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Bioinformatika — definice

Existuje mnoho rtznych definic — nejednotnost odrazi dynamicky rozvoj oboru.

Bioinformatika — védni disciplina, ktera vyuzivad vypocetni techniku (pocitace) pro
shromazdovani, vyhledavani, manipulaci a distribuci informaci o biologickych
makromolekulach (DNA, RNA, proteiny). Luscombe et al.

Bioinformatika — nova disciplina na rozhrani pocitacovych véd, informacnich
technologii, matematiky a biologie a zahrnuje studium a praktické uchovavani,
vyhledavani, zobrazovani, manipulaci a modelovani biologickych dat. r. panticek

Bioinformatika (zaméreni na sekvence) vs. vypocetni biologie (vSechny oblasti
biologie zahrnujici vypocty).

Bioinformatika: vyvoj vypocetnich nastrojl a databazi + jejich aplikace



Bioinformatika — aplikace
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Figure 1.1: Overview of various subfields of bioinformatics. Biocomputing tool development is at the
foundation of all bioinformatics analysis. The applications of the tools fall into three areas: sequence
analysis, structure analysis, and function analysis. There are intrinsic connections between different
areas of analyses represented by bars between the boxes.

ESSENTIAL BIOINFORMATICS,
Jin Xiong, 2006



Molekularné biologicka data, databaze

* Molekularné biologicka data: sekvence a struktury proteinu a
nukleovych kyselin, genomy, struktury (introny, exony) a funkce genu,
metabolické a signalni drahy, organely...

* Rozvoj vykonnych technologii (automatické sekvencovani, MALDI-
TOF, NMR spektroskopie, proteinova krystalografie) koncem
minulého stoleti ved| k obrovskému naristu mnozstvi biologickych
dat.

* Nutnost organizovaného ukladani, skladovani a manipulace s
velkym mnozstvim dat vedla ke vzniku bioinformatiky.



Molekularné biologicka data, databaze
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Rozdéleni databazi

* Primarni databaze: anotované sekvence nukleovych kyselin nebo
proteiny

* Sekundarni databaze: informace odvozené z primarnich databazi ve
formé charakteristickych vzoru sekvenci, tj. funkénich nebo
strukturnich motivl ziskanych srovnanim primarnich dat (sekvenci).

* Strukturni databaze: struktury proteint (nukleovych kyselin) a jejich
anotace.

* Genomové databaze: genomy organismu.
* Databaze specializované vs. univerzalni
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Rozdéleni databazi

The 27th annual Nucleic Acids Research database
issue and molecular biology database collection

Nucleic Acids Research

http://www.oxfordjournals.org/nar/database/a/
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ABSTRACT

The 2020 Nucleic Acids R h Datab Issue
contains 148 pap i lecular biology.
They include 59 papers reporlmg on new databases
and 79 covering recent changes to resources previ-
ously publlshed in the issue. A further ten papers
are b most ly
elsewhere Thls issue ins three b
articles: AntiBodies Chemically Defined (ABCD) cu-
rates antibody sequences and their cognate anti-
gens; SCOP returns with a new schema and breaks
away from a purely hierarchical structure; while
the new Alliance of Genome Resources brings to-
gether a number of Model Organism databases
to pool knowledge and tools. Major returning nu-
cleic acid databases include miRDB and miRTar-
Base. Datab for p i analysis in-
clude CDD, DisProt and ELM, alongslde no fewer
than four newcomers coverlng proteins mvolved
in llquld—llquld phase sep In

and sig P Ci R and
Metabollghts all contrlbute papers. PATRIC and Mi-
croScope update in microbial genomes while human
and model organlsm includ

and UCSC Genome
ins are d
updates from IPD-IMGT/HLA and AFND, as well
as newcomers VDJbase and OGRDB. Drug design
is catered for by updates from the IUPHAR/BPS
Guide to Pharmacology and the Therapeutic Tar-
get Database. The entire Database Issue is freely
available online on the Nucleic Acids Research web-
site (h /I ic.oup. /nar). The NAR online
Molecular Biology D: base Collection has been re-
vised, updating 305 entries, adding 65 new resources
and eliminating 125 discontinued URLs; so bringing
the current total to 1637 databases. It is ava|lable at
http://ww journals.org/nar/

NEW AND UPDATED DATABASES

The year 2020 sees the Nucleic Acids Research Database
Issue reach its 27th annual issue. As usual, the 148 papers
included span the full range of biological research. This year
there are papers on 59 new databases (Table 1) while 79
resources provide Update papers covering recent develop-
ments. A further 10 papers cover updates of databases most
recently published elsewhere (Table 2). The issue begins with
reports from the major database providers at the U.S. Na-
tional Center for Biotechnology Information (NCBI), the
European Bioinformatics Institute (EBI) and the National
Genomics Data Center (NGDC) in China, a new venture
encompassing the previously published Beijing Institute of
Genomics Data Center. Further papers are grouped in the
now-familiar fashion: (i) nucleic acid sequence and struc-
ture, transcriptional regulation; (ii) protein sequence and
structure; (iii) metabolic and signaling pathways, enzymes
and networks; (iv) genomics of viruses, bacteria, protozoa
and fungi: (v) genomics of human and model organisms
plus comparative genomics; (vi) human genomic variation,
discases and drugs; (vii) plants and (viii) other topics, such
as protecomics databases. As ever, the discipline-spanning
nature of many modern resources means that readers are en-
couraged to browse the whole issue. The Nucleic Acids Re-
search online Molecular Biology Database Collection, clas-
sifies databases more finely using 15 categories and 41 sub-
categories, and can be found at http://www.oxfordjournals.
org/nar/database/c/.

Among the major global centers, the NCBI (1) reports
updates across many databases and interfaces. For exam-
ple, gene searches can now cleverly retrieve orthologs from
(subsets of) vertebrates. The EBI paper (2) includes strik-
ing figures that illustrate the deep inter-connectedness of
its hosted databases, as well as their myriad links to exter-
nal resources. It also describes a significant new arrival, the
Biolmage Archive. The paper from the National Genomics
Data Center (3) includes descriptions of their rapidly ex-
panding suite of databases, some featured in detail eclse-
where in this Issue. They report that their database for raw
sequence reads, the Genome Sequence Archive, now occu-
pies more than a petabyte.

https://academic.oup.com/nar/issue/48/D1
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EBI

The European Bioinformatics Institute in 2020:
building a global infrastructure of interconnected data
resources for the life sciences
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ABSTRACT

Data at the Europ ‘matics In-
stitute (EMBL-EBI, https://www.ebi.ac.uk/) archive,
organize and provide added-value analysis of re-
search data produced around the world. This year’s
update for EMBL-EBI focuses on data exchanges
among resources, both within the institute and with
a wider global infrastructure. Within EMBL-EBI, data

data a rich network of
data flows mediated by d sy This net-
work ensures that users are served with as much
information as possible from any search and any
starting point within EMBL-EBI's websites. EMBL-
EBI data resources also exchange data with hun-
dreds of other data resources worldwide and collec-
tively are a key component of a global infrastruc-
ture of interconnected life sciences data resources.
We also describe the Biolmage Archive, a deposi-
tion database for raw images derived from primary
research that will supply data for future knowledge-
bases that will add value through curation of pri-
mary image data. We also report a new release of the
PRIDE with an impi i infras-
tructure, a new API, a new webpage, and improved
data exchange with UniProt and Expression Atlas.
Training is a core mission of EMBL-EBI and in 2018
our training team served more users, both in-person
and through web-based programmes, than ever be-
fore.

INTRODUCTION: ARCHIVAL RESOURCES AND
KNOWLEDGEBASES

EMBL-EBI data resources cover the entire range of molec-
ular biology and include nucleotide sequence data, protein
sequences and families, chemical biology, structural biol-
ogy. systems, pathways, ontologies and the scientific liter-

ature. EMBL-EBI's data resources ¢
and make freely available to the pub
data.

Our resources (www.ebi.ac.uk/ser
or deposition databases that store
data submitted by rescarchers, as v
that integrate and add value to ex
many having both functions (1,2). A
sources, are open access and freely
worldwide at any time, and EMBL-
the concept of FAIR data (findable,
ble, and resuable) (3). In the case of t
Phenome Archive (www.el .uk/ey
man data consented for research, re
access from a data access committee

Deposition databases are reposito
mental data on behalf of the entire sc
serve as a key component of the sci
data types. These open and searchab
researchers with direct access to the t
access to and re-use of experiment;
nal results and, by combining multip
analytical insights. Deposition datab
ence data for the research communi
of search tools also allow researche
their own unpublished data with opr

Storing experimental data in arc
the first step in extracting knowle:
search. Added-value databases, or
on archival resources by providing
notation, reanalysis, and integratic
mental data. Knowledgebases may @
functionality such as searching, an
sualization, and linking to related
archival resources and knowledgeb:
and integrated analysis of archival
ide an opportunity to reuse
ries. The Biolmage Archive (
bioimage-archive/), introduced belo
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ABSTRACT

The National Center for Biotechnology Information
(NCBI) provides a large suite of online resources
for biological information and data, including the

maintains has expanded enormously and can be generally
grouped into six categories: Literature, Health, Genomes,
Genes, Proteins and Chemicals (Table 1). NCBI provides
facilities for submitting and downloading data, analysis

GenBank® nucleic acid sequence database and the
PubMed of citati and pub-
lished in life science journals. The Entrez system
provides search and retrieval operations for most
of these data from 35 distinct databases. The E-
utilities serve as the programming interface for
the Entrez system. Custom |mp|ementabons of the
BLAST prog p q g
of many pecialized New re-
leased in the past year include a new PubMed in-
terface, a sequence database search and a gene
orthologs page. Additional resources that were up-
dated in the past year include PMC, Bookshelf, My
Bibliography, Assembly, RefSeq vural genomes, the
prokaryotic g

Workbench, dbSNP, BLAST, aner-BLAST IgBLAST
and PubChem. All of these resources can be ac-
cessed through the NCBI home page at www.ncbi.
nim.nih.gov.

INTRODUCTION
NCBI overview

The National Center for Biotechnology Information
(NCBI), a center within the National Library of Medicine
at the National Institutes of Health, was created in 1988 to
develop information systems for molecular biology. Since
that time the amount and variety of data that NCBI

and li software, educational events and mate-
rials about NCBI products, and software and serv to
support an ¢ ding developer ity. These services,
along with all other data resources, are available through
the NCBI home page at www.ncbi.nlm.nih.gov/. In most
cases, the data underlying these resources and executables
for the software described are available for download at
ftp.ncbi.nlm.nih.gov.

This article provides a brief overview of the NCBI En-
trez system of databases, followed by a summary of re-
sources that were either introduced or significantly upddlcd
in the past year. More complete discu:
sources can be found on the home pages of individual
databases, on the NCBI Learn page (ww .nlm.nih.
gov/learn/) or in the NCBI Handbook (www.ncbi.nlm.nih.
gov/books/NBK143764/).

The Entrez system

Entrez (1) is an integrated database retrieval syste
provides access to a diverse set of 35 databases that to-
gether contain 2.7 billion records (Table 1 and Figure 1).

Links to the web portal for each of these are

DDBJ

DDBJ Database updates and computational

infrastructure enhancement
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ABSTRACT

The Bioinformation and DDBJ Center (https:/www.
ddbj.nig.ac.jp) in the National Insmute of Genet-

ics (NIG) a primary /!
asa of the i Nucleotid
Database Collab 1 (INSDC) in part-

nershlp with the US National Center for Biotech-
nology Information and the European Bioinformat-
ics Institute. The NIG the NIG

puter as a computational basis for the construction
of DDBJ databases and as a large-scale p

collaboration with GenBank (2) at the US National Cen-
ter for Biotechnology Information (NCBI) and in partner-
ship with the European Nucleotide Archive (ENA) (3) at
the European Bioinformatics Institute (EBI). The collabo-
rative framework is called the International Nucleotide Se-
quence Database Collaboration (INSDC) (4), and the prod-
uct database from this framework is called the International
Nucleotide Sequence Database (INSD).

Within the INSDC framework, the DDBJ Center also
services the DDBJ Sequence Read Archive (DRA) for raw
sequencing data and alignment information from high-
throughput sequencing platforms (5), the BioProject for se-

tional for Ji biol and medi-
cal researchers In order to accommodate the rapidly
of deoxyril amd (DNA) nu-
data, NIG replaced its

puter sys(em, which is designed for big data anal-
ysis of genome data, in early 2019. The new sys-
tem is equipped with 30 PB of DNA data archiving
storage; large-scale parallel distributed file systems
(13.8 PB in total) and 1.1 PFLOPS computation nodes
and graphics processing units (GPUs). Moreover, as
a starting point of developing multi-cloud infrastruc-
ture of informatics, we have also installed an au-
tomatic file transfer system that allows users to pre-
vent data lock-in and to achieve cost/performance
balance by exploiting the most sui envir

project it and BioS: le for sample in-
formation (1,6). This comp resource of nucleotide
sequences and associated biological information complies
with the INSDC policy that guarantees free and unre-
stricted access to data archives (7). In addition to these
INSDC databases, the DDBJ Center has accepted func-
tional genomics experiments in the Genomic Expression
Archive (GEA) which is counterpart of the Gene Expres-
sion Omnibus at NCBI (8) and the ArrayExpress at EBI
(9). For human individual genotype and phenotype data
requiring authorized access, the DDBJ Center has pro-
vided the controlled-access database Japanese Genotype-
Archive (JGA) in collaboration with the Na-
ience Database Center (NBD(,) in the Japan
Science and Technology Agency (JST) since 2013 (10).
The supercomputer system operated by the NIG as

from among the supercomputer and public clouds
for different workloads.

