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= Schéma predmétu
= Definice
= Role BIOINFORMATIKY v souasném pojeti FUNKCNi GENOMIKY

= Databaze
=  Spektrum ,on-line“ zdroju
»  PRIMARNI, SEKUNDARNI a STRUKTURALNI databaze
=  GENOMOVE zdroje

= Analytické nastroje
= Vyhledavani homologii
= Vyhledavani sekvencnich motivl, otevienych Ctecich ramcu, restrikénich
mist....
» Dalsi www genomove nastroje



Schéma predmetu

o Kapitola 01
= Uvod do bioinformatiky

o Kapitola 02
= |dentifikace genu

o Kapitola 03
= Pristupy reverzni genetiky

o Kapitola 04
= Pristupy genetiky primé
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Kapitola 05
= RNA interference a genomové editovani

Kapitola 06
= Genova exprese a chemicka genetika

Kapitola 07
* Protein-proteinové interakce a jejich analyza

Kapitola 08
= Soucasné metody sekvenovani DNA



o Kapitola 09
= Struktura genomu

o Kapitola 10
= Evoluce genomu

o Kapitola 11
= Genomika a systémova biologie

o Kapitola 12
= Praktické aspekty funkéni genomiky
= Modelové organismy
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GENOMIKA-co to je?

= Sensu lato (v SirSim pojeti) zkouma STRUKTURU a FUNKCI

o

genomu

= Predpokladem je znalost genomu (sekvenci)-
prace s databazemi

= Sensu stricto (v uzSim pojeti) zkouma FUNKCI
jednotlivych gend - FUNKCNI GENOMIKA

- pouziva zejména pristupy REVERZNI GENETIKY



GENOMIKA-co to je?
role BIOINFORMATIKY ve FUNKCNI GENOMICE

Pristupy ,klasické“ genetiky
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Osnova

= Role BIOINFORMATIKY v sou¢asném pojeti FUNKCNi GENOMIKY



Bioinformatika

= Definice bioinformatiky (podle NIH védeckého a technologického
konsorcia pro biomedicinské informace)

Vyzkum, vyvoj nebo aplikace vypoc€etnich nastroju a pristupl za
ucelem zvysovani rozvoje vyuziti biologickych, Iékarskych, dat o
chovani nebo zdravi, v€etné téch, které umoznuji takova data
ziskavat, ukladat, organizovat, archivovat, analyzovat nebo
vizualizovat.



What is Bioinformatics?

* |nterface 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



Bioinformatika

= Bioinformatika ve funkéni genomice

= Zpracovani a analyza sekvenacnich dat
= |dentifikace referenénich sekvenci
= |dentifikace genu
= |dentifikace homologu, ortologl a paralogu
= Korela¢ni analyzy mezi genomy a fenotypy (v€etné ¢lovéka)

= Zpracovani a analyza transkrip¢nich dat
= Transkripéni profilovani pomoci DNA Cipl nebo next-gen
sekvenovani

= Vyhodnocovani experimentalnich dat a predikce novych
regulaci v pfistupech systémové biologie
= Matematické modelovani genovych regulacnich siti



Mnozstvi informace v
DNA

= Every bp= 4 bits
= Human genome = ~3 billion bp
= =4X3X 10°
= =1.2 X 10%0 bits
= =1.5X 10° bytes (1.5 GB)
= This amount of information is contained in a cell nucleus with 10pm
diameter

= There is ¥2m of DNA in every somatic human cell
= Each human in composed of about 10?2 cells
= Thus every human contains 2 X 1 1012 of DNA
= =2 X 10°km of DNA
= Distance from the sun to Uranus = 2.8 X 109km
= Each single human contains enough DNA to stretch from the sun to

Uranus

Bioinformatics, Stellenbosch-University
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Databaze
Spektrum ,on-line* zdroju



Spektrum on-line zdroju

EMBret Notional Nodes

Wienna Biocenter HAusstria httpe/ feve at.embinet. ong/

EEM Bedgium hitpe/ fwwny. be.embaetarg,f
BioBase Denmark  hittps//bichase i/

s Finland thttps/ fwew. i embnet. ong
IHFOBTOGEN France itta/ fwww irfobiogen. fr/
GENIUSAat Germany  http://aenome. difz-heidelberg. de/blovnis/
MBE Greace Ftto:/ fweww.imbb.forth.gr/

HEH Hungary brttp:/ o huembaet.org/

INCEI Ireland hittp:f/facer. gen. tod.ieyf

I8N Israel hittp:/fdapsas. welzmann.ac, il fbed finn. html
TEN-ADR Italy tg://beo-www. ba. onri=BO00, BioWWW, Bio-WWW.him
CADS/CAMM Hetherands hitp:/fwwew.cacs kun.nl/

Bio Norway hatp: /v, noembnet.org,/

BB Poland httpwwew.ibb.waw. ply

160 Portugal  hitpe/wwe.ige. gulbeniian.pt
GenaBes Russia hitp:/ fevew.genshee. meu.suy’
CNB-CSIC Spain hetps /v, s ambeet.arg,

BMC Sedan hitp/ v .embnet.se,

SIB Switzerland  hitp:/www.ch smbret, org/
SEAKET [174 hitps/ fwwanseqret. dLac.uky
EMBrdt Specialist Nodes

MIPS Germany hitps/fwwn. mips bicchem.mpg.dey/
ICGER Ttaky hitpz//www.icgeb. trieste. ity
Fharmadia Upjehn Sweden hikps/ o, pris, comy
FHaffmann-La Rache  Switzecland  https//www.roche.comy

ERT UK Iktps/ ek acuky

HGMP-RC UK bt/ v higep. mrc. ac.uky
Sanger 174 http/wie. sanger.ac. uk)

UMBER 114 hitp: fwww bioinf. man.ac.uk/dbbrowser
EMBnet Associote Modes

IBAM Argentina  hitpeyfsol.biolunlp. edu.ar/embnet
ANGES Australia  BEtpc/wwangis.su. oz,

CBT Chira hittpef i, chi. pl edu.on

CIGE Cusha it/ i, cigh,edis il

CoFD India hittps//salagung.embnetong.iny/
SANBI South Africa hitp:/fwww sanbi ac za

USA Information Providers

MCBI (L) https/ fwve, nchi.nim.nif.gow

NLM s hittps/,wwaw.rlm.ib, govy

N usA it/ . amib g
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Spektrum on-line zdroju

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

] servces < Bl Em | E3 aplotype - Hiedat Googlem +
€ P B onabiack e | H- maplowype A 0 & &

Services

rview AtoZ Service teams @ Support

Bioinformatics services ”°f’““’

We maintain the world’s most comprehensive range of freely available and up-to-date molecular databases. UniProt ® Europe PMC
Developed in collaboration with our colleagues worldwide, our services let you share data, perform complex queries

PDBe ¥ Reactome
and analyse the results in different ways. You can work locally by downloading our data and software, or use 8 Fitys : -
3 Arrar ess 2 ne
our web services to access our resources programmatically. ©Q ArrayExpres: rain on
ChEMBL Support
DNA & RNA Gene expression Proteins Bioinformatics training

genes, genomes & variation

Structures

Molecular & cellular structures

Ontologies

taxonomies & controlled
vocabularies

Programmatic access

EMBL-EBI web services allow you to query our large biological databases programmatically, so that you can develop

RNA, protein & metabolite

expression

Systems

reactions, interactions & pathways

Literature

Scientific publications & patents

data analysis pipelines or integrate public data with your own applications.

Browse EMBL-EBI web services

Frdbote "W Rdobe Acr.. | 'L Mhercscft

sequences, families & motifs

Chemical biology

chemogenomics & metabolomics

Other software

cross-domain tools & resources

Guide to resources

DPCEITEC



Spektrum on-line zdroju

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

= NCBI

Resources

How To ()

My NCBI Sign In

—=NCBI

National Center for
Biotechnalogy Information

NCBI Home
Resource List (A-Z)
All Resources
Chemicals & Bioassays
Data & Software
DNA & RNA
Domains & Structures
Genes & Expression

) Ggm_atlcs_& Msd?clne
Genomes & Maps
Homology
Literature
Proteins
Sequence Analysis
Taxonomy
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

* Downloads: Get NCBI data or software

s 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 E

TN 2 3R e TS

Popular Resourc
PubMed

Bookshelf

PubMed Central
PubMed Health
BLAST

Nucleotide

Genome

SNP

Ta>.rny
Ul.ne

PdpSet

Gene
Protein

PubChem C r

Chro mes

Books

NCBI Announcer

New version of Geno
available

Genome

Hon@Gene

GDS

den

An integrated, downlc
for viewina and analv;

uidrs
St..l re

NCBI's July Newslett:
Bookshelf

Introduction to the 10
Browser. PubMed's C

New Microbial BLAS”

OMIM

Now easier to use an
format and features ¢
BLAST services. incli

J o@a Is

Co ed
Do ns

DPCEITEC



Osnova

PRIMARNI, SEKUNDARNI a STRUKTURALNI databaze



Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a proteinu

=  Sekvence v databazich tzv. ,Velké trojky*:
EMBL

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

GenBank,

https://www.ncbi.nlm.nih.gov/

DDBJ,

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

= denné vzajemna vymeéna a zalohovani dat
» velka datova naroCnost (kapacita i software)

DPCEITEC



Sequences (millions)

32

Growth of GenBank
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0
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Base pairs of DNA (millions)

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

DPCEITEC



Growth of GenBank + Whole Genome Shotgun
(1982-November 2008): we reached 0.2 terabases

Y JAN
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Number of sequences
in GenBank (millions) ©
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1982 1992 2002 2008

Base pairs of DNA in GenBank (billions)
Base pairs in GenBank + WGS (billions)

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



Growth of GenBank
Aug 2016

Bases Sequences
Gen... 1000 000 000 s
1000 000 000 Wes p— =
100 000 000
100 000 000 O0...
10 000 000
10 000 000 000
1 000 000
1000 000 000
100 000 000 100 000
10 000 000 10 000
1000000 1000
1985 1980 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

Prosinec 1982 680 338 bp, 606 sekvenci
Duben 2002 19 x 10° bp, 17 x 108 sekvenci + WGS 692 x 108 bp, 172 768 sekvenci

