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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 genomic tools
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Course Syllabus

o Chapter 01
= |ntroduction to bioinformatics

o Chapter 02
= |dentification of genes

o Chapter 03
» Reverse genetics approaches

o Chapter 04
» Forward genetics approaches
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Course Syllabus

o Chapter 05
= Funcional genomics approaches

o Chapter 06
= Protein-protein interactions and their analysis

o Chapter 07
= Current DNA-sequencing methods

o Chapter 08
=  Structural genomics
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Course Syllabus

o Chapter 09
= Localization of genes and gene products in the cell

o Chapter 10
= Genomics and systems biology

o Chapter 11
» Practical aspects of functional genomics

o Chapter 12
= Tools of systems biology
» Model organisms, PCR and PCR primer design
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Literature

Literature sources for Chapter 01:

. Bioinformatics and Functional Genomics,
2009, Jonathan Pevsner, Willey-Blackwell,
Hobocken, New Jersey
http://www.bioinfbook.org/index.php

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

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

= Definition of genomics
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GENOMICS — What is it?

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

= Condition: knowing 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.
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.. 1
GENOMICS — What is it? 0
The role of BIOINFORMATICS in FUNCTIONAL GENOMICS

Forward (,classical) genetics approaches R€Verse 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.
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Outline

Role of BIOINFORMATICS in FUNCTIONAL GENOMICS

12

* K

EVROPSKA UNIE il

IX%I, Py VERST, INVESTICE DO ROZVOJE VZDELAVANI
* .\\‘MJ‘.

Tato prezentace je spolufinancovana

] Evropskym socialnim fondem
MINISTERSTVO SKOLSTVI - o . - G ) _

MLADEZE A TELOVYCHOVY ANA® a statnim rozpoctem Ceské republiky

SNSVIv
VENs1S

OP Vzdélavani
pro konkurenceschopnost

AF



13

Bioinformatics

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

Research, development, or application of computational tools and
2 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 14

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.
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Bioinformatics applies principles of information sciences and technologies to make 15

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 of biology and computers

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

o8 [T ISI]
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= Processing and analysis of sequencing data
= |dentification of reference sequences
= |dentification of genes
= |dentification of homologs, orthologs and paralogs
= Correlation analysis of genomes and phenotypes (incl.
human)

* Processing and analysis of transcriptional data
» Transcriptional profiing using DNA chips or next-gen
sequencing

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

Databases

Spectre of ,on-line" resources
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Spectre of on-line resources

EMBret National Modes

\ienna Biscenter Austria
BEN Belgium
BinSase Denmark
£sC Finland
INFORIIGEN France
GEMIUSAet Germanmy
MBB Gresss
HEM Hungary
THCEL Ireland
INN Israel
TEN-ADR Ttaly
CADS/CAMM Netheriands
Biz Norwey
BB Poland
jicH Portugal
GeneBes Russia
CNB-CSIC Spain
BMC Sweden
SIB Switzerland
SEQNET 114
EMBnet Specialist Nodes

MIPS Germany
HCRER Teaky
Phammzda Upjohn Sweden
Fiaffmann-La Rache  Switzerland
ERT 114
HGMP-RC 114
Sanger 114
LIMBER 174
EMBoet Associote Modes

IBAM Argentina
ANGES Australia
CEI CFrima
[uid:] Cusha
COFD India
SANBL South Africa
USA Information Providers

NCBT s

NLH S

NIH USA

hitps/ fwwan.at.ambinet.om,/

hitpe/ fwww.be.embaet.ang,/
hitp//iobase.dk/

https/ fwe fi.embnet. crg

hittp: wewve infabiagen.fr/

it/ faeneme.dikfz-heidelberg. de/Baunt,
Fttp v imbb. forth.ar/

Fittp:f fwww_hu embaet.arg,

bt/ /acer.gen.tod e/

hitp://dapsas welzmann.ac.il,/bed finntml
It bio-wanw.ba. onr.tBO00, BioWWW,/ Bia-WAW. him
btk fwwesr, caes. kun. nl/

hittpe/ fwwie. no.ersbnet. org

hittpe/ fevwaribb.wane, plf

hitps feweerige. gulbenidan. pt/

hitkpe/ fevaw. genebee. meu.su’
httpe/faw, as.em baet.arg,

hitpey fwwen embrnet.se,

hitpe /e, ch. ambinet ongf

hbtps/ fwww seqriet. dlac.uk)

hitps/ fwww, mips. biochem.mpg.de/
hittps/fwwicgeh trieste it/
Tibkpsd e, prita.comy

Inttps/ e, rochie. comy!

Itpe e et ek

Inttpz v, g, mirc. ac, uky

hittpz/ e sanoer.ac.uk,

itz e, bininf, man.ac.uk/dbbrowser

Ihittpeyfsol. bol unlp.edw.ar/embnet
ittpey fwwvangis. su.nz.auy

hittpey e, chil plou.edwon
https/, i, cigh.edu.cuy
hitp://salagung.embnetarg.in/
Itk horwa sanki se_xa

hitps fwve, nckinkm.nih.gowy”
hittpe,/ v, nilme ik, ooy
hictpe/ e, b govy

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

| irefo | pp——yey [ hepotype - Hiedst Googlem +

€ B @ o eviacuksenice e haplotype A @B 4~

EMBL-EBI 2es About us r

Services

Overview | Ato Z @ Service teams @ Support

Bioinformatics services Erplee

) ! Ensembl BLAST 4
We maintain the world’s most comprehensive range of freely available and up-to-date molecular databases. ey ® Europe PMC 1
Developed in collaboration with our colleagues worldwide, our services let you share data, perform complex queries 3 PoBe S pE——
and analyse the results in different ways. You can work locally by downloading our data and software, or use
. . © ArrayExpress Train online
our web services to access our resources programmatically.
ChEMBL Support
DNA & RNA Gene expression Proteins Bioinformatics training
genes, genomes & variation RNA, protein & metabolite sequences, families & motifs S
expression
Structures Systems Chemical biology
Molecular & cellular structures reactions, interactions & pathways ch ics &
Guide to resources
Ontologies Literature Other software
taxonomies & controlled Scientific publications & patents cross-domain tools & resources

vocabularies

Programmatic access

EMBL-EBI web services allow you to query our large biological databases programmatically, so that you can develop Service news
data analysis pipelines or integrate public data with your own applications. =

Browse EMBL-EBI web services

P Dorotend . || 2 Endhiote X... | [N Rebe Act.. Microsoft . 4 e [P S TR =]
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Spectre of on-line resources

NCBI http://www.ncbi.nlm.nih.gov/

2 NCBI

—=NCBI

National Center for
Biotechnology Information

NCBI Home
All Resources

Data & Software
DNA & RNA
Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
__Hom_c\cgy

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

Resources [¥) How To (v]

All Databases

Resource List (A-Z)

Chemicals & Bioassays

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

* Downloads: Get NCBI data or software

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

* Submissions: 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

11 ey @ 4 &6 |7 &

My NCBI Sign In

Popular Resourc
PubMed
Bookshelf
PubMed Central
PubMed Health
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI Announcen

New version of Geno
available

An integrated, downl¢
for viewina and analv,
NCBI's July Newslett:
Bookshelf

Introduction to the 10
Browser. PubMed's C
New Microbial BLAS™
Now easier to use an

format and features ¢
BLAST services. inclt

Ta).rny' FapSet
.' U"""E Ehrl:lu:r.ﬁlr'neg
NufBtide Gene Haaks Genome

HomaloGene

PuDe < stillgture ORI ¢D3
- I.: Journals
10,000,000
»
1,000,000 . Congseprad
o 20 I.alng Domains
100,000
10,000
1,000

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

= They include sets of primary data — 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
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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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J. Pevsner,
http://www.bioinfbook.org/index.php

Base pairs of DNA in GenBank (billions)
Base pairs in GenBank + WGS (billions)
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Growth of GenBank
Feb 15 2013

Bases Sequences
1000 000 000 ... B GenBank B GenBank
. WGS 100 000 000 . WGS
100 000 000 000
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WGS

L
Shotgun Sequencing \c\ (

- ~ "
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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 Interactive concepts in biochemistry, Rodney Boyer, Wiley,

2002, http://www.wiley.com//college/boyer/0470003790/
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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.
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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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Arrival of next-generation sequencing:

30

In two years we have gone from 0.2 terabases to
71 terabases (71,000 gigabases) (November 2010)

Sequencing
:::entefr (2009)

I GenBank + WGS
I 3 papers (Nov. 2008)

12

10

Terabases of DNA sequence (Th)

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

rj - 1000 Genomes
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DDBJ/EMBL/GenBank accepts both complete and incomplete
genomes. Whole Genome Shotgun (WGS) sequencing
projects are incomplete genomes or incomplete chromosomes
that are being sequenced by a whole genome shotgun
strategy. WGS projects may be annotated, but annotation is
not required.

