MASARYK UNIVERSITY
FACULTY OF SCIENCE
DEPARTMENT OF EXPERIMENTAL BIOLOGY
]: LABORATORY OF MICROBIAL MOLECULAR DIAGNOSTICS

Bi5000 — Bioinformatika

Vyhledavani genu
a funkcnich oblasti na DNA



Prinos genomovych sekvenci
zalezi na kvalite anotace

* Anotace — Charakterizace vlastnosti genomu
— s pouzitim vypocCetnich a experimentalnich metod
« Hledani genu:
— Predikce — Kde jsou geny lokalizovany?
— Podobnost — Jak geny vypadaji?
— Funkce — Jakou funkci maji kodované proteiny?
— Jakych procesu se u€astni — V jakych metabolickych
drahach?
— Regulace — Oblasti dulezité pro expresi genu

— Evidence — Experimentalni dukaz genu / omiky (omics)
* Transkriptom
* Proteom



Hledani genu

* Geny tvori obsahovou slozku genomu
— Jedinecné sekvence odpovédné za funkCni produkt
* Variabilni délka
 Strukturni geny

— jednoduché
— slozené z exond a intront

— Geny pro funkcni RNA
* rRNA (ribosomal RNA)
« tRNA, tmRNA (transfer RNA)
* snRNA (small nuclear)
* snoRNA (small nucleolar)
* RNAI (interfering RNA) a jiné regulacni RNA
* CRISPR lokusy
— Regulacni sekvence (ori, promotory, terminatory)



Co nas zajima pri hledani genu

U necharakterizované sekvence DNA zjistujeme:

— Ktera oblast kdduje protein

— Ktery DNA retézec je kodujici

— Ktery cteci ramec je vyuzivan

— Jake jsou koordinaty genu

~ Kde jsou hranice exonu a intronu

— Kde se nachazeji regulacni sekvence
— Jaka je moduldrni struktura genomu

Sekvenovani RNA pak umoznuje popsat expresi
genu a jeji regulaci



Pristupy pro hledani genu

. Metody zalozené na hledani podobnosti
S jiz popsanymi geny
. Metody srovnavaci genomiky

« Srovnani vice dokonCenych genomu
Hledani konzervativnich oblasti, ktere jsou
vyuzity pro predikci genu
. Vyuziti algoritmu a statistickych metod
pro analyzu sekvence

. Integrované pristupy, automaticke
anotace



Priklady velikosti genomu

Druh Velikost | Genu | Genu na Mb
H. sapiens 3 200 Mb |28 000 I
D. melanogaster 137 Mb |13 338 97
C. elegans 85,5 Mb |18 266 214
A. thaliana 115 Mb | 25 800 224
S. cerevisiae 15 Mb| 6 144 410
E. coli 46 Mb| 4 300 934




Prokaryoticky versus eukaryoticky gen
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Integrovany pristup pri expertni
anotaci genomu

o similarity 1o Human gene shown in Fed Terema] BLATTY
—_ [l | OO ™ f | I =— sitrilarifies in thiz line
- —=— s P
o o o o 0o = - o 1 o Cudqn_Usage E.EI].E
L O VO N R TTIO (A (a g g predcton
The three ] B mO0° K OO0 oo [ I | o ] o ~l—— Pofential Start Codons
forvard S | N T Rt meer e e e e
reading
= e —— =
frames o o o o -0 mo m o a4 1]
| [T e T [ N A | - Ztop Codons
Ezom - e I":""—Features:Pl:nlj,rﬂsignals
Fegioms
] o
o ] ]
] ) 1]
] — —

1 1 1 1 1 T 1 El:ale I:.-hp:l
' | Thtal Coding Region




Prokaryoticky versus eukaryoticky gen
vyzaduji odlisné pristupy

* Prokaryota

malé genomy 0.5 — 10-10° bp
Vysoka hustota kodujicich
sekvenci (>90%)

Z&dné introny (vyjimky Archea,

fagy)

Hledani otevrenych Ctecich
ramcu

Doplnéno napr. hledanim
signalu pro vazebna mista
ribozému

Operony: jeden transkript,
mnoho genu

Uspé&snost cca 99 %
Problémy: prekryvajici se
ORFs, kratké geny, mista TSS
a promotory

« Eukaryota

— Velké genomy 107 — 109 bp

Nizka hustota kodujicich
sekvenci (<50%)

Konzervovanost UTRs
Struktura intron/exon

Statistické modely frekvenci
nukleotidu

Sledovani zavislosti pfitomnych
ve strukture kodonu

Obsah GC
Presnost dosahuje cca 50 %

Problemy: mnoho!
» postranskripcni modifikace
« alternativni sestrih



1. Metody zalozené na hledani
podobnosti s jiz popsanymi geny

Zalozené na konzervativnim charakteru
sekvenci s urcitou funkci

Vyuzivaji nastroje pro lokalni nebo globalni
prilozeni sekvenci (BLAST, FASTA, LAGAN,
AVID, atd.)

