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Outline

= Definition of Genomics




GENOMICS — What is it?

= Sensu lato (in the broad sense) — it is interested in
STRUCTURE and FUNCTION of genomes

= Necessary prerequisite: knowledge of the
genome (sequence) — work with databases

= Sensu stricto (in the narrow sense) — it is interested in
FUNCTION of INDIVIDUAL GENES - FUNCTIONAL
GENOMICS

= It uses mainly the reverse genetics approaches

Genomics is a science discipline that is interested in the analysis of
genomes. Genome of each organism is a complex of all genes of the
respective organism. The genes could be located in cytoplasm
(prokaryots) nucleus (in most euckaryotic organisms), mitochondria or
chloroplasts (in plants).

The critical prerequisite of genomics is the knowledge of gene sequences.

Functional genomics is interested in function of individual genes.




GENOMICS - What is it?
The role of BIOINFORMATICS in FUNCTIONAL GENOMICS

Forward (,classical’) Genetics Approaches Réverse Genetics Approaches
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With the knowledge of gene sequences (or the knowledge of the gene files in the
individual organisms, i.e. the knowledge of genomes), Reverse Genetics
appears that allows study their function.

In comparison to "classical” or Forward Genetics, starting with the phenotype,
the reverse genetics starts with the sequence identified as a gene in the
sequenced genome. The gene identification using approaches of Bioinformatics
will be described later (see Lesson 02).

Reverse genetics uses a spectrum of approaches that will be described in the
Lesson 03 that allow isolation of sequence-specific mutants and thus their
phenotype analysis.

The necessity of having phenotype alterations in the forward genomics approach
introduces important difference between those two approaches. Thus, the gene is
no longer understood as a factor (trait) determining phenotype, but rather as a
piece of DNA characterized by the unique string of nucleotides. i.e. physical
DNA molecule.



Outline

* Role of BIOINFORMATICS in FUNCTIONAL GENOMICS
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Bioinformatics

= Definiction of Bioinformatics (according to NIH Biomedical
Information Science and Technology Initiative Consortium)

Research, development, or application of computational tools and
approaches for expanding the use of biological, medical, behavioral
or health data, including those to acquire, store, organize, archive,
analyze, or visualize such data.

A5

NIH WORKING DEFINITION OF BIOINFORMATICS AND COMPUTATIONAL BIOLOGY
July 17, 2000

The following working definition of bioinformatics and computational biology were developed by the BISTIC
Definition Committee and released on July 17, 2000. The committee was chaired by Dr. Michael Huerta of the
National Institute of Mental Health and consisted of the following members:

Bioinformatics Definition Committee BISTIC Members Expert Members
Michael Huerta (Chair) Gregory Downing

Florence Haseltine Belinda Seto

Yuan Liu

Preamble

Bioinformatics and computational biology are rooted in life sciences as well as computer and information
sciences and technologies. Both of these interdisciplinary approaches draw from specific disciplines such as
mathematics, physics, computer science and engineering, biology, and behavioral science. Bioinformatics and
computational biology each maintain close interactions with life sciences to realize their full potential.
Bioinformatics applies principles of information sciences and technologies to make the vast, diverse, and
complex life sciences data more understandable and useful. Computational biology uses mathematical and
computational approaches to address theoretical and experimental questions in biology. Although
bioirr?‘ormatics and computational biology are distinct, there is also significant overlap and activity at their
interface.

Definition
The NIH Biomedical Information Science and Technology Initiative Consortium agreed on the following

definitions of bioinformatics and computational biology recognizing that no definition could completely eliminate
overlap with other activities or preclude variations in interpretation by different individuals and organizations.

Bioinformatics: Research, development, or application of computational tools and approaches for expanding
the use of biological, medical, behavioral or health data, including those to acquire, store, organize, archive,
analyze, or visualize such data.

Computational Biology: The development and application of data-analytical and theoretical methods,
mathematical modeling and computational simulation techniques to the study of biological, behavioral, and
social systems.

11



What is bioinformatics?

* Interface between the biology and computers

* Analysis of proteins, genes and genomes
using computer algorithms and databases

* Genomics is the analysis of genomes.
The tools of bioinformatics are used to make

sense of the billions of base pairs of DNA
that are sequenced by genomics projects.