INTRODUCTION

The DNA Data Bank of Japan (DDBJ) (https://www.ddbj.
Pl (1)is a public database of nucleotide sequences es-

provided on the Entrez global search page (www.ncbi.nlm.
nih.gov/search/). Entrez supports tex rching using sim-
ple Boolean queries, downloading of data in various for-
mats and linking records between databases based on as-
serted relationships. The LinkOut service expands the range
of links to include external resources, such as organism-
specific genome databases. The records retrieved in Entrez
can be displayed in many formats and downloaded singly

hed at the 1 Institute of Genetics (NIG) (https:
// /WW.nig.ac Jp/nlg) Since 1987, the DDBJ Center has been
d nucleotide s s as its traditional

database service. This end has been conducted in

ional infrastructure for du’clopmg the DDBJ
ddldbdsn is also provided for use as ldrgr. -scale compu-
tational resources to Japanese researchers in the fields of
medicine and biology (11). In early 2019, the NIG super-
computer system was ref din order t date the
recent rapid growth of the genome data archives.

In the present article, we report on updates to the above-
mentioned services at the DDBJ Center, and on the new su-
pcru)mpulu' system. All of the resources described here are

able from https://www.ddbj.nig.ac.jp. and most of the
dn.hnal data can be downloaded at ftp://ftp.ddbj.nig.ac.jp.
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ABSTRACT

The National Genomics Data Center (NGDC) provides
a suite of database resources to support worldwide
research activities in both academia and industry.
With the rapid advancements in higher-throughput
and lower-cost sequencing technologies and accord-
ingly the huge volume of multi-omics data generated
at exponential scales and rates, NGDC is continually
expanding, updating and enriching its core database
resources through big data integration and value-
added curation. In the past year, efforts for update
have been mainly devoted to BioProject, BioSam-
ple, GSA, GWH, GVM, NONCODE, LncBook, EWAS
Atlas and IC4R. Newly released resources include
three human genome databases (PGG.SNV, PGG.Han
and CGVD), eLMSG, EWAS Data Hub, GWAS Atlas,
iSheep and PADS Arsenal. In addition, four web ser-
vices, namely, eGPS Cloud, BIG Search, BIG Sub-
mission and BIG SSO, have been significantly im-
proved and enhanced. All of these resources along
with their services are publicly accessible at https:
//bigd.big.ac.cn.

INTRODUCTION

The National Genomics Data Center (NGDC), officially
approved by the Ministry of Science & Technology and the
Ministry of Finance of the People’s Republic of China in
June 2019, is a national-level center dedicated to advancing
life and health sciences by archiving, managing and process-
ing a wide range of genomics related data. NGDC is estab-
lished based on the BIG Data Center (1-3) at Beijing In-
stitute of Genomics (BIG) of Chinese Academy of Sciences
(CAS), jointly in close collaboration with two CAS institu-
tions, namely, Institute of Biophysics (IBP) and Shanghai
Institute of Nutrition and Health (SINH). Considering the

rapid advancements in higher-throughput and lower-cost
sequencing technologies, huge amounts of multi-omics data
are generated at ever-growing rates and scales. Therefore,
the primary mission of NGDC is to build archive platforms
and information systems, develop advanced algorithms and
tools to translate big data into big discovery, and provide
open access to a suite of database resources in support of
research activities of global users from both academia and
industry.

During the past year, NGDC has expanded, updated
and enriched the amount and type of data through big
data integration and value-added curation, particularly
by close collaboration with IBP and SINH, with signif-
icant improvements and advances over the previous re-
lease. In terms of data attribute and curation intensity,
database resources in NGDC can be generally divided into
three categories: Data—raw sequence data and metadata,
Information—value-added standardized information, and
Knowledge—curated knowledge and knowledge graphs.
Here, we provide a brief summary of new developments
and recent updates, and describe the core resources and ser-
vices of NGDC (Figure 1). All resources, along with their
services, are publicly accessible through the home page of
NGDC at https://bigd.big.ac.cn.

NEW DEVELOPMENTS
Human genome resources

PGG.SNYV (http://www.pggsnv.org) (4) is a human genome
database, which gives much higher weight to previously
under-investigated indigenous populations in Asia, as these
genomes harbor an enormous number of variants that have
not been observed in the extensively studied populations
of European ancestry. In the current version, PGG.SNV
archives 265 million single nucleotide variants (SNVs)
across 220 147 present-day human genomes and 1018 an-
cient genomes and estimates their frequencies in 977 diverse
populations, including 1009 newly sequenced genomes rep-



Strukturni databaze

* PDB — Protein Data Bank. Databaze obsahuje experimentalné ziskané
struktury proteinu, nukleovych kyselin a komplext informacnich

Molecular Type X-ray|? NMR EM Multiple methods Neutron Other  Total
Protein (only) 132997 11479 4105 160 67 32 148840
Other 8027 92 479 6 0 4 8608
Protein/NA 7063 265 1442 3 0 0 8773
Nucleic acid (only) 2095 1309 47 6 2 1 3460
Total 150182 13145 6073 175 69 37 169681
* NDB — Nucleic Acid Database
NUCLEIC ACID A Portal for Three-dimensional Structural Information about Nucleic Acids
DATABASE As of 7-0ct-2020 number of released structures: 11005
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Predikce 2-D struktury proteinu, predikce 3-D struktury proteinu
Threading, Homology modeling, Ab initio
Predikce genti
Predikce genl u prokaryot a eukaryot, predikéni nastroje a postupy



Biomakromo

Biomolekuly jsou
pfirozenou soucasti
zivych organismu.

Biomolekuly

ekuly

Velké molekuly. Typické malé
molekuly jsou tvoreny nékolika
atomy aZ nékolika sty atomu.
Makromolekuly tvofi tisice az
miliony atomu.

Zakladni stavebni
jednotky hmoty. Jsou
tvoreny atomy, které

navzajem spojuji

kovalentni vazby.

Biomakromolekuly

Proteiny

Nukleové kyseliny

Polysaccharidy

Makromolekuly




Makromolekula

Nukleova kyselina

Protein

Polysacharid

Sekvence biomakromolekul

Stavebni jednotky
Nukleotidy

Aminokyseliny

Monosacharidy

Typ vazby
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Nukleové baze
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Aminokyseliny
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Aminokyseliny

Aminokyseliny
s podobnymi
vlastnostmi mohou
plnit v proteinu stejné
funkce — byvaji
vzajemneé zastupitelné

CH, T) T)
H,C H3C
® OH = OH
Isoleucine Leucine

aliphatic

e ]

non-polar

tiny
small

positive




Polysacharidy

Komplikované sekvence — alignment se neprovadi

Nb Isomers

Hexasaccharides
> 1012
(for 6 hexopyranoses)

Hexapeptides
64 10°
(20 amino acids)

Fucal-2

Gala1-3Galf31-4/GIcNAcB-

Fucal-3

Galal-3(Fucal-2)Galpf1-4(Fucal-3)
GIlcNACcB-



Polysacharidy

Komplikované sekvence — alignment se neprovadi

PocCet druh

zakladnich stavebnich 20 (22) 4 (DNA) "desitky”
. 4 (RNA)

jednotek

Pocet typl 1 . 2 x4 (pro

vzajemnych vazeb hexosu)



Prace se sekvencemi

Vyskytuje se shodna/podobna
sekvence (protein/DNA) v
databazi?

Jak podobné jsou podobné
sekvence?

Jsou podobné, shodné, odlisné?

Alignment — srovnani (prilozeni)
dvou Ci vice sekvenci
(aminokyselinovych,
nukleotidovych) na zakladé jejich
vzajemné podobnosti.

ATGTCTACTCCTGGAGCACAGCAAGTCCTCTTCCGCACCGGAATTGCCGCGGTCAACTCAACCAACCATCTCCGTGTTTACTTCCAGGATGTCTATG
GCAGTATTCGCGAGAGTCTCTACGAGGGCAGCTGGGCTAACGGCACCGAAAAGAACGTTATCGGCAATGCTAAGCTTGGCAGCCCTGTGGCCGC
GACTTCTAAGGAGCTGAAGCATATCCGTGTCTACACCCTCACTGAAGGAAACACCCTACAGGAGTTCGCCTACGACTCCGGAACCGGATGGTACAA
CGGCGGGCTGGGCGGTGCAAAGTTCCAAGTCGCACCCTACTCTCGCATTGCTGCCGTGTTCCTAGCCGGAACAGATGCATTGCAGTTGCGAATCTA
TGCACAGAAGCCAGATAACACAATCCAGGAGTATATGTGGAACGGCGATGGCTGGAAGGAGGGCACCAACCTGGGAGGTGCTCTCCCCGGCACT
GGAATCGGAGCCACCTCCTTCCGCTATACCGACTACAATGGCCCAAGCATCCGGATCTGGTTCCAAACTGACCTCAAACTCGTCCAAAGAGCCTAC
GACCCGCACAAAGGCTGGTACCCGGACCTCGTCACCATCTTTGACAGGGCACCGCCACGTACGGCCATTGCAGCCACCAGCTTTGGAGCCGGCAA
CAGTTCCATCTACATGCGTATCTACTTTGTCAATTCGGACAACACTATCTGGCAGGTCTGCTGGGACCACGGCAAGGGCTATCACGACAAGGGAAC
CATCACCCCAGTCATTCAGGGCTCGGAGGTCGCCATTATCAGCTGGGGCAGTTTCGCCAATAACGGGCCGGATCTGCGTCTGTACTTTCAGAATGG
AACATACATTAGTGCTGTGAGCGAGTGGGTTTGGAATCGGGCACATGGGTCGCAGTTGGGCAGAAGTGCTCTTCCTCCTGCTTGA

ATGGCTGATTCTCAAACGTCATCCAACCGCGCCGGCGAATTCTCGATTCCGCCGAATACCGATTTCCGCGCGATTTTCTTCGCGAATGCCGCCGAGC
AACAGCACATCAAATTGTTCATCGGCGACAGCCAGGAACCCGCCGCGTATCACAAGCTGACGACGCGCGACGGCCCGCGCGAAGCCACGCTGAAT
TCCGGCAACGGCAAGATCCGTTTCGAGGTGTCGGTGAACGGCAAGCCGTCGGCGACCGACGCGCGTCTCGCGCCGATCAACGGCAAGAAGTCGG

ACGGCTCGCCGTTCACGGTCAACTTCGGGATCGTCGTGTCGGAAGACGGCCACGACAGCGACTACAACGACGGCATCGTCGTGCTCCAGTGGCCG
ATCGGCTGA

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCCCCGACCGTGATTGATGGTCGCCACCTG
TATGTTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGATAGCCGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGA
AACCGCGCTGGCGCTGCGCGCGGAAGTGAGCGTGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGC
GTGATGCCGCCACCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGATCATTATTGGCGCAGCGATGTGCTGGCG
GCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCGTGAGCGGTTATTTTCGTTGGGAAACCAGCATTGAAATTGC
GGGCAGCCAGCCGGATACCAAACAGCCGGGCTTTAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGA
TCTTCTATGCGAACGCGGCGGATCGTCAGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTAACAGCGAAGAT
GGTGTGCGTCTGTTTACCCTGAATAGCAAAGGTGGTAAAATTCGTATTGAAGCGAGCGCGAACGGCCGTCAGAGCGCGACCGATGCCCGTCTGGC
GCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGCTGGCTGGGCGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTCTGCAG
TGGCCGATTACCTAA

ATGTCGAGCGTTCAAACCGCTGCCACTTCGTGGGGAACCGTACCGTCGATCCGTGTGTACACGGCCAATAATGGCAAGATCACCGAGCGATGCTG
GGACGGGAAGGGGTGGTACACCGGTGCCTTCAACGAGCCCGGCGATAACGTCTCCGTAACCAGCTGGCTGGTCGGCAGCGCGATCCATATCCGC
GTCTATGCAAGCACCGGCACCACGACCACGGAGTGGTGCTGGGACGGCAACGGCTGGACCAAGGGCGCCTACACCGCCACGAACTGA

