CG920 Genomics

Lesson 1
Introduction into Bioinformatics

Jan Hejatko

Functional Genomics and Proteomics of Plants,
Mendel Centre for Plant Genomics and Proteomics,
Central European Institute of Technology (CEITEC), Masaryk University, Brno
hejatko@sci.muni.cz, www.ceitec.muni.cz

Vensy

< ey VERST, INVESTICE DO ROZVOJE VZDELAVANI
%I ‘. f /, Tato prezentace je spolufinancovana
% Evropskym socialnim fondem
L4

%,
OP Vzdéldvini 4 S
ro konkurenceschopnost /ANA®

EVROPSKA UNIE

a statnim rozpoétem Ceské republiky




Outline

= 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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Course Syllabus

o

o

o

o

Chapter 01
= |ntroduction into Bioinformatics

Chapter 02
= |dentification of Genes

Chapter 03
= Reverse Genetics Approaches

Chapter 04
= Forward Genetics Approaches
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Course Syllabus

o Chapter 05
= Functional Genomics Approaches

o Chapter 06
= Protein-Protein Interactions And Their Analysis

o Chapter 07
= Current Methods of DNA Sequencing

o Chapter 08
= Structure of genomes

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana

Evropskym socialnim fondem

~ .
- *x < - ERST,,
B S s
L K 5 .
*x x .
k. k |

*oax
OP Vzdéldvini 4
hopnost

SNSViY
VEnsis:

EVROPSKA UNIE ¥ pro “anav® a statnim rozpoétem Ceské republiky




Course Syllabus

o Chapter 09
= Genome evolution

o Chapter 10
= Genomics and Systems Biology

o Chapter 11
= Practical Aspects Of Functional Genomics

= Model Organisms,
= PCR and Primer Design
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Literature

= Literature resources for Chapter 01:

= Bioinformatics and Functional Genomics, 3rd
Edition, Jonathan Pevsner, Wiley-Blackwell, 2015
http://www.bioinfbook.org/php/?g=book3

= Uvod do praktické bioinformatiky, Fatima
Cvrékova, 2006, Academia, Praha

= Plant Functional Genomics, ed. Erich
Grotewold, 2003, Humana Press, Totowa, New

Jersey

INVESTICE DO ROZVOJE VZDELAVANI

- < -t NERS,
- ~ ) 2

Tk .-' 3 1y,

* * I . Tato prezentace je spolufinancovana
* * 7

RNk ?, Evropskym socialnim fondem

OP Vzdéldvni % S
EVROPSKA UNIE il Ppro konkurenceschopnost “ana st a statnim rozpoétem Ceské republiky

NSV
VEnsis:




Outline

= Definition of Genomics
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GENOMICS — What s 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
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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
o approaches for expanding the use of biological, medical, behavioral
= or health data, including those to acquire, store, organize, archive,
analyze, or visualize such data.
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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 bioinformatics 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.
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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

= Bioinformatics in functional genomics

= Processing and analysis of sequencing data
= |dentification of reference sequences

= |dentification of genes
o = |dentification 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

o EBI http://www.ebi.ac.uk/services
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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 (

Vensy
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Spectre of on-line Resources

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

web pages.
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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

a Works with large amount of data (capacity and software requirements)
=  September 2003 27,2 x 106 entries (approx. 33 x 10° bp)
= August2005 100 x 10° bp from 165.000 organisms
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Growth of GenBank
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Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases
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Growth of GenBank
Feb 15 2013
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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 into viral particles to create a library
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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/

— - NERST, INVESTICE DO ROZVOJE VZDELAVANI

Ef %‘ o ;’ M '; Tato prezent nancovana
% & S

- o kst HANAS a stétnim rozpotem Ceskeé republiky

EVROPSKA UNIE

27




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)
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Primary Databases

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

“=NCBI

National Center for
Biotechnology Information

NCBI Home
Resource List (A-2)
All Resources
Chenmicals & Bioassays
Data & Software
DNA & RNA
Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis

Taxonon
Training & Tutorials

Variation

All Databases

Welcome to NCBI

The National Center for Biotechnology Information advances science
and health by providing access to biomedical and genomic information

About the NCBI | Mission | Organization | Research | RSS Feeds

Get Started

« Tools: Analyze data using NCBI software

« Dow Get NCBI data or software

* How-To's: Learn how to accomplish specific tasks at NCBI

* Subnussions: Submit data to GenBank or other NCBI
databases

NCBI YouTube channel

Learn how to get the most out of NCBI
tools and databases with video tutorials

on the NCBI YouTube Channel. m
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7
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Popular Resourc
PubMed
Bookshell
PubMed Central
PubMed Health
BLAST
Nucleotde
Genome

SNP

Gene

Protein

PubChem

NCBI Announcer

New version of Geno
available

NCBI's Julv Newslott
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Primary Databases

Wt 7 e s g
€ - a s % B

+ Al

P,

©) NC_002377.1: 145K..148K (2.9Kbp)» | “{ | @ | -
0_|145,400 |145,600 |145,800 [146K _ |146,200 |146,400 |146,600 |146,800 [147 K  |147,200 |147,400 |147,600 |1-

|

= 0|2 NP_059797.1
- NP_059797.1: two-component VirA-like sensor kinase 1, 400 1,600 1,800 2 K
total range: NC_002377.1 (145,694..148,183)
NP 0597971 total length: 2,490 S ——————
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 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

3 NCBI A IR S SNucleotide
Search [Nocictin ] - o] com | '

P e—
A ST - J——— -

SaUmber o

. GeneBank ldentifiér‘”
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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

1. Pevsner,
http://www.bioinfbook.org /index.php

Vensy

7
VSV

< ey VERST, INVESTICE DO ROZVOJE VZDELAVANI
%I s 3 l, Tato prezentace je spolufinancovana
P Evropskym socialnim fondem
L4 oo

0P Vrdélivani S
hopnost  ZANA BY

EVROPSKA UNIE

a statnim rozpoctem Ceské republiky

34




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_#HHHHHE
Complete chromosome NC_#HHHH

Genomic contig NT_#HHHH
mRNA (DNAformat)  NM_#HHHHE e g. NM_006744
Protein NP_##HHHHE e 9. NP_006735

1. Pevsner,
http://www.bioinfbook.org /index.php
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Swo-component VA ke sensor Kinase
~ NCBI Reference Sequences (RefSeq)
= Genome Annotation
Explain

Reference assembly
‘Genomic
1. NC_003065.3

Range  180831.183332
Download  GenBlank. FASTA. Sea

mRNA and Protein(s)

1. NP_396486.1 two component sensor kinase [Agrobacterium tumefaciens str. C58]

UniProtkB/swiss-Prot P
Conserved Domains (3) summary
900075 HATPase_C: Histiing kinase-Ske ATPases: This tamiy nciudes several
Location:580 - 634 ATP-Dinging proteins for example: histidine kinase, ONA gyrase B, topoisomerases.
Blast Score: 202 hest $hock peotein HSPIO. phytochrome-ke ATPases 803 DNA mismatch fepe

000082 HIsKA: A Histiane Kinase
Location:466 - 530 A dimers are formed Bough parallel associatn of 2 domains creating d-hel
Biast Score: 144 bundies: usaly These JOMaing Contan & conerved His resicue and are activated
va

837 PRK13837. two-component VieA-ike sensor kinase: Provisions!
Location:14 - 833
Blast Score: 2044

- Related Sequences.
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NCBI's RefSeq project: many accession number
formats for genomic, mRNA, protein sequences