Srpen 2016 218 x 10° bp, 196 x 108 sekvenci + WGS 1,6 10'2 bp, 360 x 10° sekvenci

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

/T N\
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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Growth of DNA Sequence in Repositories

100,000,000,000,000,000

10,000,000,000,000,000 - ¢ GenBank bases |
O WGS bases
1,000,000,000,000,000 A Sequence Read Archive bases | 1x 10
+ SRA Open Access bases 1 petabase
. Total bases sequenced in 2014
‘ ‘ ‘ 100,000,000,000,000 1 at major sequencing centers i
10,000,000,000,000 A A
1,000,000,000,000 - | 1x10"?
1 terabase
100,000,000,000 - i
o
S
®_10,000,000,000 - i
E’ 9
& 1,000,000,000 - L 1x 10
O 1 gigabase
@
o 100,000,000 - .
10,000,000 -
&
6
1,000,000 3 J. Pevsner, _1 x 10 .
http://www.bioinfbook.org/index.php megabase
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Growth of DNA Sequence in Repositories

100,000,000,000,000,000
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— lotal bases sequenced in 2014
at major sequencing centers
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A vast amount of sequence data has been
generated using next-generation sequencing.
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Growth of DNA Sequence in Repositories

100,000,000,000,000,000

10,000,000,000,000,000 ¢ GenBank bases &/_
O WGS bases
1,000,000,000,000,000 A Sequence Read Archive bases 1 x 10"
+ SRA Open Access bases 1 petabase
® insoomoomono] | Toalbases sequenced i 204 |
10,000,000,000,000 - i
1,000,000,000,000 - [ 1 x 102
1 terabase
__100,000,000,000
o
S
@ 10,000,000,000 - i
5
< 1,000,000,000 L1 x 10°
% 1 gigabase
o 100,000,000 .
Perhaps 40 petabases (corresponding
10,000,000 to 10 mil. human genomes) of DNA
oo0000d ¥ were generated in calendar year 2014
000,000 3 . .
at major sequencing centers.
B&FG 3e 100,000 A= e e e 50
Flg 2-3 1985 1990 1995 2000 2005 2010 2015 K
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Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a proteinu

= Proteinové sekvence:
PIR, http://pir.georgetown.edu/
MIPS, http://www.mips.biochem.mpg.de
SWISS-PROT, http://www.expasy.org/sprot/



Primarni databaze

= Typy sekvenci v primarnich databazich

Standardni nukleotidové sekvence ziskane kvalitnim
sekvencovanim

ESTs (Expressed Sequence Tags)

HGTS (High Throughput Genome Sequencing)

- neanotované ,surové” vysledky sekvenacnich projektu
Referencni sekvence anotovanych genomu

TPAs (Third Party Annotation)

- sekvence anotované jinymi nez plvodnimi autory



Primarni databaze

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

:: NCBI Resources [v] How To () My NCBI Sign In

All Databases

=NCBI

National Center for
Biotechnology Information

NCBI Home

Resource List (A-Z)

All Resources

Chemicals & Bioassays

Data & Software
DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy ‘

Training & Tu10rialsr

Variation

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

e 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
the NCBI YouTube Ch .

on the ouTube Channel

n o1 2 G R G R A )

Popular Resourc
PubMed
Bookshelf
PubMed Central
PubMed Health
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI Announcen

New version of Geno
available

An integrated, downlc
for viewina and analv

NCBI's Julv Newslett:
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Primarni databaze

= Hom

BioProject - NCBI

@ wuaw.nchinim.nih.gov/gene/1224316
gov/g

Gene symbol
Gene description
Locus tag

virA
two-component VirA-ike sensor kinase
pTi_125

= virA two-component Vird-like sensor... X

Gene type  protein coding
RefSeq status  PROVISIONAL
Organism (old-name: b

+

nym: Rhizobium radiobacter)

Lineage Bacteria; Pr ; 2RI

-+ Genomic context

Location:

Sequence:

plasmid: Ti
NC_002377.1 (145694..148183)

[1szwrh

g

NC_002377.1

13

Castos b

wirha
virk

+| Genomic regions, transcripts, and products

Genomic Sequence  NC_002377 +

=) NC_002377.1: 145K..149K (3.2Kbp) - | Find on Sequence:

i —

vird

vives

complex

Go to reference sequence details

Go to nucleotide Graphics

R Tooks~

FASTA  GenBank

L Configure & 7 -

vitd,
R T, |1 g0 1,30 148 1,509 V.9 1,798 1,000 1,900

FI]

2%

T @l

Ll =|D[A] WP_059797.1
NP_059757. 1: two~component VirA-dke sensor kinase
total range: NC_002377. 1 (195,69+..148,183)

total length: 2,450
strand: plus
protein procuct length: 829
Links & Tools
Genark View: NC_002377.1(145,694.. 148, 183), NP 059
FASTA View: NC_002377.1 (145,694..148,183), NP 05979;
BLAST Genarmis 77.1 (14 L.

< Biblicaraphy | S e 12

AST Protein: NP 059797.1
BLINK Results: P 059797,
. n v
Related article. v ruomed

1. Sequence analysis of the W

octopine Ti plasmid pTi16955.

2. The virA promoter is a host-range in

3 Cl of the virA locus of a

requlator and host range

4. Analysis of the complete nucleotide sequence of the

GeneRIFs: Gene References Into Functions Whats a GeneRIF?

Submit: New GeneRIE

Correction

B, 6tal.J Exp Bot, 2000 Jun. PMID 10945245,

Turk SC, et al. Mol Microbiol, 1993 Mar. PMID 8459115,

Leroux B, &tai EMBO J, 1987 Apr. PMID 3595559
\irB operan. Thompson DV, ef al. Nucleic Acids Res, 1988 May 25. PMID 2837739

~ Google
Bibliography

General protein info
Reference sequences

Related sequences

Links
BioProjects
Conserved Domains
Full text in PMC
Genome

Nucleotide

Protein

Protein Clusters
PublVled

RefSeq Proteins
Taxonomy

General information
About Gene
FAQ

FTP site

Help

My NCBI help
NCBI Handbook

Statistics

Related sites
BLAST

Genome
BioProject
Genomic Biology
GEO
HomoloGene
Map Viewer
OMIM

Probe

RefSeq

UniGene

UnisTS

Feedback
Contact Help Desk
Submit Correction
Submit GeneRIF

Al A B~

I
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Primarni databaze

= Home - BioProject - NCB [ 2 virh twe-component ik ke sensor.. x | oS

€ )9 | @ vwwnchinim nihgov/gene/1224316 c | 48 Google Al A B~

3 NC_002377.1: 145K..148K (2.9Kbp)~ | ‘| Q@ | - | + ATe 3
0 (145,400 145,600 145,800 [146 K (146,200 (145,400 |[146,600 146,800 [147 K (147,200 147,400 |147,600 |1

[

Genes I
=02 NP_059797.1 I
e rre: NC 00T 1 (B oty et s 2]
total range: NC_| : ,694..148, . S i, S i . s 3
[P 059797 1 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

QLINK Results: NP_059797.1

~ | Bibliography

Related articles in PubMed

« i v
= - —

e PR s ~]
% | B wwwpages Windows Med... ‘ E Kalendd? - Oso.. |["a" Dorudens pott... (14 EndNote xa -[.. | [EICE00 2012 L. | T Rdobe Acroba | [+ "Adobe Photos... | ] BN (100X (2 . @ o 171
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Primarni databaze

'*1: ‘e o 1 mdeotide

Entraz FubMad Nudgotide Protan Geroma Struptura FuC Taxcnomy

Sanrch |Nuc|ent|de .ﬂ Claar I

Preview/ ndax Histary Clipboard Details
Get Subsequence Featuras |

LoCcus @ 1450 bp CHA linear BCT 29-DEC-Z0D3
DEFINITICH &3 Ti

ium tumefaciens extrachrom plasmid Ti, complete seguence.

ACCEEEION HC Da2 REGLL 3 148183
VERSICH NC_002377.1 w
EEYWORDS 4

SOURCE {Rhizchium radichacter)

j=ns

teria; Rhizabiales;
up; Agrobacterium.

hrammeidjer, B., Hooykaas,P.J. and

Farrand, 5. K.
TITLE Cotapine-type Ti plasmid sequence
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to Z490)
AUTHORS  Zhu,J., Cger,P.M., Schrammeijer,B., Hooykaas,P.J., Farrand,B.K. and
Winans,£.C.
TITLE Direct Cubmizsion

JOURNAL Bubmitted (D7-MAR-2000) Microbiclegy, Cornell University, Wing
Hall, Ithaca, NY 14B53, UEA

COMMENT PROVISIONAL BEFEED: This record has not yet been subject to final
NCBI review. The reference sequence was derived Ercm AF243881.
PEATURES Location/Gualifiers
saurce 1..2490

foerganisn-"Agrobasterium tunsfaciens”
fmal_type="gencmic DNA"
fdb_xref-"taxon: 108"
Jplasmid="Ti"
Jnote="eaxtrachromosomal
actopine-type”

gene 1..2400
Sgene-"virh"
Jdb_xref="GeneID:1231431E"

1123 1..290D
Sgene="virA"
Jfnote="two-component requlator of vir regulon; Virh is a
transmembrane histidine kinaze"

foadan_start=l
ftransl_rable-11
fproduct="vizh"
fprotein_id-"MP_0Cd
fdb_xref-"G1 10555141

Hooks

Links
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Primarni databaze

ORLEIN

&1
121
181
241
101
381
421
481
41
Eed1
81
721
781
B4l
901
981

1021
1081
1141
1201
1251
1321
1381
1441
1501
1551
1621
1681
1741
1801
1281
1921
1281
2041
21401
2181
2231
2281
2341

atgaacggaa
atattggooo
gacaatgoga
toactgoago
atotooaggo
totoatabtg
aattoggotg
ctggooagtt
teagaasams
gotatetoak
gaagotooog
grgamagato
cagegogagh
tetoteggge
cgraaasasa
ggagtatgte
attoagogok
tgggckgteg
cgogaaatag
togasasama
aaatooacag
cottgocaag
gatgttogge
cgoettgagg
ggotoaaktos
cgaagatata
atcttgacges
gtgaccgaaa
agatttgats
attaacatck
atcagocaag
gactatgtts
cacatttbtg
gottotghgs
gggoatggga
gacagttbtt
gagooogatg
coggtoggtt
gatotggtoa
ttagtgotoa

