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SIB Swiss Institute of Bioinformatics

e academic, non-profit foundation established in 1998

e coordinates research and education in bioinformatics
throughout Switzerland

e 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
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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.)

e Collaboration with public laboratories, didacticians and HS teachers
G%’ www.chromosomewalk.ch (EN, FR, DE)
* Protein Spotlight (EN): http://web.expasy.org/spotlight/

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

* New project: Drug Design and personalized medicine



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

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
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proteinspotlight

> OME MOMTH, OME FEOQTEIM <

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

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

Moving Forward

September 2014
<-5Th€' German inventor
Nikolaus Otto is credited seems endless, and so is
Man's. For as long as humans have
existed, they have twisted Nature to meet
first automobile engine their own needs. Wood has been used to
keep them warm. Whale oil has been used
to make light. Water has been harnessed
to make electricity. And when the era of
bio-engineering developed, it was not long
before scientists found ways to tinker with
ﬂ an organism's genome for the benefits of

Swiss Institute of

Bioinformatics man k.l n d .

Nature's imagination

with having invented the

that ran on alcohol.»
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‘Ateliers de Bioinformatique’

http://education.expasy.org/bioinformatique/ (FR)

Understanding a genetic disease
thanks to Bioinformatics

http://education.expasy.org/bioinformatique/Diabetes.html
(Atelier 7: Uinsuline de A a Z ; English version)

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

Swiss Institute of
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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/

Y
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Context

In a special case of type | diabetes
described in a Norwegian family,
a genetic variation has been found,
leading to the production of inactive insulin

Family T1D-N781
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http://www.ncbi.nlm.nih.gov/pubmed/18192540

Diabetes. 2008 Apr:a7(4):1131-5. doi: 10.2337/db07-1467. Epub 2008 Jan 11.

Mutations in the insulin gene can cause MODY and autoantibody-negative type 1 diabetes.

Molven A1, Ringdal M, Nordba AM, Raeder H, Stay J, Lipkind GM, Steiner DF, Philipson LH, Bergmann |, Aarskog D, Undlien DE, Joner G, Sevik O; Norwegian
Childhood Diabetes Study Group, Bell Gl, Njglstad PR.

# Collaborators (27)

# Author information

Abstract
OBJECTIVE: Mutations in the insulin (INS) gene can cause neonatal diabetes. We hypothesized that mutations in INS could also cause
maturity-onset diabetes of the young (MODY') and autoantibody-negative type 1 diabetes.

RESEARCH DESIGN AND METHODS: We screened INS in 62 probands with MODY, 30 probands with suspected MODY, and 223 subjects from the
Norwegian Childhood Diabetes Registry selected on the basis of autoantibody negativity or family history of diabetes.

RESULTS: Among the MODY patients, we identified the INS mutation ¢ 137G=A (R46Q) in a proband, his diabetic father, and a paternal aunt. They
were diagnosed with diabetes at 20, 18, and 17 years of age, respectively, and are treated with small doses of insulin or diet only. In type 1 diabetic
patients, we found the INS mutation ¢ 163C=T (R53C) in a girl who at 10 years of age presented with ketoacidosis and insulin-dependent, GAD, and
insulinoma-associated antigen-2 (IA-2) antibody-negative diabetes. Her mother had a de novo R55C mutation and was diagnosed with ketoacidosis
and insulin-dependent diabetes at 13 years of age. Both had residual beta-cell function. The R46Q substitution changes an invariant arginine residue
in position B22, which forms a hydrogen bond with the glutamate at A17, stabilizing the insulin molecule. The R55C substitution involves the first of
the two arginine residues localized at the site of proteolytic processing between the B-chain and the C-peptide.

CONCLUSIONS: Our findings extend the phenotype of INS mutation carriers and suggest that INS screening is warranted not only in neonatal
diabetes, but also in MODY and in selected cases of type 1 diabetes.

Commentin | N _ sOR“‘ )
Insulin mutations in diabetes: the clinical spectrum. [Diabetes. 2008] e =

-\

PMID: 18192540 [PubMed - indexed for MEDLINE]  Free full text

1)

This publication is not available as
free ‘full text” in PubMed Central
(PMC).

For full text:
http://education.expasy.org/cours/Toronto/
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http://education.expasy.org/bioinformatique/Diabetes.html

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)

okl Oranistion forBonfrmats eaming Eduation & Trning http://thumbs.dreamstime.com/z/cartoon-man-working-computer-13780903.jpg


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

biological function

protein
(amino acid) | G| QPLALEGSLQKRGIVEQCCTSICSLYQLENYCN

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVE
ALYLVCGERGFFYTPKTCREAEDLQVGQVELGGGPGA

gene

(DNA; nucleic acid) tgcaggtggggcaggtggad

gcacacccaagacccg tegggaggcagaggac

gggcgggggccctggtgcaggcagecctgcageccttg

tagtgtgcggggaacgad

genome
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gccctggaggggtccctgcagaagegtggcattgtggaacaatgctgtaccagcatctge
tccctectaccagectggagaactactgcaactag
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Activity 1

cagccgcagcctttgtgaaccaacacctgtgeggcetcacacctggtggaagctctctacc

Activity 1: The insulin gene and the human genome

Bellow is a piece of the gene sequence that encodes for the insulin protein ('wild sequence')...

Question:

® 0On which of our 23 chromosomes is this gene located?
Bicinformatics approach:

Use the tool 'BLAT'
Technical information: ‘BLAT' is a bioinformatics tool for comparing a DNA sequence against the whole genome sequence (the human genome has 3 biflion nucleotides).
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.

* Copy the DNA sequence and paste it in the tool "BLAT'
* Click on 'submit'
*In the page 'BLAT Search Result: choose the best score and click 'browser'

® 0On which chromosome is located the gene for insulin?
® What are the beginning and end positions of the sequence on the chromosome (nucleotide 'numbers’)?

® For fun: write a random sequence (about 30 letters), always using the 4-letter alphabet (a, t, g, ¢) into 'BLAT": can you find it in the genome?

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

Y
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1. Google: look for ‘BLAT UCSC’

“

2. Choose the latest release of
the human genome (GRCh38)

Genomes (ienome F.rowser Tools Mirrors Downloads My Data Help About Us

Human BLAT Search

BLAT Search Gehpme

Genome: Assembly: Query type: Sort output:  Output type:
Human * Dec. 2013 (GRCh38/hg38) ~ |BLAT5 guess E |query,sc:ore E I hyperlink E

cagccgcagcctttgtgaaccaacacctgtgoggoctcacacctggtggaagectectetace

3. Click on submit

l submit H I'm feeling lucky ” clear l

Paste in a query sequence to find its location in the the genome. Multiple sequences may be

Bioinformatics — Genome Browser (Blat USCS) ﬂ
http://genome.ucsc.edu/cgi-bin/hgBlat S e

Bioinformatics
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Genomes Genome Browser Tools Mirrors

Downloads My Data Help About Us

Human BLAT Results

BLAT Search Results human genome (GRCh37)

SCORE START END QSIZE IDENTITY CHRO STRAND START

browser details YourSegq 60

1 60 60 100.0% 11 = 2182081 2182140 60
browser details YourSegq 20 26 45 &0 100.0% 9 + 442 138953461 20

/

At each genome release the positions may change

Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Human BLAT Results

BLAT Search Results human genome (GRCh38)

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND END SPAN
browser details YourSeq 60 1 60 &0 100.0% 11 = 2160851 2160510 &0
browse ails YourSeq 20 Ze 45 60 100.0% 9 + 136061596 136061615 20

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

Swiss Institute of
Bioinformatics



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

Genomes Cenome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
move | <<< | << [ 4 ][> | >> | >>> |zoomin | 1.5x | 8x || 10x | base | zoom out | 1.5x || 8x || 10x || 100x |

chr11:2,160,841-2,160,910 60 bp. ‘ enter position, gene symbol or search terms ‘ 5

ISSECIERANE cis.+0 HE | [EE - Il IEaE Eoi+.il
Scale 260 bases}| | hgss
chrii: 2,168,868| 2,168,874| 2,168,580| 2,160,599 2,168,9008|

== GG TAGAGAGCTTCCACCAGGTGTGAGCCGCACAGG TGTTGGTTCACAAARGGC TGCGGC TG

Zoom out 100 x ﬂ

Swiss Institute of
Bioinformatics
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UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
move zoomin [ 1.5x | 3x || 10x | base | zoom out| 1.5x || 3x | 10x | 100x |

chr11:2,157,881-2,163,880 6,000 bp. ‘ enter position, gene symbol or search terms ‘

chril (p15.5) [(DEE B B -CEEE [T T B ] loz2. 50 E=FE Il |

Scale 2 kb} | hazs
| chrii: | 2,159, aoaa| 2,168, 88| 2,161, 888 2,162, apa| 2,165, 88|