Accession Molecule Method
AC_123456 Genomic Mixed
AP_123456 Protein Mixed
NC_123456 Genomic Mixed
NG_123456 Genomic Mixed
NM_123456 mRNA Mixed
NM_123456789 mRNA Mixed
NP_123456 Protein Mixed
NP_123456789 Protein Curation
NR_123456 RNA Mixed
NT_123456 Genomic Automated
NW_123456 Genomic Automated
NZ_ABCD12345678 Genomic Automated
XM_123456 mRNA Automated
XP_123456 Protein Automated
XR_123456 RNA Automated
YP_123456 Protein Auto. & Curated
ZP_12345678 Protein Automated

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
Non-coding transcripts
Genomic assemblies
Genomic assemblies

Whole genome shotgun data
Transcript products

Protein products

Transcript products

Protein products
Protein products

1. Pevsner,
http://www.bioinfbook.org /index.php

** &
* *
* *
x |
* o
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Primary Databases

[Se pre—r—y

€ e

©) NC_002377.1: 145K..148K (2.9Kbp)» | ‘{ | QD | - I + A A
0 (145,400 [145,600 (145,800 [146 K |146,200 (146,400 |145,600 (146,800 [147 K |147,200 147,400 [147,600 [1

|

Genes

= 0|2 NP_059797.1

- NP_059797.1: two-component VirA-like sensor kinase 1, 400 1,600 1,800 2 K
total range: NC_002377.1 (145,694..148,183)
WP 0597971 BB total length: 2,490 [——————
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 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

= I=
e a4 5 & O-
Oisplay Settings: © FASTA sent .
Change region shown -
1 Showing 2 405 regon from base 145604 10 148183 Whota soquence
* Selocted regon
Ag plasmid Ti, fom 145694 1o 148183
Update View
‘ Customize view -

Analyze this sequence
Run BLAST

Related information
BioPropct

Fll et in PAM

Pubhled

Pubhed

Recent activ

B Agrotictorum tumetacens ¢

omplete

B Ak

INVESTICE DO ROZVOJE VZDELAVANI

> OVERS/,
\ $ &
I 3 % Tato prezentace je spolufinancovana
7 z
% & Evropskym socialnim fondem
< OP Vzdéldvini 4, S
EVROPSKA UNIE ¥ pro konkurenceschopnost ANA® a statnim rozpo&tem Ceské republiky

39




Secondary Databases

Databases of functional or structural motifs, acquired by primary data

(sequences) comparison
o PROSITE, http://www.expasy.org/prosite/

andior PO dtawses with a

panem, OR
e wih al paiern, priles s rules in PROSITE. OR

TEMBLacw I~ OB dutshases

and specify wbich motif 1o e

peofiles ¥ rules (Liagt Mugual) (Vom sy s secdy s PRCSITE sy i ibe

Pl test owpat

st vcscan | mser |
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Secondary Databases

= Databases of functional or structural motifs, acquired by primary data

(sequences) comparison
PROSITE, http://www.expasy.org/prosite/

PDOCO0003 PSO0003 SULFATION Tyrosine sulfation site [rule] [Warning: rele with a high probability of eccurrence ]

PDOCO0004 PS00004 CAMP_PHOSPHO_SITE cAMP- and cGMP-dependent protein kinase phosphorylation site [pattern] [Warning: pattern with a high probability of occurrence].

PDOCO000S PS0000S PKC_PHOSPHO_SITE Proicin kinase C phosphorylation site [patiem ] [Warning: pattern with a high probability of cccurrence)

INVESTICE DO ROZVOJE VZDELAVANI

~ .
ez - QVERS),
o 3 s,

o i » "

I . s 3 Tato prezentace je spolufinancovana
7 z
Xde X %, & Evropskym socialnim fondem
OP Vzdélbvani e S

EVROPSKA UNIE il pro konkurenceschopnost “ana st a statnim rozpoétem Ceské republiky




Secondary Databases

Databases of functional or structural motifs, acquired by primary data

(sequences) comparison
o PROSITE, http://www.expasy.org/prosite/

inc kinase domain [profile]

PDOCS0109

Graphical summary of hits (jave applet

e |
)
of d
o o ]
98 hits with 12 PROSITE entries
[ TR L PAS, Home pa: | TS | Search ExPASy | Contactus | SwinPewt | PROSIHE | Proteomics tools ]
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Secondary Databases