The pieces of a WGS project are the contigs (overlapping
reads), and they do not include any gaps. An AGP file can be
submitted to indicate how the contig sequences are assembled
together into scaffolds (contig sequences separated by gaps)
and/or chromosomes. We must have the contig sequences
without gaps as the basic units for all WGS projects.
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http://www.ncbi.nlm.nih.gov/genbank/wgs.submit#agp
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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)
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Primary databases

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

= NCBI

Resources [¥) How To (%]

—=NCBI

National Center for
Biotechnology Information

My NCBI Sign In

All Databases

NCBI Home

Resource List (A-Z)
All Resources
T SRR
Data & Sof_iware
_DNAGRNA
Domains & Structures
Genes & E_xpression _
Genetics & Medicine
Genomes & Maps
Homology
L_Herature _
Proteins
. Sequence Anaysis .
Taxonomy
'I_'raining_& _Tutorials

Variation

Welcome to NCBI Popular Resourc

PubMed
Bookshelf
PubMed Central
PubMed Health

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

BLAST
Get Started Nucleotide
e Tools: Analyze data using NCBI software Genome
e Downloads: Get NCBI data or software SNP
* How-To's: Learn how to accomplish specific tasks at NCBI
» Submissions: Submit data to GenBank or other NCBI Gene
databases Protein
PubChem
NCBI YouTube channel

NCBI Announcen

Learn how to get the most out of NCBI
tools and databases with video tutorials
on the NCBI YouTube Channel. m

New version of Geno
available

An integrated, downlc
for viewina and analv

NCBI's July Newslett:

34

* *
* gk

EVROPSKA UNIE il

MINISTERSTVO SKOLSTVI
MLADEZE A TELOVYCHOVY

-® JERS; INVESTICE
\} k)
s Saa agv.
= o
. :
OP Vzdélavani '&4.{ < 3
pro konkurenceschopnost ANA D

DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpod&tem Ceské republiky



35

Primary databases

W = Home - BioProject - NCBI % | 2 virh two-component VirA-like sensor... x | +

€ > wnwncbi.nlm.nih.gov/gene/1224316 | |29 Googie P A B-
= "y #'] Bibliography -
General protein info
Gene symbol virA
. Reference sequences
Gene description  two-component VirA-like sensor kinase
Locus tag pTi 126 Related sequences
Gene type  protein cading 7
RefSeq status PROVISIONAL
5 Links &
‘Organism (old-name- b- " Rhizob )
Lineage Bacteria: Proteob - Alpt b - Rhizobiales: Rhizabi - Rhizobi group; iens complex BioProjects
Conserved Domains
Full text in PMC
~| Genomic context 2|2
Genome
Location: plasmid: Ti Nuclectide
Sequence: NC_002377.1 (145694..148183) Protein =
Protein Clusters
NC_002377.1
[1eze47 - 151851 p PubMed
vz —————— e RefSeq Proteins
wink aind
Taxonomy
~ Genomic regions, transcripts, and products R - -
General information =
Genomic Sequence  NC_002377 ~ Go to reference sequence detals  *2"t 5418
FAQ ||
Gotonucleotide Graphics FASTA GenBank  Fp sire
NC_002377.1: 145K..149K (3.2Kbp)~ | Find on Sequence: Q- I < AT A Tools - | ¥ Configure 2 7 - Help
145,400 [145,600 [145,800 [146 K 148,200 [148,400 (145,600 148,800 [47 K [147,200 (147,400 147,600 [147,800 [145 K 148,200 (145,400 My NCBI help
T T NCBI Handbook
[ L Statistics
itk
S 7w s om 1K \.de T im0 im0 1 Gon .o 1.y iGen 0 oK 2ion  com  2n Z
|
| Related sites =
BLAST
Genome
BioProject
Genomic Biology
GEQ
. Biblic 27 HomoloGene
Map Viewer
Related articles OMIM
Probe
1. Sequence analysis of the vi.C . ceciim octopine Ti plasmid pTi15955. B, etal J Exp Bot, 2000 Jun. PMID 10948245 RefSeq
2. The virA promoter is a host i in i Turk SC, et al. Mol Microbial, 1993 Mar. PMID 8468115, UniGene
3. G of the virA locus of a regulator and host range Leroux B, et al EMBO J, 1987 Apr. PMID 3595559, UniSTS
4. Analysis of the complete nuclectide sequence of the i virB operon. Thompson DV, et al. Nucleic Acids Res, 1988 May 25. PMID 2837739,
Feedback C
GeneRIFs: Gene References Into Functions whats a GeneriF? Contact Help Desk
Submit Correction
Submit: Mew GeneRIF  Correction Submit GeneRIF

[® Windows Media
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Primary databases

%‘ 22 Home - BioProject - NCBI + | = vir two-component Vira-like sensor... x | 4+ o8

wwnchi.nlm.nih.gov/gene/1224316

| |24~ Google Pl B~

3 NC_002377.1: 145K.148K (2.9Kbp)~ | ‘| @ | - | + ATe
D0 (145,400 145,600 (145,800 |146 K  [146,200 (146,400 [146,600 (146,800 |147 K  [147,200 [147,400 (147,600 |1
[

X

Genes

w02 NP_059797.1 \

N NP_I059797.1: Ctvxz)cz)—;:;mporzent \g;A-Iikessegs;))r kinase 1,408 1,600 1,800 > R |
L total range: NC._| 77.1 (145,694..148,1 U ¥ ¥ Y ¥ U ¥ =
|_-NP 0537371 total length: 2,490 e —
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

e e  Nudeotide

PubMad Nudleotids Frotn Geroma Stuctura FHC Tawonomy Hooks
Search |Nuclenl|de *| &}l Clear |

/\ 1 Previewndex History Clipboard Details
Disy CCGSSIon Get Subsequence Features I

number

[ 1: NC 003

LOCOE @ 2450 bp CHA linear BECT 25-DEC-2003
DEFINITICH q Ti

ium tumefaciens extrachrom plasmid Ti, complete sequence.

ACCECSION  HC REGLS 504 140103
VERSICH NC_Dd3377.1 @
EEYWORDE :

ECTRCE {Rhizohium radichacter)

Lnks

j=ns

teria; Rhizobiales;
up; Agrobacterium.

Echrammeiier B., Hoovkaas,P.J. and

Farrand, 2. K.

TITLE Cotopine-type Ti plasmid seguence

JOURMAL  Unpublished

REFERENCE 2 (bases 1 to 24%0)

AITTHORE Zhu,J., Cger,P.H., Echramm=ijer,B., Heovkaas P.J., Farrand,E.E. and
Winans E.C.

TITLE Direct Eubmission

JOURNAL  Submictad (D7-MAR-2000) Microbiclegy, Cornell University, Wing
Hall, Ithaca, NY 14852, UsSh

COMMENT FROVIEIONAL REFEE]: This record has not yet been subject to final
HCBI review. The refersnce sequence was derived from AF242081.
FEATUREE Location/fualifiers
zource 1..2490

Jorganisne”hgrobacterium tumefaciens”
Jmol_type="gencmic DHA"
Jdb_xref="taxan:3CE"
Jplasmid="Ti"
Jfnote="extrachromosomal
actopine-type”

gene l..2490
Jgene-Tvirh”
Jidb_xrefe"Gen=I0:123431E"

CDE 1..24890
Joenesvich®

/notes"two-component regulater of vir regulen: Vird iz a
cransmembrane histidine kinase®

Joodon_startel
ftranal_table=11
Spreduct="virh"
/protein_id="HP 0C9
Jdb_xref="G1:1055C5141
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Primary databases

ORIGIN

=

atgascggas

&1 atattggooo
121 gacaatgoga
181 toactgoage
241 atctococaggo
101 totcatactg
151 asttoggotg
421 ctggocoagth
481 ttagaaasaac
S4l gotatttoak
Ed1 gaagoctooeog
E&1 gtgamagato
721 cagogogagh
781 tttoteggge
B4l cgramamaaa
201 ggagtatgtt
961 attoagogok
1021 tgggctgkcog
1081 cgogaaatag
1141 tcgasaaaaa
1201 aaatccacag
1261 ectbgocaag
1321 gatgttocgge
1381 cgootbgagg
1441 ggcotoaatoo
1501 cgaagatata
1081 atcttgacge
1621 gtgacogaaa
1681 agatttgate
1741 attaacatce
1801 atcagocaag
1861 gactatgttc
1321 cacatbtktg
1281 gotetoctgego
2041 gggoatggga
2101 gacagbtete
2161 gagooogatg
2221 coggtoggth
2201 gatotggtoa
2141 ttagtgotoa

ftranalation="MNGRYCFTRQDFETEAKPWEILALI VARMIFAFMAVASHWODNAT
TOAILEQLEE INADEAELCRCVLRAHTGTVANYRPLI ERLEALRENLEDLEQLFROEH
IVEEENARQLLRQLEVSLNCADARVARFEACNVELDELACFTRALEE LPSKASTIOT
LEEPTELAEMMLOFLROPEPATEFEISLELERL)KQRELOEAPVRILAREGPIILELL
POVEDLVNHIQ TS DTAETAEMLORECLEVY SLKNVEERCARIFLGEREVELOLYIITL
WVYRLEEETDWLARRLDYEEL IKEIGVCFEGERAT TEERAQARLRT IQRFFOADT CALAL
VDHDREWAVET FEAKHFEFUWDDEVLEEIVERTEADERATVFRIIEEKKIVHLFLET P
GLEILLAHESTDKLIAVCELGYOEYRPRPCOGEICLLELATACLCHY IDVRRECTECD
VLARRLEHAQRLEAVG TLAGGIAHEFNNILGEILGHAELAQNEVERTEVTREYIDYIT
ESGDRAMLIIDDILTLERKQERN I KPFEVEELVTELAFLLRHALPFNIELEFRFOOMD
EVIEGEPLELQQVLINICKNAEQAMT ANGQ IDITTEQAFLEVEK T LAHGYHPPED YV
LEIENNGEEIPEAVLFHIFEFFFT TRARNGET SLELASVHGHIEAFAGY IDVEET VGH
GTRFDIYLPPEEKEPVNPDEFFGRNEAPRGHGELI VALVEFDDLLREAYECETAALGYE
PYGFRTFNEIRDWISKGHEACL VMY DOASLPELIEPNE VDL VLKTAET I TGEHDLEMT
LEREDVTRDLY LFKPISERTHRHATILTEIET™

