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Bioinformatics Research Center

Estabilished in 2001 by NAT and SUN. Currently 38 “BiRC-people”.

VIP: Christian Storm Pedersen (director of BiRC), Thomas Mailund.

PhD-students: Thomas Greve Kristensen, Jesper Nielsen,
Peter Justesen,Christian Hachenberg, Martin Simonsen.

Stud.progs: Poul Liboriussen, Steffen Mikkelsen, Andreas Sand,
Troels Toftebjerg, Anders Halager, Jargen Fogh.
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Bioinformatics?

BIOINFORMATICSS
IT IS ABOUT USING
COMPLTERS
TO ANSWER
EIOLOGICAI
QUESTIONS.

Computer T
science
Chemistry Statistics
Bioinformatics
Genetics Molecular
biology

Biology Medicine

Developing and using algorithms and programs for collecting,
handling, and analysis of biological and biomedical data
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Research at BiRC

Evolutionary bioinformatics
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Research at BiRC
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Research at BiRC
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Evolutionary Trees
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Distance Based Phylogenetic inference
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CT---AAACAACTCTGTACAGTCTCCGAGCTAGCACGGC
TAAGGTAACCGCGT---ATCTCT---GAGGTGCAG---A

TCGCATACCACTCCATTGTT------ GAGAAGAGAGCTC

AAAACTAGGTGAACACTGAGCTACAGATGAAC---CTGA

TT---GAGTACGCTACGA--------- CGGTACCGGTGT
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Distance Based Phylogenetic inference
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The Neighbour-Jdoining Method

= Criticized by many but still widely used.
= Infers trees with n species in time O(n?).
= |nfeasible to infer large trees.

QuickTree (2003) by Howe et al. is an efficient implementation if
the naive algorithm.

QuickJoin (2006) by Mailund et al. uses heavy algorithmic ma-
chinery to reduce the running time in practice for large inputs.

RapidNJ (2008) by Simonsen et al. uses a simple heuristic to re-
duce the running time on all input sizes. Published at WABI 2008.
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= Simple and fairly accurate method from 1987.




Running times on Small Data Sets
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Running times on Large Data Sets
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Next Step — I/O Efficiency

The O(n?) space consumption of the Neighbour-Joining method
IS a problem for data sets with 10000+ species.

RapidDiskNJ is an I/O efficient version of RapidNJ.

Walltime in seconds
8]
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Distance Based Phylogenetic inference
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Counting mutational events in
DNA sequences

HUMAN CT---AAACAACTCTGTACAGTCTCCGAGCTAGCACGGC
CANDIDA TAAGGTAACCGCGT---ATCTCT---GAGGTGCAG---A
TUNA TCGCATACCACTCCATTGTT------ GAGAAGAGAGCTC
KANGAROO AAAACTAGGTGAACACTGAGCTACAGATGAAC---CTGA

HORSE TT---GAGTACGCTACGA

= Time O(n?l) to compare all n?
sequence pairs of length /.

= Too slow in practice for large /.

= Using a binary encoding of the
DNA sequences and the SIMD
capabilities of modern CPU's
we can speed up this step.
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CGGTACCGGTGT
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Using Cell processors for
counting mutational events
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Sequence lengthin nucleotides
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More information

(SO WE USE THE POWER
OF COMPUTERS TOGETHER
WITH OLUR KNOWLEDGE
OF BIOLOGY TO ANSWER
QUESTIONS. THIS IS CALLED
4 BICINFORMATICS. )

.";/ Cj DEVOLPING

METHODS
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800 Bioinformatics Research Center (BiRC) - BiRC
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U.UI Bioinformatics Research Center e

® BRC BiRC
([ Organization Bioinformatics focuses on developing T
O Personnel computational methods for collecting, handling
and analyzing biological data. Research ranges
) Research 3 7
from formulating models and theories about
O Studies biclogical systems, to constructing algorithms
O Publications and developing computer programs, and
reguires expertise in many traditional
B Software disciplines.
O Activities
BIRC has a strong emphasis on molecular
O Local evolution, molecular population genetics, and statistical and algorithmic approaches to bioinformatics,
and our research spans from addressing purely theoretical guestions, to program development, L
O Login applications and empirical collaborations. See the list of active research projects for further details.

We also provide bicinformatics services through the Bioinformatics Task Force.
See also information about openings at BiRC.

search birc.au. dk

Announcements

® Conference: BIRC is hosting the 6th International Workshop on Computational Systems Biclogy (WCSB
20089), June 10-12, 2009. See conference web page for more information.

@ Talk: Tuesday June 23, at 14:00, in Auditorium 4 (Sceauditoriet) Professer Mikkel Heide Schierup, will
give his inaguration talk titled "En evolutionsbiclogs svoemmetur i et hav af DNA sekvenser”.
Afterwards, the Department of Biology hosts a reception.

http://www.birc.au.dk
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