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Outline

= 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 is a science discipline that is interested in the analysis of
genomes. Genome of each organism is a complex of all genes of the
respective organism. The genes could be located in cytoplasm (prokaryots)
nucleus (in most euckaryotic organisms), mitochondria or chloroplasts (in
plants).

The critical prerequisite of genomics is the knowledge of gene sequences.

Functional genomics is interested in function of individual genes.



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

Forward (,classical*) Genetics Approaches Reverse Genetics Approaches
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With the knowledge of gene sequences (or the knowledge of the gene files in the
individual organisms, i.e. the knowledge of genomes), Reverse Genetics appears
that allows study their function.

In comparison to "classical” or Forward Genetics, starting with the phenotype, the
reverse genetics starts with the sequence identified as a gene in the sequenced
genome. The gene identification using approaches of Bioinformatics will be
described later (see Lesson 02).

Reverse genetics uses a spectrum of approaches that will be described in the
Lesson 03 that allow isolation of sequence-specific mutants and thus their
phenotype analysis.

The necessity of having phenotype alterations in the forward genomics approach
introduces important difference between those two approaches. Thus, the gene is
no longer understood as a factor (trait) determining phenotype, but rather as a piece
of DNA characterized by the unique string of nucleotides. i.e. physical DNA
molecule.



Outline

Role of BIOINFORMATICS in FUNCTIONAL GENOMICS
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Bioinformatics

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

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

NIH WORKING DEFINITION OF BIOINFORMATICS AND COMPUTATIONAL BIOLOGY
July 17, 2000

The following working definition of bioinformatics and computational biology were developed by the BISTIC
Definition Committee and released on July 17, 2000. The committee was chaired by Dr. Michael Huerta of the
National Institute of Mental Health and consisted of the following members:

Bioinformatics Definition Committee BISTIC Members Expert Members
Michael Huerta (Chair) Gregory Downing

Florence Haseltine Belinda Seto

Yuan Liu

Preamble

Bioinformatics and computational biology are rooted in life sciences as well as computer and information sciences
and technologies. Both of these interdisciplinary approaches draw from specific disciplines such as mathematics,
physics, computer science and engineering, biology, and behavioral science. Bioinformatics and computational
biology each maintain close interactions with life sciences to realize their full potential. Bioinformatics applies
principles of information sciences and technologies to make the vast, diverse, and complex life sciences data
more understandable and useful. Computational biology uses mathematical and computational approaches to
address theoretical and experimental questions in biology. Although bioinformatics and computational biology are
distinct, there is also significant overlap and activity at their interface.

Definition

The NIH Biomedical Information Science and Technology Initiative Consortium agreed on the following definitions
of bioinformatics and computational biology recognizing that no definition could completely eliminate overlap with
other activities or preclude variations in interpretation by different individuals and organizations.

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

Computational Biology: The development and application of data-analytical and theoretical methods, mathematical
modeling and computational simulation techniques to the study of biological, behavioral, and social systems.

1



What is bioinformatics?

* Interface between the biology and computers

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

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

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

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

= Bioinformatics in functional genomics

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

....... LR\ = Processing and analysis of transcriptional data
A = Transcriptional profiing using DNA chips or next-gen
| sequencing

= [Evaluation of experimental data and prediction of new

regulations in systems biology approaches
= Mathematical modelling of gene regulatory networks

CEITE
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Outline

= Databases
Spectre of ,on-line” resources




Spectre of On Line Resources
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There are many of on-line resources that could be used.
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Spectre of On Line Resources

= EBI http://www.ebi.ac.uk/services
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Nowadays, the resources are interconnected and could be accessed via dedicated

web pages. Among the best and mostluy used www resources integrating plenty of
database resources belong www portal of European Bioinformatics Institute (EBI) in
Europe (Germany) and National Center of Biotechnology Information (NCBI) in the

USA (



Spectre of On Line Resources
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= PRIMARY, SECONDARY and STRUCURAL databases