J. Pevsner,
http://www.bioinfbook.org/index.php
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Bioinformatics

Fag

Bioinformatics in functional genomics

Processing and analysis of sequencing data
= Identification of reference sequences
= Identification of genes
= Identification of homologues, orthologues and paralogues
= Correlative analysis of genomes and phenotypes (incl.
human)

Processing and analysis of transcriptional data
= Transcriptional profiling using DNA chips or next-gen
sequencing

Evaluation of experimental data and prediction of new
regulations in systems biology approaches
= Mathematical modelling of gene regulatory networks
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Outline

Databases
Spectre of ,,on-line” resources
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Spectre of On Line Resources
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There are many of on-line resources that could be used.
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Spectre of On Line Resources

= EBI http://www.ebi.ac.uk/services

——

Nowadays, the resources are interconnected and could be accessed via
dedicated web pages. Among the best and mostluy used www resources
integrating plenty of database resources belong www portal of European
Bioinformatics Institute (EBI) in Europe (Germany) and National Center of
Biotechnology Information (NCBI) in the USA (
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Spectre of On Line Resources

0 NCBI http://www.ncbi.nlm.nih.gov/
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Nowadays, the resources are interconnected and could be accessed via
dedicated web pages.



Outline

= PRIMARY, SECONDARY and STRUCURAL databases
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Primary Databases

= Include primary datasets — DNA and Protein sequences

= Sequences in databases of ,The Big Three*:
EMBL

http://www.ebi.ac.uk/embl/

GenBank
http://www.ncbi.nih.gov/Genbank/GenbankSearch.html

DDBJ

http://www.ddbj.nig.ac.jp

= Daily mutual exchange and backup of data
. Works with large amount of data (capacity and software requirements)

=  September 2003 27,2 x 10° entries (approx. 33 x 10° bp)
= August 2005 100 x 10° bp from 165.000 organisms

19



Sequences (millions)
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of GenBank
Aug 2016

Bases Sequences

= Dec 1982 680 338 bp, 606 sequences
= Apr2002 19 x 10° bp, 17 x 10° sequences + WGS 692 x 10° bp, 172 768 sequences

=  Aug 2016 218 x 10° bp, 196 x 108 sequences + WGS 1,6 10'2 bp, 360 x 108 sequences




Shotgun Sequencing
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Fig 2: Short fragments of DNA sequence are ordered by overlapping
data to recreate the whole genome sequence

Fig 1: Genomic DNA is fragmented, ligated into viral DNA
and packaged inta viral particlas to creats a library Interactive concepts in biochemistry, Rodney Boyer, Wiley,
2002, http://www.wiley.com//college/boyer/0470003790/

Shotgun sequencing allows a scientist to rapidly determine the sequence of very long
stretches of DNA. The key to this process is fragmenting of the genome into smaller
pieces that are then sequenced side by side, rather than trying to read the entire genome
in order from beginning to end. The genomic DNA is usually first divided into its
individual chromosomes. Each chromosome is then randomly broken into small strands
of hundreds to several thousand base pairs, usually accomplished by mechanical
shearing of the purified genetic material. Each of the short DNA pieces is then inserted
into a DNA vector (a viral genome), resulting in a viral particle containing "cloned"
genomic DNA (Fig. 1).

The collection of all the viral particles with all the different genomic DNA pieces is
referred to as a library. Just as a library consists of a set of books that together make up
all of human knowledge, a genomic library consists of a set of DNA pieces that together
make up the entire genome sequence. Placing the genomic DNA within the viral genome
allows bacteria infected with the virus to faithfully replicate the genomic DNA pieces.
Additionally, since a little bit of known sequence is needed to start the sequencing
reaction, the reaction can be primed off the known flanking viral DNA.

In order to read all the nucleotides of one organism, millions of individual clones are
sequenced. The data is sorted by computer, which compares the sequences of all the
small DNA pieces at once (in a "shotgun" approach) and places them in order by virtue
of their overlapping sequences to generate the full-length sequence of the genome (Fig.
2). To statistically ensure that the whole genome sequence is acquired by this method,
an amount of DNA equal to five to ten times the length of the genome must be
sequenced. (Interactive concepts in biochemistry, Rodney Boyer, Wiley, 2002,
http://www.wiley.com//college/boyer/0470003790/)
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Growth of DNA Sequence in Repositories
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of DNA Sequence in Repositories
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Growth of DNA Sequence in Repositories
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Primary Databases

