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What are bioinformatics and genomics? On bioinformatics

“Science is about building causal relations between natural
« Interface of biology and computers phenomena (for instance, between a mutation in a gene and
a disease). The development of instruments to increase our
« Analysis of proteins, genes and genomes capacity to ob_serve r]atural phenomena has, t_herefore,
using computer algorithms and played a crucial role in the development of science - the
computer databases microscope being the paradigmatic example in biology. With
the human genome, the natural world takes an
o ) unprecedented turn: it is better described as a sequence of
* Genomics is the analysis of genomes. symbols. Besides high-throughput machines such as
The tools of bioinformatics are used to make sequencers and DNA chip readers, the computer and the
sense of the billions of base pairs of DNA associated software becomes the instrument to observe it,
that are sequenced by genomics projects. and the discipline of bioinformatics flourishes.”




On bioinformatics

. . . [ .
“However, as the separation between us (the observers) and bioinformatics ' ~ medical
the phenomena observed increases (from organism to cell informatics Tool-users
to genome, for instance), instruments may capture ‘

phenomena only indirectly, through the footprints they leave.

Instruments therefore need to be calibrated: the distance n
between the reality and the observation (through the p_ubllc he_alth
instrument) needs to be accounted for. This issue of informatics
Genome Biology is about calibrating instruments to observe

gene sequences; more specifically, computer programs to

identify human genes in the sequence of the human

genome.” "
Martin Reese and Roderic Guig6, Genome Biology 2006 7(Suppl 1):S1, ‘.. Tool-makers

introducing EGASP, the Encyclopedia of DNA Elements (ENCODE) databases 4 algorithms
Genome Annotation Assessment Project

infrastructure

Three perspectives on bioinformatics:
the scope of the discipline

The cell

The organism

The tree of life
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Growth of GenBank

Sequences (millions)
g8
g8 8
Base pairs of DNA (millions)

—Ease Pais |
—_ nces

e % B & @

982 1986 1990 1994 1998 2002 Fig. 2.1
Year Page 17

Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases
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Growth of GenBank:
by November 2008 we reached 0.2 terabases
by June 2011 we are passing 100 terabases
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Arrival of next-generation sequencing:
In two years we have gone from 0.2 terabases to
71 terabases (71,000 gigabases) (November 2010)
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Central dogma of molecular biology

genome ‘transcriptome ‘ proteome

Central dogma of bioinformatics and genomics
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There are three major public DNA databases

EMBL {mmm) GenBank {mmm) DDBJ

The underlying raw DNA sequences are identical
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There are three major public DNA databases
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Taxonomy at NCBI:

>200,000 species are represented in GenBank

FRanks: | highertaxa | gemus | species | lower taxa total
Archaea 103 116 533 162 814
EBactena 1126 | 2041 16236 8938 | 23341
Eukaryots 17050 | 52186 | 204884 | 17318 | 291436
Fung 1211 3675| 21980 1486 | 23350
Metazoa 12540 | 32854 | 92188 8278 | 145960
Wiridiplantae 2012 | 13338 | 183523 6456 | 105340
Wirnses 506 344 7020 56107 | 63877
All taza 18810 | 54684 | 234123 82560 | 380186

SN————
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http://www.ncbi.nlm.nih.gov/Taxonomy/txstat.cgi

Goals of teaching bioinformatics

« To provide an introduction to bioinformatics with
a focus on the National Center for Biotechnology
Information (NCBI), UCSC, and EBI

« To focus on the analysis of DNA, RNA and proteins

« To introduce students to the analysis of genomes

« To combine theory and practice to help students
solve research problems

Outline

Overview of bioinformatics and genomics education

Approaches to teaching bioinformatics :

Approaches to teaching functional genomics

Approaches to teaching genomics and the tree of life

Issues in teaching: textbooks

Some textbooks focus on the “big picture” and are more
biological (less computational)

Baxevanis

Pevsner

Claverie & Notredame (Bioinformatics for Dummies)

Some textbooks are more computational
David Mount

Some emphasize programming languages
Tisdall (Beginning Perl for Bioinformatics)
Building Bioinformatics Solutions: with Perl, R, & MySQL




