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SIB Swiss Institute of Bioinformatics 
• academic, non-profit foundation established in 1998 

 
• coordinates research and education in bioinformatics 

throughout Switzerland  
• provides high quality bioinformatics services to the national 

and international research community. 
• helps shape the future of life sciences 

 
• 52 groups, more than 600 scientists 

 
• GOBLET  member from the beginning  



SIB outreach activities 
education & public at large 

• Since 2000 (science fairs, electronic publication, exhibitions, hands on 
workshops, high school (HS) teacher continuing education training, etc.)  

• Collaboration with public laboratories, didacticians and HS teachers 

• www.chromosomewalk.ch (EN, FR, DE) 

• Protein Spotlight (EN): http://web.expasy.org/spotlight/  

• ‘Ateliers de bioinformatique’ (FR): 
http://education.expasy.org/bioinformatique/ 

• New project: Drug Design and personalized medicine 
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www.ChromosomeWalk.ch 

• a saunter along the human genome 

• …take a walk and discover the world of genes, 
proteins and bioinformatics. 

• quizzes, videos, links to databases and 
bioinformatics tools 

 



• http://web.expasy.org/spotlight/ 

• above 160 articles, informal tone (V. Gerritsen)  

http://web.expasy.org/spotlight/
http://web.expasy.org/spotlight/


 
Understanding a genetic disease 

thanks to Bioinformatics 
 

http://education.expasy.org/bioinformatique/Diabetes.html 

(Atelier 7: L’insuline de A à Z ; English version) 
 
 

additional documents are available here: 
http://education.expasy.org/cours/Toronto 

 

‘Ateliers de Bioinformatique’ 
http://education.expasy.org/bioinformatique/ (FR) 
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Bioinformatics 
 

This field of science designs software tools and 
databases for research in the life sciences.  

Today, the quantity of biological data 
accumulated by laboratories is daunting.  

As a result, the data can no longer be dealt with 
‘manually’ and bioinformatics has become an 
essential ally. 

 
http://www.chromosomewalk.ch/en/we-need-bioinformatics-to/ 
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Context 
 

In a special case of type I diabetes  
described in a Norwegian family,   

a genetic variation has been found, 
leading to the production of inactive insulin 

 



This publication is not available as 
free ‘full text’ in PubMed Central 
(PMC).  
For full text: 
http://education.expasy.org/cours/Toronto/ 

http://www.ncbi.nlm.nih.gov/pubmed/18192540 
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Activity 1: The insulin gene and the human genome  
(Genome browser (USCS), BLAT) 
 
Activity 2: Comparing DNA sequences - Diagnosing a rare genetic disease  
(alignment tool, database dbSNP) 
 
Activity 3: DNA translation -> protein  
(translate tool) 
 
Activity 4: 3D structure of insulin  
(database PDB, 3D visualization tool) 
 
Activity 5:  Is insulin specific to humans?  
(similarity search (BLAST), dabatase UniProtKB, alignment tool) 

& 
http://thumbs.dreamstime.com/z/cartoon-man-working-computer-13780903.jpg 

 
http://education.expasy.org/bioinformatique/Diabetes.html 

http://education.expasy.org/bioinformatique/Diabetes.html


atggccctgtggatgcgcctcctgcccctgctggcgctgctggccctctggggacctgac 

ccagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctac 

ctagtgtgcggggaacgaggcttcttctacacacccaagacccgtcgggaggcagaggac 

ctgcaggtggggcaggtggagctgggcgggggccctggtgcaggcagcctgcagcccttg 

gccctggaggggtccctgcagaagcgtggcattgtggaacaatgctgtaccagcatctgc 

tccctctaccagctggagaactactgcaactag  

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVE

ALYLVCGERGFFYTPKTCREAEDLQVGQVELGGGPGA
GSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN  

genome 

gene 
(DNA; nucleic acid) 

protein 
(amino acid) 

biological function 



http://education.expasy.org/bioinformatique/Diabetes.html 

Activity 1 
 cagccgcagcctttgtgaaccaacacctgtgcggctcacacctggtggaagctctctacc 



Bioinformatics approach:  
 
Use the tool 'BLAT‘ @ USCS 
 
Technical information: 'BLAT' is a bioinformatics tool for comparing a DNA 
sequence against a whole genome sequence. 
 
If the sequence exists, BLAT finds the sequence that is the most similar in 
just a few seconds. It's a bit like a small 'google map' of the human 
genome. 