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

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

Direct PRINTS access:
B
B
B
3
3
8
B,
B
B

PRINTS search:

BB Seach PRINTS with NEW e PRINTS,
-

BAMULSn
B FurgerPRINTScun Wenries and souce are mailabe
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Secondary Databases

o TRANSFAC http://www.gene-requlation.com/

@ = TRANSFAC Saccharomyces Module 0.1

The GBF

[Research
["Service & Technology Transfer ’ I S/MARt DB = MAR bR A b O e D
aves NuhicRalations Scaffold/Matrix Attached Region transaction Database
Molecular Biotechno! m ‘The TRANSFAC Database (Release 5.0)
Molecular Biotechnology
» Bioinformatics R
» The team
= - Lutly L@ This databas longer available on this Yo
» Poijects NANSFAIR A fabase is no longer ay on this sexver. You can access it on
» Databases L‘M‘:““I‘k!' 3 hitp/Awww generegulation de
» Tools
> Lis
‘The database of physiological systems, organs and cell types
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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)
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Structural Databases

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

B PDB
BETA TEST new features

BETA mnCIF files Welcome to the PDB, the single worldwide repository for the uym.rs_muym
processing and distribution of 3-D biological macromolecular
Current Holdings structure dats
19623 Structures ABOUT PDE | DATA UNIFORMITY | A | USER GUIDES |
Wl EDUCATION | T BUBLICATIONS |
PDB Statistics —
Search the Archive ’ PDB Mirrors
s Enter a PDB ID or keyword Query Tutorial | *Please bookmark & miror
¢ -
A [ Find a structure | San Diego Supercomputer
= ,ﬁ;- [ query by POB id oty [0 matoh exactword Center®
& O remove sequence homologues Butgers University”
N In i
olecule of the Month: .
Searchlite keyword search form with examples Standards and Technology”
Cytochrome ¢ SearchFields customizable search form Cambridos Crystallographic
~ 10 Dota Bank D) s Statys Search find entries awaiting release Data Centre, UK
operated by Rutgers, The State uilm_mmgw_ﬂ
University of tew Jarsey; the S s inganore
Super Center at the News ﬂr_m'_u!' w Oaakea Uni versity, Japan

Diego Supercomputer
University of California, San Diego;

and the National Institute of Standards 23.Dec-2002 L .
ipd Technokegy — three menbers of | Fappy Holidays from the PDB The PDB e
BezsahColbboraory for || pafFovoh to extenc our et wishe to the Uax Dutbrck Gont or
PR’ coprid by s rm e community for a happy holxlay season and Lleadar Vedcine.
& worderful new year!
Qepartment of Energy,, and M units of
the National Institutes of Health: the QIHER SITES
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Structural Databases

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

Structure Explorer - 1PSY

Structure Explorer - 1P5Y

ine aad Feline Pare

Of Host Rangs Controlfing Regioms Of The Capaids OF

Cont Protein Vp2i Chain: A: Fragment: Sequence Database Revidues 190

View Structure

wip: www.resb org padbcgi explore citjob-graphicpdbld-~ 1 PSY page-pid-1 7356106434934 4& bio- | &opt-show&sie- 500 2292003

Vensis

&
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Structural Databases

o PDB http://www.rcsb.org/pdb/
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= GENOME Resources

INVESTICE DO ROZVOJE VZDELAVANI

.
- ERS,
- S,

Ef IX% . A ‘
K

I . M

OP Vzdélavani N

EVROPSKA UNIE ¥’ oo iosiamascosiepnent  ANASY

SNSViY
Vensis

&

Tato prezentace je spolufinancovana

Evropskym socialnim fonden

a statnim rozpoétem Ceské republiky

48




Genome Resources

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

| P T [ e 3
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Muman Genome Browser - hg10 sssembly (requences)
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Genome Resources

