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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 Genome Tools



Course Syllabus

o Lesson 01
= |ntroduction into Bioinformatics

o Lesson 02
= |dentification of Genes

o Lesson 03
= Reverse Genetics Approaches

o Lesson 04
» Forward Genetics Approaches
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Course Syllabus

o Lesson 05
= RNA Interference and Genome Editing

o Lesson 06
= Gene Expression and Chemical Genetics

o Lesson 07
= Protein-Protein Interactions And Their Analysis

o Lesson 08
= Recent Approaches in DNA Sequencing



Course Syllabus

o Lesson 09
= Structure of Genomes

o Lesson 10
= (Genome evolution

o Lesson 11
= Genomics and Systems Biology

o Lesson 12
= Practical Aspects Of Functional Genomics
= Model Organisms,
= PCR



Literature

Literature resources for Chapter 01:

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

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

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

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

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

. It uses mainly the reverse genetics approaches



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

Forward (,classical“) Genetics Approaches

Reverse Genetics Approaches
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Outline

* Role of BIOINFORMATICS in FUNCTIONAL GENOMICS
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Bioinformatics

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

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



What is bioinformatics?

* Interface between the biology and computers

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

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

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

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



Bioinformatics

= Bioinformatics in functional genomics

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

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

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



Outline

= Databases
Spectre of ,on-line* resources
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Spectre of On Line Resources

EMBret Notional Nodes

Wienna Biocenter Husebria hittpe/ fwwes. at.emibnet. ong,

BEN Belgium  httpe/,feww be.embnet.arg,
BioBase Denmark  hittps//bichase i/

[ Finland thttpz/ fwww. i embnet.crg/
IHFOBTOGEN France itk fwemrve. i biogen. £/
GENILSAet Germany  http://fgenome.difz-heidelberg.de/Blaunis/
MBEB Greece brttp:yfwewrw.imbb.forth.gr)

HEH Hungary brttp:/ o huembaet.org/

el Ireland hittp:facer.gen. tod e/

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

Bie Horway hittp:/fwwew.no.embnet.ong/

izt Poland httpwwew.ibb.waw. ply

160 Portugal hetp: /e, ig e, gulbanidan. pt/
GenaBes Russia hitp:/ fevew.genshee. meu.suy’
CNB-CSIC Spain hetps /v, s ambeet.arg,

BMC Sreudden httpe/ v embnet.se/

SIB Switzerland  hitpe/fwwen.ch.embret. ong/
SEONET K hittps . seqnet. dLac.uky
EMBrdt Specialist Nodes

MIPS Germany hitps/fwwn. mips bicchem.mpg.dey/
TCRER Ttaly hitps/ferww.icgeh. trieste ity
Fharmacdia Upjohn Sweden Tiktps/ s, prius.cors,’
FHaffmann-La Rache  Switzecland  https//www.roche.comy

ERT UK thttpe ek acuky’

HGHP-RC 174 Ihttps/ e g e mirc. g, by
Sanger 174 it/ fwwin sangerac, k)

UMBER UK ity fwwn Bioinf. man.ac.uk/dbbrowser
EMBnet Associote Modes

IBAM Argentina  hitpeyfsol.biolunlp. edu.ar/embnet
ANGES Australia  https/wwwangis.su. oz

CBT Chira hittpef i, chi. pl edu.on

(IGE Cuba it/ i, cigh, edu. e

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

USA Information Providers

MCBI (L) hittps/ fwvew, mci.nkm.nin.gow

NLM USA hittps/,fwvew,nlm.nib. govy

NIH sA it favew,mibugovy
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Spectre of On Line Resources

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

] servces < Bl Em | E3 aplotype - Hiedat Googlem
€ P B onabiack e | E - haplorype A B & &
Services
rview AtoZ Service teams @ Support
Bioinformatics services S
: . . ] Ensembl BLAST 4
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 £8 PDBe 2 Reactome
and analyse the results in different ways. You can work locally by downloading our data and software, or use
n @ 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
expression
Structures Systems Chemical biclogy
Molecular & cellular structures reactions, interactions & pathways  chemogenomics & metabolomics -
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. < 7 0g RE2 5 \
10 R\
Al X \ 1] {4
Browse EMBL-EBI web services N ;5}3 o i \ A \ s -

M | T Mherosott
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Spectre of On Line Resources

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

fd NCBI  Resources

How To My NCBI Sign In

—=NCBI

Naticnal Center for
Biotechnalogy Information

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

) nggtlcs_& Meq?cme_
Genomes & Maps
Homology
Literature
Proteins
Sequence Analysis
Taxonomy
Training & Tutorials

