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Molekularnée biologicka data

CAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGCGGTGGCGGCATCACGCACTTCCAGTTCG ATCGGGG CAACAATGCCGGCATCT’
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GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC

AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT



Molekularnée biologicka data

CAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGCGGTGGCGGCATCACGCACTTCCAGTTCG ATCGGGG CAACAATGCCGGCATCT’
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GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT

Identifikace a anotace gentl a proteint



Table 1

Predikce genli

Software commonly used for bactenal genome annotation and comparison

DNA level annotation

GeneMark
Glimmer
SHOW
tRMNAscan-SE
RNAmmer
RepSeck
IslandPath

http:/fexon. gatech.edu/genemark/
http:/feww.genomics. hueduw/Glimmer/

http:// genome. jouy. nra.fr/ssh/ SHOW/
htp:/flowelabucse. edutRNAscan-SE/
http:/fevew.chs. di.dk/services/ RN Amme of
http:/fevew.abisnv jussien fo'%98public/R epSeck/
httpz/fevwew pathogenomics. sfu.cafislandpath/

Protein level annotation

BLAST
InterProScan
COGNITOR

PRIAM

GOADMo

PSORTb

TMHMM
SignalP

httpz/fevwew.ebiac. uk/blast/
httpz/feww.ebiac. uk/InterProScan/
httpz/fwww nebinlm.nih. gow/COG/old/xognitor html

http://bicinfo.genopole-toulouse. prd.fofpriam/

http://bips. u-strasbg. friGOAnno
http:/fwaw. psortorg/fpsorth/
http:/feww.chs. di. dk/services TMHMM/
http:/feww.chs. diu.dk/services/Signal P/

Comparative genomic tools

Mauve
MOSAIC

ACT
CGAT
MaGe
Pathologic
PUMA2
The SEED
STRING
PyFPhy
HoSeqgl

http://gel ahabs wisc.edu/mauve/
http:/fmig jouy. inra.fr'migfmig_eng/
presentation/project/mosaic
http:/fwwwsangerac. uk/Software/ ACT/
http:/fmbgd.genome.ad. jp/CGAT/
http:/fwww.genoscope.cns.frfage/mage/
http:/biocyc.org/

http:/fcompbio. mes.anl. gov/puma2/
http:/ftheseed. wehicago.cdw/FIGS
http:/fstnng.cmbl.def

http:/fwww.chs. d. dk/staffthomas/pyphy/
http:/fpbil.univ-lyon 1. fr/software/HoSeql!

Protein gene prediction
Protein gene prediction
Protein gene prediction
t(RMNA gene prediction
RNA gene prediction

Search for approximate repeats in complete DNA sequences

Identification of genomic islands

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

Compare a novel sequence with those contained in nucleotide and protein databases

Search for domams/motifs 1o the InterPro database

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

database

Detection of enzymatic function in a fully sequenced genome, based on all sequences

available in the ENZYME database
BLAST search on the Gene Ontology database
Prediction of bactenal protein subcellular localization

Prediction of transmembrane helices in protein sequences
Prediction of signal peptide cleavage sites m protein sequences

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

Comparative genome analysis and visualization tools for multiple genome alignments

Computation of gene order conservation (syntenies) between available bacterial genomes

Metabolic network reconstruction and comparative pathway analysis

Metabolic pathway reconstruction

Comparative analysis and annotaion tools using the subsystem approach

Search Tool for the Retneval of Interacting Proteins

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

database




* Predikce genu je prvnim krokem v anotaci gent a genomd.

e Zahrnuje identifikaci ORF - otevrenych Ctecich ramcd.

Predikce genu
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Predikce genu

* Predikce genu je prvnim krokem v anotaci gent a genomd.

e Zahrnuje identifikaci ORF - otevrenych Ctecich rémcuU (Jako predikce , gent*
se mnohdy oznacuje pravé pouze predikce ORF).

* \ pripadé eukaryot (slozené geny) predikce zahrnuje také identifikaci
exonu/intronu, tj. mist sestrihu.

- DNA
Introny — DNA-sekvence sloZzeného genu, jejichz l Transkripce, sestiih
prepisy se pri posttranskripcni upravé sestfihem
z primarniho transkriptu vystépuji a neprechdzeji s— 1 RNA
tedy do vysledné mRNA.
Exony — DNA-sekvence slozeného genu, které se l Translace
pfri sestrihu nevystépuji, ale spojuji a prechdzeji

do vysledné mRNA. s Protein
Rosypal, 2003



Sekvence v databazi:

ATGAAATTGCTTCACTTCGTCCTGTTTTTCCAGGCCTCACTCCTTCCAGTAGGCTCCCTCGLGCAAGAGG
GTGGAAACGTCACGGATTCTGAAGTCCAGACTATCCCTGGTTGGTTCTCACTTCTCGTCCTTCCCACCGT
CGTTTAGATCATCTTGGCGGGT TGAAGATCGTGGGATGATACAAGAGAGATTGTCTGACTATTATTTCTT
TAGGTACCGGRATAGCAGCCGTCAACTCTGTCAATTTGTTGCGGATCTATAGCCAAGACATACTCGGTGG
CATCCGCGAGGCCAGATTTGAAGGCTATTGGAGCGGAGGACTTTTGAACGACACGATTGCAAAGGCCAAG
ACCAATTCATCAATTGCTGCCGCCTCTGATGATCTAGAACTAGTAAGCAGTACTATATCACTCATGCATC
COGAGTATGCACAAGTATTTACTTCAATCTTAAGATCCGUGTCTACTATCTCTCACCGAATAACACTCTA
GGCGAAGCAGCATCTGATTCCCAGGLGGLGTGGTACACTGGCTCCCTCAACCACTATCAGTTTCGGETTG
CATCTCATTCGAGGCTGGCTGCAGTATTTGTTCCCGGAATTCGAAGGCCAAGCTTACGTGTATATGCCCA
GETCCCGGATAACAGTGTACAGGAGTTTGGATATGATGGTAAGCCGCCATGATCTCCAGTCCCGTCLTGE
TCCCCATATTTCAGTTAGAACCATTAAAGTTGCTAATCATCCGAAAGTTGGTCGTGGATGGGAACGCCTC
GATAATTTTGGCCCTGCTCTACCTGETACAGCTATAGCAGCGTTAACATATACCACTGGTCTACGAAGAT
CAGACATTCGGTAAAACTTATCTCTCCCCCTCCTATCCACCTGAAACTTCTTGAGAACGACTCGGCTTTC
CCGCTTCTCTGCTGTATTCACCGAAACTAATGACTCTTTCAATCTTGTTTCCCCCCACAGTGTCTATTTC
CAAGCCACAAACCGCCACGTCGTTGAAAGGATTTATGATAGCCGATCGTGGAGTGATGGAGGCATCGTCG
TGCGAACCGCCAAGCCACGAACTCCTCTAGCTGCCACCAGCTTCTTGATGGTACCAGGAAATCCTCAGAG
TGTCCRAGTGTACTATGGCACCGAAGACAACCAGTATCCTTGAAAAGGGGACCGAAGGCGGCCTTTALTGE
TACGATGGCGCATTCGAGCATTCAGTCATCCCTGGTTCTCAGGTAGCTACCGTAGATTGGGGAAATGGAG
GAGACTTCAATATCAGAGTCTATATTCAAGACGGAGCATTTAAGAACGGGATAAGTGAATGGGCTTGGTT
CCGCCRCTTATGGCGCCGAGGAGTCATTGCTATCCCTCCTGCATAA

