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Clinical genomics
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Lost in translation (biology and informatics)

Inheritance
Protocol
NGS
Infrastructure
String
Sequence
< Sonic hedgehog

Virus




Definitions of bioinformatics

Adapted definition according to Wikipedia

The application of information technology and statistics
to the field of molecular biology.

The creation and advancement of databases, algorithms,
computational and statistical techniques, and theory to
solve formal and practical problems arising from the
management, analysis and interpretation of biological

data.



What is bioinformatics?

Extraction of biological knowledge from complex data




What is bioinformatics?

CSI DNA DATABASE

Select a comparison from your evidence or CSl database records.
vidence will appear in the right window.

Blood from Bed Blood Dr_ops from SEARCH
Apartment —T

COMPARISON A

) COMPARISON B

CONFIRM MATCH
RESET

B eack

... one of the results *might* be a tool you can
use




Bioinformatics

*convert data to knowledge
*generate new hypotheses

& N

Experimental

Data Knowledge

From public /
databases

&j

*Design new experiments

And information management.........



How does molecule A interact with protein B?

A schematic visual model of oxygen-binding process, showing all four
monomersand hemes, and protein chains only as diagramatic coils, to
facilitate visualization into the molecule. (
http://en.wikipedia.org/wiki/Hemoglobin)



http://en.wikipedia.org/wiki/Monomer
http://en.wikipedia.org/wiki/Heme
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Hemoglobin

Study migration

Human mtDNA Migrations

http:/www.mitomap.org/pub/MITOMAP/Mitoma p'FI'guraWorld Migrations.pdf
Copyright 2002 © Mitomap.org

130,000-
170,000

+-, +/+, or /- =Dde 1 10394 / Alu 1 10397 Mutationrate = 2.2 - 2.9 %/ MYR
*=Rsal 16329 Time estimates are YBP



Study evolution




Which gene(s) causes disease X?




Genome analysis
Bioimage informatics

Sequence analysis
Databases and ontologies

Phylogenetics
Data and text mining ylog

Subjects in
bioinformatics

Systems biology Structural bioinformatics

Genetics and population analysis Gene expression

http://www.oxfordjournals.org/our journals/bioinformatics/for authors/scope guidelines.htmil



http://www.oxfordjournals.org/our_journals/bioinformatics/for_authors/scope_guidelines.html

Bioinformatics
Groups and institutes



Bioinformatics Laboratory (AMC)
Medical Bioinformatics

Part of the KEBB

You are welcome if you need bioinformatics expertise

www.bioinformaticslaboratory.nl

Bioinformatics Laboratory

The Bicinformatics Laboratory was initiated in 1997 to advance biomedical research in the
Academic Medical Center (AMC, Amsterdam) and is headed by Antoine van Kampen. The
laboratory is part of the department of Clinical Epidemiology, Biostatistics and Bioinformatics
(KEBB). The group members represent a broad range of (bio)informatics, biostatistics, and

e-bioscience expertise and engage in research, education, and data analysis. Van Kampen is

appointed part time at the Biosystems Data Analysis group of the Science Faculty to facilitate
collaborations between the AMC, the BDA group, and other groups at the Science Faculty.



http://www.bioinformaticslaboratory.nl/

Focus

Systems genomics (top-down)

(Statistical) analysis of (multi-)omics data

Systems biology (bottom-up)

Mathematical modelling

Information management 0ol
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Dutch Techcentre for Life Sciences (DTL)

* Support and Education
* http://www.dtls.nl/

DTL &>

DUTCH TECHCENTRE FOR LIFE SCIENCES

COMMUNITY

DTL is all about the nt commun

ata) er

your line of v

MEETINGS COURSES

RECENT & UPCOMING

News Events

ECCB

Courses Jobs Tweets

ECCE 2016: Extended submission deadlines

All deadlines for abstract submission

to the European Conference on Computational
Biology (ECCB) have been extended. The new
deadlines are 5 April 2016 (Proceedings &
Highlights) and... Continue reading —=

WE ARE HIRING!