Specializovane databaze: proteiny, EST (cDNA),
GSS

Nemohou identifikovat geny, které nejsou v
databazi (~50% genu)

Omezeni u sekvenci s nizkou podobnosti



Odhaleni genu eukaryot
s pouzitim sekvenci cDNA

« Expressed Sequence Tags (EST) databaze
reprezentuji sekvence exprimovanych genu
(CDNA).

+ Jestlize se oblast shoduje s EST s vysokou
stringenci, pravdepodobne se jedna o gen
— EST podava prfesnou predikci hranic exonu.

« Genome Survey Sequences (GSYS) je divize

GenBank podobna EST s rozdilem, ze
sekvence jsou genomoveho puvodu



2. Srovnavaci genomika — hledani na
zaklade konzervovanosti

* Hledani zalozene na predpokladu, ze vyznamne
sekvence jsou vice konzervativni nez sekvence
bez funkce

« Dva pristupy:
— intra-genomicky (genove rodiny)
— inter-genomicky (mezi druhy)

* Mnohonasobnée prilozeni homologickych oblasti
— exony
— regulacni oblasti



Konzervativni charakter regulacnich
oblasti a exonu

Multi-Species Comparative Analysis
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Co je srovhavano?

* Lokalizace genu v genomu

 Struktura genu
— Pocet exonu
— Délky exonu
— Délky intronu
— Podobnost sekvenci

* Vlastnosti genu
— Mista sestrihu
— VyuZiti kodonu
— Konzervované sekvence
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Evoluce na urovni DNA -
Problem globalniho prilozeni

Delece I\/I{utace
...AC CAGT ACCA... ) )
l Vysledna sekvence

...AC----CAGTCCACCA...

> > >
PRESKUPENI j
Inverze > € =
Translokace > > o
Duplikace > > >

Nalezeni nejefektivnéjsi transformace jedné sekvence do druhé vyzaduje vyuziti
pFistupu pro identifikaci prestaveb



ProC pouzivat pristupy srovnavaci genomiky ?

« Konzervovanost sekvenci v prubéhu znaénych evoluénich

vzdalenosti znacCi specifickou funkci (geny, funk€ni-regulacni oblasti)
 Ztrata konzervovanosti behem kratkych evolucCnich vzdalenosti znacCi

adaptivni evoluci

« ObtiZzné stanoveni limitl podobnosti a optimalni evolu¢ni vzdalenosti
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Zakladni zdroje a pristupy

 Databaze

— NCBI: Genomy, Geny, Proteiny, SNPs, ESTs, GSSs,
Taxonomie, atd.

— databaze genomovych center

* Analyticky software

— Databazové dotazy (nalezeni podobnych sekvenci),
algoritmy pro prilozeni, shlukova analyza, predikce
genu, identifikace motivu v DNA

* Algoritmy pro dlouha globalni prilozeni
— lokalni prilozeni s rozsirenym vkladanim mezer — citlive, ale
malo specifické pro dlouhé sekvence

« BLASTZ
 BLAT

— globalni prilozeni
« AVID
« LAGAN
 S-LAGAN
 MAVID, MLAGAN



1 AGGATTGGAATGCTCAGAAGCAGCTAAAGCGTGTATGCAGGATTGGAATTAAAGAGGAGGTAGACCG. ... 67

1 AGGATTGGAATGCTAGGCTTGATTGCCTACCTGTAGCCACATCAGAAGCACTAAAGCGTCAGCGAGACCG 70

14 TCAGAAGCAGCTAAAGCGT 1 AGGATTGGAATGCT 39 AGGATTGGAAT 62 AGACCG
PRI TErrrentl EERRERREREREE! ERRRRERRE RN
42 TCAGAAGCA-CTAAAGCGT 1 AGGATTGGAATGCT 1 AGGATTGGAAT 66 AGACCG

Globalni prilozeni
Dvé sekvence sdileji oblasti s lokalni podobnosti (end-to-end
alignment)