Azzemnb 14y from Frasmnents
o AC132217.15
| Contigs Mew to GRCh35/(ho3&), Mot Carried Forward from GRCh37/{ha19)
Your Seguence from Blat Search
voursea i

UCSC Genes (Ref3eq, GenBank, tRNAsS & Comparative Genomics)

INS-IGF2| <}

INS-IGF2 -

INS-IGF2 <4
INS-IGF2 & | ]

stop « ATG (Met)

v \'4
I
IN: sl -
Exon 3 Intron Exon 2 intron Exon 1

The insulin gene consists of 3 exons and 2 introns

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

GlotelOrgnstin o Bt eaming, duation et
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TCCACACGCTCCTTGCGGCCTCATGGETGTAGGGTCCAGCCCCACAGGGTCE
GCAGAGACGAGAGAGTGTAGARATAMAGACACARCGACAARGAGATTAALDAN
GGACCACTACCACCAATGCGCGGAGACCGETAGTGGCCCCGAATEGTCTGECT
TACALAGGCARAAGGGGCACGGETARAGAGTGTGAGTCATCTCCAATCGATAGAT.
TETCCACTGGACAGGGEGCCCTTCCCTGCCTGGCAGCCCGAGGCAGAGAGGGAY
ATAGCTTACGCCATTATTTTTGTATATTAGAGACGTTTAGTACTTTCACTAR
ARGGCAGAGCCAGGTGCACAGGATGGAACATGARGGAGGACTAGGAGCETGAY
ACAGGGAGRCGETTAGGCCTCCGGATAACTGCGEECAGGTCTGACTGATETC
GGAGGAGCAGAGTCTTCTCTARACTCCCCCGGEGARAGGGAGCCCCTCCTTT
GGETGTTTTTCCTTGACACTTACGCTACCGCTAGACCACGEGTCCGCTTGGCA
GCTGGCATCACCGCTAGACCARGGAGCCCTCTAGTGGCCTTGTCCGEECATA
TETCTTCTGGTCACTCCTCACTATGTCCCCTCAGCTCCTATCTCTGTATGGCCTEGETTTTTCCTAGTTT
TGEATTATAGAGCGAGGATTGTTATAATATTCCGAATAAACACTAATTCGCTACAAACTAATCGATTALATCAT
TTCATATATAATCATATCTARGATCTATATCTGETGTAACTATTTTTATTTTATATTTTATTATACTGE
ACAGCTCGTGTCCTCAGTCTCTTGCCTCGECACCTGEETGECTTGCCGCCCACAATGEECAGCTTATTC
TCAGGGRAAGGCCTTTGTCTCCACACCTGTGEGTGAAGACCATCGEGGATGCTTTGCCTTCAACAGGCAAC
CCRAACAATTCACCTTCACTTCCCTCCCTCCAGGRACACCAGCTCCCAGCTCAGAGTCATCGGCCTCGCT
ACAGGGACGTCACACTACCCGCTCTGTGEEEEECATCGTETGETCTGGACTTGCTCGAGCAGARRAGTAGC
GCTGCCCTCAACACCTCCCTAGAGCATCTGCGAGCCGAACACCTEGEEGCCCACGCCTCCGGCACGTCTE
GGACCCAGTGGETCCATCCCTTCCCARAGCACARGCGCALAGTEGCTACCTCAGTCCCTTCCTCCACGARCAD
GAGGCACGAT GCCTAGTGCTGTAGGTCCCATGTTATTTCEGAAGCARACTTTTGCCCTATTTGEARGTEC

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

Write a random sequence (about 30 letters),
always using the 4-letter alphabet (3, t, g, )

Genomes Geno ne Browser Tools Mirrors Downloads My Data Help About Us

Human BLAT Search

BLAT Search Geno

Genome: Assembly: Query type: Sortoutput:  Output type:
Human v Dec. 2013 (GRCh38/hg38) ~ I BLAT's guess E Iquery,sc:ore E Ihyperlink E

atgctagatcatgctagctagtcgatgctattgatecgatttagatcgat

Click on ‘submit’

l submit ” I'm feeling lucky H clear ]

ﬁ

Swiss Institute of
Bioinformatics
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Genomes Genome Browser Tools Mirrors Downloads My Data

Human BLAT Results

Sorry, no matches found

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
e iT| S PIL{AY correct word....

WV

7
§

Y

Swiss Institute of
Bioinformatics
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Write a random sequence (about 30 letters),
always using the 4-letter alphabet (3, t, g, )

Genomes Genom.' Browser [ools Mirrors Downloads My Data Help About Us

White rhinoceros BLAT Seaich

BLAT Search Genom

Genome: Query type: Sort output:  Output type:
White rhinoceros v May 2012 (CerSinfgm1.0/cerSim1) ~ IBLAT'S guess E Iquery,score E Ihyperlink E

atgctagatcatgctagctagtcgatgectattgatcgatttagatcgat

Select another
genome

[ submit H I'm feeling lucky ” clear ]

Swiss Institute of
Bioinformatics
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Activity 2

In 2008, scientists studied a Norwegian family in which several members had diabetes (type | or type Il) (Molven et al., 2008).

Activity 2: Comparing DNA sequences - Diagnosing a rare genetic disease

All diabetic type | members of the family carry the same rare variation in the gene which encodes for insulin.

Here is the family's pedigree (phenotype and family relationship):

Family T1D-N781

O WO

oven | . affected male
male
B e O
Diabetes type i Diabetes type |

affected female

(50 years) [13 years)

o
padh : 1, O female
& ?
|

Pamat s 1T

Queston Is this baby diabetic (type 1) ?

® |s this baby diabetic?

http://education.expasy.org/bioinformatique/Diabetes.html
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Biological context: Human genome & variations

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’

Swiss Institute of
Bioinformatics
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AT

DNA sequence variants
s 1 in 1000 nts vary in two randomly selected genomes

A
TR T A 7 T ARG

e = We are all different from each other

T A T A T T AR T T T AT A T A TN T

~ 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

DNA sequence variants

ol rganiseon o ot Leaming Educaton & g
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Biological context: Human genome & variations

[l Comprehensive characterization of human genome variation by high
1.  coverage whole-genome seguencing of forty four Caucasians.
Shen H, LiJ, Zhang J, Xu C, Jiang Y, Wu Z, Zhao F, Liao L, Chen J, Lin 'Y,

Tian Q, Papasian CJ, Deng HW.
Flos One. 2013;8(4):e59494 doi: 10.1371/journal_pone 0059494 Epub 2013 Apr 5.

PMID: 23577066 [PubMed - indexed for MEDLINE] Free PMC Article
Related citations

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

“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. “

B
PMID: 23577066 é

Swiss Institute of
Bioinformatics
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http://www.ncbi.nlm.nih.gov/pubmed/23577066

SNPs are stored in the dbSNP database

& NCBI  Resources ™ How To & Sign in to NCBI
dbSNP SNP - [ Search |
Advanced Help

B dbsNP

Database of single nucleotide polymorphisms (SNPs) and multiple small-scale variations that include
insertions/deletions, microsatellites, and non-polymorphic variants.

[ rs121908261 [Homo sapiens]

1.
AGGCTTCTTCTACACACCCARAGACC [C/T] GCCGGEGAGGCAGRGGACCTGCAGGE
Chromosome: 11:2160809
Gene: INS-IGF2 (GeneView) INS (GeneView)
Functional Consequence: missense,nc transcript variant
Clinical significance: Pathogenic
Validated: no info
HGVS: NC_000011.10:g.2160809G=A, NC_000011.9:9.2182039G=A, NG_007114.1:9.5386C>T, NM_000207.2:c.163C=T,

NM_001042376.2:c.163C>T, NM_001185097.1:c.163C>T, NM_001185098.1:c.163C>T, NM_001291897 1:c.163C>T,
NP_000198.1:p Argh5Cys, NP_001035835 1:p Arg55Cys, NP_001172026 1:p Args5Cys, NP_001172027 1:p.Arg55Cys,
NP_001278826.1:p.Args5Cys, NR_003512.3:n.222C>T

PubMed Varview Protein3dD OMIM

Bioinformatics — Biological Database: dbSNP @ NCBI
http://www.ncbi.nlm.nih.gov/SNP/
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Family T1D-N781 .
O WO
opehondy

" e O

Diabetes type |
(13 years)

Diabetes type Il
(50 years)

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.

Glbal rganisationfor ot eaing, Edcaton & rting
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Compare these sequences, and locate the common variation for diabetes.

'Paper and pencil’ approach:
... You can do it manually which will help you better understand the principle of sequence comparison and alignment.
Take into account all the given clues and play with our strips of DNA sequences...