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

S e [ Yre——r—— ey Te——reT [ T
s s

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move ke oo (1503080 bse) 700m ot 11 30 .1
o -
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Genome Resources

Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
— T I I i

[ — s % B

Doacription: Homo sagers heeagiotn beta (4L ~ANA
cosern) 200 oA
-

beta-3 [provded by RefSeq, Ja 2008) Puticaton Nota The s gune. STAR
Transcrol_axon_combeation_eedence - VUOAST 1. BUSSH180 1 (ECO GXIN1Z] séRefSeq Atrtutes ENDSS

Tramacripion Chromoscme: 1l Srand. . Siaw: 1000 Stk 5,245,005 Ends 5241 %91 Exon Count: 3

Coing Size: 1424 Start 5246 27 €t 5245251 Exon Count )

[ESETITR camrce an Links LoD Comments Garetc Assocatons CTO. Merowray
RNA Struchre Proten Souctse  Ofer Speces 0O Arvctacns mRNA Descrpsons Patwars
Ofer Names_GerwReviews  Model inkoematcn_ Methods

Dot tost updeted: 011.1221

= Sequence and Links 1o Tools and Databases

Genomic Secquonce (chr11 5 248 605,248 301) mANA fmay Gfler Yom garome) |Protem (147 aa

(Gane Scrte Genorn Bcwser Proton FASTA VisGarn Tatie Scharra B0GPS
o Entez Gone  ExcPrmer GeneCands

Geps Tason HaNV HONG WRD dackson L MOPED
oMM Pukes Roactome  Stadond SOURCE Treotam  UniPvolk®
Wigasa

= Comments and Description Text from UniProtx

10: H AN
DESCRIPTION: Rchiame Fut- Hermoxgcton sutunt beta. Athara - Beta gloten Athara - Hamcgtn teta chan Contar Richame o (W Aamcrphen T

FUNCTION
FUNCTION: LV-hemarsihn. 7 poteites h actvi of bradykn, cassng 8 decrease 1 bhood pressire
suount

INTERAC TION: POIOS HEA2, N 10, IACH-E61 715564, E56.716880,
TISSUE SPECIICITY: e thood coss.
PTM: Glucone e e 12 o o co
Gabatos mests
PTM: S rosyeted & 2
PTIR Acotyahed on Lys-60, Ly 83 a3 Lys. W5 uon s axcosare. Puthbed 16010547 reports T xenticaton of MO acetyhed o Lys. 145 1 B cylosole Hacton of Hela ceds T mary ave sesuste Fom contamenation of o Sarrpie
MASS SPECTROMETRY: M+ 1350, Mothod FAB, Range-33.42. Sousce-Pubhed 1575724
[DISEASE: Defocts i HEE) may bo 8 cause of Honz Body anemias (MEBAN) [MIM 1

a0 to oveent

-
oiseAse B THAL) MM 004131) ™ s "
rosciso
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a5 asyptomatic
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Genome Resources

Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
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‘Genomic Sequence Near Gene

Get Genomic Sequence Near Gene

Nt € you wous prode 5 9ot DNA fo mcre Fhan o foakar of s ach o & e, By B T st s o s rmat souence

‘Sequence Retrieval Region Options:
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Genome Resources

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

The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org

Breaking News.
£ Subscrive 10 news feed.
(3 Fotio our Twite foed
60 Join our Facebosk growp

The Arabidopsis Information Resource

Click here
to try our new online submission form

and submit the .t pro se). biotogieat

GO Anmotations At TAIR
Wanuary 26, 2012)
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Genome Resources

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

X3
Etqir rom rew coma Avouus Logn

Search Browse Tools Stocks Portals Download
The Arabidopsis Information Resource
> of genetic and molecular

The Arabidopsis Information Resource (TAIR) m:
biology data for the model higher plant Arabidops a. Data available from TAIR includes
the complete genome sequence along with gene structure, gene product information, metabolism.
gene expression, DNA and seed stocks, genome maps. genetic and physical markers,

an about the resoarch Gene product function
data is updated every two weeks from the latest published research literature and community data

ntains
thal

Submit

Breaking News

Data Updates Suspended
[October 19, 2006]