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

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

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
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of GenBank
Aug 2016
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Shotgun Sequencing

Computer
d
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nce are

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/

Shotgun sequencing allows a scientist to rapidly determine the sequence of very long
stretches of DNA. The key to this process is fragmenting of the genome into smaller pieces
that are then sequenced side by side, rather than trying to read the entire genome in order
from beginning to end. The genomic DNA is usually first divided into its individual
chromosomes. Each chromosome is then randomly broken into small strands of hundreds
to several thousand base pairs, usually accomplished by mechanical shearing of the
purified genetic material. Each of the short DNA pieces is then inserted into a DNA vector
(a viral genome), resulting in a viral particle containing "cloned" genomic DNA (Fig. 1).

The collection of all the viral particles with all the different genomic DNA pieces is referred
to as a library. Just as a library consists of a set of books that together make up all of
human knowledge, a genomic library consists of a set of DNA pieces that together make up
the entire genome sequence. Placing the genomic DNA within the viral genome allows
bacteria infected with the virus to faithfully replicate the genomic DNA pieces. Additionally,
since a little bit of known sequence is needed to start the sequencing reaction, the reaction
can be primed off the known flanking viral DNA.

In order to read all the nucleotides of one organism, millions of individual clones are
sequenced. The data is sorted by computer, which compares the sequences of all the small
DNA pieces at once (in a "shotgun" approach) and places them in order by virtue of their
overlapping sequences to generate the full-length sequence of the genome (Fig. 2). To
statistically ensure that the whole genome sequence is acquired by this method, an amount
of DNA equal to five to ten times the length of the genome must be sequenced. (Interactive
concepts in biochemistry, Rodney Boyer, Wiley, 2002,
http://www.wiley.com//college/boyer/0470003790/)
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Growth of DNA Sequence in Repositories
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J. Pevsner,
http://www.bioinfbook.org/index.php
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Growth of DNA Sequence in Repositories
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Primary Databases

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

=  Protein sequences:

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

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

S EEIITEC
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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)

28



Primary Databases

GenBank (NCBI) http://www.ncbi.nlm.nih.gov/
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Primary Databases
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Primary Databases
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protein product length: 829
Links & Tools

GenBank View: NC 002377.1 (145,694..148,183), NP_0597
FASTA View: NC 002377.1 (145,694..148,183), NP 059797
BLAST Genomic: NC 002377.1 (145,694..148,183
Graphical View: NP_059797.1

BLAST Protein: NP_059797.1

BLINK Results: NP_059797.1 ‘

- Bibliography

Related articles in PubMed
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Primary Databases
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Primary Databases
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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)
N91759.1An expressed sequence tag (1 of 170) RNA
NM_006744 RefSeq DNA sequence (from a transcript)
NP_007635 RefSeq protein .
AAC02945 GenBank protein Protein
Q28369 SwissProt protein

1KT7 Protein Data Bank structure record

J. Pevsner,
http://www.bioinfbook.org/index.php
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NCBI's important RefSeq project:
best representative sequences

RefSeq (accessible via the main page of NCBI)
provides an expertly curated accession number that
corresponds to the most stable, agreed-upon “reference”
version of a sequence.

RefSeq identifiers include the following formats:

Complete genome NC_#HHHHH
Complete chromosome  NC_###HHt
Genomic contig NT_#HHHHH
mRNA (DNA format) NM_###HHE e.g. NM_006744
Protein NP_##HHHH# e.g. NP_006735

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

o-componart ViAKe sanar ks
~ NCBI Reference Sequences (RefSeq)
Genome Annotation
The following sections contain reference sequences that belong to a specific genome build. Explain

Reference assembly.
Genomic
1. NC_0030653

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

mRNA and Protein(s)