Variation

All Databases

Welcome to NCBI Popular Resourc

The National Center for Biotechnology Information advances science PubMed
and health by providing access to biomedical and genomic information. g, kshelf

About the NCBI | Mission | Organization | Research | RSS Feeds PubMed Central
PubMed Health
BLAST
Get Started Nucleotide
e Tools: Analyze data using NCBI software Genome Ta). my P@Et
* 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 c
databases Protein 0 1] '. r
ne Chro mes
PubChem

NCBI YouTube channel

&CBI Announce; N‘@Me ‘ @5 Genome

New version of Geno
available

An integrated, downl¢ P.Irl U.rs HOI‘@GQHG

for viewina and analv.

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

BRI 2 A4 RO RaY ST
NCBI's July Newslett:

Bookshelf Pl.@e d 51.. e 0@1 GDS

Introduction to the 10
Browser PubMed's C

New Microbial BLAS”
J Is
Now easier to use an A

format and features ¢
, Co ed
30 ‘ams Domains

BLAST services. incli
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Outline

PRIMARY, SECONDARY and STRUCURAL databases
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Primary Databases

= [nclude primary datasets — DNA and Protein sequences

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

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

GenBank

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

DDBJ

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

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

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



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

Y JAN
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Number of sequences
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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

Dec 1982 680 338 bp, 606 sequences
Apr 2002 19 x 10° bp, 17 x 108 sequences + WGS 692 x 10 bp, 172 768 sequences

Aug 2016 218 x 10° bp, 196 x 10° sequences + WGS 1,6 102 bp, 360 x 10° sequences
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WGS
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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
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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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Primary Databases

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

= Protein sequences:

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

O MIPS, http://www.mips.biochem.mpg.de
1 SWISS-PROT, hitp://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)



Primary Databases

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

:: NCBI Resources (v How To [¥)

(

s )NCB[ All Databases

National Center fo

Bi?atleoglwanolsgye[nfol;maﬁon m

My NCBI Sign In

NCBI Home

Resource List (A-Z)
All Resources
Chemicals & Brioas§ays
Data & Software

DNA & RNA

Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology
Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

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
on the NCBI YouTube Channel. m

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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Primary Databases

= Hom

BioProject - NCBL = virA two-component Vird-like sensor... x |

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

Gene symbol
Gene description
Locus tag

virA
two-component VirA-ike sensor kinase
pTi_125

protein coding
PROVISIONAL

Gene type
RefSeq status

Organism (old-name- b- nym: Rhizobium radiobacter)

Lineage Bacteria; Pr 3 - R group;

-+ Genomic context

Location:

Sequence:

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

NC_002377.1

[1szwrh [1stost b

wirha i — vives

virk vird

+| Genomic regions, transcripts, and products

Genomic Sequence  NC_002377 +

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

complex

Go to nucleotide Graphics

R Tooks~

Go to reference sequence details

FASTA  GenBank

L Configure & 7 -

vitd,
P9 1,280 1,509 1,469 1,569 1.6w0 1,70 V.08 1,90

FI]

2%

2,200

2,900

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 A

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

1. Sequence analysis of the Wi actopine Ti plasmid pTi15955. B, etal.J Exp Bot, 2000 Jun. PMID 10948245
Turk SC, et al. Mol Microbiol, 1993 Mar. PMID 8469115.
Leroux B, et al. EMBO J, 1987 Apr. PMID 3595559,

\irB operan. Thompson DV, ef al. Nucleic Acids Res, 1988 May 25. PMID 2837739

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

~ 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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Primary Databases

= 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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Primary Databases

i3 ¥
oo e Nucleotide
Entraz PubMad HNudotida Protan Goroma Strustura PMC Taxonomy
Sanrch |Nuc|ent|de | i .ﬂ Claar I
\ Ccession Previgw/ndex Histary Clipboard Details

Get Subsequence Featuras |

™ 1: NC 002

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"
foodon_startal
ftranal table-11
fproduct-"vwirh"
/protein_id-"HE QL3
fdb_xref-"GI.1055E5141

Hooks

Links
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Primary Databases

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 RefSeqg 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 _###HH#
Complete chromosome  NC_####HH#
Genomic contig NT _#iH#HH#H
MRNA (DNA format) NM_###HHE e.g. NM_006744