Annotation Pipeline :: Eukaryotic Annotation Propagation Pipeline

Neuspéch pri expresi syntetického genu
v hostitelském organismu, protein nebyl produkovan

Srovnani s homolognim charakterizovanym
genem/proteinem na sekvencni a strukturni Urovni,

Uprava exonU/intrond

ATGRRACTGCTGCATTTTGTGCTGTTTTTTCAGGCGAGCCTGCTGCCEETGEECAGLCTG
GLGCAGEARGECGECAACGTGACCGATAGCGARGTGCAGRACCATT CCEGEGCACCGECATT
GOGECEETGARCAGCETGARCCTGCTGCGCATTTATAGCCAGEATATTCT GEECGECATT
CECERAGOCGCGCTTTGAAGGCTATTGERAGCGEOGGCCTGCTGALCGATACCATTGC AL
GCOGRALRCCRARCRAGCAGCATTGOGGCGEOGAGOGATGATCTGERARCTEGATTCGCGTETAT
TATCTGAGCCCGRAACAACRCCCTGGECGALAGCEECGAGCGATAGCCAGGGCEECTGETAT
ACCGGCAGCCTGALCCATTATCAGTTTCECGTEECEAGCCATAGCCGLCTGEOGGCEETG
TTTETGCOGEECATTCGOCGCCOGAGCCTGCGUGTGTATGCGCAGCTEOCGEGATARCAGT
GTGCAGGRATTTGGCTATGATGTGGECCECEECTGEEARCGCCTGGATAACTTTGECCCG
GCGCTGCOGGECACCGCEGATTGOGGCGCTGACCTATACCRACCEGCCTECGCCGCRGOEAT
ATTCGCETGTATTTTCAGGCGACCALCCECCATET GETEEAACECATTTATGATAGCCEC
AGCTGEAGCGATGECEECATTGTGET GOECACCECEARACCGOECACCOCGOTEECEETE
ACCAGCTTTCTGATGETGCCGEECALACCOGCAGAGCETGCGCETETATTATGGCACCGAR
GATARACCGCATTCTGEALRRAGECACCEALGEOGGCCTETATTGETATGATZECGCETTT
GALCATAGCGTGATTCCGEECAGCCAGETGGCEACCETEEATTGGGECALCEECGECEAT
TTTAACRTTCGCGTGTATATTCASGATGEGCGCETTTARARACGEGCATTAGCEGRATGEECG
TEETTTCGCCGCCTETGEOGCCECGECETGATTGCGATTCCGCICGGCETAR

Predikce gen(

9) Predikce 2D, 3D a 4D struktury proteind. Soufadnice.
Formaty. Vizualizacni ndstroje.

Predikce struktury
proteinu

Protein Uspésné produkovan
v prokaryotickém hostitelském
organismu



Predikce genu

* Predikce genu je prvnim krokem v anotaci gent a genomd.

e Zahrnuje identifikaci ORF - otevrenych Ctecich rémcuU (Jako predikce , gent*
se mnohdy oznacuje pravé pouze predikce ORF).

* \ pripadé eukaryot (slozené geny) predikce zahrnuje také identifikaci
exonu/intrond, tj. mist sestfihu. Problematicka, vznika velké mnozstvi

chyb.
* Predikce genu se velmi Casto soustredi na geny kodujici proteiny.

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



Metody predikce genu

* Dva hlavni pfistupy: metody ab initio/metody zalozené na homolog

(sekvencni).

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
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GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAARAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
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Metody predikce genu

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

* Ab initio — predikce genU zaloZzend pouze na sekvenci, jejich
vlastnostech a statistickych parametrech.

Regulacni a signalni sekvence: startovni/stop kodon, sestfihové signaly, RBS
(vazebné misto pro ribozom), polyadenylacni signal.
Kodon=triptet (délka genu je v nasobcich t¥i). S | S

Nukleotidové slozeni kddujicich a nekédujicich oblasti se lisi. e el e
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Metody predikce genU

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

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

* Metody zalozené na homologii — sekvencni podobnost se znamymi
geny/proteiny. ORF kéduje protein, ktery je podobny jiz dfive
popsanému proteinu (prohleddvani DATABAZI pomoci ALIGNMENTU)
= nejspolehlivejsi predikce. problém — unikatni geny bez znamych homologt (vétsinou
nejzajimavéjsi).

* Kombinace obou postupt



Predikce genU u prokaryot

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

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

Aquifex 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

Escherichia Coli Bacteria 4639221 4288 Model organism for molecular biology

How small can a genome get and still
run a living organism? Researchers now
say that a symbiotic bacterium called
Carsonella ruddii, which lives off sap-
feeding insects, has taken the record for
smallest genome with just 159,662
'letters' {or base pairs) of DNA and 182
protein-coding genes. At one-third the
size of previously found 'minimal’
organisms, it is smaller than
researchers thought they would find.

https://1url.cz/MK8Kx

Bacteriology

Michael T Madigan, southern filinois University, Carbondale, lilincis, USA

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

EMCYCLOPEDIA OF UFE SCIENCES & 2007, John Wiley & Sons, Ltd. www els.net



Predikce gent u prokaryot

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

1
1694
2729
4087
4618
5165
6036
To5@
8659

1llae
11567
12826
13004
14877
14688
15777
16639
18318
12468
20206
28753
21674
23568
24333
24883
25334
25857
26345
26913
27212
27857
28778
30672
31418
32598
33731
34224
35758
36151
36712
37299
38482
39680
48665
41018
41983
42531
43807
44346
45706
46823
47366
47716
43432
50339
52475

RightEnd

1515
2359
49825
4283
5175
5805
7663
8390
11867
11438
11947
12838
13969
14373
15659
16586
17652
19328
19877
28763
21483
23251
23878
24542
25337

48165
43709
52468
>53487

2409
338
381
881
966

972
818
1214
1811
51@
558
741
1578
411

1268

1278
2138
983



Predikce genU u prokaryot

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

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

Group Il introns in the bacterial world

Bacterial group | introns: mobile RNA catalysts

Geor

g Hau

sner', Mohamed Hafez™* and David R Edgell"'

Francisco Martinez-Abarca and Nicolas Toro*
Grupo de Ecologia Genetica, Estacion Experimental del
Zaidin, Consejo Superior de Inveshigaciones Cientificas,

Abstract

Profesor Albareda 1, 18008 Granada, Spain.




