Bioinformatika —

rozsirené opakovani

Nezbytné databaze, prace se sekvencemi, prilozeni, predikce genu



Bioinformatika — definice

Existuje mnoho rtiznych definic — nejednotnost odrdzi dynamicky rozvoj oboru.

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

Bioinformatika — nova disciplina na rozhrani pocitacovych véd, informacnich
technologii, matematiky a biologie; 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 nastrojli a databazi + jejich aplikace



Bioinformatika — aplikace

Applications
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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, proteinova krystalografie, NMR spektroskopie) koncem
minulého stoleti ved| k obrovskému naristu mnozstvi biologickych
dat.

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



Rozdéleni databazi

* Primarni databaze: anotované sekvence nukleovych kyselin nebo
proteind.

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

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

* Genomoveé databdaze: genomy organismu.
* Databaze specializované vs. univerzalni.



Primarni
EDRPIKFSTEGATSQSYKQFIEALRERLRGGLIHDIPVLPDPTTLQERNRYIT
VELSNSDTESIEVGIDVTNAYVVAYRAGTQSYFLRDAPSSASDYLFTGTDQHS
LPFYGTYGDLERWAHQSRQQOIPLGLQALTHGISFFRSGGNDNEEKARTLIVII
OMVAEAARFRYISNRVRVSIQTGTAFQPDAAMISLENNWDNLSRGVQESVQDT
FPNQVTLTNIRNEPVIVDSLSHPTVAVLALMLEFVCNPPNIVEKSKICSSRYEP
TVRIGGRDGMCVDVYDNGYHNGNRIIMWKCKDRLEENQLWTLKSDKTIRSNGK

:

Ribosome-inactivating protein, subdomain 1

Ribosome-inactivating protein, subdomain 2

Ricin B-like lectins

Sekundarni

Strukturni

Rozdéleni databazi

Specializované

Univerzalni




Nucleic Acids Research

Databaze

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

Nucleic Acids
Research
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2020: 1637 databazi
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The 27th annual Nucleic Acids Research database
issue and molecular biology database collection

Daniel J. Rigden"" and Xosé M. Fernandez?

TInstitute of Integrative Biology, University of Liverpool, Crown Street, Liverpool L69 7ZB, UK and 2Institut Curie, 25
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ABSTRACT

The 2020 Nucleic Acids Research Database Issue
contains 148 papers spanning molecular biology.
They include 59 papers reporting on new databases
and 79 covering recent changes to resources previ-
ously publlshed in the issue. A furlher ten papers

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

are on datab most

elsewhere This issue contains three breakthrough
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 m|RTar-
Base. D for p i in-
clude CDD, DisProt and ELM, alongsrde no fewer

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; (i) protein sequence and
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,

than four newcomers covering p
in I|qu|d—||qu|d phase separati In
and F Ci R and
Metabohghts all contnbme papers. PATRIC and Mi-
croScope update il in microbial genomes while human

and drugs; (vii) plants and (viii) other topics, such

as proteomics 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-

stdl’th onlmu MO]L‘LUIdT Biology Database Collection, clas-
b

and model lud
bl Ensembl

and UCSC Genome
ins are

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 onlme on the Nucleic Acids Research web-
site (http ic.oup. /nar). The NAR online

s more finely using 15 categories and 41 sub-
categories, .md 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-

: suite of databases, some featured in detail else-

whcn in lhls Issue. They report that their database for raw
e reads, the Genome Sequence Archive, now occu-

Molecular Biology D Coll has been re-

vised, updating 305 entries, adding 65 new i
and eli ing 125 di d URLs; so bringing

the current total to 1637 datab Itis i at que
http://www.oxfordjournals.org/r /cl.

pies more than a petabyte.

https://academic.oup.com/nar/issue/48/D1
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Daniel J. Rigden'" and Xosé M. Fernandez?

TInstitute of Systems, Molecular and Integrative Biology, University of Liverpool, Crown Street, Liverpool L69 7ZB, UK

and 2Institut Curie, 25 rue d'Ulm, 75005 Paris, France

ABSTRACT

The 2021 Nucleic Acids R h datab Issue

contains 189 papers splnmng a wide range of bi-
logical fields and ir It i des 89 pa-

pers reporting on new databases and 90 cover-
ing recent changes to iously pub-
lished in the Issue. A further ten nre updates on
databases most recently published elsewh Seve

ology. Unsurprisingly, COVID-19 casts a long shadow over
the Issue. Seven new ddldbd‘ s specifically address the pan-
demic and the SARS-Co’ irus responsible (Table 1) but
new and returning databases in all areas have rushed to sup-
port research into the viral pandemic: the reader will find
reference to it throughout the Issue, sometimes in quite un-
expected places. The Issue contains a further 82 papers (Ta-
ble 2) on new databases as well as 90 update papers on
Jatab. previously published in NAR. To complete the

new databases focus on COVID-19 and SARS-COV—
2 and many others offer resources for studying
the virus. Major returning nucleic acid databases
include NONCODE, Rfam and RNAcentral. Protein
family and d in datab include COG, Pfam,
SMART and Panther. Protein structures are cov-
ered by RCSB PDB and dispersed proteins by PED
and MobiDB. In metabolism and signalling, STRING,
KEGG and WikiPathways are featured, along with re-
turning KLIFS and new DKK and KinaseMD, all fo-
cused on kinases. IMG/M and IMG/VR update in the

bial and viral while
human and model i i in-
clude Flybase, E bl and UCSC G Browser.
Cancer studies are d d: from canSAR

and PINA, as well as newcomers CNCdatabase and
Oncovar for cancer drivers. Plant comparative ge-
is d for by upd from Gi

Issue, resources previously published elsewhere update in a
further 10 papers (Table 3).

As is customary, the Issue starts with reports from the
major database providers at the U.S. National Center for
Biotechnology Information (NCBI), the European Bioin-
formatics Institute (EBI) and the National Genomics Data
Center (NGDC) in China (1-3). Thereafter, the usual cat-
egorisation applies: (i) nucleic acid sequence and structure,
transcriptional regulation: (ii) protein sequence and struc-
ture; (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, dis-
eases and drugs: (vii) plants and (viii) other topics, such
as proteomics databases. Many resources are not easily
pigeon-holed so browsing of the whole Issue is strongly en-
couraged.

The COVID-19 papers span a number of sections clearly
indicating the mulhdmnplumry nature of the huge scien-

and GreenPhylDB. The entire Database Issue is
freely uvallable onlme on the Nucleic Acids Re-
b Inar). The

search p ic.oup.

tific resy to the pand Navigating the deluge of
COVID-19 papers is a significant challenge in its own right
and one addressed by the NCBI's LitCovid database (4)
which features manual curation supported by sophisticated

NAR online M lecul Biology Dat: b Collecti
has been substantially updated, revisiting nearly
1000 entries, adding 90 new resources and eliminat-
ing 86 obsolete databases, bringing the current to-
tal to 1641 databases. It is available at https://www.
oxfordjournals.org/nar/database/c/.

NEW AND UPDATED DATABASES

The 28th annual Nucleic Acids Research Database Issue
contains 189 papers spanning, as usual, a wide range of bi-

machine-learning assistance. SARS-CoV-2 nucleic acid se-
quence data and associated curated metadata can be con-
veniently obtained from the ViruSurf database (5) which
also covers other human pathogenic viruses. SARS-Cov-
2 comparative genomics is covered by the GESS database
(6) where temporal and geographical patterns of SNVs can
be analysed. SARS-Cov-2 protein structures — alone and in
complex with antibodies, receptors, and small molecules

are collected at the CoV3D database (7) and made avail-
able with a variety of bespoke analyses of sequential and
conformational diversity. Obviously, drug and vaccine de-

https://academic.oup.com/nar/issue/49/D1


http://www3.oup.co.uk/nar/database/cat/5
http://www3.oup.co.uk/nar/database/cat/6
http://www3.oup.co.uk/nar/database/cat/7
http://www3.oup.co.uk/nar/database/cat/8
http://www3.oup.co.uk/nar/database/cat/9
http://www3.oup.co.uk/nar/database/cat/10
http://www3.oup.co.uk/nar/database/cat/11
http://www3.oup.co.uk/nar/database/cat/12
http://www3.oup.co.uk/nar/database/cat/13
http://www3.oup.co.uk/nar/database/cat/14
http://www3.oup.co.uk/nar/database/c
http://www3.oup.co.uk/nar/database/subcat/1/1
http://www3.oup.co.uk/nar/database/subcat/1/2
http://www3.oup.co.uk/nar/database/subcat/1/3
http://www3.oup.co.uk/nar/database/subcat/1/4
http://www3.oup.co.uk/nar/database/cat/2
http://www3.oup.co.uk/nar/database/cat/3
http://www3.oup.co.uk/nar/database/cat/4

EBI/NCBI/DDB)J

Instituce zabyvajici se shromazd'ovanim, spravou a poskytovanim dat a
informaci a vyvojem analytickych nastroju.

EBI NCBI
Evropsky institut Narodni centrum
pro bioinformatiku pro biotechnologické DDBJ Center

informace

National Center for

DNA Data Bank of Japan
Biotechnology Information

European Bioinformatics Institute National Center for Biotechnology Information The DNA Data Bank of Japan Center

http://www.ebi.ac.uk/ http://www.ncbi.nlm.nih.gov/ http://www.ddbj.nig.ac.jp/

. : :

ENA « > GenBank « > DDBJ

DDBJ Center




Primarni databaze nukleovych kyselin

* ENA — Evropsky institut pro bioinformatiku EMBL-EBI

* GenBank — Narodni centrum pro biotechnologické informace ;) NCBI

{ational Center for
iotechnology Information

m =

* DDBJ ~ Narodni geneticky nstitut (NIG) 1) DDBJ

“  DNA Data Bank of Japan



Format ENA databaze

identification (begins each entry; 1 per entry)
accession number (>=1 per entry)

R — project identifier (0 or 1 per entry) 3.4.1 The ID Line
DT - date (2 per entry) The ID (IDentification) line is always the first line of an entry. The
DE - description (>=1 per entry) format of the ID line is:
ID <1>; SV <2>; <3>; <4>; <5>; <6>; <7> BP.
KW - keyword (>=1 per entry’ The tokens represent:
05 - organism species (>=1 per entry) 1. Primary accession number
- rgan' s F3 = 2. Sequence version number

ocC o 1sm classification (>=1 pex entrY) 3. Topology: 'circular' or 'linear'
-0G — orgapelle (0 or 1 per entry) 4. Molecule type (see note 1 below)
RN - reference number >=1 Tr ent 5. Data class (see section 3.1)

( pe ry)
RC - reference comment (>=0 per entry) 6. Taxonomic division (see section 3.2)
RP - reference positions (>=1 per ent:ry) 7. Sequence length (see note 2 below)
RX - reference cross-referencqg (>=0 per entry)
RG - reference group (>=0 per entry)
RA - reference author(s) (>=0 per entry)
RT - reference title (>=1 per entry)
RL - reference location (>=1 per entry) ID CD789012; SV 4; linear; genomic DNA; HTG; MAM; S00 BP.
DR - database cross-reference (>=0 per entry)
CC - comments or noces (>=0 per entry)
AH - assembly header (0 or 1 per entry)
AS - assembly information (0 or >=1 per entry)
FH - feature table header (2 per entry)
FT - feature table data (>=2 per entry)
XX - spacer line (many per entry) ftp://ftp.ebi.ac.uk/pub/databases/embl/doc/usrman.txt
5Q - sequence header (1 per entry)
CO - contig/construct line (0 or >=1 per entry)
bb - (blanks) sequence data (>=1 per entry)
// — termination line (ends each entry; 1 per entry)



Format ENA databaze

3.1 Data Class

The data class of each entry, representing a methodological approach to the

generation of the data or a type of data, is indicated on the first (ID) line

of the entry. Each entry belongs to exactly one data class.
Class Definition

CON Entry constructed from segment entry sequences;

annotation may be drawn from segment entries
PAT Patent

EST Expressed Sequence Tag

G55 Genome Survey Sequence

HTC High Thoughput CDNA segquencing

HTG High Thoughput Genome segquencing

MGA Mas=s Genome Annotation

WGS Whole Genome Shotgun

TSA Transcriptome Shotgun Assembly

LR, Sequence Tagged Site

STD Standard (all entries not classified as above)

ftp://ftp.ebi.ac.uk/pub/databases/embl/doc/usrman.txt

if unannotated,

Division
Bacteriophage
Environmental Sample
Fungal

Human
Invertebrate
Cther Mammal
Cther Vertebrate
Mus musculus
Plant

Prokaryote

Other Rodent
Synthetic
Transgenic
Unclassified
Viral

Code
PHG
ENV

HUM
INV
MAM
VRT
MUS
PLN
PRO
RCD
SYN
TGN
UNC
VRL



ID

FEHARRONEERRTINEL

FEEEERENEEEEER

X56734; 5V 1; linear; mRNA; 5TD; PLI

X56734; S46826; EMBL (ENA)

12-SEP-1991 {Rel. 29, Created) , ,entry“
25-NOV-2005> (Rel. 85, Last updated, Version 11)

; 1859 BP.

Trifolium repens nmBRNA for non-cyancgenic beta-gluccsidase
beta-glucczidase.

Trifolium repens [(white clowver)

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnocliophyta; eudicotyledons; core eudicotyledons; rosids;
eurcsids I; Fabales; Fabaceae; Papilioncideae; Trifclieae; Trifolium.

5]

1-1859

POBMED; 1907511.

Oxtcby E., Dunn M.A., Pancoro A., Huaghes M.A.;

"Nucleotide and derived aminc acid segquence of the cyancgenic
beta-glucosidase {(linamarase) Ifrom white clover ([Trifolium repens L.)";
Plant Mcl. Bicl. 17(2):209-21%{1991).

[e]

1-1859

Hughes M.A.;

Submitted (19-NOV-1990) to the EMBL,/GenBank/DDBJ databases.

Hughes M.A., TUniversity of Newcastle Upon Tyne, Medical 3School, Newcastle
Upon Tyne, NE2 4HH, UK



FT source
FT

FT

FT

FT

FT

FT

FT CDS
FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT  mRNA
FT

FT

XX

5Q

tcggagcagt
aggtgcagta
tccagaaaaa
caaggaagat
ttggccaaga

1..1859

forganism="Trifolium repens”
/mol_type="mRNA"
/clone_ lib="lambda gtl0”
/clone="TRE361"

/tissue_type="leaves”
/db_xref="taxon:3899"

14..1495

/product="beta-glucosidase"
/EC_number="3.2.1.21"
/note="non-cyanogenic"
/db_xref="GOA:P26204"
/db_xref="HSSP:P26205"
/db_xref="InterPro:IPR001360"
/db xret-'UniProtKB/Sviss-Prot P26204"

Translation =
proteinova databaze

2 VNEGGRGPSIWIFIEKYPEKIRDGSNADITVDQYHRYKEDVGIMK

DQNHDSYRISIS"PRILPRGKISGGINHEGIKYYNNLINELLANGIQPFVTLFHWDLPQ
VLEDEYGGFLNSGVINDFRDYTDLCFKEFGDRVRYWSTLNE PWVFSNSGYALGTINAPGR
CSASNVAKPGDSGTGPY IVIHNQILAHAE AVHVYKIKYQAYQKGKIGITLVSNWLMPLD
DNSIPDIKARERSLDFQFGLFMEQLTIGDYSKSMRRIVKNRLPKFSKFESSLVNGSFDF
IGINYYSSSYISNAPSHGNAKPSYSTNPMINISFEKHGIPLGPRAASIWIYVYPYMFIQ
EDFEIFCYILKINITILQFSITENGMNEFNDATLPVEEALLNTYRIDYYYRHLYYIRSA
IRAGSNVKGFYAWSFLDCNEWFAGFTVRFGLNFVD"

1..1859

/experiment="experimental evidence, no additional details

recorded”

9 BP; €09 A;
atggatt ttattgtage

. tccacaaatg Cagttgaage

tttcctegtg gottcatctt
aacgaaggcg gtagaggacc
ataagggatg gaagcaatgc
gttgggatta tgaaggatca
atactcccaa agggaaagtt

314 C;

355 G;
catatttgct
ttctactctt
tggtgctgga
aagtatttgg
agacatcacg
aaatatggat
gagcggagac

581 T; 0 other;

ctgtttgtta
cttgacatag
tcttcagcat
gataccttca
gttgaccaat
tcgtatagat
ataaatcacg

ttagctcatt
gtaacctgag
accaatttga
cccataaata
atcaccgcta
tctcaatctc
aaggaatcaa

60
120
180
240
300
360
420
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X64011; SV 1; linear; genomic DNA; STD; PRO; 756 BP.
X64011; S78972;
X64011.1

28-APR-1992 (Rel. 31, Created)
38-JUN-1993 (Rel. 36, Last updated, Version 6)

ENA

Listeria ivanovii sod gene for superoxide dismutase
sod gene; superoxide dismutase.

Listeria ivanovii
Bacteria; Firmicutes; Bacillus/Clostridium group;
Bacillus/Staphylococcus group; Listeria.

[1]

MEDLINE; 92148371.

Haas A., Goebel W.;

"Cloning of a superoxide dismutase gene from Listeria ivanovii by
functional complementation in Escherichia coli and characterization of the
gene product.”;

Mol. Gen. Genet. 231:313-322(1992).

[2]
1-756
Kreft J.;

H

Submitted (21-APR-1992) to the EMBL/GenBank/DOB) databases.

J. Kreft, Institut f. Mikrobiologie, Universitaet Wuerzburg, Biozentrum Am
Hubland, 8708 Wuerzburg, FRG

Key Location/Qualifiers

source 1..756
/db_xref="taxon:1638"
Jforganism="Listeria ivanovii"
/strain="ATCC 19119
/mol_type="genomic DNA"
95..1e0
/gene="sod"
/regulatory_class="ribosome_binding_site"
regulatory 723..745
/gene="sod"
/regulatory_class="terminator"
cos 109..717
/transl_table=11
/gene="sod"
/EC_number="1.15.1.1"
/db_xref="GOA:P28763"
/db_xref="HS5P: PgR448"
/db_xref="InterPro:1PREE1189"

regulatory

/translation="MTYELPKLPYTYDALEPNFDKETMEIHY TKHHNIYVTKLNEAVSG
HAELASKPGE ELVANLOSVPE EIRGAVRNHGGGHANHT LFWSSLSPNGGGAPTGNLKAA
I1ESEFGTFDEFKEKFNAAAAARFGSGWAWLVVNNGKLEIVSTANQDSPLSEGK TPVLGL
DVWWEHAYYLKFQNRRPEYIDTFWNVINNDERNKRFDAAK ™