Protein NP _###### e.g. NP_006735

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



RefSeq

M 23 virh two-component VirA- like sensor ki, | 4+

€ | @ www.ncbinlm.nih.govigene/1137489
two-component VirA-like sensor kinase

-~ NCBI Reference Sequences (RefSeq)

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
¢d00075

Location:580 — 694
Blast Score: 202

cd00082
Location:466 — 530
Blast Score: 144

PRK13837
Location: 14 — 833
Blast Score: 2944

=« Related Sequences

HATPase_c; Histidine kinase-like ATPases; This family includes several
ATP-binding proteins for example: histidine kinase, DNA gyrase B, topoisomerases,
heat shock protein HSP30, phytochrome-like ATPases and DNA mismatch repair
proteins

HisKA,; Histidine Kinase A (dimerization/phosphoacceptor) domain; Histidine Kinase
A dimers are formed through parallel association of 2 domains creating 4-helix
bundies; usually these domains contain a conserved His residue and are activated
via ...

PRK13837; two-component VirA-like sensor kinase; Provisional

[E4 Microsoft Excel

o[
Pl A B~
See more... B
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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



Primary Databases

% Home- BioPraject - NGBl ]S i vro-component Vi e sercor. = | B o

(: P | @ wonncbinim.nih.gov/gene/1224316 ) | |29 Google Al A B~
©) NC_002377.1: 145K..148K (2.9Kbp)~ | 4, | O | - l + dTs A
D0 [145,400 |145,600 (145,800 146 K (145,200 [145,400 [145,600 [145,500 [147 K [147,200 147,400 |147,600 |1.
|
Genes I
=02 NP_059797.1 I
e e NC O0oora 1 Gty et 2]
o a range: , | = y o y T T LA T LA 1 .4 L.
NP 0597971 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
<[ i,
~ | Bibliography
Related articles in PubMed

DPCEITEC



Primary Databases

w&HumzrﬂwonoqurNiﬂl = virh p irA-lik el = tumefaciens plasmid .. x | +

@ www.ncbi.nlm.nih.gow/nuccore/NC. to=1481 & | |2 Googie P & B~
Display Settings: (+) FASTA Send: (v : -
— Change region shown =
0 Showing 2.49kb region from base 145694 to 148183. © Whole sequence
@ Selected region
Agrobacterium tumefaciens plasmid Ti, complete sequence from: 145694 {0 148183
NCBI Reference Sequence: NC_002377.1 Update View
GenBank  Graphics
>gi110855016:145694-148183 Agrobacterium tumefaciens plasmid Ti, complete sequence ST ET -
ATGAACGGAAGATATTCACCEACGCGGCAGGATTTTARGACAGGCGCGARGCCTTGETCTATATTGGCCT
TTATCGTTGCTGCAATGAT TTTCGCGT TCATGECGGTTGCGT CCTGGCAGGACARTGCGACTACCCAGGT
AATCCTCAGCCAACTACGATCGATTAACGCCGACAGCGCCTCACTGCAGCGCGATGTACTCCGCGCTCAC _ -
ACGGGCACCETGGECGRACTACCGCCCCATTATCT CCAGECTGEEAGCTCTGCGGRRGARTCTGGARGATT Analyze this sequence
TGRAGCAATTATTTAGACAATCTCATATTGTARGTGAGAGCARTGCTGCTCAACTGCTACGCCAGCTAGR Run BLAST

AGTGTCTCTARATTCGGCTGACGCGGECEETCECCECCTTTGETGCGCAAARTGTACGCCTGCAAGATTCG
CTGGCCAGTTTCACTCGTGCTTTGAGCAGTCTTCCAGGARAAGCCTCAACCGAT CAGACTT TAGARARAC
CARCAGAATTGGCTAGCATGATGCTCCAATTTCTTCGGCAACCAAGCCCGGCTATTTCATTCGAGATCAG Highlight Sequence Features
CCTTGRACTAGAGAGGCTCCARRRACARCGCGET CTTGATGARGCTCCCGTGCGCATACTTGCACGTGRR Find in this Sequence

GGETCCCATTATCTTATCGCTTTTGCCACAGETGARRGAT CTGGTGAACATGATT CAGACETCTGACACCE
CAGARATTGCGGAGATGCT GCAGCGCGAGTGTTT GGAGGTCTATAGCTTGARAARTGTAGAGGAGCGGAG
CGCACETATCTTTCTTGGGTCCGCTTCAGTGGETCTTTGCCTCTACATCATCACCTTAGTCTATAGGCTA

