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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 Chapter 01
= |ntroduction into Bioinformatics

o Chapter 02
= |dentification of Genes

o Chapter 03
= Reverse Genetics Approaches

o Chapter 04
» Forward Genetics Approaches
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Course Syllabus

o Chapter 05
* Functional Genomics Approaches

o Chapter 06

= Protein-Protein Interactions And Their
Analysis

o Chapter 07
= Current Methods of DNA Sequencing

o Chapter 08
= Structure of Genomes 3 CEITE



Course Syllabus

o Chapter 09
= (Genome evolution

o Chapter 10
= Genomics and Systems Biology

o Chapter 11
= Practical Aspects Of Functional Genomics
= Model Organisms,
= PCR and Primer Design




Literature

Literature resources for Chapter 01:

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

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

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



GENOMICS — What is it?

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

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

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

. It uses mainly the reverse genetics approaches



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

Forward (,classical®) Genetics Approaches
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Reverse Genetics Approaches
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Outline

* Role of BIOINFORMATICS in FUNCTIONAL GENOMICS



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
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= Databases
=  Spectre of ,on-line” resources



Spectre of On Line Resources

EMBret National Nodes

\Genna Biocenter Ausstria hitkpe/fwwew. atembnet. ongf

BEN Betgium httpe, ' be.embaet.arg,
BioBase Oenmark  hitps//bichase. gk

st Finland https/www. fi. emibnet. ong/
INFOBTOGEN France it/ www.irfabingan.fr/
GENIUSAet Germamy  hitp://aenome.difz-heidelberg.de/Baunt,
MEB Greace Frttp:Swww.imbh. farth.gr/

HEM Hungary Fittg:fvamw. b emnbaet.org/
THCEL Ireland bittp:ffacer. gen. tod.ie/

NN Tsrael hitp://dapsas welzmann. ac. il ‘bed finn. html
TEN-ADR Ttaly htp:/ bo-www_ba.onr.i=BO00 BioWWW,/Bia- WWW.htm
CADS/CAMM Netherands hitp:/fwww.caes kun.nl/

Bio Norway  heepsfwe.no.embnet.org/

BB Poland ittt wew, b wane, plf

160 Portwgal  hitpe/fwww.ige. gulbenidan pty
GeneBes Russia hitp:/ fwwen.genshee. meu.suy’
CNB-CSIC Spain et /v e amboet.arg,

BMC Swedsen httpe/ fwww.embnet.se/

SIB Switzerland  hEtp:/ e ch. ensbet, ong
SEQNET 3 bt/ e, seqriet.dLac.uk/
EMBnet Specialist Nodes

MIPS Germany  hetps/www,mips, biochem. mpg.de,
HGER Taly ittpefwwricgeh, trieste. ity
Pharmadia Upjchn Sweden hitp:/ fwwan.pis.com,
FHaffmann-La Roche  Switzedand  hitps/fwww.roche.comy

ERT UK hittps/ et acuky

HGMP-RC 173 et/ e g mere. ac kg
Sanger [ 4 it/ S sanger.ae b/

LMBER 114 bt/ fww, Bioinf man.ac.uk/dbbrowser
EMBnet Associote Modes

IBEM Argentina  hitpeyfsol. BoLunlp.edu.ar/embnet
ANGIS Australia  hitps/ Swwvangis. su.oea

CET China hictpz . chi. pluedw.on

[uid] Cuha hitp:/fhio.cigh.edu.ou/

COFD India hitps/ fsalagjung.embnetong.in/
SANBI South Africa hitps/ S canbi se_rs

USA Informatian Providers

NCBT (L) hitps/ fwwew, nchi.nkm nih.gowy”
NUW 54 hittps/fwwew.nlm.rib.gow,!

NIH USA hictpe/fwvew.ibgovy
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Spectre of On Line Resources

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

e pp———— < [Eonpe- oo [+
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EMBL-EBI - ces so r < )

Services

AtoZ Serviceteams Support

Bioinformatics services Epouey

& Ensembl BLAST 3
s il -to- nolecular dal A 3 I~
We maintain the world’s most comprehensive rangf of freely available and uphm date m m@rfu ar d mh‘a:m o % Earops PG
i
ped In c with our ¢ worldwide, our services let you share data, perform complex queries B pose s
and analyse the results in different ways. You can work locally by downloading our data and software, o use
© ArrayExpress Train online
our web services to access our resources programmatically.
ChEMBL Support

DNA & RNA Gene expression } Proteins Bioinformatics training

genes, genomes & varlation RNA, protein & metabolite sequences, families & motifs
expression

Structures Systems Chemical biology
Molecular & cellular structures i & h ics & mics
Guide to resources
Ontologies Literature Other software
taxonomies & controlled Scientific publications & patents cross-domain tools & resources

vocabularies

Programmatic access i
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. <~y o e

40 1, 5 any 10 ) SN A
Browse EMBL-EBI weh services g Ly 5 | ]
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Spectre of On Line Resources

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

=NCBI

National Center for
Bictachnology Information

MCEI Home
Resource List (A-Z)
All Resources
Chemicals & Bioassays
Data & Software
DNA & RNA
Domains & Structures
Ganas & Exprassion
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

All Databases
Welcome to NCBI
The Mational Center for Bi i science

and health by providing access to biomedical and genomic information.

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

Get Started

» Tools: Analyze data using NCEI software

+ Downloads: Get NCBI data or software

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

+ Submissions: Submit data to GenBank or other NCBI
databases

NCBI YouTube chan

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

m 1 2 3 4 65 B8 7 8

Popular Resourc
PubMed
Bookshelf
PubMead Central
PubMed Health
BLAST
Nucleotide
Ganome

SNP

Gene

Protein
PubChem

NCEI Announcer

New version of Geno

available

grated, dowrlk
wina and analv)

NCBI's July Newslett:
Bookshelf

Introduction to the 10
Br . PubMed's C

New Microbial BLAS"

Now easier to use an
format and features
BLAST =ervices. incly

Tax@iibmy PdpSet
0 uif@kne ChiolBomes
ene Books Genome
Homalb Gene
OMil DS
Jollifals

00,000

30 ofains SRS

A
10,000

000

PCEITEC



Outline

=  PRIMARY, SECONDARY and STRUCURAL databases
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Primary Databases

» Include primary datasets — DNA and Protein sequences

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

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

GenBank

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

DDBJ

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

. Daily mutual exchange and backup of data

. Works with large amount of data (capacity and software requirements)

=  September 2003 27,2 x 106 entries (approx. 33 x 10° bp)
= August 2005 100 x 10° bp from 165.000 organisms



Sequences (millions)

Growth of GenBank

32 38000
30 | 36000
e | 34000
32000
26 |
30000
24 4 28000
22 - 26000
20 - 24000
- 22000
20000
16
18000
4 - 16000
12 4 14000
10 4 12000
. 10000
. 8000
| [ =mmBase Pairs 6000
i —— Sequences
4000
2 + 2000
0 4 0
198 1986 1990 1994 1998 2002

Year

Base pairs of DNA (millions)

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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0 6o
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J. Pevsner,
http://www.bioinfbook.org/index.php

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



Growth of GenBank

Aug 2016

Bases
) — Gen.. 1 000 000 000
1 000 000 000 i

100 000 000

100 000 0000...
10 000 000

10 000 000 000
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10 000 000 10 000
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Dec 1982 680 338 bp, 606 sequences

Sequences

— Gen...
—_— WGS

1985 1990 1995 2000 2005 2010 2015

Apr 2002 19 x 10° bp, 17 x 108 sequences + WGS 692 x 108 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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Fig 2: Short fragments of DNA sequence are ordered by overlapping
data to recreate the whole genome sequence

Fig 1: Genomic DNA is fragmented, ligated into viral DNA
and packaged into viral particles to create a library

Interactive concepts in biochemistry, Rodney Boyer, Wiley,
2002, http://www.wiley.com//college/boyer/0470003790/



Growth of DNA Sequence in Repositories
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Growth of DNA Sequence in Repositories
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Growth of DNA Sequence in Repositories
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Primary Databases

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

= Protein sequences:

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

O MIPS, http://www.mips.biochem.mpqg.de
1 SWISS-PROT, http://www.expasy.org/sprot/