Sequence 756 BP; 247 A; I9® G; 222 T; @ other;
cgttatttaa ggtgttacat agttctatgg asatagggtc tatacctttc gecttacaat 6@
gtaatttctt .......... 120

http://www.insdc.org/documents/feature-table#7.1.1

GenBank

DDBJ

Locus L1SCO 756 bp  ONA linear  BCT 38-JUN-1993 Locus el - St A near SOl e
DEFINITION Listerda dvanovii sod gene for superoxide dismtase. DEFINITION Listeria ivanovii sod gene for superoxide dismutase.
. ACCESSION  Xede11 578972
ACCESSION  X64@11 S78972 VERSION X64011.1 GL:44010
VERSION X64811.1 51¢4431? . KEYWORDS sod gene; superoxide dismutase.
KEYWCROS Sfd Sev5}>5”99'?f1de dismutase. SOURCE Listeria ivanovii
SOURCE LfSte"?a {VB"'-W}} ORGANISM Listeria ivanovii
ORGANISM LlStE"?a 1V?"°Y11 ) ) . X . Bacteria; Firmicutes; Bacillales; Listeriaceae; Listeria.
Bacteria; Firmicutes; Bacillales; Listeriaceae; Listeria. REFERENCE 1 (bases 1 to 756)
REFERENCE 1 (bases 1 to 756) AUTHORS ~ Haas,A. and Goebel,W.
AUTHORS Haasz‘ and G°Eb91:“: _ . o N TITLE Cloning of a superoxide dismutase gene from Listeria ivanovii by
TITLE Cloning of a superoxide dismutase gene from Listeria ivanovii by functional complementation in Escherichia coli and characterization
functional complementation in Escherichia coli and characterization of the gene product
of the gene product JOURNAL  Mol. Gen. Genet. 231 (2), 313-322 (1992)
JOURNAL  Mel. Gen. Genet. 231 (2), 313-322 (1992) MEDLINE 92140371
MEDLINE '92143371 REFERENCE 2 (bases 1 to 756)
REFERENCE 2 (bases 1 to 756) AUTHORS  Kreft,).
AUTHORS Kfeft;3~ o TITLE Direct Submission
TITLE Dxr‘eft Submission . . X X JOURNAL  Submitted (21-APR-1992) ). Kreft, Institut £. Mikrobiologie,
JOURNAL 5u?m1tt?d (21-APR-1992) ]: Kreft, Institut £. Mikrobiologie, Universitaet Wuerzburg, Biozentrum Am Hubland, 8708 Wuerzburg, FRG
Universitaet Wuerzburg, Biozentrum Am Hubland, 8708 Wuerzburg, FRG FEATURES Location/Qualifiers
FEATURES Location/Qualifiers source 1..756
source 1..75% forganism="Listeria ivanovii"
Jorganism="Listeria ivanovii" /strain="ATCC 19119
/strain="ATCC 19119" /db_xref="taxon:1638"
/db_xref="taxon:1638" /mo; type="genomic DNA"
/mol_type="genomic DNA" regulatory 95..100
regulatory 95..1e0 /gene="sod"
/gene="sod" /regulatory_class="ribosome_binding_site"
/regulatory_class="ribosome_binding_site" gene 95, .746
gene 95..748 /gene="sod"
/gene="sod" cos 109..717
cos 109..717 /gene="sod"
/gene="sod" /EC_number="1.15.1.1"
JEC_number="1.15.1.1" /codon_start=1
/codon_start=1 /transl_table=11
/transl_table=11 /product="superoxide dismutase”
superoxide dismutase” /db_xref="GOA:P28763"
(4 :Mfill" } /db_xref="HSSP:PoR448"
GOA:P28763 /db_xref="InterPro:1PREE1189"
10 /db_x PROLKE/ SWiss-Prot:P28763
UniProtkKB/Swiss-Prot:pP28763" pfotein_id="Can5466.1"
/protein_id="cAn5486.1" /translation="MTYELPKLPYTYDALEPNFDKETME IHY TKHHNIYVTKLNEAVS
/translation="MTYELPKLPYTYDALEPNFDKETMEIHY TKHHNIYVTKLNEAVS GHAE LASKPGEE LVANLDSVPEE I RGAVRNHGGGHANHT LFWSSLS PNGGGAP TGNLK
GHAELASKPGEELVANLDSWEEIRGAVRNMWTLF“*’—-*""@“"“’"“‘ AALESEFGTFOEFKEKFNAAAAARFGSGHAWLVVNNGKLE IVS TANQDSPLSEGK TPV
AALESEFGTFDEFKEKFNAAAAARFGSGWAWLVVNNGKLE IVSTANQDSPLSEGK TPV LGLOVWEHAYYLKFQNRRPEYIDT FWNVINWDERNKRFOAAK "
LGLOVWEHAYYLKFQNRRPEY DT FWNVINWDERNKRFDAAK " regulatory 723..746
regulatory g sod"”
/gene= /regulato =
/regulatory_class="terminator BASE COUNT 247 a 136 ¢ 151 g 22t
ORIGIN ORIGIN
1 cgttatttaa ggtgttacat agttctatgg aaatagggtc tatacctttc gecttacaat 1 cgttatttaa ggtgttacat agttctatgg aaatagggtc tatacctttc gecttacaat
61 gtaatttctt .......... 61 gtaatttett ..........
1" /"




Sekundarni databaze NA

Sekundarni databaze: informace odvozené z primarnich databazi ve formeé
charakteristickych vzor( sekvenci, tj. funkénich nebo strukturnich motivu
ziskanych srovnanim primarnich dat (sekvenci).

M TRANSFAC
Sekundarni databaze NA
database
TRANSFAC — databaze eukaryotickych 4 S\ N
transkripénich faktord, jejich vazebnych >/<TRANSFAC

mist a DNA profil(

TRANSFAC online

In this video:

JASPAR — databaze eukaryotickych " i vides
transkripCnich faktordq, jejich vazebnych o
m |,St da D N A p rOfi I ﬁ For more info visit http://genexplain.com/transfac/

http://genexplain.com/transfac/



Primarni databaze proteinu

* Univerzalni databaze:
,Skladisté” sekvenci — sequence repository
Manualné spravovana — curated database

Priklad: GenBank versus RefSeq

<, National Center for Biotechnology Information
- N C Bl National Library of Medicine National Institutes of Health




Primarni databaze proteinu

GenBank RefSeq

Not curated Curated

Author submits NCBI creates from existing data

Only anthor can revise NCBI revises as new data emerge

Muiltiple records for same loci common Single records for each molecule of major organisms
Records can contradict each other

No Imit to species included Lmited to model organisms

Data exchanged among INSDC members Exclusive NCBI database

Akin to primary literature Akin to review articles

Proteins and linked
Access via NCBI Nucleotide databases

Proteins and transcripts identified and linked
Access via Nucleotide & Protein databases




Swiss-PROT + TrEMBL

e Swiss-Prot — , Curated” databaze zalozena na Univerzite
v Zeneve v roce 1986. Spravovana Svycarskym institutem
pro bioinformatiku (SIB - Swiss Institute of Bioinformatics).

UniProtKB

UniProt Knowledgebase
Swiss-Prot (564,277)

¢ Manually annotated and

* Vysoka uroven anotace

reviewed.

* TrEMBL - Pocitacoveé anotovana data, odvozena Records with information

extracted from literature

z kédujicich useku sekvenci v DDBJ/EMBL/GenBank, | an curstorevaiuate

, ’ . v . computational analysis.
ktera ZATIM nejsou zarazena v Swiss-Prot.
TrEMBL (207,800,733)

Automatically annotated
and not reviewed.

Records that await full
manual annotation.

2021/2020

UniProtkKB

UniProt Knowledgebase
Swiss-Prot (561,911)
Manually annotated and
reviewed.

Records with information
extracted from literature
and curator-evaluated
computational analysis.

TrEMBL (177,754,527)
Automatically annotated
and not reviewed.

Records that await full
manual annotation.



Swiss-PROT + TrEMBL su,ﬂisn

* Anotace: Funkce ‘,5;;';{"555
Katalytickd aktivita o
Podjednotky
Domény
Biotechnologické vyuziti
Sekvencni homologie
Posttranslacni modifikace

Reference
atd.

http://www.expasy.org/sprot/



http://www.expasy.org/sprot/

UniProt B o o

2002- spoluprace mezi EBI, SIB a PIR JniProt o
| o
Y

http:/www.uniprot.org

UniProtKB
Protein knowledgebase
- UniProtKB/Swiss-Prot
UniRef Reviewed
Swiss-Prot (564,277) Sequence clusters Mot semotation
A i UniMES
1”‘ Manually annotated and UniRef100 - 1T
[SXicee UniRef90 UniProtKB/TrEMBL Metagenomic
Records with information UniRef50 . and environmental
extracted from literature Unrewgwed . samples sequences
Automatic annotation
and curator-evaluated
computational analysis.
TrEMBL (207,800,733) UniParc - Sequence archive
Automatically annotated Current and obsolete sequences
and not reviewed. t
Records that await full
manual annotation. EMBL/GenBank/DDBJ, Ensembl, other
sequence resources




UniProt

~

curated by experts
data from scientific papers

annotation of sequence features

collates isoforms in one entry /

annotation from rule systems (incl\.
expert-curated rules)

mapped experimental sequence
features (3D structures)

isoforms are kept separate /

m §
Uanrot -



UniProt

UniProtKB - PO6~868 (LIPL_HUMAN)

I Feature viewer

8 Feature table
None

PTM / Processing

\ BAST | &) Format | i Add to basket| O History

Proten  Lipoprotein lipase
Gene LPL
Organism | Homo sapiens (Human)

Status | ™ Reviewed - Annotation score:

- Experimental evidence at protein level’

*® Feedback © Help video @ Other tutorials and videos

The primary function of this lipase is the hydrolysis of triglycerides of circulating chylomicrons and very low density lipoproteins (VLDL). Binding to heparin sulfate proteogyicans at the
cell surface is vital to the function. The apolipoprotein, APOC2, acts as a coactivator of LPL activity in the presence of lipids on the luminal surface of vascular endothelium (By

similarity). & By simsarcy

Catalytic activity
+ H0 = -1 +2 # 1 Abication ~

Sites

Feature key Position(s) Length Description

Active site’ 159 - 159 1 Nucleophie

Active site' 183 - 183 1 Charge relay system
Active site’ 268 - 268 1 Charge relay system
GO - Molecular function’

« apolipoprotein binding ¢ Soerce: BHF-UCL +
heparin binding ¢ Seurce: BHF-UCL ~
lpoprotein pase activity ¢ Seurce: BHF-UCL
o phospholipase activity ¢ Source: Bier.
receplor DINAING ¢ Source: BMF-UCL
triglyceride binding ¢ Source: Ensembl
triglyceride Bpase activity ¢ Seurce: BHF-UCL ~

https://www.youtube.com/watch?v=x9GNm2DLP-U



Biologické databaze - problémy

One of the problems associated with biological databases is_overreliance on
sequence information and related annotations, without understanding the reliabi-
lity of the information. What is often ignored is the fact that there are many errors in
sequence databases. There are also high levels of redundancy in the primary sequence
databases. Annotations of genes can also occasionally be false or incomplete. All
these types of errors can be passed on to other databases, causing propagation of
errors.

ESSENTIAL BIOINFORMATICS,
Jin Xiong, 2006

Vétsina chyb v nukleotidovych sekvencich pochazi jiz z vlastni sekvenace (Castejsi pro sekvence
ziskané cca Breg rokem 1990). Chyby v nukleotidovych sekvencich vedou k chybne translaci do
proteinu nebo ji Uplné znemozni.

Redundance dat maze extrémné zvétsit velikost databaze a vede k problémam pfi vyhledavani.
Lze resSit vytvorenim specializovanych databazi s vysokou urovni kontroly.

Chybna anotace — jedna sekvence oznacCena rlznymi nazvy, ruzné (nesouvisejici) sekvence
mohou mit stejny nazev. Zdroje chyb: preklepy, nepozornost, Cisté hloupost, skutecne neshody
mezi odborniky v daném oboru.

Mnoho informaci je pouze PREDIKOVANO (s vyuZitim bioinformatiky). Je nutné vyvarovat se
slepého spoléhani na informace uvedené v databazi!

Chyby se mohou sirit — nové sekvence s neznamou funkci jsou Casto anotovany na zakladé
sekvencni podobnosti s jiZz existujicimi zaznamy v databazi! Chybna anotace muze ovlivnit celou
skupinu podobnych sekvenci!



Predikce gen(

Hypoteticky gen/protein,
predikovany pfi anotaci genomu
Aspergillus fumigatus Af293

s DNA

l Transkripce,Sestrih

I MRNA

l Translace

e Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS
NCSSSMLSRC

Identifikace genu/proteinu na trovni
MRNA (priprava cDNA pro klonovani)

e DNA

1 Transkripce

memsssssmm  MRNA (cDNA)

1 Translace

Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGV



Hypoteticky gen/protein,
predikovany pfi anotaci genomu

Aspergillus fumigatt

Predikce gen(

s Af293

Identifikace genu/proteinu na Grovni
MRNA (priprava cDNA pro klonovani)

l Transkriy

I—— Ty

1 Translacq

LT

Chybna predikce intronu?
Alternativni sestfih?

Ruzné kmeny/Zivotni
podminky/bunécny cyklus?

Chyba pfi pfipravé cDNA knihovny?

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK

HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS HGDCYNGV

NCSSSMLSRC

| DNA

ranskripce

lmm mRNA (cDNA)

ranslace

Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK



Excel vs. genomika, 2004

@

BIVIC Bioinformatics BloMed Centr

Correspondence

Mistaken Identifiers: Gene name errors can be introduced
inadvertently when using Excel in bioinformatics

Barry R Zeeberg'!, Joseph Riss2, David W Kane3, Kimberly ] Bussey!,
Edward Uchio*, W Marston Linehan?, ] Carl Barrett2 and John N Weinstein*!

Abstract

Background: When processing microarray data sets, we recently noticed that some gene names
were being changed inadvertently to non-gene names.

Results: A little detective work traced the problem to default date format conversions and

floating-point format conversions in the very useful Excel program package. The date conversions
affect at least 30 gene names; the floating-point conversions affect at least 2,000 if Riken identifiers
are included. These conversions are irreversible; the original gene names cannot be recovered.

Conclusions: Users of Excel for analyses involving gene names should be aware of this problem,
which can cause genes, including medically important ones, to be lost from view and which has
contaminated even carefully curated public databases. We provide work-arounds and scripts for
circumventing the problem.
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Excel vs. genomika, 12 let poté...

Gene name errors are widespread in the

scientific literature

Mark Ziemann', Yotam Eren' and Assam El-Osta'®"

The problem of Excel software (Microsoft Corp., Redmond,
WA, USA) inadvertently converting gene symbols to
dates and floating-point numbers was originally de-
scribed in 2004 [1]. For example, gene symbols such as
SEPT?2 (Septin 2) and MARCHI [Membrane-Associated
Ring Finger (C3HC4) 1, E3 Ubiquitin Protein Ligase]
are converted by default to 2-Sep’ and ‘1-Mar, respect-
ively. Furthermore, RIKEN identifiers were described to
be automatically converted to floating point numbers
(i.e. from accession ‘2310009E13’ to ‘2.31E+13’). Since
that report, we have uncovered further instances where
gene symbols were converted to dates in supplementary
data of recently published papers (e.g. ‘SEPT2’ converted
to ‘2006/09/02'). This suggests that gene name errors
continue to be a problem in supplementary files accom-
panying articles. Inadvertent gene symbol conversion is
problematic because these supplementary files are an
important resource in the genomics community that are

frequently reused. Our aim here is to raise awareness of
the problem.

@ CrossMark

Abstract

The spreadsheet software Microsoft Excel, when used
with default settings, is known to convert gene names
to dates and floating-point numbers. A programmatic
scan of leading genomics journals reveals that
approximately one-fifth of papers with supplementary
Excel gene lists contain erroneous gene name
CONVersions.

Keywords: Microsoft Excel, Gene symbol,
Supplementary data

Abbreviations: GEO, Gene Expression Omnibus;
JIF, journal impact factor

Table 1 Results of the systematic screen of supplementary Excel files for gene name conversion errors

JournaP Number of Excel ~ Number of Numberof papers ~ Number of supplementary ~ Number of Number of gene

files screened gene lists found  with gene lists files affected papers affected  names converted
PLoS One 7783 2202 994 220 170 4240
BMC Genomics 11464 1650 801 218 158 4532
Genome Res 2607 580 251 114 68 3180
Nucleic Acids Res 2n7 540 B15 88 67 1661
Genome Biol 2678 664 257 97 63 1878
Genes Dev 932 395 190 75 55 1593
Hum Mol Genet 980 372 168 48 27 1724
Nature 482 150 74 27 23 1375
BMC Bioinformatics 1790 235 152 26 21 534
RNA 569 127 77 20 15 1341
Nat Genet 264 70 37 12 9 178
Bioinformatics 731 112 67 n 6 339
PLoS Comput Biol 177 79 32 6 6 46
PLoS Biol 143 54 29 7 5 206
Mol 8ol Evol 995 112 79 7 4 56
Science 172 36 19 7 3 451
Genome Biol Evol 450 32 25 2 2 121
DNA Res 801 57 30 2 2 6
Total 35175 7467 3597 987 704 23861
*The 18 journals i d are ordered by the ber of papers affected by gene name conversion errors

-




Cukr jako cukr?

UniProtKB - J7JBV3 (J7JBV3_BURCE)

L-fukosa

Dlsplay N\, BLAST = Align  S)Format @ Add to basket @ History D-mannosa
MULTISPECIES: Fucose-binding lectin Il [Burkholderia] (& Protein | Submitted name: Fucose-binding lectin IT

NCBI Reference Sequence: WP_014900522.1 Publications Gene GEM_5383
Identical Proteins FASTA  Graphics

Feature viewer Organism ﬂ Burkholderia cepacia GG4
Go to: Feature table ) .
Goto: Status Unreviewed - Annotation score: @ OOOO - Protein predicted*
LOCUS WP_214%00522 129 aa linear BCT 15-JAN-2015 None i )
DEFINITION MULTISPECIES: Fucose-binding lectin II [Burkholderia]. _ Function®
ACCESSION WP_014%00522 o
VERSION 1P_014900522.1 O - Molecular function®
KEYWORDS RefSeq. -
= carbohydrate binding € : Uni -
SOURCE Burkholderia v 9 {@isouroe: |UniProtkBEkW
ORGANISM Burkholderia Pathology & Biotech Complete GO annotation on QuickGO ...

Bacteria; Proteobacteria; Betaproteobacteria; Burkholderiales; .

Burkholderiaceae. PTM / Processing Keywords
COMMENT REFSEQ: This record represents a single, non-redundant, protein 7 Ligand Lectin # Imported +

sequence which may be annotated on many different RefSeq genomes
from the same, or different, species. nleraction Enzyme and pathway databases
FEATURES Location/Qualifiers BioCyc* BCEP1009846:G1H9M-5526-MONOMER
source 1..129 Structure
/organism="Burkholderia"
/db_xref="taxon:32008"
Protein 1..129
/product:"Fucose-bindinE lectin II"
/calculated_mol_wt=13768
Region 14..128
/region_name="PA-IIL"
/note="Fucose-binding lectin II (PA-IIL); pfam@7472"
/db_xref="CDD:284811"

Names & Taxonomy*

Protein names®  Sub ?

Fucose-binding lectin I & Imported +

ORF Names:GEM_5383 4
Organism®  Bur] : 2 GG4

Taxonomic 1009846 [NCBI] EMBL:AFQ51767.1
identifier*

Taxonomic lineage*  Bacteria > Proteobacteria > Betaproteobacteria > Burkholderiales > Burkholderiaceae > Burkholderia

Automatic assertion inferred from database entries*

ORIGIN :
1 madsqtssnr agefsippnt dfraiffana aeqghiklfi gdsnepaayh klttrdgpre Proteomes*
61 atlnsgngkl rfevtvngkt satdarlapi ngkksdgspf tvnfgivvse dghdsdyndg

121 ivvlqupig

UP000032866 Component*: Chromosome 2

/" 10) Sacharidy a lipidy. Struktura, vyznam a funkce. Bioinformaticky potencial sacharidd. Glykoproteiny, jejich

kédovani v genomu. Nazvoslovi a grafické znazornéni. Databaze a nastroje pro glykobioinformatiku a
lipidobioinformatiku.



Manipulace se sekvencemi:
nukleoveé kyseliny, proteiny



Slozeni nukleovych
kyselin

Nukleova baze
(obsahuje amino skupinu = je bazicka)

Ester kyseliny fosforecné
= fosfat P

N\

N\

OH HOCH,
| o. OH
_ P.,,” -
0~ \© .
OH Pentosa: D-ribosa (RNA)
2-deoxy-D-ribosa (DNA)
OH OH



Nukleové baze

Jako zakladni soucast nukleovych kyselin

NH, NH, (|)
/ N | RN </ NH
Wl LA A
Adenine  Cytosine Guanine
O
o M i
| [\NH
\EN:/&O | NH/gO
Thymine Uracil

adenin | cytosin | guanin thymin uracil

A C G T U

Soucast nukleovych kyselin
(zejm. RNA) po chemické modifikaci

O ]
o]
N N NH \
</fjH </N| /J\ <N B
N~ o \ _

N© N H o H N N)\NH
Hypoxanthine Xanthine 7-Methylguanine
o) NH,

EKNH H3C\(KN

SN N
H H
5,6-Dihydrouracil 5-Methylcytosine
Syntetické 9
r NH
| Y

H @) 5-Bromouracil



Cukr + baze = nukleosid

dA deoxyadenosin
dG deoxyguanosin
dC deoxycytidin
dT deoxythymidin
U uridin

Nukleosid x Nukleotid

Cukr + baze + fosfat = nukleotid

dAMP deoxyadenosinmonofosfat
dGMP deoxyguanosinmonofosfat
dCMP deoxycytidinmonofosfat
dTMP deoxythymidinmonofosfat
UMP uridinmonofosfat

Cislovani*nukleotidd

C7(H7), 04 5 04
ox. / cs—c{/ o Cs—c{/
Np \ P
-5~ \ H5" He —Cb T 3H3 -6~ \ H5" g —C6 U 3H3
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cs —c{ He __ cs// s R 8—ct //C5 Ny
// \ // G N1H1 \ o—Ca /
R C /NS MO 2 f TR
N1 —C2 NG~ N _H21 He



Nukleotid —

Kyselina
trihydfrogenfosforeCna

Baze

C7(H7), 04

2-deoxy-B-D-ribosa

Deoxyribonukleotid

Lukas Zidek
Skripta pfedmétu C9530 Strukturni biochemie

DNA

Purinové baze

Adenin (ade), A

N
</ | NH
NH N/)\NHZ

Guanin (gua), G

Pyrimidinové baze

NH,

N
NH/KO

Cytosin (cyt), C

O

NH O
Thymin (thy), T

H,C



Nukleotid — RNA

Kyselina
trihydfrogenfosforeCna

B-D-ribosa

Ribonukleotid

Lukas$ Zidek
Skripta pfedmétu C9530 Strukturni biochemie

Purinové baze

Adenin (ade), A

N
</ | NH
NH N/)\NHZ

Guanin (gua), G

Pyrimidinové baze

NH,

N
NH/KO

Cytosin (cyt), C

O

P

NH O

Uracil (ura), U
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/N
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\

H

Watsonovo-Crickovo parovani bazi (kanonické)

Zakladni

dsDNA, béhem transkripce pri tvorbé RNA, dsRNA.