Some TAIR data updates
ncluding loading of new ABRC
stocks, will be suspended from
Oct 20-Nov 17 while we move

submissions. Gene structures are updated 1-2 times per year using computational and manual our servers
methods as well as community submissions of new and updated genes. TAIR also provides

extensive linkouts from our data pages to other Arabidopsis resources

Now Phenotype Search
Option

[October 15, 2006]

Search for genes.
germplasms. and
polymorphisms usin
associated phenotype, and see
mproved phenotype data
display in results and detai
page:

The Arabidopsis B ¢ at The Ohio State University collects, reproduces.
preserves and distributes seed and DNA resources of Arabidopsis thaliana and related species.
Stock information and ordering for the ABRC are fully integrated into TAI

gical Resource Ce

The NEW arabidopsis.org

We've added new dropdown headers and left navigation bars and reorganized our web pages
to make it easier to locate information and resources in TAIR. Please contact us if you
experience any problems with our new site

ASPB Presentations
{August 15, 2006)
Following heavy demand, the
TAIR workshop presentations
given at the ASPB meeting in
Boston have been made
available from the TAIR websitc
for download

Ntaly = ioe | o meaw i

Breaxing News

The Arabidopsis Information Resource

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana

Evropskym socialnim fondem

W ) ] Z

- %

| 2

i O Vedélovini K V\\\:
EVROPSKA UNIE ¥ pro konkurenceschopnost  ANA B

a statnim rozpo&tem Ceské republiky

55




Outline

= Analytical Tools
= Homology Searching
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Analytical Tools

Global versus Local alignment

Globdlni pFiFazeni
SLAV---======~ APATNIK------- PIQNYR-I------ AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokalni 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
< e SRS, INVESTICE DO ROZVOJE VZDELAVANI
_ Ef W‘ s ;‘ M 'z Tato prezentace je spolufinancovana
%, & Evropskym socialnim fondem
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Analytical Tools
Choosing the right type of alignment using dotplot

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA filtrace diagonil
kratdich nez 3
GG

KTTCRTCCO T TICCAC TGk |

Cvrékova, Uvod do praktické bioinformatiky

= Plotting the sequencesagainst 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

EVROPSKA UNIE ¥
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Analytical Tools

Examples of sequence alignment using dotplot

N \\
Sl e

B Cc D

Cvrékovd, Uvod do praktické bioinformatiky

= Global Alignment: possible only for sequencesAand B

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

. Dotplot can be obtained using BLAST2 (see further in the

presentation)
e .o VERST, INVESTICE DO ROZVOJE VZDELAVANI
K S .
I . 3 z Tato prezentace je spolufinancovana
= i %, - Evropskym socialnim fondem
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Analytical Tools

o BLAST http://ncbi.nIm.nih.gov/BLAST/

(
<3 NCBI

Nucleotide

Translations

BLAST
nucleotide-nucleotide - [N

Retrieve results for an RID

SavCavoLge
tcat

gcgtattaat

tgtttttttt

thataat gg gegeatgttg tgtggttcca
ataattaatt tattccacat gagatatgat atgatatact atgtattttt

ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa

et subsequence From: | To: |

Choose datadase (X [$)
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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