Predikce genu u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

* Prokaryotické genomy: maly obsah nekddujicich useku 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 gent u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

1) Preklad prokaryotickdo proteinové sekvence.

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

u C A G
UuUU (PhelF) Phenylalanine UCU (Ser/S) Serine | UAU (Tyr™Y) Tyrosine UGU (Cys/C) Cysteine
UUC {Phe/F) Phenylalanine UCC (Ser/S) Serine UAC (Tyr/Y) Tyrosine UGEC (Cys/C) Cysteine

UUA (Leu/L) Leucine
UUG {Leu/L) Leucine

CUU (Leu/L) Leucine
CUC ({Leu/L) Leucine

UCA (Ser/S) Serine | UAA Ochre (Stop)
UCG (Ser/3) Serine | UAG Amber [Stop)

CCU (Pro/P) Proline  |CAU (His/H) Histidine
CCC (Pro/P) Proline | CAC (His/H) Histidine

UGA Opal (Stop)

UGG (TrpW) Tryptophan
CGU (Arg/R) Arginine
CGC (Arg/R) Arginine

CUA {Leu/L) Leucine CCA (Pro/P) Proline | CAA (GIn/Q) Glutamine CGA (Arg/R) Arginine

1st CUG {Leu/L) Leucine CCG (Pro/P) Proline | CAG (GIn/Q) Glutamine CGG (Arg/R) Arginine WHEN TH;;L%';E“"““ IS w“‘""““'““ A STOP
base  Auy (lled) Isoleucine ACU (Thr/T) Threonine  AAU (Asn/N) Asparagine  AGL (Ser/S) Serine ‘
AUC (lled) Isoleucine ACC (Thr/T) Threonine AAC (Asn/M) Asparagine  AGC (Ser/3) Serine
A
AUA (lled) Isoleucine ACA (Thr/T) Threonine AAA (Lys/K) Lysine AGA (Arg/R) Arginine
AUG (Met/M) Methionine, Start ! ACG (Thi/T) Threonine AAG (Lys/K) Lysine AGG (Arg/R) Arginine
GUU (WalV) Waline GCU (AlafA) Alanine | GAU (Asp/D) Aspartic acid  GGU (Ghy/G) Glycine
GUC (WalV) Valine GCC (AlafA) Alanine  GAC (Asp/D) Aspartic acid GGC (Ghy/G) Glycine
G ~

GUA (WVal/V) Valine
GUG (ValV) Valine

GCA (Ala/A) Alanine
GCG (Ala/A) Alanine

GAA (GIWE) Glutamic acid
GAG (GIW/E) Glutamic acid

GGA (Gly/G) Glycine
GGG (Gly/G) Glycine

AND TRANSLATION IS FINALLY

(7Y . .A‘ .'
L INSTEAD OF.YOUR'SECOND
. nMI“u Ac.l.n,ncgcncmtor net

makeameme.org



Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

1) Preklad prokaryotickdo proteinové sekvence.

v
ATGTCGCATGCC

ATG TCG CAT GCC

| Met || Ser | His || Ala

A TGT CGC ATG CC

|C:fs || Arg |Met|

AT GTC GCA TGC C

|Va| ||Ala |Cys|

5° ATGCGCAGGAATGCATAG 3°

3° TACGCGTCCTTACGTATC 5°
Pit

Preklad DNA sekvence - od 5'konce

5° ATGCGCAGGAATGCATAG 3°
Cteni tripleti zavisi 5° CTATGCATTCCTGCGCAT 3°

na tom, u kterého
nukleotidu stanovime T
pocdtek éteni.



Predikce genu u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

1) Preklad prokaryotickdo proteinové sekvence.

DNA or RNA sequence Output format
caaatggatgttaaatctgcatttttgaatagtatactagaagaagaagtttatatty - © Verbose: Met, Stop, spaces between residues
aacaacttgaatgatttgttgaagacaagaat: jatcgggtatgtaaattgaa ® Compact: M, -, no spaces

caaagctttatatgatttaaagcaagcacctagagcatggtaggagagactgca O Includes nuclectide sequence
o ctcttattigatcaagattggatttataaggacaagtgaaaatagcaatatgtacat i
ra n S a e x y caagagtgatgaaaacaatggtatactactttcagccatattigttgatgatattattt © Includes nucleotide sequence, no spaces
titgtggtaatgactccttatgcaagaatitiggaaatgaaatgtgcaaagaattiga
gatgtcattaatcagtgagataaagtattttataggtttgcagatactacaaatgaa

aaatgagattitgattactcaatccaagtatataaaggaaatcttgaagaaattigg

aatggaggatcctaaaccigtaagcactcctatgactaccaatigtaaactatca forward reverse
tt p S . We ex p a Sy O rg t ra n S a t e aagagtgatgaatctgcatctgtigatgagacactttaccgatecatgatiggaaa  ~
. . . - R ' o ' ' 7
Genetic codes - See NCBI's genetic codes
Standard v

reset TRANSLATE!

DNA strands

* ORF Finder (NCBI)

https: .nchi.nlm.nih. ffi
ttps://www.ncbi.nim.nih.gov/orffinder/ SN .




Translate

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

DNA or RNA sequence

caaatggatgttaaatctgcatttttgaatagtatactagaagaagaagtttatattg
aacaacttgaatgatttgtigaagacaagaataaagatcgggtatgtaaattgaa
caaagctttatatgatttaaagcaagcacctagageatggtaggagagactgea
ctcttatttgatcaagattggatitataaggacaagtgaaaatagcaatatgtacat
caagagtgatgaaaacaatggtatactactttcagccatattigttgatgatattattt
tttgtggtaatgactccttatgcaagaattttggaaatgaaatgtgcaaagaattiga
gatgtcattaatcagtgagataaagtattitataggtitgcagatactacaaatgaa
aaatgagattttgattactcaatccaagtatataaaggaaatcttgaagaaattigg
aatggaggatcctaaacctgtaagcactcctatgactaccaatigtaaactatca

aagagtgatgaatctgcatctgttgatgagacactttaccgatccatgatiggaaa

Genetic codes - See NCBI's genetic codes

Output format

O Verbose: Met, Stop, spaces between residues
@® Compact: M, -, no spaces

O Includes nucleotide sequence

O Includes nucleotide sequence, no spaces

DNA strands
forward reverse

Standard

Yeast mitochondrial

Standard

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

reset TRANSLATE!

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

Standard v

reset TRANSLATE!