DTL seeks two Software Engineers
Linked Data to provide leadership
and innovative software

develonment servires. Candidates

Q

‘ FACILITIES COURSES FAIR DATA ELIXIR PARTNERS COMMUNITY ABOUT

PARTNER VIEWS: SURF
r

AnwarOsseyran, PAC member for
SURF: “SURF is a great supporter of
life sciences, and believes in good


http://www.dtls.nl/

ther bioinformatics organisa

* European Bioinformatics Institute (EBI
http://www.ebi.ac.uk/

* National Center for Biotechnology

Information
http://www.ncbi.nlm.nih.gov/

NCBI

* EMBnet

http://www.embnet.org/

* International Society for
Computational Biology (ISCB

http://www.iscb.org/

The Leading Professional Society
for the New Era of Computational Biology

Join Us | Gontact Us| Siterap

‘ About ISCB | Membership | Cy

‘ ‘ P i | Careers &

‘ Affiliates ‘ Student Council | Support ISCB

Home

ISCB Latin America

As a continuation of ISCB's support of

the growth of regional and specialist

meetings, the fitst ISCHE Latin America

Conference in Montevideo, Uraguay, is
being held March 13 - 16, 2010, Read more...

1SMB 2010 will be held in Boston,
Massachusettes, USA, July 11 - July 13,
2010, The conference will feature an
exciting scientific program including

B
5816

Bl Subscribe here to the 1SCB News Feed!

Feb 22: Call for ISCB Board and Officer
MNominations

Feb 09: Google Apps how Available for ISCH
Mermbers!

Feb 04: Follow ISCH's Official Feeds on Twitter

Jan 28; FLof Comoutational Biokagy Article on Live
Coverage of ISMB/ECCE 2009

search

Mentoring
Mentartlet is the award-winning
nonprofit e-mentoring network.
MentorNet I1SCB studentand postdoc

members can join MentorNet free
of charge as protégés for e-mentoring
oppontunities, and ISCH professional members are
highly encouraged to enrall as mentors in order to
provide e-mentering to protégés...mare.

B Subscribe here to the ISCE Community News
Bloo!

Training

EMBL-BANK Genomes Gene Expression
UniProt Nutleatide Sequences Molecular Interactions
ArrayExpress = Frotein Sequences Reactions & Patiways
Ensembl Macromolecular Structures = Protein Families
InterPro Small Molecules Enzymes

PDBe

" About the EBI

Research User Support
PhD Studies EBI Mission
Training People

Industry Support Events atthe EBI

Group & Team Leaders Genome Campus Events

i Al Databases |~ || Enter Text Here Go R

Literature Sequence Similarity .
Tawanormy Fattem & Motif Searc
Ortologies Structure Analysis
Patent Resources = Text Mining
Downloads
Wieh Services

European Bioinformatics Institute

= Events

Plari Bioinformatics
29-31 March 2010 Course full

EMBO Practical Course 'In siica systems hiology: netwo
reconstruction, analysis and network based modeling'
10-13 April 2010 Registration now open

National Center for Biotechnology Infermation

Search | All Databases

Efur

Resources
Welcome to NCBI Popular Resources
NCBI Home
All Resources (A-Z) The National Center for Biotechnology Information advances science and BubMed
Literature health by providing access to biomedical and genamic information PubNled Central
Bookshelf
DNA & RNA More about the MCBI | Mission | Organization | Research | RSS st
Proteins Gene
Sequence Analysis Mueleotide
PubMed Central Protein
Genes & Expression GEO
Genomes Free Full Text. Over 1,500,000 articles Conserved Domalns
from over 450 journals. Linked to PubMed Structure
Ul &R EnE and fully searchable. Fubchem
Domains & Structures
Genetics & Medicing w1 2 3 4 p—

EMBnet:

(&) Main

tovoo

Hews
elearning

EMBnet news (Hewslattor)

= Structure
& Exscutive Board
[EE]

o Education®Training.
PS

o publicitsgpublic
Eelations PG

@ Technical
Management BC

Eacts
Role

Achizvements

Ho to spplu?
EMBnet prasentations
ST e e i

soo0sa

e ran e is Y Wehanyl cvesitotn0) aevartas Rorasiasor R

Welcome to the EMBnet

EMEnet is a science-based group of collaborating nades throughout Europe and a number of nodes outside
Europe. The combined expertise of the nodes allows EMBnet to provide services to the European molecular
biology community which encompasses more than ean be provided by a single node. This site gives an averview
of the organization and of it's members, 1t provides the visitors with news of the EMBnet community and new
links related to biginformatics. It also combines the services available on the nodes and publishes
EMEnet.news, the letter devoted to provide information about what is happening at the national and special
nodes.

ber and 02 Dec 2000
=r News

ed: Mew Discovery-oriented
bd and NCBI Homepage. T...

e - A e 2nA



http://www.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov/
http://www.embnet.org/
http://www.iscb.org/

Bioinformatics

Extraction of biological knowledge from complex data




What is genomics?

