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Bioinformatics - definition

e ‘creation of algorithms, computational and statistical techniques and
theory to solve formal and practical problems inspired from the
management and analysis of biological data’ (Wikipedia)

 ‘The sum of the computational approaches to analyze, manage,
and store biological data. Bioinformatics involves the analysis of
biological information using computers and statistical technigues,
the science of developing and utilizing computer databases and
algorithms to accelerate and enhance biological research.

« Bioinformatics is used in analyzing genomes, proteomes (protein
sequences), three-dimensional modelling of biomolecules and
biologic systems, etc.

« Training in informatics requires backgrounds in molecular biology
and computer science, including database design and analytical
approaches.’” (www.medterms.com)



http://www.medterms.com/script/main/art.asp?articlekey=3580
http://www.medterms.com/script/main/art.asp?articlekey=13995
http://www.medterms.com/script/main/art.asp?articlekey=6554
http://www.medterms.com/script/main/art.asp?articlekey=3982

Bioinformatics — applications

e« Sequence analysis — compare genes between species; identify
proteins from cDNA or mRNA sequence

« Comparative genomics

« Genome annotation — biological characteristics of gene/protein
sequences

 Evolutionary biology - measuring biodiversity (www.ubio.org)

 Analysis of gene expression — eg compare up-regulation and
down-regulation of genes under disease vs healthy conditions

 Mutations (cancer, genetic disease)

 Protein expression

* Prediction of protein structure and function

o« Systems biology (networks of enzymes and metabolism)
 Biomedical imaging and high-throughput image analysis



http://www.ubio.org/

Why bioinformatics for epidemiologists?

* A paradigm shift

 Huge new technology may be analogous to
‘DNA revolution’ originating in 1953 (Watson &
Crick discovery of the double helix)

* Genetic data increasingly an explanatory
variable for disease / production characteristics

 Genetic variables an inextricable element of
host/agent part of ‘host/agent/environment’ trio



Why bioinformatics for epidemiologists?

‘genetic epidemiology’ it itself a new sub-specialty field

‘epidemiological evaluation of the role of inherited causes of disease
In families and in populations; it aims to detect the inheritance pattern
of a particular disease, localize the gene and find a marker associated
with disease susceptibility’ (M.Tevfik Dorak www.dorak.info)

Genetic disorders may be monogeneic — a single gene associated with
disease

Within monogeneic diseases may have a single mutation causing disease,
or many different mutations within a single gene causing varying disease
phenotype

Genetic disorders may be polygeneic — multiple genes associated with
disease or conferring susceptibility for disease given other triggering factors

Important for epidemiologists to have some understanding of where the
genomic/proteomic data comes from



http://www.dorak.info/

Aim

e |ntroduce ‘look’ of web-based databases

* Give a few examples of basic functions
and tools

e Bioinformatics databases cover many
species — appreciation of vast quantity of
data

e Give list of resources



A few definitions

 Genome — total genetic content of an organism
* Proteome — entire content of protein expressed
by a genome

 Genomic DNA — DNA sequence with all introns,
exons, coding and non-coding regions

 MRNA — messenger RNA which contains just
exons (introns and non-coding regions are
spliced out)

« CDNA - cloned DNA generated from mRNA
transcripts — no non-coding DNA

e Exon — protein coding part of gene

e |Intron — non-coding part of gene in-between
exons



A few definitions

 DNAs based on nucleotide sequences AGCT
 RNASs based on nucleotide sequences AGCU
 Amino acid sequences represent peptides/proteins

- *.fasta file — standard text-based format for nucleic acid or protein
(amino acid) sequence — a header indicated by ‘<* followed by the
nucleic acid or amino acid sequence

« *.GFF file — General Feature Format file — a text data file containing
fields which describe attributes for a sequence — see sanger institute

sanger.ac.uk. <segname><source><feature><start><end><score><strand><frame>

» i.e. GFF file gives some information about the sequence — where it comes from, numbers of start
and stop codons and splice sites, but doesn’t contain the sequence itself