= They include sets of primary data — DNA and Protein sequences

=  Protein sequences:

PIR, http://pir.georgetown.edu/

MIPS, http://www.mips.biochem.mpg.de
SWISS-PROT, http://www.expasy.org/sprot/
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Primary Databases

» Types of sequences in primary databases

Standard nucleotide sequences acquired by high quality
sequencing

ESTs (Expressed Sequence Tags)

HGTS (High Throughput Genome Sequencing)

- Results of sequencing projects without annotation
Reference Sequences of annotated genomes

TPAs (Third Party Annotation)

- sequences annotated by third party (by someone else, not the
orginal authors)

28



Primary Databases

GenBank (NCBI) http://www.ncbi.nim.nih.gov/

NCBI Home
Resource List (A-Z)
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DMA & ANA
Domains & Stnuctures
Ganos & Expression
Canatics & Madices
Genomes & Maps
Homalogy

Lierature

Protens

Saquarcs Analyin

Taxonomy

ming & Tutorinls

Variation

Welcome to NCBI

Trae Naborad Canler for Botechnology Informeaton advances scence  Pubibod

Popular Resourc

and " 1 Bl informaton ooy
Masion | Qrgenzaten | Resesrch | RSS Fesdy PutiMod Central
Putibed Hoalth
BLAST
Get Started Nuckeatde
= Toohs: Analyze dats using NCEI scftware Ganame
* Dosmicady Get NCBI data or sofwans —_—
o Hor-Taln: Lo bror b mesesenplish specific tesks ol NCBI
Submissions: Subent data to GenBank or other NCBI Garn
databases Protesn
PubChem

NCBI YouTube

Learms how 10 get e most out of NCBI
tooks and databases with vadeo hionals
on the NCBI YouTube Channel

NCBI Announcer

Mew version of Geng
ausinbla

NCBI's Jubs Mawslet)

29



Primary Databases
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Primary Databases
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5 NC_002377.1: 145K..148K (29Kbp) > | QP | - - 1] + B
0 145,400 |145,600 |145,500 146K [146,200 |146400 |146)600 [145800 |147K 147,200 |147,400

|02 NP_059797.1

_ NP_059797.1: two-component VirA-like sensor kinase 1,400 1,688 1,580 2K i
total range: NC_002377.1 (145,694..148,183)

F 059797 VR ¢ova ength: 2,490 e —————————
strand: plus
protein product length: 829
Links & Tools
GenBank View: NC 002377.1 (145,694..148,183), NP_0597
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BLAST Genomic: NC 002377.1 {145,694..148,183)
Graphical View: NP_059797.1
BLAST Protein: NP_059797.1
BLINK Results: NP_059797.1

~ Bibliography

Related articles in PubMed
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Primary Databases
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Primary Databases
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What is an Accession Number?

An accession number is label that used to identify a sequence. It is a string of letters
and/or numbers that corresponds to a molecular sequence.

Examples (all for retinol-binding protein, RBP4):

X02775 GenBank genomic DNA sequence

NT_ 030059 Genomic contig DNA
Rs7079946 dbSNP (single nucleotide polymorphism)
N91759.1 An expressed sequence tag (1 of 170) RNA
NM_006744 RefSeq DNA sequence (from a transcript)
NP_007635 RefSeq protein .
AAC02945 GenBank protein Protein
Q28369 SwissProt protein

1KT7 Protein Data Bank structure record

J. Pevsner,
http://www.bioinfbook.org/index.php
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NCBI’'s important RefSeq project:
best representative sequences

RefSeq (accessible via the main page of NCBI)
provides an expertly curated accession number that
corresponds to the most stable, agreed-upon “reference”
version of a sequence.

RefSeq identifiers include the following formats:

Complete genome NC_#HHHHH
Complete chromosome  NC_###HHH
Genomic contig NT_#H#HHH#
mRNA (DNA format) NM_###HHH e.g. NM_006744
Protein NP_##H#HHE e.g. NP_006735

J. Pevsner,
http://www.bioinfbook.org/index.php
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- NCBI Reference Sequences (RefSeq)
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NCBI's RefSeq project: many accession number
formats for genomic, mMRNA, protein sequences