Jtranslation=-"HHERYEFTROCFETSAKFWEILALIVARMIFAFNATASHODIAT
TRATLEQLREIMADEASLORCV LR AHTGTYANYRFI I SRLGALRYNLEDLECLFRQEH
IVEEEMAAQLLRCLEVELNEADARVARFGACNVRLQDELAEFTRALESLPGKASTD]T
LEEFTELAEMHLOFLRCPS PALSFEISLELER LORORGLOEAPVRILAREGFIILELL
FVEDLVNMIQTEDTAE [AEMLORECLEVY EL KNVEEREARTFLGEASVGLCLYIITL
YYRLEKETOWLARRLDYEELIKEIGWCFEGEAAT TEEAQAALRT [ PRFFOADT CALAL
VDHDRAWAVET FEAKHFE FYWDDEVLEEIVERTEADERATY FRI IS CKEIVHLFLELF
GLEILLAHESTDKLIAVCELGY QS YRPRPCOGEIQLLELATACLCHY IDVRREQTECD
YVLARRLEHAQRLEAVGTLAGGE [AHEFMNILGE I LGHAELAQHNEVERTSVTRRYIDYIT
EEGDRAMLIIDDILTLERKQERMIKPFEVEEL VTEIAFLLEMALF FNIELEFEFDOMG
EVIEGEPLELQQVLINICKHAEQAMT ANG)IDI ITEQAFLEVEE I LAHGVMPPGDYVL
LEIEDNGEEIPEAVLPHI FEFFFT TRARNGET GLELASVHGHIEAFAGY IDVESTVGH
GTRFDIYLPFPESKEFVNFDEFFGRNEAPRGNGEI VALVEFIDLLREAYEDETARLGY E
FVGFRTFNEIRDWISKGNEADLVMVDOAELFEDQEPNEVDLVLETAS I TIGENDLENT
LEREDVTROLYLFKFISERTHAHAILTEIET"

gatattoacc gacgoggoag gattttaaga caggogogas goottggtot
ttatogttge tgomatgatt ttogogttoa tggoggttgo gtoctggoarg
ctacocoaggo aatootoago caactacgat cgattaacgo cgacagogoo
gogatgtact cogogotoan acgggoaccg tggogaacta cogooooatt
tgggagotot goggaagaat ctggaagatt tgaagoastt atttagacas
taagtgagag caatgobgot caactgoban gocagotaga agegeobots
acgogyoggt cgongoottt ggtgogoaaa atgtacgoot goaagattog
toactogtgo tttgagoagt cttocaggaa aagootoaac cgatcagact
caacagaatt ggotagoatyg atgotocaat brobtoggoa Accaagooog
togagatoag cobtgascta gagaggobon sasasmcascg oggtotegat
tgogoatact tgoaogbgas ggtoocatta bobtatogot btegooacag
tggtgaacat gattoagacg totgacacsg cagasmattgo ggagatgoeg
gtttggaggt ctatagottyg asasakgbag aggagoggag cgoacgtakbe
oogottoagt gogtotbtge ctobacakos boacobtage otataggots
oogattggbt agogoggogt ttagaktasy asgagotaat cassgagato
ttgaaggtga ggoggocace acgbogtoog cgoamgokge acktoghabt
tobttgatgs cgatacgtge gogetagots bagtggacca bgacoghags
aaacattogy tgogasacac tg tgtgggeacga o

totobogtas caamgoggac gaacgggoga cggtattoog caktcatatog
togtacattt goototogaa abtoccaggto bobogatack ackggoboac
atasactaat tgoggtbtgt toactgggtt accasagota togoeooboga
gogaaattoa gottottgaa chogocacog ootgoctoty toactatats
gtaagoagac cgaatgogac gotttggoca gacgattgga goatgogoas
cagttggtac acttgoogge ggaatagoac atgasttkbaa btaacatbtbg
togggoacgs agaattagea caasactogy bgbcotogaas atotgicace
ttgactatat catttogtca ggcgacagag coatgotoat tatcgatcag
tgagoogasa acaggagoge akgatcaage cabbtaghkgh ctoagagebt
togotooctt gotacgtaty gotctbocgo casacatoga gottaghbtto
aaatgoagag cgtgatogaa ggaagoocgo btgaacttca acaggtacta
goaagaatgc ttoooaagon abgackgoaa atggtoasat cgacatmats
cttttttace agttaagaaa attoctggoge atggtgttat gocacceggs
tootatctat tagogacaat ggtggaggca btooogaggs tgtgbtacos
aaccotbctt tacgacacga gotogoaacy grag g3 totoggoott
atggtoatat cagegogttt gogggttaca togacgttag tbtoaactghbt
cgogotttga catttatoto ocotoogtott ctaaggasco ogtasatcoa
toggoogoaa taaggoaccyg cgtggasacy gggagattgt ggCactbghbt
acctootgoy ggaggogtat gaagacaaga togoogotot aggatatgag
ttogtacctt taatgasatt cgogatbtgga tttcaasagg caatgaagoo
tggtogacoa agoghbotott ocotgaagato aaagtootaa ttoogtggat
agaccgocto catcatoatt ggoggaaatg atotocassat 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

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



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_ #i#H#HIH
Complete chromosome  NC_####HH#
Genomic contig NT _#iH#HH#H
MRNA (DNA format) NM_###### e.g. NM_006744
Protein NP _###### e.g. NP_006735

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

M8vatwnrtomponentVlvA—hkeSenmvk\m + =qlalx

€ @ www.nckinlm nih.gov/gene/1137489 < Google Al A B~
- two-component VirA-like sensor kinase See more... B
-~ NCBI Reference Sequences (RefSeq) 2|(?

El 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 E

¢d00075 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 centain a conserved His residue and are activated
via ...
PRK13837 PRK13837; two-component VirA-like sensor kinase; Provisional
Location: 14 — 833
Blast Score: 2944

=« Related Sequences 2|2

[E4 Microsoft Excel

37 DPCEITEC



NCBI’'s RefSeq project: many accession number
formats for genomic, mRNA, protein sequences

Accession Molecule Method Note

AC 123456 Genomic Mixed Alternate complete genomic
AP_123456 Protein Mixed Protein products; alternate

NC 123456 Genomic Mixed Complete genomic molecules
NG 123456 Genomic Mixed Incomplete genomic regions
NM_ 123456 MmRNA Mixed Transcript products; mRNA

NM_ 123456789 mRNA Mixed Transcript products; 9-digit

NP 123456 Protein Mixed Protein products;

NP_ 123456789 Protein Curation Protein products; 9-digit

NR_ 123456 RNA Mixed Non-coding transcripts
NT 123456 Genomic Automated Genomic assemblies

NW_123456 Genomic Automated Genomic assemblies

NZ_ ABCD12345678 Genomic Automated\Whole genome shotgun data

XM 123456 MRNA Automated Transcript products

XP_123456 Protein Automated Protein products

XR 123456 RNA Automated Transcript products

YP_123456 Protein Auto. & Curated Protein products

ZP 12345678 Protein Automated Protein products J. Pevsner,

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



Primarni databaze

= Home - BioProject - NCEL » | 2 virA two-component VirA-like sensor... X | #

€ /P @ wwwnchinlm.nih.gov/gene/1224316

C | |29~ Google

3 NC_002377.1: 145K..148K (2.9Kbp)~ | ‘4, | G | - |

+ ATe

o e 3
Al A B~

D0 (145,400 (145,600 |

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

147,200 |147,400 (147,800 |1

|

Genes

1

NP 0597971 R

—

=0/ A NP_059797.1

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

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

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

B‘LINK Results: NP_059797.1

~ | Bibliography

Related articles in PubMed

4
=

2 W | Wriowied. | [

orucens post... |43/ EndNote X4 -[... | [[2'CA020 2012 L. | TR obe Acroba.. | |- "Adobe Photos. |

1,468 1,668

1,268

-

T

el

EN

100%

c e
G - @D 170
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Primarni databaze

% 2 Home - BioProject - NCBI = virh p irA-lik el = tumefaciens plasmid .. x | +
rto=1481 & | |2 Googie P & B~
Display Settings: (v] FASTA Send: (v =

@ www.ncbi.nim.nih.gow/nuccore/NC.

0 Showing 2.49kb region from base 145694 to 148183.

Agrobacterium tumefaciens plasmid Ti, complete sequence

NCBI Reference Sequence: NC_002377.1
GenBank  Graphics

>gi110955016:145694-148183 Agrobacterium tumefaciens plasmid Ti, complete sequence