1. NP 3964861 sensor ]
UniProtka/swiss-Prot P8540
Conserved Domains (3) summary.
200075 HATPaze_c: Histidins kinsss-like ATPases; This family includes saversl
Location:580 — 694 ATP-binding proteins for example: istidine kinase, DNA gyrase B, topolsomerases,
Blast Score: 202 heat shock protein HSPSD, phytochrome-Iike ATPases and DNA mismatch repalr
proteins.

cdovosz

L
Blast Score: 144 bundies: His resi
13837 PRK13837 two-component Viradike sensor kinase; Provisional
Location:14 - 633
Blast Score: 2044

- Related Sequences

T soven | FEARBRRGea 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 mRNA 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 AutomatedWhole 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
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Primary Databases
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GenBank View: NC 002377.1 (145,694..148,183), NP_0597
-FASTA View: NC 002377.1 (145,694..148,183), NP_059797
BLAST Genomic: NC 002377.1 (145,694..148,183
Graphical View: NP_059797.1
BLAST Protein: NP_059797.1

BLINK Results: NP_059797.1 ‘

- Bibliography

Related articles in PubMed
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Primary Databases
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Secondary Databases

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

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

Databases of functional or structural motifs, acquired by primary data

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

PDOCO003 PSO0003 SULFATION Tyrosine sul faton site [rule] [Warning: rule with a high probability of eceurrence .

14 CAMP_PHOSPHO_SITE cAMP- and cGMP-dependent protcin kinase phosphoryltion sitc [patterri] [Warning: pattern with a high probability of occumencc].

£ - mE

o7 ERvT
Kies

KE_PHOSPHO_SITE Protein kinase C phosphorslation sit [patism] [Warning: paticrn with a high probability of cceurrence )

S EEIITEC
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Secondary Databases

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

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

>PDOCSN109 PSS0100 HIS_KIN Histidine kinase domain [profile]

RpLVEED L
NLUSNATKPTVD.- - GHIAVRAVAD:

ELTRLNBGETAI TDKANG e GTCPOPIVLLTT

=PDOCSN1 10 PSS01 10 RESPONSE_REGULATORY Responss regulatory domain [profilc]

057 - 1085
TaveGaD.
Graphical summary of hits (fava apples)
i | o]

| e
o i)

P | oo [ o [ e o s
98 hits with 12 PROSITE cntries
[ T ExPaSy Il [ sicha L ExP A | Comworws | Seipow T pRosme T Prw todl ]
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Secondary Databases

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

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

Dircet PRINTS ac

S EEIITEC
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Secondary Databases

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

2 =77 TRANSFAC Saccharomyces Module 0.1
[

3

The GBF
e —
I Service &Technology Transfer [ S/MARt DB DR S L (DS D

News & Public Relations

Scaffold/Matrix Attached Region transaction Database

Molecular Biotechnology ] RANSFAC D B SRR R (I el
» Bioin tics s R G R s
» The te.

» P

» Projects IHANSPATH| *& [ & This database 15 1o longer available on fhis server. You can access it on
» Databases s i U, bt firirve spnereeulation de

» Tool

» Links

CVT - ‘The database of physiological systems, organs and cell types
LY TO A

| e

S/MARt DB (saffold/matrix attached region transaction database). This database
collects information about S/IMARs and the nuclear matrix proteins that are
supposed be involved in the interaction of these elements with the nuclear matrix.
http://transfac.gbf.de/SMARtDB/index.html)



Structural Databases

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

DEPOSIT data 3 N §
Derosi day - 5
DOWNLOAD fifes v

browse[NKS re A o

BETA TEST new features

@

RCSB Contact Help
Home — Us
BETA minCIF files Welcome ta the PDB, the 3ingle worldwide repositary for the  [id you find wiat you
pracessing and distr{bution of 3- D biolagicsl macromalecular wanid?
Current Holdings structure data
19623 Structures ABOUT PDB | DATA UNIFORMITY | RECENT FEATURES | HSER EHIBESI
19623 Structures 3