Lukas Zidek
Skripta pfedmétu C9530 Strukturni biochemie
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Nekanonické parovani bazi
Funkcni RNA, specifické useky DNA,...



Nukleové kyseliny

O 4 baze pro DNA

O 4 baze pro RNA (3 totozné)

O 6 zkratek pro dvoubazové kombinace
O 4 zkratky pro tfibazové kombinace

O 1 zkratka pro libovolnou bazi

Adenin|Cytosin|Guanin [Thymin| Uracil | A, G CT CG GT A C AT |AGT|ACT|ACG|CG,T|ACG,T
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Aminokyseliny

* Organické latky obsahuijici: R 1
* NH, skupinu —amino
 COOH skupinu — karboxylova kyselina NH,

* Pfipadné dalsi ¢ast — tzv. postranni/boéni retézec

* \ proteinech se uplatnuji tzv. a-aminokyseliny, tzn. majici
aminoskupinu na druhém uhliku

* VV organismech maji jiné funkce i dalsi aminokyseliny, napt.:

0
* B-alanin —soucast funkcnich peptiddl, prekurzor vitaminu B5 HzN/\)LOH
e y-aminomaselna kyselina (GABA) — prenasec nervovych vzruch( o

2 OH



Proteinogenni aminokyseliny

e Stavebni jednotky proteinl: a-L-aminokyseliny
* 20 standardnich proteinogennich aminokyselin

* Podle charakteru bocniho retézce je muzeme délit na:
 Alifatické (Gly, Ala, Val, Leu, lle)

Aromatické (Trp, Tyr, Phe, His)
(Cys, Met)

Obsahujici OH skupinu (Ser, Thr)

Kyselé a z nich odvozené (Glu, Gln, Asp, Asn)

Bazicke (Lys, Arg, His)
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Aminokyseliny

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

CH, T) T)
H,C HaC
® OH = OH
NH, CHy, NH, aromatic .
positive
Isoleucine Leucine




Selenocystein

,21. aminokyselina“ — (Sec, U)

Bifunkcni kodon UGA

Vyzaduje pritomnost specialni sekvence

Vyuziti u ruznych organismu vc. E. coli a ¢lovéka

Vyskyt napf. v oxidoreduktasach




Pyrrolysin

e ,22. aminokyselina“ — (Pyl, O)
 Bifunkcni kodon UAG

* Vyzaduje pritomnost specialni sekvence
* Vyuziti zfrejmeé vzacné — archea, bakterie

* Uplatnéni v methyltransferasach




iny

O 20 standardnich proteinogennich aminokyselin

Prote

O 2 nestandardni proteinogenni aminokyseliny (selenocystein, pyrrolysin)

O 4 zkratky pro nejednoznacnou aminokyselinu
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Zapis sekvence

* Sekvence jsou vzdy orientované
* DNA/RNA — od 5’ konce ke 3’ konce

* Proteiny — od N konce k C konci

YKSLWI




Format sekvence

» Sekvence muze byt zapsana v rlznych formatech

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

* Nejpouzivanéjsi je tzv. FASTA format

>NAZEV(_popis dle vlastni volby)d
SEKVENCESEKVENCESEKVENCESEKVENCESEKVEN !
CESEKVENCESEKVENCESEKVENCESEKVENCESEKV !
ENCESEKVENCESEKVENCESEKVENCESEKVENCESE .|
KVENCESEKVENCESEKVENCESEKVENCEA

POVINNE
VOLITELNE


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

Sekvencni prilozeni = Alignment

* Pfilozeni dvou nebo vice sekvenci na zakladeé jejich vzajemne
podobnosti




Vyznam alighmentu

* [dentifikace sekvence v databazi

* Hledani podobnych sekvenci v databazi
* Detekce mutaci

* Hledani konzervovanych casti sekvence
* Odhalovani pribuzenskych vztah(

* Predpoved funkce makromolekuly

* Predpoved vyssich struktur



Typy alighmentu

Parové prilozeni (pairwise alignment) — dvé sekvence

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM

Mnohocetné prilozeni (multiple sequence alignment) — vice sekvenci

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRK
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRK
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRK
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRK
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRK



Parové prilozeni (pair-wise alignment)

Srovnani dvou sekvenci

* Globalni alignment — sekvence jsou prilozeny v celé své délce
vcetné nepodobnych useku

* Local alignment — sekvence jsou prilozeny pouze v oblasti, kde jsou
si podobné




Jak by asi vypadal alignment téchto dvou sekvenci:

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI
MAMRADOSTZESTAROZITNOSTI

pri absolutnim preferovani
A) globalniho alignmentu

MAM--UZDOST--STAROSTISHAMIZ--NOSTIRATOLESTI
MAMRA--DOSTZESTARO———————— ZITNO-———————— STI

B) lokalniho alignmentu
MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI
MAMRADOSTZESTAROZ—————- ITNOSTI



FASTA algoritmus

Lokalni prilozeni s vyuzitim heuristického pristupu

Pouzivan od roku 1987

Proces:

Obé porovndvané sekvence tvofi horizontalni a vertikalni osu
grafu.

Ndasledné jsou jednotliva slova z jedné sekvence porovndvana se
slovy sekvence druhé. Odpovidajici pary pak vytvori sadu bodd.
Body na uhlopfricce signalizuji vyznamnou shodu (¢i podobnost).
Cilem je nalezeni nejdelSiho shodného uUseku (Useku s nejvyssim
skore).

V dalSich krocich jsou zahrnuty konzervativni zmeény pro nejlepsi
useky z prvniho prohledani. Program pak vyhledava mozZznost
spojeni vice takovych usekl (mGzZe mezi nimi byt mezera, i jsou
na raznych diagondlach) a tyto spojené Useky jsou posouzeny

z hlediska zadanych kriterii.

aacggcttacg

ggectttcggyg

Priklad porovnani
sekvenci
GGCTTTCGG a
AACGGCTTACG



Emboss Needle & Water @ihos$

* vytvoreny 1970
Needleman S.B. and Wunsch C.D. (1970) A general method applicable to the search for similarities in the
amino acid sequence of two proteins. Journal of Molecular Biology 48: 443-453.

* vyuzivaji dynamické programovani

* umoznuji vlozeni mezer

Needle/Stretcher — globalni pairwise alignment,

Needleman-Wunsch algoritmus
https://www.ebi.ac.uk/Tools/psa/emboss_needle/

> . . . https://www.ebi.ac.uk/Tools/psa/emboss_stretcher/
Water — lokalni pairwise alignment,
Smith-Waterman algoritmus

https://www.ebi.ac.uk/Tools/psa/emboss_water/



Needlman-Wunch algorithm

Shoda +1

(po diagonale) Gap -1 (svisle nebo vodorovng)
Neshoda -1

pokud shoda v diagonale,
nema smysl resit mezery

> o> | H|4|>|0
IS




Needlman-Wunch algorithm

Shoda +1

Neshoda -1 (po diagonale) Gap -1 (svisle nebo vodorovng)
G|C|A|T|G|C|T
0|-1|-2|-3|-4|-5|-6]-7
G|-1|1]0
Al-2|0]|0
T|-3
T |-4
A |-5
C|-6
A | -7




Needlman-Wunch algorithm

Shoda +1

(po diagonale) Gap -1 (svisle nebo vodorovng)
Neshoda -1
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Needlman-Wunch algorithm

Shoda +1

Neshoda -1 (po diagonale) Gap -1 (svisle nebo vodorovng)
G|C|A|T|G|C|T
0|-1|-2|-3|-4|-5|-6]-7
G|-1|1]|0|-1|-2|-3|-4]|-5
Al-2/0|0|1|0]|-1|-2|-3
T|-3|-1}-2|0{2|1]|0]-1
T |-4
A |-5
C|-6
A | -7




Needlman-Wunch algorithm

Shoda +1

Neshoda -1 (po diagonale) Gap -1 (svisle nebo vodorovng)
G|C|A|T|G|C|T
0|-1|-2|-3|-4|-5|-6]-7
G|-1|1]|0|-1|-2|-3|-4]|-5
Al-2/0|0|1|0]|-1|-2|-3
T|-3|-1}-2|0{2|1]|0]-1
T|4|-2(-2|-1|1|1]|]0]-1
A |-5
C|-6
A | -7




Needlman-Wunch algorithm

Shoda +1

Neshoda -1 (po diagonale) Gap -1 (svisle nebo vodorovng)
G|C|A|T|G|C|T
0|-1|-2|-3|-4|-5|-6]-7
G|-1|1]|0|-1|-2|-3|-4]|-5
Al-2/0|0|1|0]|-1|-2|-3
T|-3|-1}-2|0{2|1]|0]-1
T|4|-2(-2|-1|1|1]|]0]-1
Al-5/-3|-3|-1{0|0|0]-1
C|-6
A | -7




Needlman-Wunch algorithm

(svisle nebo vodorovné)

(po diagonale) Gap -1

Shoda +1

Neshoda -1

-5

-1

-6
-4

-5
-3

-1

-4
-2

2

-1

-3
-1
1

-1

-1{0|(0|O0
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0

-11 0
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-3
-2

G|C|A|T|G|C|T
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Needlman-Wunch algorithm

(svisle nebo vodorovné)

(po diagonale) Gap -1

Shoda +1

Neshoda -1

-5

-1

-6
-4

-5
-3

-1

21010

-4
-2

2
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-2

-3
-1
1
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Needlman-Wunch algorithm

(po diagonale) Gap -1 (svisle nebo vodorovng)

Shoda +1
Neshoda -1

-1+1=0

0+1=1
\

-7/
-5
-3

-1

-6
-4
-2

-5
-3
-1

-1

21010

-4
-2
0
2

-1

-2

-3
-1
1

-1

-1{0|(0|O0

-2

-1

-2

0

-11 0

-2
-3
-2
-3

G|C|A|T|G|C|T

-1

1

-1
)
-3
4

-5

0
-1

21010

-3
-4
-5
-6
-7

A
T
T
A
C
A

-1+1=0
N e




Smith—Waterman algorithm
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Uloha 1

Doplnite tabulku a zkuste navrhnout prilozeni téchto dvou sekvenci:
vyberte si jeden algoritmus (Smith—Waterman nebo Needlman-Wunch)

=110 | > |4 |> |00




Jak poznat podobné sekvence?

Referencni sekvence:

TCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCCGCACGCTGGCGAGTAT
GGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGACCCACAGGCCACCTCAACCGTCCTGGCCCCGGACCCAAACCC
CACCCCTCACTCTGCTTCTCCCCGCAGGATGTTCCTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCAC
GGCAAGAAGGTGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACC
CGGTCAACTTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAG

CTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCCGCACGCTGGCGAGTATGGTG
CGGAGGCCCTGGAGAGGTGAGGCTCCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGACCCACAGGCCACCTCAACCGTCCTGGCCCCGGACCCAAACCCCACC
CCTCACTCTGCTTCTCCCCGCAGGATGTTCCTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCA
AGAAGGTGGCCGACGCGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGT
CAACTTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGTCTT

GGCTCTGCCCAGGTTAAGGGCCACGGCAATCTTCTGGTCCCCACAGACTCAGAGAAAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCTGG
GGTAAGGTCGGCCGCACGCCGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGGTCCCTCCCCTGCTCCGACCCGGGCTCCTCGCCCGCCCGGACCCTCAGGCCACC
TCAACCGTCCTGGCCACGGACCCAAACCCCACCCCTCACCCTGCTTCTCCCCGCAGGATGTTCCTGTCCTTCGCCACCACCAAGACCTACTTCCCGCACTTCGACCTGA
GCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAAAAGGTGGCCGACGCGCTGACCAACGCCGTGGCGCTCGTGGACGACATGCCCAACGCCCTGTCCGCCCTGAGCGA
CCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAGCTTCAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAG

TCTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGACCAACGLCC
GTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTTCAAGGTGAGCGGCGGGCCGGGAG
CGATCTGGGTCGAG

78



Jak poznat podobné sekvence?

* Prilozeni a vizualni porovnani
* Postupny posun o jednu pozici a opétovné porovnani
* Snadné pro vysoce podobnou (identickou) dvojici sekvenci

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

Lerrrrrrrrererr et e e e \/

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

RADOSTSTAROSTISHAMIZNOSTIRATOLESTI

cerrrrrrrrrrerrrr e \/

UZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

UZDOSTSTAROSTIVHAMIZNOSTI

Cerrrrrr et rrrr e \/

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI



Jak poznat podobné sekvence?

* Pro ne zcela identické sekvence je nutno kvantifikovat kvalitu pfilozeni
* Na zakladé parametrl je nutno vybrat nejlepsi (mozné) prilozeni

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

]
DOSTIRATOLESTIMAMMEZIROSTLINAMIAHOSTY

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

EEEEEEE RN
DOSTIRATOLESTIMAMMEZIROSTLINAMIAHOSTY

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

N AR
DOSTIRATOLESTIMAMMEZIROSTLINAMIAHOSTY



Skérovani proteinového prilozeni
Substitucni matice (a z nich odvozené skdrovaci matice) vychazeji
z nékolika zdroju
* Fyzikalné-chemickeé vlastnosti jednotlivych aminokyselin

* Pravdépodobnost zaméeény aminokyselin diky mutaci v DNA —
zména kodonu

* Pravdepodobnost, ze dojde k zaméné dvou konkrétnich
aminokyselin v pribéhu evoluce — empirické pozorovani

Empirické matice jsou obecné presnéjsi

Napadaji Vas nékteré zdmény AA, které budou ?
pravdépodobné vysoce ,penalizovany”? .



Skérovani proteinoveho pfrilozeni

 Skorovaci matice obsahuje Ciselné hodnoty (pravdépodobnosti)
pro jednotlivé dvojice aminokyselin v zavislosti na jejich
vzajemné ,zastupitelnosti” — pravdepodobnosti substituce

* Pravdépodobnost zmeéeny jedné aminokyseliny na jinou je primo
umerna podobnosti obou aminokyselin.

« Zadména aminokyseliny/nukleotidu je ¢astéjsi nez
inzerce/delece.

* Inzerce/delece je vidy negativni — penalizace

* Soucet hodnot pro vSechny dvojice pak udava vysledné skore
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Mezery

» Vlozeni mezer umoznuje ziskani vétsiho mnozstvi shod =, lepsi
alignment”

» S vyuzitim dostate¢ného poctu mezer Ize ale zarovnat cokoliv !!!

» Mezery mohou vzniknout na za¢atku, na konci nebo uprostred
sekvence

» Deleci a inzerci vznikaji mezery o rGzné délce

- Pfitomnost mezery je penalizovana (snizeni skore)
— Vznik mezery je penalizovan vic nez jeji délka
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>sekvence B
VPKAPALVPKAP

Vypocet skore

Penalizace mezery: -10

>sekvence A
PAKAPALAPAKAP

-3+1+5+4+7+4+6+0+7-3-3+1=26

PAKAPALAPAKAP
|1
VPKAPALVPKAP
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=37

-3+1+5+4+7 +4 +6 +0 +7 -10 +5 +4 +7

26
PAKAPALAPAKAP

VPKAPALVPKAP
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>sekvence B
VPKAPALVPKAP

Vypocet skore

Penalizace mezery: -10

>sekvence A
PAKAPALAPAKAP

=36

+7-10 +5 +4 +7 +4 +6 +0 +7-10 +5 +4 +7

37
PAKAPALAPAKAP

26
PAKAPALAPAKAP

VPKAPALVP-KAP

VPKAPALVPKAP
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Co na to EMBOSS stretcher?

MAM--UZDOST--STAROSTISHAMIZ--NOSTIRATOLESTI

|1 RN RN . | L
MAMRA--DOSTZESTARO-—~--—-~—~ ZITNO—=—————=—r STT

1 MAMUzZDOST--STAROSTISHAMIZNOSTIRATOLESTI

AR R . b
1 MAMRADOSTZESTAR------- O-%Z-=--I--TNO-STI

Gap_penalty: 1

Extend _penalty: 2

Score: 55

1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI
I R T I B - |

1 MAMRADOSTZESTAROZITNO-——-——————"——"———— STI

Gap_penalty: 12

Extend _penalty: 2

Score: 4



1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI
N 11 _ | . T

1 MAMRADOSTZESTAR-——-——-—- O-2-—-——I--TNO-STI

Gap_penalty: 1

Extend_penalty: 2

Score: 55
1 MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI

N I I I AP ||
1 MAMRADOSTZESTAROZITNO-—-——-=—-——="—————— STI
Gap_penalty: 12
Extend_penalty: 2
Score: 4
1 MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI

R PSP e
1 MAMRADOST-—-—-—=-———————— /ESTAROZITNOSTI
Gap_penalty: 25
Extend _penalty: 2
Score: -11

377

24

377

24

377

24



Kdy je vhodnéjsi: ?
Vysoka penalizace mezer?

Hledani sekvenci velmi striktné zamérenych na podobnost
s hledanou sekvenci - najde,ablasti velmi pribuznych
sekvenci

Nizka penalizace mezer?

HledankKpodobnosti mezi sekvencemi vzdalené
pribuznych.



Vypocet skore

Hodnota skoére zavisi na typu sekvence a jeji délce

* Pravdépodobnost, ze dvé rezidua v nepribuznych sekvencich jsou
identicka

25% v NA, 5% v proteinech

* Vliv délky sekvence
« Cim kratsi sekvence, tim vétsi je $ance, Ze alignment je dan ndhodnou shodou.
* Cim deli, tim je méné pravdépodobné, ?e je stejna Uroven podobnosti
vysledkem nahody.
* KratsSi sekvence vyzaduji vyssi cut-off pro zjisténi pribuznosti nez u delsich
sekvenci.



Typy matic

PAM (Point Accepted Mutation) — zaloZzena na mutacich v rdmci globalniho alignmentu, tj.

ve vysoce konzerovovanych i mutabilnich oblastech.
PAM 250 znamend, Ze 250 mutaci na 100 AK muZe nastat, PAM 10 akceptuje pouze 10 na 100, takZe pouze velice
podobné sekvence dosdhnou na pozitivni skore.

BLOSUM (Blocks Substitution Matrix) — je odvozena z vysoce konzervovanych oblasti
neobsahujicich mezery — z téch pocita relativni zastoupeni AK a pravdépodobnost jejich

substituci = lepsi pro lokalni alighment.
Je vyuzivdana v blastp, vhodna pro identifikaci neznadmé nukleotidové sekvence. BLOSUM matrice s vysokymi Cisly je
dobrd pro porovndni vysoce pribuznych sekvenci, zatimco nizké pro relativné vzddlené podobnosti

GONNET - vytvorena 1992, postupnym opakovanim cyklu: pairwise alignment — nova
matice — novy pairwise alignment — nova matice — ...

DNA identity matrix —navrzena pro DNA sekvence
Specifické matice — napr. EDSSMat pro neusporadané proteiny

V ramci jednoho typu matic existuje vice jednotlivych matic zalozenych na stejném principu,
které se vsak lisi konkrétnimi hodnotami a tedy i oblasti pouziti (vysoce pfibuzné nebo
naopak velmi vzdalené sekvence).



PAM — Point Accepted Mutation

Vytvorila Margaret Dayhoff roku 1978.

Zahrnuje pravdépodobnost zamény jedné aminokyseliny v druhou
béhem evoluce

Predpoklada, ze kazda dalsSi mutace nezavisi na predchozi.

PAM1 — Odvozena z globalniho alignmentu 71 rodin proteinu
(Podobnost sekvenci v rodiné > 85%, primérna 1% zameéna)

* vysoka spolehlivost alignmentu

» vysoka pravdépodobnost, Zze zaména aminokyseliny je dana jedinou mutaci

PAM250 (20% identita) je odvozena od PAM1 jeji 250-nasobnou
multiplikaci (250 mutaci na 100 aminokyselin)



PAM1 matice

I

9867 2 9 10 3
1 9913 1 0 1
4 1 9822 36 0
6 0 42 9859 0
1 1 0 0 9973

All entries x 104

95



PAM250 matice
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PAM matice

Predpoklady:

* Mutace AA je nezavisla na predchozich mutacich v téze pozici (Markov process
requirement).