ATGCCGCTGCTGAGCGCCAGTATCGTGAGCGCGCCGGTGGTGACCAGCGAAACCTATGTGGATATTCCGGGCCTGTATCTGGATGTTGCGAAAGC
CGGTATCCGTGATGGCAAACTGCAGGTTATCCTGAATGTGCCGACCCCGTATGCGACGGGCAATAACTTTCCGGGTATTTATTTTGCGATCGCCAC
CAACCAGGGCGTGGTGGCGGATGGTTGCTTTACGTATAGTAGCAAAGTGCCGGAAAGTACGGGCCGTATGCCGTTTACCCTGGTTGCGACCATTG
ATGTGGGTAGCGGTGTTACCTTCGTGAAAGGTCAGTGGAAATCTGTTCGCGGCTCTGCGATGCATATTGATAGCTATGCAAGCCTGAGTGCGATTT
GGGGCACCGCGGCACCGAGTTCTCAGGGTTCTGGTAACCAGGGTGCGGAAACGGGTGGCACCGGTGCCGGTAATATTGGTGGCGGCGGTGAAC
GTGATGGCACCTTTAATCTGCCGCCGCATATTAAATTCGGTGTTACCGCGCTGACCCACGCGGCGAACGATCAGACCATTGATATTTATATTGATGA
TGATCCGAAACCGGCAGCCACCTTTAAAGGCGCGGGCGCGCAGGATCAGAACCTGGGTACCAAAGTGCTGGATTCTGGCAATGGCCGTGTTCGC
GTTATCGTTATGGCGAACGGCCGTCCGAGCCGCCTGGGTTCTCGTCAGGTGGATATTTTTAAAAAATCTTATTTCGGTATTATTGGCTCTGAAGATG
GTGCGGATGATGATTATAACGATGGCATCGTGTTTCTGAACTGGCCGCTGGGCTAA

ATGCCGCTCCTGAGCGCCAGTATCGTGAGCGCGCCGGTGGTGACCAGCCAAACCTATGTGGATATTCCGGGCCTGTATCTGGATGTTGCGAAAGC
CGGTATCCGTGATGGCAAACTGCAGGTTATCCTGAATGTGCCGACCCCGTATGCGACGGGCAATAACTTTCCGGGTATTTATTTTGCGATCGCCAC
CAACCAGGGCGTGGTGGCGGATGGTTGCTTTACGTATAGTAGCAAAGTGCCGGAAAGTACGGGCCGTATGCCGTTTACCCTGGTTGCGACCATTG
ATGTGGGTAGCGGTGTTACCTTCGTGAAAGGTCAGTGGAAATCTGTTCGCGGCTCTGCGATGCATATTGATAGCTATGCAAGCCTGAGTGCGATTT
GGGGCACCGCGGCACCGAGTTCTCAGGGTTCTGGTAACCAGGGTGCGGAAACGGGTGGCACCGGTGCCGGTAATATTGGTGGCGGCGGTAAGCT
TGCGGCCGCACTCGAGATCAAACGGGCTAGCCAGCCAGAACTCGCCCCGGAAGACCCCGAGGATGTCGAGCACCACCACCACCACCACTGA



Prace se sekvencemi

Vyskytuje se shodna/podobna
sekvence (protein/DNA) v
databazi?

Jak podobné jsou podobné
sekvence?

Jsou podobné, shodné, odlisné?

Alignment — srovnani (prilozeni)
dvou Ci vice sekvenci
(aminokyselinovych,
nukleotidovych) na zakladé jejich
vzajemné podobnosti.

MSTPGAQQVLFRTGIAAVNLTNHLRVYFQDVYGSIRESLYEGSWANGTEKNVIGNAKLGSPVAATSKEL
KHIRVYTLTEGNTLQEFAYDSGTGWYNGGLGGAKFQVAPYSRIAAVFLAGTDALQLRIYAQKPDNTIQE
YMWNGDGWKEGTNLGGALPGTGIGATSFRYTDYNGPSIRIWFQTDDLKLVQRAYDPHKGWYPDLVTIFD
RAPPRTAIAATSFGAGNSSIYMRIYFVNSDNTIWQVCWDHGKGYHDKGTITPVIQGSEVAIISWGSFAN
NGPDLRLYFQNGTYISAVSEWVWNRAHGSQLGRSALPPA

MADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHKLTTRDGPREATLNSGNGK
IRFEVSVNGKPSATDARLAPINGKKSDGSPFTVNFGIVVSEDGHDSDYNDGIVVLQWPIG

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDQLHLRETALAL
RAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFA
VCDRDGTVSGYFRWETSIEIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKAIFYANAADRQDLKLFID
DAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDARLAPLSAGDTVWLGWLGAEDGADAD
YNDGIVILQWPIT

MSSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSVTSWLVGSAIHIRVYASTG
TTTTEWCWDGNGWTKGAYTATN

MPLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVV
ADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGS
GNQGAETGGTGAGNIGGGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQ
NLGTKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

MPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVV
ADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGS
GNQGAETGGTGAGNIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH



Vyznam alignmentu

* |dentifikace sekvence v databazi

* Hledani podobnych sekvenci v databazi
* Detekce mutaci

* Hledani konzervovanych casti sekvence

 Odhalovani pfibuzenskych vztah( .. >

LPPNTAFFAIFYANAADROQDLELFIDDAPE TFVGNSEDGVRL--FTLNSEGGEIRIE
IPPNTDFRAIFFANAAEQOQHIKLFIGDSQE YHELTTRDGPRE- -ATLNSGNGEIRFE
L

* Predpoved funkce makromolekuly

LPPHIKFGVTALTHAANDQTIDIY¥IDDDPK TFEGAGAQDQNLGTEVLDSEGNGR I
NI GVTALVNSSAPQTIEVFVDDNPK TFQGAGTQDANLNTQIVNSGEGK v

1PPn-aFg---lanaad-QtiklfidD-p-PAAtfkgag-----1-t-tlnSgnGkiRve

AS ROSATDARLAPLSAGD------ TVWLGWLGA VI IT
Vs KPSATDARLAPINGEKSDGSPFTVNFGIVVS s IG
VM RPSRLGSRQVDIFEKES-------- YFEIIGS D VF LG
VT EPSKIGSRQVDIFEET-------- YFELVGS AT LG

vsaNGrpSat--R---ifkks------ tvyfGivgsEDGaDaDYNDGIviLgWPig

* Predpoved vyssich struktur




Typy alignmentu

Pairwise alignment (parové prilozeni) — dvé sekvence

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM

v ’

Multiple sequence alignment (vicenasobné prilozeni) —
vice sekvenci

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM



Pairwise alighment

* Srovhani dvou sekvenci.

* Sekvence mohou byt priloZzeny v celé své délce (global alignhment)
nebo jen v uritém regionu (local alignment).

Vychazi z predpokladu, ze obé srovnavané
sekvence jsou viceméné shodné v celé své
délce. Alignment k sobé priklada celé sekvence
(od pocatku do konce) a to véetné Casti, které si
priliS neodpovidaiji.

Hleda useky dvou sekvenci, které si podle
zvolenych kritérii dobfe odpovidaji. Nesnazi
se zahrnout celé sekvence, pokud si jejich
nékteré ¢asti neodpovidaji.



Algoritmy

* Téemer vyhradne se uzivaji heuristické algoritmy — nalezeni vysledku

v dostatecné kratkém case.

 VVyvoj algoritmu je provadén v ndvaznosti na srovnavani vysledku s tzv.
zlatym standardem — alignment na zakladé znamych 3D struktur.

FASTA format

>nazev(_popis dle vlastni volby).
SEKVENCESEKVENCESEKVENCESEKVENCESEKVENCESEKVENCEA

POVINNE VOLITELNE

http://emboss.sourceforge.net/docs/themes/SequenceFormats.html

>AFL
MSTPGAQQVLFRTGIAAVNLTNHLRVYFQDVYGSIRESLYEGSWANGTEKNVIGNAKLGSPVAATSKELKHIRVYTLTEGNTLQ
EFAYDSGTGWYNGGLGGAKFQVAPYSRIAAVFLAGTDALQLRIYAQKPDNTIQEYMWNGDGWKEGTNLGGALPGTGIGATSFRY
TDYNGPSIRIWFQTDDLKLVQRAYDPHKGWYPDLVTIFDRAPPRTAIAATSFGAGNSSIYMRIYFVNSDNTIWQVCWDHGKGYH
DKGTITPVIQGSEVAIISWGSFANNGPDLRLYFONGTYISAVSEWVWNRAHGSQLGRSALPPA

>BC2LA
MADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQOHIKLFIGDSQEPAAYHKLTTRDGPREATLNSGNGKIRFEVSVNGKPSATD
ARLAPINGKKSDGSPFTVNFGIVVSEDGHDSDYNDGIVVLQWPIG

> BC2LD
MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDQLHLRETALALRAEVSVLFIRFALKD
AGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQP
GFKPSSDRNGNFSLPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDAR
LAPLSAGDTVWLGWLGAEDGADADYNDGIVILQWPIT

>RSL
MSSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSVTSWLVGSAIHIRVYASTGTTTTEWCWDGNGWTK
GAYTATN

>gi|444369855|ref|ZP_21169562.1| fucose-binding lectin II [Burkholderia cenocepacia
K56-2Valvano]
MPLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPEST
GRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPS SQGSGNQGAETGGTGAGNIGGGGERDGTFNLPPH
IKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGS
EDGADDDYNDGIVFLNWPLG

>gi|283806765|pdb|2WQ4|A Chain A
MPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTY SSKVPEST
GRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDS YASLSAIWGTAAPS SQGSGNQGAETGGTGAGNIGGGGKLAAALEIKRA
SQPELAPEDPEDVEHHHHHH



Jak poznat dobré prilozeni?

MAM--UzZDOST--STAROSTISHAMIZ--NOSTIRATOLESTI

LT 1 |1
MAMRA--DOSTZESTARO-—-—-—--~- ZITNO---—-——-—= STI

18 shod

1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI

N R - e
1 MAMRADOSTZESTAR--—----- 0-Z----I--TNO-STI

17 shod, 3 podobnosti

1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI

R NN R R 1
1 MAMRADOSTZESTAROZITNO-----—=-———————~ STI

15 shod, 6 podobnosti

37

24

37

24

Scoring matrix (skérovaci matice)

* Dvé sekvence povazujeme za pribuzné,

vychazeji-li ze spolecného predka; pak dobu
potfebnou k jejich evoluci mizeme odvodit
z mnozstvi rozdilll mezi nimi

Zameéna aa je Castéjsi nez inserce/delece.
Pravdépodobnost zmény jedné aminokyseliny
na jinou je primo umérna podobnosti obou
aminokyselin.

Matice vznika prirazenim hodnoty
(pravdépodobnosti) jednotlivym dvojicim
aminokyselin v zavislosti na jejich vzajemné
,Zastupitelnosti” — pravdépodobnosti
substituce



Substitucéni skdrovaci matice

viceméne dva typy:
1. zalozené na zameénnosti genetického kédu nebo vlastnosti aminokyselin
2. odvozené z empirickych studii aminokyselinovych substituci (presné;jsi)

Nejvice pouzivané jsou empirické matice PAM a BLOSUM



PAM — Point Accepted Mutation

Constructed by Margaret Dayhoff in 1978.

Zahrnuje pravdépodobnost zamény jedné aminokyseliny v druhou béhem evoluce
Predpoklada, ze kazda dalsi mutace nezavisi na predchozi.

Odvozena z globalniho alignmentu rodin proteind
(Podobnost sekvenci v rodiné > 85%, vypoctena na zakladé 1572 zmeén
v aminokyselinovém slozeni v 71 proteinovych rodinach)
vysoka spolehlivost alignmentu
vysoka pravdépodobnost, Zze zaména aminokyseliny je dana jedinou mutaci

Vypoctena pravdépodobnost s jakou jedna AA se zméni na jakoukoliv jinou

PAM1 reflektuje primérnou zaménu 1% vSech aminokyselinovych pozic

PAM?250 (20% identita) je odvozena od PAM1
jeji 250-tinasobnou multiplikaci (250 mutaci na 100 aminokyselin)

VVVVV

k vysvétleni



PAM 1 matice

A R N D C
9867 2 9 10 3
9913 1 0 1

4 I 9822 36 0
0

)7

N

0 0 42 9859

A
R
D
c 1 1 0 0 9973

All entries x 104

34 ,
k vysvétleni



S <M< r—-—-ZAXTIOMUZAOD>» TV AHuLN

PAM 250 matice

small, polar
7

small, nonpolar
-1 4
-2 0 6
-2 -2 0 6
=1 -2 -1 1 6 polar or acidic
-1 -1 -2 0 2 5
-1 -1 -2 0 0 2 5
-2 -2 -2 1 -10 0 38 _
2 -1 -2 0 -2 0 1 0 5 basic
-1 -1 -2 0 -1 1 1 -1 2 5
-2 -1 -3 -2 -3 -2 0 -2 -1 -1 5
-3 -1 -4 -3 -3 -3 -3 -3 -3 -3 1 4
-3 -1 -4 =3 -4 -3 -2 -3 -2 -2 2 2 4
-2 0 -3 -3 -3 -2 -2 -3 3 2 1 3 1
-4 -2 -3 -3 -3 -3 -3 -1 -3 -3 0 0 O

P AG N D E Q H R K M I L

Positive score — frequency of
substitutions is greater than would have
occurred by random chance.