1 AGGATTGGAATGCTCAGAAGCAGCTAAAGCGTGTATGCAGGATTGGAATTAAAGAGGAGGT---AGACCG 67

NI I O T I R |1 |1 RN
1 AGGATTGGAATGCTAGGCTTGATTGCCTACCTGTAGCCACATCAGAAGCACTAAAGCGTCAGCGAGACCG 70




Algoritmy pro globalni prilozeni

« AVID

— Umoznuje srovnani pouze homolognich sekvenci bez duplikaci,
iInverzi nebo translokaci

— vyzaduje predem pfipravu a identifikaci vzajemné si odpovidajicich
regionu

« LAGAN (Limited Area Global Alignment)

— Umoznuje srovnat mnohem delsi sekvence nez AVID

— Pouziva se spolecné s lokalnim prilozenim dlouhych sekvenci
(BLAT)

* Multi-LAGAN

— mnohonasobna globalni prilozeni

— Umoznuje konstrukci fylogenetickych stroml na zakladé globalniho
pfiloZzeni genomu



Shuffle-LAGAN (S-LAGAN)

» Slouzi pro globalni prilozeni kompletnich
sekvenci genomu
* Detekuje genomova preskupeni a inverze

» Poskytuje prirazeni vsech kombinaci
viozenych sekvenci



Shuffle-LAGAN (S-LAGAN)

» Slouzi pro globalni pfilozeni kompletnich sekvenci genomu
« Detekuje genomova preskupeni a inverze
« Poskytuje prirazeni vSech kombinaci vlozenych sekvenci

N 1. Nalezeni lokalnich
~ \. \ prirazeni
_/J

P . Sestaveni hrubé
- mapy homologii

/
/

. Globalni zarovnani
N N dle odpovidajicich
S| casti




Shuffle-LAGAN (S-LAGAN)

1. Nalezeni lokalnich
prirazeni

\ NN
2. Sestaveni hrubé

mapy homologii

o \ 3. Globalni zarovnani
N dle odpovidajicich

S| casti




Shuffle-LAGAN (S-LAGAN)

1. Nalezeni lokalnich
\ prirazeni

2. Sestaveni hrubé
mapy homologii

3. Globalni prilozeni
dle odpovidajicich
si casti




Biologie genomu

« U vyznamnych skupin organismu jsou k
dispozici rozsahla genomova srovnani

(Precomputed alignments)

— UC Santa Cruz/PennState (translated BLAT or BLASTZ)
— Berkeley Genome Pipeline (BLAT/AVID)
— Ensembl (Phusion/Blastn)

— Vista Genome Server (o)
(LAGAN/SLAGAN/AVID) .* @
— NMPDR (Microbial Pathogen y
Data Resource) =
* FunkCéni genomika
 Populacni genomika I I
» Evolu¢ni genomika @ @

« Lékarska genomika a rakovina



Genome Browsers
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Vista Tools

http://genome.lbl.gov/vista/index.shtml

‘:\f I S; Il A‘_-‘ Tools for Comparative Genomics

VI5TA Home Custom Alignment Browser Enhancer DB Downloads Publications Help

This web =ite will be down for maintenance on Tuesday Nowv. 11, 2014, Sorry for the inconvenience.

WVISTA is 8 comprehensive suite of programs and databeses for comparative analysis of genomicseguences. There are two ways of using VISTA - you can submit your own seguences and alignments for
analysis (VISTA servers) or examine pre-computed whole-genome alignments of different species.

Submit Your Sequences Precomputed Alignments Mew tool from VISTA family!
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! o — genomic intervals.
- Updates

April 2014
= m\VISTA # WISTA-Point Updated the Sorghum, Monkey flower, Moss,
Align and compans your sequences from multiple species Apcess complete data and visual presentation of pairsise and Maize, Medicago, Switchgrass, and Soyvbesn
meultiple alignments of whole genome assemblies. assemblies, and added & new plants: C.
= IWISTA grandiflora, Drummond's rockeress, Turnip
Locate regulstony sequences in your dats wsing comparstive = WISTA Browser mustard, A _hallen, and Hall's panicgrass.
sequence anahysis and transcription factor binding site search. Examine pre-computed pairsise and multiple alignments of whols
genome sssemblizs. 180 Mew whole-genome plant slignments sre
= gWISTA =dded to WISTA Browser.
Compars your sequences sgainst whole-genome sssembliss. = Whole Genome rVISTA
|dentify transcription factor binding sites that are conserved August 2013
w wrgWISTA between species and over-represented in upstream regions of Updsted the C. elegsns and C. briggsse
Align pair of sequences up to 10Mb long {finished or draft) groups of genes. assemblizs, and added D new worms: O

brenner, C. remansi, C. jsponica, C. sp. 11,

including microbisl whole-genome assambliss.
and C. angaris.