® g family members - 4 DNA sequences - one allele

® 8 family members - 1 DNA sequence - two alleles

® g family members - 2 DNA sequences - two alleles (not easy)

Bicinformatics approach:
Build an alignment of these 8 sequences using a bioinformatics tool and look out for the commaon vanation among those with diabetes

* Copy these 8 sequences (including the lines starting with "=1') and paste them into the align tool
* Click on the Run Align button.
* On the results page, on the lefthand column "Highlight: select 'Similarity'

=

Swiss Institute of
Bioinformatics
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'Paper and pencil’ approach:
... You can do it manually which will help you better understand the principle of sequence comparison and alignment.
Take into account all the given clues and play with our strips of DNA sequences. .

® 38 family members - 4 DNA sequences - one allele

& 3 family members - 1 DNA sequence - two alleles
® 3 family members - 2 DNA sequences - two alleles (not easy) e

lobal rganstonfor ot eaming, o & raing



2 different DNA sequences (INS gene)

>1.1
tagtgtgcggggaacgaggcttcttctaca

=1.2
Tagtgtgcggggaacgaggcttcttctaca

2.1
tagtgtgc aacgaggcttcttoctaca
2.2
tagtgtgc aacgaggcttcttctaca
3.1

tagtgtgcggggaacgaggcttcttctaca

3.2
tagtgtgcggggaacgaggcttcttctaca

>4 .1
tagtgtgcggggaacgaggcttcttctaca

=4 .2
tagtgtgcggggaacgaggcttcttctaca

>3.1
tagtgtgcggggaacgaggcttcttctaca

>3.2
tagtgtgcggggaacgaggcttcttctaca

GlotelOrgnstin o Bt eaming, duation et

k(/ \\A =1.32

CcacCCaadacCCdCC (=1 Ccadad

>1.4

8 subjects
(same family)

cacccaagacctgccgggaggcagaggacc

2.3

cacCcCcadadacCCJCC =1 caga

2 alleles (maternal / paternal)

cacCcCaddacCCJgCC cl [el=Ts =1

>3.3
cacccaagacccgcc aggcaga

=3.4

O

(=

(=

(=

cacccaagacctgccgggaggcagaggacc

>4 .3
cacccaagacccdcc aggcadga

>4 .4
cacccaagacccdcc aggcadga

>5.3
cacccaagacccgcce aggcaga

>5.4
cacccaagacccgcc aggcaga

acC

acC

(=

(=




~aagacccgccegggaggcagaggace

dcccaagaccegccgggaggcagaggace

1cce, acccaagacccgec! cagagga
a cacccaagacccgecgggaggcag
& agacceq

caagacccgccgggaggcagaggace

:acccaagacccqccggqaggcaqaggacc

o3

cacccaagacctgccgggaggcagaggace

>3
cacccaagacccgecgggaggeagaggace

. ot ccC
caccCaaqacccqccqqqaggcdqagqa

>6

cacccaagacccgeccgggaggcagaggace

acc
ielicccaagaCCCqCnggaqgcagaqq

i acc
cacccaaqacctgccggqaqgcaqaqqa

>2
cacccaagacccqccgggaggcagagqacc

>2

cacccaagacccgecgggaggcagaggace

>3
cacccaagacctgccgggagqcagaggacc

ace
Z:cccaaqacccgccqqgaqgcaqaqq

GlotelOrgnstin o Bt eaming, duation et



Sequence 1
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tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca

tagtgtgcggggaacgaggcttcttctaca -

tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca

Where are the differences ?

http://www?2.grifil.com/album.html



Family T1D-N781

Sequence 1 6 ,
_ O B0

ragtgrtgcggggas -
tagtgtgcggggas:
tagtgtgcggggas : i F%s
tagtgtgcggggas i|
tagtgtgcgggga: oo oo
tagtgtgcggggas:

tagtgtgegggga: Ao, [ 1.
tagtgtgcggggas Zﬁ?; ?
tagtgtgcgggga:
tagtgtgcgggga: ...
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca

(' R D s o L T O Y Y oy S B S T T % T Sl S
[ I e S I S oS I S I T S R i o T T S T T e B
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Sequence 1 Family T1D-N781 " ‘7
O O

tagtgtgcggggas Diabetes type !

(40 years)

tagtgtgcggggas

tagtgtgcggggas : i . .
tagtgtgcgggygas ﬁ r%
tagtgtgcgggga: oo oo
tagtgtgcggggas

tagtgtgegggga: Ao, [ 1.
tagtgtgcggggas Zﬁ?; ?
tagtgtgcgggga:
tagtgtgcgggga: ...
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggagaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca
tagtgtgcggggaacgaggcttcttctaca

(' R D s o L T O Y Y oy S B S T T % T Sl S
[ I e S I S oS I S I T S R i o T T S T T e B

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

lba Orgaiseio for it eamingEdcaton & rving



Sequence 2

11
12

21
22
31
32
41
42

21
52

el
62
T1
T2
81
B2

lba Orgaiseio for it eamingEdcaton & rving

Ccacccaagaccocgococgggaggcagaggacc
cacccaagacctgoocgggaggcagaggaco
Ccacccaagaccocgoocgggaggcagaggacc
cacccaagaccocgoogggaggcagaggaco
cacccaagaccocgoogggaggcagaggaco
cacccaagacctgococgggaggcagaggacc
Ccacccaagaccocgoocgggaggcagaggacc
Ccacccaagaccocgoocgggaggcagaggacc
cacccaagaccocgoogggaggcagaggaco
Ccacccaagaccocgoocgggaggcagaggacc
Ccacccaagaccocgoocgggaggcagaggacc
cacccaagaccocgoogggaggcagaggaco
cacccaagaccocgoogggaggcagaggaco
Ccacccaagaccocgoocgggaggcagaggacc
Ccacccaagaccocgoocgggaggcagaggacc
Ccacccaagaccocgoocgggaggcagaggacc

Where are the differences ?

Family T1D-N781

Diabetes type I
nnnnnnnnn




Family T1D-N781

Diabetes type Il
(40 years)

O WO

2

Sequence 2

11 <cacccaagacccgcocgdgt

12 ca::caagacgccgg; 5 4 3 8
21 cacccaagaccegccggt * r%
22 cacccaagacccgcocggt v v

31 cacccaagacccocgcocggt ﬁ

32 cacccaagac-tgccgg;,:f  PR

41 cacccaagacccgccggt sz ?

42 cacccaagacccgcocgdgt t '

591 cacccaagacCCgCoggl rmeeme

22 cacccaagacccocgoccgggaggcagaggacc

€l cacccaagacccocgoocgggaggcagaggacc

€2 cacccaagaccogocogggaggcagaggaco

11 cacccaagaccogococgggaggcagaggacao

12 cacccaagaccogoccocgggaggcagaggacc

8l cacccaagacccogcococgggaggcagaggacao

82

Glotel Orgnstion oot eaming, dution & Trting

Cacccaagaccocgococgggaggcagaggaco

=)
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Family T1D-N781

O W

Diabetes type Il
(40 years)

Sequence 2

0.

11 cacccaagacccocgocoggl

12 ca::caagacgccgg; 5 4 f 8
21 cacccaagaccegccggl il -_25
22 cacccaagacccgcocggt v P

31 cacccaagacccgccggl .

32 cacccaagacgccggz_ ?"“ =
41 cacccaagacccgccggi éf?; ?

42 cacccaagacccgccoggr

591 cacccaagacCCgCoggl rmeeme

22 cacccaagacccocgoccgggaggcagaggacc
€l cacccaagacccocgoocgggaggcagaggacc
€2 cacccaagaccogocogggaggcagaggaco
11 cacccaagaccogococgggaggcagaggacao
12 cacccaagaccogoccocgggaggcagaggacc
8l cacccaagacccogcococgggaggcagaggacao

82 cacccaagacccgccocgggaggcagaggaco

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

lba Orgaiseio for it eamingEdcaton & rving



Bicinformatics approach:
Build an alignment of these 8 sequences using a bioinformatics tool and look out for the common variation among those with diabetes

* Copy these 8 sequences (including the lines starting with '=1") and paste them into the align tool
* Click on the Run Align button.
* On the results page, on the lefthand column 'Highlight': select 'Similarity’

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

=)

Swiss Institute of
Bioinformatics
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Family T1D-N781

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.