PCEITEC



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.nim.nih.gov/

& NCBI  Resources (¥) How To (%) My NCBI Sign In

=NCBI

National Center for
Biotechnology Information

NCBI Home

All Databases

Welcome to NCBI

Resource List (A-Z)
All Resources

DNA & RNA

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

Domains & Structures

Genetics & Medi

Genomes & Maps
Homology
Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

Get Started

* Tools: Analyze data using NCBI software

¢ Downloads: Get NCBI data or software

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

* Submissions: Submit data to GenBank or other NCBI
databases

NCBI YouTube channel

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

n o1 k] < 4 G| @ ¥ &

Popular Resourc
PubMed
Bookshelf
PubMed Central
PubMed Health
BLAST
Nucleoctide
Genome

SNP

Gene

Protein
PubChem

NCBI Announcer

New version of Geno
available

An integrated, downlc
for viewina and analv

NCBI's Julv Newslett:
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Primary Databases
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Primary Databases
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Links & Tools
‘GenBank View: NC 002377.1 (145,694..148,183), NP_0597

FASTA View: NC 002377.1 (145,694..148,183), NP_059797
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Graphical View: NP_059797.1

BLAST Protein: NP_059797.1
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Primary Databases
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7 1: NC 007
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TITLE
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REFERENTE

AUTHORE

TITLE
JOURNAL

COMMENT

FEATUREE
source

Farrand, 2. K.
Cotopine-type Ti plasmid sequence
Unpublished
2 {bases 1 to 2450)
Zhu,J., Oger,P.M., Echrammeijer,B., Hoovkaas,P.J., Farrand, E.E. and
Winane,5.C.
Direct Submizsion
Submitted (D7-MAR-2000) Micrsbislegy, Cornell University, Wing
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Primary Databases

ORIGIN

51
121
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Jftranzlation-"MNGRYEFTRQDFKTGAKPWEILALIVAAMIFAFMAVASWODNAT
TRATLEQLEEINADE A LOROV LRAHTGTVANYRFPIT SRLGALRKNLEDLEQLFRDEH
IVEEENARQLLEQLEVE LHEADAAVAAF GAONVRL]DELAE FTRALESLPGERETO)T
LEEPTELAEMMLOF LROPEPAISFEISLELERLQKQRGLOEAPVRILAREGPIILELL
POVEDLVMM I TS D TAETAEMLORECLEVY ELENVEERCAR IFLGSASVELILYIITL
VYRLREETDOWLARRLDYEELIKEIGWCF EGEAATTESAQAALRI IQRFFDADT CALAL
VDHDRAWAVET FGAKHPEPYWODEVLREIVERTEADERA TV FRITEEKKIVHLFLEL P
GLEILLAHESTDKLIAVCESLGYQCYRPRPCGGEIQLLELATAC LCHY IDVRREQTECD
VLALRLEHAQRLEAVGTLAGG IAHEFHNILGEILGHAELAQNEVERTSVTRRYIDYIT
EEaDRAMLIIDD ILTLERKQERMIKPFEVEELVTEIAPLLEMALPFNIELEFRFOQHD
EVIEGEPLEL)QVLINICKNACCAMT ANG)IDITIEQAFLP VEKI LAHGVMPPGD YVL
LeIEDNEEEIPEAY LPHIFEPFFT TRARNGETELELASVHGHISAFAGY IDVESTVGH
GTRFDIYLPPESKEPVNPLEFFGRHEAPRGNGEIVALVEFIDLLREAYEDETAALGY E
PVEFRTFNEIRDW IS KENEADLVMVDQASLPELQEPNEVDL VLETAC I IIGGNDLENT
LEREDVTROLYLFPKPISERTHAHAILTEIET"

gatattoace gacgoggoag gattttaaga caggogegaa goctbggtet
ttatocgttgeo tgoaatgatt ttogogttoa tggoggttge gtoctggoag
ctacooagge aatootoage caactacgab ocgattaacge cgacagoges
gogatgtact cogogotoas acgggoacog bggcgaacta cogooocakt
tgggagotot goggaagaat ctggaagatt tgaagoaatt atttagacaa
taagtgagay caatgohbgot caactgobac gocagotaga agighcboba
acgoggoggt cgocgocttt ggtgogoaaa atgtacgoct goaagattog
toactogtge tttgagoagt cttocaggaa aagoctcaas cgatcagact
caacagaatt ggctagoatyg atgotooaat bEottoggoa accaagoooyg
togagatcag cottgaacta gagaggctoc aasaacaacy cggtottgat
tgogoatact tgoacghbgaa ggtoccatta bottatogot tttgocacag
tggtgaacat gattcagacg totgacacog cagasattgs ggagatgoky
gtttggaggt ctatagottg asasatgtag aggagoggag cgoacghato
cogottoagt gogtottbtgo ctotacatcoa toacocttaght ctataggoba
cogattgght agogoggogt ttagattacy aagagotaat caaagagaks
ttgaaggtga ggoggocacc acgtogtoog ogoaagotgo acttoghatt
totttgatge cgatacgtgc gogbtagoto tagtggacca tgacoghaga
asacattogyg tgogaaacac cosaaacctg tgtgggacga cagogtgoba
totctogtac caaagoggac gaacgggoga oggtattoog catcatatog
togtacattt goototogaa attocaggto botogatact actggoboac
ataaactaat tgoggtttgt toactgggtt acoasagota togoooboga
gogaasttoa gottottgas ctogooacog ootgoototg toactatato
gtaagoagac cgaatgogan gotbtggooa gacgattgoga goatgogoaa
cagttggtac acttgooggo ggaatagoac atgaatttas tascatttbg
togggoacgc agaattagoa casaactogg bgbotogaac atctgtoacs
ttgactatat catttogtoa ggogacagag coatgotoat tatogatoag
tgagoogasa acaggagogo atgatcaago catttaghbgh otoagagobt
togotooobt gotacghbatg gotottoogo casacatoga gottaghtbo
asatgoagag cgtgatogaa ggaagooogo ttgaacttoa acaggtacta
gomagastgo ttoooaagon atgackgoas atggtoasat ogacatoaks
ctetbtracs agbtaagaaa attotggogo atggtgttat gooacocegge
tootatotat tagogacaat ggtggaggoa ttooogaggo tgtgttacos
aamootbckt tacgacacga gotogoaasy gtggaacggy totoggookt
atggtoatat cagogogttt gogggttaca bogacgttag btoaaceget
ogogotttga cabtbatobs ootoogtott otasggascs ogeasabons
toggoogoaa taaggoacog cgtggaiacy gggagattgh ggoacteget
accteoctgoy ggaggegtat gasgacaaga bogoogebck aggaktabgag
ttoghaccbt tastgasatt ogogattgga bttoasaagg caatgaages
tggtogacca agoghckobt cotgaagate maagtoctas btoogbggat
agacogocke catoatoakt ggoggaaatg atctocaaaakt gacocotbtea
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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 _#H#HHH#
Complete chromosome  NC_####H#
Genomic contig NT _#iHHIH
MRNA (DNA format) NM_###### e.g. NM_006744

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

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



RefSeq

[T e —r———

T e ———
two-component VirA-like sensor kinase

-~ NCBI Reference Sequences (RefSeq)

= Genome Annotation

The follor

Reference assembly

Genomic

1. NC_003065.3
Range 180831..183332

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

Download GenBank, FASTA, Sequanca Viewer (Graphics)

mRNA and Protein(s)

1. NP _396486.1 two component sensor kinase [Agrob ium t faci str. C58]

UniProtKB/Swiss-Prot  P18540
Conserved Domains (3) summary
cd00075

Location:580 — 694
Elast Score: 202

cd00082
Location:466 - 530
Elast 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 HSPS0, phytochrome-like ATPases and DNA mismatch repair
proteins

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

PRK13837,; two-component VirA-lke sensor kinase; Provisional

»
=]

£ A O-
See more... -
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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 MmRNA 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

Wl = vene Bofiejen -t T2 v twe-component Vi i e |

€ % | & wawnchi o nin govgener 174118

) NC_002377.1: 145K..148K (2.9Kbp)~ | “ | @ | - L +

AT

'R :

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

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

l GenBank View: NC 002377.1 (145,694..148,183), NP_0597

Genes !
4= O/ 4| NP_059797.1
| NP_|059797.1:CtV\[:}%-;§mporEent \g;ﬁ-likesseg;r kinase 1, 408 1,600 > K
L total range: NC_| 77.1 (145,694..148,1 3 I t T v t r
NP 0597571 SR total length: 2,490 —_——
strand: plus
protein product length: 829
Links & Tools