* VSechna mista podléhaji mutacim rovhomérneé.
* Mutace nezavisi na okolnich residuich.
* Kratkodobé a dlouhodobé vlivy na evoluci sekvenci jsou stejné ucinné.

Nevyhody:

* Pouze matice PAM1 byla “zmérena”, vSechny ostatni jsou extrapolace (tj. jsou
zalozeny na stejném modelu).

* PAM matice je zalozena na proteinovych sekvencich dostupnych v roce 1978
(zejm. malé globuldrni proteiny). Existuji ale nové generace napr. PET91.



BLOSUM — Blocks Amino Acid Substitution

* \lytvorena 1992, Henikoff and Henikoff
* Nebere v potaz evoluci

* Pouziva koncept , blok(“ (database BLOCKS) k identifikaci
proteinovych rodin

* sekvenéni motiv — konzervovany aminokyselinovy usek spojeny se
specifickou funkci proteinu

* sekvencni blok — sparované motivy ze stejné proteinové rodiny bez
mezer

* BLOSUM matice byly vytvoreny na zakladé substitucnich vzoru
vice nez 2 000 bloku (< 60 residui) z 500 skupin proteinu



BLOSUM — Blocks Amino Acid Substitution

* BLOSUM®G62 — znamena, ze ke konstrukci matrice byly pouzity
proteiny s primérnou identitou 62%.

om o > >
I

* vyskyt kazdého paru AA v kazdém sloupci
kazdého bloku je secten

» (isla ziskana ze vSech blokU slouZi pro vypocet
BLOSUM matic

(L | I | O T |
P RPPNDNDL

Qyapy
1
QP HEHQ



Matice BLOSUM 62

Ala

Arg
Asn
Asp
Cys
GIn

-2

-2

Glu

-3 -2 =2

-1

Gly

His

3
-3
-1
-2
-1

-4
-4
-2
-3
-3
-2

-3
-3

-3
-2

-1
-1
-3
-1
-2
<

-3
-4

-3
-3

-2

Leu
Lys

-2

-3

1
=2
-3
-1

1
0
-3
-1

-3
-3
-1

-3
-2

-3

Phe

—4

-2
-1
-1
-1
-1

-1

-3
-2
-1
-2
-1

-2 -3
-1

-1
-1
-4
-3
-2

0
-1
-3

-2

0
-2
-2
-3
-3

0
-1
-3
-2
-2

Ser
Thr
Trp
Tyr
Val

-2 -1

-1
-2
-1
-2

-1 -1
-4 =2
-3 =2
-3 -1
Ala Arg Asn Asp Cys GIn Glu Gly His

11

-2
-2

-3
-2
-2

1

3
-1

-2 -3

-4
-2
-3

=3
-2
-3

-1

2
-3

-3 -1

0

1

-2
lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val



Matice PAM vs. BLOSUM

Cislovani BLOSUM jde v obraceném poradi oproti PAM — &m mensi
cislo, tim odlisnéjsi sekvence byly pouzity

Matice Matice Aplikace Podobnost
PAM BLOSUM P (%)

PAM100 BLOSUM90 Kratka, vysoce podobna prilozeni 70-90

PAM120 BLOSUMS80 Detekce ¢lenl proteinovych rodin 50-60

PAM160 BLOSUMG62 Vysoce efektivni pro hledani potencialnich 30-40
pribuznosti

PAM250 BLOSUMA45 Dlouha prilozeni malo pribuznych sekvenci ~ 30

Posledni sloupec uddva miru podobnosti sekvenci, pro které je dand matice nejvhodnéjsi.



OdliSné substitu¢ni matice jsou pro odlisné

ucely
BLOSUM 80 BLOSUM 62 BLOSUM 45
PAM 1 PAM 120 PAM 250
Less divergent =< > More divergent
more stringent less stringent

VVVVVV

e Pro porovnani blizce pribuznych proteinl by se méla pouzivat nizsi Cisla

e Proprohledavani databazi je nejbéznéjsi BLOSUM®62



GONNETova matice

A C D E F 1] ) | I K L M N P R S T v

W ¥

0.6 0.125 -0.075 © -0.575 0.125 -0.2 -0.2 -0.1 -0.3 -0.175 -0.075 0.075 -0.05 -0.15 0.275 0.15 0.025 -0.9 -0.55

2.875 -0.8 -0.75 -0.2 -0.5 -0.325-0.275 -0.7 -0.375 -0.225 -0.45 -0.775 0.6 -0.55 0.025 -0.125 ©

-8.25 -0.125

1.175 0.675 -1.125 0.025 0.1 -0.95 0.125 -1 -8.75 8.55 -0.175 0.225 -0.075 0.125 © -8.725 -1.3 -0.7
8.9 -0.975 -0.2 6.1 -0.675 0.3 -0.7 -0.5 0.225 -0.125 0.425 0.1 0.05 -0.025 -0.475 -1.075 -0.675
1.7 -1.3 -0.025 0.25 -0.825 0.5 0.4 -2.775 -0.95 -0.65 -0.8 -0.7 -0.55 0.025 0.9 1.275

1.65 -0.35 -1.125 -0.275 -1.1 -0.875 0.1 0.4 -0.25 -0.25 0.1 -0.275 -0.825 -1 -1

1.5 -0.55 0.15 -0.475 -0.325 0.3 -0.275 0.3 8.15 -0.05 -0.075 -0.5

-0.2 0.55

1 -0.525 0.7 0.625 0.7 -0.65 -0.475 0.6 -0.45 -0.15 0.775 -0.45 -0.175
0.8 -0.525 -0.35 0.2 -0.1S 0.375 0.675 0.025 0.025 -0.425 -0.875 -0.525

1 2.7 -0.75 -0.575 0.4 -0.55 -0.525 -0.325 0.4&5

1.075 -0.55 -0.6 -0.25 -0.425 -0.35 -0.15 0.4
0.95 -0.225 0.175 0.075 0.225 0.125 -0.55
1.9 -0.05 -0.225 0.1 0.025 -0.45

-2.175 0

-2.25 -0.05
-2.9 -0.35
-103 -.-775

0.675 0.375 0.05 © -2.375 -0.675 -0.425

1.175 -8.05 -0.05 -0.5
2.55 0.375 -0.25

g.625 ©
2.85

-0.4 -0.45

-0.825 -0.475
-2.875 -0.475
-2.65 -0.275
3.55 1.025

1.95
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Na cem je zalozeno vyhodnoceni , kvality” sekvencniho
prilozeni proteinovych sekvenci?

snaha o co nejvyssi skore:

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

Plati u nukleovych kyselin i proteinl stejnd pravidla ?



Nukleové kyseliny nema smysl posuzovat podobnost:

sice tranzice (R>R or Y =Y) je mnohem castéjsi nez
transverze(R->Y or Y ->R), coz ale neni pro alighement uzitecné

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 zameén:

match score +5
mismatch score -4

gap penalty (changeable parameter) opening -10, extending -2



DNA matice

» U nukleovych kyselin je kazda zaména (mutace) zdvazna a negativni
» Nukleotidy jsou rovnocenné

-n-n-
A 10000 -10000 -10000

-10000 1 -10000 -10000
-10000 -10000 1 -10000
-10000 -10000 -10000 1

106



Multiple sequence alighment — MSA
(mnohonasobné 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 vzajemné pribuznosti sekvenci v ramci skupiny — tvorba fylogenetickych
stromu

Predikci sekundarni a terciarni struktury novych proteinu

Navrzeni primeru (oligonukleotidll) pro PCR



Heuristické metody

A

Metody MSA

Dynamické programovani (dynamic programming) — rozSireni pairwise
alignmentu - naro¢né na pamét a ¢as, nevhodné pro vice nez 3-4 sekvence (n=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 alighment (iterative sequence alignment) — opakovani alignmentu pro
podskupiny sekvenci nasledujici po globalnim alignmentu — odstranuje problémy progresivniho

alignmentu, ktery je zavisly na prvotnim pfilozeni nejpodobnéjsich sekvenci pomoci
Hledani motivl — nalezeni ¢asti konzervovanych sekvenénich motivli pomoci
globélniho pFiIoienl' a nasledné ,hodnoceni” téchto Usekl nezavisle na celé sekvenci

Schémata zalozena na konzistenci (consistency-based schemes) - vychazi

z nejlepsich moznych alignment( kazdé dvojice sekvenci. Cilem je dosdhnout maximalni konzistence
(vnitfni shody).



Dynamické programovani

Simultanni prilozeni vsech sekvenci — analogické parovému prilozeni

Programové baliky: MSA (Lipman et al., 1989) a DCA (Stoye et al., 1997), zaloZzené
na Carrilové a Lipmanové algoritmu (1988)

Vyuziva skdorovaci matice, ale vytvari
n-rozmeérny prostor (n = pocet sekvenci)

Extrémné narocny na vypocetni kapacity

| pri zjednoduSeni nepouzitelné pro vice
nez cca 20 sekvenci




Progresivni multiple alighment

* Pouziva ho vétSina program

* Vznik — 1987
Feng, D.-F. and Doolittle, R.F. (1987) J. Mol. Evol. 25, 351-360.

1) Sestaveni pribuzenského stromu (guide tree) na zdkladé distancni matice
(distance matrix) z jednotlivych sekvenci

0.92

0.92

0.65 0.79 0.79

Pocet exaktné stejnych shod déleny celkovou
délkou sekvence (ignoruje mezery)



Progresivni multiple alighment

2) Tvorba parovych prilozeni postupné podle pribuznosti (topologie guide tree)

0.92

Nejdrive provede parové prilozeni Aa B
0.79 Pak prida sekvenci C do predeslého alignmentu
(inzerce mezer, pokud je potreba)

3) Casto obsahuje iterativni smyéku — moZnost Upravy pFiloZeni vysoce
pribuznych sekvenci



Guide tree

(

* Guide tree je vypocitan na zakladé matice (

vzdalenosti (distance matrix) vytvorené podle skore PAIIL:0.16435,
.. . o , . RSIIL:0.13654)

pairwise alignmentu. Vystupem je .dnd soubor. 0.03384

NEMA fylogeneticky vyznam ( '
CVIIL:0.16563,
BCLB:0.26800)

:0.02264,

(

(
BCLA:0.17899,

BCLD:0.26633)
:0.18717,
BCLC:0.29707)
:0.03484);



Vystup sekvencniho pfilozeni

» Sekvence zarovnané podle
podobnosti

» Pridany mezery ,,-“

>\ pripadé lokalniho pfilozeni
pouze useky s dostateCnou
homologii

»Ruzné vystupni formaty

CLUSTAL 2.0.10 multiple sequence alignment

BCLB -—--LVEKLPQYDVFVDIATIPYSFDVGSWONKVKTDAAGEVVACTVTWAGAPGVLPGAAA
BCLC AIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTEFVKGQWKSVRGSAMHIDS

PATIIL @ ——mmmm e e e - ATQGVET
RSITL ————mmmmm e e AQQGVET
CVIIL ——mmm o e e - AQQGVET
BCLB KFGVGAVVN=-——————————————— YFSKATPQPVQPAPVP———-————— TGGGERDGIFT
BCLC YASLSAIWG-———————————————— TAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTFEN
BCLA  ——mm e ADSQT--—-=-————— SSNRAGEFS

BCLD RSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQPGFKPSSDRNENES

PATIL LPANTRFGVTAFANSSGTQTVNVLVNNETA--ATFSGQSTNNAVIGTQVLNSGSSGKVQV
RSITL LPANTSFGVTAFANAANTQTIQVLVDNVVK--ATFTGSGTSDKLLGSQVLNSGS-GATIKI
CVIIL LPARINFGVTVLVNSAATQHVEIFVDNEPR--AAFSGVGTGDNNLGTKVINSGS-GNVRV
BCLB  LPPNIAFGVTALVNSSAPQTIEVFVDDNPKPAATFQGAGTQDANLNTQIVNSGK-GKVRV
BCLC  LPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTRVLDSGN-GRVRV
BCLA  IPPNTDFRAIFFANAAEQQOHIKLFIGDSQEPAAYHKLTTRDGPRE--ATLNSGN-GKIRF
BCLD  LPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFVGNSEDGVRL--FTLNSKG-GKIRT
.. * . . . . o .

. x * . * .o o % *




CLUSTAL 2.0.10 multiple sequence alignment

PATITIL
RSTIL
CVIIL
BCLB
BCLC
BCLA
BCLD

PATITIL
RSTIL
CVIIL
BCLB
BCLC
BCLA
BCLD

PATITIL
RSTIL
CVIIL
BCLB
BCLC
BCLA
BCLD

—-——-LVEKLPQYDVFVDIATIPYSFDVGSWQON
ATATNQGVVADGCFTYSSKVPESTGRMPFEFTL

KFGVGAVVN———————————————— YFSKAT]
YASLSAIWG--—————————————-= TAAPSS(

RSDVLAAGATTCTADFAVCDRDGTVSGYFRWH

LPANTRFGVTAFANSSGTQTVNVLVNNETA-
LPANTSFGVTAFANAANTQTIQVLVDNVVK-
LPARINFGVTVLVNSAATQHVEIFVDNEPR-
LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPA
LPPHIKFGVTALTHAANDQTIDIYIDDDPKPA
IPPNTDFRAIFFANAAEQQHIKLEFIGDSQEPA

LPPNTAFKATIFYANAADRQDLKLFIDDAPEP]
.k * R

> BioEdit Sequence Alignment Editor g@@
File Edit Sequence Alignment View Accessory Application RNA World Wide Web Options Window Help
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ECLD LVIVDAVTLLSA
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® Jalview 2.3
File Tools Help Window
D:\Skola\Vyuka\MSA - data\BCL lectins seq.aln Q@@
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Snimek 34 z 64 Wychozi ndvrh




Sekvencni logo

» Vizualizace alignmentu — zvyraznéni konzervovanych aminokyselin

»Vhodné pro kratsi sekvence a motivy

0

LI |

VVVVYV

APATTRNTGRGGEE

APATTRNTGRGGEEK
RNTGRGGEEKKKEK
TGRGGEEKKKEKE

DECWLCLVSGPPYYE
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Consensus

Symboly vyjadrujici ,konzervovanost” kazdého sloupce

Pouzivan v programu Clustal

* identické residuum ve vSech sekvencich
silné konzervovany sloupec

slabé konzervovanysstoupec

<LFIGDSQEPAAYHEE¥TRDGERE
KLEIDDAPEPAATEFYGNSEDGVRL

IPPNTHFRAIFFANAAEQQ
LPPNTAFKATIFYANAADRQ
LPPNIAFGVTALVNSSAPQ
LPPHIKFGVTALTHAANDOQ

e kK Kk o * o o o * . « o o * o kX Kk %k

H H EH H

Pozor!
Odchylka v jediné sekvenci vede
k rozeznani pozice jako
nekonzervované.

—-—ATLNSGNGKIRFE
——FTLNSKGGKIRIE

“VEVDDNPKPAATEFQRGRGTODANLNTQIVNSGKGKVRVV
DIYIDDDPKPAATFRGRAGAQDUNLGTKVLDSGNGRVRVI

. o %k X o o %



Skérovaci schémata pro parové prilozeni

Algoritmy zaloZzené na matici (matrix-based algorithms) — napf. ClustalW, MUSCLE;
pomoci substituéni matice je prislusné dvojici (AK) prifazena hodnota. Rozhoduje
pouze identita téchto dvou AK, pripadné jejich nejblizsi okoli (viz. napr. BLAST)

Markovovy modely
» Metoda strojového uceni— model se natrénuje na sadé znamych dat
» Prohledavani databazi (zptsob ulozeni alignmentu)
» Programy: ClustalOmega, databaze Pfam, SMART, TIGRFAM, aj.



Markovuv model

» Alternativni ptistup ke skérovaci matici
» Obsahuje jednotlivé stavy a rlizné pravdépodobné prechody mezi nimi

» Neuklada informace o ,minulosti“ — diva se jen na konkrétni zménu stavu

DDDDSSSSSDDDDSSSSDDSS

0,3 SLUNCE
10x DEST  — 7x DEST s
— 3x SLUNCE 0,7 0,8
10x SLUNCE — 8x SLUNCE “__~
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Markovuv model

» Informace o ,blizké minulosti“ se da zahrnout s vyuZzitim vétsSiho mnozstvi stavu

DDDDSSSSSDDDDSSSSDDSS

3x DS — 3xSS 7xSS  — 5xSS
— 2x SD

7x DD — 4x DD 2xSD — 2x DD
— 3x DS
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Skryty Markovav model (HMM)

» V modelu nevidime jednotlivé stavy

» Stavy se s urcitou pravdépodobnosti
projevi na vystupu

> Siroké pouZiti v bioinformatice
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VPTAQPQAEGSLAKATTAPATTRNTGRGGEE
PTAQPQAEGSLAKATTAPATTRNTGRGGEEK
POQAEGSLAKATTAPATTRNTGRGGEEKKKEK
QAEGSLAKATTAPATTRNTGRGGEEKKKEKE
VQGAYQALNLTNPDKTQECWLCLVSGPPYYE

Profilovy HMM

VVVVYV

02A  0,4A
04P 02P  O,2E
02Q 02T  02G
04V  04Q 02T

@O0 @~
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Profilovy HMM

> V-PTAQPQAEGSLAKATTAPATTRNTGRGGEE
> P-TAQPQAEGSLAKATTAPATTRNTGRGGEEK
>AP-QAEGSLAKATTAPATTRNTGRGGEEKKKEK
> QSAEGSLAKATTAPATTRNTGRGGEEKKKEKE
> VSQGAYQALNLTNPDKTQECWLCLVSGPPYYE
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VPTAQPQAEGSLAKATTAPATTRNTGRGGEE
PTAQPQAEGSLAKATTAPATTRNTGRGGEEK
POQAEGSLAKATTAPATTRNTGRGGEEKKKEK
QAEG---AKATTAPATTRNTGRGGEEKKKEKE

VQGAYQALNLTNPDKTQECWLCLVSGPPYYE
0,2

AN ¥
@

0,4Q 02T 123

Profilovy HMM

VVVVYV

0,4°P 0,2A 0,4A
0,2Q 0,2P 0,2E
0,4V 02T 0,2G



P r0f| |OV§/ H M M > mmmmmm—m—eem PQ--AEGSLAKATTAPATTRNTGRGGEEKKKEK -

> —mmmm— Q--AEGSLAKATTAPATTRNTGRGGEEKKKEKE
> VOQGAYQALNLTNPDKTQECWLCLVSGPPYYE--—————————————

» Tvorba alignmentu

» Kazda sekvence musi projit
modelem Q’gs QO% /p' ‘
» Databdze proteinovych rodin ... // .\ // om\ pd /

» Profilovy HMM se vytvofi na
zakladé multiple sequence
alignmentu

» U novych sekvenci se zjistuje N a/NC\ P /NN P /NN PN\

s jakou pravdepodobnosti
projdou danym modelem

Match states
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BLAST algoritmus

(Basic Local Alignment
Search Tool)

The BLAST Search Algorithm

query word (W = 3)

Query: GSVEDTTGSQSLAALLNKCKTPQGQRLVNQUWIKQPLMDKNRIEERLNLVEAFVEDAELRQTLQEDL

. g , . . . PQG 18

Heuristicky algoritmus jehoz PEG 15

, . y - PRG 14
zakladem je hledani slov neighborhood PG 14

X i 1 . words
(nekollkgplsmennycrj PG 13 |
sekvenci), s dostateCnou me 13 neighborhood

, Kvtuii foi— 1 — Score threshold

podobnosti (poskytuji o (T=13)
dostatecné vysoké skore v .
SUbStItUénl’ matICI) Query: 328 STLAALLNKCKT'IGQRLVNQUIKQPLMD!G\IRIEERUJLVE; 36S

+LA++L+ TP G R++ +U+ P+ D + ER + A
Sbjce: 290 TLASVLDCTVTPMGSRMLKRULHMPVRDTRVLLERQQTIGA 330

High-scoring Segment Pair (HSP)



Tvorba k-pismennych slov ze vstupni sekvence
pro proteiny typicky 3-pismennych

(v pfipadé DNA 11-pismennych)

Porovnani slov na zakladé substitu¢ni matice
algoritmus BLAST hleda na zakladé viozeného skore

slova, ktera jsou podobna kazdému slovu v zadané
sekvenci. Vyhovujici slova jsou nasledné uspofadana.

Prohledani databazovych sekvenci

Je hledana shoda s nalezenymi vysoce podobnymi slovy.

Rozsifeni slov na segmenty

Presné shody slov s databazovymi sekvencemi jsou
rozSifovany obéma sméry. To pokraCuje dokud skore pro
tuto dvojici sekvenci je dostateCné vysoke.