=1

cagccgcagecctttgtgaaccaacacctgtgeggctcacacctggtggaagectctcectace
tagtgtgcggggaacgaggcttcttctacacacccaagacctgcocgggaggcagaggace
=2

cagccgcagecctttgtgaaccaacacctgtgeggctcacacctggtggaagectctcectace
tagtgtgcggggaacgaggcttcttctacacacccaagaccocgecocgggaggcagaggace
>3

cagccgcagcecctttgtgaaccaacacctgtgecggctcacacctggtggaagectctctace
tagtgtgcggggaacgaggcttcttctacacacccaagacctgecocgggaggcagaggace
=4 . b
cagccgcagcecctttgtgaaccaacacctgtgecggctcacacctggtggaagectctctace Where are the dlfferences °
tagtgtgcggggaacgaggcttcttctacacacccaagaccocgecocgggaggcagaggace
=5

cagccgcagcecctttgtgaaccaacacctgtgeggectcacacctggtggaagectctctace
tagtgtgcggggaacgaggcttecttctacacacccaagaccocgecocgggaggcagaggace
>6

cagccgcagcecctttgtgaaccaacacctgtgeggectcacacctggtggaagectctctace
tagtgtgcggggaacgaggcttecttctacacacccaagaccocgecocgggaggcagaggace
=7

cagccgcagecctttgtgaaccaacacctgtgeggectcacacctggtggaagectctcectace
tagtgtgcggagaacgaggcttecttcoctacacacccaagaccogococgggaggcagaggace
=8

cagccgcagecctttgtgaaccaacacctgtgeggectcacacctggtggaagectctcectace
tagtgtgcggggaacgaggcttcttcoctacacacccaagaccogococgggaggcagaggace

http://www?2.grifil.com/album.html
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http://www.uniprot.org/align/

"%

Uni .= Advanced | Q |
S : S

= - v
BLAST Align Upload Lists Help Contact
How to use this tool 1. Enter either protein sequences in FASTA format or UniProt x
identifiers into the form field, for example:
Align two or more protein sequences with the Clustal Omega TPA_HUMAN
program (see also this FAQ) to view their characteristics TPA_PIG

alongside each other.
2. Click the Run Align button.

\ @ Help D Tutorials and Videos & Downloads

cagccgcagcocttt aaccaacacctgtgc ctcacacctggt aagctctctace

tagtgtgo aacgaggcttottctacacacccaagacccgoo aggcagaggacoc

=7

cagccgcagccttt aaccaacacctgtgcggctcacacctggtggaagectectoctace

tagtgtgoggagaacgaggocttocttoctacacacccaagacccgoo aggcagaggaco

3 E
cagccocgcagocttt aaccaacacctgtgocggoctcacacctggtggaagoctoctotaceo L
tagtgtgc aacgaggcttcocttctacacacccaagacccgoo aggcagaggacc

[[JRun Align in a separate window. IE Run Align | | Clearl

Swiss Institute of
Bioinformatics

lba Orgaiseio for it eamingEdcaton & rving



Help Contact

BLAST Align

Align

Display All None

Upload Lists

& Download € Edit and resubmit |

Algnment

TREE

RESULT INFO

Highlight

Annotation

Amino acid
properties
Similarity
Hydrophobic
Negative
Positive
Aliphatic
Tiny

= .

lba Orgaiseio for it eamingEdcaton & rving
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[ e I T

& How to print an alignment in color

i

cagccgcagecctttgtgaaccaacacctgtgeoggctcacacctggtggaagoctectotace
cagccgcagectttgtgaaccaacacctgtgeggetcacacctggtggaagectetetace
cagccgcagecctttgtgaaccaacacctgtgeoggctcacacctggtggaagoctectotace
cagccgcagcctttgtgaaccaacacctgtgeggctcacacctggtggaagectectectace
cagccgcagecctttgtgaaccaacacctgtgoggctcacacctggtggaagctectotace
cagccgcagcctttgtgaaccaacacctgtgeggctcacacctggtggaagectectectace
cagccgcagecctttgtgaaccaacacctgtgoggctcacacctggtggaagctectotace

cagccgcagcctttgtgaaccaacacctgtgeggctcacacctggtggaagectectectace
AR AR AR R AR A AR A A AR A e AR v kv e e e ol Wb o e e e e o e o o e e e e e e

tagtgtgcggggaacgaggcttcttcectacacacccaagacctgeccgggaggcagaggacc
tagtgtgcggggaacgaggcttcttoctacacacccaagacococgcococgggaggcagaggacc
tagtgtgcggggaacgaggcttcttcectacacacccaagacctgeccgggaggcagaggacc
tagtgtgcggggaacgaggcttcttoctacacacccaagacococgcococgggaggcagaggacc
tagtgtgcggggaacgaggcttcttcoctacacacccaagacceocgcocgggaggcagaggacc
tagtgtgcggggaacgaggcttcttoctacacacccaagacoocgcocgggaggcagaggacc
tagtgtgcggagaacgaggcttcttctacacacccaagaccecgcococgggaggcagaggacc

tagtgtgcggggaacgaggcttcttoctacacacccaagacoocgcocgggaggcagaggacc
Ik wkhk ARk k bk ARk h vk hd Rk vk kb bk bk b vk kb w kbbb bk vk bk bwoke

&0
&0
&0
&0
&0
&0
&0
&0
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Family T1D-N781

T

(3]

Diabetes type Il
(50 years)

¥

?

<

o
D%

Pumec com TSRS
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Lo =] LNk Lo b2

CO =] W0k Lo [

7

-s——Q Bioinformatics — Alignment tool (UniProt)

Diabetes type Il

(40 years)

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

&

Diabetes type |

(13 years)

}lz

= e e e e

61
&1
&1
&1
&1
&1
61
&1

(only one DNA sequence (allele) per subject)

cagccgcagcctttgtgaaccaacacctgtgeocggectcacacctggtggaagctctctace
cagccgcagcctttgtgaaccaacacctgtgeocggectcacacctggtggaagctctctace
cagccgcagcctttgtgaaccaacacctgtgeggeotcacacctggtggaagectctoctace
cagccgcagcecctttgtgaaccaacacctgtgeggeotcacacctggtggaagectctectace
cagccgcagcctttgtgaaccaacacctgtgcocggctcacacctggtggaagctctctace
cagccgcagcctttgtgaaccaacacctgtgcocggectcacacctggtggaagctctctace
cagccgcagcctttgtgaaccaacacctgtgeocggectcacacctggtggaagctctctace

cagccgcagcctttgtgaaccaacacctgtgeggeotcacacctggtggaagectctoctace
R R R R bRk kR R R R e b e e e b e e o

tagtgtgcggggaacgaggcttcttctacacacccaagacctgoccgggaggcagaggacc
tagtgtgcggggaacgaggcttcttctacacacccaagacccgocgggaggcagaggacoc
tagtgtgcggggaacgaggcttcttctacacacccaagacctgoccgggaggcagaggaceo
tagtgtgcggggaacgaggcttcttctacacacccaagacccgocgggaggcagaggaceoe
tagtgtgocggggaacgaggcttocttctacacaccocaagaccogocgggaggcagaggacoe
tagtgtgocggggaacgaggcttocttctacacaccocaagaccocgococgggaggcagaggacoe
tagtgtgcggagaacgaggcttcttctacacacccaagacccgocgggaggcagaggaco

tagtgtgcggggaacgaggcttcttctacacacccaagacccgocgggaggcagaggacoc
REXARRAXNAAE AR RAA A AR AR RAAARAANAARAARAA AR ATR AR A A AR v A w e v Aok

&0
&0
&0
&0
60
&0
&0
&0

120
120
120
120
120
120
120
120
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Family T1D-N781

T
O
-
O

Diabetestypeli |  Diabetestypel

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

* The girl’'s mother (3) has type | diabetes that was diagnosed when she was 13.
Currently, she is being treated with insulin. She also carries the heterozygous
mutationc->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.

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

(Molven et al., 2008)

=

Swiss Institute of
Bioinformatics
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http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540

Biology / Statistics / Bioinformatics

Molven et al., 2008

“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.”

|dentification of a rare genetic variation - rs121908261 — in
the human INS gene which is the cause of type | diabetes in
a Norwegian family

Swiss Institute of
Bioinformatics
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http://www.ncbi.nlm.nih.gov/snp/?term=rs121908261
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540
http://www.ncbi.nlm.nih.gov/pubmed?term=18192540

rs121908261

c->t \J

Glotel Orgnstion oot eaming, dution & Trting

Insulin gene
(4992 pb ; chromosome 11)