BLINK Results: NP_059797.1

-~ Bibliography

Related articles in PubMed

3
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Primary Databases

[ P — e v— 3

B @ wwnnchinimaihgon nuccere N

w
E
w

+

Pl E-

Display Settings: FASTA

Li] Showing 2.49kb region from base 145604 to 148183,

Agrobacterium tumefaciens plasmid Ti, complete sequence

NCEBI Reference Sequence: NC_002377.1
Bank  Craphics

>gil10555016:145694-148183 Agrobacterium tumefaciens plasmid Ti, complete sequence

RTGARCGEARGATATTCACCGR GATTTTARGRACH: AAGCCTTGGTETATATTEE0
TTATCGTTGCTGCAATGATTTTCGCGTTCATGGCGET TGCGTCCTGECAGGACAATGCGACTACCCAGGT
AATCCTCAGCCARCTACGATCGAT TARCGLCGACAGCGCCTCACTGCAGCGCGATGTACTCCGCGCTCAC
ROGGGEAC G T GGG AR TACC G C AT TATCTCCAG G TG GGAGC TCTGCGGRARGARTC TGGARGATT
TGARGCARTTATTTAGACAATCTCATATTGTAAGT GAGRGCRATGCTGCTCARCTGCTACGCCAGCTAGR
AGTGTCTCTARAT TCGGCTRACGCGGCGGTCGCCGCCT T TG TGUGCARAATGTACGLC TGCARGATTCG
CTGGCCAGTTTCACTCGTGCTTTGAGCAGTCT TCCAGGRRRAGC CTCARCCGATCAGACTTTAGRARRAT
CAACAGRATTGGCTAGCATGATGCTCCARTTTC T TCGGCARCCARGCCCGGCTATTTCATTCGAGATCAG
CCTTGRACTAGAGAGHCTTCARAARCARD GTCTTGATGRAGCTCCCGTGCGCATACTTGUACGTGRA
GGETCCCATTATCTTATCGCTTTTGCCACAGGETGAR T ATGATTCAGACGTCTGACRCCG
CAGAART TGCGGAGATGCTGCAGCGCGRGTGT TTGGAGGTCTATAGCTTGAMRAATGTAGAGGAGCGGRG
CHCACGTATCT T TCTTG66TCCGCT TCAGTGGGTCT TTGCCTCTACATCATCACCTTAGTCTATAGGCTA
CECARRAAARCCGRAT TGET TAGCGCGGCGTTTAGAT TACGAAGAGCTAATCARAGRGATCGGAGTATGTT
TTCAAGGTGRGGCGECCACCACGTCGT CCGOGCARGCTGCACTTOGTAT TRT TCAGCGCTTCT TTGATGE
CGATACGTGCGCG T TAGC TCTAGTGGACCATGACCG T AGAT GEGC TG TCCAARCATTCGLTGCGARRTRT
CCARMACCTETGTGEGACGACAGCGTGCTACGCGARTAGTCTCTCGTACCARAGCGGACGAACGGGCGA
CEETATTCCGCATCATATCETCOARRARRATCETACAT TTECCTCTCGAMATTCCAGETCTCTCGATACT
ACTGGCTCACARAT CCACAGATARACTARTTGCGGTTTGTTCACTGGGTTACCARRGCTATCGCCCTOGR
CCTTECCAAGGCGARRAT TCAGCTTCT TGARC T CGCCACCGOCTGCCTCTGTCACTATATCGATSTTCGGE
GTAAGCAGACCGARTGCEACGTTT TGECCAGACEAT TGGAGCATGCGCAACGCCTTEAGGCAGTTGETAC
ACTTGCCGGCGGARTAGCACATGAAT T TAATAACATTTTGGGCTCARTCCTCGGGCACGCAGAATTAGCR
CRARRCTCGEGTETCTCGARACATCTOTCACCCGAAGATATATTGACTATATCATTTCGTCAGGCGACAGRE
CCATGCTCATTATCGATCAGATCT TGACGCTGAGCEGARARCAGGAGCGCATGATCARGCCAT TTAGTGT
CTCAGAGCTTGTGACCGARATCGCTE CCRRRCATCGAGCTTAGTTTC
AGATTTGATCARATGCAGAGCGTGATCGARGGAAGCCCGCTTGAACT TCARCAGGTACTARTTARCATCT
JCARGAATGCT SCCATGACTG GETCAAARTCGACATCATCATCAGCCAAGCTTTTTTACT
AGTTAAGAARRT TCTGGCGCATGGTGTTATGCCACCTGGCGACTATGTTCTCCTATCTATTAGCGACART
GETGGAGGCATTCCCGAGECTGTGTTACCCCACATTTTTGRACCCTTCTTTACGACACGAGCTCGCARCG

TTGCTACGTATGGCTCTTE

GTGGARCGGGTCTCGGOCT TG T TCTGTGCATGGTCATATCAGCGOGT TTGCGGGTTACATCGACGTTAG
TTCAACTGTTGGGCATGGGACGCGCTTTGACATTTATCTCCCTCCGTCTTCTARGGRACCCGTARATCCR
GROAGTTTT T TCGGOCGCARTARGECACCGOG TEGRARRCG, TTGTGGCACTTGTTGAGCCCGATG

ACCTCCTGCOGGAGGCGTATGARGACAAG, SGCCGCTC CCOGTCGGTTTTCGTACCTT
TAATGAAATTCGCGATTGGATT TCARAAGGCAAT GARAGCCGATCTGETCATGGTCGACCAAGCGTCTCTT
CCTGAAGATCARAGTCCTAATTCCGTGGATTTAGTGCTCARGACCGCCTCCATCATCATTGGCGGRAARTG
ATCTCARBATGACCCTTTE GTGACCAGGGACCTT TATCT TCCGARGCOGATATCGTOCAG
ARCTATGGCGCATGCAATCCTAACCARAATCAAGACGTAG

Change region shown -
Whaole saquance

& Salacied ragion

fram: 145694 to' 148183

:
i

Customize view z

Analyze this sequence
Run BLAST

Pick Primers.

Highlight Sequonce Fealures

Find in this Sequence

Related information -
BioProject

Full taxt in PMC

Gena

Genome

Identical GenBank Sequence

Prolein

Protein Clusters

PubMed

PubMed (Weighted)

Taxonomy

Recent activity ]
Turn Off  Clear

Agrobacterium tumefaciens plasmid Ti,
complale sequance

wirA [Agrabacterium tumefaciens)

wirA [Agrobacterium tumefacians str. CH8)

PCEITEC



Secondary Databases

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

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

i ExPASy Home page

d
Search | FROSITE = for Go| Clear

p @ ScanProsite

Protor TeEMBL or provided by the user) for the occurrence of patterns and profiles stored in the PROSITE database, orto

This program allows to scan a protein sequence (either fram &
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 cither:

« cnter a PROSITE accession number or pattern to search the Swiss-Prot TrEMBL and/or PDB databases with a patiem, OR
o cater asequence or o Swiss-Proy TrEEMBL accession number to scan the sequence with all patterns, profiles and rules in PROSITE, OR
« fill in both fields to Find all eccurrences ofa 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 P05130) or a sequence Enter a PROSITE accession number (for example PS01253), or type your pattern in PROSITE

identifier (1) (for example NOTC_DROME), ora PDB identifier, or paste your own protein || formar

seguence in the box below: (leave this box blank to scan a sequence with the entire PROSITE database)
MVEVTKLY ASRP IVVFCVLAFLY VV FECIWISNWRTTTE & o
HLYKEVASFTEDLRTELVEEI ENIGKFTYAKTNLETIGLA =

RV IDEY I THNDTGFT ELGTOIAPLLEVAYETILQVEDVEY.
15 ROGIMFEYTARENTEVAVF ANES ENSERGDYTRYTO TV
00L TCRLNGNETEEQSLOVTHT DN PQAR QENN YT TAP VST
|5 LaGEDNETLIQEVYELYEKEGLYVELGFPYKTLTEVLNEL
HLHEEEL YT KD GT VLVREGELNDE FFIENGE [CFGRES + The F Swiss-Prot 7 TrEMBL [ TeEMBLnew [ PDE databases
15 LWE QO] PENCESEGYEVET KALEY QAFCSVIEVEGVEL w| | Elear e pratein i the box o the lefty

 including splice variants

and specify your search limits:

alea spec

o The following taxa
sonomy; separate muliple taxa wiih a semiolon, e 8. Home sapices; Drosephila, Not
- E ible for PDE. )
Scan ¥ patiems ¥ profiles [ rules [User Manual] ivou may also specify n PROSITE entry in the .