The application of high-throughput automated
technologies to molecular biology.

OR

The experimental study of complete genomes.




Sample storage




DNA microarrays




High throughput sequencing

lllumina HiSeq (VUmc)
lon Proton

lllumina MiSeq

Run: 2-4 hrs Run: 1-3.5 days
Data: 10 GB Run: 4-55 hours Data: 1500 GB
Reads: 60-80 million Data: 15 GB Reads: 5 billion
Length: 200bp Reads: 25 million Length: 2x150bp

Length: 2x300bp

2005-now: Next generation sequencing
Millions to billions of sequences



DNA sequencing




Sanger sequencing

From DNA
to
Autoradiograms
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Automated
Sequencing

ABI 3100 Automated
Capillary DNA Sequencer



Electropherogram

File  [hPRIMERZLALF 0 clenm 4. Primer & Antisen sa (5h) (P} Page:  1/1
Run:  AntiSemme Strand/ /1026 bp Asplified Pstl 1=f.rp1.mmr-q Timo, Q12 .. 0%33 (o] Date:  00-15-91
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Sequencmg factorles

Custom-designed factory-style conveyor
belt robots:

perform all functions from purifying DNA
from bacterial cultures through setting up
and purifying sequencing reactions.

Whitehead institute

Automated sequencing



2001

The HGP consortium publishes its
working draft in Nature (15
February), and Celera publishes
its draft in Science (16 February).

Human genome: 3 billion bases

In total 23 billion bases were sequenced
(7.5-fold coverage)

Sequence creafes e
gpportunities = "1

This comprises 23 Gbyte of data

Public Human Genome project
-1990-2003
- 3 billion US dollar

Private Celera genome project
-1998 - 2001
- Craig Venter
- 300 million US dollar 2001




Traditional versus high throughput

DNA sequencing

40
CCCTTTCTC TATG A

f
i
I|
il

|
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http://en.wikipedia.org/

Sanger, one run:

? hours (human genome took 15
years)

1-384 sequences

300-1000 nt per sequence

1 KB - 384 KB data
= 1,000-384,000 bases

Year: 1963 — now

|

Wi,

http.//www.454.com/

Roche 454, one run:

7.5 hours

1,000,000 sequences

750 nt per sequence

35 GB data (including images)
1 GB data (excluding images)
= 750,000,000 bases

Year: 2005 - 2015

http://www.illumina.com

Illumina, one run:
1-3.5 days

S billion sequences

2x 150 nt per sequence
1.5 TB data

Year: 2008 — now



declines in computing costs. After 2007, sequencing costs dropped precipitously. 1,000,000 ¥ [ 100,000,000
100,000 NGS (bp/3)
Doubling time 5 months 10,000,000
100,000 ¥
[ 1,000,000
10,000 — @ 10,000
i;" 100,000
3
[ [ 1,000 ¥
=4 ! 10,000
S 1,000 — g
g »
: 3 -
& o t00f 4 1000
_E Pre-NGS (bp/$)
% 100 — Doubling time 19 months F100
<]
© 10 T
r10
10— 1% §
- - 3 /
B 0 ol S T S S T S S S S S S S S S 01
. 1990 1992 1994 1996 1998 2000 2003 2004 2006 2008 2010 2012
Year

Data size challenges

Falling fast

In the first few years after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore’s law, which predicts exponential

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Hayden, Nature, 2014

COMPUTING
Sequencing rate is higher
than Moore's law

Stein, Genome Biology, 2010

STORAGE
Sequencing costs lower
than data storage

NextGen Sequencing a Game-Changer

(¢/dq) Bupuenbes yNQg



Next Generation Genomics: World Map of High-throughput Sequencers

M show all platforms [ Mumina GA2 T Numina HiSeq [] NMumina Miseq [~ lon Torrent [ PacBio I Polonater I Rocherds4 I solD I Service Provider