In red, part of the DHA sequence translated into the protein sequence

]

rs121908261 [Homo sapiens]

ey LETCCCCTTCCTAC T I GEAGRAGRAG A CCAGGECATC
: :: AGGCTTCTTCTACACACCCAARGACC [C/T]GCCGGGAGGCAGBGGACCTGCBGGG : :_: TGCTEGGAT : : :‘:—:AT\_ TC“..GC :: : : :GECCGAC?._“;:
az Shromesome: ﬂssz_:giioéenewew) NS (Genevien) IGTTCCTCACACACCTTETTAGT GO CCAGCCCCTEAGGTT
wd Functional Consequence: missense,nc transcript variant SR T o AFCEO TR IO T T CCTOCTRACCT
== Clinical significance Pathogenic e LT A AR ACTE TG FIC T CAG I C AT
ZE Valdated: no info DR TR AR a N I GO TC R I ARERGRAGICRRR RS
cmew NM_ODHORZ3TE 2 163>, N DB11BS0S7 .. 60T, N Q0TIGS000-1 130T, NN BOTZ5H06T 1 103007, T o L CGGGCACAGEATACTCCAACCTECCTGECCCCAT
EE: Whmwm&wgmwﬁﬂﬁm%WMgmﬁmﬁNEmMHm&mAmﬁdaﬁjmwmﬂﬁ&wﬂﬁw,EE%GEEéECEGG?E;EEGEE:CCETEEEEE:TC§CC1TG?
=X NP_001278826.1p Arg56Cys, NR_003612 3:n 222C=T I AGCCCAGATEACACTATEEEEGT FATEETCTCATERGA

r
[

PubMed Varview Protein3D —OMIM AR GEAGE TR CAGTECACA I TICCCACRCCTGIC
TRl CITGECTECTTGT OO CAGGTCCCCAGET CATECCCTCCTT
T FO ARG ACGGAGEEEAC CCCTCCCTCACTOCCACTCTECE
BT s s L BT S S L ST S L L LT S L it L st oo L LS A R EEGETC R ACAC GG T U T EEECACAGEEETE
IR A GEEET T e A LA T I A LA T E I e A E I I e A A EE I C T e AL AGEEE I CeEe CACACEEEICT G GEACAL
R TR R R e e T T e e R AR e e T T e A L AR R e T O TR e AL AR e T TR FR I AR T L TR F e EAC RGEE T TR R FRCRGEEETET 55
L AGEEET T A RGEGETCT Fe A A GG GG T T e AT AGEGET G T e AL AGE GG T T G A CAGGEE T O GEEEACAGEEEIE TEEECRACAGE

E CTGGGGEEBGEEE:CCTGGGGECncE:GTLTGEGG AT T e A A e TCC TG EACAGEEE T CC T R RAC A TC TR RE EACRGEEETCT
=& CRGCACCGIARAGRGC O O T ECARC C T AT I CC TG T C TA AT T GERAR AT e N CAGE T A G TT TG TCTCCTGEACACATTTGCCCCCA
GIIGET CAGEERC AT T e A O e C TG T TARCAC TC TAR TR O O L T TCC TGAGCARGRAGE TG T GACGACCRAR GGRAGATCTTCCCACRGRCT
CRECRCC AR AT EETCCGEARA T TECAGCCT CAGCC O CAGCCATC TGO O EAD CCCCCCACC OO CTRAR TEGEC CARE C el AGGGE T I GRAC AGGTAGEEEA

E::ETAAEECCEGa:E:GGLLCEGCE:::::CEELCCTCCE::ELAEGCTGCE:CEFEEEAEGCCK::EEECEEGTCTG::::EAEGGCCTTTu
A =EETTCCE TEECTEEACCCCAGEI O CAGC TC TG AT AGEEAGEAC CTEE TEEE L TCETEAAGC AT TG ETCAGE CCRAGEEET
"’GCCTTCﬁGCh:CCCTLAECCCTCCC:CThTLCC%GE:CECTGThCTTCTEEEHTE-h..TE'C":CCC;T T":C;C;;THET_'"":
TG. FARCCARACACCTGETOEECTCACACC ff-GEz_CC CTCT 2
:L:llnh“TTTﬁlhlthhhh A TEAGCCAAC I CCAT TGO TGO OO TG CEC OO TAEDCACCC CCTGC:CC“GGLGLTCCC
::E:hETGGGC%GnﬂE:GGGh%GGEGh:_h:: C%GC;;::;GT EEGTGCnC::TTTTEEEAACEi’TTLThTTGG::ECE CCTBABBE:CECCAEhTCCCT’
T AT AGA R T T A C T A A e T T TG T T O e LA C e GA A T A A T C R A T R A G TCC T OO T CCACT CGOC OO TCARRCRAAT G
O A AT T T O O A C e T AT T T AT A AGA T ARG T T TT TG T TAR G TR RAGTCCTEEETRAC CTGGEETCATAGGET o CCCADEI TECCTEICTE
TEEEC AR A AT A G CCGEA BRI G T G T EO T G CC TRAG TG CAGRCCCC TET T O C A CT CAC EECAGC TCCATAG T ACGEAGA T GEEERARE
AT TEeeEAC AR TeEEGAGAR ETAC TR T CAC T T T CAGGC T A T e T RAC R T e T O e L e GG AR EA G TEEEAC AT FIGEECCTTEEEE
CCTETAGGTCCAC AT CAGTGTGEET GATIC LLCTCTE;CC:CEGTCCEGCCCCCCTEE&GETGGC:CCGEETECGECC:}CCGLTGGCGGHCEHHCEGGCECTG“
I TR T eI I T T T T OO T O T L T G T e T T e AR T e T T e G A G TOC T Gl AG T Z e ECRE G

TEETGCAGECAGE CT A CCTTEE C O T GRAGEGETC O I T AGRRA GO TG AT TETEARACA AT TETACCAG

ACTECRACTAGACECAGCCTECAGGC ARDICCRCACCCEOOEDICTC TGCECCCE’AEAEETGG@;-:;;GLCLTTGE;hh}CCCCTGCTGTth =TCTGTGTGETC

TEEEEECCCTGEEOTARR CCCCECTTCCCEGCAETGTTG:EEECCCCTCCCBGC:C:CTCCECGCTC:C:GGGTECCCKCPCC:G““AAEGCCECCCAEGLCCEGC:
T ACTeeCTC T O AR e A T T T T e T T T C e C A T e T oo T A E T T C ACTAT GoGA G T I G G T C T TR AGEEECCAGEER
TEETEEEECCACT CACARGT ACTCT E I AR TAGC CGAC T AT COC CAGAGAD CTTGT TCAGGARRGCEEAR T CAGRACATT CCAGCARTTITCCCCCCACCTAL
OO T O AGET T T AT I TTTAGRGTTAT T T CTEAT GEAGT OO T G T GRAGGGACEAEEC TG TGAREERAGEEE T TECAG G GGG I T EECARAGE THEEE
ACARCGECTECCGAGAE A C O TAT OO O ARG T L TG T A COCEEEAC AT AT ACRC O TG I IO GO CCCAR G TEECAGC CETC TECAGCCACAGCTTA
T AR CAGET O ARG AGACACC TEACEEAC CCAC T EEIEC CT TEEAGGA AT AGEAGAGE T CAGAT GEC AC CATGAEI T EGEEC AGGT ZlAGEGACC G TG A
R T E e A O T R R AT EO T T A O O e O A T R e O T A A T T e A O AR R R A G A CE AR C EC LA GG I C AT A G CAGAGAT

EITEECCCTCTY =T CCTRAGTGTG

i
Fho L

CAGECCAGGET CC T T e CCTTA G O A C O C e T AT ARG A GG T I T T TAGEC T TTT TG C TACAGAC U TEC T e TCACCCAGRGECCCACE
e CTAGTGRACA AT O T T TG T ARG TCC T TG EEE T T CT A ACAGA GO T CT T T AT AT COC TRAGGACAGEETEC T CC o TEEECACCCAGCCTA
T AGACGAG AR TR GGG TGO T e C TAC TG T e TeEEAGGTC AT G T A CC T AR TAC O C TG TG I TG CCAGTC TGO T EO CRACCCAGEIT

ihgEEICTGCECC::T””TG%GEGC:CC R G TR T AT G I TRt C T G TR AT CTE T R T CAGR C CACTEO CAGCTTGEECCT
CE}C CrAEEAGI TCACCCTCCARC T CECC T CCAGACT EE GO CAGE T O A T RACGEC C A AT O CCCGERARA CAGEAGEGRAGEC EET
CCC:GGG&TCGGCECCEGLgGTCCE AR R O AGC OO CC A TO G AC EEE TRGRGRACAGEOED


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

Bioinformatics — Biological Database: dbSNP @ NCBI

Variant . ber
http://www.ncbi.nlm.nih.gov/SNP/ griant accession numoer in

e'-_'; NCBI Resources (¥) How To (¥ Sign in to NCBI
dbSNP SNP ~ rs121908261 | search |
| Save search Advanced Help
Display Settings: ¥/ Summary Send to: v
Search details =
| ] rs121908261 [Homo sapiens] rs121508261 [Al]l Fields]
1.
| AGGCTTCTTCTACACACCCAAGACC [C/T] GCCEEEAGGCAGAGGACCTECAGEE
Chromosome: 11:2160809
| Gene: INS-IGF2 (GeneView) INS (GeneView)
Functional Consequence: missense,nc transcript variant
Clinical significance: Pathogenic Search
See more...
Validated: no info
| HGVS: NC_000011.10:g.2160809G=A, NC_000011.9:9.2182039G=A, NG_007114.1:9.5386C>T,
NM_000207 2:c.163C=T, NM_001042376.2:c.163C>T, NM_001185097_1:c.163C=>T, o —
| NM_001185098.1:c.163C>T, NM_001291897.1:c.163C>T, NP_000198.1:p. Arg55Cys, Recent activity
NP_001035835.1:p.Arg55Cys, NP_001172026.1:p.Arg55Cys, NP_001172027.1:p.Arg55Cys, Turn Off Clear
NP_001278826.1:p.Argh5Cys, NR_003512.3:n.222C>T
| _ - pArgEobYS, R " Q rs121908261 (1)
PubMed Varview Protein3dD OMIM SNP

E Mutations in the insulin gene can
| cause MODY and autoantit PubMed

See more. ..