+ Sequences with at least hits.
b o the cight)
I Exclude pattems with

Your e-mail [op(ion:d]:l i

allow at most [1 | X sequence characters o match a conserved position in the pattem
I~ plain text output m

tch mode | greedy, overlaps, no includes =| ifor pattems, sze

and specify which motifs to use:

o Atmost| 1000 =| matches

high probability of occurrence

Advanced options: I~ FASTA output I” retrieve complete sequences

el esults by e-maily

Ipy
bases | no j {10 test a pattern, see help)

START THE SCAN RESET randomize databases|




Secondary Databases

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

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

SPROCON003 PRO0003 SULFATION Tyrosine sulfation site [rule] [Warning: rule with a high probability of cecurrence].

E71 - ESE nkesast¥Yetsisns
=PROCon00d PRO0004 CAMP_PHOSPHO_SITE cAMP- and eGMP-dependent protein kinase phosphorylation site [pattern] [Warning: pattern with a high probability of ocourence].

744 - T4T  HERwT
814 - B17 ERrE

=PDOCO0O0S PROOOOS PKC PHOSPHO_SITE Protein kinase C phosphorylation site [pattem] [Warning: pattern with a high probability of cceurrence ).

148 - 150 SsR
164 - 156 TgR
171 - 1731 StK
210 - 121 EkK
368 - 371 TR
460 - 461 EgK
£13 - 515 SgR
ERE - E&T 2iR
&02 - E04 TgK
652 - BG4 TEK
716 - 718 EpR
726 - TR EpK
747 - T4E  T=K
794 - TIE EsR
854 - BGE EcK
8Ed - BEE  ScR
48 - B70 E=R
921 - 523 SpK
957 - 959 SvR
gD - 882 TgR
874 - B7&  Tsk
997 - 939 SrK
1pdz - 1004 TgK
1018 - 1020 Egk
1031 - 1033 TgR
1119 - 1121 EkR



econdary Databases

Databases of functional or structural motifs, acquired by primary data

(sequences) comparison

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

=PDOCS0109 PS50109 HIS_KIN Histidine kinase domain [profile].

402 - £71 HASHDIRGALAGMKGLIDICROSVKPGSOVDTT LNQUINVCAKDLVALLNEVLOMEKTESG
EMLVEENFRLEKLLED VIDFYHEVAMER GVOVVLDPHDgs v EXFENYREDCGRLEQT LN
HLVEMAVEFT VD - - GHIAVEAWADrpgenasvv lasypkavah fvkamEchnkessatye
teisnsirnnanTHEFVFEVDDTGKG LFMEMRESVFENY UQVRELADSHOETGLELEITY
SLYRLMGEEI RITDEAME<kETCFQFNVLLTT

=PDOCS0110 PS50110 RESPONSE_REGULATORY Response regulatory domain [profile].

987 - 1038 RVLVVDCHFISRKVATGELEKMGVEe VEQUDEGKEALRLVTEGLtgreegysvdklpFDY
IFMDCQMPENCGYEATRE IRk ve kEYGVRTPITAVEGHD -~ - - - - - - - == - - - - -

Graphical summary of hits {java applet)

Click onbams 10 sas @ desoriplion. Drag ta bwo rad mursors bo salact @ zoom reglan.

i ]
[ il
ol = |
i Zoom I Bark. I Fasel 1123 [ 100 residues
98 hits with 12 PROSITE entries
| ' ExPASy Home pare | SiteMap | Search ExPASy | Contactus Swiss-Prot PROSITE |

IICEITEC



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 compendivm of protein fingerprints. A fingemprint is a group of conserved motifs used to characterise a protein family: its duagnosnc power is refined by iterative scanning of a
SWISS-PROTTFEMBL eompasite. Usually the motifs do not averlap, but are separated along 1 sequence, though they may be contiguous in 3D-space. Fingerprints can encode protein folds and
functionalities more flexibly and powerfully than can single motifs, full diagnostic potency deriving from the mutual context provided by motif neighbours.

New:

| SPRINT - Search PRINTS-S (relational PRINTS)
|2 prePRINTS - Search PRINTS' automatic supplement
|2 InterPro - Search the integrated IntevPra fanily dotabase

Direct PRINTS access:

v ac on number

v PRINTS code
v database code

| By number of motifs
[ By author
By query language

FEEFEFFER

PRINTS search:

12 Scarch PRINTS with NEW FinecrPRINTScan
[, FPScan

[ GRAPHScan

|& MU LScan
[2 FingerPRINT Scan binaries and source are available: contact scordist hicinf.man.ac.uk

PCEITEC



Secondary Databases

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

b T
. TS TRANSFAC Saccharomyces Module 0.1
;

‘ I SKMA Rt DB The S/MAF transaction database (Felease 2.1)

Scaffold/Matrix Attached Region transaction Database

: m The TRANSFAC Database (Felease 5.0)
Molecular Biotechnolosy

EBioinfonmatics
The team
Publications T
Projects L E AN %‘_\ @ This dafabase is no longer available on this server. You can access it on
Databases ST s Erowier £ ity Afarenw generesulation de

Tools

Links

I The GBF

[ Research

[ Service & Technology Transfer
[ News & Public Relations

YYYT¥YTYYY

The database of physiological systems, organs and cell types

‘ CYTOMER

DPCEITEC



Structural Databases

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

DEPOSIT data

DOWNL QAD files
browse LINKS

BETA TEST new features
BE TA mmCIF files

Current Holdings
19623 Structures

Last Update: 30-Dec-2002
PDB Statistics

Molecule of the Month:
Cytochrome ¢

The Protein Data Bank (FDE) iz
operated by Rutgers, The State
University of New Jersey; the San
Diego Supercormputer Center at the
University of Califarnia, San Diego;
and the National Institute of Standards
and Technology —— three members of
the Research Collaboratorsy for
Structural Bisinformaties (RCSE). The
FDE is supparted by funds firom the
Mational Science Foundation, the
Departrment of Enetrgy, and two units of
the Mational Institutes of Health: the

) N - ® %
PR N DAT A lj_& K BCSE Contact Help
i Home Us
‘Welcome to the PDE, the single worldwide repository for the Oid wou find wihat veu
processing and distribution of 3-D biological macramalecular wanted ¥
structure data.
ABOUT PDE | DATA UNIFORMITY | RECENT FEATURES | USER GUIDES |
FILE FORMATS | EDUCATION | STRUCTURAL GENOMICS | PUBLICATIONS |
SOFTY ARE
Search the Archive % PDE Mirrors
Enter a PDB ID or keyword Query Tutorial | *Fiesss hoolmsk 2 mime

it
| Find a stucture i San Diego Supercomputer
|:] queny by PDB id only D match exact ward Centsr®

] remawe saquence homolagues Butgsra Uni veraity”
Hational Inatitibe of

Searchlite keyword search form with examples Standards and Technaolagy™

Searchfislds customizable search form Cambridge Crystallographic

Status Search find entries amaiting release Data Gantre, UK -
Hational Uniwersity of

News Complets Hews  pdbd Archive Hinggpars

Hewmlatter Subscribe Daaks University,_Japan

Uni versidade Federal ds

e 2002 Jniversiaads Fedearal ds

23-Dec-2002 Mnas Gersis, Brazl

Happy Holidays from the PDB! The DB Mo Delbrioh Goner £

staff wish to extend our best wishes to the W

community for a happy holiday season and Sermarny -

a wonderful new year!
OTHER SITES

-




Structural Databases

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

Structure Explorer - 1P5Y

-1V -]

L e Structure Explorer - 1P5Y

Tide The S
Claysification V, Protein

Compound Iolecule: Coat Protein Vp2: Chain: A; Fragment: Sequence Database Residues 190-37; Engineered: Yes; Mutation: Yes
Fip Method — Xeray Diffraction