Genome projects
\

.4 * Human genome project (1 genome)
| ' *+ Exome sequencing (~10 individuals)
" * Genome of the Netherlands (770 individuals)
.45 * 1000 genome project (1000 individuals) -
‘5. 10K UK project (10,000 individuals)
- Upgraded to 100K genomes

“Euinea
... Many centers have one or more

high throughput sequencers " @

36

Google [search the map Southern

Map data ©2012 MapL

http://omicsmaps.com/



http://omicsmaps.com/
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Data
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Bringing Order
- ! to Chaos with
Bioinformatics

PhotoDisc, Matt Ray/EHP

image credit: Digital Vision,

“oh, shit, that's 320TB!”

Sign @ Wellcome-Sanger, Cambridge, UK



Existing hardware

o o Litj_, T

Small cluster




Buy a bigger cluster (centralized
model)
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Dutch life science grid

SARA

BIG Gnd

the dutch e-science gnd

@ Cenral Faciliies (operational)

ﬁ Life Science Grid (operational)
e e ‘ E
L e - |4
G Lo Scionce Grd (AP extension) e T ' et
ﬁ Distributed Cluster (NL-Grid)

Additional distributed locations wil b
specified over the BIG GRID lifetime

https://www.surfsara.nl/



https://www.surfsara.nl/
https://www.surfsara.nl/

Cloud computing

I HIRED A CONSULTANT
TO HELP US EVOLVE OUR
PRODUCTS TO CLOUD
COMPUTING.

Dilbericom DilbertCartoonisti@gmail.com

BLAH BLAH CLOUD.
BLAH BLAH CLOUD.
BLAH BLAH CLOUD.
BLAH BLAH CLOUD.

ol Scott Adams, Ine./DIst by UFS, Ing.

[BR]

IT'S AS IF YOURE A
TECHNOLOGIST AND
A PHILOSOPHER ALL
IN ONE!
l//

BLAH BLAH
PLATFORM. |

)
|-. g 19
-\u . 423
R 3 ’
=L o

b <, il
cnmn“ ers can 'Iv ,“nw. o




Not only hardware

* Software
* Peopleware
* Sharing

e-Science

More info:
http://www.egi.eu/
http://www.ebioscience.amc.nl/



http://www.egi.eu/
http://www.ebioscience.amc.nl/

r'_ Describe your
data in a data
repository

* Apply a
persistent
identifiers

‘e

+ Use open formats
» Consistent vocabulary

* Common metadata

standards
\

1

Findable

Interoperable

FAIR data

(

Accessible

Reusable

* Consider what wil | h;'
shared

* Obtain participant
consent & perform

risk management

* Consider permitted
use

* Apply appropriate

licence ’
MEIMCIMNE

Wilkinson et al. (2016) Scientific Data



Tips and tricks... where to start?

Biological databases
Publicly available tools



Publicly available biological databases

Genomes Nucleotide sequence

(Sanaféréﬁﬂl%— s NiCTeyy, EMBL—BankHEenhank—kDDBJ

Protein sequence |
- UniProt(EBL/SIB/PIR) §

Gene expression _
ArrayExpress, GEO

Protein structure |
s _QWWP[JB(RCSB,EBLPDB:[)

B, €1 3
Bes. 4 Chemical entities
=
-

ChEBI; PubChem

Pathways : - F
Kegg; [ o
Reactome

BioModels §

Protein families,
motifs and domains
InterPro
(12 collaborators)

Protein interactions
IntAct with Imex,
PRIDE




Molecular Biology Database Collection 2015

Published by Nucleic Acids Research (scientific journal)
Currently databases.

- Latest issuefllinew databases
* Coverage is far from exhaustive.