EILE FORMATS | EDUCATION |

STRUCTURAL GENOMICS | I
SOFTYARE

Search the Archive ) PDBE Mirrors
Enter aPDBID or keyword oy pypyris) | Pinsss boskmar  rime
s
[ ((Fid a structue | San Disge
[ query by PBB id only [0 matoh exactmord Genter”
[ remove sequence homologues Fulers University”
tistional insgt s of
Molecule of the Manth: Usbonal Insfitts of
Citochromee Searchlite keywerd seareh form with examples ‘Stendards and Technelogy®
Cotochrome & SearchFisidn sustomizable searsh form Cambridgs Crystalogmapiic
Statua Search find entr t I et 1 =
The Pratein Data Bank (PDE) is a Search find entries awaiting release Dsta Centrs, UK.
operated by Rutgers, The State tistional University of
Univarsity of few Jérsey; the San 2 =
omplets tiews el frc
e el ol News  Gmss Sibseribs Ongha Uniwersity, Janan
and the National Institute of Standards | 23, Dee.2002 Universidads Fadsrsl de
and Teohnolagy — tree menbers of Happy Holidays from the PDB! The PDB Mines Serals, Erazl

the Besearsh Collsboratory for Max Delbriick Ganter for
Struotural Bloinformatics (RESE). The | 10T #ish to extend our best wrishes to the Malecular Wedicing,
POB I Suppor ted by funde from the somumunty fos a heppy holidey sewon.end Germany
Hational Seience Foundstion, the & wonderful new year!

Dsactuentof vy, ard o s of OTHER 3ITES

National nstitutes of Health: the STHERSIES
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Structural Databases

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

Structure Explorer - IPSY

.,..ﬁ:i%[,%K Structure Explorer - 1P5Y

Tile How Regions 0f The C: Feline Matants

Classgicaion VirusViral Proein

Comporsad  Mol_1d:1; Molkeule: Coat Potein Vpa2; Chain: A; Fragment: Sequence Database Residues 190-T37; Engincereds Yes; Matation: Yes
ethod Xorsy Difeaction

View Structure

Sequence Details

Explore.
Searciliie SearchFikds

g v esb ong pdb el explore. el

raphicsipdbld=1PSY page-pid-1 73361064349 344&bio- 1&kopt-showesize 500

2003
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Structural Databases

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

=  GENOME Resources
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Genome Resources

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

T [ I

[ B

Human (Homo sapiens) Genome Browser Gateway.

Sl o ) T Aot 1 Uty & s 2 s et
camo genom assomby poston sosentom

Clckhere o st he rowsee user nttace setings o e Gt
iackseneh ) it [snckintn) [ cohpen e i

Human Ganome Browser - hg19 assembly (sequences) (Firemom o !

‘Sample position queries

a0 mRNA o EST o STS mark

Request: ‘Ganome Srowser Response:
an Displas lofcramosome 7

€U gOOTZ12  Dplays llfne unplacedcontg 0212

2p13 Dsplays regenfor band p13 on iy 20

311000000 Drsplay s i basesof e 3, countng rom - elomers

1000000

art o 15013
a1 15013 s for ol e quenes, sch s behwoen Uy deormined ESTs, MANAS, rofSoas, ol
b3Sz 000

o165%040 Incue
precint I
‘Acoton D<pias oo ofcono wih GanBank accassion ACO0BT01
Aot Displays e of mRNA with Genak accesson mber AFO3611
PRNP
017414 Diplays h 6900 of onome wih RofSoq e 017414
Ne_Dsa110 Displays th rgion of gnoma with potein accosion umbor NP_050110
proudogen mRNA  Lissranscrbed peudogenes, bt ol ONAS
poxcastal Lt MRNAGforcoudal nomebox e

e fngor Lts many e fgor mRNAS
uppelzn fager Lissanykuppel ke znc ngers
untingion it canddiat gonesassocalod with Huntglo'sdiscase
zatior Lists mRNAS dogosied by cens named Zafir
Evans I Lists mRNAS doposiod by co.auhor JE Evans