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

e View Structure

Summary [nformation

Structural Neighbors

reametry

Sequence Details

Explore
SearchLite SearchFields

http:/Awww. resh.ore/pdb/cgi/explore.cai?job=graphics;pdbld=1P5Y page=:pid=1 7356 1064340344 & bio— | &opt=showdsi ze=300 12/20/2003




Structural Databases

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

1 Human Genome Browser http://genome.ucsc.edu/cqgi-bin/hgGateway
WS onma- ortne bam hetanc | Vomrmnge annce sty | % Gamas 8

v =

whise geneema shetgunt sequenteg £ & B-

was created by the Canome Bieniorsatics Ceouo of UC Sacts Cra

The LICSC Genome Brow
3 ) Tha Riagants of the Linwersty of Caldomea. AN nghes ressned

Sowars Copyngrt
clade ganome assembly posiion search tem

Mammal = Human = Feb 2009 (GRCHIThg!H) = chr21.33,031 587-33 041 570 ot e 1y m aubme

Chick hore 1o roset the browser user inferface sothings 1o their defaults

bucksesnch || sddcustombacks || Backhubs | | coniguie kucks and dapley

[ ——

Human Genome Browser — hg19 assembly (sequences|

T'he February 2008 human reference sequence (GRCNI/) was produced by the Genome Relerence Consorium. For more inlormation about this assembly, see GRCN3! in the NCHI Assembly dalabase.

Sample position queries

A genceme postion can be specifisd by the sion number of & B clone, an mRNA or EST or STS marker, a chromosomal coordinatis range, of kywords from the GenBank description of an mRNA
The following list shows examples of valid position gueries for this human genome. See thi User's Gudg for mone information

Request: Genome Browser Response:

chr? Displays all of chromosome T

chrlin_gioooz12 Displays all of the unpiaced contg gio00212

20913 Displays region for band p13 on chr 20

chrd:1-1000000 Displays first milion bases of chr 3, counting from p-arm felomare

chr3:1000000+2000  Displays a region of chr3 that spans 2000 bases, staring with position 1000000

RH1B061 RHE0TS  Displays region between genoms landmarks, such as i STS markers RH16081 and RHB01TS5, or chromosomd bands 15911 10 15913, of SNPs rs1042522 and rs1800370. This syntax may also be
15q11;15q13 used for other range quenes, such as batween unigualy datarmined ESTs, mANAS, rafSegs, #ic
rs1042522 rs 1800370

D1653046 Displays region around STS marker D1653046 from the Genethon/Marshfield maps Includes 100,000 bases on sach side as well
AAQ054T4 Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on che 17

ACDOS101 Displays region of clone with GenBank accession ACI0S101

AFDEIZN Displays ragion of mANA with GenBank accession number AFI83811

PRNF Displays region of genome with HUGO Gene Nomenclature Commiltes identifier PRNP

NM_017414 Displays e region of genome with RefSeq identhier NM_017414

NP_059110 Displays the region of genoma with profein accession number NP_054110

psoudogens mRNA  Lists ranscribed pseudogenss, bul not cONAS

homeobox caudal Lrsts mRNAS for caudal homeobax genes

zinc fingar Lists many zinc fingar mitNAS

kruppal zinc finger Lists only kruppel-be zinc fingers

huntington Liets candidale genes associaled with Huntington's disaase
zahis Lists mRNAS depesited by scientist named Zahir

Evans J E Lists mRNAs deposited by co-author J E Evans

gt W

DPCEITEC



Genome Resources

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

e sty | 2 s prion st e s : . <[

- whale genome shotgune sequencing P B-

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg18) Assembly

move [ e | = _( _» _n.m- zoom in [ 15 | 3x Icu base | Foomoul| 15 || Gx | M
cha11:5,246,696-5,248,301 1,608 bp

T

E: Sm—— e . T TR

L P R T e e gy

moaanansl EET,Tes] SaeTanH sl maeaesl maeinl maenoel w3 e
o, TRV B CoMAraTive Genomien

[ ey
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Genome Resources

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

- | = enes 1 expresion - ste e - et - | Bl Human Geme M fucitLmae 1) Dese.

o - wehile genme shetgune sequeneng £l & B~

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

D Home sapiens beta (HBB), mRNA e
RefSeq Summary (NM_000518): The alpha (HBA) and bata (HBE) loci detarmine the structure of the 2 types of ide chains in adult b lobin, Hb A The nommal adult hemoglobin tatramer consists of two alpha chains and two beta chains, Mutant bata

globin causes sickla call anamea. Absence of beta chain causes bata-zero-thalassemia. Reduced amounts of detectable beta globin causes beta-plus-thalassemia. The order of the genas in the beta-globin cluster is 5'-epsilon - gamma-G - gamma-A — defla

beta--F [provided by RafSeq. Jul 2008] Publication Note: This RefSeq record includes a subset of the publications that are avadable for this gene. Pleasa see the Gens record fo access additional publications. #RefSaq-Atiributes-START#I
Transcrip_exon_combination_swidence - VOO4ET 1, BUB581ED 1 [ECO (000332) #RefSaq-Atiributes- ENDIH

Tranacription Chromosome: chril Strand: - Slze: 1606 Start: 5246695 End: 5248301 Exon Count: 3

Ceding Size: 1424 Start: 5246 £77 End: 5248 251 Exon Count: 3

uence and Links, LiniProtKB Comments Genatic Assocations CT0D Microarray|

e S <ol e = mscripm;i‘al
e | nnolations i 2L e b

| Data last updated: 2011 12 21

| E Sequence and Links to Tools and Databases

Genomic Sequence (chri1:5 246 606-5 248 301) mRNA (may differ from genoma) | Protain (147 aa)
| Gene Sorter | Genome Browser |Protein FASTA [VisiGens [Table Schemal BioGPS
|coap Ensembl Entrez Gene |ExonPrimer | GeneCards | GeneNetwork

| Gepis Tissue | HMV HGNC |HPRD | Jackson Lab | MOPED

| oMM Pubied Reaclome | Stanford SOURCE | Treefam | UniProtB

| Wikipedia | | |

- Comments and Description Text from UniProtKB

1D: HBB HUMAN

DESCRIPTION: Rechame. Full=Hamaoglobin subunil bata, ARName. Full=Beta.globin, AltNama: Full=Hemoglobin beta chain, Contains. RecMame: Full=L\hamorphin. T,

FUNCTION: Invedved in axygen transport from the lung 1o the various peripheral tissues.

FUNCTION: L\ hemarphin.T patentiates the activity of bradykinin, causing a decrease in blood prassure,

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

INTERACTION: PE3905 HBAZ, NbExp=18; IntAct=EBI-T15554, EBI-T14680;

TISSUE SPECIFICITY: Red blood cells

PTM: Glucose reacts non-enzymatically with the N-terminus. of the beta chain 1o form a stable katoamine linkage. This takes place slowly and continuously throughout the 120-day life span of the red biood cell. The rate of glycation s ncreased in patients with
diabetes mellitus.

PTM: S-nitrosytated; a nitnc oxade group s first bound to Fe{2+) and then transtemad 1o Cys-94 to allow capture of O(2)

PTM: Acatylatod on Lys-G0, Lys-83 and Lys-145 upon aspan exposura. PubMed 16916647 reports the sentification of HBB acetylated on Lys-145 in the cytosobc fracton of Hela cells. This may hava resulted from contamnation of the sampla

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

DISEASE: Dotects in HBE may be 8 cause of Hainz body anameas (HEIBAN) [MIM 140700] Ths is a form of nen-spharacytie Ramelylic anemia of Dacie type 1. ARar splenactomy, which has liftie benefit, Bazephile inclusions calisd Hainz bodies are demenstrable

n the erythrocyles. Belore spleneclonmy, diffese or punclate basophilia may be evident. Most of these cases are probably of Thiz heal lebdsty. Heinz bodies are obsenved also with the vemark syndrome
(esplenia wilh and wilh ¥
DISEASE: Defects in HBB are the cause of beta-thalassemia (B-THAL) [MIM.604131]. A form of ia. Ti are commen s couing mosthy in Medi and Asian ions. The halimark of bet

is an imbalance m globin-chain production in the adull HbA molecule. Absence of beta chain causes beta(0)-thalassemsa, while reduced amounts of detectable beta globin causes belal+-halassemia. In the severe forms of beta-thalassemia, the excess alpha

globan chains acoumulate in the developing esythroid precursors n the marow. Ther deposition keads b a vast increase in erylhroid apoploses thal in lum causes ineflective erythropoiess and severe microcylic hypochromic anemia. Clincally, beta-ihalassemia is
divided into i agor which is i ia {of i severity), and ia minor thal is

DISEASE: Defects in HBB are the cause of sickle cell anemia (SKCA) [MIM.G03803], also known as sickle cell disease. Sickle cell anemia is characterzed by abnommally shaped red celis resulting in chronic anemia and penodic episodes of pain, serious infections

‘and damage o vital organs. Monmal red blood cells are round and Nexible and low easily threugh biood vessets, bul in sickle call anamia, the abnormal hemoglobin (called Hb S) causes red blood cells o bacome stilf. They are C-shaped and resembles a sickla.