Accession Molecule

AC_123456
AP_123456
NC_123456
NG_123456
NM_123456
NM_123456789
NP_123456
NP_123456789
NR_123456
NT 123456
NW_123456

Method

Genomic Mixed
Protein Mixed

Genomic Mixed
Genomic Mixed
mRNA Mixed

mRNA Mixed

Protein Mixed

Protein Curation

Note
Alternate complete genomic
Protein products; alternate
Complete genomic molecules
Incomplete genomic regions
Transcript products; mRNA
Transcript products; 9-digit
Protein products;
Protein products; 9-digit

RNA Mixed Non-coding transcripts
Genomic Automated Genomic assemblies
Genomic Automated Genomic assemblies

NZ_ABCD12345678 Genomic Automated Whole genome shotgun data
mRNA Automated Transcript products

Protein Automated Protein products

RNA Automated Transcript products

XM_123456
XP_123456
XR_123456
YP_123456
ZP 12345678

Protein Auto. & Curated

Protein products

Protein Automated Protein products 1. Pevsner,

http://www.bioinfbook.org/index.php
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Primary Databases
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total range: NC_002377.1 (145,654..148,183)
F 0587971 total length: 2,490 S ——
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protein product length: 829
Links & Tools
GenBank View: NC 002377.1 (145,694..148,183), NP 0597
-Fma View: NC 002377.1 (145,694..148,183), NP 059797
BLAST Genomic: NC 002377.1 (145,694..148,183)
Graphical View: NP_059797.1
BLAST Protein: NP_059797.1

BLINK Results: N.LQE&ZQ_IJ

~ Bibliography

Related articles in PubMed
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Primary Databases
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Secondary Databases

= Databases of functional or structural motifs, acquired by primary data
(sequences) comparison

= PROSITE, http://www.expasy.org/prosite/
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Secondary Databases

= Databases of functional or structural motifs, acquired by primary data
(sequences) comparison

= PROSITE, http://www.expasy.org/prosite/
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Secondary Databases

= Databases of functional or structural motifs, acquired by primary data
(sequences) comparison

= PROSITE, http://www.expasy.org/prosite/
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Secondary Databases

Databases of functional or structural motifs, acquired by primary data
(sequences) comparison

O PRINTS, http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/
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Secondary Databases

= TRANSFAC http://www.gene-regulation.com/
@

@ T=m TRANSFAC Saccharomyces Module 0.1

The GBF
Research

Service & Technology Transfer Rt DB The S/MAR transaction dafabase (Release 2.1)

News & Public Relations

Scaffold/Matrix Attached Region transaction Database

Molcular Bintechmology 1 RAN SF AC WS PR (EEI )

» Bioinformatics

» The team

» Publications

» Pmiects l
» Databases 2
» Tools

» Links

Lr I!H_Lj'ﬂzl_lll‘frl '&‘}Q @fﬂﬁmz;g‘l‘mﬁ I e R BT

The database of physiological systems, o1gans and cell types

S/MARt DB (saffold/matrix attached region transaction database). This database
collects information about S/MARs and the nuclear matrix proteins that are
supposed be involved in the interaction of these elements with the nuclear matrix.
http://transfac.gbf.de/SMARtDB/index.html)



Structural Databases

PDB http://www.rcsb.org/pdb/

DEPOSIT data n N
DOWNLOAD ifiles v

browse LINKS PR N r A&
BETA TEST new features

RCSE Contact Help

Home — Us
BETA mmCiF files Welcome to the PDE, the single worldwide repository for the Did you find wist you
processing and distribution of 3-D biological macromolesular ‘wented?
Current Holdings structure data

ABOUT PDB | DATA UNIFORMITY | RECENT FEATURES | USER GU

ES |

19623 Structures A ORHATS T
Last Update: 31 ec.2002 FILE FORMATS | EDUCATION | 532‘:"1‘:':::[ GENOMICS | PUBLICATIONS |
sti —
Search the Archive ] PDB Mirrors
Enter a PDBID or keyword Query Tutorisl | *Fiesss bookmarh 2 miror
—

[ Find a structure San Disgo Supsroomputsr
[ queny by FDB id only [] match exact mard Gentsr™
[ remove ssquencs hemelogues Fulgers Ui versity®

Hatonal Inafituts of

Molecule of the Month
Cytochrome ¢

The Pratein Data Bank (FDE) s
aperated by Rutgers, The State

Ssarohlite keyword search form with examples

Searchfislds customizable search form
Status Search find entries awaiting release