Translate

r&ymee1i

AFMPSVYAR-PERC-RQF-P-KT-KIFRYAIR-GSAAFIGGQOPYVDRTERFLOGIYRG-LPVPAFCCPEEKYWKRSE IMVECDGKOAKRRRKAGYH
EHQGTERSYSENTGNNAAGILCOYCKPICGSWNEKSKYRF-PET-LFIR-LCRRREQ-ICSNCSQIDCKKTWSNSI-PIIPIWRLWSWENTPGTGCW
S-SKKSVP--SCTLFII-KVYPAIYLCCQSTQTD-ICEFLSDGRCTDY--YPVLIRKISYAGQLLPYF-SPASERKTDYPYFR-GACRHYGYPRQNC
FPFOMGTECRNOQIAGPFYKKTDH-R-TKQRENCSSGRYAGLPCCRSQNQCKRTDWSN-LSDRLLYSI-ERP-S-IAERND-QNCCQPEKSOQYSLIOP
GSGL-LFRN-KRAAAFKNKKKRDRITKTACDVFLKRIHQFHLY -NR-RNGRKEPFYSNVCL-YHQRRIEN--RNQEIRKRSY-KNQTVNNH-ALK-L
KE-RIVVFFIFYLVLSLEVFFINTIMKIIMVCLGNICRSPLAEGIMKTKVPDNEFVVDSAGT ISLOEGEHPDERMNSLESGEYFGETNQMVNLEGLTIT
DTEYTHPYVDWHYHENAYFTFLLOGTMTEGNRKETYGCSAGTLLYHHWEDPHYN

p.

r&ymee2i

QKCLQFMRDNLNAAEDNSDLKKLEKSFOMLEFDKVQPLSLVANNLTLIVPSDFYKEY IEDNYLSLLSAALKKNIGKGVKLWY SVMENRPKGEEKPVTM
NIKGQSVPTPKTQETMPQGFSANIVNPEVVPGIRKVNIDSNLKPDYSFDSYVEGESNKFAATVARSTAKRPGATAFNPLFLYGGYGVGKTHLGQAVG
LEVENQFPDKVVLYLSSEKFIQQFISAAKAHKOQTEFANFYOMVDVLIIDDIQFLSGKSATQDSFFHIFDHLHQNGKQIILTSDKAPADIMDIQDRIV
SRFEWGLSAETKSPDLSTRRQITIEDKLSRDGIVLPGDMLDEF LAAEAKTNVRELIGVINSVIAYSTVYKRDLSLELLKETINRTARNQKKVINIPYIQ
EVVCDYFGIKKEQLLSKTRKREIALPRQLAMYFSKEFTNSTFTKIGEEMGGKDHSTVMYACDT IKDVSKIDKEIKKYVKDLTERTIKQ-IITEL-NN-
NEESLYSSFFI-FCR-KSFL-ILI-KY-WEFVWEIYAEVRWOKEL-KQKYRTTLW-TQQEPFHCTKENIRIKE-TAFVAANILGKPTIKWSIWKD-PSP
IRSILILT-TGIIMKMLISLEFYRAP-QKETEKKPTAVLQGHYCITIIGKIRTII

p

r&ymee3i

RNAFSLCAIT-TLLKTILTLKNLEKNLSICYSIRFSRFHWWPTTLR-SYRATIFTRNI-RIITCPCFLLEP-RKILEKE-NYGIL-WKTGQKAKKSRLP-
TSRDEAFLLREKOREQCRRDSLPIL-THLWFLE-EK-I-ILT-NLTIHSIVM-KEKAINLQQL-PDRLOKDLEQQHLTHY SYMEVMELEKHTWDRLLYV
LE-KISSLIKLYFIYHLKSLSSNLSLLPKHTNRLNLRISIEW-MY-LIMISSSYOENQLRRTASSIFLITCIRTENRLSLLOIRRIL.OTLWISKTELE
PVSNGDFLOKSNRRTFLOEDRSLEIN-AFTELFFREICWTSLLPKPKEM-EN-LE-LTQ-SLTLOYIRETLVLNC-KKRLTELLPTRKESSIFLTSR
KWEVIISELKKSSCFQKQEKERSHYQDSLRCISQKNSPIPPLLK-VKKWEEKT ILQ-CMLVIPSKTYRKLIKKSRNT-KILLKESNSK-SLSFKIIK
MENRCILOFLFSEVVESLEFYKY SYENINGLSGKYMQKSAGRRNYENKSTGQLCGRLSENHFTARRRTSG-KNEQEPS-RRIFWGH G SNGQFGRIDHIR
YGVYSSLRRLALS-KCLFHFSSTGHHDRERKQKRNLRLFCRDIIVSSLGRSAL-8

~ 3'5' Frame 1 |

RL-CGSSQ--YNNVPAEQP-VSFLEPSVMVECRREVE -AFS-—CQST-G-VYSVSVMVNPSKLTI-LVSPKYSPLRRLFILLSGCSPSCNEMVPAES
TTKLSGTEVFIIPSASCLLAIFPROTINIFI - VFIKKTFNDKTK-KMENTTILHFNYFKAQ LFTV-FFQ-DLLRIS-FLYQFSIRL-WYHKHTLL-
NGLFLPFLELF--RWNW-ILLRNT SQAVLVMRSLEFLELKARALF - FRNNHKPLPGCKEY -~ LESGHQQFC-SFLSAIQD-GLSYIL-SKRSLS-LL
QSVLLHWFWLRQQGSPAYLPEEQFRLCLVYLQ-SVFL-KGPAT-FLOKVPI-NGKOFCLGYP-CLOAPYLK-G-SVFRSDAGDQKYGRSCPA-LIFL
IRTGYHQ-SVHELPSDRNSQIQSVCVLWQOR-TAG-TFOMINKVOLYQGTDEFLLODOOPVEGVEFQLENLE TG IMG-MLLLOVELOS TWLOLLOTYCE
LLLENYRMNSQVSG-NLYLLFLFQE POMGLOYWORT PAALFEVESE-ERFVP—CSW-PAFLRLLACFPSQNTIISLLEQYFSSGQQKAGTGNYPLY T
PCKNRSVRST-GCWPEMKAREPYRIAYRKIFOVE-GONCLOQRSGYRA-TEGIS

\

~ 3'5' Frame 2 |
DYSADLPNDDT IMSLONSRRFLECFLLSWCPVEEK-NKHFHDNASTLRKDEYTPYR-WSTLPN-PFDWFPQNIRRYEGCSFFYPDVLLRAMKWFLLST,
PQSCPVLLFS-FLLPADFCIYFPDKPLIFSYEYL-KRLLTTKLNKK-RIQRFFILIILKLSDYLLFDSFSKIFYVFLDFFINFRYVFDGITSTHYCR
MVFSSHEFTYFSKGGIGEFF-ETHRKLSW-CDLSFSCF-KQLLFFNSETITNHFLDVRNIDDFFLVGSNSVNRFFQQFKTKVSLIYCRVSDH-VNYS
NQFSYIGFGFGSKEVQHTISRKNNSVSA-FIFNDLSSCRKVRRFDFCRKS PFETGNNSVLDTHNVCRRL T -SKDNLF SVIMQVIKNMEEAVILRS-F5—
~ELDTITNNQYIYHLIETRKFSLEVCFGSRDKLLDKLFR——IKYNFIRELIFYFKTNSLSQVCFSNSITST-E-WVKCCCSRSFCNRSGYSCCKETAF
SEYITIE-IVRFQVRIYIYFSYSRNHKWVYNTIGRESLRACFLCFRSRNALSLDVHGNRLFFAFWPVFHHERIP-FHSFSNIFLQGSRKQGQVITLYTF
LVKIARYDQRKVVGHY-KRLNLIE-HIERFFKFFKVRIVFSSVQVIAHKLKAFL

