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Predikce gen

Pro zajimavost, nebude
soucasti zkousky...

Dulezité, pravdépodobné
bude u zkousky...

Molekularné biologicka data

M A
NMR spektroskopie
Proteinova krystalografie

Vyrazny nartist mnozstvi biologickych dat.

Rozdéleni molekularné biologickych
databazi

e Databéze: Total species (5023)
Primarni ]

Viruses Eukaryota Archaea Plasmids

seku ndérni 2105 1758 ‘Eaa‘%lama 72 \;g\l'ﬂlds 38
Strukturni Total records (9315) Viroida :‘g\asmids- B

ses Eukaryota Bacteria Archasa

1015 1447
1771 organelles 1580 plasmids 58 plasmids
39 plasmids

Genomové zdroje

Molekularné biologicka data
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GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGT CATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCEGAACGGC

GGTGGCGECATCACGCACTTCCAGTTCGATCGGGECAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCECT

AGCGCGGT TTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCEGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCAT ACAA

CATACAGGTGBCGACCATCAATCACGGT TCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT

GATAGCGTAATGATCGGCTGECTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCECCECCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGE
GGTGGCGGCATCACGCACT TCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAAT AAACAGCACGCTCACTTCCGCGCGCAGCGCT
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGEGCTCAGACCGGTAAACAGACGECTATCGT TATGGCCCAGCTGCGCEGCATCGCCCGGECTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGEGGCEECCEEATCACGGCTGGCTTCCEEATAGGCGCTCAGCAGGETAACGGCATCCACAATCACCAGCAT
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Predikce genti kédujicich proteiny

* Prokaryotické geny

* Neprerusované useky DNA mezi startovnim
kodonem (ATG, cTa, 116, cT6) a stop kodonem (TAA,
TGA, TAG).

* Eukaryotické geny
» Prerusovany introny. Primérna délka exonu je 50
kodond, nékteré jsou mnohem kratsi.

» Nékteré introny extrémné dlouhé, geny zabiraji mbp
v genomové DNA.

Predikce eukaryotickych genu je
mnohem slozitéjSi nez predikce
genu prokaryotickych a
predstavuje STALE
NEVYRESENY problém!

Prokaryotické geny

* Prokaryoticky gen = nejdelsi ORF
odpovidajici danému useku DNA.

GTATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCCCC
GACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGATAGC
CGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGCTGGCGCTGCGCGCGGAAG
TGAGCGTGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGCGTGA
TGCCGCCACCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGATCATTATTGG
CGCAGCGATGTGCTGGCGGCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCG
TGAGCGGTTATTTTCGTTGGGAAACCAGCATTGAAATTGCGGGCAGCCAGCCGGATACCAAACAGCCGGGCTT
TAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGATCTTCTATGCG
AACGCGGCGGATCGTCAGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTA
ACAGCGAAGATGGTGTGCGTCTGTTTACCCTGAATAGCAAAGGTGGTAAAATTCGTATTGAAGCGAGCGCGAA
CGGCCGTCAGAGCGCGACCGATGCCCGTCTGGCGCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGCTGGCTG
GGCGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTCTGCAGTGGCCGATTACCTAATGGG
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Pireklad DNA sekvence
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Preklad DNA sekvence

 ExPASy
http://www.expasy.org/tools/dna.html

* ORF Finder (NCBI)
http://www.ncbi.nim.nih.gov/gorf/gorf.html

ExPASy
http://www.expasy.org/tools/dna.html

Site Map Swarch ExPASy Contaet ui
Search | Swss ProuTENSEL *| for
The ExPASy Server req to be fully ional, You may not see all the information available for this page (More
information).

£

#4> ExPASy Proteomics Server
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Databases Tools and software packages
« UniProt Knowledgebase (Swiss-Prot and TrEMBL) « Proteomics and sequence analysis tools
Probein knowledgebase Al

« ViralZone . Po viral UniProlkB/Swiss.Prot entries ==

» PROSITE - Protein famikes and domains

» 5WIS5-2DPAGE - Two-dimensional polyacryamide gel
ehctrophoresis

« World-2DPAGE Repository - A public standards-complant

¥ for gelbased profecmics data pubiished in the:

erature
+ MIAPEGeIDB - A public repository for MIAPE Gel
electrophoresis documents
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ExPASy
http://www.expasy.org/tools/dna.html
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Search| Swes PraTEMBL * for 63 (o)
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i - Translales a uclectide sequence to a prolein sequence