ATGARCGGRAGATATTCACCGACGCGGCAGGATTTTARGACAGGCGCGARGCCTTGGTCTATATTGGCCC
TTATCGTTGCTGCAATGATTTTCGCGTTCATGGCGGTTGCGTCCTGGCAGGACAATGCGACTACCCAGGC
AATCCTCAGCCAACTACGATCGATTAACGCCGACAGCGCCTCACTGCAGCGCGATGTACTCCGCGCTCAC
ACGGGCACCGTGGCGAACTACCGCCCCATTATCTCCAGGCTGGGAGCTCTGCGGRAAGARTCTGGARGATT
TGRAGCAARTTATTTAGACAATCTCATATTGTAAGTGAGAGCAATGCTGCTCAACTGCTACGCCAGCTAGR
AGTGTCTCTARATTCGGCTGACGCGGCGGTCGCCGCCTTTGGTGCGCAARRTGTACGCCTGCAAGATTCG
CTGGCCAGTTTCACTCGTGCTTTGAGCAGTCTTCCAGGAARAGCCTCAACCGAT CAGACTTTAGARARAC
CRACRGAATTGGCTAGCATGATGCTCCAATTTCTTCGGCAACCARGCCCGGCTATTTCATTCGAGATCAG
CCTTGRACTAGAGAGGCTCCARARRACARCGCGGTCTTGATGRRAGCTCCCGTGCGCATACTTGCACGTGRR
GGTCCCATTATCTTATCGCTTTTGCCACAGGTGARRGATCTGGTGRACATGATT CAGACGTCTGACACCG
CAGARATTGCGGAGATGCTGCAGCGCGAGTGTTTGGAGGTCTATAGCTTGRAARATGTAGAGGAGCGGAG
CGCACGTATCTTTCTTGGGTCCGCTT TGGGICTTTGCCTCTACATCATCACCTTAGTCTATAGGCTA
CGCARRARRACCGATTGGT TAGCGCGGCGTTTAGATTACGRAGAGCTAATCARAGAGATCGGAGTATGTT
TTGAAGGTGAGGCGGCCACCACGTCGTCCGCGCARGCTGCACTTCGTATTATTCAGCGCTTCTTTGATGE
CGATACGTGCGCGTTAGCTCTAGTGGACCATGACCGTAGATGGGCTGTCGARACATTCGGTGCGARACAC
CCAARACCTGIGTGGGACGACAGCGTGCTACGCGARATAGTCTCTCGTACCARRGCGGACGARCGGGCGA
CGGTATTCCGCATCATATCGTCGARRAARATCGTACATTTGCCTCTCGARRTTCCAGGTCTCTCGATACT
ACTGGCTCACRRATCCACAGATRRACTRATTGCGGTTTGTTCACTGGGTTACCRRAGCTATCGCCCTCGR
CCTTGCCAAGGCGAAATTCAGCTTCTTGAACTCGCCACCGCCTGCCTCTGTCACTATATCGATGTTCGGC
GTAAGCAGACCGAATGCGACGTTTTGGCCAGACGATTGGAGCATGCGCARCGCCTTGAGGCAGTTGGTAC
ACTTGCCGGCGGAATAGCACATGAATT TAATAACATTTIGGGCTCAATCCTCGGGCACGCAGRAATTAGCA
CRARRCTCGGTGTCTCGAACATCTGTCACCCGAAGATATATTGACTATATCATTTCGTCAGGCGACAGRG
CCATGCTCATTATCGATCAGATCTTGACGCTGAGCCGRARRRCAGGAGCGCATGATCAAGCCATTTAGTGT
CTCAGAGCTTGTGACCGARATCGCTCCCTTGCTACGTATGGCTCTTCCGCCARACATCGAGCTTAGTTTC
AGATTTGATCRARATGCAGAGCGTGATCGAAGGAAGCCCGCTTGAACTTCARCAGGTACTAATTARCATCT
GCRAAGRATGCTTCCCRAGCCATGACTGCARATGGTCARATCGACATCATCATCAGCCARGCTTTTTTACC
AGTTRAGRRARTTCTGGCGCATGGTGTTATGCCACCTGGCGACTATGTTCTCCTATCTATTAGCGRACRAT
GGTGGAGGCATTCCCGAGGCTGTGTTACCCCACATTTTTGAACCCTTCTTTACGACACGAGCTCGCAACG
GTGGAACGGGTCTCGGCCTTGCTTCTGTGCATGGTCATATCAGCGCGTTTGCGGGTTACATCGACGTTAG
TTCARCTGTTGGGCATGGGACGCGCTTTGACATTTATC TCCCTCCGTCTTCTARGGARCCCGTARATCCR
GACAGTTTTTTCGGCCGCARTARGGCACCGCGTGGAAACGGGGAGATTGTGGCACTTGTTGAGCCCGATG
ACCTCCTGCGGGAGGCGTATGARGACAAGATCGCCGCTCTAGGATATGAGCCGGTCGGTTTTCGTACCTT
TAATGAARTTCGCGATTGGATTTCAARAGGCAATGAAGCCGATCTGGTCATGGT CGACCAAGCGTCTCTT
CCTGRAGATCARAGTCCTARTTCCGTGGATTTAGTGCTCAAGACCGCCTCCATCATCATTGGCGGARATG
ATCTCARRATGACCCTTTCRAGGGAGGATGTGACCAGGGACCTTTATCTTCCGARGCCGATATCGTCCAG
AACTATGGCGCATGCRATCCTARCCRARRATCRAGACGTAG

Change region shown =

© Whole sequence
@ Selected region
from: 145694 to: 148183

Customize view o
Analyze this sequence L
Run BLAST

Pick Primers
Highlight Sequence Features

Find in this Sequence

Related information L
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

m

DPCEITEC



Sekundarni databaze

= Databaze funkénich nebo strukturnich
srovnavanim primarnich dat (sekvenci)

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

motiva  ziskanych

PROSITE I Proteomics tools I

IE
Scarch | PROSITE el Go| Clear

p e ScanProsite

This program allows to scan a protein sequence (sither from Swiss-Prot or TIEMBL or provided by the user) for the accurrence of patterns and profiles stored in the PROSITE database, orto
search protein databases with a user-entered pattern [Reference / Download ps_scan, the standalone version]. The program PRATT ean be used to generate your own patterns. You may either:

+ cnter a PROSITE accession number ar pattern to search the Swiss -Prot TrEMBL and/or 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 ficlds to find all eccurrences of a pattem or profile in a sequence.

Scan a protein for PROSITE matches Search Swiss-Prot with a PROSITE entry
Enter a Swiss-Prot TrEMBL accession number (AC) (for example POS130) or a sequence

Enter a PROSITE accession number (for example PS01253). or type your pattern in PROSITE
identifier (D) (for example NOTC_DROME), or a PDB identifier. or paste your own protein || format:

sequence in the box below:

MMVEY TELVAEREIVVFCVLAFLVVWIFECINIENWRTTTE &
ILVEEVASFTEDLRTSLVEEIENIGKFTYAKTNLETIGLA
[RVICEYITHMDTSFT ELQTQIAPLLFVAYETILQVEQVEY.
ISRCGLMFEYIAEENTEVAVFANESENESREDYTHWYTQTY . -
[DOLTaR LGNS THSQS LOVTHT DN FQARRSNH YT TAFVET and specify your search limits:
|5 LGGECHETLIQEVVELYEKEGLVSLGFFVET LTEVLNEL
HLHGEELYMWTKDGT VLVREGE LNDEFFIENGS [CFGREE
ELWEQCIPENCEEEGY EVEIKRLRYQAFCE Y. IE‘FSG‘.’PL;‘ Clear

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

A

[

The ¥ Swiss-Prat [ TrEMBL [T TrEMBLnew [ PDB datahazes
¥ oumay ales specify a protein in the box to the left)

¥ including splice variants

The follor
[EE
a

and specify which motifs to use:

ng taxa:

snomy: separts multipls b with a semicolon, o.g. Home sapiens: Drasophila. Not
bl for P,

Sequences with at sttl hits
At mest | 1000

Sean ' pattems ' profiles # rules [User Manual] (You may also speci

box 1o the righty

a PROSITE antry in the

™ Exclude pattems with a high prohability of cccurrence
e————

Y our e-mail {optional): I {will send results by e-maily

I plain text output

~| matches

Advaneed options: [~ FASTA output [™ retrieve complete sequences

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

match mode | gready, overlaps, no includes j (for patizms, sz helpy

randomize databases | no | (o test a pattern, see help

START THE scan | rmeser |

DPCEITEC



Sekundarni databaze

= Databaze funkénich nebo strukturnich motivi ziskanych
srovnavanim primarnich dat (sekvenci)

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

=PROCO000S PSOD003 SULFATION Tyrosine sulfation site [rule] [Warning: rule with a high probability of cceurrence].

ET1 - ESE nkesast¥etsisns

=PROCO0004 PSO0004 CAMP_PHOSPHO_SITE cAMP- and cGMP-dependent protein kinase phosphorylation site [pattern] [Warning: pattern with a high probability of occumence].

744 - T4T RRENT
414 - B17 EReS

=PROCO000S PEO0O0S PKC_PHOSPHO_SITE Protein kinase C phosphorylation site [pattem] [Warning: pattern with a high probability of cccurrence].

148 - 150 EsB
164 - 166 TghR
171 - 1731 EcK
219 - 221 GkE
369 - 371 TR
dEd - 462 &g
£13 - E15 EgR
et - £a7 SiR
a02 - E04 Tgk
&52 - £G4 TdE
71s - 71B EpR
725 - TZB EpE
747 - 745 TeE
794 - 796 8sR
454 - BSE  EcK
Qg4 - BSE  EeR
4E8 - B0 SeR
61 - 521 EpH
gE7 - G55 EvR
90 - 962 TagR
974 - 976 TsK
a7 - 595 ErE
100% - 1004 Tgk
101e - 1020 &SgK
1031 - 10231 TgR
111% - 1121 EkR

DPCEITEC



Sekundarni databaze

= Databaze funkénich nebo strukturnich motivi ziskanych
srovnavanim primarnich dat (sekvenci)

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

Hits for all PROSITE (release 2020_05) motifs on sequence USERSEQ1 :
found: 2 hits in 1 seguence

USERSEQ1 (1122 aa)

Ly KLVRASRPIVVECVLAFLVVVEFECIWISNWRTITENLVEEVASFTEDLRTSLVSEIENIGE
FTYAKTNLSTIGLARVIDSYITNNDTGFTEIQTRIAPLLFVAYSTILG ""‘:YI‘:RW“L}’F‘:YIF
ESNTSVAVFRNSSSN. TQIVDQLTGRINGNSTESQSLDV
GTSLGGEDNETLIQSVVSLYSKKGLVSLGFEV !TLTE','LI‘I‘:I_.I‘IL:I"‘EELI'}"I\"I D

W"'FFI"'NCSI’“F..RE“N"‘LI\SQ.JL—LN GYEVEIERLRYQAFCSVIEV FELR'I.'TL}’FEN"“
y QAEKRAKY(QLIVVMIFLGFGW. VWFMMOATRREMHMRATLINOMEATQOAFRESMINE
SQR Fr_NE-‘: HDIRGALAGMKGLIDICRDGVEPGSDVDTTLNOVNVCAKDLVALLNSVLIMSKIES
MQL. EEDFNLSKLLEDVIDF YHPVAMKKGVDVVLDPHDGSVFKF SNVRGDSGRLEQI LNNLVSNAWV
KFTVDGHIAVRAWRQRPGSNSSVVLASY PKGVSKFVESMFCENKEESSTYETET SNSTRNNANTME
FVFEVDDTGEGI PMEMRESVFENYVQV HF‘TI-ﬁP"TﬁF‘ICLELCI"Q‘:L"RIMEEEIRIID'@MCE?C
ICFQFNVLLTTLESPEVSDMEVRQEIEAGS TENL_LTINT"'L GSMNIRNLSFRFNNCLSS3
PEQEGSEVVLLLENEERRRVIEKYIKNLGI KWEHLSYALERLFGFSPQSSMGRAECSLIC
PSSRELPFIGMDGIDSRSQLPKRRSISFSE 7
I\'L.NE‘:‘:TR"‘:ER"‘WI‘:CSREL-I"‘:RU'E'
KRIMASTDSESETRVESVRIG ..NEE"E"'ET"" ‘:""EFLR._ EEVLV
MEVSEVEQCDSGKEALRLVIEG LT"REEQC‘" {LPFDYIFMDCQMPEM
DEYERTREIRKVEKSYGVRIPIIAVSGHDPGSEEARET IQRAGMDAFLDKSLNQLANVIREIESKRH

Legend:
+ +
disulfide bridge active site other ‘ranges’ other sites

Please note that the graphical representations of domains displayed hereafter are for illustrative purposes only, and that their colors and shapes are not inter
For more information about how these graphical representations are constructed, go to https://prosite_expasy.org/mydomains/.

hits by profiles: [2 hits (by 2 distinct profiles) on 1 sequence]
Upper case represents match positions, lower case insert positions, and the ' symbal represents deletions relative to the matching profile.