~ 3'5' Frame 3 |

ITVRIFPMMIQ-CPCRTAVGFFSVSFCHGAL-KKSETISIFMIMPVYVRMSTLRIGDGOSFOIDHLIGEF PKIFAATKAVHESFIRMESFEVQ-NGSC-VY
HKVVRYFCFHNSFCQRTSAYISQTNH-¥YFHMSTIYKKDE-RON-IKNEEYNDSSF-LF-SSVITYCLILSVRSFTYFLISLSIFDTSIMVSQAYITVE
WSFPPISSPILVKVELVNSFEKYIASCLGNAISLFLVFESSCSFLIPK-SQTTSWM-GIIMTFFWLAATLLIVSFSNSRLRSLLYTVE-AITELITP
ISSLTLVLASAARKSSISPGRTIPSLLSLSSMICLLVERSGDLISAESPHLKRETILSWISIMSAGALSEVRITICFPF-CR-SKIWKKLSCVADFPD
KNWISSIISTSTI--KFANSVCLCALAAEINCWINFSDDK-STTLSGN-FFTSRPTACPRCVFPTP-PPYRNNGLNAVAPGLFAIDLATVAANLLLS
PST-LSNE-SGFRLESIFTFLIPGTTNGFTILAENPCGIVSCVFGVGTLCPLMEMVTGESSPEGLESITEYHNEFTPFPIFFFRAAESRDR-LSSIYS
L-KSLGTINVRLLATNESG-TLSNSISKDFSSFLRSELSSAAFRLSRIN-RHFC




Predikce gent u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

2) Identifikace potencialnich ORF.

 Jak dlouhy ma byt ,,rozumny” ORF? Stop kodon se v nekodujici
sekvenci nahodné vyskytuje priblizné kazdych 20 kodonu. V Uvahu se
tedy berou ORF delSi nez tricet kodont (redlné i delsi).

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

~ 5'3' Frame 2 |

QKCLOFMRDNLNAAEDNSDLEKKLEKSFDMLEDKVQPLSLVANNLTLIVPSDEYKEYTEDNYLSLLSAAT.KKNTGKGVKLWY SVMENREPKGEEKPVTM
NIKGOQSVPTPKTQETMPOGFSANIVNPEVVPGIRKVNIDSNLKPDYSFDSYVEGESNKFAATVARSTAKRPGATAFNPLFLYGGYGVGKTHLGQAVG
LEVKNQFPDKVVLYLSSEKFIQQFISAAKAHKOTEFANFYOMVDVLIIDDIQFLSGKSATQDSFFHIFDHLHONGKQITILTSDKAPADIMDIQDRIV
SRFKWGLSAETKSPDLSTRRQITEDKLSRDGIVLEPGDMLDFLAAERAKTNVRELTIGVINSVIAYSTVYKEDLSLELLKET INRIAANQKKVINIFPYTIQ
EVVCDYFGIKKEQLLSKTRKREIALPROLAMYFSKEFTNSTFTKIGEEMGGKDHSTVMYACDT IKDVSKIDKEIKKYVKDLTERIKQ-ITTEL-NN-
NEESLYSSFFI-FCR-KSFL-ILI-KY-WEVWEIYAEVRWOKEL-KQKYRTTLW-TQOQEPFHCTKENIRIKE-TAFVAANTILGKPTIKWSIWKD-PSP
IRSILILT-TGITMEMLIST.FFYRAP-QKETEKKPTAVLOQGHYCITIGKIRTIT




Predikce gent u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

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

* Kéduje ORF protein podobny jiz popsanému proteinu?
* \/yskytuji se pred/za ORF typické signalni sekvence?

* Statistické parametry sekvence: preference kodonu, obsah GC

~ 5'3' Frame 2 |

QKCLOFMRDNLNAAEDNSDLKKLEKSFDMLFDKVQPLSLVANNLTLIVPSDEYKEYTEDNYLSLLSAATKKNIGKGVKLWY SVMENREFPKGEEKEFVTM
NIKGOQSVPTPKTQETMPQOGFSANIVNPEFVVPGIRKVNIDSNLKPDYSFDSYVEGESNKFAATVARSTIAKRPGATAFNPLFLYGGYGVGKTHLGQAVG
LEVKNQFPDEVVLYLSSEKFIQQFISAAKAHKQTEFANFYOMVDVLITDDIQFLSGKSATQDSFFHIFDHLHONGKQTI ILTSDKAFPADTIMDIQDRTIV
SRFKWGLSAETKSPDLSTRRQITEDKLSRDGIVLPGDMLDFLAAEAKTNVRELIGVINSVIAYSTVYKRDLSLELLKETINRIAANOKKVINIPYIQ
EVVCDYFGIKKEQLLSKTRKRETALPROLAMYF SKEFTNSTFTKIGEEMGGKDHSTVMYACDT IKDVSKIDKEIKKYVKDLTERIKQ-IITEL-NN-
NEESLYSSFFI-FCR-KSFL-ILI-KY-WEVWEIYAEVRWOKEL-KOQKYRTTLW-TQOQEPFHCTKENIRIKE-TAFVAANILGKPIKWSIWKD-PSP
IRSILILT-TGITMEMLISTL.FFYRAP-QKETEKKFTAVLOGHYCIIIGKIRTII




Open Reading Frame Finder

ORF Finder

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

— Choose Search Parameters

& Minimal ORF length (nt):

©  Genetic code: | 11. Bacterial, Archaeal and Plant Plastid

& ORF start codon to use:

ATG" only
'® "ATG" and alternative initiation codons
) Any sense codon

@ Ignore nested ORFs: [

—— Choose Search Parameters

Sequence

ORFs found: 136 Genetic code: 11 Start codon: "ATG" and alternative codons
|;:-,-<‘:31v|Find: V|<::I ¢|@‘@7@‘m E }&Toulsv|#Tracksv LDanluadv s ?v|
L 2k 4k |BK | 12k 4K JIEK  JiBkK (2K 22K |24k [2EK  [28K 3K 32K [ K  |BEK  [2BK (48K 42K 44K [4EK 48K |SBK  C34Eg