PCEITEC
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Genome Resources

1 Human Genome Browser http://genome.ucsc.edu/cgi-bin/hgGateway
|stiaa[y I

T G o e |

5 # O

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

hr115246,006.5248301 1606 bp -

2] down o oorde acks. Drag ackslfi o gt 10 now poston.
it blow and ress rfesh oo acks dsplayed

comprann) | U0 =5
Leooseaat) 1t it ofoms i automacal bo dslayed oo compact modos L2245 |

a2 Mapping and Sequencing Tracks

e Chinmosome fand STS Maers ®ESHGoes Boconn e D9CODE
i ot St DeSugeon (it 3
e MRS MR RS R

o DFosmdb

bare o GRC ncens
[~ I o

e T+ e ]
14 50g Dt v Tk Ry o Reseme
et [ =omill ol o
a ns

B vin OcineR Out o 15

[Wdo T [ -7 (R T

SIS eca ©rco smmnon ®rcoraion, ONGLM

oo e [ = o

PCEITEC
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Genome Resources

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

[Ty T | P [ T
€8 soemeuens s # O
Human Gene HBB (uc001mae.1) Descriptin and Page Index
Descrpton:Homo apiers oo, ot (159, TRNA
MM 30058 he s (5 oA Nttt
Fopsion-ganena G- gamma A ot
S provided by RerSe, 4 208 Pblcaion Nk Th RefSea ocod ol s gon.
Tarsrt oo combialon vdena  VOOIST 1 BUG50150 1[0 0000331 MRS ATles ENDH
Tanscrphion vomoseme: 11 Skands S 1608 Siar 245,605 End 243 301 Exon Count: 3
Coing s 1434 St 5246627 End: 5 248251 Exon Count.
[Sequence nd iva UnPros Commans Genete ssocaions CTD. icoara]
[RWA Sincro Proton Stucite |Or Spedes (GO Amolators _ RNA Descrpions Pamways
[Ovr ames |GeneRevews |Modo momatonthods
Ontaastupdatd: 2011 1221
= Sequence and Links o Tools and Databases
Pt 147 3a]
(GonoSoter [Genome brovser Praten FASTA [vsiGeno Tabe Scnema B0GPS
CoAP[Emsem ez Gono_|BxooPriner[Gonocats_[GanaNotwok
(Gt T [N NG (bR, sckon Lab_ WOPED
OMM  [PubMes Reaclame | Sanrd SOURCE Tredlam_|unfror
wipeda
= Comments and Descrpton Text from UniProtK®
10: i b
AName.Ful-Geta g, At Contain Recame Ful-LWW hamorphi
FUNCTION: ol n 010 oo o he kng 1 vanous serghrs s
FUNGTION. \Wnemar
INTERAGTION: L0005 10A2. RREXG-19, WAC-LD 15558, COL1 14650
TISSUE SPECIFGIT: R Do <ol
Gabelos el
P S niosyatd,
P Acoioson 9560 upon i xposurs aso
MASS SPECTROMETRY: Mace 1310 Meinod FAB. Ranon-3.42 Sttt 176724
IBAN) [MIM 140700] &
o Vi
oo ccoss o
Gncaty
a0 et
o
These st !