NovejSi verze'BLASTu (BLAST2) ma mj. nize nastavenu

hladinu pro hledani podobnych slov, coz rozSiruje
moznost nalezeni vzdalenéjSich homologu.

Query sequence: PQGEFG

Word 1: PQG
Word 2: QGE
Word 3: GEF

Word 4: EFG

Querysequence:R P P Q G L F
Database sequence:D P P E G V V
|“’Exac.t match is scanned.

Score:-2 7 7 2 6 1 -1

|—’HSP

Optimal accumulated score = 7+7+2+6+1 = 23




Odlisné moznosti pouziti BLASTuU

* QuickBLASTP
is an accelerated version of BLASTP that is very fast and works best if the target

percent identity is 50% or more.

e BlastP
simply compares a protein query to a protein database.

* PSI-BLAST
allows the user to build a PSSM (position-specific scoring matrix) using the
results of the first BlastP run.)

e PHI-BLAST
performs the search but limits alignments to those that match a pattern in the
query.

 DELTA-BLAST

constructs a PSSM using the results of a Conserved Domain Database search
and searches a sequence database.



Jak statisticky vyznamneé je skore?

Pokud je podobnost dostatecnée V\'/znvanlné |ze usuzovat na spolecné
evolucni vztahy . Ale co je DOSTATECNE?

zavisi na typu sekvence a jeji délce

* Pravdépodobnost, ze dvé rezidua v nepribuznych sekvencich jsou
identické?

25% v NA, 5% v proteinech

* Vliv délky sekvence

» Cim kratsi sekvence, tim vétsi je Sance, ze alignment je dan nahodnou 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



Sequence ldentity (%)

100

80 —

Safe zone

40—
zone
20 it 48 £ 14 B4 8 4@ A 00 A A NN R dORN O RENNRG RN OUNO N oA dNO s Na RIS NP AER I eRiataransrsralTTTY e
_ Midnight zone
I I I I
50 100 150 200 250

Sequence length

Essential bioinformatics, Xiong



Co to jsou oblasti sekvenci tzv. ,,low complexity regions”
procC se definuji a jak se pouzivaji?

Vysoce repetitivni kratké segmenty AATAAAAAAAATAAAAAAT

* Hojné zastoupeny v databazich (cca 15% proteinu)

* Mohou vést k uméle vysokym hodnotam vyslednych skore
nepribuznych sekvenci

* Proto je nezbytné je vyjmout ze zadavaciho dotazu stejné jako
ze sekvencnich databazi.



MSA ,programy”

Za poslednich 25 let vzniklo pres 50 MSA programovych balik(

Clustal W (Thompson et al., 1994)
Clustal X (Thompson et al., 1997)
Dialign2 (Morgenstern, 1999)
T-Coffee (Notredame et al., 2000)
MAFFT (Katoh et al., 2002)
MUSCLE (Edgar, 2004)

Kalign2 (Lassmann, 2009)

Clustal Omega (Sievers, 2011)



]
W

Cl U Sta | http://www.clustal.org/
V\
* Dlouhodobé nejuzivanéjsi program Q
_CLUSTAL

* Rlizné verze:
Clustal (Higgins and Sharp, 1988)

Clustal W (Thompson et al., 1994)
Clustal X (Jeanmougin et al., 1998)
Clustal Q (Sievers et al., 2011)

* Vyuziva progresivni alignment

ClustalW: Jednotlivym sekvencim pfirfazuje vahy (weight — W) podle ¢etnosti
zastoupeni (¢im vice jsou si sekvence podobné, tim nizsi maji vahu a naopak) a
penalizuje pritomnost mezer v zavislosti na jejich pozici (position-specific gap
penalties)



Clustal W WB

CLUSTAL

Provedeni pairwise alignmentu pro kazdou dvojici sekvenci a uréeni jejich
podobnosti — v zavislosti na mnozstvi neodpovidajicich residui a mezer

Sestaveni pribuzenského stromu (similarity tree)

Kombinace alignmentu (viz. 1.) v poradi dle pribuznosti — od nejvice
podobnych k nejméné pribuznym (viz. 2.). Jednou vloZzené mezery jsou
zachovany.



Clustal Q

CLUSTAL

1. Provedeni pairwise alignmenttl urychleno pouzitim modifikovaného
algoritmu mBed — prevedeni sekvenci na n-rozmeérny vektor a nasledny
alignment vektord

2. Sestaveni pribuzenského stromu (similarity tree)

3. Sestaveni alignmentu uzitim presného algoritmu HHalign (vyuziti
skrytych Markovovych modelu).

Urcen pro obsahlé alignmenty.
V roce 2011 prilozeno 190 000 sekvenci béhem nékolika hodin.



MUSCLE

(MUItiple Sequence Comparison by Log-Expectation)

https://www.ebi.ac.uk/Tools/msa/muscle/

Rychlejsi urceni ,vzdalenosti“ dvou sekvenci
Tzv. log-expectation skorovaci funkce
Refinement metodou restricted partitioning

Zahrnuti iterace pro zpresneéni prilozeni

Vhodny i pro velky pocet sekvenci (5000 seq po 350 bp za 7 min na PC — rok 2004)

Edgar, R.C. (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput



T-Coffee

(Tree-based Consistency Objective Function for alignment Evaluation)
http://tcoffee.crg.cat/

 Pomalejsi ale vyrazné presnéjsi nez ClustalW

FPROUEINS RIN/A
Hlavnim rozdilem oproti tradicnim metodam
progresivniho alignmentu je pouziti pozicné

re 12 , , , T-COFFEE
specifického skdérovaciho schématu (extended SINC\PCI?E E

library) namisto substituc¢ni matice.

DIN/AS

Notredame C. et al (2000) T-Coffee: A novel method for fast and accurate multiple sequence alignment.



T-Coffee

Provedeni pairwise alignmentu pro
vsechny dvojice sekvenci pomoci
globalniho a pomoci lokalniho
alignmentu (dvé primarni knihovny).

Jednotlivym pairwise alignmentim je
prifazena vaha podle poméru poctu
identickych residui k celkovému poctu
residui.

Kombinace obou knihoven. Pokud je
rozdil v globalnim a lokalnim alignmentu,
jsou zachovany oba s prislusnou vahou.
Vznika poziéné specificka matice
(extended library), kterd je dale pouzita
pro vlastni progresivni alignment.

Clustal W Primary Library

>

%-—-—

w A @

e B v
(( — — C —
Lalign Primary Library (Local
Pairwri.\;q_Alignmcnl)

GRIMARY LIBRARY '

EXTENSION

( EXTENDED LlBRARY)

PROGRESSIVE ALIGNMENT '




Zlepseni presnosti — kombinace pfistupu
* Rlizné algoritmy/programy poskytuji odlisSna prilozeni

* Kombinace pristupl muze poskytnout lepsi vysledek

Reseni: vytvoreni pfiloZenis pouZitim vystupt nékolika alignmentovych
programd.



Wallace I. M. et al (2006) M-Coffee: combining multiple 50.00 T

M-Coffee

http://tcoffee.crg.cat/

Zalozen na algoritmu T-Coffee

Je schopen kombinovat data z vice predchozich alighmentq,
které mohly byt vytvoreny rliznymi postupy (lokdlni, globalni,
strukturni podobnost,...)

Zvyseni presnosti alignmentu 70.00
68.00

66.00
64.00
62.00
60.00
58.00
56.00
54.00
52.00

Poa -global +Dialign-T +ClustalW +T-Coffee +Muscle v6 +ProbCons

Sequence alignment methods With T—Coffee w—gu=Combined  51.96 58.32 62.75 65.15 65.94 66.73 67.38 67.75

e Default 51.90 57.92 61.15 63.73 64.22 65.37 66.04 66.41



Zlepseni presnosti — strukturni informace

 Sekvence s vyssi homologii (>40%) — vysoka presnost alignmentu
* Bez homologie — nepouzitelné

* Tzv. twilight zone — malo podobné sekvence (nizsi nez 20%
homologie) = Spatna (méné nez 30%) presnost alignmentu

Reseni: nej¢astéji vyuziti znalosti strukturni podobnosti (2D nebo 3D),
ktera se behem evoluce zachovava vice nez sekvence AK.

Template-based alignment metody — vyuziti zndmych homolognich proteinl (srovnani dle jejich struktury
nebo tvorba profilu homolognich sekvenci)



Expresso

* MSA nastroj zalozeny na algoritmu T-Coffee

* Srovhava sekvence za uziti strukturni
informace.

* Vyhledani homolognich sekvenci v databazi struktur
(PDB) pomoci algoritmu BLAST

* Poufziti téchto struktur jako templatl pro nasledny
alignment zadanych sekvenci pomoci metod MSA
zaloZzenych na strukture (napf. SAP, Fugue).

Sequences

B

Templates

of the templates

Template-based
N of the sequences

T-Coffee Primary Library

Template to sequence alignment



Jaky je rozdil mezi:
,homology” a ,similarity”

MAMUZDOSTSTAROSTISHAMIZNOSTIRATOLESTI
MAMRADOSTZESTAROZITNOSTI

Jaky je rozdil mezi:

,ortholog” a , paralog”

Speciation 1 _--~«_

- ~
-

- > Gene
duplication 1

Speciation2 .-"*_-"*\_ Gene

- \

LT v . duplication 2

B1 B2:




Co si odneéest?

» Alignment je pfiloZeni dvou ¢i vice sekvenci na zadkladé jejich podobnosti

» MiUZeme ho vyuzit napf. pro analyzu sekvenci, zjiStovani jejich pfibuznosti Ci

tvorbu fylogenetickych stromu
> Rada program0 vyuZiva rozdilné pfistupy a algoritmy
» Kazdy program je kompromisem mezi presnosti a rychlosti

» Kazdy alighment potrebuje lidskou kontrolu
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Sekvence a predikce genu



DNA sekvence vs. Sekvence proteinu

* Gen — jednotka genetické informace

* Obsahuje informaci o primarni strukture translacniho produktu (strukturni geny)
nebo funkéni molekuly produktu transkripce (tRNA, rRNA).

Gen Gen Gen DNA
| | |

ATG STOP 3

| | }

AUG STOP rRNA tRNA

Met mee——

Protein



DNA sekvence vs. Sekvence proteinu

* Prepisovana sekvence DNA je delSi nez odpovidajici kddujici usek

« Casti pfed a po kddujicim Useku se neprekladaji (UTR), maji Fidici funkce (zacatek
a konec translace)

5 UTR UTR 3
MRNA
AUG STOP

Met nmee———

Protein



Slozeny gen

* Geny eukaryotickych organismU obsahuji Casto exony a introny. Prepisy intron(
jsou vystépovany (sestrih) a na ribosomu se prekladaji pouze spojené exony.

Exon Intron Exon
"], -

1 Transkripce

— sssssssssss  Primarni transkript

1 Sestrih (splicing)

messssesssssssssss MRNA

1 Translace

meessssssssssssss—  Protein



Molekularne biologicka data

CAGCGGACGACAG CTCGGATGCAGCAGATCATCCGCATCCGGAACGGCGGTGGCGGCATCACGCACTTCCAGTTCG ATCGGGG CAACAATGCCGGCATCT

CGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGT TATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAACATA

400

390

380

370

360

350

340

330

320

310

_

—— .

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC

AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT



GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT

,oyrové*“ sekvence DNA

Identifikace a anotace genu a proteinu



Table 1
Software commaonly used for bacterial genome annotation and comparison

DNA level annotation H o 4
GeneMark httpcffexon.gatech.edu/genemark/ Protein gene prediction ¢ P re d I kce ge n u J e p rvn I m
Glimmer httpc/fwww. genomics. jhuedu/Ghimmer/ Protein gene prediction

SHOW httpc/fge nome jouy. inra.frfssb/SHOW/ Protein gene prediction kro ke m V a n Ota Ci ge n G a

tRNAscan-SE  http:/flowelab.ucse.edw/'tRNAscan-SE/ tIRNA gene prediction o

RNAmmer htpeffwww.chs.di. dk/servicessRN Amme RNA gene prediction ge n O m u D

RepSeck httpz/foww.abisnv jussicu fo'%9 8public/R epSeek/ Search for approximate repeats in complete DNA sequences

IslandPath httpz/fwww. pathogenomics. sfuca/islandpath/ Identification of genomic islands

Protein level annotation

BLAST httpe/fwww.ebiac. uk/blast/ Compare a novel sequence with those contained in nucleotide and protein databases

InterProScan httpz/fwww.ebiac. uk/InterProScan/ Search for domams/maotifs in the InterPro database

COGNITOR  htpz/fwwwnebinlm.nith.gov/COG/old/xognitorhtml - Compare a query sequence to the COG (Cluster of Orthologous Groups of proteins)
database

PRIAM htpz/fbioinfo. genopole- toulouse. prd fr/poam/ Detection of enzymatic function in a fully sequenced genome, based on all sequences
available in the ENZYME database

GOAnno http://bips. u-strasbg. friGOAnno/ BLAST scarch on the Gene Ontology database

PSORTb httpz/fwww psortorgfpsorth! Prediction of bacterial protein subeellular localization

TMHMM httpc/fwww.chs.du. dk/services TMHMM/ Frediction of transmembrane helices in protein sequences

SignalP http:/fwww.chs.dtu. dk/services/Signal P/ Prediction of signal peptide cleavage sites in protein sequences

Comparative genomic tools

Mauve http:/fgel ahabs wisc.eduw/mauve/ Multiple genome alignments in the presence of large-scale evolutionary events

MOSAIC http:ffmig jouy. inrafr/mig/mig_eng/ Define the set of backbones and loops in closely related bactenal genomes

presentation/project/mosaice

ACT http:/fwwwsangerac. uk/Sof tware/ ACT/ Comparative genome analysis and visualization tools for multiple genome alignments

CGAT http:/fmbgd.genome.ad. jp/CGAT/

MaGe httpc/fwww. genoscope.cns.frfage/mage/ Computation of gene order conservation (syntenies) between available bacterial genomes

Pathologic http:/fbiocyc.org/ Metabolic network reconstruction and comparative pathway analysis

PUMAZ2 http:/fcompbio. mes.anl. gov/puma2/ Metabolic pathway reconstruction

The SEED htpefftheseed uwehicago.edu/FIGS Comparative analysis and annotation tools using the subsystem approach

STRING httpzffstnng . embl.de/ Search Tool for the Retrieval of Interacting Proteins

PyPhy httpz/foaw.chs. du. di/staffthomas/fpyphy/ Reconstruction of phylogenetic relationships of complete microbial genomes

HoSeql http:/fpbil.univ-lyon 1. fr/software/HoSegl! Automatically assign sequences to homologous gene families from the HOGENOM

database




Posloupnost pismen muze (a nemusi) mit vyznam

* sekvence nukleotidu
*pocitacoveé 0al
* bézny jazyk
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Frekvencni analyza

Smysluplna sekvence?

Letters in English text
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brought us not only joy but great relief. It was
unbelievably interesting and immediately allowed us to make
a serious proposal for the mechanism of gene duplication.




Smysluplna sekvence?
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Frekvencni analyza



Smysluplna sekvence?

01010101010101010101

01010101010101010101
0101
0101

0101
0101

Nahodna nebo smysluplna?

Frekvencni analjza TSI O

0 10 (60) 50%
1 10 (60) 50%



01010101010101010101

0 10 50%
1 10 50%
Ocekavana frekvencni analyza mmm
parl pro nahodnou sekvenci 00 25%
11 25%
01 25%
10 25%
Frekvenéni analyza mmm
paru pro vyse uvedenou sekvenci 00 0 0%
11 0 0%
01 10 53%

10 9 47%



K cemu je to dobré?

* Obsah GC je napr. vyssi v genovych castech nez intergenovych
» GC ostruvky se objevuji v oblastech regulujicich transkripci, ...

Genes:
HBZP HBAP1
H|.|°>z ‘ HBAP2 ‘ HBA2  HBA1 HBQ1
—s L8 L L L >
H—— HH i H—— I >

CG dinucleotide rich regions



Predikce gen(

* Predikce genl je prvnim krokem v anotaci genu a genomu.

« Zahrnuje identifikaci ORF - otevrenych Ctecich ramcuU (Jako predikce , gend*
se mnohdy oznacuje pravé pouze predikce ORF).

e V pripadé eukaryot (slozené geny) predikce zahrnuje také identifikaci
exonti/intrond, tj. mist sestfihu. Velmi problematicka, vznika velké
mnozstvi chyb.

* Predikce genl se velmi Casto soustredi na geny kdédujici proteiny.

* Predikce genl u prokaryot funguje vyrazné lépe nez u eukaryot
(souvislost s organizaci genomu prokaryot).



Metody predikce genu

* Dva hlavni ptistupy: metody ab initio/metody zalozené na homologii
(sekvencni).

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGARAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

ﬁijCBl EMBL-EBI DDBI

Biotechnology Information
DNA Data Bank of Japan

L EI
IPPNTDFRAIFFANAAEQQHIEKLFI SQE YHELTTRDGPRE--ATLNSGNGEIRFE
LPPHIKFGVTALTHAANDQTIDIY¥IDDDPK TFEGAGAQDQNLGTKVLDSGNGRVRVI
L

1

NTAFFKAIFYANAADRODLELFIDDAPE TF?GNSEDGVRL--FTL%IKG IE

NIAFGVTALVNSSAPQTIEVFVDDNFPK TFQGAGTQDANLNTQIVNSEGKGEVRVV
PPn-aFg---lanaad-QtiklfidD-p-PAAtfkgag----- l-t-tlnSgnGkiRve

AS ROSATDARLAPLSAGD------ WLGA VI IT
vs KEPSATDARLAPINGEESDGSPFTVNFGIVVS s IG
VM RPSRLGSRQVDIFEKES-------- IIGS D VF LG
vT KPSKIGSRQVDIFEET-------- LVGS AT LG

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




Metody predikce genu

* Dva hlavni ptistupy: metody ab initio/metody zalozené na homologii
(sekvencni).

* Ab initio — predikce genu zaloZena pouze na sekvenci, jejich
vlastnostech a statistickych parametrech.

Regulacni a signalni sekvence:(startovni/stop kodon, sestfihové signaly, RBS
(vazebné misto pro ribosom), polyadenylacni signal.

Kodon=triplet (délka genu je v nasobcich tfi). iy "'ﬂ"c?fi'i‘i‘f-'-"n'-ii""
Nukleotidové sloZeni kédujicich a nekédujicich oblasti se li$i. =t e = P
mRNA * i




Metody predikce genu

* Dva hlavni ptistupy: metody ab initio/metody zalozené na homologii
(sekvencni).

* Ab initio — predikce genu zaloZena pouze na sekvenci, jejich
vlastnostech a statistickych parametrech.

* Metody zalozené na homologii — sekvencni podobnost se znamymi

geny/protemy ORF kéduje protein, ktery je podobnyjlz drive
popsanému proteinu (prohledavani DATABAZI pomoci ALIGNMENTU)

= nejSpOleh|IV8jSI predlkce Problém — unikatni geny bez znamych homologu (vétsinou
nejzajimaveé;si).

* Kombinace obou postuput



Predikce genl u prokaryot

* Prokaryotické genomy: malé (0,5 az 10 Mbp) a kompaktni, vysoka
hustota genu, 90% genomu je kodujici, jeden gen pripada pfriblizné na
1000 nukleotidu.