Pick Primers

m

CGCARRARRAACCGATTGGTTAGCGCGGCGTTTAGATTACGAAGAGCTRATCARAG, TCGGAGTATGTT Related information
TTGRAGGTGAGGCGGCCAC CACGTCGTCCGCGCARGCTGCACTTCGTATTATTCAGCGCTTCTTIGATGE BioProject
CGATACGTGCGCGTTAGCT CTAGTGGACCATGACCGTAGATGGGCTGTCGARACATTCGETGCGARACAD Full text in PMC
CCARARCCTGTGTGGGACGACAGCGTGCTACGCGARATAGTCTCTCGTACCARAGCGGACGRACGGGCGA Gone

CGGTATTCCGCATCATATCGTCGARRAARATCGTACATTTGCCTCTCGARRTTCCAGGTCTCTCGATACT
ACTGGCTCACRAATCCACAGATARACTAATTGCGGTTTGTTCACTGGGTTACCARAGCTATCGCCCTCGA Genome
CCTTGCCAAGGCGAAATTCAGCTTCTTGAACTCGCCACCGCCTGCCTCTGTCACTATATCGATGTTCGGC
GTAAGCAGACCGAATGCGACGTTTTGGCCAGACGATTGGAGCATGCGCARCGCCTTGAGGCAGTTGGTAC
ACTTGCCGGCGGAATAGCACATGAATT TAATAACATTTIGGGCTCAATCCTCGGGCACGCAGRAATTAGCA Protein
CRARRCTCGGTGTCTCGAACATCTGTCACCCGAAGATATATTGACTATATCATTTCGTCAGGCGACAGRG
CCATGCTCATTATCGATCAGATCTTGACGCTGAGCCGRARRRCAGGAGCGCATGATCAAGCCATTTAGTGT
CTCAGAGCTTGTGACCGARATCGCTCCCTTGCTACGTATGGCTCTTCCGCCARACATCGAGCTTAGTTTC
AGATTTGRTCAAATGCAGAGCGTGATCGAAGGAAGCCCGCTTGAACTTCARCAGGTACTARTTAACATCT PubMed (Weighted)
GCRAAGRATGCTTCCCRAGCCATGACTGCARATGGTCARATCGACATCATCATCAGCCARGCTTTTTTACC

Identical GenBank Sequence

Protein Clusters

PubMed

AGTTARGRARBATTCTGGCGCATGETGT TATGCCACCTGECGACTATGTTCTCCTATCTATTAGCGACRAT Taxenomy
GGTGEAGGCATTCCCGAGGCTGTGTTACCCCACATTTTTGAACCCTTCTTTACGACACGAGCTCGCAACG

GTGGARCGGETCTCGGCCTTGCTTCTGTGCATGETCATATCAGCGCGTTTGCGGGTTACATCGACGTTAG

TTCRACTGTTGGGCATGGGACGCGCTT TGACATT TATCTCCCTCCGTCTTCTARGGARCCCGTARATCCA Recent activity =
GACAGTTTTTTICGGCCGCARTARGGCACCGCGTGGRARCGGEGAGATTGTGGCACTTGTTGAGCCCGATG Tum Off  Clear

ACCTCCTGCGGGAGGCGTATGARGACAAGATCGCCGCTCTAGGATATGAGCCGGTCGGTTTTCGTACCTT
TAATGAARTTCGCGATTGGATTTCAARAGGCAATGAAGCCGATCTGGTCATGGT CGACCAAGCGTCTCTT

Agrobacterium tumefaciens plasmid Ti,

Nucleotide
CCTGAAGATCAAAGTCCTAATTCCGTGGATTTAGTGCTCAAGACCGCCTCCATCATCATTGGCGGRARARTG Complete sequence
ATCTCRARRATGACCCTTTCRAGGGRGGATGTGACCAGGGACCTTTATCTTCCGARGCCGATATCGTCCAG B virA [Agrobacterium tumefaciens]
BACTATGGCGCATGCRATCCTARCCARRATCARAGACGTAG Gene

VirA [Agrobacterium tumefaciens str. C58]
Gene
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Secondary Databases

Databases of functional or structural motifs, acquired by primary data

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

sy ExPASy Home page

d
Scarch | PROSITE Sl Gl Clear

p @ ScanProsite

This program allows to scan a protein sequence (cither from Swiss-Prot or TEEMBL 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:

» cnter a PROSITE accession number or pattern to scarch the Swiss-Prot TrEMBL and/or PDB databases with a pattem, OR

« enter a sequence or a Swiss-Pro TrEMBL accession number to scan the sequence with all patterns, profiles and rules in PROSITE, OR
o fill in both fields to find all nccurrences ofa patiem or profile in a sequence.