gatattoacs gacgoggoag gatttbtaaga caggogogaia goctbggtot
ttatocgttgo tgoaatgatt ttogogttoa tggoggttgo gtoctggoag
ctacocoagge aatootoago caactacgat cgattaacgo ogacagogos
gogatgbact cogogobcac acgggeoacog bggogaacta cogooccakt
tgggagctot goggaagaat ctggaagatt tgaagoaatt atttagacaa
taagtgagag castgobgot caactgotac gocagotaga agtgbcecta
acgoggoggt ogoogoottt ggtgogoaaa atgtacgock goasgabteog
tocactogtge tttgagoagt cttcoccaggaa aagoctcaac cgatcagact
caacagaitt ggotagoatyg atgotocaat btottoggoa accaagooog
togagatcag cctbgmacta gagaggobcc sasaacaacy cggtotkgat
tgogoatact tgoscgbgas ggtcocatta bottatogot btegocacag
tggtgaacat gattoagacy totgacacog cagasatbgo ggagatgoeg
gtttggaggt ctatagottg aaaaatgbag aggagoggag cgoacgtato
cogottoagt gggtotbtgo cbctacatca boaccbtagh ctataggota
cogattggbt agogoggogt ttagattacy aagagotaat caaagagats
Ltgaaggtga ggoggocaco acgbogtoog cgoaagobgs acktoghatt
toktegatge ogatacgtgo gogttagoto tagtggacca tgacoghaga
aaacattogg tgogaaacac ccaaaacctyg btgbgggacga cagogtgcta
Lobcbogtac caaagoggac gaacgggoga cggtattoog catcatateg
togtacatkt goctotogaa akbtccaggte bobogatack ackggobcoac
ataaactaat tgoggtitgt tcactgggtt accaaagota togoockoga
gogasattoa gottotbgas cbogocacog cobgoototg toactatats
gtaagoagac cgaatgogac ghtttggoca gacgattgga gratgogoaa
cagttggtac acttgoogge ggaatagoac atgaatttaa taacatttig
togggoacgs agaattagoa caasactogy bgtotogaac atotgtoacs
ttgactatat catttcgtoa ggogacagag coatgotcab takogaboag
tgagoogaaa acaggagoge atgatcaage catttagbge ctoagagobt
togobooobt gotacgbatg gotctbooge casacatoga gottagetes
aaatgoagag cgtgatogaa ggaagoccge ttgaactica acaggtacta
goasgaatgs ttooosagoc abgackgoas atggtosaat cgacatoabs
ctEtbtbacs agttaagasas attotggoge atggtgttat gocaccegge
tootatctat tagogacaat ggtggaggoa ttoocogagge tgkgbtacoo
aacootbckt tacgacacgs gotcogoaacy gtggaacggg totoggoott
atggboatat cagogogttt gogggbtaca bogacgttag ttoaaceget
cgogotbtga catttatoto cotoogtott ctaaggaaco ogtaaatoca
toggoogosa taaggoacoyg ogtggaaacy gggagattgt ggoacteghbt
acctootgeg ggaggogtat gaagacaaga togoogokck aggababgag
ttogtacohbt taatgaaatt cgogattgga bttcaaaagg caatgaagos
tggtocgacea agogkckctt ootgasgate asaagtockaa ttoocgtggat
agaccgocks catcatcatt ggoggaaatg atctocaaaab gacootbtoa
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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 L

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 _#it#tHH#
Complete chromosome NC_######

Genomic contig NT #iH#
MRNA (DNA format) NM_####### e.g. NM_006744
Protein NP _##H##H# e.g. NP_006735
J. Pevsner,
http://www.bioinfbook.org/index.php
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RefSeq

w £ virA two-component VirA-like sensor ki... | 4+

w.ncbinlm.nihgov/gene/L137480 c
Mo-componem VirA-like sensor Kinase

Al A B-

See more... -

+~ NCBI Reference Sequences (RefSeq)

»
.

= Genome Annotation

The following sections contain reference sequences that belong to a specific genome build. Explain

Reference assembly

Genomic

1. NC_003065.3

Range 180831..183332
Download =~ GenBank, FASTA, Sequence Viewer (Graphics)

mRNA and Protein(s)

1. NP 396486.1 two component sensor kinase [Agrobacterium tumefaciens str. C58]

UniProtKB/Swiss-Prot | P18540
Conserved Domains (3) summary

I

cd00075 HATPase_c: Histidine kinase-like ATPases; This family includes several
Location:580 — 694 ATP-binding proteins for example: histidine kinase, DNA gyrase B, topoisomerases,
Blast Score: 202 heat shock protein HSP90, phytochrome-like ATPases and DNA mismatch repair
proteins
cd00082 HisKA; Histidine Kinase A (dimerization/phosphoacceptor) domain; Histidine Kinase
Location:466 — 530 A dimers are formed through parallel association of 2 domains creating 4-helix
Blast Score: 144  bundles; usually these domains contain a conserved His residue and are activated
via ...
PRK13837 PRK13837; two-component VirA-like sensor Kinase; Provisional
Location:14 — 833
Blast Score: 2044

~ Related Sequences 2| (?

[€) Kalendéi - Osobni sl.. | ["a " Dorucené posta - M. 20_2012_Lesson
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NCBI’'s RefSeq project: many accession number
formats for genomic, mRNA, protein sequences

Accession Molecule
AC 123456 Genomic
AP _ 123456 Protein
NC 123456 Genomic
NG 123456 Genomic
NM 123456 MRNA
NM 123456789 MRNA
NP 123456 Protein
NP_123456789 Protein
NR_ 123456 RNA
NT 123456 Genomic
NW_ 123456 Genomic
NZ ABCD12345678 Genomic
XM 123456 MRNA
XP_ 123456 Protein
XR 123456 RNA
YP_ 123456 Protein
ZP 12345678 Protein

Method
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Curation
Mixed
Automated
Automated
Automated
Automated
Automated
Automated
Auto. & Curated
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 . Pevsner,

http://www.bioinfbook.org/index.php
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Primary databases

‘= Home - BioProject - NCBI | 2 virA two-component VirA-like sensor... x | 4 o8

m.nih.gov/gene/1224316

c | |- Google Pl B~

3 NC_002377.1: 145K.148K (2.9Kbp)~ | ‘| @ = | - | + ATe
D0 (145,400 145,600 (145,800 |146 K  [146,200 (146,400 [146,600 (146,800 |147 K  [147,200 [147,400 (147,600 |1
[

X

Genes

w02 NP_059797.1 \

| I ooyt Al NP NI DI

‘ total range: NC_ i ,694..148, —————+— v ———+ r
- 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
I;LINK Results: NP_059797.1

~ Bibliography

Related articles in PubMed

1l BN (Il @ . e

* *
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Primary databases

Wi £5 Home - BioProject - NCBI

x | 2 virA two-component VirA-like sensor... = | & Agrobacterium tumefaciens plasmid ..

w.nebi.nlm.nih.gov/nuccore/NC

Zreport=fastatfrom=1¢ &ito=148183

Display Settings: ] FASTA

0 Showing 2.49kb region from base 145694 to 148183.

¢

- Google

Send: [v]

Change region shown -

" Whole sequence

Agrobacterium tumefaciens plasmid Ti, complete sequence

NCBI Reference Sequence: NC_002377.1
GenBank  Graphics

>gi|10955016:145694-148183 Rgrobacterium tumefaciens plasmid Ti, complete sequence

ATGAACGGAAGATATTCACCGACGCGGCAGGATTTTAAGACAGGCGCGAAGCCTTGGTCTATATTGGCCC
TTATCGTTGCTGCAATGATTTTCGCGTTCATGGCGGTTGCGTCCTGGCAGGACARTGCGACTACCCAGGT
AATCCTICAGCCAACTACGATCGATTRACGCCGACAGCGCCTCACTGCAGCECGATETACTCCGCGCTCAC
ACGGGCACCGTGGCGAACTACCGCCCCATTATCTCCAGGCTGGGAGCTCTGCGGAAGRAATCTGGAAGATT
TGARGCAATTATTTAGACAATCTCATATTGTARGTGAGAGCAATGCTGCTCAACTGCTACGCCAGCTAGA
AGTGTCTCTARATTCGGCTGACGCGGCGGTCGCCGCCTTTGGTGCGCARAATGTACGCCTGCARGATTCG
CTGGCCAGTITTCACTCGTGCTTTGAGCAGTCTTCCAGGARRARGCCTCAACCGATCAGACTITAGARRRAC
CRACRGAATTGGCTAGCATGATGCTCCAATTTCTTCGGCAACCAAGCCCGGCTATTTCATTCGAGATCAG
CCTTIGRACTAGAGAGGCTCCRARRACARCGCGGTCTTGATGAAGCTCCCGTGCGCATACTIGCACGTGRA
GGTCCCATTATCTTATCGCTTTTGCCACAGGTGARAGATCTGGTGRAACATGATTCAGACGTCTGACACCG
CRGRRRATTGCGGRGATGCTGCAGCGCGAGTGTTTGGAGGTCTATAGCTTGRRRAATGTAGAGGAGCGGAG
CGCACGTATCTTTCTTGGGTCCGCTTCAGTGGGTCTTTGCCTCTACATCATCACCTTAGTCTATAGGCTA
CGCRRRARARCCGATTGGTTAGCGCGGCGTTTAGATTACGAAGAGCTAATCAAAGAGATCGGAGTATGTT
TTGRAGGTGAGGCGGCCACCACGTCGTCCGCGCAAGCTGCACTTCGTATTATTCAGCGCTTCTTTGATGE
CGATRACGTGCGCGTTAGCTCTAGTGGACCATGACCGTAGATGGGCTGTCGARACATTCGGTGCGARRCAC
CCARRACCTGTGTGGGACGACAGCGTGCTACGCGAAATAGTCTCTCGTACCARAAGCGGACGAACGGGCGA
CGGTATTCCGCATCATATCGTCGRARARAATCGTACATTTGCCTCTCGRRAATTCCAGGTCTCTCGATACT
ACTGGCTCACAAATCCACAGATARACTAATTGCGGTTTGTTCACTGGGT TACCARAGCTATCGCCCTCGA
CCTTGCCAAGGCGARATTCAGCTTCTTGARACTCGCCACCGCCTGCCTCTGTCACTATATCGATGTTCGGE
GTARGCAGACCGAATGCGACGTITTTGGCCAGACGATTGGAGCATGCGCAACGCCTTIGAGGCAGTTGGTAC
ACTTGCCGGCGGRAATAGCACATGAATTTAATAACATTTTGGGCTCAATCCTCGGGCACGCAGARTTAGCA
CRRARRACTCGGTGTCTCGAACATCTGTICACCCGRAGATATATTGACTATATCATTTCGTCAGGCGACAGAG
CCATGCTCATTATCGATCAGATCTTGACGCTGAGCCGRRARACAGGAGCGCATGATCAAGCCATTTAGTGT
CTCAGAGCTITGTGACCGARATCGCTCCCTTGCTACGTATGGCTCTTCCGCCARACATCGAGCTTAGTITTIC
AGATTTGATCARATGCAGAGCGTGATCGARAGGAAGCCCGCTTGARACTTCRAACAGGTACTAATTAACATCT
GCRRGRATGCTTCCCRARGCCATGACTGCARATGGTCRARAATCGRCATCATCATCAGCCRAGCTTTTTTACC
AGTTARGRARRTTCTGGCGCATGGTGTTATGCCACCTGGCGACTATGTTCTCCTATCTATTAGCGACARAT
GGTGGAGGCATTCCCGAGGCTGTGTTACCCCACATTTTTGRAACCCTTCTTTACGACACGAGCTCGCRACG
GTGGRACGGGTCTCGGCCTTGCTTCTGTGCATGGTCATATCAGCGCGTTTGCGGGTTACATCGACGTTAG
TTCRACTGTTGGGCATGGGACGCGCTTTGACATTTATCTCCCTCCGTCTTCTARAGGAACCCGTRARTCCA
GACAGTTTTTTCGGCCGCAATAAGGCACCGCGTGGARACGGGGAGATTGTGGCACTTGTTGAGCCCGATG
ACCTCCTGCGGGAGGCGTATGAAGACAAGATCGCCGCTCTAGGATATGAGCCGGTCGGTTTTCGTACCTT
TRAATGRARATTCGCGATTGGATTTCARARGGCAATGAAGCCGATCTGGTCATGGTCGACCARAGCGTCTCTT
CCTGRAGATCRARAGTCCTRATTCCGTGGATTTAGTGCTCAAGACCGCCTCCATCATCATTGGCGGARATG
ATCTCARRAATGACCCTITCAAGGGAGGATGTGACCAGGGACCTTTATCTTCCGAAGCCGATATCGTCCAG
RRACTATGGCGCATGCAATCCTAACCAARATCAAGACGTAG