Table 1 Some prokaryotic genomes

Organism Domain Size (base pairs) Genes Comments

Nanoarchaeum equitans Archaea 490 885 552 Smallest known cellular genome

Mycoplasma genitalium Bacteria 580070 470 Smallest genome among Bacteria; human pathogen

Chlamydia trachomatis Bacteria 1042519 894 Intracellular parasite of humans

Agquifex aeolicus Bacteria 1551335 1544 Hyperthermophile, autotroph

Methanothermobacter Archaea 1751377 1855 Methanogen, thermophile

thermoautotrophicus

Halobacterium salinarium  Archaea 2571010 2630 Extreme halophile

Sulfolobus solfataricus Archaea 2992245 2977 Hyperthermophile, acidophile

Bacillus subtilis Bacteria 4214810 4100 Produces endospores

Pseudomonas aeruginosa Bacteria 6264403 5570 Metabolically versatile; can be a pathogen

Bradyrhizobium japonicum  Bacteria 9105828 8317 Nitrogen-fixing bacterium; forms root nodules on
soybean plants Bacteriology

Escherichia Coli Bacteria 4639221 4288 Model organism for molecular biology

Michael T Madigan, Southern illinois University, Carbondale, llinois, USA

Deborah O Jung, Southern iflinois University, Carbondale, lllinois, USA

ENCYCLOPEDIA OF LUFE SCIENCES & 2007, John Wiley & Sons, Ltd. www els.net



Predikce genl u prokaryot

* Prokaryotické genomy: malé (0,5 az 10 Mbp) a kompaktni, vysoka
hustota genu, 90 % genomu je kddujici, jeden gen pripada pfriblizné
na 1000 nukleotidu. il T

1 - 1 1

[ —— — 2 + 1694 2359 666 1
s 2 3 + 2739 4025 1287 1
a - 4087 4293 207 2

5 + 4618 5175 558 1

6 - 5165 5905 741 1

7 + 6086 7663 1578 1

8 + 7980 8330 411 1

9 + 8659 11067 2409 2

10 + 11100 11438 339 1

1 - 11567 11947 381 1

12 + 12036 12896 861 1

13 + 13004 13969 966 1

14 + 14077 14373 297 1

15 + 14688 15659 972 1

16 - 15777 16586 810 1

17 - 16639 17652 1014 1

18 + 18318 19328 1011 1

19 - 19468 19977 510 1

20 + 20206 20763 558 1

21 - 20753 21493 741 1

2 + 21674 23251 1578 1

23 + 23568 23978 an 1

24 - 24333 24542 210 2

25 - 24663 25337 675 2

26 - 25334 25777 244 2

GeneMarkS Loomomom
28 + 26345 26908 564 1

29 - 26913 27311 399 2

30 + 27310 27867 558 1

31 - 27857 28597 741 1

32 + 28778 30355 1578 1

33 + 30672 31082 411 1

34 + 31418 32542 1125 2

35 + 32598 33749 1152 2

36 - 33731 34219 489 1

37 - 34224 35651 1428 1

38 + 35750 36097 348 1

39 - 36151 36669 519 1

10 - 36712 37302 591 1

a1 - 37299 38456 1158 1

42 - 38482 39597 1116 1

43 - 39680 20657 978 1

a4 + 20665 40958 294 2

a5 + 41018 41827 810 2

H 4 26 + 41983 42534 552 2
Pre l ova no 5 a7 + 42531 43736 1206 1
a8 + 43807 24532 726 1

a9 + 24846 45520 675 1

° 50 + 45706 46338 633 2
ge n u 51 + 46823 47128 306 2
52 + 47366 47719 354 1

53 + 47716 48165 450 1

54 + 48432 49709 1278 1

55 + 50339 52468 2130 1

56 + 52475 >53467 993 1




Predikce genl u prokaryot

* Prokaryotické genomy: malé (0,5 az 10 Mbp) a kompaktni, vysoka
hustota genu, 90 % genomu je kddujici, jeden gen pripada pfriblizné
na 1000 nukleotidu.

* Prokaryotické geny: ORF je neprerusovany usek DNA mezi startovnim
kodonem (ATG, at6, 116, c16) a stop kodonem (TAA, TGA, TAG).

Prokaryotické geny neobsahuiji introny (pobre, mizou obsahovat introny).

Group Il introns in the bacterial world
Bacterial group | introns: mobile RNA catalysts
Georg Hausner', Mohamed Hafez** and David R Edgell® Francisco Martinez-Abarca and Nicolas Toro*

Grupo de Ecologia Genética, Estacion Experimental del
Zaidin, Consejo Superior de Investigaciones Cientificas,
Profesor Albareda 1, 18008 Granada, Spain.




Predikce genl u prokaryot

* Prokaryotické genomy: malé (0,5 az 10 Mbp) a kompaktni, vysoka
hustota genu, 90 % genomu je kddujici, jeden gen pripada pfiblizné
na 1000 nukleotidu.

* Prokaryotické geny: ORF je neprerusovany usek DNA mezi startovnim
kodonem (ATG, at6, 116, c16) a stop kodonem (TAA, TGA, TAG).
Prokaryotické geny neobsahuiji introny (pobre, mizou obsahovat introny).

* RBS: Shine-Dalgarnova sekvence

* Terminator transkripce



Translac€ni a transkripc¢ni signalni sekvence

Regulaéni signaly pro Regulacni signaly pro
transkripci iniciaci translace
— A - ~ A ~
Promotor +1 SD
—| TGTTGACA || TATAATG [ L] TAAGGAG ATG
-35 -10 Sy =

*  Vedouci sekvence

!

STOP

Shine-Dalgarnova
sekvence

T~

v

protein

Pro ka ryOta oblast bohata na puriny

~ cca 8 bazi upstream




Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych program)

* Prokaryotické genomy: maly obsah nekddujicich usekt umoznuje
,manualni“ identifikaci ORF.

1) Preklad prokaryotické DNA do proteinové sekvence.
2) Identifikace potencialnich ORF.

3) Ovéreni spolehlivosti predikce — je identifikovany ORF skutecné
soucasti genu?



Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych programu)

1) Preklad prokaryotické @- o proteinové sekvence.

oy
ATGTCGCATGCC 5° ATGCGCAGGAATGCATAG 3°

ATG TCG CAT GCC 3° TACGCGTCCTTACGTATC 5°
tt

Preklad DNA sekvence - od 5'konce

| Met “ Ser H His H Ala \

A TGT CGC ATG CC

5° ATGCGCAGGAATGCATAG 3°
Coautriplesh zhvist 5° CTATGCATTCCTGCGCAT 3°
T -~

AT GTC GCA TGC C na tom, u kterého
nukleotidu stanovime T

pocétek cteni.

I Cys || Arg H Met ]

| Val || Ala H Cysl




Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych programu)

1) Preklad prokaryotické @- o proteinové sekvence.

https: / /web.expasy.org Jtranslate/

* ORF Finder (NCBI)
https://www.ncbi.nlm.nih.gov/orffinder/

ORFfinder




Translate

Translate is a tool which allows the translation of a nucleotide (DNA/RNA) sequence to a protein sequence.

DNA or RNA sequence

GTATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCCCCGACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGG
CGATGCCGCGCAGCTGGGCCATAACGATAGCCGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGCTGGCGCTGCGCGCGGAAGTGAGCGTGCTG
TTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGCGTGATGCCGCCACCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTC
CGCTGAAAGATCATTATTGGCGCAGCGATGTGCTGGCGGCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCGTGAGCGGTTATTTTCGTTGGGA
AACCAGCATTGAAATTGCGGGCAGCCAGCCGGATACCAAACAGCCGGGCTTTAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGATC
TTCTATGCGAACGCGGCGGATCGTCAGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTAACAGCGAAGATGGTGTGCGTCTGTTTACCCTGA
ATAGCAAAGGTGGTAAAATTCGTAT TGAAGCGAGCGCGAACGGCCGTCAGAGCGCGACCGATGCCCGTCTGGCGCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGCTGGCTGGGE
CGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTCTGCAGTGGCCGATTACCTAATGGEG

reset TRANSLATE!

oinformatics | Disclaimer

Output format

Verbose: Met, Stop, spaces between residues
¢ Compact: M, -, no spaces
Includes nucleotide sequence
Includes nucleotide sequence, no spaces

-

DNA strands

v forward ¥ reverse

¥ Genetic code ee NCBI's genetic codes

Standard v

Standard

Vertebrate mitochondrial

Yeast mitochondrial

Mold, protozoan and coelenterate mitochondrial, mycoplasma/spiroplasma
Invertebrate mitochondrial

Ciliate, dasycladacean and hexamita nuclear
Echinoderm and flatworm mitochondrial
Euplotid nuclear

Alternative yeast nuclear

Ascidian mitochondrial

Alternative flatworm mitochondrial
Blepharisma nuclear

Chlorophycean mitochondrial

Trematode mitochondrial

Scenedesmus obliquus mitochondrial
Pterobranchia mitochondrial




Output format

DNA or RNA sequence . Verbose: Met, Stop, spaces between residues
‘® Compact: M, -, no spaces

gtatgctggtgattgtggatgccgttaccctgetgagegectatccggaagecagecgtgatccggecgecccgaccgtgattgatggtcgecacctgtatgttgttageceggge * Includes nucleotide sequence

gatgccgegeagetgggccataacgatagecgtetgtttaccggtetgageccgggtgatcagetgeatctgegegaaaccgegetggegetgegegeggaagtgagegtgetgtt ' Includes nucleotide sequence, no spaces
tattcgctttgecctgaaagatgecggeattgttgecccgategaactggaagtgegtgatgecgecaccgeegttecggatgeggatgatctgetgeatecgagetgtegtecge
tgaaagatcattattggcgcagcgatgtgetggeggegggegegaccacctgtaccgecgattttgeggtgtgegategtgatggcaccgtgageggttattttcgtigggaaacc DNA strands
agcattgasattgcgggcagccagecggataccaaacagecgggetttaaaccgagecagegatcgeaatggeaactttagectgecgecgaataccgectttaaagegatcttcta
tgcgaacgeggeggatcgtcaggatctgasactgtttattgatgatgegecggaaccggecgecacctttgtgggtaacagegaagatggtgtgegtetgtttaccctgaatagea v forward ¥ reverse
aaggtggtaaaattcgtattgaagcgagecgegaacggccgtcagagegegaccgatgeccgtetggegecgetgagegegggegataccgtgtggetgggetggetgggegeggaa
gatggtgccgatgeggattataatgatggeattgttattctgcagtggecgattacctaatggg Genetic codes - See NCBI's genetic codes

Vi

Standard v

reset TRANSLATE!

Results of translation

= Open reading frames are highlighted in red
= Select your initiator on one of the following frames to retrieve your amino acid sequence Download all the translated frames

e — e

~5'3" Frame 1

VCW-LWMPLPC-APIRKPAVIRPPRP-LMVATCMLLARAMPRSWAITIAVCLPV-ARVISCICARKPRWRCARK-ACCLFALP-KMPALLPRSNWKCVMPPPPFRMRMICCIRAVVR-KIIIGAAMCWRRARPPVPPILRCATVMAP-AVIFEV
GEKPALKLRAASRIPNSRALNRAATAMATLACRRIPPLKRSSMRTRRIVRI-NCLILMMRRNRPPPLWVTAKMVCVCLP-IAKVVKFVLKRARTAVRARPMPVWRR-ARATPCGWAGWARKMVPMRITMMATLECSGRLPNG

\

~5'3" Frame 2

YAGDCGCRYPAERLSGSQP-SGRPDRD-WSPPVCC-PGRCRAAGP-R-PSVYRSEPG-SAASARNRAGAARGSERAVYSLCPERCRHCCPDRTGSA-CRHRRSGCG-SAASELSSAERSLLAQRCAGGGRDELYRRFCGVRS-WHRERLFSL
GNQH-NCGQPAGYQTAGL-TEQRSQWQOL-PAAEYRL-SDLLCERGGSSGSETVY--CAGTGRHLCG-QRRWCASVYPE-QRW-NSY-SERERPSERDRCPSGAAERGRYRVAGLAGRGRWCRCGL--WHCYSAVADYIM

\

~5'3" Frame 3

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDOLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRW
ETSIEIAGSQPDTKQPGFRKPSSDRNGNFSLPPNTAFKATIFYANAADRODLKLFIDDAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGROSATDARLAPLSAGDTVWLGWLGAEDGADADYNDGIVILOWPIT-W

\

~3'6' Frame 1

PIR-SATAE-QCHHYNPHRHHLPRPASPATRYRPRSAAPDGHRSRSDGRSRSLOYEFYHLCYSG-TDAHHLRCYPQRWRPVPAHHQ-TVSDPDDPPRSERRSL-RRYSAAG-SCHCDRCSV-SPAVWYPAGCPOQFQCWFPNENNRSRCHHDR
TPONRRYRWSRPPPAHRCANNDLSADDSSDAADHPHPERRWRHEALPVRSGQQCRHLSGOSE-TARSLPRAAPARFRADAADHPGSDR-TDGYRYGPAARHRPG-QHTGGDHQSRSGRPDHGWLPDRRSAG-RHPQSPAY

\

~3'6" Frame 2

PLGNRPLONNNAITIIIRIGTIFRAQPAQPHGIARAQRROTGIGRALTAVRARFNTNFTTFAIQGKOQTHT IFAVTHKGGGRFRRIINKQFQILTIRRVRIEDRFKGGIRROAKVATATAARFRARLFGIRLAARNFNAGFPTKITAHGAITIA
HRKIGGTGGRARRQHIAAPIMIFORTTARMOQITRIRNGGGGITHFQFDRGNNAGIFQGKANKQHAHFRAQRORGFAQMOLITRAQTGKOTAIVMAQLRGIARANNIQVATINHGRGGRITAGFRIGAQQGNGIHNHQH

\

~3'5"' Frame 3

H-VIGHCRITMPSL-SASAPSSAPSQPSHTVSPALSGARRASVAL-RPFALASIRILPPLLFRVNRRTPSSLLPTKVAAGSGASSINSFRS-RSAAFA-KIALKAVFGGRLKLPLRSLLGLKPGCLVSGWLPAI SMLVSORK-PLTVPSRSH
TAKSAVQVVAPAASTSLRO--SFSGROLGCSRSSASGTAVAASRTSSSIGATMPASFRAKRINSTLTSARSASAVSRRCS-SPGLRPVNRRLSLWPSCAASPGLTTYRWRPSITVGAAGSRLASG-ALSRVTASTITSI

\




Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych programu)

2) Identifikace potencialnich ORF.

* Jak dlouhy ma byt ,,rozumny“ ORF? Stop kodon se v nekddujici
sekvenci nahodné vyskytuje priblizné kazdych 20 kodonu. V uvahu se
tedy berou ORF delsi nez tricet kodont (realné i delsi).

* Empirické pravidlo: Spravny ORF = nejdelsi ORF odpovidajici danému
useku DNA.

5'3"' Frame 2
YAGDCGCRYPAERLSGSQP-SGRPDRD-WSPPVCC-PGRCRAAGP-R-PSVYRSEPG-SAASARNRAGARRGSERAVYSLCPERCRECCPDRTGSA-CRERRSGCG-SARSELS SAERSLLAQRCAGGGRDELYRRFCGVRS-WHRERLFSL
GNQH-NCGQPAGYQTAGL-TEQRSQWQOL-PAREYRL-SDLLCERGGSSGSETVY--CAGTGRHELCG-QRRWCASVYPE-QRW-NSY-SERERPSERDRCPSGAAERGRYRVAGLAGRGRWCRCGL--WHCYSAVADYLM

§'3" Fri <
MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDOLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRW
EIAGSQPDTKQOPGFKPSSDRNGNFSLPPNTAFKAIFYANAADRODLKLFIDDAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGROQSATDARLAPLSAGDTVWLGWLGAEDGADADYNDGIVILOWPIT-W

3'6"' Frame 1
PIR-SATAE-QCHHYNPHRHHLPRPASPATRYRPRSAAPDGHRSRSDGRSRSLOYEFYHLCYSG-TDAHRELRCY PQRWRPVPAHHQ-TVSDPDDPPRSERRSL-RRYSARG-SCHCDRCSV-SPAVWY PAGCPQFQCWEFENENNRSRCHEDR
TPONRRYRWSRPPPAHRCANNDLSADDSSDARDHPHPERRWRHEALPVRSGQQCRHLSGQSE-TARSLPRAAPARFRADAADHPGSDR-TDGYRYGPAARHRPG-QHTGGDEQSRSGRPDHGWLPDRRSAG-RHPQSPAY




Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych programu)

3) Ovéreni spolehlivosti predikce — je identifikovany ORF skutecné
soucasti genu?

e K6éduje ORF protein podobny jiz popsanému proteinu?
* Vlyskytuji se pred/za ORF typické signdlni sekvence?

* Statistické parametry sekvence: obsah GC, preference kodond.

5'3"' Frame 2
YAGDCGCRYPAERLSGSQP-SGRPDRD-WSPPVCC-PGRCRAAGP-R-PSVYRSEPG-SAASARNRAGARRGSERAVYSLCPERCRECCPDRTGSA-CRERRSGCG-SARSELS SAERSLLAQRCAGGGRDELYRRFCGVRS-WHRERLFSL
GNQH-NCGQPAGYQTAGL-TEQRSQWQOL-PAREYRL-SDLLCERGGSSGSETVY--CAGTGRHELCG-QRRWCASVYPE-QRW-NSY-SERERPSERDRCPSGAAERGRYRVAGLAGRGRWCRCGL--WHCYSAVADYLM

§'3" Fri <
MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDOLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRW
EIAGSQPDTKQOPGFKPSSDRNGNFSLPPNTAFKAIFYANAADRODLKLFIDDAPEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGROQSATDARLAPLSAGDTVWLGWLGAEDGADADYNDGIVILOWPIT-W

3'6"' Frame 1
[PIR—SATI—E—QCHZ—ZY.\IPHRHHLPRP.’-\.SPATRYRPRSA:—;PDGHRSRSDGRSRSLQYEFY:—ZLCYuS—T )AHHLRCYPQRWRPVPAHHQ-TVSDPDDPPRSHRRSL-RRYSAAG-SCHCDRCSV-SPAVWYPAGCPQFQCWEPNENNRSRCHHDR J

TPONRRYRWSRPPPAHRCANNDLSADDSSDAADHPHPERRWRHEALPVRSGQQOCRHLSGOSE-TARSLPRAAPARFRADAADHPGSDR-TDGYRYGPAARHRPG-QHTGGDEQSRSGRPDHGWLPDRRSAG-RHPQSPAY




Obsah GC

Obsah GC — zastoupeni G a C v sekvenci NA (genom, gen, ¢ast genu, fragment,

synteticky oligonukleotid). Vyssi obsah GC paru je asociovan s vyssi stabilitou DNA.

* Velmi rozdilny pro rlizné prokaryotické genomy (25%-75%).

species GC e (Y0) GCy (%) thermophilic
* Adaptace na vysokou teplotu? : e ' '
Aeropyrum pernix* 57.50 66.40 ves
. Ad v , d , k ? .:;’f'}f;}(ﬂ_&'él’lbll,\f}[[_gi([ill.\'" . ff’.l:'/j :)8_!(_’, ves
Methanobacterium thermoautotrophicum* 50.46 26.5¢ ves
a pta Ce n a Z IVOt n I p O m I n y * Methanococcus jannaschi* . 31.84 24.74 :\'(‘S
Pyrococcus abyssi* 45.16 50.31 ves
Pyrococcus horikoshir* 42.32 42.97 ves
Base com OSit i on Aquifex aeolicus" 43.58 47.93 ves
p Bacillus subtilis" 44.32 14.61 no
. . Borrelia burgdor feri® 29.31 20.82 no
b I a S m I g ht res u It Campylobacter jejuni® 32.82 18.96 no
P Chlamydia muridarum® 39.13 29.92 no
from competition for Chlamydia preumoniac® 41.30 34.88
. Chlamydia trachomatis" 41.61 34.30 no
meta bOI Ic resou rces Deinococeus radiodurans” 65.72 84.02 no
Escherichia coli® 51.37 54.90 no
Haemophilus influenzae® 38.76 29.09 no
Eduardo PC. Rocha and Antoine Danchin Ile'[iwb/in'h'rk)‘{ari" ) 39.56 $1.95 no
Mpycobacterium tuberculosis” 65.81 79.67 no
Mpycoplasma genitalium® 31.64 23.01 no
Mycoplasma /mmmoninr" 41.05 42.08 no
Neisseria meningitidis® 50.14 55.49 no
. . . . . Rickettsia prowazekii® 30.59 18.47 no
High guanine-cytosine content is not an adaptation Symechocystis sp.® 18.66 19.99
to high temperature: a comparative analysis Thermotoga lm"itimln" 16.45 52.62 yes
Treponema pallidum® 52.52 54.10 no
amongSt pr°kary°tes ('rr{:pla.wmpurml_)'licum" 35.20 16.97 no
Laurence D. Hurst'* and Alexa R. Merchant” Vibrio cholerae” 47.17 149.08 no




Obsah GC

Obsah GC — zastoupeni G a C v sekvenci NA (genom, gen, ¢ast genu, fragment,

vv7/

synteticky oligonukleotid). Vyssi o

* Pozorovani: Treti pozice v kodonu
v kodujici sekvenci ma vyssi obsah
GC — preference kodonU koncicich
na G nebo C.

* Problém: Neplati zdaleka vzdy, GC,
je extrémné variabilni.

* Lepsi vyuziti: identifikace genu
ziskanych horizontalnim

bsah GC paru je asociovan s vySsi stabilitou DNA.

'Horizontal gene transfer: building the
web of life

Shannon M. Soucy’, Jinling Huang? and Johann Peter Gogarten'>

Abstract | Horizontal gene transfer (HGT) is the sharing of genetic material between
organisms that are not in a parent-offspring relationship. HGT is a widely recognized
mechanism for adaptation in bacteria and archaea. Microbial antibiotic resistance and
pathogenicity are often associated with HGT, but the scope of HGT extends far beyond
disease-causing organisms. In this Review, we describe how HGT has shaped the web of life
using examples of HGT among prokaryotes, between prokaryotes and eukaryotes, and even
between multicellular eukaryotes. We discuss replacement and additive HGT, the proposed
mechanisms of HGT, selective forces that influence HGT, and the evolutionary impact of HGT

on ancestral populations and existing populations such as the human microbiome.

prenosem:

HIMELBLAU

“Don't pick it up,” | say, and he says, "It's just a plasmid, what
harm could it do?" Well just look at him now....God knows what
protein he's expressing!