< o vs 3 o s © Tpars
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Genome Resources

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

e I

Get Genomic Sequence Near Gene
oo

o e
‘Sequence Retrieval Reglon Options:

“ promotet

jpsteam by 10 bases
7 5 UTR Exons

2 0 FASTA rocard por gone

o, ac ) wih &

'St UTR nd CDS partsof anexon o separat FASTA rcords

Noo:

‘Sequence Formatting Options:

 Exons n uppercase, oveyting s n lower case
DS i Upper case, UTR i ower case

Al ugper case

N lowercase

Mask eposts ¢ lolower case © 10N

PCEITEC
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Genome Resources

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

— T | E T ——m——"
&8 soumcsocss = - | 8- e gmoms pnsemcns BECE
s p— 01 5'page0 3paded strande- repestiasking-rons

ggascicgastcaagy

DCEITEC
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Genome Resources

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

5% B

(T

Sech | Browss  Tools Pos  Downlosd  Submt  News ABRC Stocks

The Arabidopsis Information Resource Broaking Nows

s ] Followour Twitrfood

molaboksm. gone exprosson, DNA o So6d Siocs, gen0mo maps, genei. and ysical i
marers, publcatons, Gano prodct

Soarch hratrs ind
Communiy data submissions. Geno Suctures ot updolod 1.2 mcs pr oar g

o Armbidopas Seerg
ar toproducos, Commitse
Stock ormation and rcarg o tha ABRC ars il negraed no TAIR
NewProtsin Chip and Cell
Canstcre, AR caled st he Carge nstiuon for Scence Deparimentof Pant 72, Culures at ABRC
Sickce . Bobgy and nded by ha Natonal Scence Foundaton wihadditonsl S ey 8,2012)
ot o TAIR sponsrs. ”

Anow prcion chp
(@ProteinChip 2) dovlopes
by M. Snydor and S Dinesh.
Kumar 1 non avaiabe. Call
ne PS5 (CCLBABAD)

Usidatos on TAI fnding o avaabo hre,

and dorvod om W20
ovloped by M enges and

ABRC cataiog

* . ‘Share Your Education
§ KN ¥ tair S

Lab usng Aabidops? Can

Click here fiodipphiciog
to try our new online USERERRR !0 on moortant
and submit the molecular function (e.8. protein kinase), biological mowng Aabdopss fom e

e o e oo

process (e.g. seed development), localization (s.g. plasma membrane)

o Interacting partner of your favorite gene.
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Genome Resources

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

°
\Egqiy tome rew comact avouus Login

Search Browse Tools Stocks Portals Download

The Arabidopsis Information Resource

The Arabidopsis Information Resource (TAIR) maintains a database of genetic and molecular
biology data for the model higher plant Arabidopsis thaliana. Data available from TAIR includes
the complete genome sequence along with gene structure, gene product information, metabolism,
gene expression, DNA and seed stocks, genome maps, genetic and physical markers,
publications, and information about the Arabidopsis research community. Gene product function
data is updated every two weeks from the latest published research literature and community data
submissions. Gene structures are updated 1-2 times per year using computational and manual
methods as well as community submissions of new and updated genes. TAIR also provides
extensive linkouts from our data pages to other Arabidopsis resources.

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

The NEW arabidopsis.org

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

\&pqir v cmma s o

The Arabidopsis Information Resource L [—

[Gome ==

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, 2006]

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

ASPB Presentations.

given at the ASPB meeting in
Boston have been made
available from the TAIR website
for download

S EEIITEC

95



Outline

Analytical Tools
Homology Searching
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Analytical Tools

Global versus Local alignment

Globalni ptiFazeni
SLAV------—--~ APATNIR------- PIQNYR-I--—--- AKSETQRYMVIE
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokalni pFifazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Curékova, 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

S EEIITEC
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Analytical Tools

1 Choosing the right type of alignment using dotplot

filtrace diagonal
kratSich nez 3

X ATTGATCGGTCTTGCACTGA| X

Sekvence X ATTGATCGGTCTTGCACTGA
Sekvence Y ATTGCTCGGTATTGCTCTGA

> 4
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

PCEITEC
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Analytical Tools

Examples of sequence alignment using dotplot

— — ——
A A A
B c D \
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
L] Dotplot can be obtained using BLAST2 (see further in the
presentation)