Link to the publication of Molven et al (2008)
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Look for all the SNPs
located within human
INS gene

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

= NCBI Resources ® How To &

dbSNP

Show additional filtters Send to: [v]
Clear all -
) Results: 1 to 20 of 314 Page 1 0f16 MNexi= Lasl=>
Orgamsm. clear 0 Filters activated:- Homo s. Clear all to show 3415 items.
+ Homo sapiens
Bos taurus
More . [T rs5505 [Homo sapiens]
1.
Variation Class CCCTGCCTGTCTCCCAGATCACTGT [C/ T ] CTTCTGCCATGGCCCTGTGGATECG
in del Chromosome: 11:2160980
snp Gene: INS-IGF2 (GeneView) INS (GeneView)
Clinical Functional Consequence: nc transcript variant,utr variant 5 prime
Significance Allele Origin: C(germline)/T(germline)
Clinicalll SDB Submissions Clinical significance: Benign
benign Validated: no info
likely benign Global MAF: A=0.0058/28
other HGVS: NC_000011.10:9.2160980G=>A, NC_000011.9:9.2182210G=A, NG_007114.1:9.5215C>T,
pathogeric NM_000207 2:c.-9C>T, NM_001042376.2:c.-9C>T, NM_001185097.1:c.-9C>T,
uncertain significance NM_001185098.1:c.-9C=T, NM_001291897 1:c -9C=T, NR_003512.3.:n.51C=T
untested Varview
Annotation [ rs5507 {Homo sapiens]
Cited in PubMed 2.
OMIM CCGCTGTTCCGGARCCTGCTCTGOG [C/ T GECACGTCCTGECACTGGGECAGGT
Publfed Chromosome: 112160013
gt‘g:;“de Gene: INS-IGF2 (GeneView) INS (GeneView)
cicture Functional Consequence: intron varant
Allele Origin: C(germline)/T(germline)
Function Class Clinical significance: Benign
3 utr Validated: no info
5 utr Global MAF: A=0.0082/40
coding synonymous HGVS: NC_000011 10°g 2160013G=A, NC_000011 9-g 2181243G=A, NG_007114 1.9 6182C>T,

NM_000207.2:c.188-16C>T, NM_001042376.2:c 187+772C>T,

infron
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Activity 3

Activity 3: DNA translation -> protein
Check the effect of the mutation 'R55C"._.

Like all proteins,insulin is composed of a sequence of amino acids. The order of the amino acids is determined by the nucleic acid sequence of the insulin gene.
3 letters of DNA {codon) correspond to one amino acid (symbolized by letters: K for lysine, M for methionine, etc.).

This is a piece of the DMA sequence of the normal insulin gene.

aag acc cgc cgg gag

This is a piece of the DNA sequence of the insulin gene with the ¢ -= t variation, associated with type | diabetes.
aag acc tgc cgg gag

Question:

® Does the c->t mutation change the amino acid sequence of insulin?
® Does the aag -» aaa mutation change the amino acid sequence of insulin?

http://education.expasy.org/bioinformatique/Diabetes.html
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couples de
nucléatides
possibles :

R
86

codon-stop Transcription codon-stop:

' : “couples de
nucléotides

‘A U GCGUGC U possibles .

ELILIIILILL L Rl

= =
Traduction

20 acides

1 aminés
Protéine | possibles

http://fr.wikipedia.org/wiki/Synth%C3%A8se_des_prot%C3%A9ines#mediaviewer/File:Proteines.png
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Activity 3: DNA translation -> protein
Check the effect of the mutation 'R55C"...

Like all proteins,insulin is composed of a sequence of amino acids. The order of the amino acids is determined by the nucleic acid sequence of the insulin gene.
3 letters of DNA (codon) correspond to one amino acid (symbolized by letters: K for lysine, M for methionine, etc.).

This is a piece of the DNA sequence of the normal insulin gene.

aag acc cgc cgg gag

This is a piece of the DNA sequence of the insulin gene with the c -> t variation, associated with type | diabetes.
aag acc tgc cgg gag

Question:

® Does the c->t mutation change the amino acid sequence of insulin?
® Does the aag -» aaa mutation change the amino acid sequence of insulin?

You could manually translate the nucleic acid sequences into amino acid sequences ('1 'letter code) using the genetic code below: :

Swiss Institute of
Bioinformatics

lba Orgaiseio for it eamingEdcaton & rving



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

& www.bioinformatics.org/sms2/translate.htm c 'paperandpencil Pl ¥ H ﬁ Q 8 -~ # - =

ﬁ traduction Linguee “ SPmanual & Google Drive WY, Dico : spinterne __* UniProt “ SIBintranet “ Curation Manual “ confluence Q UNIL2013

SMS

Sequence Manipulation Suite:

Format Conversion

Translate
-Combine FASTA

_EMBL to FASTA Translate accepts a DNA sequence and converts it into a protein in the reading frame you specify.
-EMBL Feature Extractor 7 :

ML T SXract Translate supports the entire IUPAC alphabet and several genetic codes.

-Filter DMNA

-Filter Protein . T
e Paste a raw sequence or one or more FASTA sequences into the text area below. Input limit is 200000
-GenBank Feature Extractor charactel’s_

-GenBank Trans Extractor

-One to Three >normal

-Range Extractor DNA aag acc cgc cgg gag

-Range Extractor Protein

Revrse Comploment >mucated Fasta format
-Split ons

“Spiit FASTA aag ace tgc S99 9ag

-Three to One

“Window Extractor DNA
“Window Extractor Protein

Please check the browser compatibility page before using this program.

Codon Plot | Submit || Clear || Reset |

-Codon Usage

-CpG Islands . - -

-DNA Molecular Weight e Translate in readingframe1 ~ onthe direct ~ strand.

-DNA Pattern Find :

-DNA Stats L Use the standard (1) - gene‘“c code

Fuzru Qaarcrh NKA

Translate results

>rf 1 normal
KTRERE

>rf 1 mutated [+
KTCRE é

Swiss Institute of
Bioinformatics
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Amino acid sequence of the ‘normal’ insulin

MALWMRLLPLLALLALWGPDPAAA RREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVE QCCTSICSLYQLENYCN

Chain A

GIVEQCCTSICSLYQLENYCN

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

7 x z’@

MALWMRLLPLLALLALWGPDPAAA CREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVE QCCTSICSLYQLENYCN

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

=)

Swiss Institute of
Bioinformatics
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http://www.ncbi.nlm.nih.gov/pubmed/18192540

Diabetes. 2008 Apr:a7(4):1131-5. doi: 10.2337/db07-1467. Epub 2008 Jan 11.

Mutations in the insulin gene can cause MODY and autoantibody-negative type 1 diabetes.

Molven A1, Ringdal M, Nordba AM, Raeder H, Stay J, Lipkind GM, Steiner DF, Philipson LH, Bergmann |, Aarskog D, Undlien DE, Joner G, Sevik O; Norwegian
Childhood Diabetes Study Group, Bell Gl, Njglstad PR.

# Collaborators (27)

# Author information

Abstract
OBJECTIVE: Mutations in the insulin (INS) gene can cause neonatal diabetes. We hypothesized that mutations in INS could also cause
maturity-onset diabetes of the young (MODY') and autoantibody-negative type 1 diabetes.

RESEARCH DESIGN AND METHODS: We screened INS in 62 probands with MODY, 30 probands with suspected MODY, and 223 subjects from the
Norwegian Childhood Diabetes Registry selected on the basis of autoantibody negativity or family history of diabetes.

RESULTS: Among the MODY patients, we identified the INS mutation ¢ 137G=A (R46Q) in a proband, his diabetic father, and a paternal aunt. They
were diagnosed with diabetes at 20, 18, and 17 years of age, respectively, and are treated with small doses of insulin or diet only. In type 1 diabetic
patients, we found the INS mutation ¢ 163C=T (R53C) in a girl who at 10 years of age presented with ketoacidosis and insulin-dependent, GAD, and
insulinoma-associated antigen-2 (IA-2) antibody-negative diabetes. Her mother had a de novo R55C mutation and was diagnosed with ketoacidosis
and insulin-dependent diabetes at 13 years of age. Both had residual beta-cell function. The R46Q substitution changes an invariant arginine residue
in position B22, which forms a hydrogen bond with the glutamate at A17, stabilizing the insulin molecule. The R55C substitution involves the first of
the two arginine residues localized at the site of proteolytic processing between the B-chain and the C-peptide.