e

w

Microbial Genomes
Acpess pre-pomputed full scaffold slignments for microbial

genomes through the VISTA component of IMG. w Wista News Archive

= Enhancer DE = JGI Genome Portal = Other Projects
Experimentalhy validated human noncoding Find WISTA alignments for 3 number of genomes Phyde-VISTA
fragmeants with gene enhancar activity as sequanced in the Departmeant of Enargy Joint Treeo-Vists
assessad in transgenic mice. Genome Institute http:/igenome jgi-pef.ong’ EEA

hittp://enhancer. bl gow/



VISTA Browser: Alignment Details
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3. Predikce kodujici oblasti na
zaklade hledani (ab initio)

e \/yuziva pouze sekvencCni data a vypocetni
pristupy integrujici analyzu sekvence a detekci
signalu

e Prokaryota

— Hledani otevienych Ctecich ramcu doplnéné hledanim
konzervativnich signalu v transkripCnich jednotkach

— ORF Finder (Open Reading Frame Finder)
http://www.ncbi.nlm.nih.gov/gorf/gorf.html

e Eukaryota
— Predikce promotoru
— Predikce polyA-signalu
— Predikce mist sestfihu a start/stop kodonu
— Analyza frekvenci



http://www.ncbi.nlm.nih.gov/gorf/gorf.html

Klicové signaly pro odhaleni genu

Iniciacni a terminacni kodony
promotory

vazebna mista pro ribozomy (RBS)
mista sestrihu

terminatory transkripce
polyadenylacni mista

vazebna mista pro transkripcni faktory



Struktura prokaryoticke
transkripcni jednotky

RBS

RBS

RBS

promotor \ gen (CDS) \ gen (CDS) \gen (CDS) terminator
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4}

—_ 0

_/

~

operon



Struktura prokaryotickeho genu

Prepisovana oblast do mRNA

start kodon stop kodon

59

Promotor

/ .
I I Kodujici oblast I . 3

T

Neprekladané oblasti (UTR)

Zadatek transkripce (+1) Terminator transkripce

downstream (po sméru)

upstream (proti sméru transkripce)




Konzervativni struktury
v promotoru prokaryot

mRNA

5" e PUPUPUP uP UP UP WP U AUG

-30) S0 +1

Promoter + ]

transcription start site

mRNA
-30 region -10 region
TTGACA TATAAT
AACTGT ATATTA
-36 -31 12 -7 +1 +10 +20
Pribnow box Ribosomal binding site (RBS)
TTGACA TATAAT GGAGG ATG
82 84 79 64 53 45% 79 95 44 59 51 96%

CONSENsUs sequences protein



Signaly v jednoduchém strukturnim genu

fem
1
71
141
211
281
351
421
491
561
631
701
¥ 7 |
841
911

gene
ATATGGTCAGTGCATATAAAATTTGTTATCATTAGAGTAATTAAAGGIEARIIARTAACTTTTGGAATCA
ARIGEAGG T TCTCATMIG T TATCTTTTAGTCAAAATAGAAGTCATAGCTTAGAACAATCTTTAAAAGAAG
GATATTCACAAATGGCTGATTTAAATCTCTCCCTAGCGAACGAAGCTTTTCCGATAGAGTGTGAAGCATG
CGATTGCAACGAAACATATTTATCTTCTAATTCAACGAATGAATCATTAGACGAGGAGATGTTTATTTAG
CAGATTTATCACCAGTACAGGGATCTGAACAAGGGGGAGTCAGACCTGTAGTCATAATTCAAAATGATAC
TGGTAATAAATATAGTCCTACAGTTATTGTTGCGGCAATAACTGGTAGGATTAATAAAGCGAAAATACCG
ACACATGTAGAGATTGAAAAGAAAAAGTATAAGTTGGATAAAGACTCAGTTATATTATTAGAACAAATTC
GTACACTTGATAAAAAACGATTGAAAGAAAAACTGACGTACTTATCCGATGATAAAATGAAAGAAGTAGA
TAATGCACTAATGATTAGT TTAGGGCTGAATGCAGTAGCTCACCAGAAAAATIFABGCGTCTATTATATGT
ATTTTTCAGAGATAAATAAAATATTGATATAAAAGACAATAACTTTATAATAATTATAACTATTTCTAAA
TTCTGTACGAAGAATTTTCTTATAAACAAAGATTTTAGCAAATACCAGTTATGATATTCATATTTTTTAT
TATAAAAGGATGTCTTAAGTTTTTTAGGETTTAGGTATTCCATCCTARMAGT TTTTTTTAGCTTAAAAGTA
TCATCTACAGCAAAATTGCAAACGACAAAATTGATAAGTGCAATTAAATAAATGTTAGTAAGTGAATCAT
AATTATCCTTGCTTAAGCATTTGCTTTGTAAGGGAAGTGAGGAGGCAACTAATCG 965