S EEIITEC

59



Analytical Tools

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

WDg &
nucleotide-nucleotide Eil—l'l/&kS l
i R @

Transl ati

results for an RID

EEEEEgeT
acaccateat cattatcake ategtbttgg gegeatgthg tgtggttoea
gcgtattaat

gepol |ataattaatt tattccacat gagatatgat atgatatact atgtatbttt
I [

ttatttgtaa acctttaata taacaagaac tacaaasaat gaaaa

¥

et subsequence From: To:
s
N BLAST! Rf'Resatquery | Resat al

PCEITEC
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BLAST

Basic Local Alignment Search Tool

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

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

= Showing the results Matice San 20

H
T 21
r -
. 241
& =1 - 5
- I EEEIE
A|TIG|C ,‘ihodnota nepéru G-A b - 20 1)z 4
Al 1] 0] o4 £ - R RIEER:
0 0 sl a1 2 2 s
TIoll 0 hodnota piru G-G L3 o[
Gl ol o] ¥ " 3o 11126
| L3 21 0 0 1[0 3 85
cjojojoOf1 | ] Sz -2-1[2 0 0]6
| 1 =3[=2 =2 w2 w2|e2 oz 2f2 8
| L 4|=3 4 -3 <2|-2 - -B| 4 2 6
" ¥ afe-2-2-2|2-2-2f2 4 2 4
Cvrckova, Uvod do praktické bioinformatiky ¥ S48 5 5|2 45|01 2-1]%
M Sl o w2127 0
w R i e R o e e Bl OO
G o EQln 8 KN T LVIFYW
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BLAST

Basic Local Alignment Search Tool

E= expectancy
value

[ >gi|5016088 |re [N 001101 2|
Length = 1753

Score = 1110 bits (560),
Identities = 965/1100 [B7%
Strand = Plus / Plus

=00
Query: 156 tggoatgtgcaaggecggattbgooggagacgatgotocoogegoe 215 |
I\I\I\HHIIIIIIIII\I\HIHHHH\IIHHIIIIIIIIIHH 250 1500
Shjet: 101 cgacaacggctcoggcatgtgeaaggecggettegegggegacgatgecccecgggee 160
Query: 216 gtcttcccatcgattgbtgggacgteccocgteaccagggtgtgatggloggeatgggecag 275 | ——
) I\I\I\IHIIIIIIIIH\I\\\I\HIHHHHIIIIIIIIH\I\ =
shjet: 161 gtctteccotocategtggggcgceccaggeaccagggegtyatagtgggcatgggteag 220 (=
DQuery: 276 aaggactegtacgtgggtgatgaggegeagageaagegtggtatectoaccotgaagtae 335 [
VITTE LT TETET TE TR LI T T TT T E
Shjet: 221 aaggattectatgtgggcgacgaggcecagageaagagaggeatecteaccetgaagtae 280 =

Query: 336 cccattgageacggtatcgtgaccaactgggacgatatggagaagatetggeaccacace

shjct: 281 cecatcgagoacggoatcgtcaccaactgggacgacatggagaaaatctggeaccacace 3

actin, beta [ACTE), mRNA

305

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

bEERREC

62



Primary Databases

. I <[

€ g

5} e

£ NC_002377.1: 145K..148K (2.9Kbp)~ | ‘X | | - I + T R
0 |145,400 (145,600 (145,800 (146 K [146,200 146,400 (145,800 (145,800 [147 K (147,200 [147,400 [147,600 |1

|

Genes
= 0|2 NP_059797.1
- NP_059797.1: two-component VirA-like sensor kinase T, 400 1,600 1,560 2R
total range: NC_002377.1 (145,694..148,183) s x o * — z
NP 0597971 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

e Goemec

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



BLAST

Basic Local Alignment Search Tool

s e T

o BLINK
Home  Taxonomy Report  Multiple Alignment  Blast

BLAST results for: gil Iref|NP_396486.1

Help.