CONCLUSIONS: Our findings extend the phenotype of INS mutation carriers and suggest that INS screening is warranted not only in neonatal
diabetes, but also in MODY and in selected cases of type 1 diabetes.

Commentin | N _ sOR“‘ )
Insulin mutations in diabetes: the clinical spectrum. [Diabetes. 2008] e =

-\

PMID: 18192540 [PubMed - indexed for MEDLINE]  Free full text

1)

This publication is not available as
free ‘full text” in PubMed Central
(PMC).

For full text:
http://education.expasy.org/cours/Toronto/
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[ @ q
Activity 4: 3D structure of insulin A C t I V I t y

Since 1958, researchers have been able to crystallize proteins and then 'take a picture' of them by using X-rays. The results of these experiments are then analyzed using bioinformatic
programs which make it possible to view the 3D structure of proteins such as insulin.

View the 3D structure of insulin

* Go to the PDB entry 2LWz

* Select the 3D viewer 'Protein Workshop'.
A Jmol application will be launched and you will be asked to accept it. Jmol is a viewer for chemical structures in 3D.
The Jmol application requires Java to be installed in your computer. Both programs are free.

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

* In Tools: 'Surfaces' play with the Transparency slider

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

* In Option: Reset - to go back to the original image

For fun, here are the raw experimental data, the spatial coordinates(X, Y, Z) of every atom in each amino of insulin (search ATOM in the page)

MNote: There is no 3D structure data for insulin with the RE5C mutation.

http://education.expasy.org/bioinformatique/Diabetes.html
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http://www.pdb.org/pdb/explore/explore.do?structureld=2LWZ

Home Deposition ~ Education ~ MNews ~ Tools » Help & Contact Us ~  More ~ Login to MyPDB Account

& MemeeR o THe S IPDEB | QEMDataBank
An Information Portal to Biological Macromolecular Structures
As of Tuesday Oct 28, 2014 at 5 PM PDT there are 104537 Structures PDB Statistics | b a8 7]

a=
PROTEIN DATA BANK

Auther  Macromalecule  Sequence  Ligand @

Advanced @ e.g., DB ID, molecule name, auther

Browse

Search History , Previous Results

Display Files *
Download Files »

[ NMR Structures of Single-chain Insulin l 2sz

DOI:10.2210/pdb2hwz/pdb

Primary Citation Structure Image

Dynamic repair of an amyloidogenic protein: Insulin fibrillation is blocked by tethering a nascent alpha-helix

¥ang, Y., Wan, Z., Hua, Q. Phillips, N.B..", Huang, K., Yeh, L, Liw, Y., Hu, 5., Hattier, T..”, Whittaker, 1..", Weiss, M.A.
Journal: To be Published
PubMed 1D is not available
1 Molecular Description Hide
Structure Weight: 382,22 O
Molecule:  SINGLE-CHAIN INSULIN
1

Type: protein Length: 57
A
Hon _

mao sapiens & 30 View Mora T

Gene Name: (=] Gene View for INS

UniProtkB: [E] Protein Feature View | Search PDB - | PO1308 (' Downloadable viewers:
g Simple Viewsr Protein Workshop
Kiosk Viewer

SCOP domsins Cnsulin-like
[Secatruc t MyPDB Personal Annotations Hide
ZLWEZ.A = =] — ————
H Ta save personal annotations, please
] login to your MyPDB account,

% Deposition Summary
Authors: Weiss, M.A. -, Yang, Y.

MolProbity Ramachandran Plot
* Download Ramachandran Plot PDF (from MolProbity (%)

Deposition: 2012-08-0%
Releasa: 2013-08-28

. requires Java to be installed in your computer.
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http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ
http://www.pdb.org/pdb/explore/explore.do?structureId=2LWZ

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

|£:| RCSB PDB Protein Workshop 4.2.0 (powered by the MBT): 2LWZ =B8] X

|| File View

: Tools Shortcutsz Options | Help and Credits
1) Select your tool.
Visbility || Styles |

| Colors |

‘ Labels \‘ Re-centering ‘

2) Choose what you want the tool to affect.
Q) Atoms & Bonds Ribbons Surfaces

3) Change the tool's options, if necessary.
No options available for this tool.

4) Choose items from the tree or 3D viewer.
= 2LWZ
+-@® Chain A:single-chain insulin

Surfaces
1

Visualization tool: Protein Workshop %

Swiss Institute of
Bioinformatics
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| £: | RCSB PDB Protein Workshop 4.2.0 (powered by the MBT): 2LWZ

\:\@-&

File View Help

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

ol rgaison o Binfrmas eaming dcton & Trnig

F :
Tools | Shortcuts | Options | Help and Credits

1) Select your tool.

[ visbiity ][  styes |
| colors |
‘ Labels \ ‘ Re-centering ‘

2) Choose what you want the tool to affect.

Atoms & Bonds Ribbons (@) Surfaces

3) Change the tool's options, if necessary.
No options available for this tool.

4) Choose items from the tree or 3D viewer.

+ 2Lwz
Surfaces
U
off Transparent Opaque
Color by ' Chain v

=

Swiss Institute of
Bioinformatics



PO1308 R —————
MALWMRLLPLLALLALWGPDPAAAFVNQHL CGSHLVEALYLVCGERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSI CSLYQLENYCN

Molec. Processing | signal peptide CInsulinBchain__________ ) C peptide __Insulin A chain

]
Tools| Shortcuts | Options | Help and Credits
Recolor the backbone by...
Chain Color Ramp ala [ | gln leu
arg glu lys
gl

Conformation Type
w met

Hydrophobicity phe nk
pro [ val [

@) By Compound
LSOP ser [l
Enact |

Recolor the atoms/bonds by...
Q) Element

B Factor
Corresponding Backbone Color

[ Enact \

Background
| Change the Background Color \

Protein workshop:
In Shortcuts: Recolor the backbone 'By compound' - and then look at

the positions of the different amino acids (mouse over)

ol rgaison o Binfrmas eaming dcton & Trnig



| £ RCSB PDB Protein Workshop 4.2.0 (powered by the MBT): 2LWZ = B8 X
[Ei1a v Ay H
| Tools Shortcuts; Options | Help and Credits
1) Select your tool.
Visibility. || styles |
| colors |
‘ Labels \ | Re-centering ‘
2) Choose what you want the tool to affect.
Q) Atoms & Bonds Ribbons Surfaces
3) Change the tool's options, if necessary.
No options available for this tool.
4) Choose items from the tree or 3D viewer.
2LWZ
+-@® Chain A:single-chain insulin
Surfaces
U
off Transparent Opaque
Color by | Chain v

Protein workshop: In Tools: 'Visibility', 'atoms and bonds', click
on 'Chain A: Insulin" and see the atoms (balls and sticks) that
are displayed
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Activity 5
Activity 5: Is insulin specific to humans? c I v I y

BLAST

This is the full sequence of human insulin amino acid (in UniProtkB):

MATWMRLLPLLALLATWGPDPAAAFVNQHLCGSHLVEALY LVCGERGFFYTPRTRREAEDLOVGOVELGGGPGAGSLOPLALEGSLORRGIVEQCCTSICSLYQLENYCN
Question:

® |5 this protein specific to humans?

Biocinformatics approach:
Do a 'BLAST' against a database of proteins called UniProtkB

Technical information: BLAST is a bioinformatics tool that compares the sequence of a protein with millions of other sequences contained in a database. If they exist, It finds those that
resemble a given sequence the mast within a few seconds. We can thus find out quickly whether a protein exists in a given species, or not.

* Copy the sequence and paste it into the tool 'BLAST'
* Select 'Target Database = UniProtKB/Swiss-Prot'
* Click on 'Run BLAST

* Check the conservation of amino acids ("View alignment') and the conservation of the disulfide bonds ("Highlight' 'disulfide bond', when available)
* Search on Google for images corresponding to the different Latin names of the species (example 'Octodon degqus')

According to wikipedia, insulin is a very old protein that may have originated one billion years ago.
Apart from animals, insulin-like proteins are also known to exist in Fungi and Protista kingdoms.