o

2|13
3|1 0 ¢
21112
{ | -al1 0-131 s
W 41010 0|2
| AT G C hodnota nepiru G-A| | 4(00-10 1)/2 4
| al 1] o] eeo | 5[0 0-10 0134
| ol ol 1 O 0 ~5|-1 -1 70"0-1“1 2.2 4
| = hodnota piru G-G o P K o R
| Gl ol o] 4o “|o-10-2-3/0-1-1 1|26
— e slo 0-1-1-2]1 00 1]0 3 s
Cjojojoj1 Sj2-1-2-13|2-3-2-12 0 0|6
| 2" 021222222228
| 6|3 23 2 4322334 2 6
2|1 01 0|2 2-2-2|2-2-2)2 4 2 4
Cvrckova, Uvod do praktické bioinformatiky EEEEEEEEEEIREE LEEEIL
0/-3 -3 -5 -3 5|2 4 ~ 4|0~ ~4|-2-2-1-2[7 10
4|25 6 -6-7/-4-7-7-5|-3 2 3|4«-5-2-6|0 0w
~r . \NERS/,, s TrAacinoeam RemTLviFyYwAVAN|
- Son ag"
* > n
I . $ % Tato prezentace je spolufinancovana
7 z
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BLAST

Basic Local Alignment Search Tool

E=expectancy

[0 >gi|5016088 | ref|NM 001101.2] [P actin, beta (ACTB), mRNA o

Length = 1793 ~
Score = 1110 bits (560). fis::821213 £20°0
Identities = 965/1100 (87%

Stresd SiEius /iEius =200
Query: 156 gt ggcte tgt gatg gegee 215 et i
X TLCCECERCEEEE TEEREEE e rr b e ir e teerr 1 250 1500

Sbjct: 101 gtcgacaacgg ggcatgtgcaaggecgg gegggegacgatg gggee 160
Query: 216 gtc g gtgggacg g gggtgtgatggtecggecatgggecag 275 p—
X LECLLEEE e TR ee e reeee e teree e Feererer 1l —]
Sbjct: 161 gtcttccce gtggggcy 99 gggcgtgatgg tcag 220 T
Query: 276 aaggactcgtacgtggg gtggtatcctcaccctgaagtac 335 =
X LEERE P TEEEE T FEErE et e Py =
Sbject: 221 ttcctatgtggg tcctcaccctgaagtac 280 =,
Query: 336 gagcacggtateg tgggacgatatg g9 395 =
X LECLE TREERCEE PR EER R e e Eeererer Feeeree e =
Sbjct: 281 tegt t t 40 =
. ed sequence
number e—searching in the
database S
. the results shows fraction of identical and in case of proteins also

EVROPSKA UNIE ¥

similar sequence positions
.
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Primary Databases

[N | LT e— oy
L] o a s # B

©) NC_002377.1: 145K..148K (2.9Kbp)» | “{ | @ | - + i R
0_[145,400 145600 145,800 [146 K [145,200 [145,400 |146,600 |146,800 |147 K__|147,200 (147,400 (147,600 |1

= 0|2 NP_059797.1
NP_059797.1: two-component VirA-like sensor kinase 1, 400 1,600 1,800 2 K

total range: NC_002377.1 (145,694..148,183)

total length: 2,490 S ——————
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 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

— "' WVE R\,,Vl
. - 7
| Z
‘ %
= s

n S
EVROPSKA UNIE 2nas® a statnim rozpo&tem Ceské republiky
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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

T e—y— P Ye—— DT

~ Home  TaxonomyReport Multiple Alignment  Blast  Help

str. C58]

Pre-computed BLAST results for: gi|161197811refINP_396486.1 two sensor kinase

Matching gis:
Total (score > 100) : 147086 hits in 146754 prot
Soloctod: 147086 hits in 146754 proteins in 6309 species Filter: Min Score: 100 |
Other views (Roports): Taxonomy report  Multiple Alignment  Blast

Res

41871

6309 spocies

ol flters

» Choose Display Options

1203 | Archaea 138285 | Bacteria |13 | Me

*
*
*
*
*
*
*
*
*
*
*

1349 Fyng 554 |Plants |6 |Viuses |9878 | The Others reset sele
gl

Results: 1-100 NextPage Last

— - (_\\\ R”'",

& 4

| 3 :
n OP Vzdélévani % N
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BLAST

Specialized Versions

Currently there exists a lot of specialized versions of BLAST

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

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

z 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.

**

* *
* *
*

* o
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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.

