* Computers and
biology?

» the organization and
the analysis of
biological data

* The new biology of
the 21st century?




Sequences (millions)

What is bioinformatics?

Growth of GenBank * Rapldly grOWing
s biological databases
- contain information
: T about
" oo g — Cellular and molecular
. - biology
" - — Ecology and Evolutionary
. w3 biology
: . — Microbiology
: . — Genomics
s wm e — Proteomics

What is bioinformatics?

Bioinformatics combines the tools and techniques of
— mathematics,

— statistics,

— computer science and

— biology

in order to understand biological data
(i.e. to understand biology!)

. coli
. woesei
H. saliparum
H. sapiens
5. acidocaldarius




nd the tree of life
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TARAA( ATCADTA
s TAAAAGPCGTAACAACGTPICCCPACCPCAACCTCCCCARGCATCATTA

Pairwise alignment of human and frog

TACCTGCPPCATCCTC CCAGPACCADAPCCITG TCTCARA CAPPAAG CCATG CATCPCPAAGTACG CACCE CCCC TACAG TG AAACTGCC AATC GCPCAPPARATCAG PTATC CPTCCPITCG PCCCTCCCPCCTCTCCT
PACCPCCIPCAPCCTCCCACPACC APAPCCIC TCTCARA CAPPAAC CCATC CACCDGPAA CPACC CACCC CCCC TACAG TG AAACDCCC AATC CCPCATPARATCAC PPATC CMPCCPPTCATC CCTC- ~ - CATCDCTD

CCPARCCCCRIG AACCCEA DO COATOLG GO MG AN D ABICC COA TG AN CCACE AABECCOACTAAGICOCCOH
N EOR R CRG PO TR CCo e ARG O CC DA OGO PO AN COCC0 TR CTCN A CONDCCC G AT TGO AN PN PG CONEC ANCOACO AN PO AC EANCECC CCCTOATARGCTCCCCRTCATOANG

Mmmmmmmmmmmnﬁmme&w@ummmm&- OGO EACOCEPCAGANGACCCTCGAACTIGACTADCTAGAGGANG
TCCCPDCCCCPPPCPACACACCCCCCGTCCCPACTACCG ATIGGAPCE PPPAGTCAGGTCCPCCGATCE CCCCCCCCCEEEPCCE CCGAGCGCCGACAAGACG ATCARACTTC ACTATCTAGAGCAAG

DG EAACAACCTPECCCTACCECARCOTCECCANGE

Humans and Frogs are 94% similar!

Pairwise sequence alignment
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Dynamic programming algorithm

« computation is carried out bottom-up
+ store solutions to subproblems in a table

« all possible subproblems solved once each,
beginning with smallest subproblems

» work up to original problem instance

+ only optimal solutions to subproblems are used to
compute solution to problem at next level

« DO NOT carry out computation in recursive, top-
down manner

* same subproblems would be solved many times

Principle of Optimality

Aucklahd

Te Kuiti

........

Wellington




Scoring

* Numeric score associated with each column
» Total score = sum of column scores
+ Column types:

(1)Identical (+ve) (2) Conservative (+ve)
X' =a-cgg-ts
Yy =aw-gcctt

(3) Non-conservative (-ve) (4) Gap (-ve)

Comparing many species

ORI B-C0CNCCCNE- BCNCCRACHNC G ARAACHE: BC CBANMICIAC AC CHARWACARG ECCALG (6 0GERCACCCCCRIECEE (G606 CARC ECRCCAMMA
CCR AN-C BR--ACCCAB----BACEE ABAACEH D DAADRCWA A CHAADACAM CCAAm ACC CClACCEC-(------- ECCCACCECHC CRMREA
CCHNCAN-CCME- - CACCCH- - - - BACANCCANARCE: - C NARMNCHAC A CRARNACARCEG AANGACECEEACCHCAC- - - - -- GGG CECH: CRMMEA
ORI AR-CCCRCCAACEG B- - - - BACHCS C ARAACHCI: CWAARSCHAC G CHARNACARG CARAGG AG EG CHGA-CECAC - - GBEG - GG - GARCECHC CARREA
CCREE AD-C CECCHSE W----BACEE CABAACE B "BAABECEA A CEAABACAM CCAAC ACC CECACCCAM---B A" BCAR C B CADEBA
CCRRNCARCCCME- - ACCCCN- - - - BACHNC G ABAACH: - C BARMECHAC A CRARWACARCCG AARGACECCEACCHE- G-~ -~ - BCGGAGCECHC CHMMEA
CCBENCAN-CCCRCHARACGE- - - - BACHECCANARCH: I C BARMECHEAG A CRARNACARC CABACC ACECCH:A- CCCAR- - Cl- -CGC - CARGCECHCCANNEA
COREECAR-(CCRCCAACCCH- - - - BACEEC CABAACHC: C CAARBCEAG AC CRAMBACARC CABAGC ACCCCHCA-CCRCN- - (OG- CC-GARCECRCCARA