@ Selected region
from: 145694 | to: 148183

Update View

Customize view hd
Analyze this sequence >
Run BLAST
Pick Primers

Highlight Sequence Features

Find in this Sequence

Related information &
BioProject

Full text in PMC

Gene

Genome

Identical GenBank Sequence

Protein

Protein Clusters

PubMed

PubMed (Weighted)

Taxonomy

Recent activity _
Turn Off Clear
Agrobacterium tumefaciens plasmid Ti,
complete sequence Nucleotide

virA [Agrobacterium tumefaciens]
Gene

virA [Agrobacterium tumefaciens str. C58]
Gene

Pl A B-

m
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Secondary databases

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

o PROSITE, http://www.expasy.org/prosite/

'ih ExPASy Home page

Site Map FROSITE

Proteomics tools

Search | PROSITE e Col clear

p @ ScanProsite

This program allows te scan a protein

0 (either from Swiss-Protor TITEMBL or provided by the user) for the occurrence of patterns and profiles stored in the PROSITE database, or to
search protein databases with a user-entered pattern [Reference / Download ps_scan, the standalone version]. The program PRATT can be used to generate your own patterns. You may either:

« enter a PROSITE accession number or pattern to search the Swiss-Prot TrTEMBL and/ar PDB databases with a pattem, OR
» cnter a sequence or a Swiss-Prot TrEMBL accession number to scan the sequence with all patterns, profiles and rules in PROSITE, OR
« fill in both fields to find all occurrences of a pattem or profile in & sequence.

Scan a protein for PROSITE matches Search Swiss-Prot with a PROSITE entry
Enter a Swiss-Prot TTEMBL accession number { AC) (for example PO5130) or a sequence Enter a PROSITE accession number ifor example PS01253). or type your pattern in PROSITE
identifier (1D ( for example NOTC_DROME), or a PDB identifier, or paste your own protein || format:
sequence in the box below:

(leave this box hlank to scan a sequence with the entire PROSITE database)

MMVEY TELV ASRPIVVFCVLAFLVVVFECIWIENWRTTTE & Al
HLVKEVASFTECLATELVEET ENIGKFTYAKTNLET IC |
[RVIDEY I THNDTGFTEIQTQIAPLLFVAYETILQVEQVE
GLMFEYLAESNTEVAVFANSSENES: TWYTQTV R -

LTERLNGNETKEQSLOVTHT DN FQARQENHYT TAFVET and specify your search limits:
| LGGEDNET LIQEVVELYEKEGLVELGFPVKT LTEVLNEL
MLHEEELYMAT EDGT VLVREGELNDEFFIENGE ICRERER « The ¥ Swiss-Prot [T TrEMBL [T TtEMBLnew [ PDB databases
HELWEQCIPENCEEEGYEVEI KRLRYCAFCEVIEVEGVFL w| | Clear . e -

Youmay also specify a protein in the box to the left)

F including splice variants

and specify which motifs to use: The following taxa:

separate multiple o with a semicalon, e.g. Homa sapiens; Drasophia. Nt

PDB.)

Sequences with at Icastl hits
Atmost | 1000 = | matches

Your e-mail [op[ionﬂ]]:l (ol send results by c-mail) Advanced options: [ FASTA output I retrieve complete sequences

allow at mostll X sequence characters to match a conserved position in the pattem

Scan ¥ pattems ¥ profiles [ miles [User Manual] i¥ou may also specify a FROSITE entry in the
bax ta the right)
I Exclude pattems with

high probability of cocurrence

[ plain text output

match mode | gready, overlaps, no includas =] tfor patterns, see help)
starTTHESCan | meser | randomize dutabases|no ] tto test a patteen, see hetp
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econdary databases

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

PROSITE, http://www.expasy.org/prosite/

=PROCO0003 PSOO0O3 SULFATION Tyrosine sulfation site [rule] [Warning: rule with a high probability of ecourrence].
5§71 - ESE nkeeast¥eteisns

=PROCO0004 PSOO004 CAMP _PHOSPHO_SITE cAMP- and cGMP-dependent protein kinase phosphorylation site [pattern] [Warning: pattern with a high probability of occuwrence].

Td4 - T4T HR¥T
414 - B1T ERrE

=PDOCAOO0S PROOOOS PKC_PHOSPHO_SITE Protein kinase C phosphorylation site [pattemn] [Warning: pattern with a high probability of cccurrence].

148 - 150 EsR
1ed - la6 Tgh
171 - 1731 BeK
219 - 221 EkK
360 - 371 TR
480 - 481 Egk
E13 - E1E EgR
LBt - BT EiR
&02 - £04 TgkK
652 - BG4 TdK
Tl& - T1B EpR
726 - TR EpK
T - 748 TeK
T4 - TIE EsR
454 - BSE EcK
4ed - B&EE SR
4gd - B7D Ee=R
921 - 5231 EpK
857 - 55% EvR
960 - 5&82 Tgh
974 - 57E TsK
957 - 535 ErK
100z - 1004 Tgk
101 - 1020 GSgi
1031 - 1033 TgR
1119 - 1121 SkR
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econdary databases

(sequences) comparison

=PROCSO109 PS30109 HIS_KIN Histidine kinase domain [profile].

402 - E71 HNASHDIRGALASMEGLIDICRCGVERSSDVDTTLHNOVMWVCAKDLVALLNEVLOMEEIESS
EMOLVEEDFHLEKLLEDVIDF YHPVAMEK VDA VLD PHD g s v EKFENVRGOEGRLEQILN
HLVEMAVEFTVD - - GHIAVRAWADTpgsnasvrlasypkgrakEvksmfcknkeesatye
teisnsirnnanTHEFVFEVDDTGEG I FMENRESVFENY W) VREt AQSH]ETGLALEIVY
SLVRLMGGEIRI TDKAMG=kSTCFQFEVLLTT

=PDOCSOL10 PSS0110 RESPONSE_REGULATORY Response regulatory domain [profile]
987 - 1D8E RVLVVDOCNFISREEVATGKLEEKMGVEeVEQCDEGKEALRLVTEGLtg
IFMDCOMPEMDGYEATRET Rk vak EYGVRTRI TAVEGHD - - - - -

reeqgsvdkLpFDY

Graphical summary of hits (fava applet)

Clzk on Items 10 ses & desoription. Drag e two red oursors bo salant @ zoom raglon.
7

Databases of functional or structural motifs, acquired by primary data

PROSITE, http://www.expasy.org/prosite/

L

|

98 hits with 12 PROSITE entries
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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/

PRINTS is a compendium of protein fingerprints. A fingemprint is a group of conserved motifs used to characterise a protein family: its diagnostic power is refined by iterative scanning of a
SWISS-PROTTrEMBL composite. Usually the motifs do not overlap, but are separated along a sequence, though they may be contiguous in 3D-space. Flngerprlnts can encode pratein folds and
functionalities more flexibly and powerfully than can single matifs, full diagnostic patency deriving from the mutuﬂl context provided by motif neighbours.