« Transeq - Nucksoti from the EMBOS:
+ Graphucal Cadan Lisage Analyses - Displays the eoden bias in a g.mh:.u mannes
« BCMs pf - Six frame fransiat S

Reverse Translate - Translates a probein sequence back o a nuclecide sequence
« (Reverse) Transcrption and Translation Tool

Genewise - Compares a prodein sequence 10 a genomic DNA sequence, allowing for introns. and frameshifting emrors
» LabOriWed - Elangation, exprassion profiles and sequence analysis of E5Ts using Compugen LEADS clusters

UniProt Knowledgebase [Swiss-Prot and TrEMBL)

Protein knowhedgebase

ViralZone . Fortal to viral UniProtkBrSwiss. Prot entries ==
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ExPASy
http://www.expasy.org/tools/dna.html

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

Please enter a DNA or RNA sequence in the box below (numbers and blanks are ignored)

GTATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCC
CCGACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGA
TAGCCGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGCTGGCGCTGCGCG
CGGAAGTGAGCGTGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAA
GTGCGTGATGCCGCCACCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGA
TCATTATTGGCGCAGCGATGTGCTGGCGGCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATC
GTGATGGCACCGTGAGCGGTTATTTTCGTTGGGAAACCAGCATTGAAATTGCGGGCAGCCAGCCGGATACC
AAACAGCCGGGCTTTAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAA
AGCGATCTTCTATGCGAACGCGGCGGATCGTCAGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGG
CCGCCACCTTTGTGGGTAACAGCGAAGATGGTGTGCGTCTGTTTACCCTGAATAGCAAAGGTGGTAAAATT
CGTATTGAAGCGAGCGCGAACGGCCGTCAGAGCGCGACCGATGCCCGTCTGGCGCCGCTGAGCGCGGGCGA
TACCGTGTGGCTGGGCTGGCTGGGCGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTC
TGCAGTGGCCGATTACCTAATGGG

Output format: ‘ Verbose ("Met", "Stop”, spaces between residues) V‘

or TRANSLATE SEQUENCE

Translate Tool - Results of translation
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ORF Finder (NCBI)
http://www.ncbi.nim.nih.gov/gorf/gorf.html

ORF Finder (Open Reading Frame Finder)

Tha ORF Finger (Open Reaing Frame Finder) 1S 3 graprcal analvsis 1ol wikch fnds
selectable MiNiMum Si2e in 4 user's sequence of in a sequence already in the databas
This tool identifies all open reading frames Lsing the standard o aernative genetic co
sequence can be saved in vanous formats and searched against the sequence cataba

he ORF Finder shoukd be helpful in preparing comphete and accurate saquence subm

the Sequin sequEnce submission sofware
Enter Gl or ACCESSION OrfFind | | Clear

or sequence in FASTA format

FROM: TO:

Gepehe codes | 1 Standad |

ORF Finder (NCBI)
http://www.ncbi.nim.nih.gov/gorf/gorf.html

ORF Finder (Open Reading Frame Finder)

Tha ORF Finger (Open Reaning Frame FINOer) 15 3 graprecil analysis Lol wiich ings
selectable MiNimum Size in 4 user's sequence of in a sequence akeady in the databas
This tool identifies all open reading frames Lsing the standard of aliernative genetic co
sequence can be saved in vanous formats and searched against the sequence databa
The ORF Finder 5ho|idbe hedpdul in preparing complele and accurate saquence subm
the Sequin S software

Enter Gl or| Vensheue Magchoadeial Code

Yenst Macchondoal Code

or sequend Mo, Protsoan, sd Codesternte Minchondrial Code md the Mycoplmma Souopiama Code
snebaats Maochondnel Code

;2o e Heamon Mackesr Code

e o Mg bisabial Corke

ORF Finder (NCBI)
http://www.ncbi.nim.nih.gov/gorf/gorf.html
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Prokaryotické geny

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

+ Chyby mohou vznikat pfi SEKVENCOVANI
DNA.
Pridani/odstranéni startovniho a/nebo stop kodonu

muze vést ke ZKRACI’ENi, PRODLOUZENI nebo
uplnému VYNECHANI genu.

Opravdu ORF kéduje protein?

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

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

- Pred ORF se nachazi typické RBS
(ribosome-binding site) nebo promotor.