1 100 200 300 L] S0 0] T S L] 1000
ruler:

+

@a' : i' i- iii- i. 'i' g (112233)

USERSEQ1




Sekundarni databaze

= Databaze funkénich nebo strukturnich motivi ziskanych
srovnavanim primarnich dat (sekvenci)

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

Hits for all PROSITE (release 2020_05) motifs on sequence USERSEQ1 :
found: 2 hits in 1 sequence

USERSEQ1 (1122 aa)

MMVEVTELVASRPTVVFCVLAFLVVVFECIWI SNWRT TTENLVEEVASFTEDLRTSLVSETENTIGK
FTYAKTHLSTIGLARVIDSY ITNNDIGFTEIQTQIAFLLEVAYSTILGVSQVSYISRDGLMFSYIA
ESNTSVAVFANSSSNS SRGDY TWY TQTVDQLT GRLNGNSTKSQSLOVT HTDWFQRRQSHN Y TTAFYV
GTSLGGEDNETLIQSVVS FLVSLEFFVKILTEVLNSLNLEGEELYMWIKDGTVLVREGSLN
DSFFISNGSICFGRESNSLWSQCIPENCSS5GYEVEIKRLRYQAFCSVIEVSGVELRYTLMFENKEG
GATRIKHQAEKRKYQLIVVMIFLGFGWEVWEVWEMMOATRREMAMRAT LINGMEAT QOAERKSMNE
SQAFANASHDIRGALAGMEGLIDICRDGVEPGSDVDT TLNQVNVCAKDLVALLNSVLIMSKIESGE
SVEFKF SHVRGDSGRLEQILNNLVINAV
{FVKSMFCKNEKEESSTYETEISNSTRNNANTME
HRGTGLELGIVRSLVRIMEGEIRITDERMGERG
TPNLGLTINTSLGGSMNIRNLSPRENNCLSSS
PEQEGSREVVLLLENEERRRVIEKY IKNLGIKVIVVEKWEALSYALERLFGFSPQSSMERRECSLSC
PSSRELPFIGMDGIDSRSQLPKRRSISFSAVVLIVI GPFFELCDIVEQFRRGLPHGISCEVV
WLNESSTRVSERGDISCSRPLHGSRIMEVLEMLEEFGE: KEFPFTELQRESLLRHSFVRERSFEKE
KVQEEGPSSMFNEKLGERIMASTDSESETRVESVRTGREPIGNPEDEQETSKPSDDEFLRGERVIYV
VDDNFISREVAT SVSEVEQCDSGEERLRLVIEGLTQREEQGSVDELPFDY I FMDCOMPEM
DEYEATREIRKVEKSYGVRT PIIAVSGHDPGSEEARET IQAGMDAFLDESINQLANVIREIESKRE

Legend:
* +
disulfide bridge active site other ‘ranges’ other sites

Please note that the graphical representations of domains displayed hereafter are for illustrative purposes only, and that their colors and shapes are not inter
For more information about how these graphical representations are constructed, go to https://prosite expasy org/mydomains/.

hits by profiles: [2 hits (by 2 distinct profiles) on 1 sequence]

Upper case represents match positions. lower case insert positions, and the - symbol represents deletions relative to the matching profile.

1 100 200 300 i S0 B0 Fiy 800 Sipcy 1000
ruler:

_*

& i' “ii' i. gy (12223)

USERSEQ1




Sekundarni databaze

= Databaze funkénich nebo strukturnich motivi ziskanych
srovnavanim primarnich dat (sekvenci)

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

PRINTS is a compendinm of protein fingerprints. A fingerprint is a group of conserved motifs used ta characterise a protein family: its diagnostic pawer is refined hy iterative scanning of a
SWISS-PROTTFEMBL composite. Usually the motifs do not overlap, but are scparated along a sequence, though they may be contiguous in 3D-space. Fingerprints can encode protein folds and
functionalities more flexibly and powerfully than can single motife, full disgnestic potency deriving from the mutual context provided by motif neighbours. References

New:

|8 SPRINT - Search PRINTS-S (relational PRINTS)
[ prePRINTS - Search PRINTS' automatic supplement
[ TnterPro - Search e integrated InterPro family database

Direct PRINTS access:

v accession number
y PRINTS code

v database code

v tot

v sequence

v title

By number of motifs
By author

By query language

EEEEREEEE

PRINTS search:

|® Search PRINTS with NEW FinzerPRINTScan
|3 FPScan

| GRAPHScan

B MU T Scan
% FingerPRINT Scan binarics and source are available: contact scordisie bioinfman.ac.uk
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Sekundarni databaze

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

bl T
. AT 87 TRANSFAC Saccharomyres Module 0.1
)

‘ I SXMARI DB ) The S/MAFR. transaction database (Release 2.1)

I The GBF

[ Research

[ Service & Technology Transfer
I News & Public Relations

Scaffold/Matrix Attached Region transaction Database

. m The TRANSFAC Database (Felease 5.0)
Molecular Biotechnology

» Eioinfonmatics
» The team

> 1’;7“‘1"‘5:”“5 O ANCDATE % Q This database is 1o longer available on this server. You can access it on
JE=_THECE J—I.Lh.l Mﬁl—l—ﬁl = Ity :Afnarnw seneresmlation de

» Dafbases B RFTE | PREINE T W BT

» Tools

p Links

The database of physiological systems, organs and cell types

\ CYTOMER

DPCEITEC



Strukturalni databaze

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

DEPOSIT data X \ * 2
DOWNLOAD files . | . . =
browse [INKS P 'f;—"l N F;y & Hﬁ K RSB curL.l_t:ct Help

BETA TEST new features

BE TA mmCIF files ‘Welearme ta the PDE, the single worldwide repository far the Gid you find what you
processing and distribotion of 3-D biological macromalecular wantsd ¥
Current Holdings structure data.
ABOUT PDE | DATA UNIFORMITY | RECENT FEATURES | USER GUIDES |

19623 Structures FILE FORMATS | EDUCATION | STRUCTUR AL GENOMICS | PUBLIC ATIONS |
Last Update: 30-Dec-2002 SOFT'W ARE
PDB Statistics

Search the Archive % PDB Mirrors

Enter a PDB ID or keyword Query Tutorial o Bk & o

et

| Find a structure i San Disgo Supsrcomputsr

D query by PDB id onhy D match exact word Center®
D remowe sequence homologues Butgers Universify®
Hational Insfitite of

Molecule of the Manth: =

Cytochrome ¢ Searchlite keyword search farm with examples Standards and Technology’

D — SsarchFislds cul.lstomiz._able SEE.Il.Gh form Cambridgs Crystallagraphic
Status Search find entries awaiting releasze Diata Gentre, U

The Protein Data Bank (FDE) is
operated by Rutgers, The State Hational Uni warsity of

Ul_'ni\rersity of Mew Jersey ; the San N Complats Hews pobd Archive Singapors

Dlggo SL!percompL_lter Penter at.the ews Howmlater Submcribe Oaaka University, Japan
University of California, San Diego; - -

and the Mational Institute of Standards 23-Dec-2002 LUni wersidade Federal de
and Technology —— three members of Happy Holidays from the PDB! The PDB Mngs Gerais, Erazl

the Research Collaboratary for —]- R N Max Dalbrick Cantar for
Structural Bisinformatics (RCSE). The Staﬁmg,h to extend our M to the Molecular Medicine,

PLE is supported by funds from the cormmunity for a happy holiday season and Garmany:

Mational Science Foundation, the a wonderful new year!

Department of Energy, and two units of OTHER SITES

the Mational Institutes of Health : the

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

Structure Explorer - 1P5Y

S B R
B el -

L 4 Structure Explorer - 1P5Y

Title The Structures Of Host Range Controlling Regions Of The Capsids Of Canine and Feline Parvovirases and Mutanis

Classifieation Virus/Viral Protein

Conmpound Mol _Id: 1; Molecule: Coat Protein Vpli Chain: A; Fragment: Sequence Database Residues 190-737; Engineered: Yes; Mutation: Yes
Exp. Method  X-ray Diffraction

-

) View Structure

Summary nformation

ooy oad plav File
Structural Neighbors

Teomelry

Sequence Details

Explare
SearchLite SearchFields

httpe/swww. resboorg pdb/cgi/explore. cai? job=graphics;pdbld=1 P3Y page=;pid=1 7356 1064349344 & bio= | &Lopt=show&size =300 12/29/2003
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Genomove zdroje

1 NCBI Genome Data Viewer htips://www.ncbi.nim.nih.gov/genome/gdv /
Genome Data Viewer GDV is a genome browser supporting the exploration and analysis of more than 920 eukaryotic RefSeq

genome assemblies. €

Select organism

‘ Homo sapiens (human)

piens (human) genome 'RR

fruit fly Search in genome

) human Location, gene or phenotype n
+ Aedes albopictus
%‘b P hi Examples: TP53, chr17:7667000-7682000, rs334, DNA repair
yeast’ nematode crimpanzee

®

Assembly

‘ GRCh38.p13 v ‘

zebrafish rat

chicken

| Browse genome || BLAST genome |
mouse

Plasmodium falciparum 3D7

Assembly details
maize

Name GRCh38.p13

RefSeq accession  GCF_000001405.39

GenBank accession GCA_000001405.28

sheep Download via FTP  RefSeq, GenBank

Submitter Genome Reference Consortium
Level Chromosome

Category Reference genome

cattle

Arabidopsis

grape

Annotation details
soybean

Annotation Release 109
Release date 2020-08-17




Genomove zdroje

Genome Browser Gateway https://genome.ucsc.edu/

[ 5 ommm- Inheritanc.. | @ L [ & Genes & Bxpresion - Sie Guide -NCBI - | Human (Homo sapicns) Genome Bro.. | + (E=STal™ <]

& 3| @ seromencscedu/cgibinhgGstensy - whole genome shotgune sequencing 5 & B-

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Group of UC Santa Cruz
Software Copyright (c) The Regents of the University of Califoria. Al ights resenved.
clade genome assembly position search term
Mamml ~ Human ~ Feb.2008(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.