Standards and Technology®

Cambridge Crystallogrsy
Dsta Gentre, UK

HaBonal University of

University of New Jersey ; the San Com Singapore
; ews plots Hews  pdbd Archive
B‘E‘ZV SUIZWC'WSPIU:W C""‘;V ‘l; the N Haws|sttar Sub=cribe O=aka Uni versity, Japan
niversity of California, 3an Disgo; remmatEe e
and the National Institute of Standards 23 Dec-2002 W
FITIEN D menhrs | Hapyy Holdays fiom the FDE The FDB prew—
Research Callsborstor: Max Delbrick Center for
Strustural B 3 stafl wish to extend our best wishes to the Molscular Wedicine,
PDE is supported by funds from the comunity for a happy holiday season and Germany.
Dational Seience Foundation, the a wonderful new year!
artment of Energy,, and two units of OTHER SITES

Cepar tment of Eners
the National Institutes of Health: the
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Structural Databases

PDB http://www.rcsb.org/pdb/
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Structural Databases

PDB http://www.rcsb.org/pdb/
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Outline

=  GENOME Resources
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Genome Resources
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0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
" o

49



Genome Resources

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
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Genome Resources

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
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Genome Resources

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
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Genome Resources

0 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
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Genome Resources

[0 The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org
il [ =

&0y n

The Arabidopsis information Rescurce Brashing R

i

.‘| ——— i [ 7= rh
A
ey N \g"tair =
Click here

to try our new online submission form
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Genome Resources

1 TAIR, The Arabidopsis Information Resource, http://www.arabidopsis.org

i
-

\_? tair "= "ev cown Amui Logn
Search Browse Tools Stocks Portals. Download
The Arabid. e I fan B

The Aratidopsis Infarmation Resource (FAIR) maintains @ datatass of genatc and
2 Tor the model fgher plant Asan +, Data availasle from TAIR incluces
her com:mnw o seqUENCE AI0NG WITh GENG SHIUCRUTD. Gane Product INfomation, metatalsm
e aipreon DA and seed stocks. genome maps, genetic and physscal maskers,

about the resanrch Gena product funcian
datn is m-uan evary fwo weeks from |r~c umql p..ul shed ressarch inoratae and commundty datn
submasans. Gone structures are updated 1-2 bmes por yomr using computabonal and manual
mathods as wel as co nity n..m..umn of new a0 updated genes. TAIR also provides
entensive inkouts from our dats pages to other Arabidopss resources

The A rat The Ohio State University collects, reproduces.
poomerven el cisbicutos 3ood aeid ONA rewouoos of A nticdopss Maiann and related species.
Stock infoimaticn and ordering for the ABFC are fully inegrated inc TAIR

The NEW arabidopsis.org

£ ik f £0Ssr 10 loCats infermaticn and ressunces in TAIR. Ploase eont
expanence any problems with our new sie

W' aiiced new dropaown Ramsers wnd lofl Rgon birs Bnd reoMaNEed cur wib DEges
i o

\Cralr = = e i — = -

The Arabigopsis Information Ressurcs

[ =

Submit Nows

Breaking Nows

Data Updates Suspended
[Octotor 19, 2008

Some TAIR data updates.
Inchuding loacng of new ABRC
stocks, will be suspended from
Ot 20-Nov 17 while we move
our sarvens

m... Fhmatyp’ Search

lDuulxu 15. 2008]

for genes
nermmnms and
polymorphisme usng
ansCCiato [

ASPO Prosentations

[August 15, 2006]

Foliowing heavy demand, the
TAIR workshap prosontations
given at the ASPR meatng in
Boston have been made
avadable from the TAIR webss
for download
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Outline

Analytical Tools
Homology Searching
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Analytical Tools

1 Global versus Local alignment

Globdlni pFifazeni
SLAV===ccancax APATNIK==~==~=~ PIQNYR-I~—--—= AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokdlni pFifazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Cvrékova, Uvod do praktické bioinformatiky

. Global Alignment: only for sequences, which are similar and of
a similar length (BUT can insert spaces into one or both
sequences)

. Global Alignment is used mainly in case of multiple alignment
(CLUSTALW, further in the presentation)

. Local Alignment provides identification and comparison even in

case of alignment of regions of sequences with high similarity,
e.g. even in case of change of order of protein domains during
evolution
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Analytical Tools