Zero score — frequency is equal to that
expected by chance.

Negative score — frequency is less than
would have occurred by random
chance.

large, hydrophobic

aromatic

m = W O

k vysvétleni



BLOSUM (Blocks Amino Acid Substitution)

1992, Henikoff and Henikoff
database BLOCKS — pouziva koncept ,blokd” k identifikaci proteinovych rodin

sekvencni motiv

* konzervovany aminokyselinovy Usek (conserved stretch of amino acids) spojeny se
specifickou funkci proteinu

sekvencni blok
* sparované motivy ze stejné proteinové rodiny bez mezer

 BLOSUM matice byly vytvoreny na zakladé substitucnich vzorua vice nez > 2 000
blok (< 60 residui) z 500 skupin protein(

* nebere v potaz evoluci

k vysvétleni



* BLOSUM®62 — znamena, ze ke konstrukci matice byly pouzity proteiny
s prumeérnou identitou 62%.

A .

A

C ]

E T
C

» vyskyt kazdého AMK paru v kazdém
sloupci kazdého bloku je secten

 Cisla ziskana ze vSech blokU slouzi pro
vypocet BLOSUM matrici

QP QPP
I
QP HHQ
1 | O | O [ |
R RPN DN

k vysvétleni



/7 VvV

Odlisné substitucni matice jsou pro odlisné ucely
Matrix __[Bestuse _|similarity (%)*

Cislovani

Pam40 Short highly similar alignments 70-90 .
PAM160 Detecting members of a protein family 50-60 BLOSUM Jde
PAM250 Longer alingments of more divergent sequences ~30 v Ovbralcenem
poradi oproti
BLOSUMO90 Short highly similar alignments 70-90 PAMW((\:,III’T )
mensi Cislo, tim
BLOSUMS0 Detecting members of a protein family 50-60 RN
o Y odlisnéjsi
BLOSUMG62 Most effective in finding all potential similarities 30-40
. . sekvence byly
BLOSUM30 Longer alingments of more divergent sequences <30

pouzity)

BLOSUM matice pracuji obvykle lépe nez PAM pro lokalni vyhledavani podobnosti (Henikoff & Henikoff, 1993)

"vwvrs vys

vvvvv

Pro prohledavani databazi je nejbéznéjSi BLOSUMG62 k vysvétleni



Mezery (gaps)

*  Mezery umoznuji alignment sekvenci, kdy

v jedné z nich doslo k deleci. Zvysuji vsak také Pri¢iny vzniku mezer:

moznost alignmentu nahodnych sekvenci. * Bodova mutace (velmi ¢astd pricina)

Jejich pfitomnost je proto vidy , penalizovana® * Nepresny crossover pri meidze (inzerce nebo delece retézce

Casto vice nezZ substituce. bazi)

. * DNA slippage béhem replikace (vznika repetice — opakujici
* Cim nizsi je penalizace mezer, tim lepsi se sekvence v retézci)

(dokonalejsi) bude alignment, ovsem * Inzerce retroviru

z biologického hlediska muze jit o nesmysl. * Translokace DNA mezi chromozomy

Mezery nachazime na zacatku retézce, uprostred nebo na jeho

* Jednotlivé programy obvykle penalizuji konci.

pritomnost mezery (gap open) a také zvysuji

penalizaci s délkou mezery (gap ext). G

Kratka mezera: CTGCGGG-—--GGTAAT

ATCTTCAGTGTTTCCCCTGTTTTGCCC-ATTTAGTTCGCTC

FEEEEEr et e et et et ettt NN N

ATCTTCAGTGTTTCCCCTGTTTTGCCCGATTTAGTTCGCTC --GCGG-AGAGG-AA-

Dlouha mezera: ﬁ ﬁ

ATCTTCAGTGTTTCCCCTGTTTTGCC === ——m—— == m——m———— ATTTAGTTCGCTC

PEEEEErr ettt e FEEEEETErr
ATCTTCAGTGTTTCCCCTGTTTTGCCCGCCCCCCCCCCCCCCCCCCCATTTAGTTCGCTC



Mezery (gaps)

Mezery umoznuji alignment sekvenci, kdy

v jedné z nich doslo k deleci. Zvysuji vSak také
moznost alignmentu nahodnych sekvenci.
Jejich pfitomnost je proto vidy , penalizovana®
Casto vice nez substituce.

svVv/

(dokonalejsi) bude alignment, ovsem
z biologického hlediska muze jit o nesmysl.

Jednotlivé programy obvykle penalizuji
pritomnost mezery (gap open) a také zvysuji
penalizaci s délkou mezery (gap ext).

Kratka mezera:
ATCTTCAGTGTTTCCCCTGTTTTGCCC-ATTTAGTTCGCTC

PEErrrrrrrrrrrrrrrrrrrr et rrr et
ATCTTCAGTGTTTCCCCTGTTTTGCCCGATTTAGTTCGCTC

Dlouha mezera:
ATCTTCAGTGTTTCCCCTGTTTTGCCC———————————————————— ATTTAGTTCGCTC

PEEEEErr ettt e FEEEEETErr
ATCTTCAGTGTTTCCCCTGTTTTGCCCGCCCCCCCCCCCCCCCCCCCATTTAGTTCGCTC

Vysoka penalizace mezer:
Hledani sekvenci velmi
striktné zameérenych na
podobnost
s hledanou sekvenci -
najde oblasti velmi
pribuznych sekvenci

Nizka penalizace mezer:

Hledani podobnosti mezi
sekvencemi vzdalené
pribuznych.



Skore

Kazdé dvojici sekvenci je ve vysledku prirazeno Cislo — skore,
které urcuje miru jejich podobnosti

1. identita (identity)
2. podobnost (similarity)
3. mezery (gaps)

vVv/s

Cim vy3&i je skdre, tim vyséi je podobnost.
Podle pouzité matice muize byt skdre i zaporné.

AAFEECCDDEEF
AADDKKKEFGG

Ve chvili, kdy zafixujeme pozici dvou sekvenci, pak
muzZeme snadno vypocitat skére pro dané priloZeni
(p¥iklad BLOSUM 62):

AAEECCDDETETF
AADDEKEKEKETFGG
4+4+2+42-3-3-1+2-3-2-3 = -1
AAEECCDD--EETF
AA----DDKKEKETFGG

4+4 +6+6 +1+45+6 = 32
AAEECCDD--EETF
AA----DDKKEKETFGG
-10-1-1-1  -10-1 = -24

Celkové skére 32 - 24 = 8

AAEECCDDEETF
AA----DDKKEKETFGG
4+4-10-1-1-1+6+6+1+1-3 = 6



Skore

1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI
NS ] _ | AN

1 MAMRADOSTZESTAR-——-———-—- O-42—-———=-I--TNO-STI

Gap_penalty: 1

Extend _penalty: 2

Score: 55

1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI

N 1001 1 A - |1
1 MAMRADOSTZESTAROZITNO-—=—-—————="—=———— STI
Gap_penalty: 12
Extend_penalty: 2
Score: 4

37

24

377

24



Alignment DNA

U nukleovych kyseliny nema smysl posuzovat

podobnost:

Frekvence mutaci vsech bazi je obdobna,
takze nejjednodussi hodnoceni je: shoda
(1), neshoda (0)

tim se nerozliSi vyborny alignment kratkych
a mizerny dlouhych sekvenci:
proto penalizace zamén, napr.:

match score +5
mismatch score -4
gap penalty: opening -10, extending -2

Kazdé dvojici sekvenci je ve vysledku pfirazeno Cislo —
skore, které urcuje miru jejich podobnosti

Range of Allgnment.

-
ATTGTCAAAGA

|||
GGCAGACA

S= Z(identities, mismatches) - X (gap penalties)

Score = MaX(S)

Cim vy3&i je skore, tim vyséi je podobnost.
Podle pouzité matice mize byt skdre i zaporné.



Presto:

Jak statisticky vyznamné je skore?

Pokud je podobnost dostatecné vyznamna lze usuzovat na spolecné evolucni
vztahy . Ale co je DOSTATECNE?

zavisi na typu sekvence a jeji délce
* Pravdépodobnost, ze dveé rezidua v nepribuznych sekvencich jsou identicka je:

25% v NA, 5% v proteinech
* Vliv délky sekvence

* ¢&m krat$i sekvence, tim vétdi je $ance, Ze alignment je dan ndhodnou shodou. Cim
delsi, tim je méné pravdépodobné, Ze je stejna uroven podobnosti vysledkem nahody.
* kratsi sekvence vyzaduji vyssi cut-off pro zjisténi pribuznosti nez u delSich sekvenci
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Multiple sequence alighment - MSA

(mnohonasobné sekvenéni prilozeni)

Multiple alignment slouzi k:

* Nalezeni ,, diagnostického vzoru“ (diagnostic patterns) na jehoz zakladé
jsou charakterizovany proteinové rodiny

* Odhaleni ¢i dokazani homologie mezi novou sekvenci a sekvencemi v
databazich

* UrCeni vzajemneé pribuznosti sekvenci v ramci skupiny — tvorba
fylogenetickych stromu

* Predikci sekundarni a terciarni struktury novych proteint
* Navrzeni primeru (oligonukleotid() pro PCR



Multiple sequence alighment - MSA

(mnohonasobné prilozeni)

Dynamické programovani (dynamic programming) — rozsireni pairwise alignmentu -
naro¢né na pamét a cas, nevhodné pro vice nez 3-4 sekvence (h=rozmérny prostor)

Progresivni alignment (progressive sequence alignment) — nejcastéji pouzivany k
vytvoreni alignmentu; vyuziva fylogenetické informace — hierarchicky, nejdrive
identifikuje nejpodobnéjsi sekvence a nasledné inkorporuje ostatni

Iterativni alignment (iterative sequence alignment) — odstranuje problémy progresivniho
alignmentu, ktery je zavisly na prvotnim prilozeni nejpodobnéjsich sekvenci pomoci
opakovani alignmentu pro podskupiny sekvenci nasledujici po globalnim alignmentu

Hledani motivl — nalezeni ¢asti konzervovanych sekvencnich motivli pomoci globalniho
prilozeni a ndsledné ,,hodnoceni” téchto Usekl nezavisle na celé sekvenci



X . ” BioEdit Sequence Alignment Editor
CLUSTAL 2.0.10 multiple sequence alignment Viow! Accossory Application” RNA Workd Wida Web! 0 Widow Hep
PAIIL = ————— e S “D:\Skola\Wyuka\WMSA - data\BCL lectins seq.aln
RSITL B & |CouierNew -l ~'B
CVIIL e Mode:[Sokct /5o - Paectend Rembaring Wk Nons Sl
BCLB -—-LVEKLPQYDVFVDIATIPYSFDVGSWQNKVKT DAAGEVVACTVTWAGAPGVLPGAAA [l & 1 » T T § oo - &= S ML T B0 AE 58 i i mT i OB @ 5%y qro
BoLC ATATNOGVVADGCETYSSKVPESTGRMPFTLVAT I DVGSGVTEVKGOWKSVRGSAMEIDS T L e e T e
BCLA —_— ———————————
BCLD LRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLEPSCRPLKDHYW B ————
IIID .KLBVILTZVE
HLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRD. T CRPLKDHYWRSDVL.
PAIIL e ATQGVFT
RSIIL e AQQGVET
(6175 5 7 — — e AQQGVET ¥ Jalview 2.3
BCLB KFGVGAVVN———=—— == —m = —m—— YFSKAT PQPVQPAPVP———————— TGGGERDGIFT File Tools Help Window
BCLC YASLSATWG———————————————— TAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTEN
BCLA Skola\Vyuka\MSA - data\BCLlectins seq.aln
BCLD RSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQPGFKPSSDRNGNFS File Edit Select View Format Colour Calculate Web Service
*ox. 190 . 200 ) 210 ) 220 ) 230

lpans1-114  EPANRIRFE FANsBEe TERNVNVEVN NEf]A - - A Flsglasinnaviieiio Vi
PAIIL LPANTRFGVTAFANS SGTQTVNVLVNNETA--ATFSGQSTNNAVIGTQVLNSGSSGKVQV esisr-113 - LPAITRIS FOVIJAF AllAAN T‘I‘QVL NVMK - : F1osBlsPrLLeEavL
RSIIL LPANTSFGVTAFANAANTQTIQVLVDNVVK--ATFTGSGTSDKLLGSQVLNSGS—GATIKI cvi1-113  PLPAR | NEGVAVLVIISAATEIHVE IFVBNEPR - - AAFSGVE NN KM
CVIIL LPARINFGVTVLVNSAATQHVEI FVDNEPR--AAFSGVGTGDNNLGTKVINSGS-GNVRV %;iif t::g:ﬁ ; 'I: HiE:: : g‘l'il :::::‘ :ﬁ. :iAg 3: N ?(‘\'”_