[ tracksearch | [ add customtracks | [ track hubs | [ configure tracks and display |

o o] =
Add your own custon tracks |

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more 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 chromasomal 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:

chri? 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 15q13, 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
rs1042522;rs1800370

D1653046 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 accession AC008101

AF083811 Displays region of MRNA 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 mRNAs 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
zahler Lists mRNAs deposited by scientist named Zahler
Evans,J.E Lists mRNAs deposited by co-author J.E. Evans

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

b |®L g I%G:ns&&tpvssmn—5\t=Gmd=—NCBI « [EAHuman chi1:5,246,696-5,248.301 - V... | +

Download: View

kL

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

[>> | >>> ] zoom in [ 1.5x ][ 3x ][ 10x ][ base | zoom out

chr11:5,246 696-5,248,301 1,606 bp,‘ enter position. gene symbol or search terms

Scate

a0 ; j reis
@rii: | S,z46,00] 5,245,900 5,247,000] 5,247,101 5,247,200 5,247,308 5,247,4m0 5,247,500 5,247,600 5,247,700 5,247,500 5,247,900 5,245,000 5,245,108 5,245,200 5,245,308
UGSC Gones (RefSeq, UniFrot, CEDS, Ran, TRNAS & Comparatiue cenonics

)

Refseq Cones

res
Hunan wRNAS Fron GerBank

Hunan wRHRS
Human ESTs That Have Been Soliced

Splicea ests
]

HIKZTAC Hark (OFten Found Near ACTive Resulatory Elements) on 7 cell lines from ENCODE

Bass Slusters

|| men Factar onte

.

Zobraf s

|| comnon stes 105> 1 |

Ronoating E lenents by Repeatiacker
Fepeathasker T

move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars or labels up or move end

down to reorder tracks. Drag tracks left or right to new position.
[ track search | [ defaultiracks | [ defaultorder |
Use drop-down controls below and press refresh to alter tracks displayed.

 add custom tracks | [ track hubs | [ configure |

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

Mapping and Sequencing Tracks

Chromosome Band STS Markers ©FISH Clones  Recomb Rate

,F;ZTISE hide [~ hide [~ hide [~ hide [~

;‘)E[N(;ﬁ Map Contigs Assembly GRC Map Contigs
fcem e - hide |~ hide [~

BAC End ® Fosmid End GC Percent GRC Patch

Pairs Pairs ~ . ol Relea:

hide [v] |hide ide hide  [+]
Hi Seq Depth Wiki Track 3% BU ORChID 3% Mapability Short Match

hide [+ hide [+ hide [+ hide [+ hide.

- | Phenotype and Disease Associations

!

T
=
=

g iff

|

|

 GAD View DECIPHER OMIMAVSNPs  OMIM Genes
ores  isca ® RGD Human QTL D RGD Rat QTL gw
,%qy—‘ [hide [~] hide |~ hide |+ P

(a0

expandall

g2
S @
Elle]
= o
s}
m

hide

!

Publications
ide

GRC Incident
hide

Restr Enzymes

hide j

OMIM Pheno Loci COSMIC

hide

GeneReviews

hide [+

whole genome shotgune sequencing

I
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1 Human Genome Browser htip://genome.ucsc.edu/cgi-bin/hgGateway

sl s owm-o nhertanc,. | @ L [ 2 Genes & Expression - Site Guice - NCEI | B Human Gene HE (uc00lmas.) Desc. x | o -

€& @ du/cgi-bin/hgGene?! e 18thgg_prot: 248301 &hgg, & 9 296557229 @ | 9 - whole genome shotgune sequencing Pl & B~

8ihgg_chrom=chrl18hgg.

Download:

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 :: V00497.1, BU659180.1 [ECO:0000332] ##RefSeq-Attributes-END##
Transcri n Chromosome: chr11 Strand: - Size: 1606 Start: 5246695 End: 5,248,301 Exon Count: 3
Coding Size: 1,424 Start: 5,246,827 End: 5,248,251 Exon Count: 3

AL Sl Sequence and Links |UniProtkKB Comments |Genetic Associations| CTD Microarray
RNA Structure| Protein Structure Other Species GO Annotations mRNA Descriptions | Pathways
|0ther Names ‘ GeneReviews Model 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)
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; AtName: Full=Beta-globin; AltName: Full=Hemoglobin beta chain; Contains: RecName: Full=L\\V-hemorphin-7;

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

FUNCTION: LVW-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 demonsirable
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 lability. 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 bet: (B-THAL) [MIM:604131]. A form of L Th ias 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 turn causes ineffective erythropoiesis and severe microcytic hypochromic anemia. Clinically, beta-thalassemia is
divided into major which is i , tF If (of severity), and minor that is asyr i

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 hemoglobin (called Hb S) causes red blood cells to become stiff. They are C-shaped and resembles a sickle.
These siffer red blood cells can led to microvascular occlusion thus cutting off the blood supply to nearby tissues. o

W6s ¥ D hozi &7 Zvjraznit [ ovat velikost
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DPCEITEC



Genomove zdroje

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

irefox v

£ OMIM - Online Mendelian Inheritans

[ @ Long-range sequence assembly in .. - | & Genes & Expression - it Guide - NCEL

€)3[e : Phgsio=25655T. 001 maei fLc=chil 81-52465 0

Genomic Sequence Near Gene

Q

whole genome shotgune sequencing Al & B-
Download About U

Genomic Sequence Near Gene

Get Genomic Sequence Near Gene

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

Promoter/Upstream by 1000  bases
' UTR Exons
DS Exons
' UTR Exons

Introns

[ Downstream by 1000 bases

@ One FASTA record per gene.

2 One FASTA record per region (exon, intron, efc.) 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.

Il upper case.

O All lower case.

[ Mask repeats: @ to lower case toN

elisovat velikost
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1 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
[ e [T =

&« du/cgi-bin/hgeThgsid=20655722081g=hicl G —chi1181=5:

25 Genes & Expression - Site Guide - NCBI < | ] http://genome.uc...eréisubmit=submit x | +

4r=5248301 Blo= knownG: hgS 0&

sequencing A & B~

>hgl9_knownGene uc00lmae.l range=chrll:5246696-5249301 5'pad=0 3'pad=0 strand=- repeatMasking=none 7
ggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggact
agaggaaaaaaataatctgagccaagtagaagacctttteccetectace
cctactttctaagtcacagaggetttttgttcccccagacactettgeag
attagtccaggcagaaacagttagatgtccccagttaacctectatttga
caccactgattaccccattgatagtcacactttgggttgtaagtgacttt
ttatttatttgtatttttgactgcattaagaggtctcetagttttttatet
cttgtttcccaaaacctaataagtaactaatgcacagagcacattgattt
gtatttattctatttttagacataatttattagcatgcatgagcaaatta
agaaaaacaacaacaaatgaatgcatatatatgtatatgtatgtgtgtat
atatacacacatatatatatatattttttcttttcttaccagaaggtitt
aatccaaataaggagaagatatgcttagaaccgaggtagagttttcatee
attctgtcctgtaagtattttgeatattetggagacgcaggaagagatee
atctacatatcccaaagetgaattatggtagacaaaactcttecactttt
agtgcatcaacttcttatttgtgtaataagaaaattgggaaaacgatctt
caatatgcttaccaagctgtgattccaaatattacgtaaatacacttgca
aaggaggatgtttttagtagcaatttgtactgatggtatggggccaagag
atatatcttagagggagggctgagggtttgaagtccaactcctaagecag
tgccagaagagecaaggacaggtacggetgteatcacttagacetcacee
tgtggagccacaccctagggtiggccaatctactcccaggageagggagg
gcaggagccagggctgggcataaaagt cagggcagagecatctattgctt
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCARRCAGACACT
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGEGE
CRAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGYt tggtat
caaggttacaagacaggtttaaggagaccaatagaaactgggcatgtaga
gacagagaagactcttgggtttctgataggcactgactetctetgectat
tggtctatiticccacccttagGCTGCTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTT! T TTT TCTGTCCACTCCTGATGCTGTTATGGG
CRACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTG
ATGGCCTGGCTCACCTGGACRACCTCAAGGGCACCTTTGCCACACTGAGT
GAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGRACTTCAGGOtgag
tctatgggacgettgatgttttctttcoccticttttctatggttaagtt
catgtcataggaaggggataagtaacagggtacagtttagaatgggaaac
agacgaatgattgcatcagtgtggaagtcteaggategttttagtttctt
ttatttgctgttcataacaattgttttcttttgtttaattctigetttet
ttrtttttcttctccgeaatttttactattatacttaatgccttaacatt
gtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaa
aaactttacacagtctgcctagtacattactatttggaatatatgtgtge
ttatttgcatattcataatctcoctactttattttcttttatttttaatt
gatacataatcattatacatatttatgggttaaagtgtaatgttttaata
tgtgtacacatattgaccaaatcagggtaatittgcatttgtaattttaa
aaaatgctttcttcttttaatatacttttttgtttatcttatttctaata
ctttccctaatctetttctttcagggcaataatgatacaatgtatcatge
ctctttgcaccattctaaagaataacagtgataatttctgggttaaggea
atagcaatatctctgcatataaatatttetgeatataaattgtaactgat
gtaagaggtttcatattgctaatagcagetacaatccagetaccattctg
cttttattttatggtigggataaggctggattattctgagtccaagetag
gcccttttgotaatcatgttcatacctcttatcttccteccacagCTCCT
GGECAACGTGCTGETCTGTGTGCTGGCCCATCACTTTGECARAGAATTCA
CCCCACCAGTGCAGGCTGCCTATCAGAARGTGGTGGCTGGTGTGGCTART
GCCCTGGCCCACARGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTICT -

it WGS 5 i
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1 The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org

€ @ w

§ OMIM - Online Mendel

w arabidopsis.org

£ TAIR - Home Page

Ll
‘ftair Home Help Comact AboutUs Login/Register

Search Browse Tools Portals Download Submit

Gene [=]  search

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,
metabalism, 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 exlensive linkouts from our data pages Lo 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.