>

**

*
* *

* *
* o
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BLAST

Specialized Versions

Currently there exists a lot of specialized versions of BLAST

s PHI-BLAST (Pattern-Hit Initiated BLAST)

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

**

* *
* *
*

* o

EVROPSKA UNIE ¥

. 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
. INVESTICE DO ROZVOJE VZDELAVANI
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BLAST

Specialized Versions

Example of search by PHI-BLAST

>gi|4758958|ref |[NP_004148.1| Human cAMP-dependent protein kinase

MSHIQIPPGLTELLQGYTVEVLRQQPPDLVEFAVEYFTRLREARAPASVLPAATPRQSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPSRFNRRVSVCAETYNPDEEEEDTDPRVIHPKTDEQRCRLOQEACKDILLF
KNLDQEQLSQVLDAMFERIVKADEHVIDQGDDGDNFYVIERGTYDILVTKDNQTRSVGQYDNRGSFGELA
LMYNTPRAATIVATSEGSLWGLDRVTFRRI IVKNNAKKRKMFESFIESVPLLKSLEVSERMKIVDVIGEK
IYKDGERI ITQGEKADSFYIIESGEVSILIRSRTKSNKDGGNQEVE IARCHKGQYFGELALVTNKPRAAS
AYAVGDVKCLVMDVQAFERLLGPCMDIMKRNISHYEEQLVKMFGSSVDLGNLGQ

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

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

o http://workbench.sdsc.edu/

[ Selct A | Dessect A [ e | BATCH: ‘A J et J el J Copy J[ Vew J{ Downion [ ViwRecous |
(55550 ) BLoswox )| BLAST ] BLASTR ]| ToLASTS ]| FASTA ] FASTX J FASTY ]| S5EARCH ]| CLUSTALW

[ CLUSTALWPROF ]| ALIGN J| LALIGN ]| LFASTA | PATTERNMATCHDS ]| PATTERNMATCA ]| TACG J| PRIMERS
[ASTATS ] BESTSCOR J| PFSCAN ]| PRIMERCHECK J| PRIMERTM ]| SIXFRAME J| REVCOMP J| RANDSEQ
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Analytical Tools

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

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

o http://workbench.sdsc.edu/

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

>170248 Translated - Frame 1
EL] II I

LPL

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

>170248 Translated - Frame 2
SSLGGOGONFLLNGKILYQVFVIVIQFELTKGQI*LECP
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Analytical Tools

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

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

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

VPCR 2.0 (WWW inferface) - Please, enter nucleotide primer sequences (UB codes allowed for &ymnt primers). VPCR 2 0
searches the specified database for matches to the primers. If matches are found within 10000 bases, a PCR simulation model
redicts amplification. C&uhidPCRpmmdnphyodmmamm
NOTE: Abilities of VPCR 2.0 are still limited by BLAST capadilities and settings, as well as inadiliy of ow cwrent software to deal with more than &
couple nomu matches per primer. For eanple, wisg primers ;hnm' or rowgAly equl to ow u-)m worl size mises mot matches. Primers with
ovemepresented sequences cause prodlems as well. We are 30w busy solviag most of these Jroblems, please, be atient. I you have a minwe, please, bt
w kzow what kiad of expectations you hawe for VPCR 20 «&éﬂmﬂﬁwl is for testing VPCR 2.0, stadle lul-m will be iastalled on
pade
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Analytical Tools

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

v Ears - |
Souber Upepyy Zebrumend Honone Ziglly Hismoje Nipoics

280000 Home Ln 80wt Hurman Gename Bromser ..~ | 2 pHscTod shesshwne wnd scsnreg = [+

SeerrcTRe e "
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EVROPSKA UNIE ¥ . == i et o (e = == IR, - ) Ceskeé republiky

81




Other On-Line Genome
Resources

= Online Mendelian Inheritance in Man (OMIM)
e I e R [ i [ T - - - o=

- - 3 50 # Pt Bt £ s s
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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

NERS;
0 &N 2
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