Search Swiss-Prot with a PROSITE entry

Entera PROSITE accession number (for example PSO1253). or type your partern in PROSITE
identifier (ID) (for cxample NOTC_DROME), or a PDB identificr, or paste your own protein | | format:
sequence in the box below leave this box blank to sean a sequence with the entire PROSTTE database)
| |
[ ]
[RVICSY I THNDTGFTEIQTRIAPLLFVAYS TILQVEQVEY.
ERDGLMFPEYIAESNTEVAVFANESSENESROEDYTWY TQTV
1L ACEEL YT KOG VL VR EGELACC FPIENGE ICRQRES « The ¥ SwissProt I TrEMBL [~ TeEMBLnew I PDB databases
NELWEQCIPENC CYEVELKRLRYQAPCEVIEV! b.Pu;‘ Clear

Scan a protein for PROSITE matches

Enter a Swise-Prot TrEMBL accession number{ AC) (for example POS130) or 1 sequence

MMVEY TELVAERPIVVECVLAFLY VW FECIW I SNWRTTTE e}

NLVEEVASFTEDLATELVEELEN IGKFTYAKTNLETIGLA|

001 TR LNGNE TREQSLOVTHTDW FOARCENNY TTAFVIT and specify your search limits:

j° LGGEDNETLIDEVVELYEX] VELGFFVET LTEVLNEL
(Yo may lsa spesify o protein in the box o the left)
¥ including splice variants

- " ‘The following taxa:
and specify which motifs to use: N o

bl for PDIS.)

Sequences with at least hits
I Exclude pattems with a hioh probability of cecurrence + Atmost | 1000

wy: separate multiple e with o semicalon, e.g. Homa sapiers; Drasoplila. Not

Scan # pattems  profiles [ miles [User Manual] i¥ou may alsc speci

3 PROSITE entry inthe
bax o he righty

=| matches

Your c-mail [opt\onﬂj];l fwill senel results by s-mail) Advanced options: [ FASTA output I retrieve complete sequences
allow at most Il_ X sequence characters to match a conserved position in the pattem
mateh mode | greedy, averlaps, no includes =| (for paticrus, see help!
= i = ases | N0 | (o best o patic e he
START THE SCAN RESET randomize datahases (1o test a pottern, see helpy

I plam text output
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Secondary Databases

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

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

=PROCO0003 PSOD003 SULFATION Tyrosine sulfation site [rule] [Warning: rule with a high probability of occurrence].

E71 - E8L nkesast¥stezians
=PROCO0004 PSO0004 CAMP_PHOSPHO_SITE cAMP- and cGMP -dependent protein kinase phosphorylation site [pattern] [Warning: pattern with a high probability of accumrence].

744 - T4T ERvT
814 - B17 ER:E

>PROCON00S PSO0O0S PKC_PHOSPHOQ _SITE Protein kinase C phosphorylation site [pattem] [Warning: pattern with a high probability of occurrence].

148 - 150 EsR
164 - 166 Tgh
171 - 171 EEK
218 - 221 EkK
369 - 371 T:R
460 - 461 ggK
£13 - L1C Egh
- 5a7 giR

- 604 TgK
ESd  TK
710 EpR
728 EpK
- T4E  TeK
- Tag gsR
- BGE SoK
- BSE SeR
- BI0 SeR
- 821 EpK
- BG5E  SvR
- pE2  Tgh
- 816 TeK

97 - B35 &K
1002 - 1004 Tgk
1018 - 1020 SgK
1031 - 1031 TgR
1118 - 1121 £kR

DPCEITEC



econdary Databases

Databases of functional or structural motifs, acquired by primary data

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

=PDOCS0108 PS50109 HIS_KIN Histidine kinase domain [profile].

402 - 671 NASHDIRGALAGMESLIDICRDGVKPGSDVDTTLNDVMVCAKDLVALLNEVLOMEETESG
EMQLVEEDFNLEKLLEDVIDF YHPVAMEK GVDAV VLD PHD g sv EKFENVRGDEGRLEQILN
NLVSHAVEFTVD - - BHIAVRAWAD rpganaswylasypkgvak fvksmEcknke caatye
ted snaiznnanTHEF VFEVODTGKE [FMENRESVFENY VO VRELARGHQGTELALEIV]
ELVRLMGGEIRITDKAMGekGTCFQFNVLLTT

=PDOCS0L 10 PSS01 10 RESPONSE_REGULATORY Response regulatory domain [profil=].