Translaéni a transkrip¢ni signalni sekvence

Regulaéni signily pro Regulaéni signily pro ‘
transkripei iniciaci translace
L -
Promotor
N G % TANGGAG |_|:—-_|:}_
35 -19 Vedouel sekvence ¢ :
i :.
TATA box mRNA *
Pribnowiv box
Shine-Dal
Prokaryota

Translaéni a transkripéni signalni sekvence
Regulaéni signily pro
transkripei
I'—-A-—‘_"\
e Wi
I I""I\!\ I IGI IINMI = I
(3 ] £ = 1
GC box GC box Ho;:::s:;:);:ox
Regulaéni signily pro
Promotor RNA-polymerasy Il niciaci translace
—_———
(gcc)gccReccAUGG
E u ka ryota Kozak sequence
Sekvence Kozakové

Opravdu ORF kéduje protein?

* ORF koduje protein, ktery je podobny jiz dfive
popsanému proteinu (prohledavani DATABAZI
pomoci ALIGNMENTU) = nejspolehlivéjsi
ovéreni.

» Nastroje pro preklad DNA jsou
propojeny s prohledavanim databazi.

ORF Finder (NCBI)
http://www.ncbi.nim.nih.gov/gorf/gorf.html
1 GenBank v w 100~ m Frame from to Length

] 3 B 3.872 870
-2 m 1.857 857
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ORF Finder (NCBI)

http://www.ncbi.nim.nih.gov/gorf/gorf.htmi
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Eukaryotické geny
Jednobunééna eukaryota

* Genomy jednobunécénych eukaryot se

vyrazné liSi (frekvence intronu, jak velka éast
genomu je tvofena geny kodujicimi proteiny).

* Saccharomyces cerevisiae — 67% genomu je protein-

kédujici, jen 4% obsahuiji introny.

* Hlenky — primérny gen obsahuje 3,7 intronu.

* Pro néktera jednobunécna eukaryota

(kvasinky) je mozné pouzit stejné postupy
jako pro prokaryota.

Slimé mold-_='hl__

%_Filligo septica

Eukaryotické geny
Mnohobunééna eukaryota

* Mnohobunécna eukaryota

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

H - oxliay reslan B — wirass Lobed reslen

Glyceraldehyd-3-fosfat-dehydrogenasa
Candida albicans

Eukaryotické geny
Mnohobunééna eukaryota

* Mnohobunéc¢na eukaryota

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

gt L
E— -E—E--— -
B - codina regiom B = weltroaslated cogphom

Glyceraldehyd-3-fosfat-dehydrogenasa
Homo sapiens

Eukaryotické geny
Mnohobunééna eukaryota

* Rozpoznani exont/intronu
Identifikace mist sestfihu: GT na 5’konci, AG na
3’konci.

« Chyby pfi rozpoznavani exont/intront
Velké mnozstvi chyb. Dlouhé introny — uréeny jako

intergenové useky. Kratké intergenové useky —
urceny jako introny.
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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. Y stands for a purine
nucleotide, R 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.]

Algoritmy a nastroje pro identifikaci gent

* Predikce gent na zakladé sekvenéni
homologie — vyhledavani v databazich
pomoci algoritma.

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

» Vétsina bézné pouzivanych metod
kombinuje oba dva pristupy.

Prokaryota

Bez intronu

SEKVENCNi HOMOLOGIE

! ]

IDENTIFIKOVANE GENY VYUZITY
PRO ,,TRENOVANI“ STATISTICKE
METODY

.

ANALYZA ZBYVAJiCiCH
CASTi GENOMU

Eukaryota

Mnoho intront, dlouhé intergenové tseky

Ab initio STATISTICKE METODY

: g

IDENTIFIKOVANE EXONY

: g

SEKVENCNi HOMOLOGIE

Algoritmy a nastroje pro identifikaci gent

+ Kazdy program ma vyhody a nevyhody —
rozumné pouzit vice predikénich nastroju.
GeneMark
GlimmerM
GRAIL
GenScan
Fgenes

Algoritmy a nastroje pro identifikaci gent

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

Vyuziva Markovovy modely

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

Varianty pro prokaryotické, eukaryotickeé,
virové sekvence
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GeneMark
http://exon.gatech.edu/GeneMark
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Algoritmy a nastroje pro identifikaci gent

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

Komplexni probablisticky model struktury genu
(transkripcni, translacni, sestrihové signaly +
statistické vlastnosti 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

Algoritmy a nastroje pro identifikaci gent

Algoritbm*
e O

NN

Shrnuti

» Predikce prokaryotickych genti mnohem
jednodussi nez u eukaryotickych.

* Predikce genu ab initio/na zakladé sekvenéni
homologie.

* Nutné kombinovat oba pristupy.

* Rozumné vyuzivat vice predikénich
programa.