------ GG GG ARG EG G CAMMA
--CCC-CARCCOMCCARDMRA
BEECCCC-CANCECEC CARMMER
BCCCCEC-CARCECHC CARMA
GGG GG - GANGECHGCARNEA
(8-~ 666 -CARCECHC CARMEA
CCRINCAR- (CORCHANACCE- - - - BACEECCARAACH: - C BAMECEAC AC CHAAWACARC CARAGCAC QG CRCA-CEOCE- - - -GG -CARCECHCCANMA
CCRME AR-C CHEC CRMW W----BACES CABAACE B "BAABMCEA A CEAABACAMCC AC A'C CE'A CCCAC--CC B BCAR COR CARMEA
CCHENGAN- CCCRCCARACC B- - - - BACHEG CARAACHC: CBARMECEA AG CRARNACANG CCAAG AGE: CNGA- CEC- - - - HCRG - 0 - CARCECHC CAREA
ORI AR-CCCRCCCRNAC B- - - - BACHNC C ARAACHCIN: CRAARCIAC AG CHARNACANC CCAACC AG EC CRGACEECAN- - £8- 060 MG ARG ECRC CARA
CCRRGAR-CCCRCCARAC, B- - - - BACHNC G ACAACHC: CRARBCEAC AGCEAARACARG CCAACG AG R CHGA-CEC- - - - HCRG - (G - GARCECHC CARBEA
CCREM - AR-CCCECCCRAE 0----BACEE  CABAACECRC GGUGmﬁlG-GlIGﬂGIG-GEG-I---GGIGGIGGIG‘Gm

This is called a “multiple sequence alignment”




Reconstructing the evolutionary tree

410 415

The probability of the sequence
alignment,

Pr{DIT,Q}

: can be efficiently calculated

[ given a tree and branch lengths
R (7), and a probabilistic model of

mutation represented by an

AAGCTATGCTTG) . .

RAAGCTATTCTTC instantaneous rate matrix (Q).

CHER In phylogenetics (the study of
evolutionary trees), branch
lengths are traditionally

unconstrained.

The molecular clock assumption

b AC
AA 4 / The “molecular clock” l
I b constraint
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GC AA GA AC GC

2n-3 branch lengths n—1 waiting times




The Tree of Life
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Molecular tracking of the
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See Janine afterwards for details




Bioinformatics and genome
N evolution
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Bioinformatics and Disease

» Bacterial infection
can causes serious
ilinesses, e.g.

— Necrotising Fasciitis
(“Flesh eating
disease”)
— Toxic Shock
Syndrome (TSS) T: Staphylococcus

* (e.g.the iliness Lana aureus

Cockroft got from the cut in .
her foot during “Celebrity B: Streptococcus

Treasure Island”). pyogenes,

Copyrght © 2001 Dennis Kunkel Micoscopy, nc.  Dennis Kunkel
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Bioinformatics and Disease

Identify protein structure of superantigens
- so that potential drug targets can be uncovered.
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Bioinformatics and sequencing
technology

“Old” Technology
1977

Small Scale

Slow

Length: long = 700bp
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New Technology: 454
2003

Large scale: Whole genome
Fast

Length: short = 100bp
http://www.454.com
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Bring the mammoth back

Using this new sequencing technology
and bioinformatics to compare the
sequences to the African elephant

genome,

ueoLy

scientists sequenced 28 million

nucleotides of the mammoth genome

from frozen bones!

ylowwep
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Where does the DNA come
from?

+ Scientists Sequence
DNA of Woolly
Mammoth (extinct
10,000 years ago)

— http://www.science.psu.e

du/alert/Schuster12-
2005.htm

Bioinformatics and the
saddleback song

=
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Bioinformatics and the
saddleback song
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Conclusion

» Bioinformatics is fast becoming a central part of the
biological sciences
— Ecology (saddlebacks)
Evolutionary biology (tree of life)

Health and disease (flesh-eating bacteria)
Ancient DNA (mammoths)
Molecular biology and cell biology

» Bioinformatics draws skills not just from biology, but
also from the ‘hard’ sciences like mathematics,
computer science and statistics - this type of
knowledge is becoming increasingly important in
biology.
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