1 Choosing the right type of alignment using dotplot

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence ¥ ATTGCTCGGTATTGCTCTGA
Mlirace diagonil
kratfich nei 3

iy ¥ ¥ i b

|

:' *

i

¥ :i S—
Cvrékova, Uvod do praktické bioinformatiky

. Plotting the sequences against each other (x and y axis)
. Identification of identity in ,dot” of specific size (e.g. 2 bp)
. Filtering the diagonals of lengths lower than a treshold
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Analytical Tools

1 Examples of sequence alignment using dotplot

B C D

Cvrekové, Uvod do praktické bioinformatiky

. Global Alignment: possible only for sequences A and B

. The rest of the sequences underwent change of order of
protein domains and therefore it is neccessary to do a local
alignment

. Dotplot can be obtained using BLAST2 (see further in the
presentation)
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Analytical Tools

= BLAST http://ncbi.nlm.nih.gov/BLAST/

BLAST
nucleotide-nucleotide X8 b

Tranzlatio R et for an RID

SavoavoLge

acaccatcat catbabeatc atcgbbbtgg gegoatgttg tgtggtteca gl
gegtattaat

ataattaatt tatbecacat gagatatgat atgatatact atgtattbit
tgbbtttttt

ttatttgbaa accbtbaata taacaagaac tacaaaaaat gaaaa

[EEE

et subsequence me:| Ta |

=
o

Choose database [

Y ‘BLAST! R oo Yo




BLAST

Basic Local Alignment Search Tool

= Word size: 10-11 bp or 2-3 aa

= Primary similarities (seed matches)
] Expanding the homology regions to the left and to the
right
= Scoring the homology with matrices PAM (Point Accepted Mutation) or
BLOSUM (BLOcks Substitution Matrix)

=  Showing the results Matice PAM 250

5 o2
T o-2f1 3
r -1 08
A 21112
| | € -1 6-11 s
T ® |1 0-10 0|2
alr/6lc ,....{qudnnmnupiru(}-.-\ v oo 1|2 s
Al 1] o] sfof | E 5/00-10 013 4
= = W -5l-1-1 0 011 2 2 4
TIO0j1 o had piru G-G W Aa-1-1 0-1-2]2 11 3|8
| Gl o ] B o-6l0-10-z-3l0 -1 12 8
1= k_-5l0 o-1-1-203 0 0 1/0 3 s
Cl0j0jOjl W Ss|z-1-2-1-3[2-3-2-12 0 0]6
i 1 =21 =2 =1 =3=2 =@ =} ==} =} =2}2 §
L -6f-3 43 432|234 o2 6
N . "' L 1! -1|-2 =2 =2 ~2|-2 -2 =22 4 2 &
Cvrékova, Uvod do praktické bioinformatiky P S|+ 65 52 % 5[0 1 2-1}%
A 0f-3 Sl2 4 A 4|0~ 2 -y -1 -2(7 W
w82 -4 -7 -1 -5|-3 7 3|4 -5 -2 6|0 0 W
s W D EQARKNTILVIFYTW
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BLAST

Basic Local Alignment Search Tool

E= expectancy
value

[ >gi|5016088 |ref|NM 001101, 2|
Length = 1793

actin, beta (ACTB), mRNA

Seore = 1110 bits (560),
Identities = 965/1100 (B7%
Strand = Plus / Plus

Query: 156 getctggoatgtgeaaggecggatttgecggagacgatgcteecege 215

g ga gc
II\III\IIIHII T

Shjek: 101 gtegacaacggetcoggeatghtgeaaggecggettegegggegacgatgeceeccgggee 160

Query: 216 gtettceeategattgtgggacgteccegtcaccagggtgtgatggteggcatgggecag 275
II\III\I VUL TEEEE AT T T P TTT TETELTTL TTHTTT 11

Shjek: 161 gtettcecctecatcgtggggegeccoaggeaccagggegtgatggtyggcatggateag 220

Query: 276 aaggactegtacgtgggtgatgaggcgeagageaagegtggtatecteaccetga 335

g1 agt.
PETTE L TINTE TE DRI DI T 1T II\IIIHIIHIIHII

Shjek: 221 aaggattectatgtgggegacgaggcceagageaagagaggeatecteaccetgaagtae 280

Query: 336 attgageacggtal gaccaactg:
|

cgts
T \III\ i

Shjet: 281 ecceatcgagoacggoatcgteaceaacty

gga
111
gga

I
<

= the results shows fraction of identical and in case of proteins also

similar sequence positions and/or inserted spaces
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a0 -