Carnecie  TAIR s located at the Camegie Institution for Science Department of Plant -
“§Ciince  Biology and funded by the National Sciance Foundation with additional oG
support from TAIR sponsors. o o

Updates on TAIR funding are available here

Click 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
E) Subscribe to news feed

[E) Follow our Twitter feed
[KJ Join our Facebook group

2012 MASC Report Now
Available

[July 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
{AtProteinChip 2) developed
by M. Snyder and $.P. Dinesh-
Kumar, is now available. Cell
line PSB-D (CCLB84840),
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!

GO Annotations At TAIR
[January 25, 201

Al B-
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1 The Arabidopsis Information Resource (TAIR) http://www.arabidopsis.org

e

AHP2 @ TAIR

L]
-\_\’ ta"r Home Help Contact About Us Login

Search Browse Tools Stocks Portals Download

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 Biclogical 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 rescurces in TAIR. Please contact us if you
experience any problems with our new site.
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Submit News

Breaking News

Data Updates Suspended
[October 19, 2006]

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

New Phenotype Search
Option

[October 15, 2008]

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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Analyticke nastroje

Globalni vs. lokalni pfifazeni

Globalni pFiFazeni
SLAV=====c=uax APATNIK---=-=-~ PIQNYR-I---~-- AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokalni pFirazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Cvrekova, Uvod do praktické bioinformatiky

" Globalni prirazeni pouze u sekvenci, které jsou si podobné a
podobné délky (za cenu vnaseni mezer do jedné nebo obou
sekvenci)

" Globalni pfifazeni se pouziva prfedevSim v pfipadé

mnohacetného pfifazovani (CLUSTALW, viz dale)

. Lokalni pfirazeni umozni identifikaci a srovnani i v pfipadé
porovnavani pouze usekl sekvenci s vyznamnou mirou
podobnosti, napf. i pfi zaméné poradi proteinovych domén
béhem evoluce
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Analyticke nastroje

1 Volba spravného typu pfifazeni pomoci bodového diagramu (dotplot)

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA K £
filtrace diagonal

& kratSich nez 3
s

'A"T_TGl._TC'_.'l%GGTC CacTGa] X RTTGATCGGTCTTGCACTGA X | [ ATTGATCGGTCTTGCACTGA| X

POHENHOES IO

Y : s

Cvrékova, Uvod do praktické bioinformatiky

. vyneseni sekvenci proti sobé

. identifikace shody v okné o dané velikosti (napf. 2 bp)

= ,2odfiltrovani“ diagonal o délce mensi nez je mezni hodnota
(threshold)
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Analyticke nastroje

O

priklady srovnani sekvenci pomoci bodoveého diagramu

S

N
o S

Cvrékova, Uvod do praktické bioinformatiky

globalné Ize srovnavat pouze sekvence A, B

ostatni sekvence proSly béhem evoluce zaménou domén a je
nutné je porovnavat lokalné

bodovy diagram lze ziskat pomoci srovnavani programem
BLAST2 (viz dale)
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Analyticke nastroje

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

- - NCB[ nucleotide-nucleotide BLAS l

Mucleotide ‘1ot Translations Retriewe results far an RID

'
AR Al il Ly
acaccakteat ecattatecate ategttttgg gegeatgtbtg tgtggtteca :
gogtattaat =
aeareh |2taattaatt tattecacat gagatatgat atgatataet atgtattttt —
= |tgttttttet |+ |
ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa -
[41¥
Het subsequence From: | Ta: |
Choose dakabase [ nr I ¢1
ol BLAST! Efmeserquery rReseran
Y,
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BLAST

Basic Local Alignment Search Tool

» Velikost vyhledavaciho slova (word size): 10-11 bp, resp. 2-3 aa

. Primarni podobnosti (seed matches)

. RozSifovani oblasti homologie doprava i doleva

= Hodnoceni homologie pomoci matice PAM (Point Accepted Mutation) nebo
BLOSUM (BLOcks Substitution Matrix)

= Zobrazeni vysledku Matice PAM 250 -

12

-

IE
T -2|1 1
P31 0 6
Aozl o112
& =3j1 0 =1 1 5§
I TEETENE
Al T Glc__’_,,.,-ihodnotanepéruG-AI b -8{o o-10 12 &

al 11 ol ee1r E 5(0 010 001 3 4
(1] =Bl=1 =1 0 O =11 2 2T 4

s R B 22 O/—i hodnotapéruG-Gl Bt [FASLpnpsipsa i it

Gl ol o] 14 t R o=ifo -1 0-2-3[0 -1-1 1|2 &

- K -5lo 0 -1-1-2/1 0 0 1]0 3 &

cjofojoj1 M 52-1-z-1-32 3-2-1]2 0 0|4
b o=2f=1 0 =2 =1 =3=2 =2 = =2 |« «f =2} 2 §
L -6/-3-2-3-2 4|3 4 -3-2[2-3-3[4 2 &

. ¥ -2|-1 0 -1 01|z -2 -2 2|2 -z -2f2 & 2 &
Cvrékova, Uvod do praktické bioinformatiky F =3 -3-5-1 5|4 €5 5| & 5[/0 1 2 -1]%

L B T 1 A B B | e B A B Bl
! -El-z—E-ﬂ-ﬂ-?-i-?-?—E-}2—3—4—5—2-5DI'.'I"I'.‘
T Cls T F AGIR ODE G/A B K[W T L V[F ¥
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BLAST

Basic Local Alignment Search Tool

E= expectancy

] >gi|5016088 |ref|NM 001101.2| |EESNIIN

Length = 1793

actin, beta [(ACTE), mRHA

I8

ds..5=1213 E=0.0

Score = 1110 bits (560],
Identities = 965/1100 (87%
Strand = Flus / Flus =0
Query: 156 gacaacggctoctggeatgbgraaggocggatttgooggagacgatgeteccegegees 215
IIIIIIIIIIIIIII|II|II|II|IIIII|I|I|I|I|IIIIIIIIIIIIII o) 1500
SbHet: 101 tocgacaacggotooggoatgbgraaggoocggettegegggegacgatgeccccegggees 160
Query: 216 gtettcecatecgatbgtgggacgteocecgteacecagggbgtgatggteggeabtgggeeag 275
, COCECEEE T T PEeer et Feeer e PEErer e terrerrr 1l
Sbjet: 161 gteotteocooctocatocgbtggggogocccaggoaccagggegtgatggtgggecatgggtecag 220 —
Ouery: 276 aaggactegtacgbtgggtgatgaggegeagageaagegbtggtatecteacecetgaagtae 335 |4
, CECEE Tt Teeer te teeee e e e teee e e =
Shjet: 221 aaggattectatgtgggogacgaggocccagagocaagagaggcatcctocacectgaagtac 280 o e
Query: 336 cccattgagocacggtatcgtgaccaactgoggacgatatggagaagatetggocaccacace 395 | —
, COCED TEEEEEEE FOEEr PEEE e e e terr e FEE ey ey =
Sbjet: 281 ceocatcgagocacggocatcgtocaccaactgggacgacatggagaaaatctggoaccacace 340 —
11 =
] Lexpectaney-vatre‘tava-predpok Edamy-pocet-sekvenci se stejnou

nebo rl-iL'A'.l""ll'l‘ll_ijI_'l"lIlﬂ'lil‘lilll_'A_‘l\ﬁlll_‘ elké databézi

sloZené z Aehednayeh-selvenet

. vysledek udava frakci totoznych a u proteint i podobnych pozic, pfip.

pocet vloZzenych mezer




Primarni databaze

= Home - BioProject - NCB [ 2 virh twe-component ik ke sensor.. x | o5 S

(:-) @ www.ncbinim.nihgov/gene/1224316 ([ ceogic 2 & O-
) NC_002377.1: 145K..148K (2.9Kbp)~ | " | Q@ | - | + AT R
D0 |145,400 [145,600 |145,800 146 K  |146,200 |146,400 146,600 (146,500 |147 K [147,200 |147,400 [147,600 |1
|
Genes I
+= 0 24 NP_059797.1 ‘
WU T T O
total range: NC_ : ,694..148, ——————————t—————+——1
NE 0997971 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

'
e R
en poit... |1 4]/ EndNote X4 - [ | [['CCO0 2012 L. | B A tobe Acrobe |7 RBobe Photos. | 'y EN([100%) @ - @D e
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BLAST

Basic Local Alignment Search Tool

& | @ wuw.ncbi.nim.nih.gov/sutils/blink.cgi?pid=16119781 | |29~ Google

< BLINK [mynem &
- e .
Home Taxonomy Report ~ Multiple Alignment  Blast  Help ‘_ gn In] [Register] ‘

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 E Metazoa (1349 |Fungi (554 |Plants BViruses 5676 | The Others reset selection

Results: 1 - 100 Next Page Last
% hits B - oo

833 aa
. . .

blink ALkl LA LARLE LA WAL AL LLR) RLAL B SCORE ACCESSION Length Protein Description