-27
BCLB LPPNIAFGVTALVNS SAPQTIEVFVDDNPKPAATFQGAGTQDANLNTQI VNSGK—-GKVRV cavt-12e ERIRRIEIo BRI | EIEAD AR e oS+l < BN s o c HARYB«L 7 7ROBHRE - - AL
BCLC LPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGN-GRVRV cLov1-288 EILPPLRIA K‘A‘I AADREIDLKLE I APEPA) FVBNSE DHVRE- . F it
BCLA IPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHKLTTRDGPRE——ATLNSGN-GKIRF
BCLD LPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFVGNSEDGVRL--FTLNSKG-GKIRT
.k * ... * . . . . * ..k * ..

| 7663 48667668844 40507050353.. 573747345245. .36 54. 4
Snimek 34 2 64 Wychozi névrh -

Consensus

TLPPNTAFGVTA+ANAA+TQTI+VFVDDEPKPAATF+GAGT+DANLGTQVLNSGS-GKVR




MSA — programoveé baliky

Za poslednich 25 let vzniklo pres 50 MSA programovych balik(

(Wallace, I. M., O'Sullivan, O., Higgins, D. G. and Notredame, C. (2006). M-Coffee: combining multiple
sequence alignment methods with T-Coffee. Nucleic Acids Res. 34, 1692-1699.)

e Clustal W (Thompson et al., 1994)

e Clustal X (Thompson et al., 1997)

* Dialign2 (Morgenstern, 1999)

* T-Coffee (Notredame et al., 2000)

« MAFFT (Katoh et al., 2002)

« MUSCLE (Edgar, 2004) * - identické residuum ve vSech sekvencich

* Kalign (Lassmann, 2005) : - silné konzervovany sloupec

- slabé konzervovany sloupec

IPPNTDFRAIFFANAAEQOHIKLEIGDSQEPAAYHKLTTRDGERE--ATLNSGNGKIRFEFE
LPPNTAFKAIFYANAADRODLKLEIDDAPEPAATEFVGNSEDGVRL--FTLNSKGGKIRIE
LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPAATFOQGAGTOQDANLNTQIVNSGKGKVRVV
LPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGNGRVRVI

e kK o * e o o * . e o o * e kX kX % . e o % K o o %k



BLAST algoritmus
Query sequence: Pﬂﬂ G

BLAST (Basic Local Alignment =

Search Tool
) * Tvorba k-pismennych slov ze vstupni sekvence

pro proteiny typicky 3-pismennych (v pfipadé DNA 11- Word 1: PQG
S ) ) . pismennych)
H,eurlstlcky algorlicmlus jehoz Word 2: QGE
zakladem JE hledani slov * Porovnani slov na zakladé substitu¢ni matice
(nékolikapl'smenn\'/ch sekvenci), i{goyitmus BIaASbT hlidédqa zék:adé vloigného sII:c’)re slova, Word 3: GEF
v , era jsou podobnd kazdému slovu v zadané sekvenci.
S dostate.gnou pOdetanStl ) ) Viyhovuijici slova jsou nasledné usporadana. )
(poskytuji dostatecné vysoké skore Word 4: EFG

v substitu¢ni matici).
* Prohledani databazovych sekvenci
Je hledana shoda s nalezenymi vysoce podobnymi slovy.

The BLAST Search Algorithm

query word (W = 3) . Rgz§|’F9n|’ slov na segmenty B QuerysequenceR P P Q G L F

Pfesné shody slov s databazovymi sekvencemi jsou

rac 16 rozSirovany obéma sméry. To pokracuje dokud skére pro  DatabasesequenceD P P E G V V

Me s tuto dvojici sekvenci je dostatecné vysokeé. L Exact match is scanned.

i PKG 14
neighborhood e 13 Score:-2 7.7 2 6 1 -1

words PG 13 |_,
PHG 13 vV evys s . v .
mc 13 neighborhood Nové;jsi verze BLASTu (BLAST2) ma mj. niZe nastavenu hladinu HSP

roa 1z Score threshold pro hledani podobnych slov, coZ rozsifuje moznost nalezeni Optimal accumulated score = 7+7+2+6+1 = 23

rv 12 (T=13) vzddlenéjsich homolog.

..

Query: GSVEDTTGSQSLAALLNKCKTPQGQRLVNQUWIKQPLMDKNRIEERLNLVEAFVEDAELRQTLQEDL

Query: 325 SLAALLNKCKTPQGQRLVNQUWIKQPLMDKNRIEERLNLVER 365
+LA++L+ TP G R++ +U+ P+ D + ER + A
Shjcc: 290 TLASVLDCTVTPMGSRMLKRULHMPVRDTRVLLERQQTIGA 330

High-scoring Segment Pair (HSP)



Vystup z BLASTu

Distribution of 73 Blast Hits on the Query Sequence g
|YP_002232817 lectin [Burkholderia cenocepacia J2315) S=488 E=3.9e-173 |

BIDownload v GenPept Graphics
fucose-binding lectin Il [Burkholderia multivorans ATCC BAA-247]

Color key for alignment scores Sequence ID: reflZP_15916739.1] Length: 274 Number of Matches: 1

<40 4050 5080 80-200 >=200 » See 1 more fitle(s)
Query
| l | | I I Range 1: 31 to 274 GenPegt Graphics
Download ~ "
1 40 80 120 160 200 240 Seore Expect Method —— A QoaPoot Srachics
443 bits(1140) 4e-155 Compositional matrix adjut ¢ ,0ar-hinding lectin protein [Ralstonia solanacearum PSI07)
Query 2 QPFTHDDLYALLQLAGNDATAV( Sequence ID: reflYP 003750856.1] Length: 114 Number of Matches: 1
QPFTHDDLYALLQLAGNDA AV( » See 3 more itle(s)
Sbjct 31  QPFTHDDLYALLQLAGNDAKAV(
Range 1: 3 to 114 GenPept Graphics
Query 62 ggggggggg%gxgmg Score Expect Method Tdentities Positives Gops
Sbjct 91 SEDVGSHONKVKTDAAGQVVACT 124 bits(312) 2e-32 Compositional matrix adjust. 62/114(54%) 80/114(70%) 2/114(1%)
Query 130 RDGIFTLPPNIAFGVIALVNSSAPQTIEVFVDDNPKPAATFQGAGTQDANLNTQIVNSGK 189
Query 120 BAPVEIGOGERDGIFTLPENIAL + G+FTLP N FGVIA N++ OQTI+V VD+ K ATF G+GT D L +Q++NSG+
Sbjct 151 DDTATAGGGERDGVENLPENIA: SPISt 3 QQGVFTLPANTNFGVTAFANAANTQTIKVLVDNVVK--ATFSGSGTSDKLLGSQVLNSGR 60
Query 190 GKVRVVVIANGKPSKIGSRQVDIFKKIYFGLVGSEDGGDGDYNDGIAILNWPLG 243
Query 180 ig;g%ggg“g%ww“”mggg G V++ V+ NGKPS + S Q + K F +VGSED D DYNDGIA+LNWPLG
j 1 AVQIQV: KPSDLVSNQTILANKLNFAMVGSEDSSDNDYNDGIAVLNWPLG 114
Sbjet 211 INTQIVNSGNGKVRVVVIVNGKE -°J°¢ 61  GAVQIQUSVNGKESDLVSNQ GSEDSSDNDYND o
Query 240 WPLG 243
WPLG =
Sbjct 271 WPLG 274 [EiDownload v GenPept Graphics
fucose-binding lectin PA-IIL [Pseudomonas aeruginosa ATCC 25324)
Sequence ID: reflZP_15618368.1] Length: 115 Number of Matches: 1
> See 1 more title(s)
Range 1: 5 to 115 GenPept Graghics
Score Expect Method Tdentities Positives Gaps
117 bits(294) 7e-30 Compositional matrix adjust. 61/113(54%) 77/113(68%) 3/113(2%)
Query 132 GIFTLPPNIAFGVIALVNSSAPQTIEVFVDDNPKPAATFQGAGTQDANLNTQIVNSGK-G 190
G+FTLP N FGVTA NSS QT+ VV N + RATF G T +A + TQ++NSG G
Sbjct S GVFTLPANTQFGVTAFANSSGTQTVNVLV--NNETAATFSGQSTNNAVIGTQVLNSGSSG 62
Query 191 KVRVVVIANGKPSKIGSRQVDIFKKTYFGLVGSEDGGDGDYNDGIAILNWPLG 243

KV+V V+ NG+PS + S QV + + F LVGSEDG D DYND + ++NWPLG

Sbjct €3 KVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG 115



Search Parameters
Program blastp I
Word size D) Database
Expect value 0.05 Posted date Oct 11,2020 12:42 AM
Hitlist size 100 Number of letters 116,124,398,076
Gapcosts 11 Number of sequences 322,194,847
Matrix BLOSUME2 ) Entrez query None
/ Filter string
< Edit Search Save Search Search Summary v Genetic Code :
Window Size 40
. ) Threshold 21
Job Title Protein Sequence —
Composition-based stats 2
RID SB9C6PUH014  Searchexpires on10-1421:03pm  Download All v
Program BLASTP@ Citation v
Database nr  Seedetails v ar o, . . Distribution of 73 Biast Hits on the Query Sequence & BDownioad + Genpep! Graghics
== Led Title: All non-redundant GenBank CDS translations+PDB+SwissProt+PIR+PRF VP17 i okl sonseapaca TSI S-ATR E=350-75 s g i Buolata s ATCC S 24
Query ID Icl|Query_36959 excluding environmental samples from WGS projects Golor key for alignment scores e imasien
- Molecule TyPe- Protein <40 4050 80-200 >=200 Range 1: 31 t0 274 Geosast Graghiss
o H e e —— R Expect Method EiDownload ~ GenPept Graphics.
o as(1140) a5 Compostions matis s o orotem (Ratstonis solanacenum
Description  None Update date: 2020/10/ e e e e e e e e
CEETHDDYALLOLAGNDR AVC  » Ses 3 more hels
Molecule type amino acid Number of sequences{ 321587928 ST L CHTTEDRLMGIGIINGTL et t0 118 o e
Query & sEovsswQUCHTDRAGEVVACT
» o EEATRIS e N0 o ree e i) b D)
Query Length Guezy 120 PRevPTGTGERDGIFTLEONIN :“’ :” T N OVTA NotGTI Ve K ATEGrer BT roriNeas
e N N N Sbjct 151 PDTATAGGGERDGVFNLPPNIAE e
Other reports Distance tree of results| Multiple alignment MSA viewer (2] query 130 LiToIsGHGERWTAIGE Y 130 SORYWIANGEESIT eGSR PINGIATIIVELS 342

b-proteobacteria | 7 leaves
s

binding lectin It ia diffusa]
b-proteobacteria | 2 leaves
b-protcobacteia |2 eaves

ding lectin 1T
b-proteobacteria | 4 leaves

fucose-binding lectin 11 [Burkholderia territorii]
b-proteobacteria | 3 leaves
b-proteobacteria | 2 leaves
[ binding lect
binding lectin IT
b-proteobacteria | 6 leaves
< fucose-binding lectin Il [Burkholderia diffusa]
MULTISPECIES: fucose-binding lectin I [Burkholderia]
binding lectn I [ p. Tr-862]
ling lectin It ia ambifaria]
bis el in 11 i i
L(MUI.TISPECIES fucosebinding lectin I [Burkholderia

b m\JLTISPEClES binding lectin 11
in 11

[——————==b-proteobacteria | 3 leaves

§fucose-binding lectin I [Burkholderia lata

hypothetical protein Boep18194_B2935 |B\uk}mldzrm lata]
binding lectin Il BCC1644]

binding lectin Il i

MULTISPECIES: bi

ding lectin I [unclassified
b-proteobacteria | 2 leaves
b-proteobacteria | 2 leaves
i lectin 1T

L‘b -proteobacteria | 9 leaves
bproteobacera |5 laves
\g lectin I

lrpmeobadenﬂ 8 leaves
“MULTISPECIES: fucose-binding lectin II [Burkholderia]
# fucose-binding lectin II [Burkholderia cenoce pacia]
‘E—d b-proteobacteria | 6 leaves
————<mlb-proteobacteria| 3 leaves
b-proteobacteria and unknown | 10 leaves

ia sp. BCC009T7]

LNTQIVNSG GKVRVVVT NGKE
Sbjct 211 LNTQIVNSGNGKVRVVVIVNGKE

Query 240 WPLG 243
WELG
sbicr 271 WRLG 274

spjer 61

b QSN G ESDT VNS T ANKLNE R G SR DS SDNDINBGAVINHELE 114

EiDownload ~ GenPept Graphics.