Thesa stiffer red blood calls can led to microvascular occusion thus cutling off the blood supply o nearbry lissues. =

it WGE i ¥ P i &t it 7] Beaklovat velkost
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Genome Resources

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

i.limcml( Sequence Near Gene v] +

- whale genome shotgune sequencing P& B-

| Genomic Sequence Near Gene

Get Genomic Sequence Near Gene

Nota: if you would prefer o get DNA for mors than one feature of this frack at a ime, iry the Tabile Browsar u=ing the cutput format sequence
Sequence Retrieval Reglon Options:

¥ PromoterUpstream by 1000 bases
¥ 5 UTR Exons
¥ COS Exons
4 F UTR Exons
4 Introns
Downstream by 1000 bases
# One FASTA record per gene.
Qne FASTA record per ragion (exon, infron, etc ) with o exira bases upstraam (57) and o exira downstream ()
Spit UTR and CDS parts of an exon into separate FASTA records
Nater if & feature is close 1o the beginning or end of a c and

bases are added, they may ba truncated in order to avoid extending past the edge of the chromosome

Sequence Formatting Options:

& Exons in upper case, everything else in lower casa,
CDS in upper case, UTR in lower cass
All uppar case
Al lgwes Case
Mask repeals. & 1o lower case O loN
| aubma |

*_Hajie WS
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Genome Resources

1 Human Genome Browser http://genome.ucsc.edu/cqgi-bin/hgGateway
i o Teo:

€ 3 seremeucsced cp-bn hghgss

P

range=chrll:5246696-5249301 5'pad=0 3'pad=0 strand=- repeatMasking=none
taaaacgcagtattcttagtggact

>hgl®_knownGene_ucl0lmae
ggaacttgaatc.

toraagtcacagaggottt

tagargrees

ttgticcoccagacactotigoag

AgLLaaCCLECTATELgR

trattratttgratttttgactgcattasgaggretctagittLttate
t aat tgat

gtatttattctatttttagacataatttattagcatgcatgagcaaatta
2033333Ca2CAACAAATTAATECATATATATGTATA Tgtgratat
atatacacacatatatatatatatiifiTCITTTCiTaccagaagyriit
@ 2aat 2 atgere JRggTRgAGLILLCATES
attortgtoctgtaagrattitgoatattctggagacgraggaagagace
cLLocactiit

atctacatat

ccaaatattacgtaaatacactrgea

atatatcttagagggagggetgagggtttgaagtecaactectaagecag

tgTtggagocacaccoraggytiggccaatctactoccaggagoagggagg

v “Lattgete
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCARACRGACACT
RTGGTGCATCTGACTCCTGAGGAGARG TCTGCCETTACTECCCTETEEEG
2 CGTGOATEARGTTGAETGOTGAGGCCCTGEECAGTE Lggtat

taaggttacaagacaggtitaaggagaccaatagaaactgggcatgt
3

tggtctattttcccaceot tagioTECTEGTEETCTACCCTTEEACCCAE
AGGTTCTTTGAGTCCTT TGO0GATCTG TCCACTECTGATGCTOTTATGE0
CARCCCTARGETGARGECTCATEECARGARAGTECTCEETGOCTTIRETG
ATGGCCTGGCTCACCTGGACRACC TCAAGGECACCTTTGUCACACTGAGT
GAGCTGCACTGTGRCARGCTGCACOTGERTOCTGAGARCTTCAGEITgag
LCLaTgygacyCiigatgiiitoiLICCoCTLCILLtotatggttaagn
cat T tagaat

ga

AgACgAATgATIYCAtcagttagaagtetcaggatogtTTlagiIteTt

ttatttgety ttettttgte
ttttttttettotecgoaatttttactattatacttaatgecttaacatt
graran. TTAIGTARETT

aaactrtacacagrotgoctagracattactatttggaatatatgrgrge
ttat ATATLCATARTCLCCCTACTELALE LTALTITTAALE
gatacataatcattatacatatttatgggttaaagtgtaatgritiaata
TgTgtacacatate CAggYLAAtiLgcAtLLgLaatiiLas

tatacttittigtt ta
TrCAggICaatAAtgAtACAAtTATCATE
aaggca

ctrrocctaatetett
ctotttgoaccattctasagaataacagtgataattictgggt
atagcaatatctetgeatataaatatttetgoatatasattgtaactgat

get TTety
ctrttatrtratggttgggataaggetggattattotgagocaagotag
GCCCTTITOCTAATCATTTCATACCTCTE TecteccacagtToCT

GGGCARCGTGCTGGT CTGTGTGCTGGCOCATCACTTTGGCARAGRATTCA

GRARGTEETGECTGETETGECTART

TCGCTTTCTTGCTGTCCAATTTCT

Dujts & Pigdchod o Dvjrama | Bodtovat vebkest
[a
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Genome Resources

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

= n

€ & v anbidopsion S £ #& B-
Gone =] search .
L]
b tair Home Help Contact Aboutlls  Login/Regiter
Search Browse Tocls Portals Download Submit News ABRC Stocks
The Arabidopsis Information Resource Breaking News
&) Subscribe to news feed
The Arabidopsss Information Resource (TAIR) maintaing a dalabase of genatc and molecular [ Follow our rfend
Bicdogy data for the moded higher plant Arabidapsis thaliama . Dala available from TAIR includes it
the completi genome sequence along wilh gene struclure, gene product information Kl Join our Facebook group 3
mielabolism, gene expression, DNA and seed stocks, genome maps, genetic and physical I
markers and aboul the resuarch Gene product 2012 MASC Repart Now
funcon data i updaled cvery bvo we em the latest published ch Werature and Avallable
community data SubMISSIons. Gene SIUciUres are updated 1-7 BmMes per year using [July 11, 2012]
computatisnal and manial methods 85 well a5 community submissiens of new and updatad Please check out the latest
genes. TAIR also provides axtensive knkouts from our data pages 1o other Arabidopsis resources.  TePort from the Multinational
Arabidopsis Stearing
The Arabidopsis Biological Resource Center at The Ohio State University collects, reproduces, Committes.
presenves and distributes seed and DNA resources of Arabidopsis thaliana and related species.
Stock information and ardering for the ABRC ara fully miegrated into TAIR
New Protein Chip and Cell
Canmpcie  TAIR is localed al the Carnegie Institution for Science Departrment of Plant ¢ Cultures at ABRC
“Sciemce  Biokogy and funded by the National Science Foundation wilh additonal ” 0: [May 9, 2012]
support from TAIR sponsors S Anew protein chip
(AtProteinChip 2) developed
Updates on TAIR funding are available here. by M. Snyder and §.P. Dinesh-
Kumar, & now availabie. Col
line: FER-1) (CCLB4E4D),
donated by Geert Do Jaeger
and denved from MM2d
7 L\ developed by M. Menges and J
r 3 Q}, Murray, i also available These
4 siocks can be found using the
ABRC catalog
&
. Share Your Education
7 t Resources [February 1, 2012]
e a’r Do you teach an undergraduats
N Lab using Arabidopsis? Gan
you imegane your research
CI iCK here progect on Arabidopsis
to try our new online submission form | !lushategan mpodant
scientific concept? Contnbute to
and submit the molecular function (e.g. protein kinase), blological maving Arabidopsis from Lhe
process (e.g. seed development), localization (e.g. plasma membrane) Dafich It coony
of Interacting partner of your foverite gene
[=1] At TAIR
[January 25, 2012] L
CT— o
= Maje WS # Dap § Pigdchos o I7] Boatibovat vebicont.
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Genome Resources

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

#

@
\’ ta"r Home Help Contact About Us. Login

Search Browse Tools Stocks

The Arabidopsis Information Resource

Portals

The Arabidopsis Information Rescource (TAIR) maintains a database of genetic and melecular
biology data for the model higher plant Arabidopsis thaliana. Data available from TAIR includes

the complete genome sequence along with gene structure, gene product information, metabolism,

gene expression, DNA and seed stocks, genome maps, genetic and physical markers,

publications, and information about the Arabidopsis research community. Gene product function
data is updated every two weeks from the latest published research literature and community data

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

extensive linkouts from our data pages to other Arabidopsis resources.