OXFORD JOURMNALS

F]
X

Nucleic Ac

Oxford Journals » Life Sciences » Nucleic Acide Research » Volume 37, Database issue

e 3 Expression . Functional

Receive this page by email each issue: [Sign up for eTOCs]

Nudeic Acids Contents: Volume 37, Database issue, January 2009 [Index bv Author

Research

S o | Bl Aricles
< wﬁﬁ Front-Matter/Back-Matter
L

-



Database access

* Web-interface
— Keyword search
— Browsing / cross-linking
— BLAST

* From other applications
— Application programming interface (API)
— Web services
— In-house / third party software

* Download
— Full database
— Specific records
— Different formats (text, xml, rdf, etc)



Sequence analysis

Function prediction (similarity, sequence search)
Localisation (genefinding)
Grouping (genes, protein families)
Conservation (motifs, functional blocks)
SNPs and mutations (variations)



Sequence analysis

Pairwise alignment: in-exact matching of 2 sequences

CTCCTGAG AR AT TGTCAGTCCATCC TGO TGAGTCCTCGCAGTCCCCGGCAGATC TTGAAGAR R AGR

T T I I I I O B 0 O O I ettt il
CTCCTGAGGAAAACCTGCCAGTCAGTTGTGGC TAATCCTCAGCAGCACTCAGC———TCTGGAGGAAGAGA

Multiple sequence alignment: in-exact matching
of >2 sequences

SEE R R R LR T e *

gi|4512113] gb| AAD
gi| 5979853 emb | A
gil4050032 | gb| ARD
gi| 5566295 | gh| ARD
qi| 5566294 | gb| AAD
gi| 5566292 | gh| ARD
7i|1916352| gb| AAC
gi| 2197039 gh| ARG
gil 2811005 sp| 000
10 gi|4240387| gb | AAD
11 gi|4506243| cef|HE
12z gi|5051943| gb | AAD
12 gi|2811066| sp|00%
14 gi| 2772900 gb | ARE
15 gi| 2655025 gh | AAC
16 gi| 2407318 gb | ARE
17 gi|5669107| gh|AAD
12 gi|4160572] emb | ci

[F-RE-=RE W= g R T SV N o

mler

el

=



Blast output

Distribution of 196 Blast Hits on the Query Sequence

Il

|MDuse—DvertD show defline and scores. Click to show alignments

Color Key for Alignment Scores

<40 40-50
L e T o T e e e e e N R
0 50 100 150 200 250 300 350 400

3core E
Sequences producing significant alignments: thits)] WValue
i| 28804810 db]j| AE104818.1| Pipistrellus shramus HEL mBNL £... 1158 le-22
gl 49420 emb | X57029. 1| CAGLOEINM M.suratus wRNL for alpha gl... 9z le-15
gi| 40225599 | gh|BCO3Z122.2| Homo sapiens hemoglobin, alpha 2... 54
gi| 30047757 | gb|BCOS0661.1] Homo sapiens hemoglobin, alpha 2... 54 ﬂ

Daone Adblack



Blast output - alignments

r.>gi|28804810|dbj|A3104818.1| Pipistrellus shramwus HEL nwFNL for alpha globin, complete cds
Length = 554

Score = 115 bits (58), Expect = 1le-2:Z2
Identities = 142/170 (83%)
3trand = Flus / Plus

Query: 218 tggacgacctgoogtoogototyiocogototgtoogacotyoacyottacaaactgogty 277

Shict: 248 tggacgacctbgoocacogocobgbocgooctyagogacetgoacgoocacaagotyogty 307

Query: 278 ttgaccoggttaacttoasactgotgboccactgooctgotggttacococtggoctgotoacs 337

orerrr rerrrrrerr rerrr  rrre e e rer e [Tl
Shict: 308 tggaccocgbosacttosagotoctgagocactgoctgotggtgacectggotogoeace 367

Query: 338 accoggotbgaattocacooocggotgtbocactoogacoctgyacaaattocty 387

FEre e rrerrrrrerre et rr e re rrrrrrr e rrrrrd
Shict: 368 acccogocgasattcacocoggoogtgoacgoectooctggacaagttecty 417

Socore = 58.0 bits (29), Expect = Ze-05
Identities = 52/59 (88%), Gaps = 3/59 [5%)
Strand = Flus / Plus

Query: 97 toootgtgottocogaccaccaasacciacttooogeactt———ogacctgroocacoy 152

Shict: 124 ttoctgagottooCoacCaccaagacctactooooooacttotoogaccogroccacgy 182

r.>gi|4942D|emleS?DZB.lleGLOBINH M.auratus mBNA for alpha globin chain
Length = 418

