOSUCCINASE 
DEFICIENCY 

4. Look more closely at 
the disease related 
information in OMIM. 
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Click on entries for further 
information 

8. Click back into EntrezGene 
and explore Unigene from the 
links menu 

7. Click on allelic variants 
for further information/ 
consequences, also note 
new links to dbSNP. 

6. View list of Allelic 
Variants from left menu 
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9. Scrolling through the 
UniGene page for ADSL 
you can see the mRNAs 
and ESTs clustering to 
the ADSL locus. Click on 
any one of these to see 
sequence information 
and links to the Trace 
archive. 
 
10. Also from this page 
is a link to UniGene’s 
EST profile viewer and a 
link to GEO profiles 
which can also be 
accessed from the links 
menu. 



Zebrafish Workshop    Module 3: Exploring Function and Disease 
 

   80 

 
 
 

 
 
 
 

 
 

Click on EST 
profile under 
gene expression. 
 

Click on entries for further 
information plus links to 
the trace archive. 
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The Geo profiles database stores individual gene expression and molecular 
abundance profiles assembled from the Gene Expression Omnibus (GEO) 
repository. Search for specific profiles of interest based on gene annotation or 
pre-computed profile characteristics. GEO Profiles facilitates powerful 
searching and linking to additional information sources. 
 
 
 
 
 
 
 
 
 

11. For more 
expression profiles 
scroll back to the 
link for GEO 
profiles. (Which can 
also be accessed 
from the Entrez 
Gene page) 
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12. From the ADSL links 
in EntrezGene click on 
SNP, to get a list of the 
SNP associated with 
ADSL 

Quick links to NCBI 
datasets 

13. Display SNPs 
in a gene centric 
view by clicking on 
SNP:Geneview 



Zebrafish Workshop    Module 3: Exploring Function and Disease 
 

   83 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

mRNA/ Genomic 
alignment of ADSL also 
showing location of 
Non-synonymous SNP 

14. Click here to 
view all SNPs in 
gene region 

Loci with solved crystal 
structures can be 
viewed with coding 
SNPs highlighted. See 
Cn3D at the NCBI for 
more details. 
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16. Go to maps and 
options and show the 
following: 
Human Uni Gene 
Ab initio models 
GenBank DNA 
Human ESTs 
 
 

15. View ADSL in 
the NCBI Map 
Viewer. 

Map 
summary 

Add or 
remove 
maps 

Link to 
OMIM 

Evidence 
Viewer 

Homologene 

Sequence 
Viewer 

Link to 
Protein 

Download 
Sequence 

Zooming 
Controls 
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KEGG – The KEGG database contains a description of cellular pathways.  It 

is more commonly used to analyse metabolic pathways, but it also contains 

disease related pathways. In the following worked example you will be 

shown how to find information on disease related pathways. 

 

 

 

 

 

STEP 1 – Go to the KEGG homepage at: 

 http://www.genome.ad.jp/kegg/pathway.html  

 

STEP 2 – Select ‘human diseases’ 

 



Zebrafish Workshop    Module 3: Exploring Function and Disease 
 

   86 

 

 

STEP 3 – Select ‘thyroid cancer’ 

 

Different pathways 
where mutations in 
constituent proteins 
manifest as thyroid 
cancers 
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COSMIC – Although OMIM is very detailed, it is not comprehensive.  COSMIC, 

the catalogue of somatic mutations in cancer, is a specialist resource that 

aims to have a comprehensive list of genes and their mutations that are 

involved in cancer. There are several different ways to search COSMIC, in the 

following worked example, the most common search interface will be 

illustrated. 

 

Worked Example -  List all mutations found in the BRAF gene. 

 

 

 

 

 

 

STEP 2 – Enter BRAF 
into the textfield and 
click search. 
 

 

STEP 1 – Go to the COMSIC homepage: 
 http://www.sanger.ac.uk/genetics/CGP/cosmic/ 
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STEP 3 – Click on 
‘Histogram’ to obtain a 
detailed view of the 
mutations 
 

 

Access the 
vast list of 
publications 
on BRAF 

Simple 
graphical 
summary 
of 
mutations 

Case 
studied 
that have 
identified 
BRAF 

Database 
cross 
references 
and sequence 
data. 



Zebrafish Workshop    Module 3: Exploring Function and Disease 
 

   89  

The histogram 
shows the frequency 
that amino acid 
position has been 
found to be mutated. 

Blue triangles denote  
deletions, red 
insertions 

Tissue sample 
summary for 
BRAF mutations  

STEP 4 – select 
‘Mutations’ to reveal the 
molecular details of the 
mutations 
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The ‘Mutations’ page lists 
all of the different types of 
mutations found, 
including amino acid 
transitions and 
frequencies in brackets(). 
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Disease Phenotype Resources 

 

DECIPHER is a database of microscopic chromosomal imbalances and 

phenotypes that integrates into Ensembl.  This database is a departure from 

traditional bioinformatics resources, where the focus is primarily on the 

description of the phenotype caused by a genetic defect by clinicians.  As 

there is patient data within the system, there are different levels of access.  