Matching gis: 15163423,20141871,1019660.
Total (score > 100)

Selected: 147086 hits in 146754 proteins in 6309 species Fil

Other views (Reports): | Taxonomy report | | Multiple Alignment
Reset all fitters

P Choose Display Options

kinase fum tumefaciens str. C58]

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

1203 | pctaea (150205 | pactera [13] wetazon [1398|Fung [554] pans [8]vises (3978 1oe oters reset stecton

reset selection

score Length

833
833
033
633

*
*
*
*
*
* 833
*
*
*
*
-

main Database hi

Results: 1-100 NextPage Last

Protein Description

tuo component sensor kinase [Agrobacterium tumefaciens str. C58)

RecName: Full-Wide host range virh protein
virh [Plasmid pTic

Rort=HiR virh

hypothetical protein pTi-SAKURA_p142 [Agrobacterium tumefaciens)
i0rf140 (Agrobacterium tumefaciens)

A (Plasmid Ti]

virh protein

1.3 kDa protein [Agrobacterium tunefaciens]
vira (Agrobacterium rhizogenes]

gene

virh [Plasmid Ti]

DCEITEC
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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.
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BLAST

Specialized Versions
Currently there exists a lot of specialized versions of BLAST

L] TBLASTN
. Compares a protein query against the all six reading
frames of a nucleotide sequence database.

) TBLASTX

. Translates the query nucleotide sequence in all six
possible frames and compares it against the six-frame
translations of a nucleotide sequence database.
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BLAST

Specialized Versions

Currently there exist a lot of specialized versions of BLAST

PSI-BLAST (Position-Specific lterated Blast)

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

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

PSSM takes into account relative frequency of specific
aminoacid residue in a specific position within sequences

identified as similar in first step, which can mean functional
conservation.
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BLAST

Specialized Versions

Currently there exists a lot of specialized versions of BLAST

. PHI-BLAST (Pattern-Hit 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

68



BLAST

Specialized Versions
Example of search by PHI-BLAST

>gi|4758958 |ref |[NP 004148 .1| Human cAMP-dependent protein kinase
MSHIQIPPGLTELLOGYTVEVLROQPPDLVEFAVEYFTRLREARAPASVLPAATPROSLGHPPPEPGPDR
VADAKGDSESEEDEDLEVPVPERFNRRVEVCAETYNPDEEEEDTDPRVIHPKTDEQRCRLOEACKD ILLE
KNLDQE QLSQVLDAMFERIVKADEHVIDQGDDGDNFYVI ERGTYDILVTEDNQTRSVGQYDNRGE LA
LM SEGSLWGLDRVTFRRI IVEKNNAKKRKMFESFIESVPLLESLEVSERMEIVDVIGEK
IYKDGERIITQGEKADEFY ITESGEVSILIRSRTKSNKDGENQEVEIARCHKGOYFGELALVTINKPRAAL
AYAVCDVECLVMDVQAFERLLGPCMD IMERNISHYEEQLVEMEFGSSVDLGNLGY

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

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

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

Early Career Researcher Toolbox: Free Online Molecular Biology Tools

By Beth Kenkel

Beth Kenkel
September 12, 2023

Plasmid mapping

g, ediling or making plasm

Share this article

o000
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SnapGene

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

Visualize Your Data

with SnapGene

PCEITEC

https://www.youtube.com/watch?v=0sQh2s182WQ



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

Soubor Uprawy Zobrzen! Blitore Zisky Nisvoje Nspostds
A

e

) | [ ipiimmnceinim govistesfeteaibesgeneCmdShemetaie

[Emp—

Dissla Slings. @ Full Roport

TRa [ 1
oo 165576, uogalod on 27 2011
= summary

Official Symbol PHACTRA 105115 bl
il Fll o ohosphstaso 31 acin s 4150, LELE:

g 7PN
ISa0000204135, HPRD 07616, M.

0

oo sapens

s ©
Table of contents d

Summany

Genamie egions, vansere, s poncts
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Other On-Line Genome
Resources
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