New:

| SPRINT - Search PRINTS-S (relational PRINTS)
|2 LrePRINTS - Search PRINTS' automatic supplement
|2 InterPro - Search the i ated InterPro family daiabase

Direct PRINTS access:

v accession number
v PRINTS code

v database code

v teot

v sequence

dy title

By number of motifs
By author

By query language

[& IG [& If- [&[&[& & &

PRINTS search:

[& Search PRINTS with NEW FingerPRINTScan

& FPScan

| GRAPHScan

[& MULScan

| FingerPRINT Scan binaries and source are available: contact scordisi@ bicinf.man.ac.uk
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Secondary databases

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

b
. T=SrTT TRANSFAC Saccharomyces Module 0.1

[ The GaF

[ Research
[ Service & Technology Transfer ‘ T S/MARt DB . The S/MAR transaction database (Release 2. 1)

[ News & Public Relations

— { RA NSFA C The TRANSFAC Database (Release 5.0)

p DBioinfonmatics

» The team
» Publications

Projects [ 1 This database is no longer available on this server. You can access it on
: ﬁé?;_ases EL“ES:EII‘&I r% Inttp:dssnenr seneresnlation. de
» Tools Scaffold/Matrix Attached Region transaction Database
» Links

The database of physiological systems, organs and cell types

CYTOMER

S/MARt DB (scaffold/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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DEPOSIT data
DOWNL OAD files

browse [ INKS
BETA TEST new features
BE TA mimCIF fles

Current Holdings

19623 Structures

Last Update: 30-Dec-2002
PDB Statistics

".3? =y
I;‘- g
,-W Rt -?3“
Y 5 Pl

Y

b
Maolecule of the Month:
Cytochrome o

A
{
R
T

The Pratein ata Bank (FDE) is
operated by Butgers, The State
University of Mew Jersey ; the San
[riego Supercornputer Center at the
University of California, San Diego;
and the Mational Institute of Standards
and Technology —- three members of
the Research Collaboratory for
Structural Bioinformatics (RCSEY. The
FLE is supported by funds from the
Mational Science Foundation, the
Departrient of Enetrgy, and two units of
the Mational Institutes of Health: the

Structural databases

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

Harmne Us
Welcame to the PDE, the single worldwide repositary for the Lid wou find what vou
processing and distribution of 3-D biological macromolecular wanted?

structure data.

ABOUT PDE | DAT A& UNIFORMITY | RECENT FEATURES | USER GUIDES |

FILE FORMATS | EDUCATION | STRUCTURAL GENOMICS | PUBLICATIONS |

SOFTW ARE

Search the Archive

Enter a PDB ID or keyword

>

Query Tutorial

| Find a stuchue i

D querny by PDB id onhy D match exact ward

remove sequence homologues

Szarchlite keyword search form with examples
SsarchFialds customizable search form
Statis Ssarch find entries awaiting release

pdbd Archi we

Complets Hewnm
News T

Henrsl sthar

23-Dec-2002

Subscribe

Happy Holidays from the PDB! The PDB
staff wish to extend our best wishes to the
cornrounity for a happy holiday season and

a wondexful new yearl

PDB Mirrors

PR Boclintai 3 niror
= S

San Diego Supsrcomputsr
Cantar™

Rutgers Uniwersi ty®

Hational Institite of
Standards and Technology™

Cambridgs Cry atallographic
Data Centre, UK

Hational Uniwersity of
Singapors

Zraaka Uniweraity, Japan

Uni warasidade Fadsrsl da
Mnas Gerais, EBraal

Max Dalbrick Cantar for
Molecular Madicine,
Sarmany

OTHER SITES
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Structural databases

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

Structure Explorer - [P5Y

-1t -

EPich Structure Explorer - 1P5Y

PROTEIN DATA BANK

tures Of Host Range Controlling Regions Of The Capsids Of Canine and Feline Parvovirases and Mutants

Clagsification Viras/Viral Protein

K Mol_Id: 1; Molecule: Coat Protein Vp2: Chain: A: Fragment: Seq Database Residues 190-737; Engineered: Yes; Mutation: Yes
X-ray Diffraction

The Str

) View Structure

View Structure
W] o play

Structural Neighbors
Geome Y

Other Sources
Sequence Details

Explore
Searchlite SearchFields

http:/fwww resh.ore/pdb/epi/explore. cgi? job=graphics:pdbld=1P3Y jpage=pid=1 73561064349 344& bio= | &opt=show&size =300 12/29/2003
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Structural databases

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

Pekarova et al., Plant Journal (2011)
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= GENOME resources
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Genome resources

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

mﬂ & OMIM - Online Mendelian Inheritanc. |mLong—vangesequen(eanemb\ymw |%Gen5&£ﬂpr&mnrswle Guide - NCBI |.Human(Humu sapiens) Genorne Bro... x | +

€ > genome.ucsc.edu/cgi-binfhg Gateway <] ~ whole genome shotgune sequencing P A EB-

Genom Genome Browser Downlo: About Ut

Human (Homo sapiens) Browser y
The UCSC Genome Browser was created by the Genome Bi ics Group of UC Santa Cruz
Software Copyright ic) The Regents of the University of Califonia. All rights reserved.
clade genome assembly position search term
Mammal ~ Human ~ Feb.2009 (GRCh37/hg19) ~ chr21:33,031,597-33,041,570 ‘ enter position. gene symbol or search terms
Click here to reset the browser user interface settings to their defaults.
| racksearch | [ add customiracks | [ wack hubs | [ configure racks and display |
T —— E
Add your own custom tracks

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more information about this assembly, see GRCh37 in the NCBI Assembly database.

Sample position queries

A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS marker, a chromosomal coordinate range, or keywords from the GenBank description of an mRNA.
The following list shows examples of valid position queries for the human genome. See the User's Guide for more information.

Request: Genome Browser Response:

chr7 Displays all of chromosome 7

chrUn_gl000212 Displays all of the unplaced contig gl000212 I
20p13 Displays region for band p13 on chr 20

chr3:1-1000000 Displays first million bases of chr 3, counting from p-arm telomere

chr3:1000000+2000 Displays a region of chr3 that spans 2000 bases, starting with position 1000000 Homo sapiens

{Graphic courtesy of CESE)
RH18061,RH80175 Displays region between genome landmarks, such as the STS markers RH18061 and RH80175, or chromosome bands 15q11 to 1513, or SNPs rs1042522 and rs1800370. This syntax may also be

15q11;15q13 used for other range queries, such as between uniquely determined ESTs, mRNAs, refSegs, etc.
1s1042522;rs1800370

D16S3046 Displays region around STS marker D16S3046 from the Genethon/Marshfield maps. Includes 100,000 bases on each side as well
AA205474 Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on chr 17

AC008101 Displays region of clone with GenBank accessien AC008101

AF083811 Displays region of mMRNA with GenBank accession number AF083811

PRNP Displays region of genome with HUGO Gene Nomenclature Committee identifier PRNP

NM_017414 Displays the region of genome with RefSeq identifier NM_017414

NP_059110 Displays the region of genome with protein accession number NP_059110

pseudogene mRNA Lists transcribed pseudogenes, but not cDNAs

homeobox caudal Lists mMRNASs for caudal homeobox genes
zinc finger Lists many zinc finger mRNAs
kruppel zinc finger Lists only kruppel-like zinc fingers
huntington Lists candidate genes associated with Huntington's disease
Zzahler Lists mMRNAs deposited by scientist named Zahler
Evans,J.E. Lists mMRNAs deposited by co-author J.E. Evans

x Nejit: WGS
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Human Genome Browser http://genome.ucsc.edu/cqi-bin/hgGateway

WJ § OMIM - Online Mendelian Inheritanc.. | (@ Long-range sequence assembly in w... | % Genes & Expression - Site Guide - NCBI |. Hurnan chil1:5,246,696-5,248,301 - U... x | +

€ > genome.uesc.edu/c

whole genome shotgune sequencing Al & B-

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move zoom out

chrt15,246/696.5,248,301 1,606 bp_ | enierposiion. gene symbol orsearch terms

enrtt (p1s.a) [

scate B | { retz
chrir: | s.z46.508] 5,245,998 5,247, 088]  S.247.106] 5,247,208l 5,247,308 5,247,480 5,247,580 5,247,508 5,247,700l 5,247.508 5,247,900] 5,245,000 5,245,100 5,245,200l 5,248,300
LSS Genes (Ref3ea, UniFrat, CCDE, Rfam, tRUAs & Cawparat ive denomics)

ree

Rerseq cenes

]

Hunan wRHRs fraw SenBank
Human nRNAS
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sp1iced E5Ts,

100 _ HIKETAS Mark {Often Found Near Ackive Reswlatory Elements) on 7 11 lines from ENCODE
Lawered HskaTAC

]

Di2ita) ONAZE] HUpSrSEA=it v ity CIUSTEns From ENCODE
Dhase Clusters

Teansce it ion Factor chir-seq cron Encooe

|| mn Facror onre T ———————————
4 Placental Mannal Basewise EEITE
Mamna) cons
o -
-4

iorments or 45 vertehrates
I

HF 135) Found in >= 1% of Samples

Fensating Elenents by Repeathiasier

Click on a feature for details. Click or drag in the base position frack to zoom in. Click side bars for track options. Drag side bars or labels up or
‘down to reorder tracks. Drag tracks left or right to new position

[ rack search | [ defaulttracks | [ defauttorder | [ hide all | [ add custom tracks | [ track hubs | [ configure | [ reverse | [ resize |

Use drop-down controls below and press refresh to alter tracks displayed.

Tracks with lots of items will automatically be displayed in more compact modes.

- | Mapping and Sequencing Tracks

% o Chromosome Band STS Markers ®FISH Clones  Recomb Rate gzgsﬁgDE
hide [+ hide || hide [~ hide || [hiEeml=]
EO%NCODE Map Contigs Assembly GRC Map Contigs Gap Publications
Thide =] hide |+ hide [+ hide |+ hide. hide |+
e gﬁss’"ﬂ GC Percent SRCTalch  hg1sDif GRC Incident
,—w l—m hide [~ idel=] hide [~ hide |~

Hi Seq Depth Wiki Track 3% BU ORChID 3% Mapability Short Match Restr Enzymes

hide . hide: j hide. j hide: j hide j hide: j

- | Phenotype and Disease Associations

® GAD View DECIPHER OMIMAVSNPs  OMIM Genes  OMIM Pheno Loci COSMIC

hide j hide j hide j hide j hide j hide j

MBS isca ® RGD Human QTL ® RGD Rat QTL gw GeneReviews

el R e hide |- hide Pl hide -

* *
w ®
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Human Genome Browser http://genome.ucsc.edu/cqi-bin/hgGateway

W % OMIM - Online Mendelian Inheritanc... |Q Long-range sequence assembly in w... = | 2 Genes & Expression - Site Guide - NCBI |.Human Gene HBB (ucO01mae1) Desc... x | +

"B - whole genome shotgune sequencing Al A B~

1mac.l&hgg_pro 18thgg_chroms= chrl18thgg_start= &ihgg_end=5248301 &thgg_type=knownGenedidb=

€ genome.ucsc.edu/cgi-bin/hgGene?hgg_gene=

Downloa Data About U

Human Gene HBB (uc001mae.1) Description and Page Index

I

Description: Homo sapiens hemoglobin, beta (HBB), mRNA.