 GFF file can be used, eg to process a DNA sequence through to
MRNA to protein sequence using PERL software



Practical example — generalised glycogenosis (glycogen
storage disease, Pompe’s disease) in Brahman and
shorthorn cows

 Monogenic — 5 mutations known with differing phenotype

e Acidic a-glucosidase (GAA, AAG - lysosomal enzyme)
catabolises glycogen to glucose; gene defects cause
glycogen storage disease

o Several different mutations:

« 1057GTA — exon 7 — truncated protein (lethal)

e 1783 C4T — exon 13 — truncated protein (lethal)
o 1352T — silent polymorphism

o 2223A - silent polymorphism

o 2454 FICA mutation (shorthorns) — (lethal)

e + more..

Dennis JA et al Australian Veterinary Journal 2002;80(5):286
Dennis JA et al Mammalian Genome 2000;11:206
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Bovine alpha-glucosidase gene
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Bovine alpha-glucosidase gene
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Bovine alpha-glucosidase gene
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Bovine alpha-glucosidase gene

Ensembl release 45: Bos taurus Transcript Report for ENSBTAT00000021325 - UQconnect
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Tools examples: BLAST, BLAT, BioMart

Online software tools for genomics analysis

BLAST — Basic Local Alignment Search Tool (available
on ensembl, NCBI)

BLAT — Blast-Like Alignment Tool - sequence
identification tool from USCS (UCSC, University of
California Santa Cruz Genome Project)

BLAST and BLAT - compare sequences of interest with
previously characterised genes

BioMart — a query-oriented data management system
developed by European bioinformatics Institute (EBI)
and Cold Spring Harbour Laboratory (CSHL)



BLAST screen

/4 BlastView - UQconnect
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Results from sequence guery using BLAST

/) BlastView - UQconnect
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Example of biomart query — use filters to narrow query
to ‘all genes expressed in pancreatic ductal cells’
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Results from BioMart query ‘all genes expressed in normal pancreatic ductal cells’
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CEP55_HUMAN

ENSG000001358180

Pancreatic adenocarcinoma (PDAC) / Mormal pancreas (normal ductal cells) (both microdissected)

Up-regulated

CEP&5_HUMAN

ENSG00000138180

Pancreatic adenocarcinoma (PDAC) / Mormal pancreas (normal ductal cells) (both micredissected)

Up-regulated

Q53EZ4-2

ENSG00000138180

Pancreatic adenocarcinoma (PDAC) / Mormal pancreas (normal ductal cells) (both microdissected)

Up-regulated

NR_002734.1

ENSG00000178717

Pancreatic adenocarcinorna (PDAC) / Mormal pancreas (normal ductal cells) (both microdissected)

Up-regulated
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Pancreatic adenocarcinoma (PDAC) / Mormal pancreas (normal ductal cells) (both microdissected)
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Up-regulated
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Pancreatic adenocarcinoma (FDAC) / Mormal pancreas (normal ductal cells) (both micredissected)

Up-regulated
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Pancreatic adenocarcinoma (PDAC) / Mormal pancreas (normal ductal cells} (both micredissected)

Up-regulated

NP_006538.2

ENSG00000136231

Pancreatic adenocarcinom

/ Mormal pancremml cells) (both microdissected)

Up-regulated
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Resources

o www.ensembl.org (ensembl)

o www.nchi.nlm.nih.gov (US national library
of medicine)

 www.hgsc.bcm.tmc.edu (Baylor College
Texas cow genome project)

e www.animalgenome.org (US National
Animal Genome Research Program)

o www.sanger.ac.uk (Sanger Institute)
o Www.biomart.org (Biomart)



http://www.ensembl.org/
http://www.ncbi.nlm.nih.gov/
http://www.hgsc.bcm.tmc.edu/
http://www.animalgenome.org/
http://www.sanger.ac.uk/
http://www.biomart.org/

Summary

* Important for epidemiologists to have
overview of bioinformatics/genomics
databases and analysis

 Enhance our understanding of
pathobiology of disease and agent-host-
environment interactions at a level not

previously possible
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