We will be using the Guest Access. 

  

Worked example: In the following example, you will use DECIPHER to 

investigate Williams-Beuren Syndrome. 

 

 

 

 

 

The following page lists all of the syndromes represented by the karyotype 

view.  Note, red indicates deletions and green inserts. 

STEP 2 – Click on 
the Karyoview 

STEP 1 – Go to the DECIPHER homepage 
https://decipher.sanger.ac.uk/ 
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From this link, there is a vast amount of detail about the mutation, how is was 

identified, literature references, phenotypic and genetic information.   

 

 

 

STEP 3 – Click on 
the deletion on 
chromosome 7 

Detailed 
description of 
phenotypic and 
genetic 
features of the 
syndrome  
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Literature 
references  

View deletion in 
detail in 
EnsEMBL  

List of effected 
genes  
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SNPs Analysis – Having found a non-synonymous single nucleotide 

polymorphism (nsSNP), researches often want to know whether this is natural, 

tolerable variation, or whether that the SNP is potentially deleterious.  

Unfortunately, there is no simple answer to this question.  Using methods 

such as database searching, homology modelling and literature searching 

should be used. However, the PolyPhen server does provide a tool for trying 

to establish the nature of a nsSNP. PolyPhen uses a variety of rules to assess 

the nsSNP, including sequence conservation, amino acid properties and 

structural context.  

 
Worked Example – In the last section, we COSMIC was used to investigate 

the mutations in BRAF.  The most common point mutation was a V to E 

transition at amino acid position 600.  Lets assume we did not know the 

consequence of this mutation and use PolyPhen to see if it is deleterious. 
 

 

 

STEP 1 – Go to the PolyPhen homepage: 
http://genetics.bwh.harvard.edu/pph/ 
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STEP 2 - Enter P15056 
into the protein identifier 
textfield 

STEP 3 - Put 600 in the 
position and V for AA1 and 
E in AA2 and submit the 
query 
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STEP 4 - Select 10 
sequences and view the 
alignment. Flanks controls 
how many amino acids 
either side of the mutated 
amino acid are displayed. 

In this alignment, the 
valine is invariant. 
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TASKS 
 
A series of related individuals exhibit a variety of clinical phenotypes, including 
early onset of colon cancer and mental retardation. Analysis of their DNA 
reveals a homozygous deletion of a 1 Mb region on human chromosome 11, 
between D11S4379 and D11S1091. The aim of this exercise is to understand 
the region and the genes contained within. By the end, you should have 
obtained enough information to be able to carry out experimental analysis of 
the genes and their protein products, and to further understand how the 
deleted region of DNA may contribute to the disease. 
 
 

1) Content of the region: 
a. Search with both markers in Ensembl 
b. How many genes are there in this region. 
c. Do any genes show evidence of alternative splicing? 
d. How does the region compare in the UCSC database? 

 
2) EntrezGene 

a. Are the genes catalogued in EntrezGene? 
b. What are their preferred symbols and full names? 
c. What are the REFSEQ entries? 
d. Is there any gene ontology information listed 

 
 

3) Function of genes: 
a. Do any of the genes have an experimentally determined 

function? 
b. Are any genes listed in OMIM, if so what is the information 
c. For the unknown genes, are any protein domains predicted? 
d. Can you conclude what the likely function is for the genes in the 

region? 
 
Polyphen exercise: 
OMIM suggests that SH2D1A interacts via its SH2 domain with a motif 
(TIYXXV) present in the cytoplasmic tail of the cell-surface receptors CD150 
(SLAM), Sayos et al. (1998) showed that SAP cDNAs isolated from the blood 
cells of patients with X-linked lymphoproliferative syndrome did not bind SLAM. 
OMIM lists 11 allelic variants of SH2D1A which result in the inability of 
SH2D1A to bind CD150 (SLAM) 
 
We now want to find out whether or not any of the substitutions have an effect 
on the protein structure/function. 
Characterise the following allelic variants: 

• In a male with XLP (308240), Coffey et al. (1998) identified a 394G-C 
transversion in the SH2D1A gene, resulting in an arg32-to-thr (R32T) 
substitution. 
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• In a patient with XLP (308240), Coffey et al. (1998) identified a 502C-T 
transition in the SH2D1A gene, resulting in a thr68-to-ile (T68I) amino 
acid substitution. 

 
Use PolyPhen to predict the effect of the substitutions on protein structure and 
function. 
 
 
 
 
 
 
 
 
 
 
 
 