987 - 108E RVLVVDCHFISREVAT GELEKMGVEeVEQCDEGKEALALVTEGLtgreeggsvdklpFOY
IFMDCQMPENDGYEAT RE TRk vakEYGURTPITAVEGHD == = == == == == == mm mm mm e

Graphical summary of hits (java applet)

Clck on Items 10 see o desoription. Drag the tworad oursors to saladt @ zoom reglon. About P(II!I
. =
L ]
r 1
1| L‘

[ mel E='.”.I Foec (1123 [T 100 residugs

98 hits with 12 PROSITE entries

L SExPaSyHomepape | SiteMap ]|  SearchEsPASy |  Contctus |  SwissProt | PROSITE

Proteomicstools |

DPCEITEC



Secondary Databases

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

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

DPCEITEC



Secondary Databases

= 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



Structural Databases

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



Structural Databases

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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Genome Resources

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

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

I
—

& 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 custom 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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Genome Resources

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

MJQ OMIM - Online Mendelian Inheritan., - |QL g I%G:ns&&tpvssmn—5\t=Gmd=—NCBI |.Human:h111‘5,246,696—5,245,301—Um x
£ du/cgibin/hgTracks?hgsi

whole genome shotgune sequencing EIR S

kL

Download: View

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
ST sassounl sassenl s el saan el 5,247,200 S s Sevmawl s swl  sanowl e vl samenl semsel sesenl sl sl 5o
UGSC Gones (RefSeq, UniFrot, CEDS, RFam, TRNAS & Comparatiue Senonics)

I

Refseq Cones

res
Hunan wRNAS Fron GerBank

Hunan wRHRS
Human ESTs That Have Been Soliced

Splicea ests
100 _ HIKZTAC Hark (OFten Found Near ACTive Resulatory Elements) on 7 cell lines from ENCODE
]

Ohnss Stusters
I 7xn Factor cnte T

.

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. 20
[ track search | [ defaultiracks | [ defaultorder |  add custom tracks | [ track hubs | [ configure |

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
Positior Chromosome Band STS Markers ©FISH Clones  Recomb Rate Sew
[dense ] OO - hide [~ hide [~ hide [~ Thigenl=]
;‘ENCODE Map Contigs Assemb\ GRC Map Contigs Gap Publications
fcem e - j hide [~ hide [~ hide |~
7&’;?”‘1 gzi‘fssm'd End GG percent 7(;55:3“3'" Ha18 Dift GRC Incident
Mide 0=  [hide [hide [x] Thidenls] hide [+ hide [~
Hi Seq Depth Wiki Track 3% BU ORChID 3% Mapability Short Match Restr Enzymes

[fice [=] [hide™ =] flide [ [hide [-] fide [fide [=]

- | Phenotype and Disease Associations

J

® GAD View DECIPHER OMIMAV SNPs  OMIM Genes  OMIM Pheno Loci COSMIC

hide j hide. j hide j hide. j hide j hide j

ores  isca ® RGD Human QTL ® RGD Rat QTL gw GencReviews

%,—‘ [hide [~] hide [+ ide |+ e hide |+ ~
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Genome Resources

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

W poge | T Tdowe ML ‘ T Xalendar - o. i

DPCEITEC



Genome Resources

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

(S oM - Online Mendelian Inhertanc. ~ | @ Long-range sequence assembly inwer_* | 75 Genes & Bxprssion - Site Guide - NCBL
g-range seq ly = P
€)s[a " rrom— 001 mae 1 fhcmchrl] 81252465 =

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.

»All upper case.

O All lower case.

[ Mask repeats: @ to lower case toN

elisovat velikost
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Genome Resources