Score = 91.7 bits (46), Expect = 1le-15

TAartitics = 404 /408 (o4

[

Done

Adblock



Galaxy

Analyze Data Workflow Shared Data Visualization Help User

Tools Options ~ 21| History Options ~
|sea."c.'1 tools 0 UE % —
Get Data PrimerDesign 4.2 Mb
Send Data G I y 1 01
ENCODE Tools a ax 22: Extract Genomic ® {§ %
Lift-Over DNA on data 21
Text Manipulati 2,252 sequences

e The very first tutorial you need format: fasta, database: hg19
Convert Formats [=Ia %

FASTA manipulation
Eilter and Sort

Join, Subtract and Group
Extract Features

Eetch Sequences

Fetch Alignments Live Quickies
Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

21: Convert Genomic @ { %
Intervals To BED on data 20
2,252 regions

format: bed, database: hgl9
Info: 2252 regions converted to

Uploading Data
using FTP

BED.
Evolution |+ =H® LR %
Motif Tools display at UCSC main
Multiple Alignments Galaxy is an open, web-based platform for data intensive biomedical research. Whether on this free public server or vour own pCYHE GeneTrack
Metagenomic analyses instance, you can perform, reproduce, and share complete analyses. The Galaxy team is a part of BX at Penn State, and the g!snlal“ at E”S?ij' Current
e T B T Biology and Mathematics and Computer Science departments at Emory University. The Galaxy Project is supported in part by isplay at RViewer main
- . . NSF, NHGRI, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Emory University. _
Genome Diversity
EMBOSS chrl €SESH 00se —
Galzxy build: $Rev 6801:40f1816d6857% chrl 2E 0
NGS TOOLBOX BETA shzl
chrl
NGS: QC and manipulation ¥ galaxyproject chel

NGS: Mapping —
NGS: SAM Tools
NGS: Indel Analysis
NGS: Peak Calling
NGS: RNA Analysis
NGS: Picard (beta)

Esorcha_ni: Mzking Dats 2 1st Class Scientific Output: Dats Citstion & Publication by NERC's Env... ijdc.netfindex.phpfijde...

20: test.txt ® %

2,253 regions
orite format: interval, database: hg19
LI P LI Info: uploaded interval file LI

Tip: Has instruction videos for a few use cases
e.g. for analyzing next gen sequence data

https://galaxyproject.org/



https://galaxyproject.org/

Nucleic acid research - annual web server issue

- DIOINOrMAtICS.ca
*-links directory https://links.bioinformatics.ca/

Bioinformatics Links Directory
Change Text

Search Directory

Username:
Bioinformatics Links Directory occmrord.
The Bioinformatics Links Directory features curated links o molecular resources, tools and
databases. The links listed in this directory are selected on the basis of recommendations from —
bioinformatics experts in the field. We also rely on input from our community of bioinformatics
users for suggestions. Starting in 2003, we have also started listing all links contained in the Create new
MAR Webserver Issue. Fequest ne
Computer Related (a2 DNA (517) Main Pag
This category contains links to resources relating to This category contains links to useful resources for o
programiming languages often used in  DOMA  sequence analyses such as tools for Citations
hioinformatics. Other tools of the trade, such as comparative sequence analysis and sequence Acknowle
web development and database resources, are also  assembly. Links to  programs  for  sequence _
included here manipulation, primer design, and sequence retrieval Hews
and submission are also listed here Suggest &
MNAR Collz
. . RS5 Feec
Education (s7) Expression (382
Links to information about the techniques, Links to tools for predicting the expression Support

materials, people, places, and events of the greater alternative splicing, and regulation of a gene
bioinformatics community. Included are current sequence are found here. This section also


https://links.bioinformatics.ca/

Genome analysis
Bioimage informatics

Sequence analysis
Databases and ontologies

Phylogenetics
Data and text mining ylog

Subjects in
bioinformatics

Systems biology Structural bioinformatics

Genetics and population analysis Gene expression

http://www.oxfordjournals.org/our journals/bioinformatics/for authors/scope guidelines.html



http://www.oxfordjournals.org/our_journals/bioinformatics/for_authors/scope_guidelines.html

Topics computer exercises

|||||

Query public databases
Sequence format conversion
Automatic RNA — protein translation
Primer design
Gene finding

Tomorrow 13:30-15:00

https://bioinformatics.amc.nl/



https://bioinformatics.amc.nl/
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