(U) ORFfinder 2.6.1526263

o @ o%
orF126 opFzz [ ORF3 orFz4 IEE W orFiz4 orFze IECEE orFe7 B ORF3@ orFse BEE IO orFize N orFizs orFis orF41 B ORF42
ORFZ1 3 orFue W joRFE3 W orFuz orrsz [ orFsz EEE EA orF1as orF7? Il ORF182 B orres M ORF72 W orFaL orFzz Il orFir @l ORFES =
orF4s I ORF23 orFsa 20 orrst E2E ORF133 orFza Il orFz1 orFil @ BN orFrl oRFez I orFic Bl B orFe7 orFis B EE
B ORF45 orF47 B ORF43 orF4 B orFs1l  OrRFs orFs4 @ W ORFL32 B ORFlEB ORFSZ orFize B ORFeS orF4e B ORFZE
orFz [l B orFu4 opFab B W orFez B orFre W ORFLBE orFs B B ORF7E M orFr4 oRFz4 B3 orFze B B orFE2 ORF4Z B orFL21
B ORF1L7 | orF113 B 0RF12E B orFLE HorF7e Bl orFiez orFs? @ orFaz @ ORFER orFet B orFzz @ H orF122 ORFEE
B oRrFLE orFes [l orFss @ orFs [l B orF7E B orFar [l ORFizs ORFSE ORFES ORF44
W ORFiil ORF? @ ORFSE I B ORFS9 ORF16 I ORF35 B ORFi24 I ORFEE ]
oRFS W W ORFlE5 B ORFLEL B oRF7E [ ORF129 ORF37 I ORFEE WORFL..
§ ORFE@ B oRFles oRF29 I ORF1Z W ORF78 W ORFL2Z 0 ORF126
B oRFle7 [ ORF184 orRFz: [l ORFLZ ORFES ESER ]
B ORF131 B orFee [ ORFS3 orF14 [l 0 oRFE7
Bl ORF127
orRF3s [
W ORF34
W ORF92
1 2k 4K, [8K 5 ek 12K 14K 6K I3K |28k 22K |24 K [26K  |28K 38K |32K (34K [36K  [38K  [4BK  [42K 4K 46K [48K |5k E346q

1: 1..53K (53,468 nt) /" 4% Tracks shown: 2/5

@  Minimal ORF length (nt

& Genetic code: | 11. Bacterigh=A+etfacal and Plant Plastid

& ORF start codon to use:

O "ATG" only
® "ATG" and alternative initiation codons

Ignore nested ORFs: ¥

ORFs found: 44 Genetic code: 11 Start codon: "ATG' and alternative codons Nested ORFs removed

5 21~ | Find: V|¢ I:>|Q@7 (@ () == %Toulsv |#Tracksv LDuwnluadv = P

¢
1 L - orF1 & 2k |4k 6K fisk  [2eK |22k |24k |26k [28K  [30K  [32K  [34K |35K  [38K |48k [42K |44 K

[46 K [48K |sek  cz4ed

(U) ORFfinder 2.6.1537427 - T o o %

B orF4d ORFL »> ORF3 BEW ORF4Z  ORFLB ORF31  ORFL orFz4 I EETEE ORF4H B orFae orF4 21 orF1z
ORF7 ORFS ORFz2 ORF23 ORF32 ORF36 ORF238  ORFl4 orFzs B orF: EE W orFz7
orFze ORFE9 ORFZ1 ORFZ3 ORF42 B orRFz7 orF1z B ORFZS orF1e Il ORFZE ORFE
I ORFE2 ORF3E ORF34 ORF17 ORF19
ORF3 ORF25

oRF2 I8 ORF1S 2
ORFLE I

1 |2k |4k |8k |2 fek] 12k 14K EK 12K [20K  [22K  [24K [3BK  [28K  |3K  [32K |34 K |3K  [3|BK 48K 42K 44K MEK  [48K [sBK  E346q

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




ORF Finder

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

=
;é;ﬂg:; LDKAIMNTRVENY STDVKHGQIQERKRNF IYKKNDDISSRF I ntrOd u Ctlo n

KLYSSLVEQKNATEDVVLIGKMILDEVRSYRT IHNDRNIVINSGNWKTSF
LCHLARLLYSTFHGSNYFCSREGENNSSSSTLLTIHQPEKQEL LQOKSTK

:t:gﬂﬁ;ﬁgﬁéﬂ:;gﬁg;g%g;g;g—fgg":i#:’gﬁgi:;ﬁ:;i SmartBLAST processas your protein query to prasent a concizse summary of the five best protein matches from well-studied reference species in
:ﬁg;hgi:ﬁi?gg‘;ﬁ;;::*"H}r“ﬂ:gt;m;Ei‘é’émztmig\fmﬁ the landmark database (described below). If possible, the matches will be from different organisms. If SmarnBLAST cannot find five matches in
g;éi;ﬁ%ggg;Egﬂgﬁt;ggg:gi:g&Eﬁmﬁﬁ’mggé the landmark database, it will uses matches from the protein non-redundant {nr) database. SmartBLAST produces these results using a
KWDRFQLRDINTLESFKKPQDYFFYQEMLLRWHYAAASDOVRINILKEY combination of an optimized BLASTP search, a new implementation of BLAST meant to find closely related matches, and a multiple alignment.
GEIYTDTDILPAYSDKVS)IINEKSDDKRFFEDLELRRIISESILSLIKG . . .

EKYSIKHDGLDETTLMQLNNILSEIEKLTIDDYFKPVETKVVRDTFKIFK Additionally, SmantBELAST presents Conserved Domain Database matches to your query. Additional matches to the nr database are presented
RYQEWTENTWNI RGHNNFMLTHEGEDF ILSGQEKGYLLQRIRDNISYNML .

FYTTEDLESLNNVALGGIPAKKYLEHELFSEYRQDGTIFYWWETLNISGR |DWEr mn the repl:lrt.

DMIMRQMEKYYKSLGRIGEVHIKDNKLSDWNF LGV YAS SHKDNKSFHWLI
PYEVGEINDITPDDESSWAVRNNDINKILFEKINCHVPEKMDEL RAQGYHF

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

Marked set ( 0 ) Landmark Database

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

available genomic assemblies for each organism with the following procedure. First, the most recent representative assembly from each
organism is identified. Second, all proteins annotated on each assembly are downloaded and compiled into the landmark BLAST database. The
result is a taxonomically diverse non-redundant set of proteins supported by genomic assemblies.

BLAST

BLAST Database:
| UniProtKB/Swiss-Prot (swissprot) v |

Query: unnamed protein product Query length: 531 aa
DOMAIN: bifunctional 2',3'-cyclic nucleotide 2'-phosphodiesterase/3’-nucleotidase periplasmic precursor protein cpd8 ]
——————=*Streplomyces coelicolor A3(2) nuclectidase m @ 000 e
* Deinococcus radiodurans Rt bifunctional 2',3'-cyclic nucleotide 2-phosphodiesterase/3"-nucleotidase periplasmic precursor protein C
+Bacillus subtilis subsp. subtilis str. 168
exported 2", 3-cyclic-nucleotide 2-phosphodiesterase, 2' (or 3') nucleotidase and 5" nucleotidase m |

= Shewanella oneidensis MR-1

%{ LEsche richia coli str. K-12 substr. MG1655 YOUT query: unnamed protein product

2'F cyclic nucleotide phosphodiesterase/3’ nucleotidase

bifunctional 2", 3'-cyclic-nuclectide 2'-phosphodiesterase/3 -nuclectidase CpdB m 000000 e
unknown
.|



Predikce genl u prokaryot — zakladni postupy

(bez vyuziti specializovanych program()

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

* Kéduje ORF protein podobny jiz popsanému proteinu?
* \/yskytuji se pred/za ORF typické signalni sekvence?
* Statistické parametry sekvence: preference kodonu, 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.