The Arabidopsis Biological Resource Center at The Ohio State University collects, reproduces,
preserves and distributes seed and DNA rescurces of Arabidopsis thafiana and related species
Stock infermaticn and ordering for the ABRC are fully integrated into TAIR.

The NEW arabidopsis.org

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

experience any problems with our new site.

| =
\}’ﬂ tdir W Comtidt | MU L

The Arabidopsis Information Resource

Ereaking News

ALPE Pr LA oy

Download

'8

I Gene -

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, 20086]

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

ASPB Presentations

[August 15, 2008]

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

==
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Analytical Tools

1 Global versus Local alignment

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

Lokélni pfifazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQONYRRVEHVRATAKSETQRYMVIE

Cvr&kova, 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

PCEITEC



Analytical Tools

1 Choosing the right type of alignment using dotplot

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA " c
filtrace diagonal
¢ kratSich nez 3
S————————
Wmﬁmm X [ XFRKTCCCTCITCOACTAR] X Pt b
{l:
% A — —
"‘g
v (& Y : hx

Cvrekova, 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

LA CEITECE



Analytical Tools

1 Examples of sequence alignment using dotplot

B C D

Cvrekova, 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)



Analytical Tools

= BLAST http://ncbi.nim.nih.qov/BLAST/

NCB[ nucleotide-nucleotide BLAS l

MNucleaotide . Translations Retrieve results far an RID

4
Al U adlb e Ly e
acaccatcat cattatcate atecgbtttgyg gogeatgkbtg tgbtggttcoea
goegtattaat
gageh |@bEaattaatt tattocacat gagatatgat atgatatact atgtattttt
tgtttttttt
ttatttgtaa acctttaata taacaagaac tacaaaaaat gaaaa
Het subsequence From: | Ta: |
Choose database IHI ; ¢]
Sl B A ST EfmeEssrquery | CResaral

PCEITEC



BLAST

Basic Local Alignment Search Tool

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

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

= Showing the results Matice PAM 250 --

5 0]
T -zf1 13
P31 o0 6
A -2l1 11 2
[ =301 O =1 1 &
W 4|1 010 02
A[T G C/,-IhodnotanepéruG-Al b -8lo 010 1|2 4
Al 1| o] ot E-suu-:uuiaaa
1] =5|=1 =1 0 O =1j1 2 T 4
710111919 I hodnota piru G-G | WA 0122 11 o3|e

gl ol ol 4 Ro-4fo-1 0-2-30-1-1 1|2 &

-= K -5lo 0 -1-1-2/1 0 0 1fo 3 &

cjojojof1 W 5|z-1-z-13|2 3212 0 0]6
1 =2f=1 0 = =1 =3|=F o} u} =f |af «f =g} 2 &
L -6[-3-2-3-2-4)]-3 4-3-2[2-3-3[{4 2 &

; ¥ -z|-1 0 -1 0-1f-2 -2 -2 2|2 -2 -2f2 4 2 &
Cvrékova, Uvod do praktické bioinformatiky F —4-3-1-5 -4 5| 6 5 5| & 5|0 1 & -1}8
L R R e - I I e I e O I A
W -B|-2 -5 -8 -6 -7|-% -7 -7 -5|-3 7 -3|~& -5 -Z 6|0 0 W7
T E|5 T P A GIWN 0 E G|R R K[W I L V|F ¥ W
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BLAST

Basic Local Alignment Search Tool

[ >gi|5016088 |ref|NM 001101, 2|

E= expectancy
value

Score
Identities
Strand =
Ouery: 156
ShHect: 101
Ouery: 216
Skhyjct: 161
Ouery: 276
SbHjeot: 221
Ouery: 336
Shqjct: 281

Length = 1793

= 1110 bits .:56::13,
ies = 965/1100 (B7%

Flus / Plus

ggoctektggeatgbgraaggeecggatttgecggagacgatgeteccegegee

gtocgacaacggeteceggeatgbtgoaaggecggettegegggegacgatgeccecegggee

gtetteccategattgbgggacgteecccgbcaccagggtgbtgatggteggeatgggecag

gtetteccektecategbggggegececaggoaccagggegbtgatggtgggeatgggteag

aaggactocgbacgtgggtgatgaggegeagageaagegbtggtatecectecaccctgaagtae

aaggattecetatgtgggecgacgaggeccagageaagagaggcatocectecaccctgaagtae

cocattgageacggtatecgtgaccaactgggacgatatggagaagatetggecaccacace

cocatecgagoacggeoategtcaccaactgggacgacatggagaaaatetggocaccacace

actin, beta [(ACTE), mENA

215

160

275

220

335

280

285

240

5..5=1213 E=0.0

u ”expect [) nV_Vr-II'l;_'II'lY‘I'I;-h‘-IIl s

number

—the—seme—or—hrahRer—stmitarty—whe—searching 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

Wl 7 o - iobojea -l | T ———

€ % | & wawnchi o nin govgener 174118

) NC_002377.1: 145K..148K (2.9Kbp)~ | ‘| L@ | - L +

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

Genes 4l |
4= 0 4 NP_059797.1

] NP_059797.1: two-component VirA-like sensor kinase 1, 408

1,668

2

K

= fotal range: NC_002377.1 (145,694..148,183)
NP 0597571 SR total length: 2,490
strand: plus
protein product length: 829
Links & Tools
GenBank View: NC 002377.1 (145,694..148,183), NP_0597
FASTA View: NC 002377.1 (145,694..148,183), NP_059797
BLAST Genomic: NC 002377.1 (145,694..148,183)
Graphical View: NP_059797.1
BLAST Protein: NP_059797.1

‘BLINK Results: NP_059797.1

-~ Bibliography

Related articles in PubMed

3
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BLAST

Basic Local Alignment Search Tool

< BLINK

My NCBI
Home = Taxonmomy Report  Multiple Alignment = Blast | Help [Sign In] [Register]

puted BLAST Its for: gi[16119781|ref|[NP 396486.1 two
Matching gis: 15163423;20141871;1019660;
Total (score > 100) : 147086 hits in 146754 proteins in 6309 species

P t sensor kinase [Agrobacterium t faci str. C58]

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

Other views (Reports): | Taxonomy report | Muliple Alignment | Blast |
Reset all filters

P Choose Display Options

1203 | Archaea |138285 | Bacteria E Metazoa (1349 | Fungi (554 |Plants |? Viruses 9678 | The Others reset selection

Results: 1 - 100 Next Page Last
9% hits _ reset =election

blink |k ek bk bl i bl Rl ok o SCORE ACCESSICN Length Protein Description

cmain Database hits

twe component senser kinase [Agrobacte

ium tumefaciens str. C58]

RecName: Full=Wide host range virfi protein: Short=WHR wvird

wirA [Flasmid pTichE8]

hypothetical protein pTi-SAKURA pld4Z [Agrobacterium tumefaciens]
tiorfldd [Agrobacterium tumefaciena]

virA [Plasmid Ti]

virh protein

91.3 kDa protein [Agrobacterium tumefaciens]
virh [Agrobacterium rhizogenes]
virh gene