ORF Finder

Open Reading Frame Finder

ORF finder searches for open reading frames (ORFs) in the DNA sequence you enter. The program returns the range of
each ORF, along with its protein translation. Use ORF finder to search newly sequenced DNA for potential protein
encoding segments, verify predicted protein using newly developed SMART BLAST or regular BLASTP.

Sequence
Choose Search Parameters ORFs found: 136 Genetic code: 11 Start codon: "ATG" and ive codons
‘g/ > 1~ | Find: e Qi——7oQ it = R Tools~ | L Tracks+ ¥, Download v & 2 ~
. 1 2K, 4K [BK 12K [14K 6K 8K [20K [22K [24K [26K |28K [30K [32K |34K (36K |38K 48K [42K [44K [4BK [48K [S0K 5346
@ Minimal ORF length (nt):
© Genetic code: | 11. Bacterial, Archaeal and Plant Plastid (O ORFETHOEr 2" 6= 1526260 us) (o %
orF13e orFzz Il ORF3 orF24 I W orFi34 oRF2e BECEE orF2? W ORF30 orFss orF13e T ORFI125  ORFIS orRF41 Il ORF43
© OREF start codon to use: ORF21 3 orFite Il [ORFE3 W orFi12 orrs2 [l orFs3 BEE K3 orF109 orF77 @ ORF182 W orFos I ORF72 W orRFSL orFzs Bl orF7 W ORFES
B orRF4s I orF23 I ORrFso BES orFs1 I K orF133 orF2s Il orF3t IES orFit @ EECEM orF7t oRFez BEE orFic B W oorre7 orFis Il KD
) "ATG" only B orF4e orF47 W | ORF48 orFa B orFst orFe Il orrFs4 @ W ORF132 B ORF198 ORFS3 orF12e [l ORFES orF4n [l orFzo I
® "ATG" and alternative initiation codons orFz I B orF114 ORF45 B W orFe2 B orF7e W ORF108 orFs I W ORF78 I orF74 ORF34 X ORF38 I orFs3 ORF42 B orF121
o) Any sense codon W orF117 | orF113 B ORF135 I orFi10 M orF7s I orF1e3 orRFS? B orFaz W ORFE8 orFet @ orFze B W orRF123 ORFS6
B orF1S orFzs [l orFss [l orFs [l W orF7s [l orFs7 [l ORF128 ORF98 ORFE3 ORF44
. B ORFI1L ORF7 [l ORFse [l W 0RF99 ORF10 ORFSE W ORF124 W ORFES [ ]
© Ignore nested ORFs: [ ORFS @ W ORF165 B ORF161 B 0RF73 [ ORF129 ORF37 W ORFEE BORFL..
1 ORFE0 W oRF106 ORF2S [ ORF12 B ORF76 WorFizz [l ORF120
B OrRF167 [ ORF184 ORF33 [ ORF13 ORFES ORF18 | ']
W ORF131 HorRFos M ORF93  ORF14 [ W ORFs?
I ORF127
oRF3s |
W ORF94
B OrRF92
1 2K, |4k 8K |8 @K 12K [14K 16K 18K |20K [22K [24K [26K [28K [88K [32K (34K (36K [38K [4B8K |42K [|44K 6K [48K [s0K 53468

1: 1..53K (53,468 nt) 7 # Tracks shown: 2/5

—— Choose Search Parameters

& Minimal ORF length (nt ORFs found: 44  Genetic code: 11 Start codon: "ATG' and alternative codons ~ Nested ORFs removed
) \ - 9 S1- | Find: | | Q & i = Tools~ | f Tracks~ ¥, Download ~ & 7 -
© Genetic code: | 11. Bacteridt~Aseffacal and Plant Plastid _ bl A bl
1 2k |4k |5k | 2K 14K 6K [18K  |20K [22K [e4K [26K [28K |38 K [32K [34K [3BK [38K [48K [42K [44K [|4EK [|48K [soK 53,468
© ORF start codon to use:
(U) ORFfinder_2.6.15374273 | o oo wx
O "ATG" only B o0rFa4 orF1 ORF9 ORF43  ORF18 ORF31 ORFI IICEE  ORF24 T oRFa1 ORF48  ORF4 ORF18
0 ,, Sl orF7 3 ORFS ORF22 orF2s I ORF38 KR orF36 ORF38  ORFi4 orFzs I orFs I ORF27
Lf ATG" and alternative initiation codons orFzo IR ORF39 ORF21 ORF33 ORF42 W oRF37 ORF12 ORF29 orF1e I ORF28 orFe I
4 I ORF32 ORF35 ORF34 ORF17 oRF19 I
orF3 IE W ORF28
. ORF2 ORFIS
\ Ignore nested ORFs: ¥ ORFI3 EX
1 2k |4k |5k |8 ekl |12k |14k 6K 18K [20K [22K [24K [26K [28K [38K [32K [34K |36K [38K [48K |42K [44K [46K 48K [sBK 53458

1: 1..53K (53,468 nt) /" ¥ Tracks shown: 2/6




ORF Finder

ORF1 (804 aa) Display ORF as... Mark

1lcl H
:\D:III'IigggLDKAImTRVKNVSTDVKHGQIQERKRNF IYKKNDDISSRF I ntrOd u ctlo n

KLYSSLVKQKNATEDVVLIGKMILDEVRSYRT IHNDRNIVSNSGNWKTSF
LCNLARLLYSIFNGSNYFCSREGENNSSSSTLLTIHQPEKQELLQQKSIK

T O TS S TESH e 1 251 THSERI! SOMASE SmartBLAST processes your protein query to present a concise summary of the five best protein matches from well-studied reference species in
Eg;hgig:gi;‘g‘gﬁ:;mﬂagﬁ:mEi;é;:;\';m?m& the landmark database (described below). If possible, the matches will be from different organisms. If SmartBLAST cannot find five matches in
g;éi;:i;;ig:g';i;‘mit;ggg:gggx;mmmggé the landmark database, it will uses matches from the protein non-redundant (nr) database. SmartBLAST produces these results using a
égorsig#ggmggzsgﬁnggg%t:mmiggggtﬁz combination of an optimized BLASTP search, a new implementation of BLAST meant to find closely related matches, and a multiple alignment.
EKYSIKHDGLDETTLNQLNNILSEIEKLTIDDYFKPVETKVVRDTEKIFK Additionally, SmartBLAST presents Conserved Domain Database matches to your query. Additional matches to the nr database are presented
RYQKWTENTWNIRGNNNFMLTHKGSDF ILSGQKKQYLLQRIRDNISYNNL .

FYTTEDLKSLNNVAIGGIPAKKYLEHGLFSEYRQDGTIPYVVSTLNISGP |0Wer n the report.

DMIMRQMKKYYKSLGRIGEVHIKDNKLSDVNFLGVYASSNKDNKSFNWLN
PVSVGINDITPDDESSWAVRNNDINKILFEKINCHVPEKMDELRAQGYHF
KVRT - . . . .

SmartBLAST is under active development and may change with little or no notice.

OREL—__ Marked set (0 ) Landmark Database
SmartBLAST SmartBLAST best hit titles... &
The landmark database includes proteomes from 27 genomes spanning a wide taxonomic range. This search set is produced using the best
vl BLAST ; . i o . . :
available genomic assemblies for each organism with the following procedure. First, the most recent representative assembly from each
BLAST Database- organism is identified. Second, all proteins annotated on each assembly are downloaded and compiled into the landmark BLAST database. The
[UniProtKB /Swiss;-Prot (swissprot) v l result is a taxonomically diverse non-redundant set of proteins supported by genomic assemblies.

Query: unnamed protein product Query length: 531 aa

DOMAIN: bifunctional 2',3"-cyclic leotide 2'-phosphodi ase/3"-nucleotidase peripl ic precursor protein cpdf v
ptomy licolor A3(2) nucleotidase |
Dei diodurans R1 bifunctional 2',3'-cyclic nucleotide 2'-phosphodiesterase/3™-nucleotidase periplasmic precursor protein I
Bacillus subtilis subsp. subtilis str. 168 : . . X . § X .
exported 2',3'-cyclic-nucleotide 2'-phosphodiesterase, 2' (or 3') nucleotidase and 5’ nucleotidase m
| St i is MR-1

M LEscherichia coli str. K-12 substr. MG1655 Your query: unnamed protein product

2'3' cyclic nucleotide phosphodiesterase/3' nucleotidase

bifunctional 2',3'-cyclic-nucleotide 2'-phosphodiesterase/3 -nucleotidase CpdB Wm0 |
unknown
.



Metody predikce genu

* Dva hlavni ptistupy: metody ab initio/metody zalozené na homologii
(sekvencni).

* Ab initio — predikce genu zaloZena pouze na sekvenci, jejich
vlastnostech a statistickych parametrech.

* Metody zalozené na homologii —sekvencni podobnost se znamymi
geny/proteiny. ORF kdduje protein, ktery je podobny jiz dfive
popsanému proteinu (prohledavani DATABAZI pomoci ALIGNMENTU)

= nejspolehlivéjél' predikce. Problém — unikatni geny bez znamych homologu (vétSinou
nejzajimavéjsi).

* Kombinace obou postuput

* Specializované predikcéni programy — v kombinaci s HMM



Predikce genl u prokaryot

Skryté Markovovy modely

 Skryty Markovliv model: Jednotlivé
stavy mohou generovat rlizné znaky
s definovanou pravdépodobnosti.

Stavy jsou skryté, vidime pouze
znaky, které generuiji.

gttccggatgcggatgatctgectgcatccgagectgtecgteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgeccgattttgeggtgtgegatecgtgatggea
ccgtgagcggttattttegttgggaaaccagcattgaaattgecgggcageccagecggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagectgecgeccgaatacecgec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

Jaky je nejpravdepodobnéjsi
pruchod skrytymi'stavy?

gttccggatgcggatgatctgectgcatccgagetgtegteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgecgattttgeggtgtgecgatecgtgatggcea
ccgtgagcggttattttegttgggaaaccagcattgaaattgecgggcagccagecggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagectgecgeccgaataccgece
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

MRMICCIRAVVRKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSI
EIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKR
Protein tfidy 1, typicky

< n
99.5% 99%
coding 0.5% non coding
A =30% g A=10%
T=30% T=10%
C=20% « 1% C=40%
G=20% G=40%

(a)

ATTACG'I‘NACATTAGCAATATCATAGAACAAATCATCG(*;GCAGGATACCGCCGACCTGCAGGG

cccccccccccccccccccccccccccccccccccccnnnhnnnnnnnnnnnnnnnnnnnnnnnn

1

© G
IHEC?‘)

SNV BN UBIUIU

Current Bioinformatics, 2007, 2, 49-61

Hidden Markov Models in Bioinformatics



Predikce genl u prokaryot

Skryté Markovovy modely

GeneMark

A family of gene prediction programs developed at
Georgia Institute of Technology , Atlanta, Georgia, USA.

http://exon.gatech.edu/GeneMark/

GeneMark

GeneMark developed in 1993 was the first gene finding method recognized as an efficient
and accurate tool for genome projects. GeneMark was used for annotation of the first
completely sequenced bacteria, Haemophilus influenzae, and the first completely
sequenced archaea, Methanococcus jannaschii. The GeneMark algorithm uses species
specific inhomogeneous Markov chain models of protein-coding DNA sequence as well as
homogeneous Markov chain models of non- coding DNA. Parameters of the models are
estimated from training sets of sequences of known type. The major step of the algorithm
computes a posteriory probability of a sequence fragment to carry on a genetic code in one
of six possible frames (including three frames in complementary DNA strand) or to be "non-
coding".

GeneMark.hmm (prokaryotic)

GeneMark.hmm algorithm was designed to improve the gene prediction quality, particularly
to improve GeneMark in finding exact gene starts. The idea was to integrate the GeneMark
models into naturally designed hidden Markov model framework with gene boundaries
modeled as transitions between hidden states. Additionally, the ribosome binding site model
is used to make the gene start predictions more accurate. In evaluations by different
groups it was shown that GeneMark.hmm is significantly more accurate than GeneMark in
exact gene prediction. From 1998 until now GeneMark.hmm and its self-training version,
GeneMarkS, are the standard tools for gene identification in new prokaryotic genomic
sequences, including metagenomes.

1998 Oxford University Press Nucleic Acids Research, 1998, Vol. 26, No. 4 1107-1115
GeneMark.hmm: new solutions for gene finding
Alexander V. Lukashin and Mark Borodovsky'*

School of Biology and 'Schools of Biology and Mathematics, Georgia Institute of Technology, Atlanta,
GA 30332-0230, USA

Received August 14, 1997, Revised and Accepted December 30, 1997

Table 5. Results of GeneMark_-hmm predictions for 10 complete bacterial genomes

Genome Genes Genes Exact Missing Wrong
d predicted prediction (%) genes (%) genes (%)

A fulgidus 2407 2530 73.1 10.8 (2.0) 15.1
B.subtilis 4101 4384 775 316(2.8) 9.8
E.coli 4288 4440 754 5027 8.2
H.influenzae 1718 1840 86.7 38(3.2) 10.2
H.pylori 1566 1612 .7 6.0(44) 8.7

M _genitalium 467 509 784 99(1.7) 17.3

M _jannaschii 1680 1841 727 4.6(0.8) 129

M _pneumoniae 678 734 70.1 7.8(4.1) 13.6

M thermoauthotrophicum 1869 1944 709 5.0(3.5) 8.6
Synechocystis 3169 3360 89.6 4.0(15) 94
Averaged 21943 23194 78.1 5427 104

The second and third columns show the number of genes annotated in GenBank and the corresponding number of genes predicted, respectively.
*Exact prediction’ is a fraction of annotated genes for which both the 5™-end and the 3"-end were predicted exactly. *Missing genes” is a fraction
of annotated genes for which neither the 5”-end nor the 3"-end was predicted exactly: in this column the numbers in brackets show the
missing genes after using the combined program (GeneMark.hmm + GeneMark). *Wrong genes” is a fraction of predicted genes for which
no annotated analog was found. All measures are expressed as percentages. The data shown are the results obtained after post-processing
procedure (RBS recognition).



Predikce genl u prokaryot

Markovovy modely

Co kdyZ neni model pro mij organismus v seznamu GeneMark?

* Lze pouzit model pro blizce pribuzny organismus.
* Lze vyuzit heuristicky model (pro kratké sekvence).

* Lze vyuzit ,self-training” algoritmus (pro dostatecné

GeneMark.hmm PROKARYOTIC (Version 3.26)
Date: Wed Mar 25 10:09:08 2020
Sequence file name: seq.fna

Model file name: /home/genemark/parameters/prokaryoti{/Escherichia_coli_ BL21_Gold_DE3_plysS_AG_/GeneMark_hmm_combined.mod
RBS: true
Model information: Escherichia_coli_ BL21_Gold_DE3_plLysS_AG_

FASTA definition line: empty-fasta-def-line
Predicted genes

Gene Strand LeftEnd RightEnd Gene Class

# Length

1 + <3 314 312 1
2 + 318 1604 1287 1
3 - 1698 2471 774 1
4 - 255@ 3980 1431 1
5 + 4249 5202 954 1
6 + 5313 5903 591 1
7 - 5960 >6244 285 1

dlouhé sekvence).

GenelMark.hmm PROKARYOTIC (Version 3.26)
Date: Wed Mar 25 10:13:05 2020
Sequence file name: seq.fna

Model file name: /home/genemark/parameters/prokargotic/Pseudomonas_aeruginosa_PAO1/GeneMark_hmm_combined.mod

RBS: true
Model information: Pseudomonas_saeruginosa_PAOl

FASTA definition line: empty-fasta-def-line

Heuristic Models

Computer methods of accurate gene finding in DNA sequences require models of protein
coding and non-coding regions derived either from experimentally validated training sets or
from large amounts of anonymous DNA sequence. A heuristic method for derivation of

arameters of inhomogeneous Markov models of protein codin jons. roposed in
1999. The heuristic method utilizes the observation that parameters of the Markov models
sed in GeneMark can be approximated by the functions of the sequence G+C content.
herefore, a short DNA sequence sufficient for estimation of the genome G+C content (a
ragment longer than 400 nt) is also sufficient for derivation of parameters of the Markov
odels used in GeneMark and GeneMark.hmm. Models built by the heuristic approach could
genes In small fragments of anonymous prokaryotic genomes, such as
metagenomic sequences, as well as in genomes of organelles, viruses, phages and
plasmids. This method can also be used for highly inhomogeneous genomes where
adjustment of the Markov models to local DNA composition is needed. The heuristic method
provides an evidence that the mutational pressure that shapes G+C content is the driving
force of the evolution of codon usage pattern.

Predicted genes

Gene Strand LeftEnd RightEnd Gene Class
# Length
1 + <3 314 312
2 + 318 1604 1287
3 - 1698 2471 774
4 - 2550 3930 1431
5 + 4249 5202 954
6 + 5313 5903 591
7 - 5960 >6244 285

Heuristické reseni — priblizné reseni zalozené na
zkusenosti, pouceném odhadu nebo empirickych
poznatcich. Dd ndm rozumné vysledky rozumné rychle.



Prokaryoticke geny

* Velmi jednoduchy pristup k predikci genu
Zjednoduseni vede k chybam, ale jejich mnozstvi je POMERNE MALE.

 Chyby mohou vznikat pfi SEKVENOVANI DNA.

Pridani/odstranéni startovniho a/nebo stop kodonu muze vést ke
ZKRACENI, PRODLOUZENI nebo uplnému VYNECHANI genu.

Vynechani-inzerce nukleotidu pak ke ZMENE CTECIHO RAMCE



Experimental vs. database sequence

PLL
PLU0732

PLL
PLU0732

PLL
PLUO0732

PLL
PLUO0732

PLL
PLUO0732

PLL
PLUO0732

PLL
PLUO0732

——————— MPNPDNTEAYVAGEVEIENSAIALSGIVSVANNADNRLEVFGVSTDSAVWHNW
MKKEPIKMPNPDNTEAYVAGEVAIENSAIALSGIVSVANNADNRLEVFGVSTDSAVWHNW

QTAPLPNSSWAGWNKFNGVVTSKPAVHRNSDGRLEVEFVRGTDNALWHNWQTAADTNTWSS
QTAPLPNSSWAGWNKFNGVVTSKPAVHRNSDGRLEVFVRSTDNALWHNWQTAADTNTWSS

WQPLYGGITSNPEVCLNSDGRLEVFVRGSDNALWHIWQTAAHTNSWSNWKSLGGTLTSNP
WQPLYGGITSNPEVCLNSDGRLEVFARGTDNALWHIWQTAAHTNSWSNWKSLGGTLTSNP

AAHLNADGRIEVFARGADNALWHIWQTAAHTDQWSNWQSLKSVITSDPVVINNCDGRLEV
AAHINADGRIEVFARGADNALWHIWQTAAHTDQWSNWQSLKSVITSDPVVIGNCDGRLEV

FARGADSTLRHISQIGSDSVSWSNWQCLDGVITSAPAAVKNISGQLEVFARGADNTLWRT
FARGADNTLRHISQIGSDSVSWSNWQCLDGVITSAPAAVKNISGRLEVFARGADNTLWRT

WQTSHNGPWSNWSSFTGIIASAPTVAKNSDGRIEVEFVLGLDKALWHLWQTTSSTTSSWTT
WQTSONGPWSNWSSFTGIIASAPTVAKNSDGRIEVFVLGLDKALWHLWQTTSSTTSSWTT

WALIGGITLIDASVI- 368
WALIGGITLIDASVIK 376

93
60

113
120

173
180

233
240

293
300

353
360



Alignment statistics for match #1

Score Expect Method 1Identities Positives Gaps
207 bits(527) 3e-66 Compositional matrix adjust. 107/107(100%) 107/107(100%) 0/107(0%)
Query 8 LPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVIGTQVLNSGSSGKVQVQV 67

LPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGOSTNNAVIGTQVLNSGSSGKVQVQV
Sbijct £ 1\ LPANTRFGVTAFANSSGTQTVNVLVNNETAATESGOSTNNAVIGTQVLNSGSSGKVQVQOV 60
Query 68 SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG 114
SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG
Sbjct 61 SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG 107




LOCUS NZ_Juuu01000485 5873 bp DNA linear CON 21-AUG-2015

DEFINITION Pseudomonas aeruginosa strain 744_PAER 959 5873 75941, whole genome
shotgun sequence.