EEaa——— . Conserved Domain Database hits
* —_— = 4166 AAKS0927 833 two component sensor kinase [Agrobacterium tumefaciens str. C58]
+ 4166 P18540 833 RecName: Full=Wide host range virA protein; Short=WHR virA
+ 4166 AAATI9282 833 virA [Plasmid pTiC58]
+ —_— 4159 NP 053380 833 hypothetical protein pTi-SAKURA pl42 [Agrobacterium tumefaciens]
* 4159 BAA8TT7éS 833 tiorfl40 [Agrobacterium tumefaciens]
* 4153  AAR91590 833 virA [Plasmid Ti]
L - - - 4153 gi|737127 833 virA protein
* 4153 CAA34777 833 91.3 kDa protein [Agrobacterium tumefaciens]
* 3800 CAA35780 829 virA [Agrobacterium rhizogenes]
* —_— - 3718 gi[227240 869 virdA gene
+* 3148 AAR88643 829  virA [Plasmid Ti]
. -

[0 Kalenda - Osobni sl |["a ' Dorucens posta - M... |1 C6020 2012 Lesson ... ||"fd Microsot Excel - T/
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BLAST

Specializované verze

V soucasnosti existuje cela fad specializovanych verzi programu BLAST

. vyhledavani podle zdroje (organismu) sekvenci, napf. znamych genomd
mikroorganismu

. BLASTP

. vyhledavani podobnosti k proteinu v databazi proteinovych
sekvenci

. BLASTN

. vyhledavani podobnosti k nukleotidové sekvenci v databazi
nukleotidovych sekvenci

. dal$i varianty jako napf. MEGABLAST pro identifikaci
totoznych nebo velice podobnych sekvenci (vyhledava
dlouhé podobné useky nukl. sekvenci)

. BLASTX

. vyhledavani podobnosti nukleotidové sekvence prelozené
do sekvence aa v proteinoveé databazi



BLAST

Specializované verze
V soucCasnosti existuje cela fad specializovanych verzi programu BLAST

- TBLASTN

. vyhledavani  podobnosti  proteinové  sekvence v
nukleotidové databazi prelozené do sekvence aa

- TBLASTX

. vyhledavani k sekvenci nukleotidu pfelozené do sekvence
aa v databazi nukleotidovych sekvenci pfeloZzenych do
sekvence aa



BLAST

Specializované verze

V soucCasnosti existuje cela fad specializovanych verzi programu BLAST

. PSI-BLAST (Position-Specific Iterated BLAST)

. Prvnim krokem je standardni BLAST, pfi kterém PSI-
BLAST identifikuje skupinu podobnych sekvenci s E
hodnotou lepSi nez minimalni hodnota (standardné 0,005)

. PSI-BLAST vytvafi pro kazdé pfifazeni tzv. PSSM (Position
Specific Substitution Matrix)

. PSSM matice zohlediuje vyskyt jedné aminokyseliny ve
stejné pozici se zvySenou frekvenci u sekvenci
identifikovanych jako podobné v prvnim kole pomoci
BLAST, coz muze znamenat funk&ni konzervovanost



BLAST

Specializované verze

V soucCasnosti existuje cela fada specializovanych verzi programu BLAST

. PHI-BLAST (Pattern-Hit Initiated BLAST)

. UrCen k identifikaci specifické sekvence, napf. motivu
(pattern) v sekvenci podobnych proteinovych sekvenci

. Sekvenci motivu je tfeba vlozit pomoci specialniho syntaxu
. [LVIMF] znamena bud Leu, Val, lle, Met nebo Phe
. - je oddélovnik (neznamena nic)
. x(5) znamena 5 jakychkoliv aminokyselin

. X(3, 5) znamena 3 az 5 jakychkoliv aminokyselin



BLAST

Specializované verze
Priklad vyhledavani pomoci PHI-BLAST

>gl 4758958 |ref |[NP 004148.1| Human cAMP-dependent protein kinase
MEHIQI PPGLTELLOGY TVEVLEQOPPDILVEFAVEYFTRLEREARAPASYLPAATPROSLGHPPPEPGPDE
VADARGDEESEEDEDLEV PV PERFNERVEVCAETYNPDEEEEDTD PRV IHPETDEQRCELOEACKD T LLE
KNLDOECLSOVLDAMEER IVEADEHVIDOGDDGDNEYVIERGTYDILVTEDNOTREVGOYDNRGSECELA
LMYNTPRAATIVATSEGSTLWGLDRVTFRRI IVEKINNAKKREMFESFIESVPLLESLEVSERMETIVDVIGER
IYKDGERI ITQGERKADSFYI IESGEVS ILIRSRTESNEDGGENQEVE IARCHKGOYFGELALVTNEPRAAS
AYAVGDVECLVMDVOAFERLLGPCMD IMERN I SHYEEQLVEMEFGE SVDLGNLGY

[LIVMEF] -G-E-3x- [GAS] - [LIVM] -x (5,11, -R- [STAQ] -&-x- [LIVMA] -x- [STACV] .



Osnova

. Vyhledavani sekvencnich motivu, otevienych ¢tecich ramcu,
restrikCnich mist....



Analyticke nastroje

Early Career Researcher Toolbox: Free Online Molecular Biology Tools

Beth Kenkel
September 12, 2023

Share this article

v Rink

By Beth Kenkel

Primer design. Plasmid mapping. DNA sequence analysis. We all have our favorite tools for tackling these particular tasks, but
they tend to be scattered about the internet. To help you keep your virtual molecular biology toolbox organized, today’s post
features a list of free online molecular biology tools all in one place

Plasmid mapping

These tools are for viewing, editing or making plasmid maps, but can also analyze and annotate any DNA sequence

« SnapGene Viewer: The free SnapGene Viewer is great for looking at plasmid maps and viewing sequencing traces, while
the paid version provides more tools for plasmid mapping and design (Figure 1)

« Benchling: While you might think of Benchling as an electronic lab notebook, it also has a suite of molecular biology tools
and can make plasmid maps. Free for academic users

« Serial Cloner: Free desktop-based software for plasmid design and mapping

« ApE (A plasmid Editor): A free, donation-based plasmid analysis tool including editing, annotating, creating maps, and more
This tool is maintained by M. Wayne Davis from the University of Utah
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SnapGene

https://www.snapgene.com/snapgene-viewer/download

Visualize Your Data
with SnapGene




Osnova
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Dalsi WWW zdroje

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

Recently part of the J. Craig Venter Institute

@ PHACTRA phosphatase and actin regulator 4 [Home sapiens] - Gene - NCBI- Mazila Firefox = [ ]
Soubor Upravy Zobrazeni Historie Zaloiky MNastroje Mapowéda

| R JCVE: Home

| 2 g v, nctsi nirm i, gowssite s e ntreziDb=gene & md =ShawDetailiews T ermToSearch=65973 - & || #- institute for genarmic research

= Diploid Human Genarre Browser| H.. | & PHACTR phosphatase and actin reg.. x | +

Gene Gene - |m

Limits  Advanced Help
Digplay Seftinge: Full Report Send to;
Table of contents = L
PHACTR4 phesphatase and actin regulator 4 [ Homo sapiens ] Sumnmary
Gene ID: 65379, updated an 27-Aug 2011 Genomic context
Genomic regions, franscripts, and products
+/ Summary 2170 ginliography
Official Symbol  PHACTRA provided by HGHC Interactions
Official Full Name phosphatase and actin regulator 4 orovided by HBNC General gene info
Primary source HGMC:25793 General protein info

Locustag RP11-442N24__ A1
Seerelated EnsemblENSGO0000204138; HPRD.O7E16; MIM-EOBT 26
Genetype protein coding
RefSeq status  REVIEWED Additional links
Organism  Hormo sapiens
Lineage Eukaryota; Metazoa; Chordata; Craniata, Vertebrata, Euteleostomi; Mammalia; Eutheria; Euarchontoglires, Primates; Haplorrhini; Catarrhini;

Reference sequences

Related sequences

Horninidae; Homo Links = g
Alsoknownas FLI3171; MGC20618; MGC34186; DKFZpEIRLOT 205, RP11-442N24_ A1 Qrder cDNA clone
Summary This gene encodes a member ofthe phosphatase and actin regulatar (PHACTR) family. Other PHACTR family membars have been shown to BinAssay, by Gene target
inhibit protein phosphatase 1 (PP1) activity, and the hamolog of this gene in the mouse has been shown to interact with actin and PP Multiple BioProjecls
transcript wariants encoding different isoforms have been found for this gene. [provided by RefSeq, Jul 2008] cCcos
Conserved Domaing
- Genomic context 27
dbvar
Location @ 1p353 EST
Sequence : Chromosome: 1; NC_000001.10 (26696093, 26826881) Full et in PG
See PHACTRA in Map'vigwer
Genome
Chromosome 1 - NC_000001.10
[ 28se5963 ) = [2ss6E7s GEO Profiles
HomoloGens
seswe NEDLS - PHACTI e
SNORRTSA Map Viewer
SHORATSE
RHULOSA Mucleotide
SHHeS
RECL bt It
Probe
Frotein
=| Genomic regions, transcripts, and products SN

FubChem Compound
Go to reference sequance details — FubChem Substance
Pubhed

Pubhed (GeneRIF)
Gotonucleotide Graphics FASTA  GenBank  pypyeq (o

Genomic Sequence NC_000001 chromosome 1 reference GRCh37 p& Primary Assembly -

Rel
B B7201 2011 e

fSeq Proteing ~Z
F 1046

= TEC
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Dalsi WWW zdroje

= Online Mendelian Inheritance in Man (OMIM) http://www.omim.org/
[ [PTET———— 1S

€3 & omimorg/® [<

Gore Seocch eyl [ vabie

5 B

Home | About | Statistics Downloads/API ~ Help » | External Links | Terms of Use + | Contact Us 'J Select Language | ¥

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) sample searches

Advanced Search: OMIM, Clinical Synopses, OMIM Gene Map

National Human

@ VIS HOY S

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 sseking infarmation about a personal medical or genetic condition are urged to
consult with a qualified physician for diagnosis and for answers to personal questions
omi® and Online Mendalian Inheritance in Man * are registered trademarks of the Johns Hopking University.
Copyright® 1966-2012 Johns Hopkins University.
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=  Schéma prednasky
= Role BIOINFORMATIKY v souasném pojeti FUNKCNi GENOMIKY

= Databaze

. Spektrum ,on-line* zdroju

. PRIMARNI, SEKUNDARNI a STRUKTURALNI databaze
3 GENOMOVE zdroje

= Analytické nastroje

. Vyhledavani homologii

= Vyhledavani sekvencnich motivl, otevienych ¢tecich ramcu,
restrikCnich mist....
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