rsbU gene

70
140
210
280
350
420
490
560
630
700
770
840
910



Model pro
hledani
jednoduchych
genu

isolated gene

intergenic region

overlapping genes series
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- -~ -

-
~a
-
~e
-
-~
-

-
—
-
-
——
-
-
-
-
-
-
-
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Signaly — senzory ve strukture
eukaryotickeho genu

Start codon codons  ponor site

[EEEEATGCCCTrCTCCAACAGe:

Transcription
start\

. -
S
~
’ ~. _-7 N
/ ........ ~o

Promoter

Exon

Stop codon

GGCAGAAACAATAAA!Yelel.Te
GATCCCCATGCCTGAGGGCCCCTC 7’



Metody pro vyhledavani signalu

* hledani konvencni sekvence spolu
s moznostmi pripustnych odchylek

* pouziti vazenych matic
— kazda pozice vzoru signalu pripousti shodu
s jakymkoli zbytkem
—ruzné zbytky maji v kazdé pozici pfifazenou
jinou vyznamnost



Priklad konsenzni sekvence signalu

« Ziskana vybéerem nejCasteji se vyskytujici baze v kazdé
pozici mnohonasobneho prilozeni prislusné
subsekvence naseho zajmu

TACGAT
TATAAT
TATAAT
GATACT
TATGAT
TATGTT

konsensus sequence RINFYNS
konsensus (IUPAC) | TATRNT

 Vede ke ztraté informaci a ziskani mnoha faleSné
pozitivnich i negativnich vysledku



Priklad pozicni vazené matice
* \lyjadfuje frekvenci kazdé baze v kazdé pozici prislusné
sekvence

TACGAT 123 456
TATAAT AO0OG6 0 340
TATAAT C0O01010
GATACT G100 300
TATGAT T505 016
TATGTT

« Skore kazdeého predpokladaného mista je vyjadieno
souctem hodnot z matice (pfevedeno na
pravdépodobnosti)

* Nevyhody:
— Je vyzadovana hranicni hodnota
— Predpoklada nezavislost sousedicich bazi



Priklad signalu

RBS (vazebneée
misto pro ribozom)
u Bacillus subtilis




Vazebné misto pro ribozém (RBS) a
iniciacni kodon ATG u E. coli

w i K =l =

g g g gem g g g g g
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Predikce mist sestrihu

e GU

i |
GAG

G.cC
EAUA

spllce site

sl

aU Gccgggg

Branch site

3

Y),AG| Exon?2
v U
AAXRAceala
3’ splice site




Pozicneé vazena matice pro odvozeni

donorovéeho mista sestrihu

Donor site

Position
%1 -8 .ee| 21110 | 1] 2 |...] 17
Al26|.../60[9] 0 |1]|54]...|21
Cl26|.../!15|5] 0 1] 2 |...| 27
G|25|.../12 /78199 | 0 | 41 |...| 27
Ti23|.../13 811 (98| 3 |...| 25 sehetpl ||
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Priklad signalu: mista sestrihu (mys)

-.-TTTTT1—rTTT T

acceptor D

——r————

3 o exon



Statisticka analyza sekvence
predikovanéeho genu

« Dulezite je posouzeni charakteru sekvence
— délka genu
— frekvence vyuziti kodonu

— obsah GC (indikace horizontalniho prenosu)

— GC skew a AT skew
. GC skew = (G - C)/(G + C)
« AT skew = (A-T)/(A+T)
— statistické modely modely frekvenci nukleotidu
(vyuziti hexameru)
— periodicita nukleotidu