RefSeq Summary (NM_000518): The alpha (HBA) and beta (HBB) loci determine the structure of the 2 types of polypeptide chains in adult hemoglobin, Hb A. The normal adult hemoglobin tetramer consists of two alpha chains and two beta chains. Mutant beta
globin causes sickle cell anemia. Absence of beta chain causes beta-zero-thalassemia. Reduced amounts of detectable beta globin causes beta-plus-thalassemia. The order of the genes in the beta-globin cluster is 5-epsilon -- gamma-G -- gamma-A -- delta --
beta--3'. [provided by RefSeq, Jul 2008]. Publication Note: This RefSeq record includes a subset of the publications that are available for this gene. Please see the Gene record to access additional publications. ##RefSeq-Attributes-START## —
Transcript_exon_combination_evidence :: V004971, BU659180.1 [EC0O:0000332] #4#RefSeq-Attributes-END##
Transcription Chromosome: chr11 Strand: - Size: 1606 Start: 5246695 End: 5248301 Exon Count: 3
Coding Size: 1,424 Start: 5,246,827 End: 5,248,251 Exon Count: 3

LEREALGEY @I Sequence and Links | UniProtKB Comments | Genetic Associations | CTD Microarray
RNA Structure| Protein Structure Other Species GO Annotations mRNA Descriptions | Pathways
|Other Names ‘GeneRevwews Medel Information Methods
Data last updated: 2011-12-21

=] Sequence and Links to Tools and Databases

| Genomic Sequence (chr11:5,246,696-5,248,301) mRNA (may differ from genome) |Protein (147 aa)
l/ Gene Sorter |Genome Browser |Protein FASTA | VisiGene Table Schema|BioGPS
CGAP Ensembl Entrez Gene  |ExonPrimer GeneCards | GeneNetwork
Gepis Tissue |H-INV HGNC HPRD Jackson Lab | MOPED
OMIM PubMed Reactome Stanford SOURCE | Treefam UniProtkB
Wikipedia

=] comments and Description Text from UniProtKB

ID: HBB_ HUMAN

DESCRIPTION: RecName: Full=Hemoglobin subunit beta; AltName: Full=Beta-globin; AltName: Full=Hemoglobin beta chain; Contains: RecName: Full=L\/\-hemorphin-7;

FUNCTION: Involved in oxygen transport from the lung to the various peripheral tissues

FUNCTION: LVV-hemorphin-7 potentiates the activity of bradykinin, causing a decrease in blood pressure.

SUBUNIT: Heterotetramer of two alpha chains and two beta chains in adult hemoglobin A (HbA).

INTERACTION: P69905:HBA2; NbExp=19; IntAct=EBI-715554, EBI-714680;

TISSUE SPECIFICITY: Red blood cells.

PTM: Glucose reacts non-enzymatically with the N-terminus of the beta chain to form a stable ketoamine linkage. This takes place slowly and continuously throughout the 120-day life span of the red blood cell. The rate of glycation is increased in patients with
diabetes mellitus.

PTM: S-nitrosylated; a nitric oxide group is first bound to Fe(2+) and then transferred to Cys-94 to allow capture of O(2)

PTM: Acetylated on Lys-60, Lys-83 and Lys-145 upon aspirin exposure. PubMed: 16916647 reports the identification of HBB acetylated on Lys-145 in the cytosolic fraction of HelLa cells. This may have resulted from contamination of the sample.

MASS SPECTROMETRY: Mass=1310; Method=FAB; Range=33-42; Source=PubMed:1575724;

DISEASE: Defects in HBB may be a cause of Heinz body anemias (HEIBAN) [MIM:140700]. This is a form of non-spherocytic hemolytic anemia of Dacie type 1. After splenectomy, which has little benefit, basophilic inclusions called Heinz bodies are demonstrable
in the erythrocytes. Before splenectomy, diffuse or punctate basophilia may be evident. Most of these cases are probably instances of hemoglobinopathy. The hemoglobin demonstrates heat |ability. Heinz bodies are observed also with the lvemark syndrome
(asplenia with cardiovascular anomalies) and with glutathione peroxidase deficiency.

DISEASE: Defects in HBB are the cause of beta-thalassemia (B-THAL) [MIM:604131]. A form of thalassemia. Thalassemias are common monogenic diseases occurring mostly in Mediterranean and Southeast Asian populations. The hallmark of beta-thalassemia
is an imbalance in globin-chain production in the adult HbA molecule. Absence of beta chain causes beta(0)-thalassemia, while reduced amounts of detectable beta globin causes beta(+)-thalassemia. In the severe forms of beta-thalassemia, the excess alpha
globin chains accumulate in the developing erythroid precursors in the marrow. Their deposition leads to a vast increase in erythroid apoptosis that in tumn causes ineffective erythropoiesis and severe microcytic hypochromic anemia. Clinically, beta-thalassemia is
divided into thalassemia major which is transfusion dependent, thalassemia intermedia (of intermediate severity), and thalassemia minor that is asymptomatic.

DISEASE: Defects in HBB are the cause of sickle cell anemia (SKCA) [MIM:603903]; also known as sickle cell disease. Sickle cell anemia is characterized by abnormally shaped red cells resulting in chronic anemia and periodic episodes of pain, serious infections
and damage to vital organs. Normal red blood cells are round and flexible and flow easily through blood vessels, but in sickle cell anemia, the abnormal hemaglobin (called Hb S) causes red blood cells to become stiff. They are C-shaped and resembles a sickle
These stiffer red blood cells can led to microvascular occlusion thus cutting off the blood supply to nearby tissues. =
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Human Genome Browser http://genome.ucsc.edu/cqi-bin/hgGateway

J § OMIM - Online Mendelian Inheritanc... * | @ Long-range sequence assembly in w. | £2 Genes & Expression - Site Guide - NCEI |. Genomic Sequence Near Gene x|+

€ > genome.ucsc.edu/cgi-bin/hgcThgsid=2965572208ug= 001mae.1 Bic=chrl1 il =52466958r=5248301 &o=known GeneBitable=knownGene |29 - whole genome shotgune sequencing 2 A B-

Genomes Genome Browser  Tools s Downlo:

Genomic Sequence Near Gene

Get Genomic Sequence Near Gene
Note: if you would prefer to get DNA for more than one feature of this frack at a time, try the Table Browser using the output format sequence.
Sequence Retrieval Region Options:

romoter/Upstream by 1000  bases

' UTR Exons
ntrons
] Downstream by 1000  bases
© One FASTA record per gene
One FASTA record per region (exon, intron, etc.) with 0 extra bases upstream (5') and 0 extra downstream (3')
[7] Split UTR and CDS parts of an exon into separate FASTA records
Note: if a feature is close to the beginning or end of a chromosome and upstream/downstream bases are added, they may be truncated in order to avoid extending past the edge of the chromosome.

Sequence Formatting Options:

© Exons in upper case, everything else in lower case.
© CDS in upper case, UTR in lower case.
o All upper case.
All lower case.
sk repeats: @ to lower case © to N
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Genome resources

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

WJ § OMIM - Online Mendelian Inheritanc... | @ Long-range sequence assembly in w. | 22 Genes & Expression - Site Guide - NCBI |. hitp:/fgenomeuc..erisubmit=submit % | +

)&hgSeq.utrExon5=onBibaol: & - whole genome shotgune sequencing P A B~

€ genome.ucscedu/cgi-bin/hgchgs 98.g=htcDnaNearGene 01 mae.L Btc= chrl] &1=52466958tr=5248301 o=k GenefthgS hgS 0&hgSs

>»hgl9 knownGene uc00lmae.l range=chrll:5246696-5249301 5'pad=0 3'pad=0 strand=- repeatMasking=ncne w
ggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggact
agaggaaaaaaataatctgagccaagtagaagaccttttecectectace
cctactttctaagtcacagaggetttttgttcccccagacactettgeag
attagtccaggcagaaacagttagatgtccccagttaacctectatttga
caccactgattaccccattgatagtcacactttgggtigtaagtgacttt
ttatttatttgtatttttgactgcattaagaggtctctagttttttatct
cttgttteccaaaacctaataagtaactaatgcacagageacattgattt
gtatttattctatttttagacataatttattagcatgcatgagcaaatta
agaaaaacaacaacaaatgaatgcatatatatgtatatgtatgtgtgtat
atatacacacatatatatatatattttttcttttcttaccagaaggtttt
aatccaaataaggagaagatatgcttagaaccgaggtagagttttcatce
attctgtcctgtaagtattitgeatattctygagacgcaggaagagatce
atctacatatcccaaagctgaattatggtagacaaaacteticcactitt
agtgcatcaacttcttatttgtgtaataagaaaattgggaaaacgatctt
caatatgcttaccaagctgtgattccaaatattacgtaaatacacttgca
aaggaggatgtttttagtagcaatttgtactgatggtatggggccaagag
atatatcttagagggagggctgagggtttgaagtccaactcctaagecag
tgccagaagagccaaggacaggtacggetgtcatcacttagacctcacee
tgtggagccacaccctagggttggocaatctactcccaggageagggagy
gcaggagecagggctgggcataaaagtcagggcagagecatetattgett
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCARACAGACACC
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGG
CAAGGTGRACGTGGATGRAGTTGGTGGTGAGGCCCTGGGCAGgttggtat
caaggttacaagacaggtttaaggagaccaatagaaactgggcatgtgga
gacagagaagactcttgggtttctgataggcactgactctctetgectat
tggtctattttcccacccttagGlTECTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGG
CRACCCTAAGGTGRAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTG
ATGGCCTGGCTCACCTGGACRACCTCARAGGGCACCTTTGCCACACTGAGT
GAGCTGCACTGTGACRAGCTGCACGTGGATCCTGAGAACTTCAGGgtgag
tctatgggacgcttgatgttttcttteccecttcttttctatggttaagtt
catgtcataggaaggggataagtaacagggtacagtttagaatgggaaac
agacgaatgattgcatcagtgtggaagtctcaggategtittagtitett
ttatttgctgttcataacaattgttttcttttgtttaattettgetttct
ttttttttcttctecgcaatttttactattatacttaatgecttaacatt
gtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaa
aaactttacacagtctgcctagtacattactatttggaatatatgtgtge
ttatttgcatattcataatctccctactttattttcttttatttttaatt
gatacataatcattatacatatttatgggttaaagtgtaatgtittaata
tgtgtacacatattgaccaaatcagggtaatttigcatttgtaatittaa
aaaatgctttcttcttttaatatacttttttgtttatcttatttctaata
ctttcectaatctctttotttcagggcaataatgatacaatgtatcatyc
ctctttgcaccattctaaagaataacagtgataatttctgggttaaggca
atagcaatatctctgcatataaatatttctgcatataaattgtaactgat
gtaagaggtttcatattgctaatagcagctacaatccagcotaccattcty
cttttattttatggttgggataaggctggattattctgagtccaagetag
gccettttgctaatcatgttcatacetettatcttecteccacagCTCCT
GGGCARACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCARAGAATTCA
CCCCACCAGTGCAGGCTGCCTATCAGARAGTGGTGGCTGGTGTGGCTAAT
GCCCTGGCCCACARGTATCACTRAGCTCGCTTTCTTGCTGTCCAATTTCT Z
x  Najit WGS & Dalii 4 Predchozi &7 Zvjraznit [7] Rozlitovat velikost
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Genome resources