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

[ Ral[ s owma- iohertanc.. | @ Long .. | £ Genes & Expresson - it Guide - NCBI

«e du/cgi-binhgcPhasid=20655T. ¥ c 181c= chel1 81524669581 5248301 Bo=knownG hgs

B it/ genome.uc..erdsubmitesubmit

w

>hgl9_knownGene uc00lmae.l range=chrll:5246696-5249301 5'pad=0 3'pad=0 strand=- repeatMasking=none
ggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggact
agaggaaaaaaataatctgagccaagtagaagacctttteccetectace
cctactttctaagtcacagaggetttttgttcccccagacactettgeag
attagtccaggcagaaacagttagatgtccccagttaacctectatttga
caccactgattaccccattgatagtcacactttgggttgtaagtgacttt
ttatttatttgtatttttgactgcattaagaggtctcetagttttttatet
cttgtttcccaaaacctaataagtaactaatgcacagagcacattgattt
gtatttattctatttttagacataatttattagcatgcatgagcaaatta
agaaaaacaacaacaaatgaatgcatatatatgtatatgtatgtgtgtat
atatacacacatatatatatatattttttcttttcttaccagaaggtitt
aatccaaataaggagaagatatgcttagaaccgaggtagagttttcatee
attctgtcctgtaagtattttgeatattetggagacgcaggaagagatee
atctacatatcccaaagetgaattatggtagacaaaactcttecactttt
agtgcatcaacttcttatttgtgtaataagaaaattgggaaaacgatctt
caatatgcttaccaagctgtgattccaaatattacgtaaatacacttgca
aaggaggatgtttttagtagcaatttgtactgatggtatggggccaagag
atatatctt gagggtttgaagt tcctaagecag
tgccagaagagecaaggacaggtacggetgteatcacttagacetcacee
tgtggagccacaccctagggtiggccaatctactcccaggageagggagg
gcaggagccagggctgggcataaaagt cagggcagagecatctattgett
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCARRCAGACACT
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGEGE
CRAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGIE tggtat
caaggttacaagacaggtttaaggagaccaatagaaactgggcatgtaga
gacagagaagactcttgggtttctgataggcactgactetctetgectat
tggtctatiticccacccttagGCTGCTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTT! TCCTTT TCTGTCCACTCCTGATGCTGTTAT
CRACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTG
ATGGCCTGGCTCACCTGGACRACCTCAAGGGCACCTTTGCCACACTGAGT
GAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGRACTTCAGGOtgag
tctatgggacgcttgatgttttctttccccttcttttctatggttaagtt
catgtcataggaaggggataagtaacagggtacagtttagaatgggaaac
agacgaatgattgcatcagtgtggaagtcteaggategttttagtttett
ttatttgctgttcataacaattgttttcttttgtttaattetigetttct
ttttttttcttctccgeaattittactattatacttaatgccttaacatt
gtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaa
aaactttacacagtctgcctagtacattactatttggaatatatgtgtge
ttatttgcatattcataatctcoctactttattttcttttatttttaatt
gatacataatcattatacatatttatgggttaaagtgtaatgttttaata
tgtgtacacatattgaccaaatcagggtaatittgcatttgtaattttaa
aaaatgctttcttcttttaatatacttttttgtttatcttatttctaata
ctttccctaatctetttctttcagggcaataatgatacaatgtatcatge
ctctttgcaccattctaaagaataacagtgataatttctgggttaaggea
atagcaatatctctgcatataaatatttetgeatataaattgtaactgat
gtaagaggtttcatattgctaatagcagetacaatccagetaccattctg
cttttattttatggtigggataaggctggattattctgagtccaagetag
gcccttttgotaatcatgttcatacctcttatcttecteccacagCTCCT
GGECAACGTGCTGETCTGTGTGCTGGCCCATCACTTTGECARAGAATTCA
CCCCACCAGTGCAGGCTGCCTATCAGAARGTGGTGGCTGGTGTGGCTART

[T+ Rdobe Phot.

sequencing

DPCEITEC



Genome Resources

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

5 OMIM - Online Mendeli

€ @ o arsbidoptis.org

X _Najie WGS

£ TAIR - Home Page

P
L ]
Qtair Home Help Comtact 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 -
SCitnce  Biology and funded by the National Sciance Foundation with additional k@)t
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

it [ RozRiovat velikost

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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Genome Resources

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

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

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.

{ e
\_W fﬂir hame Hep Comtact  About Us  Login Gena | E—

Search oS Toos Stocks Portals o Sabwrait

The Arabidopsis Information Resource Breaking Hews

The Arabidopsis irformation Fresounce (TAIR) maimiains a datak ASPE Pres

LA oS

I Gene - -1

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

DPCEITEC
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Analytical Tools

1 Global versus Local alignment

Globalni pFiFazeni
SLAV-===-=-—m- APATNIK------~ PIQNYR-I------ AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokalni pFifazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Cvrekova, 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

DPCEITEC



Analytical Tools

1 Choosing the right type of alignment using dotplot

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA . 2
filtrace diagonal

¢ kratSich nez 3
—

'A'_'-r_'rm'._rc_-x%ca-rc CAcTGa| X RTTGATCGGTCTTGCACTGA X ATTGATCGGTCTTGCACTGA| X