Testovani exonu — vyuziti kodonu

AA  codon /1000 frac AA codon /1000 frac
Ser TCG 4.31 0.05 Leu CTG 39.95 0.40
Ser TCA 11.44 0.14 Leu CTA 7.89 0.08
Ser TCT 15.70 0.19 Leu CTT 12.97 0.13
Ser TCC 17.92 0.22 Leu CTC 20.04 0.20
Ser AGT 12.25 0.15
Ser AGC 19.54 0.24 Ala GCG 6.72 0.10
Ala GCA 15.80 0.23
Ala GCT 20.12 0.29
Pro CCG 6.33 0.11 Ala GCC 26.51 0.38
Pro CCA 17.10 0.28
Pro CCT 18.31 0.30 Gln CAG 34.18 0.75
Pro CCC 18.42 0.31 Gln CAA 11.51 0.25

Codon usage database: http://www.kazusa.or.jp/codon/



Obsah G+C — priklad vyuziti pro
identifikaci horizontalné
preneseneho mobilniho elementu

Scaffold 2

VLE

| |
FECE e | 1Y ! ] LEL - - B o e e i, e o R i i B B - Chl-3 - F 5
1
1
| "
1

mM )
| 1 Kb

o Lo Lo < Iy <5 <
0 6}?0 6:90 660 6)0 6‘6:-0 6:90 )0 P :)eo

Odlisny obsah G+C indikuje horizontalni prenos



GC skew — priklad vyuziti pro
identifikaci prokaryotickeho pocatku
replikace

00000000000000
osition in se

GC skew =[G% - C%] / [G% + C%]



AT skew — priklad vyuziti pro
identifikaci kodujiciho viakna DNA

AT skew

Lysogeny 5 kb

DNA metabolism

Unknown

AT skew = [A% — T%] / [A% + T%]



Frekvence oligonukleotidu - rozliSeni
mezi kodujicimi a nekodujicimi oblastmi

* Rozdily v distribuci jinych oligonukleotidu nez
kodonu, {j. tri-nukleotidu, napf. hexameru

e odrazi zavislosti .| {
mezi sousednimi | |
aminokyselinami Ao
v proteinech o (A
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Markovovy modely

* NejCasteji pouzivane statisticke modely pro
hledani genu
* Vyjadruji pravdepodobnost sekvencnich udalosti




Hidden Markov Models (HMM)




Priklad komplexniho algoritmu se
skrytymi Markovovy modely (HMM)




Popularni programy pro predikci genu

* Programy vyuzivajici explicitni pravidla
— GeneFinder

* Programy zalozené na ,Hidden Markov
Models”
— GeneMark
— Glimmer
— GenScan
— TwinScan
* Programy vyuzivajici neuronove site
— Grall
— GrailEXP



GeneMark

http://opal.biology.gatech.edu/GeneMark/

GeneMark

& family of gene prediction programs developed by Mark
Borodovsky's Bioinformatics Group at the Georgia
Institute of Technology ,Atlanta, Georgia, USA.

Gene Prediction in Bacteria, Archaea and
Metagenomes

For bacterial and archaeal gene prediction you can
use the parallel combination of GeneMarl-P and
GeneMark, hrmm-P. For a novel genome you can use
either the Heuristic models option (if the sequence
is shorter than 200 kb) or the self-training program
GeneMarks (aka GeneMark. hmm-PS),

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
ooy W whose name is not in the list of available models)
' you can run GeneMarl, hmm-ES, the self-training
program (just 10MB seguence is needed for
training).

Gene Prediction in Viruses
For gene prediction in novel viruses and phages

you can use GeneMark. hmm. Yiral genome
annotations are accessible via YIOLIMN database,

Gene Prediction in EST and cDNA

To analyze ESTs and cDMNAS vou can use
GeneMark-E.

What's New:

Gene identification in nowvel
eukaryotic genomes by self-
training algorithm:
GeneMark.hmm-ES

Powered by IBM %

Borodowvsky Group

Gene Prediction
Programs

« GeneMark

o GeneMark. hrmm
e GeneMarks

« Heuristic models
« Frame-by-Frame

Information

« Background
References
In GenBanlk
FAQ
Contact

Databases of
predicted genes

+ Prokaryotestlosed,
Updating

« YWiruses/Phages
(YIOLIND

Models for Gene
Prediction

« Download

Supported
H


http://opal.biology.gatech.edu/GeneMark/

Glimmer

http://www.ncbi.nlm.nih.gov/genomes/MICROBES/glimmer_3.cqi

Microbial Genomesg'.o .::0.