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

@ % OMIM - Online Mendelian Inheritanc...

€ e

2 TAIR - Home Page

. arabidopsis.org

4

7 tair

Search

Home Help Contact AboutUs Login/Register

Browse Tools Portals Download Submit

I Google Al A O~
Gene Search rF
News ABRC Stocks

The Arabidopsis Information Resource

The Arabidopsis Information Resource (TAIR) maintains a database of genetic and molecular
biology data for the model higher plant Arabidopsis thaliana . 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, publications, and information about the Arabidopsis research community. Gene product
function data is updated every two weeks from the latest published research literature and
community data submissions. Gene structures are updated 1-2 times per year using
computational and manual methods as well as community submissions of new and updated
genes. TAIR also provides extensive linkouts from our data pages to other Arabidopsis resources.

The Arabidopsis Biological Resource Center 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 TAIR.

TAIR is located at the Carnegie Institution for Science Department of Plant
Biology and funded by the National Science Foundation with additional
support from TAIR sponsors.

CARNEGIE
SCIENCE

o

Updates on TAIR funding are available here.

to try our new online submission form
and submit the molecular function (e.g. protein kinase), biological
process (e.g. seed development), localization (e.g. plasma membrane)
or interacting partner of your favorite gene

Breaking News

[ Subscribe to news feed
Follow our Twitter feed
i Join our Facebook group

I

2012 MASC Report Now
Available

[uly 11, 2012]

Please check out the latest
report from the Multinational
Arabidopsis Steering
Committee.

New Protein Chip and Cell
Cultures at ABRC

[May 9, 2012]

A new protein chip L4
(AtProteinChip 2) developed

by M. Snyder and S.P. Dinesh-

Kumar, is now available. Cell

line PSB-D (CCL84840),

donated by Geert De Jaeger

and derived from MM2d

developed by M. Menges and J.

Murray, is also available. These

stocks can be found using the

ABRC catalog.

Share Your Education
Resources [February 1, 2012]
Do you teach an undergraduate
Lab using Arabidopsis? Can
you imagine your research
project on Arabidopsis
illustrating an important
scientific concept? Contribute to
moving Arabidopsis from the
bench to the classroom!
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Search Download

Browse Tools Stocks Portals

The Arabidopsis Information Resource

The Arabidopsis Information Resource (TAIR) maintains a database of genetic and molecular
biclogy data for the model higher plant Arabidopsis thaliana. 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,
publications, and information about the Arabidopsis research community. Gene product function
data is updated every two weeks from the latest published research literature and community data
submissions. Gene structures are updated 1-2 times per year using computational and manual
methods as well as community submissions of new and updated genes. TAIR alsc provides
extensive linkouts from our data pages to other Arabidopsis resources.

The Arabidopsis Biological Resource Center 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 TAIR.

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.

7

i -
“Ftair

Conact  Aboot Us  Login Gens - Eaarch

The Arabidopsis Information Resource Breaking News

AFPE P

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

I Gene - =

Submit

Breaking News

Data Updates Suspended
[October 19, 20086]

Some TAIR data updates,
including loading of new ABRC
stocks, will be suspended from
QOct 20-Nov 17 while we move
our servers.

New Phenotype Search
Option

[October 15, 2006]

Search for genes,
germplasms, and
polymorphisms using
associated phenotype, and see
improved phenotype data
display in results and detail
pages

ASPB Presentations

[August 15, 20086]

Following heavy demand, the
TAIR workshop presentations
given at the ASPB meeting in
Boston have been made
available from the TAIR website
for download
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Analytical tools

Global versus local alignment

Globalni priFazeni
SLAV===sremaa= APATNIK------~ PIONYR-I------ AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQONYRRVEHVRATAKSETQRYMVIE

Lokalni pFifazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIONYRRVEHVRATAKSETQRYMVIE

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

Choosing the right type of alignment using dotplot

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA . P
} filtrace diagonal

kratSich nez 3

—_—
J}rrqrcmﬁmcm X m X ATTGATCGGTCTTGCACTGA| X

FOHNHOOEEIPHOOORNO-S I

Y : ket

Cvrékova, Uvod do praktické bioinformatiky

. Plotting the sequences (x and y axis)
. |dentification 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

Examples of sequence alignment using dotplot

o SE— B pa SE— o SESS—
A

g N
5 S

B C

Cvrékova, 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

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

NCB[ nucleotide-nucleotide BLAS l
Hucleotide 2

Translations Retrieve results for an RID

65

r‘
Al bl o LyS
acaccatecat cattatecate ategttbtgg gegeatgtbtyg tgbggkbteca
gegkbattaat
el |Ataattaatt tatteocacat gagatatgat atgatatact atgtattttt
tgtttttttt
ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa
Het subsequence From: | Ta: |
Chmﬂdﬂﬂﬁe[ﬂI 5#]
el B AST! Efmesetquery TResaral
.
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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 Matlce PAM 250

(]

EVROPSKA UNIE

- Il 2
T =211 1
P =311 0 6
L =211 1 1
4] =3/ 1 B =1 1 5§
H -%/1 & -1 0 o2
AT G C___'____,...-— hodnota nepiru G-A 0 80 6 -10b 1|2 4
Al 11 0| 6t :-50&—;:013&
=5]=1 =1 =111 2 2 4
i 0111 0 O...---—-""""" hodnota péiru G-G W -3|-1-1 0 -1-2]2 1 1 3|8
GODF"U- R 4|0 -1 0~-2-3j06 -1-1 1|2 &
K -5/0 0 -1-1-20{1 0 0 1|0 3 §
SO 01IREL M -5|-2-1-2-1-3|-2 -3-2-1|-2 0 0]&
1 =2{=1 D =2 =1 =§|=2 =@ =f uf|af =f 2|2 §
L =fHf=3 =2 =3 = =d|=3 =4 =% =2 |=2 =% =H[ 4 2 &
o i ¥ -2i-1 0 -1 0 -if-2 -2 -2 -p|-p -2 -F}2 4 B 4
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W -8|-2-5-8-8-F]-%-7-75|-3 23457 6|0 01 .
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BLAST

Basic Local Alignment Search Tool

E= expectancy

] »gi|5016088 |ref|NM 001101, 2| value actin, beta (ACTE), mRNA
Length = 1793

[

ds..5=1213 E=0.0

Score = 1110 bits (560) ,(Bxpect = 0.0

Identities = 965/1100 (87%

Strand = Flus / Flus om0
QOuery: 156 ggoctetggeatgbtgoaaggeeggatttgeeggagacgatgetececcgegees 215

|||IIII|||||III|||||IIII|||||III|||II|||||III|||||III o5 1500

Shjct: 101 gtecgacaacggocteocggocatghbgoaaggocggettogogggegacgatgeoccoccogggee 160

Query: 216 gkeotteocecatcgattgtgggacgteoeceogtecaccagggtgtgatggbteggeatgggecag 2753

Shijet: 161 gteottococctocatogbggggogococcaggocaccagggegtgatggtgggoatgggteag 220

A L S .

Querny: 276 aaggactegtacgbtgggtgatgaggeogoagageocaageogtggtatoccteocaccotgaagtac 335

Shijet: 221 aaggattecctatgbgggogacgaggoccagagoaagagaggocatocctecaccotgaagtas 280

A I R —

Query: 336 ceocattgagocacggtatecgbtgaccaactgggacgatabtggagaagatectggoaccacace 3895

Shjet: 281 ecececatcgagocacggeategtcaccaactgggacgacatggagaaaatetggeaccacace 340

- ,expect cwrms ErtEmyeet=e=erenci se stejnou

nebo rl-iliAilijijili“ll-'Jl_l‘lll'l'l'll'III_A_.l\'IIIl_ elké databéZi
slozené z-aeReeRyeh-selerenor

: vysledek udava frakci totoznych a u proteint i podobnych pozic,
pfip. pocet vloZzenych mezer

* *
L S

EVROPSKA UNIE il

~ WERSZ, INVESTICE DO ROZVOJE VZDELAVANI
0 o $
. §' "é Tato prezentace je spolufinancovana
3 Z ; s i
MINISTERSTVO SKOLSTVI OP Vzdélavéni '&4-{ @é " ’Evropsk}/m sovclalmlm fond(.em
MLADEZE A TELOVYCHO\ pro konkurenceschopnost ANA® a statnim rozpoctem Ceské republiky



68

Prlmary databases

WzH jome - BioProject - NCBI £3 virA two-component VirA-like =2l <]
(_--) & nchi.nim.nih.gov/gene/1224316 c ||~ Google P A B~
) NC_002377.1: 145K.148K (2.9Kbp)~ | ‘4, | Q@ | - | + AT '

D0 (145,400 [145,600 (145,800 [146 K [146,200 146,400 [146,600 146,800 |147 K [147,200 147,400 |147,600 |1
I

Genes
/02| NP_059797.1 I
] NP_I059797.1: Ctvx(gcz)—;:?c’)mpozent \g;A-Iikeeseggc))r kinase T T 500 o o |,
L total range: NC._| 77.1 (145,694..148,1 I S ———— i ———_——
[P 0997971 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

QLINK Results: NP_059797.1

~ Bibliography

Related articI; in PubMed
], EN ([T00%) @ - P @ D 4

BLINK 1is a link to the pre-computed BLAST search results for the respective sequence
(see the next slide).