* Select 'Target Database = ...Nematoda' or 'Target Database = .. Arthropoda’

http://education.expasy.org/bioinformatique/Diabetes.html
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Bioinformatics — BLAST Similarity search tool
www.uniprot.org/blast/

e B

UniF . ': Advancedv | Q |
.. . " - ”
BLAST Align Upload Lists Help Contact »
How to use this tool 1. Enter either a protein or nucleotide sequence or a UniProt x
identifier (e.g.P00750 or A4_HUMAN or UPI0000000001) into
The Basic Local Alignment Search Tool (BLAST) finds regions the form field.
of local similarity between sequences, which can be used to 2. Optionally, change the program parameters with the
infer functional and evolutionary relationships between dropdown menus under the form.
sequences as well as help identify members of gene families. 3. Click the Run BLAST button.
(2] Help B Tutorials and Videos % Downloads

BLAST

MALWMRLLPLLALLALWGPDPAAAFVNOHLCGSHLVEALYLVCGERGFEYTPEKTRREAEDLOVGOVELGGGPGAGSLOPLALEGSLOKRGIVEQUCTSICSLYQLENYCN

Target database’ E-Threshold® Matrix* Filtering? Gapped®  Hits!

...Arthropoda - 10 - Auto - None - yes - 250 -
[[JRun Blast in a separate window.

l\ RunBLAST = Clear

Swiss Institute of
Bioinformatics
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UniProt 3
o0

BLAST Align Upload Lists

BLAST

Filter by’

[
- 5 Reviewed (33)
Swiss-Prot

Unreviewed (127)
TrEMBL

With 3D structure (3)
Proteomes (112)

Organisms
Fruit fly (11)

MANSE (1)
STRMM (1)
CAMFO (3)
AMBVA (1)
Other organisms
[ ]

Advanced - | q ‘

e

w. ©

Help Contact

Wy Basket 7 -
100 80 60 40 20 0
Identity %

| € Edit and resubmit|

Order by: Score  ~ Limit to sequences from organism: All

Overview
Show all 160
Match hit . é
Entry Protein names Identity
500 1k 1.5k
Q411X8 . — 35.0%
Bombyxin (Manduca sexta)
T1JF91 — 33.0%
Uncharacterized protein (Strigamia maritima) ?
E2AZ792 . i — . 38.0%
Insulin (Camponotus floridanus)
FOI9V1 ) ] — 35.0%
Insulin (Amblyomma variegatum) i
Alignments
o 1to 25 of 160 Sh 25 -
|£ Columns | % BLAST = Align |.!.D0wnload | @ Add to basket 41250 > ow

‘reviewed’ entries (UniProtKB/Swiss-Prot section) are manually reviewed
‘unreviewed’ entries (UniProtKB/TrEMBL section) are automatically annotated
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UniProt 3

uniprot:(job:B201411012E154U7QF6) ® Advancedw | Q |

Y - - ST
BLAST Align Upload Lists Help Contact
BLAST e eee— e
100 80 60 40 20 0
Identity %
Filter l’:)y1 | € Edit and resubmit | Order by: Score  ~ Limit to sequences from organism: All -

Reviewed (33) x Ove rVieW

Swiss-Prot
With 3D structure (3)
AN LSUIIILSPIMEE Y o LU IR F A rrrv ey
Proteomes (27) P33721 M — 43.0%
i !I Bombyxin B-1 homolog (Samia cynthia) e
Orgamsms P33722 8 — 45.0%
Fruit fly (3) !‘ Bombyxin B-2 homolog (Samia cynthia) EI
8 — .09
BOMMO (24) QoVTS2 !‘ Probable insulin-like peptide 3 (Drosophila melanogaster) 26.0%
AGRCO (2) P26733 L —— 30.0%
!I Bombyxin B-1 (Bombyx mori) ’
SAMCY (3) P26741 L 30.0%
— 0%
LOCMI (1) !I Bombyxin B-7 (Bombyx mori)
P26729 8 ] 30.0%
Map To !I Bombyxin A-6 (Bombyx mori) v~
UniProtkB Allgnments
UniRef o " Sh 25 -
nne |£COIumns| % BLAST = Align |.i.Download | B Add to basket > ow
UniParc
I — Y S S

Swiss Institute of
Bioinformatics
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How similar are the human and drosophila sequences ?

>sp | Q9VT52|INSL3_DROME Probable insulin-like peptide 3 OS=Drosophila melanogaster
GN=llp3 PE=2 SV=2
MGIEMRCQDRRILLPSLLLLILMIGGVQATMKLCGRKLPETLSKLCVYGFNAMTKRTLDP
VNFNQIDGFEDRSLLERLLSDSSVQMLKTRRLRDGVFDECCLKSCTMDEVLRYCAAKPRT

>sp|P01308|INS_HUMAN Insulin OS=Homo sapiens GN=INS PE=1 SV=1

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
LQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN

Swiss Institute of
Bioinformatics
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Bioinformatics — alignment tool
www.uniprot.org/align/

Advanced | Q, |

UniProt 3
L 1)

: — ,'! \
BLAST Align Upload Lists Help Contact

Align

D|sp|ay All None |.i. Download | € Edit and resubmit
ALIGNMENT A|ignment
L[] Tree & How to print an alignment in color
RESULT INFO
Q9VT52 INSL3 DROME 1  MGIEMRCCDRRILLPSLLLLILMIG----GVOATMKLEGRKLPETLSKLEVYG-F--NAM 53
P01308 INS_HUMAN 1  MALWM-————— RLLPLLALL-ALWGPDEAAAFVNQHLCGSHLVEALYLVCGERGFFYTPR 53
‘k_: * KER K KW . * .. .. :*W* :ﬂ’ *:ﬂ’ :W ¥

Highlight

Q9VTS5Z INSL3_DRCME 54 TERTLDPVNFNQOI--DGFEDRSLLERLLSDSSVQOMLETRRLRDGVFDECCLESCTMDEVL 111

Annotation PO1308 INS HUMAN 54 TRREAEDLOVGQVELGGGPGAGSLOP—————— LALEGSLOKRGIVEQCCTSICSLYQLE 106
* o . - * . £ * o * . . W W W * oo ..

[C] signal peptide ’ o T . oo oot

Propeptide 09VT52 INSL3_DRCME 112 RYCAAKPRT 120

PO1308 INS HUMAN 107 NYCN-———- 110
Beta strand —

Natural variant
Helix

I Disulfide bond
Chain

Peptide

Turn

You may add additional sequences to this alignment (in FASTA format)

Amino acid properties

Swiss Institute of
Bioinformatics
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Alignment

Positively charged amino acids (R @ position 55 in human)

seem to be highly conserved during evolution

& How to print an alignment in color

EO1322
E01308
BEO1325
P12706
P0O1317
E01315
PO132%
P0O1321
B&7370
oT73727
Ed4eed
E30410
P01318

PO1322
BE01308
P0O1325
P1Z2706
BO1317
BE0O1315
PO132Z5
P01321
E&T7370
073727
BO4&&7
P30410
E01318

INS1 RAT
INS HUMAN
INS1 MOUSE

INS1 XENLA

INS BOVIN
INS PIG

INS CAVPO
INS CANFA
INS CHICK
INS DANRE
INS ONCKE
INS PANTR
INS SHEEP

INS1 RAT
INS HUMAN
INS1 MOUSE

INS1 XENLA

INS_BOVIN
INS PIG

INS_CAVPO
INS_CANFA
INS_CHICK
INS_DANRE
INS_ONCKE
INS_PANTR
INS_SHEEP

lba Orgaiseio for it eamingEdcaton & rving
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el
el
6l
&0
el
el
6l
6l
6l
&0
59
6l
6l

MATWMRFLPLLATLLVLWEPKEPAQA
HHLWMILLPLLELLHLWGPDP'
MATLVHFLPLLATLATWEPEPTOR
MATWMOCLPLVLVLFEFSTPNTE -2
MATWTRLEPLLATLLAT.WPPPPE
MATWTRLLPLLATLATWAPAPAQH
MATWMHLLTVLATLLATWGPNTGOA
MATWMRLLPLLATLLALWAPAPTREA
MATWIRSLPLLATLLVEFSGPGTSYA
MAVWLOAGATLVLLVVSSVST—
MAFWLOAAST LVLLATLSP-GV—-DA
MATWMRLLPLLVLLATWGPDPASA
MATWTRELVPLLATLLATWAPAPE

* R - - o= .

Chain B
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POVPQLELGGGPEAGDLOTLATEVARQ 110
LOVGOVERGGGPGAGSLOPLATEGSTO 110
POVEQLELGGSP-—GDLOTLATEVARQ 108
ATVSGPODN———ELDGMOQLOPOEYQ 106
POVGALELAGGP——G———AGGLEGPFQ 105
POAGAVELGGGL——GGLOATATEGPEQ 108
POVEQTELGMGLGAGGLOPLATEMAT.Q 110

LOVEH
pr,vg Amino acid sequence of the ‘normal’ insulin
GFLE ’%P .QP jF
GFLS “\ “A
LOVE MALWMRL LPLLALLALWGPDPARA RREAED LOVGQVE LGGGPGAG SLOPLA LEGSLOKRG TVE QCC TS TCS LYQLENY O
POVG r
|
GIVEQCCTSICSLYQLENYCN
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60
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Many thanks to all of you

and
to Michelle Brazas

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