Genome Project | Genome | Prokaryotic Projects | Collaborators |gr'-"|ap| ProtMap |TaxPIot | BLAST |I—_|'P| Contackt us |

| Genomes I
Genome Projects

Prokaryotic Projects
Microbial Genomes

Home
Microbial Genome Annotation Tools Complete Genomes
Draft Assemblies
GLIMMER iz a =y=tem for finding genes in microbial DNA, ezpecially the genomes of bacteria and archasa. GLIMMER {Gene Locator and Registered
Interpelated Markev ModelER) uses interpolated Markov models to identify coding regions. Entrez Genome
+ Delcher AL, Harmon D, Kasif 5, White O, Salzberg SL. Improved microbial gene identification with GLIMMER, Nucieic Acids Research | = - == I
eguin

27:23 (1999), 4535-4541.
* Salzberg S, Delcher A, Kasif 5, White 0. Microbial gene identification using interpolated Markov models, Nucleic Acids Research 26:2
(1598), 544-548.

Submission Guide
Register a Project
Submit 3 Genome
Submit Traces

Tools

Resources

Sequencing Centers
Collaborators

Download GLIMMER from the Center for Bicinformatics and Computational Biology.

Statistics

Uplead vour sequence from file:

Prochazet. .. |

Or copy/paste vour sequence FASTA hers:




Priklad srovnani ruznych pristupu
pro vyhledavani prokaryot. genu

:r.aa,,k A B:enaank A
AVAVANAYA

117 95

GeneMark.hmm GeneMark.hmm

B. subtilis E. coli



) PGAP - NCBI
Prokaryotic
Genome
Annotation
Pipeline

Viceurovnovy proces kombinuje
ab initio predikci a metody
zalozené na podobnosti
« predikce genu kédujicich
protein
 dalSi funk¢ni jednotky
» strukturni RNA
« tRNA
« malé RNA
* pseudogeny
« kontrolni oblasti
» Repetice
* mobilni elementy

: @ rRNA gene

] predictions

CRISPR

predictions gene predictions

CODING GENES STRUCTURAL ANNOTATION

i 1
K i
: ORFfinder .
[ e 1
; v N/ :
! BLAST+ HMM :
' ProSplign search

L} 1 1 1
[ I i
: |
1 Homology-based predictions 1
: o :
2 3
1 B \'l’ i
e &/ GeneMarkS2+ .
: with hints .
. i
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R A Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org. http.”rast theseed Org/FIGlraSt Cgl

RAST (Rapid Annotation using Subsystem Technology)

- Anotace na zakladé vlastni pipeline

- Vyuziva integrovany pfistup vCetné NCBI databaze (BLAST)

- Klasifikace genu do subsystému a identifikace metabolickych drah podle
KEGG: Kyoto Encyclopedia of Genes and Genomes (https://www.genome.ip/keqa/)

- Pfiklad parametrt anotovaného genomu:

Organism Overview for Massilia sp. CCM 8692 (6666666.478097)

ErTooro Massilia sp. CCM 8582 For each genome we offer a wide set of information to browse, compare and doewnlead.
i Bacteria
ST EBrowse ‘ Cummre| Download |Armntate|
Taxonomy Bacteria; Massilia sp. CCM 8692
= View closest neighbors Browse through t.he features of Massilia sp. CCM
Neighbors 8692 both graphically and through a table. Both
Size 7,576,397 allow quick navigation and filtering for features of
63.8 your interest. Each feature is linked to its own
se e detail page.
N50 191842
150 11 Click here to get to the Genome Browser
Number of Contigs (with PEGs) 141
Mumber of Subsystems 473

Mumber of Coding Sequences 5982
Number of RNAs 104


https://www.genome.jp/kegg/

- RAST rozdéli anotované geny do jednotlivych funkCnich kategorii, ty zahrnuji
dalSi podkategorie — napr. geny zapojené do jednotlivych metabolickych drah

Subsystem Information

Subsystem Statistics Features in Subsystems

Subsystem Coverage Subsystem Category Distribution Subsystem Feature Counts

B Cofactors, Vitamins, Prosthetic Groups, Pigments (327)
36X
: '

m @ Cell Wall and Capsule (145)

@ [l Virulence, Disease and Defense (116)

@ @ Potassium metabolism (19)

B Fhotosynthesis (0]

Miscellaneous (45)

@ @ Phages, Prophages, Transposable elements, Plasmids (13)
Membrane Transport (248)