* *
* *
* *
* -

* 4k
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BLAST

Basic Local Alignment Search Tool

@ = vitA two-component VirA-like sensor... | 2 virA two-component VirA-like sensor... | <5 BLNK x| + o o o

ncbinlm.nih.gov/sutils/blink.cgi?pid =16119781

< BLINK

Home  Taxonomy Report  Multiple Alignment Blast Help

Pre-computed BLAST results for: gi|16119781|ref|[NP_396486.1 two component sensor Kinase [Agrobacterium tumefaciens str. C58]
Matching gis: 15163423:20141871:1019660;

Total (score > 100) : 147086 hits in 146754 proteins in 6309 species

Selected: 147086 hits in 146754 proteins in 6309 species Filter: Min Score: 100 |

Other views (Reports): | Taxonomy report | | Multiple Alignment || Blast |

Reset all filters

) ]
‘ P Choose Display Options 4

1203 | Archaea |138285 | Bacteria F Metazoa |1349 | Fungi |554 |Plants EViruseS 5676 | The Others reset selection

Results: 1 - 100 Next Page Last
% hits _ reset selection

ink | Al L LR AL L R LU Rk SCORE ACCESSTION Length Protein Description

==

e ————— e — Conserved Domain Database hits
* = = = 4166 ARK90927 833 two component sensor kinase [Agrobacterium tumefaciens str. C58]
+ 4166 P18540 833 RecName: Full=Wide host range virA protein; Short=WHR virA
* 4166 AAAT9282 833 virA [Plasmid pTiCb8]
L = = = 4159 NP_053380 833 hypothetical protein pTi-SAKURA pl42 [Agrobacterium tumefaciens]
+* 4159 BAABTT65 833 tiorfl40 [Agrobacterium tumefaciens]
* 4153 AAA91590 833 virA [Plasmid Ti]
* = = = 4153 gi|737127 833 virA protein
* 4153 CAA34777 833 81.3 kDa protein [Agrobacterium tumefaciens]
+ 3800 CAA35780 829 virA [Agrobacterium rhizogenes]
+ - - = 3718 gil227240 869 virA gene
+ 3148 AAABB643 829 virA [Plasmid Ti]
i ‘< Dorucena posta - M... |['[E C6020_2012 Lesson, 4 Microsoft Exc

69

* g K

EVROPSKA UNIE il

SNSVIv,
e
VENs1S®

MINISTERSTVO SKOLSTVI OP Vzdélavani

AF

> —_ WERSZ,, INVESTICE DO ROZVOJE VZDELAVANI
QD 1y

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
MUADEZE A TELOVYCHOVY  pro konkurenceschopnost ZaNa®® a statnim rozpo&tem Ceské republiky



70

BLAST

Specialized versions

Currently there exists a lot of specialized versions of BLAST

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 six-frame conceptual translation products of
a nucleotide query sequence (both strands) against a
protein sequence database. o
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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

72

Currently there exists 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 InitiatedBlast)

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

73

. 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
. o VERST, 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
MEHIQI PPGLTELLOGYTVEVLROOPPDILVEFAVEY FTRELREARAPASVLPAATPROSLGHPPPEPGEPDR
VADAKGDSESEEDEDLEVEPVEPSRENRRVEVCAETYNPDEEEEDTD PRV IHPKTDEQRCRLOEACKD ILLE
FWNLDOEOQLSOVLDAMEPER IVEADEHV IDOGDDGDNFYV IERGTYD I LVTEDNQTREEVGOYDNEGE
ToEGSLWGLDEVTFRRI IVENNAKKREMEFESEFIESVPLLESLEVSERMETIVDVIGERK
IYRKDGERI ITOGERKADSEY I TESGEVS ILIRSRTESNEDGCENQEVE TARCHEGOYFGELALVTNEKPRAAS
AYAVGDVECLVMDVOAFERLLGPCMD IMERN I SHYEEQLVEMEGS SVDLGNLGD

[LIVMF] -G-E-x- [GAS] - [LIVM] -x (5,11} -R- [STAQ] -A-3x- [LIVMA] -x- [STACV] .

* X
*
* *

* *
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Outline

75

»  Searching of sequence motifs, open reading frames, restriction sites...
. VERST, INVESTICE DO ROZVOJE VZDELAVANI
O S s,
%r / _-. s 5 Tato prezentace je spolufinancovana
ot MINISTERSTVO SKOLSTVI o.P Vzdélavani (%‘ \55 EerpSkym sociainim fondem
EVROPSKA UNIE il L ADE S A TE ey © iksomapiet TEORAAY

a statnim rozpod&tem Ceské republiky



Analytical tools

o http://workbench.sdsc.edu/

[ stlect AL [ Dessiect Al | i [ BATCr | Aca J[ st | ette ][ Copy J[ view J[ Downuona

BL23EQ || BL2sEQX || BLASTN || BLASTX || TBLASTX || FASTA mm SSFARCH m
CLUS TALWPROF mm LFASTA || PATTERNMATCHDE || PATTERNMATCH m PRIMERS

WASTATS || BESTSCOR || PFECAN || PRIMERCHECE || PRIMEETM | SIXFFAME || EEVCOMP || FANDSEQ
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Analytical tools

o http://workbench.sdsc.edu/

et

s

¥ || Change Format
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Analytical tools

o http://workbench.sdsc.edu/
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o http://workbench.sdsc.edu/
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| | |Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds. Tran

»>170248 Translated - Frame 1
ELFWGARAK LFAEWENIIPSVCHSY SI* INEGANLTILEL

| | |Nicotiana tabacum glucan bheta-1,3-glucosidase gens,

complete cds. Tran

>170248 Translated - Frame 2
55 LEGOGONFLINGE I LYOVEVIVTD FE LTKGO I *LECP
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Analytical tools

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

o http://workbench.sdsc.edu/

................................................... CYVIGA T
CAGTCAAATCATTICACACAACTCOARAAACAACCOARAATOOTAAALRARAALYIAIAT)
CATCBTCTATGTGGACTTCAATACTCTRAAGAGRTACGCECAAGRACTCAGCTT

nrmmmm-ulallnnm

ETLE T
ACGGATGTTTAG T LILEMET |
CAAGAACATEOTD AAI] O 4 A0 A GEEY LG

FFra
A ATTETATGEAATE) 170381
A . BTTGCTATGGEA AT 11321183
AGGECT A AT . TEGEHEAARE A RTTEOCAR 170248
AGEERCTHAL A T AAGAAGTTGGG& 19686
AEHWEGT) A A AN

TCTACAAGTC UAGALACAT)

TCTACALGTCAAGAL LADAT)
GORAAGACTEAGGCTTTATGA
BEALGACTEAGBCTTIATGA

X

*
*
*

***
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Analytical tools

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

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

SEARCH g \PER

VPCE 2.0 (WWW interface) - Please, enfer nucleotide primer sequences (IUE codes allowed for degenerate primers). VPCE 20
searches the specified database for matches to the primers. If matches are found within 10000 bases, a PCE. simulation model
predicts amplification. Caleulated PCE. products are displayed within a minute.

HOTE: Abilities of VPCR 2.0 ake still limited by BLAST capabilities and settings, as well as inability of owr curvent software to deal with move than a
eouple thovsand matehes per primer. For exsmple, wring primers shorter oF roughly equal to our 11-base word size micces most matehes. Primers with
overrepresented sequences sause problems as well. W are now busy solving most of these problems, please, be patient. IF o hoore & minute, please, lot
uz kwow what kind of expectations you have for VPCR 2.0 ete. Cwrently, this address iz for testing WPCR 2.0, stable features will be installed on

YECER &0 Homepage.
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Analytical tools

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

10000

S00g

« TEHP=50al
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* *
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Outline

= Other on-line genome tools
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Other online genome resources

= TIGR (The Institute for Genomic Research, http://www.tigr.org/software/)

. .
= Recently part of the J. Craig Venter Institute
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Other online genome resources

= Online Mendelian Inheritance in Man (OMIM)

[EEESA s oM - Oniine Mendein Inheranc... < | & TAIR~ Home Page ]2 Gene search Resuts
& 3 @ omimor=

Table ]+

| [#8- coogie 2 & B

Home | About | Statistics ~ | Downloads/APl ~ | Help ~ | External Links | Terms of Use -~ | ContactUs 2§ Select Language | ¥

Mirror sites: us-east.omim org, europe omim.org

OMIM’

Online Mendelian Inheritance in Man®
An Online Catalog of Human Genes and Genetic Disorders
Updated 6 September 2012
Search OMIM

sample Searches

Advanced Search: OMIM, Clinical Synopses, OMIM Gene Map

/4 JOHNS HOPKINS

MEDICINE

B g+l

NOTE: OMIM is intended for use primarily by physicians and other professionals concerned with genetic disorders, by genetics researchers, and by advanced students in science and medicine. While the OMIM database is open to the public, users seeking information about a personal medical or genetic condition are urged to
consult with a qualified physician for diagnosis and for answers to personal questions.
oMiM® and Online Mendelian Inheritance in Man ° are registered trademarks of the Johns Hopkins University.

Copyright® 1966-2012 Johns Hopkins University.
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