‘S NC_002377.1: 145K.148K (29Kbp) > ‘& | QD | - u

Primary Databases

A

;ll? |145,400 |145,600 ll'IdS:IﬁEl? [146 K !14_8,?00 ‘|4I5,-!U1?__14I5_.§UQ |146,800 [147K |147.200 |147,400 (147,600 |1

I

enes

=D& NP_059797.1

|:— NP_059797.1: two-component VirA-like sensor kinase

" G tot2l range: NC_002377.1 (145,654..148,183

NP 059797 R 1o 1mn§th: 2,490 t ]

strand: plus

protein product length: 829

Links & Tools

GenBank View: NC 002377.1 (145,694..148,183), NP 0597
FASTA View: NC 002377.1 (145,694..148,183), NP_059797
BLAST Genomic: NC 377.1 (145,694..148,183
Graphical View: NP_059797.1

BLAST Protein: NP_059797.1

—‘ BLINK Results: NP_059797.1

- Bibliography

Related articles in PubMed

BLINK is a link to the pre-computed BLAST search results for the respective

sequence (see the next slide).
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BLAST

Basic Local Alignment Search Tool

Pracomputed BLAST results for:
Matching gis: 19153422201
Total (score > 100) : 147086 hits in 146754 proteins in §300 species.

Solecied: 14T bits in 144754 proteines in 8300 species  Filter: Min Score: 100 |
Othar views (Roporta):  Taxonomy report | Muliple Abgnment || Esast

Eiesel ol My

inasa J air. C5H]

¥ Shooss Disciay ooons v

*
-
-
-
.
*
*
*
*
-
.




BLAST

Specialized Versions

Currently there exists a lot of specialized versions of

Searching according to source (organism) of sequences, e.g. known
genomes of microorganisms

BLASTP

Given the protein query, it returns the most similar protein
sequences from the protein database.

BLASTN

Given the DNA query, it returns the most similar DNA
sequences from the DNA database.

Other variants, e.g. MEGABLAST, for identification of
identical or very similar sequences (searches long similar
regions of nucleotide sequences)

BLASTX
Compares the all possible six-frame translation products of
a nucleotide query sequence (both strands) against a
protein sequence database.
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BLAST

Specialized Versions
Currently there exists a lot of specialized versions of BLAST

= TBLASTN
. Compares a protein query against the all six reading
frames of a nucleotide sequence database.

. TBLASTX

. Translates the query nucleotide sequence in all six
possible frames and compares it against the six-frame
translations of a nucleotide sequence database.
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BLAST

Specialized Versions

Currently there exist a lot of specialized versions of BLAST

= PSI-BLAST (Position-Specific Iterated Blast)

. First step: standard BLAST, during which PSI-BLAST
identifies a list of similar sequences with E value better
than minimal value (standard = 0,005)

. For every alignment, PSI-BLAST creates so-called PSSM
(Position Specific Substitution Matrix)

. PSSM takes into account relative frequency of specific
aminoacid residue in a specific position within sequences
identified as similar in first step, which can mean functional
conservation.
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BLAST

Specialized Versions

Currently there exists a lot of specialized versions of BLAST

= PHI-BLAST (Pattern-Hit Initiated BLAST)

. For identification of specific sequence, e.g. motif (pattern)
in sequence of similar protein sequences

. Sequence of motif must be inserted using special syntax:
. [LVIMF] means either Leu, Val, lle, Met or Phe

. - is spacer (means nothing)
. x(5) means 5 positions in which any residue is allowed
. X(3, 5) means 3 to 5 positions where any residue is allowed

68



BLAST

Specialized Versions
Example of search by PHI-BLAST

>g1|4758958 |ref |NP 004148.1| Human cAMP-dependent protein kinase
MSHIQIPPGLTELLOGYTVEVLROOPPDLVEFAVEYFTRLREARAPASVLPAATPROSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPSRFNRRVEVCAETYNPDEEEEDTDPRVIHPKTDEQRCRLOEACKDILLE
KNLDQEQLSOVLDAMFERIVEKADEHV IDQGDDGDNFYVIERGTYDI LVTEKDNQTREVGOQYDNRGEECELA
YNT. T IVATSEGSLWGLDRVIFRRI IVKINNAKKRKMFESF IESVPLLKSLEVSERMKIVDVIGEK
IYKDGERIITQGEKADSFY I IESGEVE ILIRSRTEENKDGCGNQEVE IARCHKGOYFGELALVTINE PRAAS
AYAVEDVECLVMDVOAFERLLGPCMD IMERN I SHYEEQLVEMEGS SVDLGNLGD