@ W Iron acquisition and metabolism (15)
RMA Metabolism (135)

@ @ Mucleosides and Nucleotides (108)
Protein Metabolism (343)

25 @ @ Cell Division and Cell Cycle (38)

— e —— Maotility and Chemotaxis (280)

@ W Regulation and Cell signaling (71)
Secondary Metabolism (5)

DMA Metabolism (116)

@ [l Fatty Acids, Lipids, and Isoprencids (178)
B Nitrogen Metabolism (53]

@ @ CDormancy and Sporulation {4}
Respiration (118)

Stress Response (222)

Metabolism of Aromatic Compounds (24)
Amino Acids and Derivatives (428)
Sulfur Metabolism (&9)

Phosphorus Metabolism (57)
Carbohydrates (346)

HEEHEEE®
mm



KEGG mapa vSech metabolickych drah nalezenych u daného organismu dle

automatické anotace RASTem.
- moznost sledovat jednotlivé metabolické drahy

Sl Sl :
D

B ymiihisms ol
Sao0ndary Kalsbokem




Grafické znazornéni proteinu, které byly v daném organismu identifikovany —
identifikace na zakladé podobnosti v BLASTu

HITEOGER METABCOLISM : EEDUCTION AWD FIZATION
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Vyhledavace eukaryotickych genu

Vyuzivaji integrovane pristupy

— Genie pouziva informace ze znamych genu a
odhaduje, které oblasti genomu
pravdepodobne obsahuji nove geny

— Fgenes je vhodny pro hledani exonu a
stanoveni struktury genu

— Genscan prehledny vyhledavac vyuziva
iIntegrovane pristupy

— Veil komplexni vyhledavac€ exonu a intronu a
mist sestrinu, HMM modely



Veil komplexni vyhledavac exonu

a intronu a mist sestrihu, HMM
modely

* Obsahuje 9 skrytych modulu, z nichz
kazdy je komplexni Markovuv model

Exon HMM Model
Upstream Statt Codon 16 Backedges
Start Codon 3’ Splice Site
Exon Intron
Stop Codon 5’ Splice Site
Downstream 5’ Poly-A Site




Predikce eukaryotickych genu
GRAIL II: vyuziva neuronove site

gcore of 6mers in candidate region

score of 6mers in flanking regions { )

(}—m Exon Score
Output

Input layer



EGAP - NCBI

Mucleotide

Protein { :I

tnenee

| |
Eukaryotic = o
T genomic Read
sequence Archive
hd £ 4’ ¥ L ¢ L4
e n O l I l e Curated RefSeq genomic Transcript alignment Protein alignment RNA-Seq, long read,
sequence alignment CAGE alignment
- L4 ¥ v 4
Ranking and filtering
Annotation [ e« opEen e | I
Collapsing
| | | |
Pipeline ; : ;
p Filtering Filtering Filtering

Source of genome assemblies
Masking

RNA-Seq read alignments
Transcriptomics long read alignments
Protein alignments

Model prediction

Known
RefSeq
transcripts

Curated RefSeq genomic sequence alignments

Choosing the best models for a gene

Protein naming and determination of locus type

Gene Ontology
Assignment of GenelDs
Annotation of small RNAs

Annotation of transcription start sites (TSS)

f {
| Nucleotide 0 | F‘rc-'ceir'llI
L L y

L 4

Small non-coding RMAs
(RFAM, tRNAscan-SE)

A
i F

|
| Datasets| }
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Nomenklatura pouzivana pri
anotacich genomu

Known Gene — Predikovany gen shodujici se v
celé délce se znamym experimentalne
dokazanym genem.

Putative Gene — Predikovany gen obsahujici
region homologicky s konzervovanym regionem
znameho genu. Also referred to as “like” or
“similar to”.

Unknown Gene — Predikovany gen vykazujici
shodu s genem nebo EST, jejichz funkci
nezname.

Hypothetical Gene — Predikovany gen
nevykazujici vyznamnou podobnost k zadnemu
znamemu genu nebo EST.



fxo . @)
Evaluace vyhledavacu genu

Citlivost versus specificita

Musi byt optimalizovany / ,trénovany” pro

specificky organizmus

Citlivost

— Kolik genu bylo nalezeno?

Specificita

— Kolik predikovanych genu prfedstavuje
skuteCne geny?

Odpovéd nam poskytne srovnani vysledku

s transkriptomickymi a proteomickymi daty
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