Obsah GC

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

Vv/

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

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

* Adaptace na vysokou teplotu? pece GCotee (%) e

thermophilic

Aerofrpram pernix 57.50 .40

v , , ? Archacoglobns fulgidus* 49.37 58.42

° d d k Methanobacierium thermoauiotropficam* 5046 36.59
A a pta Ce n a Z IVOt n I p O m I n y * Methanococens janmaschir 51.84 24.74
Pyrococous abyssa® 15,10 a0.51

Pyrococeus horikasfir 42 32 42 .97

B ase com os it i on Aquifex aealicus® 43,54 47.93
p Bacilfus subtilis" 44 32 44,61

. . Barrelia b.'a.rgdm_‘,l'?n"' 209,31 . a2

b I a S m I g ht resu I t Campylobacter jejunt® 32.82 18.96
ey s Chlamydia rridarm® 39.13% 0q 07

fro m com pet I t I 0 n for Chlamydia pneumontae" 41.30 3485
. Chlamydia trachomatish 41.61 34.30

m eta bo I Ic resou rces Deinococeus radiodurans” 65.72 f4.02
Escherichia coli® 5157 34,90

. . Haemophilus influenzae" 5876 29.09

Eduardo PC. Rocha and Antoine Danchin Helico ;m_&”{;_-;;”.,, 39 36 11,95
Mycobacterinm fuberculosis® (a8l 79.67

Mycoplasma genitalinm® 51.64 25.01

Mycoplasma prewmon faaet 41.05% 42 08

Neisseria meningitidis® 50,14 35.49

. . . . . Ricketisia prowazekii® 30,59 18.47
High guanine-cytosine content is not an adaptation Sweschocystis ap.* 1866 49,99
to high temperature: a comparative analysis Thermatoga .ur.-z.rir.f.lr.l:-r" 46.45 52 67
Treponema palfidum” 532.52 .10

amongSt pro karyOtes Ureaplasma urealyiicum" 55.20 16.97

Laurence D. Hurst'' and Alexa R. Merchant’ Fibrio choleras® 47.17 4008




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

orokaryotické genomy (25%-75%). Horizontal gene transfer: building the

web of life
Va I’I a b| I It 3 J en eJVy§ § I’ V t‘ri et I’ Shannon M. Soucy’, Jinling Huang? and Johann Peter Gogarten'>

, .o Abstract | Horizontal gene transfer (HGT) is the sharing of genetic material between
kOdonove pOZ|C| (G C )_ organisms that are not in a parent-offspring relationship. HGT is a widely recognized
3 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
Ad t k t I t ? disease-causing organisms. In this Review, we describe how HGT has shaped the web of life

a p a Ce n a VyS O O u e p O u . 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

Ad a pta Ce n a iivot n |’ pOd m |,n ky? on ancestral populations and existing populations such as the human microbiome.

Vyuziti: identifikace genu
ziskanych horizontalnim
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!



Metody predikce genU

* Dva hlavni pfistupy: 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)

= nejspolehlivejsi predikce. problém — unikatni geny bez znamych homologt (vétsinou
nejzajimavéjsi).

* Kombinace obou postupu

* Specializované predikcni programy



Predikce genu u prokaryot

Markovovy modely

* Markovlv proces: Proces bez paméti, Student se vyskytuje ve dvou stavech.

tj. stav systému v budoucnu zavisi
pouze na soucasném stavu. Soucasny
stav udava pravdépodobnost, s jakou
systém prejde do jinych stavu, pricemz
nezalezi na tom, jak se systém do

soucasného stavu dostal. Nebo jinak:
Soucasny stav zavisi pouze na minulém stavu.

Budouci stav zavisi pouze na souasném stavu.

1N
U@L

Spokojenost studenta:
Jak se bude citit zitra?

Spokojenost studenta:
Jak se bude citit zitra?

Nékolik dni ho pozorujeme:

Lo eU

Vytvorime Markoviv
model popisujici

studenta

100%

5%
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Markovovy modely

* Markovlv proces: Proces bez paméti, Student se vyskytuje ve dvou stavech.
tj. stav systému v budoucnu zavisi Nékolik dni ho pozorujeme:
pouze na soucasném stavu. Soucasny

Y 'Y
stav udava pravdépodobnost, s jakou 0o 0o 0o
systém prejde do jinych stavd, pricemz \\_/) \\_/) &J)
nezalezi na tom, jak se systém do

souvcaspeho §tayu dostal. Nebo jinak: VytvoFime Markoviiv
Soucasny stav zavisi pouze na minulém stavu.

, . . model popisujici
Budouci stav zavisi pouze na soucasnem stavu.
studenta

Spokojenost studenta: . . \.D -
Jak se bude citit zitra? N7 100%

Spokojenost studenta: \OD . \09 0% (N
Jak se bude citit zitra? N\ N\ v
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Markovovy modely

* Markovlv proces: Proces bez paméti, Student se vyskytuje ve dvou stavech.
tj. stav systému v budoucnu zavisi Nékolik dni ho pozorujeme:
pouze na soucasném stavu. Soucasny

Y N Y
stav udava pravdépodobnost, s jakou 0o 0o 0o
systém prejde do jinych stavd, pricemz \\_/) \\_/) \
nezalezi na tom, jak se systém do

souvcaspeho §tayu dostal. Nebo jinak: VytvoFime Markoviiv
Soucasny stav zavisi pouze na minulém stavu.

, . . model popisujici
Budouci stav zavisi pouze na soucasnem stavu.

studenta
Spokojenost studenta: . . \.D
Jak se bude citit zitra? N7

Spokojenost studenta: \OD . \09 (N
‘ | 25%
Jak se bude citit zitra? N—/ N7 v °

75%
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Markovovy modely

* Markovlv proces: Proces bez paméti, Student se vyskytuje ve dvou stavech.

tj. stav systému v budoucnu zavisi
pouze na soucasném stavu. Soucasny
stav udava pravdépodobnost, s jakou
systém prejde do jinych stavu, pricemz
nezalezi na tom, jak se systém do

soucasného stavu dostal. Nebo jinak:
Soucasny stav zavisi pouze na minulém stavu.

Budouci stav zavisi pouze na souasném stavu.

1N
U@L

Spokojenost studenta:
Jak se bude citit zitra?

Spokojenost studenta:
Jak se bude citit zitra?