[LIVMF] -G-E-x- [GAS] - [LIVM] -x(5,11) -R- [STAQ] -A-x- [LIVMA] -x- [STACVY] .
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Outline

= Searching Of Sequence Motifs, Open Reading Frames, Restriction
Sites...
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Analytical Tools

= http://workbench.sdsc.edu/

L’
http://workbench

[seect Al | essiet || Wy | s |[ naa | [ Dot | oy )f vew || Dnion | vewrecorcs |
[ELsiER J BLoskox J BLASTN | BLASTS || ToLASTR J FASTA ]| FASTX || FASTY ] SeEARcr ] cLusTALW |
[ CLUSTALWPROR J ALIGN ] LALIGN J| LFASTA J| PATTERNATCHD J| PATIERNMATCH ]| TaCO J| PRIMERS |

ACEIMTEG
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Analytical Tools

= http://workbench.sdsc.edu/

ACEIMTEG
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Analytical Tools

= http://workbench.sdsc.edu/
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Analytical Tools

= http://workbench.sdsc.edu/

Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds. Tran

>170248 Translated - Frame 1
E LEFWGARAK LFAKWENI IPSVCNSYSI* INKGANLTILPL

Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds. Tran

>170248 Translated - Frame 2
S5LGEQGONFLINGK I LYQVFVIVIQFELTRGOI+LECP

ACEIMTEG
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Analytical Tools

= http://workbench.sdsc.edu/

GCEITEC
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Analytical Tools

= http://workbench.sdsc.edu/

HRCEITEC

76



Analytical Tools

= http://workbench.sdsc.edu/

GCEITEC

77



Analytical Tools

o VPCR http://grup.cribi.unipd.it/cgi-bin/mateo/vpcr2.cgi

VPCR.2.0 (WWW inferface) - Please, enter nuclsotide primer sequences ((UB codes allowed for degenerate prime1s). VRCR 2.0
searches the specified database for matches to the primess. If matches are found within 10000 bases, a PCR simulation model
predicts amplification. Calculated PCR. products are displayed within a mimute
HOTE: Abilitias of VPCR 2.0 sre 3till imited by BLART sapabilities and settings, o3 well a5 tnsbility of ow sumeat softvare 1o Sesl with more them a
couple thousand matelhes per primer. For ssemle, using primers shorter or roughly equsl to our 11-base wonl size misses most mukehes . Primers with
CrPTepREs e SeqUELPeS CHNSE BrODLES & Well, W are oW IS Solving most of these OIS, Tlénse, M4 Tatient, IF you Lave & Tinute, pleist, Jt
us knsw what kind of expestations you. bave for WPCR 2.0 ete. CUrently, this aidress i for testing VPCR 2.0, stable Cestures vill be fnstalled on
VPCR 2.0 Homepss.

HRCEITEC
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Analytical Tools

o VPCR http://grup.cribi.unipd.it/cgi-bin/mateo/vpcr2.cqi

79



Outline

Other On-line Genome Tools
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Other On-Line Genome
Resources

= TIGR (The Institute for Genomic Research, http://www.tigr.org/software/)
= Recently part of the J. Craig Venter Institute

¥ T
s LS s ] 2 ik
* L 1 L
Gene e - =

PHACTRA pheaphatass and actin regulator 4 [ Homa sagsens |
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Other On-Line Genome
Resources

= Online Mendelian Inheritance in Man (OMIM)

(= T —— [T
e

OMIM'
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Summary

= Syllabus Of The Course
= Definition Of Genomics
= Role Of Bioinformatics In Functional Genomics

= Databases
= Spectre Of ,On-line* Resources
=  PRIMARY, SECONDARY and STRUCURAL Databases
=  GENOME Resources

= Analytical Tools
=  Homologies Searching
= Searching Of Sequence Motifs, Open Reading Frames, Restriction
Sites...
= Other On-line Genome Tools
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Discussion
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