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Bioinformatics

Dr. Fleur Gawehns

(Kees van Ettekoven)

Overview

* What is Bioinformatics?
— and what not...

* Why do we need Bioinformatics?
— Modern biology
— ~0omics revolution

» Examples of typical challenges in Bioinformatics
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Bioinformatics is not...

Dn Microsoft*
~a.Office

... analysing excel sheets or compare Word documents.

... fixinga computer.

Definition

Bioinformatics ¢/ ba:.ou mfar mantiks/ is an interdisciplinary field that develops methods and
software t00ls for understanding biological data.

J -~
.
0

‘n

(Molecular) bio - informatics: bioinformatics is conceptualising biology in
WIKIPEDIA terms of molecules (in the sense of physical chemistry) and applying
Bt “informatics techniques” (derived from disciplines such as applied maths,
computer science and statistics) o understand and organise the information
associated with these molecules, on a large scale. In short, bicinformatics
is a management information system for molecular biology and has many
practical applications.

Luscomde, et al. 2001
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Bioinformatics: Biological data science

Bioinformatics: Biological data science
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Increasing resolution in biology...
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~omics Research
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Next generation guencing (NGS)

DNA sequencing

1971: Sanger sequencing v
- one DNAstrand at the sametime, max. LT
1500 bp
- Slow butveryaccurate (error 1:1000) P o et i S
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Next generation DNA sequencing

NGS generates millions
of smallDNA sequence
pieces(50-500 bp)in
paraliel

humangenomecanbe

sequencedinafew days
for £ 1000S

worldwide sequencing
capacity: 25
petabases/year (2015)
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From Big data to making sense of it
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How to assemble the puzzle?

Puzzle piece = 1 sequence
read

Assembled puzzie = genome
Picture on the puzzie box=
reference genome

1 sequencing run generates
~20 mio reads!

Reads from one or several
puzzels in the same box (e.g.
mix of plant and bacterial DNA
in infected plants)

Reference-based mapping

Reads are sligned against a reference genome
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Reference-based mapping

algorithms

Important parameters used in common mapping

P

Length fraction: How much
of the totalread length
should matchthe
reference?

Similarityfraction: How
many mismatches are
allowed between the read
and the reference?
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Sounds easy but...

it is sometimes challenging...
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Genome assembly accomplished but...

GGGREGAGAGCCCCGY” \GGACACCCAGCCCa
GREGCGGGTTCCTTC. _AGER CSCOIGGAACGGGALS
GGPGCGGGTTCCTTCCGA” CCORGGAMCGGG
ATGGTTCOTTCCGAC ,SCOTGGAACGGGALC
COTTACTACATGGATAL . CGIGGTARTTCTAGH

COTGGAACGGGACGCC? AGAGGGRGAGAGCCCCH

GTGCGGGTTCCTTCCGAGTTCCd‘!GGAACGS:JE

GTPCCOT GGAACGGGACGCCATAGAGGGRGAGH
B P b “

PV YV VT T . Yol

Sequencing error vs. sequence variant

a0 - =« - Errorrate for NGS still
relatively high
_—
22 GOAGTTTTTGGOTGAGAACATATCCAACTTITCTTTICCTTAGCTOOCAATACT Y, - "“mina error rateO 1_1%
’

Comernn GOAGT TTTTGOGTGAGAACATATCCAACTITCTTTCCTTAGCTGOCAATACT Y, h

Covensge - Bothrandomandcontext
TR VNAVAALA LA | A YOMS L I8 AW, b rYYrTI T
BRRST SIS AT T sz, SPediicemors
goAorrITIc CATATCCAAQN TTGTTTCCTTAGCTGGCAATACTT,

AGEY YT YOGGTGAGAACATATCCARRN TTCTTTCCT TAGE TGOCAATACTTY, :

GGAGT T TTHGGGTGAGAACATATCCARIBTCT T TCCHTAGC TGGCAATACTY, = COVefagelsnOtemw
GGAGTETTTGGGTGAGAACATATCCAAN TTCTTTCCT TAGC TGGCAATACTT,

GOAGY T TTTGGGTOAG TTCCTTEGC TGGCAATACHT, istributed ove enome
O OACRY 117000 OAGAACATATCC AR T TCT 1Y CCT T A TOOEAR ol distri overtheg
oo TTRGOONGAGAACATATCC TYCTTYCCTTAGCTOOCAATACY i
GOAGTTTITIGOGTOAGOACATATCCA, TYCYYYICC (somenrmuecm“
GOAGY T TTTGGGTGAGAACATATCCAREN TTCTYTCCTTAGET crn
) GOGNOAGAACATATCCARNY T TQTRYCCY lessthanothers)

GRARTOTTTGGGTGAGAACATATCC TYCTTTCCTTAGCTGOCAATOCTY
TGAGGT TOTGOGTGAGAACATATCE TTCTTTCCTTAGC TGGCAATACTT, R

maamava Y | TERTIRP SNt bt = polyp'mg
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From variants to information
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- Several waysto translatevariants tovalues

- Different algorithms to generate similarity
scores and matrices (e.g. identity by state)

- Different possibilitiesto cluster and/or
visualizethe data

Examples of Statistics in Bioinformatics

- How manyvarietiesdoyou need tocover the )
genomic space of a plant species? ) = of
- How many individualsdoyou needto definea =
variety? A
- Which distance is allowed between individualsto . v
definethem the same/ a new variety?
- Mapping: Whereisthe best match for a certain
read? How to dealwith insertions/deletions (gap

open)
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Examples of Statistics in Bioinformatics

- Variant Calling: Probability calculations/Maximum
Likelhood (how big isthechancethat a variantis '
causedby a nucleotide differenceandnot by a
sequencing error?), Slide 22 '

- How much information content doesa specific ] v
variant have? .

- How to calculaedistances/similaritiesbetween .
varietieson thebasis of SNPs?, Slide 23 .

Information example

- - Naktuinbouw testedthevariety identity of the

N winning tomatoes in a Giant Veg growing
al o competition on behalf of a Flower Show
- - NGS and a Bioinformatics pipefinewere
i . performed from samples S01-S05
iu «ote, . - Distancerelativeto the samplesina tomato

databasewasvisualized in an MDS
- S01to SO05 belongedto the samevariety

“ s - But:lnonesample(S03) DNA presentfroma
e growth-promoting bacterium




TWC/34/24
Annex, page 14

Summary

» Due to the ~omics revolution,
modern_biology is turning into a
data science

+ Bioinformatics delivers algorithms
and models to get the most out of
this data

+ Bioinformatics is a relative young
science that develops fast; so
does NGS

* Quality of the Bioinformatics
analysis determines the reliability
of the obtained information

Where to place a bioinformatician?

[End of Annex and of document]