PAIL

AYcc 25324)

Sequence ID: (fiZP_15613368.1] Length: 115 Number of Matches:

> See 1 more ttl(s

Range 1: 540 115 Genpeot Grashics

Seore Expect Hethod Taemw Toatve  Gaps
117 b#5(294) 7630 Compositional matrix adjust. 61/113(54%) 77/113(68%) 3/113(2%)

Query 132

ety NS5 STe VYV N4 MAIEG 1A+ TaNSs G

spier 5 Tovinsesse 2
Query 191 203
KUSV Vi NGBS + DG D DYND + +4NWPLG
Shier 63 KVVOVEVNGRBSDLVSAGVILTNELNFALVGSEDCTONDINDRTVINVELS 115
ding lectin T territorii]
Graphic Summary Alignments Taxonomy
Sequences producing significant alignments load ge Col ~ Show | 100V | @
selectall 100sequences selected GenPept Graphics Distance tree of results Multiple alignment
- Max | Total Query E Per. .
D i A
e Score Score Cover value Ident ceession
fu binding lectin Il [Burkholderia ia] 490 490 100% 6e-175 100.00% WP_006490839.1
fucose-binding lectin Il [B ia ] 488 488 100% 3e-174 99.59% WP_077181202.1
fucose-binding_lectin Il [Burkholderia ia] 488 488 100% d4e-174 9959% WP_060264297 1
fi binding_lectin Il [Burkholderia ] 488 488 100% 5e-174 99.59% WP_069353106.1
h in A [Burkholderi ia 488 488 100% T7e-174 99.59% WP_006494487.1
MULTISPECIES: fucose-binding lectin Il [Burkholderia] 488 488 100% 8e-174 99.18% WP_011548596.1




Osnova

Uvod do bioinformatiky

Definice, molekularné biologicka data, databaze
Rozdéleni databazi, bioinformaticka centra
Manipulace se sekvencemi
Sekvence biomakromolekul, aminokyseliny, baze, alignment
Vyznam alignmentu, prilozeni paru sekvenci a vicenasobné prilozeni
Predikce struktury proteint
Predikce 2-D struktury proteinu, predikce 3-D struktury proteinu
Threading, Homology modeling, Ab initio
Predikce genti
Predikce genl u prokaryot a eukaryot, predikéni nastroje a postupy
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charged polar

Aminokyseliny
s podobnymi vlastnostmi
mohou plnit v proteinu
stejné funkce — byvaji
vzajemné zastupitelné




Predikce 2-D struktury proteinU

Stabilni konformace polypeptidového » Dulezité pro klasifikaci proteinu.

retezce. » Separace domén a funkénich motivu.

Dulezité pro udrzeni proteinové 3-D

* Sekundarni struktury jsou mnohem
struktury.

konzervovanéjsi nez aminokyselinova
Cca 50 % aa residui je soucasti a-helixt sekvence.

nebo B-skladanych listu, * Predpovéd sekundarnich struktur predchazi

Predikce sekundarnich struktur obvykle jako mezikrok pfi predpovédi
znamena predpovéd zda residuum terciarni struktury pri threadingovych
spada mezi H (helix), E (list) nebo C metodach.

(smycka).



Predikce 2-D struktury proteinU

* Rozlisujeme tri zakladni typy
* H—helix
* E—B-list
* C/(-) — smycka/nahodné klubko (coil) — nékdy
jsou rozliSovany tyto dveé varianty

» S dobrou presnosti Ize urcit helix (jejich tvorba je
urcena interakcemi , kratkého” dosahu), u B -listu
(interakce ,dlouhého” dosahu) uspésnost urceni
2D struktury klesa.

* Neékteré programy pridavaji i Cislo vyjadrujici
pravdépodobnost pro dany AK zbytek (napf. H
60% - znamena, ze s 60% pravdépodobnosti se
jedna o helix).
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Typické znaky a -helix

1st helix in Myoglobin

Casto je helix ¢asteéné exponovany — tj. 2
. . v ey v . Polar face
jedna strana je otocCena dovnitr proteinu 3
(hydrofobni), druha ven (hydrofilni) 6 L _

i — 4 Hydrophobic
face

Potom pro 3.6 helix (a-helix) plati, ze i, i+3,
i+4 & i+7 -té reziduum miri na tutéz

stranu. Jsou-li vSechna hydrofobni Ci
naopak hydrofilni = zrejmeée a -helix




Typ | C ke /Nd ky B _l |St (musi byt stabilizovan jinou Casti polypeptidového retézcel)

U B -listu se stfidaji bo&ni Fetézce po 180°

pro castecne zanoreny B -list plati, ze kazdé liché reziduum je polarni,
kazdé sudé nepolarni, u plné zanoreného jsou vsechna nepolarni...
tj. residua smeérujici na stejnou stranu by méla mit stejny charakter

Second strand in CD8

Polar face

p
4

Hydrophobic [ace




Predikce 2-D struktury proteint
Predikéni algoritmy

1. generace: ab-initio, vychazi z fyzikalné-chemickych vlastnosti a ze
statistiky pro jednotliva rezidua (Chou-Fasman, GOR (Garnier, Osguthorpe,
Robson))

2. generace: plus incorporation of more local residue interactions,
zahrnovala i vliv nejblizSich AK na zkoumané reziduum — predpoved max.
60% spravnost, u B -listu do 40%

3. generace: homology-based models, zahrnuje navic multiple sequence
alignment a vyuziva skutecnosti, ze 2D struktura se zachovava déle nez

sekvencni podobnost — az 80% spolehlivost (zavisi na metodé)

Plus vyuziti skrytych Markovovych modelt a neuronovych siti



1. Generace — ab initio

Relative Amino acid Propensity Values for Secondary Structure Elements Used in the Chou-
Fasman Methods

Amino Acid (x-Helix) P (3-Strand) P (Turn)
Alanine 1.42 0.83 0.66
Arginine 0.98 0.93 0.95
Asparagine 0.67 0.89 1.56
Aspartic acid 1.01 0.54 1.46
Cysteine 0.70 1.19 1.19
Glutamic acid 1.51 0.37 0.74
Glutamine 1.11 1.11 0.98
Glycine 0.57 0.75 1.56
Histidine 1.00 0.87 0.95
Isoleucine ' 1.08 1.60 0.47
Leucine 1.21 1.30 0.59
Lysine 1.14 0.74 1.01
Methionine 1.45 1.05 0.60
Phenylalanine 1.13 1.38 0.60
Proline 0.57 0.55 1.52
Serine 0.77 0.75 1.43
Threonine 0.83 1.19 0.96
Tryptophan 0.83 1.19 0.96
Tyrosine 0.69 1.47 1.14

Valine 1.06 1.70 0.50



3. Generace - Homology-based methods

MSA

l

Predikce sekundarnich struktur pro kazdou sekvenci

l

B W) HHHCHCCEEEECCHH
fitovani pfedpovézené HHHHHCCEEEECCHH
Ziﬁﬂ??ﬁ;ﬁ#”wv ECCHHCEEEECCCEE
P HHHHHCCCCEEECCH
HHHHCCCEEEECHHC

Konecna predpovéed
Zalozena na konsensualni HHHHHCCEEEECCHH

sekvenci



3. Generace — neuronove site

Hidden
Input

Output

Sekvence se znamou Trénink, pfifazovani Aplikace nalezenych
sek. strukturou Vah jednotlivym funkcim  algoritmd na neznamou sekvenci



Predikce 2-D struktury proteint
Programoveé baliky

AGADIR - An algorithm to predict the helical content of peptides

APSSP - Advanced Protein Secondary Structure Prediction Server

GOR - Garnier et al, 1996

HNN - Hierarchical Neural Network method (Guermeur, 1997)

HTMSRAP - Helical TransMembrane Segment Rotational Angle Prediction

Jpred - A consensus method for protein secondary structure prediction at University of Dundee

JUFO - Protein secondary structure prediction from sequence (neural network)

nnPredict - University of California at San Francisco (UCSF)

Porter - University College Dublin

PredictProtein - PHDsec, PHDacc, PHDhtm, PHDtopology, PHDthreader, MaxHom, EvalSec from Columbia University
Prof - Cascaded Multiple Classifiers for Secondary Structure Prediction

PSA - BioMolecular Engineering Research Center (BMERC) / Boston

PSlpred - Various protein structure prediction methods at Brunel University

SOPMA - Geourjon and Deléage, 1995

SSpro - Secondary structure prediction using bidirectional recurrent neural networks at University of California

DLP-SVM - Domain linker prediction using SVM at Tokyo University of Agriculture and Technology


http://www.embl-heidelberg.de/Services/serrano/agadir/agadir-start.html
http://imtech.res.in/raghava/apssp/
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_nn.html
http://biotechnology.tbzmed.ac.ir/htmsrap/index.htm
http://www.compbio.dundee.ac.uk/~www-jpred/
http://www.meilerlab.org/view.php?section=0&page=6
http://www.cmpharm.ucsf.edu/~nomi/nnpredict.html
http://distill.ucd.ie/porter/
http://cubic.bioc.columbia.edu/predictprotein/
http://www.aber.ac.uk/~phiwww/prof/
http://bmerc-www.bu.edu/psa/request.htm
http://bioinf.cs.ucl.ac.uk/psipred/
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
http://www.igb.uci.edu/tools/scratch
http://www.tuat.ac.jp/~domserv/cgi-bin/DLP-SVM.cgi

Ktery program je vsak nejlepsi???
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GOR4 result for : UNK_ 78160

Abstract GOR secondary structure prediction method version IV, J. Gamier, J.-F. Gibrat, B. Robson, Methods in Enzymology R.F. Doolittle Ed., vol 266, 540-553, (1996)

View GOR4 in: [AnTheProt (PC) . Download...] [HELP]
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Other states = 0 is 0.00%
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Predikce 3-D struktury/foldu protein(

e Klasifikace protein
e Predpoved funkce

e \ytvoreni modelu pro dalsi studium

e Threading - ,navlékani“
e Homology modeling

e Ab initio metody




Nadrodina s BGT foldem
(mezi rodinami nejsou vyznamné sekvencni podobnosti)

MurG (B-GIcNACT) GtfB (B-GlIcT) BGT (B-GIcT)
GT28 GT1 n.c.
E. coli A. orientalis Phage T4

Ha et al, 2000 Mulichak et a/, 2001 Vrielink et a/, 1994



Predikce 3-D struktury/foldu proteint - Threading

 ,Navlékani” =rozpoznani a prifazeni proteinového foldu aminokyselinové sekvenci.

* sekvence je porovnavdna s databazi existujicich foldd (3D profil) a na jejich zakladé jsou
konstruovany 3D- modely.

* 3D profil - kazdému reziduu v 3D strukture je prifazena environmentdlni proménna (obsah
poldrnich atomu v postrannim retézci, skryta plocha, sekundarni elementy, apod.) vychazejici
z predpokladu, ze okoli rezidua je vice konzervovano nez aminokyselina samotna.

* Reziduum muze byt také popsano pomoci svych interakci.

* \Vlysledna kvalita modelu shoda je popsana pomoci Z-skére nebo energie.

Casto vyuzivame k hleddni funkce nezndmého proteinu a k odhadu 3D struktury



Predikce 3-D struktury/foldu proteint - Threading

SDVDIEAGQTLVQVVNISNGETWVAIQLPAQYRSFDLVFENVSPSTSGSVLVAQMAPQSGGVYGSNYS
GSGWGNDLGGGGFYGYSEAKWMCLWPANRSGPNSKTGIYGTCKLMNLNQSNAVPSVTSNLFAPTAY
KNEPGYANVGGCCQKIRGLASSIQFAFALHGGNVPQNTDTFSGGTIKVYGWN

3D-fold calculation based
on known structures

Model quality evaluation

1

pair surface pair/surface
residue-residue residue-solvent residue-residue and
interactions interactions residue-solvent interaction
—_ _
—

“Quality” scores



Phyre = http://www.sbg.bio.ic.ac.uk/phyre?2

H Alignment Coverage 3D Model Oonfi:ence Template Information

PDB header:sugar-binding protein

1 c2vnvC hain: C: PDB Molecule:bcl;
© [O] PDBTitle: crystal structure of bcla lectin from burkholderia2 cenocepacia in
complex with alpha-methyl-mannoside at 1.73 angstrom resolution
OxraA PDB header:sugar binding protein
2 "o hain: A: PDB Molecule:lectin;
- PDBTitle: c-terminal domain of bc2l-c lectin from burkholderia cenocepacia
d2chhal Fold:Calcium-mediated lectin
3 ola 37  Superfamily:Calcum-mediated lectin

Family:Calcium-mediated lectin




Predikce 3-D struktury/foldu proteint - Homology modeling

* Prilozeni cilové sekvence se sekvenci homologniho MODELLER

proteinu se znamou 3D strukturou Mostly used program in academic environment
for serious homology modeling

e Extrakce uhlikové patere ze struktury templatu a

umisténi postrannich retézc(
SWISS-MODEL

* Modelovani otoCek a smycek An automated knowledge-based protein
modelling server
* Minimalizace energie

e Validace modelované struktury

Obvykle se snazime predpoveédét skutecnou strukturu proteinu k dalsi praci
(predikce vazebnych mist, dokovani ligandd,...)