1. Google: look for ‘BLAT UCSC’ 2. Choose the latest release of 
the human genome (GRCh38) 

3. Click on submit 

Bioinformatics – Genome Browser (Blat USCS) 
http://genome.ucsc.edu/cgi-bin/hgBlat 
 

http://genome.ucsc.edu/cgi-bin/hgBlat
http://genome.ucsc.edu/cgi-bin/hgBlat
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human genome (GRCh38) 

human genome (GRCh37) 

By default, choose the best score 
Click on ‘browser’ 

At each genome release the positions may change 



The insulin DNA sequence is located on chromosome 11 (11p15.5)  
(positions: 2,160,851-2’160,910 (GRCh38)) 

Zoom out 100 x 



Exon 3 Exon 2 Exon 1 
intron intron 

stop ATG (Met) 

The insulin gene consists of 3 exons and 2 introns 
 

A readthrough transcript INS-IGF2 involves INS and IGF2 genes (neighboring genes)  



http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta 
 

Click on the link 
This is part of the sequence of Craig Venter chromosome 11   

(GenBank database;  3’852’046 bp over 135'006'516 bp) 
 

Select short sequences (about 40 bp)  
and check with BLAT that they are located on chromosome 11 …. 

 

http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta
http://www.ncbi.nlm.nih.gov/nuccore/71514639?report=fasta
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Write a random sequence (about 30 letters),  
always using the 4-letter alphabet (a, t, g, c) 

Click on ‘submit’ 



It is virtually impossible to match a randomly typed sequence (ATGC, 
n=30) on the human genome sequence, even on «junk» DNA regions 
(Application: PCR and primer selection) 

Randomly selected letters (i.e. n=5) rarely create a 
correct word…. 



Write a random sequence (about 30 letters),  
always using the 4-letter alphabet (a, t, g, c) 

Select another 
genome http://jon-atkinson.com/Large%20Images%207/White%20Rhino.jpg 



http://education.expasy.org/bioinformatique/Diabetes.html 

Activity 2 

affected male 

male 

affected female 

female 

Is this baby diabetic (type I) ? 



 
 

The human genome = a text of 3’000’000’000 pb 

 

= a reference sequence 

 

All the differences (also called variations, variants,  

Single Nucleotide Polymorphisms (SNPs), 
~mutations, …) between human subjects  

are described on the basis of this ‘text’ 

 

Biological context: Human genome & variations 
 



Pr S.E. Antonarakis (UNIGE) 

~ 3.3 millions of SNPs between 2 individuals 
 
~10 millions of SNPs in the human population 
 neutral (the majority) 
 associated with a particular phenotype… 
 associated with a predisposition 
 associated with a genetic disease 
 
~10 – 30  new mutation at each new generation 



“On average, each individual genome carried ∼3.3 million 
SNPs and ∼492,000 indels/block substitutions, including 
approximately 179 variants that were predicted to cause 
loss of function of the gene products. “ 

Publication (free full text) in 
PubMed Central (PMC @NCBI) are 
freely available for everyone 

Biological context: Human genome & variations 
 

 

PMID: 23577066 

  

http://www.ncbi.nlm.nih.gov/pubmed/23577066


Bioinformatics – Biological Database: dbSNP @ NCBI 
http://www.ncbi.nlm.nih.gov/SNP/ 

SNPs are stored in the dbSNP database 



http://www2.grifil.com/album.html 

Question: is the baby diabetic ? 
 
To answer this question, researchers extracted 
DNA from 8 members of the Norwegian family 
and sequenced part of the gene that encodes 
for insulin.  





‘Paper and pencil’ approach 



2 different DNA sequences (INS gene) 

2 alleles (maternal / paternal) 

8 subjects  
(same family) 





Sequence 1 

Where are the differences ? 
http://www2.grifil.com/album.html 



Sequence 1 



The SNP g -> a (homozygous; subject 7) is not associated with diabetes (neutral) 

Sequence 1 



Sequence 2 

Where are the differences ? 



Sequence 2 



Sequence 2 

ANSWER: The SNP c -> t is present in subjects 3 and 1 (heterozygous) and is associated 
with Type I Diabetes (‘all type I diabetic members carry the same variation in the INS 
gene’) 



Bioinformatics – Alignment tool (UniProt) 
http://www.uniprot.org/align/ 

This tool  is used to align  protein 
sequences, but it can also properly 
align short DNA sequences 



Where are the differences ? 

http://www2.grifil.com/album.html 

Question: is the baby diabetic ? 



http://www.uniprot.org/align/ 





Bioinformatics – Alignment tool (UniProt) 
http://www.uniprot.org/align/ 

(only one DNA sequence (allele) per subject) 



• The subject (1) with the  c -> t mutation (heterozygous mutation) is a girl who 
presented type I diabetes at the early age of 10.  

• The girl’s mother (3) has type I diabetes that was diagnosed when she was 13. 
Currently, she is being treated with insulin. She also carries the heterozygous 
mutation c -> t .  