T e P EIEEE e

virh [Plasmid Ti)
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BLAST

Specialized Versions

Currently there exists a lot of specialized versions of

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

=  BLASTP

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

. BLASTN

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

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

. BLASTX

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



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

>gi|47589E58 | ref |[NP_004148.1| Human cAMP-dependent protein kinase
MSHIQIPPGLTELLOGYTVEVLROOQPPDIVEFAVEYFTRLREARAPASVLPAATPROSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPSREFNERVSVCAETYNPDEEEEDTD PRV IHPETDEQRCRLOEACKDILLE
FNLDOEQLEOVLDAMFER IVEADEHV IDOGDDGDNFYVIERGTYD I LVTEDNQTRSVGOYDNEGSEGELA
DMYNTPRAATIVATSEGSLWGLDRVTFRRI IVENNAKKREMFESF IESVPLLESLEVSERMEIVDVIGEK
IVEDGERIITOGERKADSEFY I IESGEVEILIRSRTESNEDGGNOEVE TARCHEGOYFGELALVTNEPRAAS
AYAVCDVECLVMDVOAFERLLGPCMD IMERINI SHYEEQLVEMEG S SVDLGINLGD

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



Outline

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



Analytical Tools

= http://workbench.sdsc.edu/

)y WorkBe

Moved ; http://workbench. sdsc edu/

[ Select AL Deseect AL | Wi || BATOR | Aaa [ at | Deee | Copy J{ view [ Downuoad | ViewResous |
[PLSSEQ ][ BLOSEQH J| BLASTI ]| BLASTX ]| TOLASTS || PASTA J| FASTS |  FASTY ] SSEARCH J| OLUSTALW
[ CLUSTALWEROF J| ALIGN ][ LALIGN ]| LFASTA J| PATTERNMATCHDS | PATTERNMATCH ]| TACG J PrIERS |

P CEITEC



Analytical Tools

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

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

= http://workbench.sdsc.edu/

| | |Micotiana tabacum glucan beta-1,3-glucosidase gene,

complete cds. Tran

»>170248 Translated - Frame 1
ELPFWGARAK LFAKWENITIPSVCHNSY SI* INKGANLTILPL

| | |Nicotiana tabacum glucan beta-1,2-glucosidase gene,

complete cds. Tran

»>170248 Translated - Frame 2
55LGGOGONFLLNGE I LYOVEVIVIDFE LTKGOI * LECP

PCEITEC



Analytical Tools

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

= http://workbench.sdsc.edu/

BO4655

EAACALY(TH
CAGTCAAATCATICACACAACTCOCAAAAACGAACGCCAAAATOOTAAAAALLAAPTIANIAT)
CATCOTCTATGTGGACTTCAATACTCTGAAGAGGTAGCECAAGGACTCAGCCT

TIIBTIBTEEI!EBT-BIA mnnum

M2 [ETEERAT
ACCATGTTTAG T ETEENT e
CAAGRACATGCTE AAG CAAACAGRLY W EG

o4
[AGHIGGCT 4 AN, N T TG TAT GG AL TG 170381
A P T TGCTATGEA A TG 11321163
AFCGECT AL AN T TGCTATRGAATE 170248
AGLEGCT DA ANCHA R T TGCTATGEAATE 19686
AGHWGCT) (kA

NTCTACAAGTC AGAAADAT)

NICTACAAGTCAAGAAACAT)

TCTACAAGTCAAGAAACAT WGGAAGACTGAGGCTTTATGA|
A TCTACAAGTCAAGAAACAT BERAAGACTRAGGCTTTATGA

PCEITEC



Analytical Tools

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

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

BEARCH ‘ R

VPCE. 2.0 (WWW inferface) - Please, enfer nucleotide primer sequences (IUE codes allowed for degenerate primers). VPCE.2.0
searches the specified database for matches to the primers. If matches are found within 10000 bases, a PCR simulation model
predicts amplification. Calculated PCF. products are displayed within a minufe.

HOTE: Abilities of WPCR 2.0 are still limited by BLAST capabilities snd settings, as well as inability of owr current softweare to deal with more than a
couple thomsand matehes per primer. For example, wsing primers shorter or roughly equal to owr 11-base word size misses most matehes. Primers with
overre presented sequences cause problems as well. W are now busy solwing most of these problems, please, be patient. IF o have o minuke, please, ot
15 knowr what kind of expectarions you hawe for WPCR 2.0 ete. Cwrvently, thic address is for testing WPCR 2.0, stable features will be installed on
WECE 2.0 Homepage.

EPCEITEC



Analytical Tools

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




Outline

Other On-line Genome Tools



Other On-Line Genome
Resources

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

= Recently part of the J. Craig Venter Institute

@) PHACTRA phosphatase and actin regulator 4 [Hamo sapiens] - Gene - NCBI - Mazilla Firefox
Soubor Uprawy Zobrazeni Historie Zalgtky Wastroje MNépovida

1CWL: Home

' Diplaic Human Genome Brawser | H.. | & PHACTRA phosphatase and actin reg... % | + |

(= e sl

ncbinlrm.nih.g 7701 md=ShowDetailViewiTermToSearch=05979

< || M~ institute for genomic research

Gene Gene -
Limits  Advanced Help =
Display Seftings: Full Report Send tor
Table of contents C
PHACTR4 phosphatase and actin regulator 4 [ Homo sapiens] Summary
Gene |D: 65878, updated on 27-Aug-2011 Genomic context
Genomic regions, transceripts, and products
- Summary 2170 Bibliography
Official Symbol  PHACTR providzd by HGMC Interactions
Official Full Name  phosphatase and actin regulatar 4 provided by HSMC General gene info
Primary source  HGMNC:25783 General protein info
Locustag RP11-442N24__ A1 Reference sequences
Seerelated Ensembl 0204138; HPRD:07816:; MIM:AOBT7 26
Related sequences
Genetype protein coding
RefSeq status  REVIEWED Aadtional links
Organism Homo sapiens
Lineage Eukaryota; Metazoa, Chordata; Craniata; : i Eutheria;  Primates; Haplorrhini; Catarrhini; 5 X
Hominidag; Homo Links !
Alsoknownas FLI13171; MGC20618; MGC34186; DKFZpBAELOT205; RP11-442N24__A1 Order cONA clone
Summary Thig gene encodes a member of the phosphatase and actin regulator (PHACTR) family, Other PHACTR family members have been shown o BioAssay, by Gene target
inhibit protein phosphatage 1 (PP1) activity, and the homolog of this gene in the mouse has heen shown to interactwith actin and PP1. Multiple BioFrojects
transcript variants encoding different isofarms have been faund for this gene. [provided by RefSeq, Jul 2008] cens
B Conserved Domaing
~ Genomic context 22
dhvar
Location 1p356.3 EST
Sequence : Chromosome: 1; NC_000001.10 (28696093, 28826381) FUll et in PMC
See PHACTRA in Manliewer
Genome
Chromosome 1 - NC_000001.10
[ 26585963 - [ 28865708 b GEG Profiles
HomoloGene
sestz HEDLS - PHACTR A e
SNORA7SA Map Viewer
SNORA?SE
RNULOSR Mucleotide
SHHG3
RECL O ing
Froge
Protein
- . . 22
Genomic regions, transcripts, and products PubChem Compound
Go o reference sequence details  PubChem Substance
Genomic Sequence NC_000001 chromosome 1 reference GRCh37.pb Primary Assembly - Publed
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Other On-Line Genome

Resources

= Online Mendelian Inheritance in Man (OMIM)

M!MI e Mendeban lehertase_. | ; TR~ Hame Page [oimee [+
B cnieniog
About | Staristics * P+ | Melp + | Extermal Links | + | Contactus

MIrTOT SITES: L-£AYE DMIm OFG, €UrCpE omim org

OMIM"

Online Mendelian Inheritance in Man®
An Onlne Catalog of Human Cenes and Cenetic Disorders
Updated 6 Seprember 2012

Search| sample Searches

Advanced Saarch: OMIM, Clinical Synapses, OMIM Gene Mag

!erirur‘- of JOHNS HOPKINS
Genetic Modicine mEBiciNE

£ & D~

2] Select Language | ¥

Naticrual Humas

Greruome Rewcanch
Imtinte

HOTE: OMIM i3 intended for use primasity by pivysscams and osher profesyionals concerned with genetic disorders, by genetics restarchers, and by advanced sTudems in science and medicine. While te OAMM database is open 1o the public, wwers seeking information abost 4 personal medical of genetic condition are wged o

‘comialt with & qualified physician for agnosts and for anvwert 19 pericnal queisens

ana® und Oribre Mendelian inkaritance in Man * are regiitered trademarks of the Jahen Hapking Unbevesity,

Copyright” 1986-2012 Johns Hopkin Unmrisy.
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g

&P

EEITTEE



Summary

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

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

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