Predikce 3-D struktury/foldu proteint - Ab initio

Primy vypocet nativni konformace (struktury) proteinu pouze ze sekvence.

sVvVV/

Navzdory rozvoji vypocetni techniky, prohloubeni znalosti o proteinech a vyvoji
metodiky se stale jedna o nevyreseny problém.

Budoucnhost???



Stage I. Fragment

De novo modelling with Rossetta
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Proteinové domény — klasifikace proteinu

* Proteinové domény jsou
konzervované funkcéni a/nebo
strukturni casti proteinu. Vétsinou
jsou nezavislé, tj. schopné spravného
sbaleni a zachovani funkce i po
oddéleni od zbytku proteinu.

e Urditd konkrétni doména se muze
vyskytovat v rliznych proteinech.

e Doména vs. podjednotka

Pyruvatkinasa, tfi domeény :jeana s (A, B,C,n)



ProC detegovat domény?

PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGN
NFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFV
KGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGN
IGGGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGA
QDQNLGTKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSED
GADDDYNDGIVFLNWPLG
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L. GO

Pfam

ProDom

Klasifikace proteinl - databaze

&' CATH-Gene3D database describes protein families and domain architectures in complete genomes. Protein families are
formed using a Markov clustering algorithm, followed by multi-linkage clustering according to sequence identity. Mapping
of predicted structure and sequence domains is undertaken using hidden Markov models libraries representing CATH and
Pfam domains. CATH-Gene3D is based at University College, London, UK.

@'CDD is a protein annotation resource that consists of a collection of annotated multiple sequence alignment models for
ancient domains and full-length proteins. These are available as position-specific score matrices (PSSMs) for fast
identification of conserved domains in protein sequences via RPS-BLAST. CDD content includes NCBI-curated domain
models, which use 3D-structure information to explicitly define domain boundaries and provide insights into
sequence/structure/function relationships, as well as domain models imported from a number of external source
databases.

@ MobiDB offers a centralized resource for annotations of intrinsic protein disorder. The database features three levels of
annotation: manually curated, indirect and predicted. The different sources present a clear tradeoff between quality and
coverage. By combining them all into a consensus annotation, MobiDB aims at giving the best possible picture of the
"disorder landscape" of a given protein of interest.

@ HAMAP stands for High-quality Automated and Manual Annotation of Proteins. HAMAP profiles are manually created by
expert curators. They identify proteins that are part of well-conserved proteins families or subfamilies. HAMAP is based at
the SIB Swiss Institute of Bioinformatics, Geneva, Switzerland.

@ PANTHER is a large collection of protein families that have been subdivided into functionally related subfamilies, using
human expertise. These subfamilies model the divergence of specific functions within protein families, allowing more
accurate association with function, as well as inference of amino acids important for functional specificity. Hidden Markov
models (HMMSs) are built for each family and subfamily for classifying additional protein sequences. PANTHER is based at
at University of Southern California, CA, US.

&' Pfam is a large collection of multiple sequence alignments and hidden Markov models covering many common protein
domains. Pfam is based at EMBL-EBI, Hinxton, UK.

@' PIRSF protein classification system is a network with multiple levels of sequence diversity from superfamilies to
subfamilies that reflects the evolutionary relationship of full-length proteins and domains. PIRSF is based at the Protein
Information Resource, Georgetown University Medical Centre, Washington DC, US.

@ PRINTS is a compendium of protein fingerprints. A fingerprint is a group of conserved motifs used to characterise a
protein family or domain. PRINTS is based at the University of Manchester, UK.

& ProDom protein domain database consists of an automatic compilation of homologous domains. Current versions of
ProDom are built using a novel procedure based on recursive PSI-BLAST searches. ProDom is based at PRABI
Villeurbanne, France.

@ PROSITE is a database of protein families and domains. It consists of biologically significant sites, patterns and profiles
Pf_@g that help to reliably identify to which known protein family a new sequence belongs. PROSITE is base at the Swiss
Institute of Bioinformatics (SIB), Geneva, Switzerland.

m @' SFLD (Structure-Function Linkage Database) is a hierarchical classification of enzymes that relates specific sequence-
structure features to specific chemical capabilities.

@ SMART (a Simple Modular Architecture Research Tool) allows the identification and annotation of genetically mobile
domains and the analysis of domain architectures. SMART is based at at EMBL, Heidelberg, Germany.

Superfamity &'SUPERFAMILY is a library of profile hidden Markov models that represent all proteins of known structure. The library is
@ based on the SCOP classification of proteins: each model corresponds to a SCOP domain and aims to represent the
entire SCOP superfamily that the domain belongs to. SUPERFAMILY is based at the University of Bristol, UK.

FTIGRFAMS is a collection of protein families, featuring curated multiple sequence alignments, hidden Markov models

_ (HMMs) and annotation, which provides a tool for identifying functionally related proteins based on sequence homology.
TIGRFAMSs is based at the J. Craig Venter Institute, Rockville, MD, US.

Databaze jsou sdruzeny do integrovaného nastroje
InterPro

What is InterPro?

InterPro is a resource that provides functional analysis of protein sequences by classifying them into families and
predicting the presence of domains and important sites. To classify proteins in this way, InterPro uses predictive models,
known as signatures, provided by several different databases (referred to as member databases) that make up the
InterPro consortium.

https://www.ebi.ac.uk/interpro/



Osnova

Uvod do bioinformatiky

Definice, molekularné biologicka data, databaze
Rozdéleni databazi, bioinformaticka centra
Manipulace se sekvencemi
Sekvence biomakromolekul, aminokyseliny, baze, alignment
Vyznam alignmentu, prilozeni paru sekvenci a vicenasobné prilozeni
Predikce struktury proteint
Predikce 2-D struktury proteinu, predikce 3-D struktury proteinu
Threading, Homology modeling, Ab initio
Predikce genti
Predikce genl u prokaryot a eukaryot, predikéni nastroje a postupy



Predikce gen(

CAGCGGACGACAG CT G GATGCAGCAGAT CAT CCGCATC GGG AACGGOG GTGGCGGCATCACGCACT TCCAGT TCG ATCGGGG CAACAATG CCGGCATCT

CGGT TT CGCGCAGATG CAGCTGATCACCCGGGCTCAGACCGG TAAACAGACGG CTATCGT TATGGCCCAGC TGCGCGGCAT OGCCCGGG CTAACAACATA!
310 320 30 340 350 360 370 380 390 400

Sekvenace

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAARATCGGCGG

TAC! GCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC

AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAARACAGACGGCTATCGTTAT CCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGC. ACGGCATCCACAATCACCAGCAT

Surové sekvence DNA

Identifikace a anotace gent a proteint

Table 1

Software commonly vused for bactenal genome annotation and comparison

DNA level annotation

GeneMark
Glimmer
SHOW
tRNAscan-S5E
RNAmmer
RepSeck
IslandPath

http:/fexon . gatech.edu/genemark/

httpz/fwww. genomics. jhu.edu/Glimmer/

http://genome jouy. inra.fr/ssb/SHOW/
http:/flowelab.uese. edwtRNAscan-SE/
http:/fwww.chs.diu.dk/services/ RN Ammer/
http:/fwww.abisnv jussicu /%98 public/RepSeck/
hittp:/fwww pathogenomics. sfu.ca/islandpath/

Protein level annotation

BLAST
InterProScan
COGNITOR

PRIAM

GOAnno

PSORTH

TMHMM
SignalP

http:/fwww.ebiac. uk/blast/
http:/fwww.ebiac uk/InterProScan/
httpz/fwww nebinlm.nih.gov/COG/old/xognitor html

http://bioinfo.genopole-toulouse. prd fo/priam/

http://haps. u-strasbg H/GOADnY
hittp/fwww psortorg/psorthf
httpz/fwww.chs.dm.dk/services/TMHMM/
http:/fwww.chs.dm.dk/services/Signal Pf

Comparative genomic tools

Mauve
MOSAIC

ACT
CGAT
MaGe
Pathologic
PUMA2
The SEED
STRING
PyPhy
HoSeql

http://gel ahabs wisc.edu/manve/
http://mig jouy.inra.fo'mig/mig_eng/
presentation/project/mosaic
http:/fwww.sanger.ac.uk/Software/ ACT/
http:/fmbgd.genome.ad. jp/CGAT/
httpz/fwww genoscope.cns. frfage/mage/
http://hiocyc.org/

http://compbio. mes.anl. gov/puma2/
http:/itheseed. ue hicago.edw/FIG/
http://sting.embl.de/
http:/fwww.chs.diu.dk/staffthomas/pyphy/
http://pbil.univ-lyon. fr/software/HoSeql/

Protein gene prediction

Protein gene prediction

Protein gene prediction

tRNA gene prediction

RNA gene prediction

Search for approximate repeats in complete DNA sequences
Identification of genomice islands

Compare a novel sequence with those contained in nucleotide and protein databases
Scarch for domains/motifs in the InterPro database

Compare a query sequence to the COG (Cluster of Orthologous Groups of proteins)
database

Detection of enzymatic function in a fully sequenced genome, based on all sequences
available in the ENZYME database

BLAST search on the Gene Ontology database

Prediction of bacterial protein subcellular localization

Prediction of transmembrane helices in protein sequences

Prediction of signal peptide cleavage sites in protein sequences

Multiple genome alignments in the presence of large-scale evolutionary events
Define the set of backbones and loops in closely related bacterial genomes

Comparative genome analysis and visualization tools for multiple genome alignments

Computation of gene order conservation (syntenies) between available bacterial genomes
Metabolic network reconstruction and comparative pathway analysis

Metabolic pathway reconstruction

Comparative analysis and annotation tools using the subsystem approach

Search Tool for the Retneval of Interacting Proteins

Reconstruction of phylogenetic relationships of complete microbial genomes
Automatically assign sequences to homologous gene families from the HOGENOM
database




Predikce gen(
(Predikce kodujici Casti genu)

* Prokaryotické geny — neprerusované useky DNA mezi startovnim
kodonem (ATG, atg, 116, c16) @ stop kodonem (TAA, TGA, TAG).

 Eukaryotické geny — Prerusovany introny. Primérna délka exonu je 50
kodonU, nékteré jsou mnohem kratsi. Nékteré introny extrémné
dlouhé, geny zabiraji mbp v genomové DNA. Predikce je mnohem
slozitéjsi a vznika velké mnozstvi chyb!



Predikce prokaryotickych genu

GTATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCCCCGA
CCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGATAGCCGTC
TGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGCTGGCGCTGCGCGCGGAAGTGAGCG
TGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGCGTGATGCCGCCA
CCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGATCATTATTGGCGCAGCGATG
TGCTGGCGGCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCGTGAGCGGTTATT
TTCGTTGGGAAACCAGCATTGAARATTGCGGGCAGCCAGCCGGATACCAAACAGCCGGGCTTTARACCGAGCAGCG
ATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGATCTTCTATGCGAACGCGGCGGATCGTC
AGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTAACAGCGAAGATGGTGTGC
GTCTGTTTACCCTGAATAGCAAAGGTGGTAARATTCGTATTGAAGCGAGCGCGAACGGCCGTCAGAGCGCGACCG
ATGCCCGTCTGGCGCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGCTGGCTGGGCGCGGAAGATGGTGCCGATG
CGGATTATAATGATGGCATTGTTATTCTGCAGTGGCCGATTACCTAATGGG

The table shows the 64 codons and the amino acid for each. The direction of the mRNA is 5" to 3'.

1st
base

AUU (llefl) Isoleucine

AUC (llefl) Isoleucine
A

AUA (lle/l) Isoleucine

AUG (Met/M) Methionine, Start !

GUU (Val/V) Valine
GUC (Val/V) Valine

G
GUA (Val?V) Valine

GUG (Val/V) Valine

ACU (Thr/T) Threonine
ACC (Thr/T) Threonine

ACA (Thr/T) Threonine
ACG (Thr/T) Threonine
GCU (Ala/A) Alanine
GCC (Ala/A) Alanine
GCA (Ala/A) Alanine
GCG (Ala/A) Alanine

AAU (Asn/N) Asparagine
AAC (Asn/N) Asparagine
AAA (Lys/K) Lysine
AAG (Lys/K) Lysine

GAU (Asp/D) Aspartic acid
GAC (Asp/D) Aspartic acid

GAA (GIu/E) Glutamic acid
GAG (GIu/E) Glutamic acid

Preklad DNA sekvence

2nd base
u Cc A G
UUU (Phe/F) Phenylalanine UCU (Ser/S) Serine  UAU (Tyr/Y) Tyrosine UGU (Cys/C) Cysteine
UUC (Phe/F) Phenylalanine UCC (Ser/S) Serine  UAC (Tyr/Y) Tyrosine UGC (Cys/C) Cysteine
Y UUA (Leu/L) Leucine UCA (Ser/S) Serine  UAA Dchre {Stag) UGA Opal {Step)
UUG (Leu/L) Leucine UCG (Ser/S) Serine  UAG Amber (Stop) UGG (Trp/W) Tryptophan
CUU (Leu/L) Leucine CCU (Pro/P) Proline | CAU (His/H) Histidine CGU (Arg/R) Arginine
CUC (Leu/L) Leucine CCC (Pro/P) Proline  CAC (His/H) Histidine CGC (Arg/R) Arginine
€ CUA (Leu/L) Leucine CCA (Pro/P) Proline | CAA (GIn/Q) Glutamine CGA (Arg/R) Arginine
CUG (Leu/L) Leucine CCG (Pro/P) Proline | CAG (GIn/Q) Glutamine CGG (Arg/R) Arginine

AGU (Ser/S) Serine
AGC (Ser/S) Serine

AGA (Arg/R) Arginine
AGG (Arg/R) Arginine
GGU (Gly/G) Glycine
GGC (Gly/G) Glycine
GGA (Gly/G) Glycine
GGG (Gly/G) Glycine

Open reading frames are highlighted in fedl Please select one of the following frames - in the next page, you will be able to select your initiator and retrieve your amino acid
sequence.