Issues in teaching: textbooks Issues in teaching: powerpoints

Bioinformatics and Functional Genomics (Wiley-Blackwell, A large collection of powerpoints is freely available at
2nd edition 2009) has three parts: http://bioinfbook.org along with data sets, website links,

audio files, and other materials.
|.Bioinformatics

Sequence data; pairwise alignment, BLAST,
multiple alignment, phylogeny and evolution

Il.Functional Genomics
RNA analyses (microarrays), proteomics

Il.Genomics: the tree of life
Viruses, bacteria, eukaryotes, the human genome

Issues in teaching: websites Google *moadie bioinformatics to get here;
Click “Bioinformatics” to sign in;

. . The enroliment key you need is...
There are several websites that are most important:

NCBI (http://www.ncbi.nlm.nih.gov/)
UCSC (http://genome.ucsc.edu)

EBI (http://www.ebi.ac.uk/) Bioinformatics
Each of these offers teaching resources.

Key databases (e.g. PFAM and UniProt for proteins,
PDB for structures)

Key portals (e.g. EXPASYy for proteomics)

Web-based course management systems
Moodle
Sakai
Blackboard




Blolnformatics (BCMB (‘le Course, 2009.2010)
Risinfersaties » BCME bisinf

| Topic ontline

1 1 Monday, November 16, 2009
Lecture 1 (of 7)1 Introduction to bicinformatics

Teaching bioinformatics: computer labs

Computer labs are highly recommended. Teachers must
decide whether the scope includes just websites (“point-and-
click”) or the use of command line functions. Commonly
used languages include Perl and R (www.r-project.org).

The use of the Unix operating system and such languages is
essential for the handling of large data sets.

For a course with no formal computer labs, regular quizzes
can function as a computer lab. To solve the questions,
students need to go to websites, use databases, and use
software. These can be organized on a site such as moodle.

A thematic approach to teaching: the globins

| use beta globin as a model gene/protein throughout my
bionformatics course. Globins including hemoglobin and
myoglobin carry oxygen. We study globins in a variety of
contexts including

--sequence alignment

--gene expression

--protein structure

--phylogeny

--homologs in various species
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Example of a quiz question requiring students to
download and use MEGA, a phylogeny software program

wn and seles

Functional genomics: overview

Functional genomics refers to the genome-wide study of
the function of DNA (including genes and nongenic
elements) as well as the nucleic acid and protein products
encoded by DNA.

Examples:

« studies of DNA (the genome)

« studies of RNA (the transcriptome)
« studies of proteins (the proteome)
« the use of high throughput screens
« perturbation of gene function

« relating genotype and phenotype

Outline
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Functional genomics: teaching considerations

The analysis of large-scale data requires...

--appropriate statistics for experimental design

--statistics for data analysis

--tools to handle large data sets (millions of rows)

--packages to perform analyses (e.g. preprocessing,
hypothesis testing, exploratory analyses)

--understanding of the biological principles

Teachers must decide which aspects to cover.




Outline Teaching genomics

The availability of complete genome sequences is

Overview of bioinformatics and genomics education revolutionizing our understanding of the tree of life.

Approaches to teaching bioinformatics

For teaching purposes, | require students to select any
one genome and write a report on it. Students are
encouraged to organize the report according to five

rinciples.
Approaches to teaching genomics and the tree of life : # o

Approaches to teaching functional genomics

Five approaches to genomics Teaching genomics

As we survey the tree of life, consider these perspectives:
As a second option, students can select one gene and

Approach I: cataloguing genomic information study it in detail.

Genome size; number of chromosomes; GC
content; isochores; number of genes; repetitive N )
DNA; unique features of each genome See http://bioinfbook.org/genomics.php for more
information.

Approach II: cataloguing comparative genomic information
Orthologs and paralogs; COGs; lateral gene transfer

Approach lll: function; biological principles; evolution
How genome size is regulated; polyploidization;
birth and death of genes; neutral theory of
evolution; positive and negative selection; speciation

Approach 1V: Human disease relevance

Approach V: Bioinformatics aspects
Algorithms, databases, websites




Summary and conclusions

The discipline of bioinformatics allows one to study
biological problems of interest. Key tools include
sequence alignment, phylogeny, and high throughput
functional measurements of cellular function. Genomics
allows these tools to be applied to the tree of life.

Education in these areas is evolving rapidly because the
pace of technological change is rapid.