ACCESSION NZ_JUUuU01000485 NZ JUUU00000000

gene complement (5548..>5873)
/locus_tag="ADF63_RS25535"

CDS complement (5548..>5873)
/locus_tag="ADF63 RS25535"
/inference="EXISTENCE: similar to AA
sequence:RefSeq:WP 009876850.1"
/note="Derived by automated computational

analysis using gene prediction method: Protein Homology."
/codon_start=3
/transl table=11
/product="fucose-binding lectin"
/protein id="WP 049233417.1"
/db_xref="GI:896235191"

/translation="LPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVIG
TQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVI
NWPLG"



Chyby

* NejCastejsi

* — chyby v sekvenaci

e —Spatna predikce -alternace startovniho kodonu
e —shot gun sekvenace



Predikce genl u eukaryot

* Eukaryotické genomy: velké az obrovské (10 Mbp az 670 Gbp).
Mohou mit velmi nizkou hustotu genu, > 90% genomu muze byt
nekodujici, jeden gen u Clovéka pripada priblizné na 100 kbp.

>/tmp/02_12 20-11:25:12.fasta|GENSCAN predicted peptide_2|262_aa
MGENWGASDTGDEAKPDPAMACSPEVPGRLLVGQDTAPRGGAEVTGSRGDGHHRFPALAP
DRHREPRPEQGGTQPAEGRGLDSHETEETEK! TGKT KGELGENGRA
DAGMRQSQTQPRSAVPREDTAPGGAGGLYDSEPGKEQRPEVVPSTVPTGRPAQAEGSDPT
RHRSPVCRSPETHILWLTAVRPLGRRRPHVAQTAPLGLKPADKATHPARRCCVATAEGPR
TTFPMTHGQTLAQQGSLRPGAV
>/tmp/02_12_20-11:25:12.fasta|GENSCAN_predicted peptide_3|1286_aa
XRPLVPSPAEERVINLPAVVVASSFLLSHLSVGVGVPCATVDARDEVCLASPPQQHHHVG
LGAGGVSCSGSYSEEGLKPGSGTHIHQLGPPVSSFVFPATLLKILINSRIWSAGWKISVW
QSGAWFIDGAFPLRPHGVEGACGCPLYWKGPLFYGAGGERTGSVSVHKFVAMWRKILQNC
HDDAAKFVHLLMSPGCNYLVQEDFVPFLQRPHRTPHGRAGVYTTRLVSSHPQDVVNTHPG
LSFLKEASEFHSRYITTVIQRIFYAVNRSWSGRITCAELRRSSFLQPGGLGASPQRPRAQ
ARAWVLWQNVALLEEEADINQLTEFFSYEHFYVIYCKFWELDTDHDLLIDADDLARHNDHG
‘ EN S C AN QDAVCGRAALFLTHCGLKRGAAPWLVRPRDTGDRRDGRPGCGTFSWPKLTATVLSLLPPV
AVPLRPEYSALYKSVLEPRSALRSVDFMLDLALLDGKACPFYQDDRQDLLRSSHTVRTAQ
APDGSHCPCEDPGPSPHRCLTGRKVQKEGKISYADFVWFLISEEDKKTPTSIEYWFRCMD
LDGDGALSMFELEYFYEEQCRRLDSMAIEALPFQDCLCQMLDLVKPRTEGKITLQDLKRC
KLANVFFDTFFNIEKYLDHEQKEQISLLRDGDSGGPELSDWEKYAAREEYDILVAEETAGE
PWEDGPGGRLPSRSGSDVGHGHRSPRPSDFGARQONTFWLPLGSRPMGSMDVHFNPCSPIS
RPVRFLPSSTGPLRPTLGRLSCVSVLLVVIVCTVALTWQPTSGSPQLPSLCLLLSDTLRQ
LWPPDLAWMVSTPTAARLCVCGTASSTLGSTAFTVSTPAPAVGAQAPPPGAFVEPASSAR
SALLAQRLELKVGSGDCLVLEVGGRAACVSRKTAQGLLRAAGHVFAIPSLQVRGRAQPCG
AEAECAALPAGPEALLRGALTAGRRGPVRVRMRGRGPGAAVTPPARTPPRGRSPPWVPGP
ASVERVRVRTTVTGGSRAPQSWIGASTTGCVNVLCKRTKPFLAITLVRVTGGDHGNNPVL
THDKTLPQETEVAASTRQGRAKPGPPREQHTHPVHPPARVAVKEADAQGGPVTPEERLRG
LQVVGRRGSTSRGNAAVPKVSSVSPGAPLNSRMPPPGSAKGQDPQQODSHNPRCPGQCRG
RACTPTPLPEKWGGPVGGPRGRRRCGETQSPAVMPSTCSGGPFPRGLTCAGGQGPHKTST

Predikovany 2 kédujici iy resmmemeisiesimmmestzncary
sekvence, z toho jedna
neuplina




Predikce genl u eukaryot

* Eukaryotické genomy: velké az obrovské (10 Mbp az 670 Gbp).
Mohou mit velmi nizkou hustotu genu, > 90% genomu muze byt
nekodujici.

 Eukaryotické geny: sklddaji se z exonu a intrond. Podléhaji sestfihu,
muze probihat alternativni sestrih.

s DNA

* Exony mohou byt velmi kratke, introny velmi dlouhé. 1 Transkripce, sestfih
o ) . - s RNA
Nizka hustota genl, exony/introny, alternativni sestfih:
Hledani jehly.v kupce seéna, pficemi jehla je rozlamana na kousky. 1 Translace
Kousky jehly‘je nutné najit a SPRAVNE poslepovat dohromady.
— Protein

44— f % - ., >



Predikce genl u eukaryot

* Eukaryotické genomy: velké az obrovské (10 Mbp az 670 Gbp).
Mohou mit velmi nizkou hustotu genu, >90% genomu muze byt
nekodujici.

Eukaryotické geny: skladaji se z exonu a intronl. Podléhaji sestfihu,
muze probihat alternativni sestrih.

Exony mohou byt velmi kratke, introny velmi dlouhé.

Co pomaha pri predikci:
GT AG
Signalni sekvence, sestfihova mista (GT/AG), zastoupeni e DNA

nukleotidti v'kddujicich/nekoédujicich oblastech, ATG.



Translac€ni a transkripc¢ni signalni sekvence

Regulaéni signaly pro

— mENA

transkripci
—
s SN
GGGCGG| [CCAAT GGGCGG TATAA
100 75 a0 25
TATA box
GC box GC box

Hognessiiv box

Promotor RNA-polymerasy i

Eukaryota

+1

=

Regulacni signaly pro
iniciaci translace

A

r N

(gcc)gccRccAUGG

Kozak sequence
Sekvence Kozakové



Promotor sequences

~ggcctataaaattctctttccattgtgtttcag| tgeca~
~tatataaataagctgcatactcggtctctcag|actg~

~gcgtataaaagcatgccagcecctcactgectttattte|gaat~
~ggtataaatcacttgctcgtctgccatgcag|ctceg~
~ttataaattcaaatttctccgtctctcaccctgcagatge~

~cctataaaagcgagtgagccgtgtctattctag|gegg~



Predikce genl u eukaryot

* Genomy jednobunécnych eukaryot se vyrazné lisi (frekvence intronu,
jak velka cast genomu je tvorena geny kodujicimi proteiny).

* Saccharomyces cerevisiae — 67% genomu je protein-kodujici, jen 4%
obsahuji introny.

* Hlenky — priimérny gen obsahuje 3,7 intronu.

Slime mold = hlenka

Ext 7 f
i Wi L < \
F u I ] g O se p tica Hlenky jsou zdhadné houby v podobé blitky, $kraloupu, slizu &i prajmu, které se dokdZou
- - pohybovat, maji pamét a navzdjem komunikuji. Tato hlenka leze po stohu pobliz Slezskych
Dog vomit slime mold Rudoltic. | Foto: DENIK/FrantiSek Kuba

https://www.denik.cz/z_domova/hlenky-na-severu-moravy20090715.html



Predikce genl u eukaryot

* Genomy jednobunécnych eukaryot se vyrazné lisi (frekvence intronu,
jak velka cast genomu je tvorena geny kodujicimi proteiny).

* Saccharomyces cerevisiae — 67% genomu je protein-kodujici, jen 4%
obsahuji introny.

* Pro néktera jednobunécna eukaryota je mozné pouzit stejné postupy

jak karyota.
jako pro prokaryota e

(<22 i Output format . Optional: results
Geo Sequence type for gene prediction Output options by E-mail

Protein sequence
Gene nucleotide sequence E-mail

e Tntronless eukaryotic))

: Ic'_:;; Coding potential graph Subject
Phage (not for multi FASTA) GeneMarkS
EST/cDNA PDF Compress files

PostScript




Metody predikce genl u eukaryot

* Metody ab initio/metody zaloZzené na homologii/metody zalozené na
konsenzu.

* Ab initio HMM (skryté Markovovy modely)

The New GENSCAN Web Server at MIT

[ cDNAs ‘ [ Target proteins ] |Search proteins

™ Blastn ] [ Bastx | Identification of complete gene structures in genomic DNA

[ Compart ] [ Compart ]

. . d Gnomon, the NCBI , . v s
. Komplexni model struktury genu (HMM + transkripcni,

Tign] (Prospign | eukaryotic gene o . P

) ) ' prediction tool translacni, sestrihové signaly).

http://hollywood.mit.edu/GENSCAN.html

| Chainer )
| Organism parameters l X ,The core a/gor ithm Of at
Gnomon the ab initio prediction . Maize P

capability of Gnomon is
based on Genscan.”

Gene models

Eukaryotic Genome Annotation at NCBI: https://www.ncbi.nlm.nih.gov/genome/annotation_euk/



Metody predikce genl u eukaryot

* Metody ab initio/metody zalozené na homologii/metody zalozené na
konsenzu.

* Metody zalozené na homologii — exonové sekvence pribuznych druht

jsou konzervované. Potencialni exony jsou porovnany se sekvencemi
v databazi. Nelze pouzit pro nové'geny bez homologl v databazi.

* Metody zalozené na konsenzu (shoda minéni, vzajemny souhlas) —
porovnani vystupu z vice ruznych predikénich programu. Vybér
shodnych vysledkll — omezeni falesné pozitivnich vysledku. Problém:
nizsi citlivost;-vynechani nékterych gend.



Metody predikce genl u eukaryot

* Metody ab initio/metody zalozené na homologii/metody zalozené na

konsenzu.

* \ praxi Casto vyuzivany kombinace pristupd, ab initio + homologie.
Vyuziti experimentalnich dat — proteiny, RNA sekvence, geny (ze
zkoumaného organismu nebo homologni), ,,spliced alignments®.

Gnomon, the NCBI eukaryotic gene prediction tool

Before we start a genome annotation we collect several data sets. First we collect all available cDNA for the studied organism and
sometimes cDNA for closely related organisms. Then we generate a Target protein set and a Search protein set. The former is a collection
of the proteins that we believe should be found on the genome. Usually this includes all known proteins for the studied organism and
several sets of known proteins for other, well studied genomes. The latter set is a much wider collection of eukaryotic proteins. We try to
align on the genome all proteins from the Target Protein Set. The proteins from the Search Protein Set are aligned only if they are similar
enough to predicted models, in which case these additional alignments are used in refining the models. In addition to the sequences used
for the homology search we create an organism specific parameter set which is used for evaluation of the ab initio scores.

https://www.ncbi.nim.nih.gov/genome/annotation_euk/gnomon/

[ Target proteins ‘ | Search proteins
Blastn Blastx

r a)

Compart ] L Compart J

)
Splign L ProSplign

Chainer J
Gnomon

Gene models

I Organism parameters |




Metody predikce genl u eukaryot

Predicting Genes in Single Genomes with
AUGUSTUS

Katharina J. Hoff"-?> and Mario Stanke!-?

!University of Greifswald, Institute of Mathematics and Computer Science, Greifswald,
Germany

2Corresponding authors: katharina.hoff@uni-greifswald.de:

mario.stanke @uni-greifswald.de

AUGUSTUS is a tool for finding protein-coding genes and their exon-intron
structure in genomic sequences. It does not necessarily require additional ex-
perimental input, as it can be applied in so-called ab initio mode. However,
extrinsic evidence from various sources such as transcriptome sequencing or
the annotations of closely related genomes can be integrated in order to improve
the accuracy and completeness of the annotation. AUGUSTUS can be applied
to single genomes, or simultaneously to several aligned genomes. Here, we
describe steps required for training AUGUSTUS for the annotation of individ-
ual genomes and the steps to do the actual structural annotation. Further, we
describe the generation and integration of evidence from various sources of
extrinsic evidence. © 2018 by John Wiley & Sons, Inc.

http://bioinf.uni-greifswald.de/webaugustus/

http://exon.gatech.edu/GeneMark/g
mep_plus_instructions.html

ABSTRACT

We have made several steps toward creating a fast
and accurate algorithm for gene prediction in eu-
karyotic genomes. First, we introduced an automated
method for efficient ab initio gene finding, GeneMark-
ES, with parameters trained in iterative unsuper-
vised mode. Next, in GeneMark-ET we proposed a
method of integration of unsupervised training with
information on intron positions revealed by mapping
short RNA reads. Now we describe GeneMark-EP,
a tool that utilizes another source of external infor-
mation, a protein database, readily available prior to
the start of a sequencing project. A new specialized
pipeline, ProtHint, initiates massive protein mapping
to genome and extracts hints to splice sites and
translation start and stop sites of potential genes.
GeneMark-EP uses the hints to improve estimation
of model parameters as well as to adjust coordinates
of predicted genes if they disagree with the most
reliable hints (the -EP+ mode). Tests of GeneMark-
EP and -EP+ demonstrated improvements in gene
prediction accuracy in comparison with GeneMark-
ES, while the GeneMark-EP+ showed higher accu-
racy than GeneMark-ET. We have observed that the
most pronounced improvements in gene prediction
accuracy happened in large eukaryotic genomes.

GeneMark-EP+: eukaryotic gene prediction with
self-training in the space of genes and proteins

Tomas Bruna'f, Alexandre Lomsadze?t and Mark Borodovsky' 23"

1School of Biological Sciences, Georgia Institute of Technology, Atlanta, GA 30332, USA, 2Wallace H. Coulter
Department of Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA 30332, USA and 3School of
Computational Science and Engineering, Georgia Institute of Technology, Atlanta, GA 30332, USA
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Eukaryotické geny
Mnohobunécna eukaryota

 Mnohobunécna eukaryota

Komplexni organizace genomu, geny separovany dlouhymi
INTERGENOVYMI useky, geny obsahuji mnozstvi INTRONU, i velmi
DLOUHYCH.

S5 4 { 3°
|

B - codinag reaion B - untranslated resion

Glyceraldehyd-3-fosfat-dehydrogenasa
Candida albicans



Eukaryotické geny
Mnohobunécna eukaryota

 Mnohobunécna eukaryota

Komplexni organizace genomu, geny separovany dlouhymi
INTERGENOVYMI useky, geny obsahuji mnozstvi INTRONU, i velmi
DLOUHYCH.

" o
5t 4 3

i
¥

M -~ coding resion B - untranslated resion

Glyceraldehyd-3-fosfat-dehydrogenasa
Homo sapiens
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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.]



Eukaryotické geny
Mnohobunécna eukaryota




Eukaryotické geny
Mnohobunécna eukaryota

* Rozpoznani exonu/intronu
Identifikace mist sestrihu: GT na 5’konci, AG na 3 'konci.
« Chyby pfi rozpoznavani exonu/intronu

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



Algoritmy a nastroje pro identifikaci genu

* Predikce genu na zakladé sekvenéni homologie —
vyhledavani v databazich pomoci algoritmu.

* Predikce genu ab initio — predikce na zakladé statistickych
parametri DNA sekvence.

« VétSina bézné pouzivanych metod kombinuje oba dva
pristupy.



Algoritmy a nastroje pro identifikaci genu

* Kazdy program ma vyhody a nevyhody — rozumne pouzit vice
predikcnich nastroju.

GeneMark
GlimmerM
GRAIL
GenScan
Fgenes
Augustus



Algoritmy a nastroje pro identifikaci genu

 GeneMark
http://exon.gatech.edu/GeneMark

Vyuziva Markovovy modely

Vyzaduje parametry specifické pro dany
organismus = nutné ,,natrénovani“ pomoci
znamych genu

Varianty pro prokaryotické, eukaryoticke,
virové sekvence



GeneMark
http://exon.gatech.edu/GeneMark

Gene Prediction in Bacteria, Archaea and Metagenomes

For bacterial and archaeal gene prediction we recommend to use a
parallel combination of GeneMark-P* and GeneMark.hmm-P with pre-
computed models.

A novel genome can be analyzed either by the program with
Heuristic models (if the sequence is shorter than 100 kb) or by the
self-training program GeneMarkS* (aka GeneMark.hmm-PS).
Metagenomic sequences can be analyzed by our new program with
updated heuristic models.

Gene Prediction in Eukaryotes

For eukaryotic gene prediction you can use the parallel combination
of GeneMark-E* and GeneMark.hmm-E.
& For a novel genome (the one whose name is not in the list of
. available models) you can install and run locally GeneMark.hmm-ES,
the self-training program (just 10MB sequence is needed for
training).

Gene Prediction in Viruses, Phages and Plasmids

(¢

For novel virus, phage and plasmid gene prediction you can use
either the Heuristic approach (if the sequence is shorter than 50 kb)
or the self- training program GeneMarkS (aka GeneMark.hmm-PS).
Both options will run the parallel combination of GeneMark and
GeneMark.hmm.



Algoritmy a nastroje pro identifikaci genu

 GeneScan
http://genes.mit.edu/GENSCAN.html

Komplexni model struktury genu (transkripéni,
translacni, sestrihové signaly + statistické vliastnosti
kédujicich a nekédujicich useku)

Primarni analyza velkych useku eukaryotické
genomové DNA



GeneScan
http://genes.mit.edu/GENSCAN.html

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

\\I1//

(o o)
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This server provides access to the program Genscan for predicting the locations and exon-intron structures of genes in genomic sequences from a variety of
organisms.

This server can accept sequences up 1> 1 million base pairs (1 }bp) in length. If you have trouble with the web server or if you have a large number of sequences
to process, request a local copy of the program (see instm2ons at the bottom of this page) or use the GENSCAN email server. If your browser (e.g., Lynx)
does not support file upload or multipart forms, use the older version.




Algoritmy a nastroje pro identifikaci genu

Program Organism Algorithm® Website Homology
Genell} Vertebrates, plants DP http:/ /wwwl.imim.es/geneid. html
FGENESH Human, mouse, HMM http:/ fwww.softberry.com/berry. phtml7topic
Drosophila, rice =fgenesh&group=programs&subgroup=gfind
GeneParser Vertebrates NN http://beagle.colorado.edu /~eesnyder/ EST
GeneParser.html
Genie Drosophila, GHMM http:/ feww fruitfly.org /seq_tools /genie. html  protein
human, other
GenLang Vertebrates, Grammar rule  http:/ /www.cbil.upenn.edu/genlang/
Drosophila, dicots genlang_home. html
GENSCAN Vertebrates, GHMM http:/ /genes.mit.edu/ GENSCAN html
Arabidopsis, maize
GlimmerM Small eukaryotes, IMM http:/ fwww tigr.org /tdb /glimmerm /
Arabidopsis, rice glmr_form.html
GRAIL Human, mouse, NN, DP http:/ /eompbio.ornl.gov /Grail-bin/ EST,
Arabidopsis, EmptyGrailForm cDNA
Drosophila
HMMgene Vertebrates, CHMM http:/ fwww.chs.dtu.dk/services/ HMMgene /
C. elegans
AUGUSTUS  Human, IMMWWAM  http:/ /augustus.gobics.de/
Arabidopsis
MZEF Human, mouse, Quadratic http:/ frulai.cshl.org /tools/genefinder/
Arabidopsis, discriminant

Fission yeast

analysis

*DP, dynamic programming; NN, neural network; MM,
HMM; GHMM, generalized HMM; IMM, interpolated M

Markov model;

MM Hidden Markov model;

"HMDM. class



Shrnuti

* Predikce prokaryotickych geni mnohem jednodussi
nez u eukaryotickych.

* Predikce genu ab initio/na zakladé sekven¢éni
homologie.

* Nutné kombinovat oba pristupy = konsensus

* Rozumné vyuzivat vice predikénich programu.



Ukol 2

 DEFINITION fucose-specific lectin [Arthroderma otae CBS 113480].

e ACCESSION XP 002846975
* VERSION XP 002846975.1
* DBSOURCE REFSEQ: accession XM 002846929.1