5'3' Frame 1

V CW Stop L W MetPLEPCStop AP IRKPAVIRPPRP Stop L MetVATC MetLLARAMetPREWAITIAVCLPV Stop ARVISCICAKPRWRCARK
Stop ACCLFALFP StopKMetPALLPRSNWKCVMetPPPPFRMetRMetI CCIRAVVRStopKIIIGAAMetCWRRARPPYVPPILRCAIVMetAP
Stop AVIFVGKPALKLRAASRIPNSRALNRAAIAMetATEACRRIPPLEKRS S MetRTRRIVRIStop NCL L MetMetRRNRP PP LWV TAKMet
MCVCLPStop AKVVKFVLKRARTAVRARP MetPVWRR Stop ARAIPCGWAGWARKMetVPMetRIIMetMetALLECSGRLPNG

5'3'Frame 2

YAGDCGCRYPAERLSGSQPStopSGRPDRDStopWSPPYVCCStopPGRCRAAGP StopRStopPSVYRSEPGStopSAASARNRAGAAR
GSERAVYSLCPERCRHCCPDRTGSAStopCRHRRSGCGStopSAASELSSAERSLLAQRCAGGGRDHLYRRFCGYRS StopWHRE
RLFSLGNQHStopNCGQPAGYQTAGLStopTEQRSQWQLStopPAAEYRLStopSDLLCERGGSSGSETVYStopStopCAGTGRHLCG
Stop ORRWCASVYPE Stop QRW StopNSYStop SERERPSERDRCPSGAAERGRYRVAGLAGRGRWCRCGL Stop StopWHCYSAVAD
Y L Met

5'3' Frame 3

MetL VIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDQLHLRETALALRAEVSVLFIRFALKD
AGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQP
GFKPSSDRNGNFSLPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDARL
APLSAGDTVWLGWLGAEDGADADYNDGIVILQWPIT Stop W

3'5' Frame 1
PIRStopSATAEStopQCHHYNPHRHHLPRPASPATRYRPRSAAPDGHRSRSDGRSRSLQYEFYHLCYSGStopTDAHHLRCYPQRW
RPVPAHHQStopTYSDPDDPPRSHRRSLStopRRYSAAGStopSCHCDRCSY StopSPAVWYPAGCPQFQCWFPNENNRSRCHHDR
TPAQNRRYRWSRPPPAHRCANNDLSADDSSDAADHPHPERRWRHHALPVRSGQQCRHLSGQSEStopTARSLPRAAPARFRAD
AADHPGSDRStopTDGYRYGPAARHRPGStopQHTGGDHQSRSGRPDHGWLPDRRSAGStopRHPQSPAY

3'5'Frame 2
PLGNRPLAQNNNAIINIRIGTIFRAQPAQPHGIARAQRRQTGIGRALTAVRARFNTNFTTFAIQGKQTHTIFAVTHKGGGRFRRIINKQF
QILTIRRVRIEDRFKGGIRRQAKVAIAIAARFKARLFGIRLAARNFNAGFPTKITAHGAITIAHRKIGGTGGRARRQHIAAP IMetIEQRT
TARMetQQIIRIRNGGGGITHFQFDRGNNAGIFQGKANKQHAHFRAQRQRGFAQMetQLITRAQTGKQTAIVMetAQLRGIARANNIQV
ATINHGRGGRITAGFRIGAQQGNGIHNHQH

3'5'Frame 3

HStop VIGHCRITMetPSLIStop SASAPSSAPSQPSHTVSPALSGARRASYVALStopRPFALASIRILPPLLFRYVNRRTPSSLLPTKVAA
GSGASSINSFRSStopRSAAFAStopKIALKAVFGGRLKLPLRSLLGLKPGCLYSGWLPAISMetLVSQRKStopPLTYPSRSHTAKSA
VAVVAPAASTSLRQStopStopSFSGRALGCSRSSASGTAVAASRTSSSICGATMetPASERAKRINSTETSARSASAVSRRCS Stop S
PGLRPYVNRRLSLWPSCAASPGLTTYRWRPSITYVGAAGSRLASGStopALSRVTASTITSI

Identifikace ORF (otevienych ctecich ramcti)
ExPASy

http://web.expasy.org/translate/
ORF Finder (NCBI)
https://www.ncbi.nlm.nih.gov/orffinder/



Predikce prokaryotickych genu

e Opravdu koduje ORF protein?

* ORF koduje protein, ktery je podobny jiz drive popsanému proteinu
(prohledavani DATABAZI pomoci ALIGNMENTU).

* ORF ma typicky obsah GC nebo frekvenci kodonu. Srovnani s
charakteristickymi vlastnostmi znamych genu ze stejného organismu.

« Pred ORF se nachazi typické RBS (ribosome-binding site) nebo
promotor. Analyza signdlnich sekvenci pro transkripci a/nebo
translaci.



Predikce eukaryotickych genu

* Rozpoznani exonu/intront
Identifikace mist sestrihu: GT na 5’konci, AG na 3 konci.
* Chyby pfi rozpozndvani exont/intronl

Velké mnozstvi chyb. Dlouhé introny — urceny jako intergenové
useky. Kratké intergenové useky — urceny jako introny.

5% + il 3
L -850 .

W -~ coding resion B - untranslated resion

Glyceraldehyd-3-fosfat-dehydrogenasa
Homo sapiens



Predikce eukaryotickych genu
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Splicing Mechanism Used for mRNA Precursors. The upstream (5') exon is
shown in blue, the downstream (3’) exon in green, and the branch site in
yellow. R stands for a purine nucleotide, Y for a pyrimidine nucleotide, and
N for any nucleotide. The 5’ splice site is attacked by the 2’-OH group of the
branch-site adenosine residue. The 3’ splice site is attacked by the newly
formed 3’-OH group of the upstream exon. The exons are joined, and the
intron is released in the form of a lariat. [After P. A. Sharp. Cell
2(1985):3980.]



Predikce eukaryotickych genu — priklad z praxe

Hypoteticky gen/protein, predikovany pfi Identifikace genu/proteinu na Grovni mRNA
anotaci genomu Aspergillus fumigatus (pfiprava cDNA pro klonovani)
Af293

s DN A s D N A

l Transkripce,Sestrih l Transkripce

I—— mRNA mesesssssssm  MRNA (cDNA)

l Translace l Translace

Protein Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS
NCSSSMLSRC

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK HGDCYNGV



Predikce eukaryotickych genu — priklad z praxe

Hypoteticky gen/protein, Identifikace genu/proteinu na Urovni

predikovany pfi anotaci genomu MRNA (pfiprava cDNA pro klonovani)
Aspergillus fumigatus Af293

o — | s DNA
Chybna predikce intronu?
Transkr o . Transkripce
Alternativni sestfih?
] o , v ’
( Rizné kmeny/zivotni jumm  MRNA (cDNA)
odminky/bunécny cyklus?
lTransla Y y ycy Translace
Chyba pfi pfipravé cDNA knihovny?

T Prot Protein
MADPEVEADG ELDLEKRASA QTCKIVNVDT MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS HGDCYNGV

NCSSSMLSRC



Predikce genl — algoritmy a nastroje

° P re d i kce ge n loj n a za’ k I a d é Program Organism Algorithm* Website Homology
GenelD Vertebrates, plants DP http://wwwl.imim.es/geneid. html
k )4 4 h I H h I d 74 4 4 FGENESH Human, mouse, HMM http:/ fwww.softberry.com/berry.phtmlTtopic
Se ve n c n I o m 0 Ogl e - vy e ava n I Drosophila, rice =fgeneshfzgroup=programs&subgronp=gfind
I G 4 , L] o GeneParser Vertebrates NN http:/ /beagle.colorado.edu /~eesnyder/ EST
v databazich pomoci algoritmu.
Genie Drosophila, GHMM http:/ fwww.fruitfly.org /seq_tools/genie.htm]l  protein
human, other
GenLang Vertebrates, Grammar rule  http://www.cbilupenn.edu/genlang/
Drosophila, dicots genlang_home. html
° [¢) [ o, @ . GENSCAN Vertebrates, GHMM http://genes.mit.edu/GENSCAN.html
* Predikce genu ab initio — predikce Arbicopen, man
e v ° ° s o GlimmerM Small eukaryotes, IMM http:/ fwww.tigr.org/tdb/glimmerm/
na zakladé statistickych parametru Arabidopis,ric
GRAIL Human, mouse, NN, DP http:/ /compbioc.ornl.gov/Grail-bin/ EST,
D N A se kve n ce hrahidoFsis, EmptyGrailForm cDNA
L4 Drosophila
HMMgene Vertebrates, CHMM http:/ fwww.chs.dtu.dk/services/ HMMgene /
C. elegans
AUGUSTUS  Human, IMM,WWAM  http://augustus.gobics.de/
Arabidopsis
MZEF Human, mouse, Quadratic http:/ frulai.cshl.org/tools/genefinder/

* VVétsina bézneé pouzivanych metod

Arabidopsis,
Fission yeast

diseriminant

analysis

kombinuje oba dva pristupy.

HMM; GHMM, generalized HMM; IMM, interpolated MM.

*DP, dynamic programming; NN, neural network; MM, Markov model; HMM, Hidden Markov model; CHMM, class



Bioinformatika a Covid-19

NCBI

malinovska My NCBI Sign Out

NérOd ni Ce ntru m e NCBI Resources (¥ HowTo ™
pro biotechnologické =NCBI Al Databases v |
informace Bioiechnoigy infomaton

COVID-19 is an emerging, rapidly evolving situation.

Get the latest public health information from CDC: hitps://Awww.coronavirus.gov .
Get the latest research from NIH: https://www.nih.gov/coronavirus.
Find NCBI SARS-CoV-2 literature, sequence, and clinical content: https://www.ncbi.nlm.nih.gov/sars-cov-2/.

< NCBI ¢

National Center for
Biotechnology Information

http:/lwww.ncbi.nilm.nih.gov/

National Center for Biotechnology Information

COVID-19 Data Portal

EBI

Evropsky institut
pro bioinformatiku

EMBL-EBI

COVID-19 Data Portal: An international effort to
advance SARS-CoV-2 research

The COVID-19 Data Portal enables the sharing and analysis of data related to the new coronavirus,
SARS-CoV-2. The initiative aims to facilitate international collaboration to accelerate scientific discovery,
monitor the pandemic and help develop treatments and a vaccine for the new coronavirus.

« Access the COVID-19 Data Portal
+ Read more about EMBL-EBI's efforts to fight COVID-19

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

477 COVID-19 Data Portal

Viral sequences @

Raw and assembled sequence and
analysis of SARS-CoV-2 and other
coronaviruses.

119,058 records >

Expression @

Gene and protein expression data of
human genes implicated in the virus
infection of the host cells. Identifying cell
types and genes with highest expression
in SARS-CoV-2 infections.

72 records >

Host sequences @

Raw and assembled sequence and
analysis of human and other hosts.

997 records >

Proteins @

Curated functional and classification data
on the SARS-CoV-2 protein entries and
associated protein receptors.

637 records >
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Pokud Vas zajimaji detaily, odkazy na pouzité clanky:

viz UCebni materialy v ISu, adresart Bioinformatika/Materialy_pro_studenty (neni
nutno studovat ke zkousce, pouze detailnéjsi informace, pokud Vas zajima néco
blize...)
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nutno studovat ke zkousce, pouze detailnéjsi informace, pokud Vas zajima néco
blize...)

Aktualni kurzy (vSechny JS):

C2131 Uvod do bioinformatiky (vhled do oboru)
C2132 Uvod do bioinformatiky - seminar
C2135 Bioinformatika v praxi (pokud si chcete osahat zaklady bioinformatiky prakticky)
C2138 Pokrocila bioinformatika
C2139 Pokrocila bioinformatika — seminar
C3211 Aplikovana bioinformatika (pokud Vas zajima jaké experimentalni metody
jsou propojeny s bioinformatickymi nastroji)