• The girl’s maternal grandfather (6) has type 2 diabetes, which was diagnosed 
at the age of 40. He is currently being treated with insulin. Neither he nor the 
healthy maternal grandmother carry mutations.  

• -> Thus, the girl’s mother is carrying a de novo c -> t  mutation, which must 
be a germline mutation since it has been inherited by her daughter.  

 
 (Molven et al., 2008) 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
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“We screened INS (gene coding for insulin) in 92 probands, and 223 subjects from 
the Norwegian Childhood Diabetes Registry selected on the basis of autoantibody 
negativity or family history of diabetes.” 
 
 

Identification of a rare genetic variation - rs121908261 – in 
the human INS gene which  is the cause of type I diabetes in 

a Norwegian family 
 

Biology / Statistics / Bioinformatics 

Molven et al., 2008 

http://www.ncbi.nlm.nih.gov/snp/?term=rs121908261
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
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rs121908261 
c -> t  

http://www.ncbi.nlm.nih.gov/snp/?term=rs121908261
http://www.ncbi.nlm.nih.gov/snp/?term=rs121908261


Bioinformatics – Biological Database: dbSNP @ NCBI 
http://www.ncbi.nlm.nih.gov/SNP/ 

Variant accession number in 
dbSNP 

Link to the publication of Molven et al (2008) 



Bioinformatics – Biological Database: dbSNP @ NCBI 
http://www.ncbi.nlm.nih.gov/SNP/ 

Look for all the SNPs 
located within human 
INS gene 



Activity 3 

http://education.expasy.org/bioinformatique/Diabetes.html 



M R A 

http://fr.wikipedia.org/wiki/Synth%C3%A8se_des_prot%C3%A9ines#mediaviewer/File:Proteines.png 





Bioinformatics – Translate tool 
http://www.bioinformatics.org/sms2/translate.html 

Fasta format 



 
 
Amino acid sequence of the ‘normal’ insulin 
 

                                                    
MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN 

 

 
 
 
                        FVNQHLCGSHLVEALYLVCGERGFFYTPKT                                   GIVEQCCTSICSLYQLENYCN 

 
 

 
Amino acid sequence of the ‘mutated’ insulin (variant c-> t; R 55 C) 
 
 

 

 

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTCREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN 

 

 

 
 

The mutation R -> C prevents insulin from being 
cut and thus from being biologically active 

Chain B Chain A 



This publication is not available as 
free ‘full text’ in PubMed Central 
(PMC).  
For full text: 
http://education.expasy.org/cours/Toronto/ 

http://www.ncbi.nlm.nih.gov/pubmed/18192540 
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2LWZ 

Activity 4 

http://education.expasy.org/bioinformatique/Diabetes.html 



http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ 
 

….. requires Java to be installed in your computer. 

http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ
http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ


Visualization tool: Protein Workshop  

Bioinformatics – Insulin 3D structure in PDB database  (2LWZ) (Protein Workshop) 
http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ 



Protein Workshop: in Tools: 'Surfaces' play with the 
Transparency slider 



Protein workshop:  
In Shortcuts: Recolor the backbone 'By compound' - and then look at 
the positions of the different amino acids (mouse over) 

N 

F 

Q 

V 

H 



Protein workshop: In Tools: 'Visibility', 'atoms and bonds', click 
on 'Chain A: Insulin" and see the atoms (balls and sticks) that 
are displayed 



Activity 5 

http://education.expasy.org/bioinformatique/Diabetes.html 



Bioinformatics – BLAST Similarity search  tool 
www.uniprot.org/blast/ 



‘reviewed’ entries (UniProtKB/Swiss-Prot section) are manually reviewed 
‘unreviewed’ entries (UniProtKB/TrEMBL section) are automatically annotated 





>sp|Q9VT52|INSL3_DROME Probable insulin-like peptide 3 OS=Drosophila melanogaster 
GN=Ilp3 PE=2 SV=2 
MGIEMRCQDRRILLPSLLLLILMIGGVQATMKLCGRKLPETLSKLCVYGFNAMTKRTLDP 
VNFNQIDGFEDRSLLERLLSDSSVQMLKTRRLRDGVFDECCLKSCTMDEVLRYCAAKPRT 
 
>sp|P01308|INS_HUMAN Insulin OS=Homo sapiens GN=INS PE=1 SV=1 
MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED 
LQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN 
 

How similar are the human and drosophila sequences ? 



Bioinformatics – alignment tool 
www.uniprot.org/align/ 



Chain B 

Chain A 

Positively charged amino acids (R @ position 55 in human) 
seem to be highly conserved during evolution 



Many thanks to all of you  
 

and  
to Michelle Brazas  

http://www2.grifil.com/album.html 