FPOHNHOO I IPHOOOHN0B T

X " s

Cvrékova, Uvod do praktické bioinformatiky

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

DPCEITEC



Analytical Tools

1 Examples of sequence alignment using dotplot

S

e AN
o \\

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)

DPCEITEC



Analytical Tools

=  BLAST http://ncbi.nim.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
tgbttttttt
ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa
gt subsequence From: | To: |
CMoudﬂﬁﬁe[ﬂI 5#1
ol BLAST! Efmeserquery rReseran
Y,
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BLAST

Basic Local Alignment Search Tool

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

g Primary similarities (seed matches)

. Expanding the homology regions to the left and to the
right

= Scoring the homology with matrices PAM (Point Accepted Mutation) or
BLOSUM (BLOcks Substitution Matrix)

=  Showing the results Matice PAM 250 - -

12
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Cvrekova, Uvod do praktické bioinformatiky
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BLAST

Basic Local Alignment Search Tool

E= expectancy

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

Score
Identities
Strand =
Query: 156
SbHet: 101
Query: 216
Shjet: 161
Query: 276
Shjet: 221
Query: 336
Sbjet: 281

Length = 1793

= 1110 bits (5609,

' Gepect = 0.0
= 965/1100 | El?%.

Plus / Plus

gacaacggctoctggeatgbgraaggooggatttgocggagacgatgetoccegegee

IIIIIIIIIIIIII R T i
to

gacaacggoctocoggeatgbgraaggooggettogeogggegacgatgecocccogggee

gteotteccatecgattgbgggacgbececeogteaccagggtgbtgatggteggeatgggecag

gteoetteoccetoecategbggggegececaggeaccagggegbgatggtgggeatgggteag

aaggactegtacgbtgggtgatgaggegecagagecaagegtggtatectecacectgaagtac

aaggatteectatgbgggeogacgaggeccagagecaagagaggcateoctecacectgaagtac

cecattgagecacggtatecgtgaccaactgggacgatabtggagaagatetggocaccacace

cecatocgagocacggeateogtocaccaactgggacgacabtggagaaaatetggocaccacace

actin, beta [(ACTE), mRHA

215

1560

2753

220

235

280

395

340

I8

ds..5=1213 E=0.0

250 1500

A A S I I S S S

A A S

u ”expecta [ ] -V—'r‘II'I;_'II'IY‘I'I;R‘_IIIi s

HIVINNIVivi BN VI NN o 7. YVlwi ed Sequence

number

'llll-lIl_‘l;.lIIl_‘]-IIl'.lIlﬁ-;]IIIII[élll"_‘l‘lll_‘lﬁ: rching in the

database consisiting of randomly assembled sequences

" the results shows fraction of identical and in case of proteins also
similar sequence positions and/or inserted spaces




Primary Databases

= 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

=02 NP_059797.1 I
W e R et
total range: NC_| : ,694..148, . s . i |

NP 039737.1 SR o) 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

« 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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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

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



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.



BLAST

Specialized Versions

Currently there exist a lot of specialized versions of BLAST

. PSI-BLAST (Position-Specific Iterated Blast)

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

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

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



BLAST

Specialized Versions

Currently there exists a lot of specialized versions of BLAST

. PHI-BLAST (Pattern-Hit Initiated BLAST)

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

. Sequence of motif must be inserted using special syntax:
. [LVIMF] means either Leu, Val, lle, Met or Phe
. - is spacer (means nothing)
. x(5) means 5 positions in which any residue is allowed

. x(3, 5) means 3 to 5 positions where any residue is allowed



BLAST

Specialized Versions

Example of search by 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] .



Outline

» Searching Of Sequence Motifs, Open Reading Frames, Restriction
Sites...



Analytical Tools

https://blog.addgene.org/free-online-molecular-biology-tools

Early Career Researcher Toolbox: Free Online Molecular Biology Tools

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

Beth Kenkel
September 12, 2023

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
Share this article 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
o @ o 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




Outline

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

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

Recently part of the J. Craig Venter Institute

& PHACTRA phosphatase and actin regulator 4 [Homo sapiens] - Gene - NCBL- Mozilla 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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Other On-Line Genome
Resources

= Online Mendelian Inheritance in Man (OMIM)
IS oin - Orkne Mendaban Ihertanc.. | 3 TAR~ HomePage

€% @ omimorg’* c L & 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

e @ 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,
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.

. users saeking infarmation about a personal medical or genetic condition are urged to
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