Nékolik dni ho pozorujeme:

Lo eU

Vytvorime Markoviv
model popisujici

studenta

100%
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Markovovy modely

o var o Sekvence znamych genli
* Markovuv proces: Proces bez paméti, tj. stav

systému v budoucnu zavisi pouze na
soucasném stavu. Soucasny stav udava
pravdépodobnost, s jakou systém prejde do l VytvoFeni modelu

jinych stavu, pricemz nezalezi na tom, jak se

systém do soucasného stavu dostal. Nebo

jinak: Soucasny stav zavisi na minulém stavu.

atg ctg gtg att gtg gat gcc gtt acc ctg
ctg agc gcc tat ccg gaa gcc agc cgt gat

» Kodujici sekvence ma jiné rozlozeni
nukleotid( nez nekédujici. Kédujici sekvence
neni nahodna. Vyskyt dané baze v sekvenci
zavisi na predchazejici bazi.

* Lépe: Vyskyt baze v sekvenci zavisi na k pfedchazejicich bazich (Markovovy
modely vyssich rada). Kédujici sekvence je slozena z kodon( (triplety). Lépe ji
tedy popisuje Markoviv model druhého radu (vyskyt baze v sekvenci zavisi
na dvou predchazejicich bazich), neboli distribuce tripletd (kodon) v kédujici
sekvenci neni nahodna. Statistika dale pravi, Ze dvojice kodon(i maji tendenci
korelovat, jesté |épe tedy funguji Markovovy modely patého radu, neboli
distribuce hexamer v kddujici sekvenci je mnohem méné nahodna. Kédujici
oblast odhalime presnéji.
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Markovovy model
W / Sekvence znamych genu

@

Vytvoreni modelu

°

* Markovlv proces: Proces bez paméti, tj. stav
systému v budoucnu zavisi pouze na
soucasném stavu. Soucasny stav udava
pravdépodobnost, s jakou systém prejde do
jinych stavu, pricemz nezalezi na tom, jak se
systém do soucasného stavu dostal. Nebo
jinak: Soucasny stav zavisi na minulém stavu.

» Kodujici sekvence ma jiné rozlozeni
nukleotid( nez nekédujici. Kédujici sekvence
neni nahodna. Vyskyt dané baze v sekvenci
zavisi na predchazejici bazi.

* Lépe: Vyskyt baze v sekvenci zavisi na k pfedchazejicich bazich (Markovovy
modely vyssich rada). Kédujici sekvence je slozena z kodon( (triplety). Lépe ji
tedy popisuje Markoviv model druhého radu (vyskyt baze v sekvenci zavisi
na dvou predchazejicich bazich), neboli distribuce tripletd (kodon) v kédujici atgeggatgatetgetgeateegagetgtegteegg
sekvenci neni nahodna. Statistika dale pravi, Ze dvojice kodon( maji tendenci aaagatcattattggegeagegatytgotggeggegggegega Které casti zkoumaneé

(I;(_)rel_gvat, Jheste Iepen tecliyf;ugglun I?(/Iarquovy mohdely paltetlo fidl:j, n’ebo,I:j o ccacctgtaccgecgattttgeggtatacgategtaatagcac  sakyence odpovidaji
istribuce hexamert v kédujici sekvenci je mnohem méné nahodna. Kédujici cgtgageggttattttegttgggaaaccagcattgaaattgeg

oblast odhalime pfesnéji. ggcagccagccggataccaaacagccgggctttaaaccgagca m od e | u- jso u
gcgatcgcaatggcaactttagcctgeccgecgaatacegectt

taagcgatag kod Uj ici?
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Markovovy modely

LINWVERSITY

G L I M M E R fl ‘:I‘ MPUTATIONAL BIOLOGY

Microbial Gene-Finding System

y y
CCE » Software » Glimmer

ABOUT GLIMMER

Glimmer is a system for finding genes in microbial DNA, especially the genomes of bacteria, archaea, and viruses. r—

Glimmer (Gene Locator and Interpolated Markov ModelER) uses interpolated Markov models (IMMs) to identify the G

coding regions and distinguish them from noncoding DNA. The IMM approach is described in our original Nucleic Acids

Research paper on Glimmer 1.0 and in our subsequent paper on Glimmer 2.0. The IMM is a combination of Markov

models from 1st through 8th-order, where the order used is determined by the amount of data available to train the
model. In addition, the positicns used as context for the model need not immediately precede the predicted postion
but are determined by a decision procedure based on the predictive power of each positicn in the training data set
(which we term an Interpolated Context Model or ICM). The models for coding sequence are 3-periodic
nonhomogencus Markov models. Improvements made in version 3 of Glimmer are described in the third Glimmer

Sekvence znamych genu

Vytvoreni modelu

paper.
Glimmer was the primary microbial gene finder used at The Institute for Genomic Research (TIGR), where it was first —
developed, and has been used to annctate the genocmes of thousands of bacterial, archaeal, and viral genomes around G—
the world.

http://ccb.jhu.edu/software/glimmer/index.shtml

Microbial gene identification using interpolated Markov
models
Steven L. Salzberg’-2*, Arthur L. Delcher?, Simon Kasif* and Owen White!

The Institute for Genomic Research, 9712 Medical Center Drive, Rockville, MD 20850, USA, 2Department of atgcggatgatcthtgcatccgagCtgtcgtccgg

Computer Science, Johns Hopkins University, Baltimore, MD 21218, USA, 3Department of Computer Science, Loyola aaagatcattattggcgcagcgatgtgctggecggecgggcgega
College in Maryland, Baltimore, MD 21210, USA and “Department of Electrical Engineering and Computer Science, ccacctgtaccgccgattttgcggtgtgcgatcgtgatggc ac

University of lllinois at Chicago, Chicago, IL 60607, USA cgtgagcggttattttcgttgggaaaccagcattgaaattgcg
ggcagccagccggataccaaacagccgggctttaaaccgagceca
gcgatcgcaatggcaactttagcctgeccgecgaatacegectt
taagcgatag

Které casti zkoumané
sekvence odpovidaji
modelu - jsou
kdduijici?
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* Markovlv proces: Proces bez paméti, tj. stav
systému v budoucnu zavisi pouze na
soucasném stavu. Soucasny stav udava
pravdépodobnost, s jakou systém prejde do
jinych stavu, pricemz nezalezi na tom, jak se
systém do soucasného stavu dostal. Nebo
jinak: Soucasny stav zavisi na minulém stavu. “

* Prokaryotické geny: typické, atypické

* Typické: 100 az 500 aminokyselin, zastoupeni

nukleotid( typické pro dany organismus. (_/
Atypické: kratsSi nebo delsi, odliSné zastoupeni
nukleotid( (mozny horizontalni prenos gena).

Pro presny popis vsech genl v genomu jsou nutné dva Markovovy
modely. Moznym resSenim je také vyuziti skrytych Markovovych
modeld.
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Skryté Markovovy modely

e Skryty Markovuv model: Jednotlivé /
stavy mohou generovat rlizné znaky
s definovanou pravdépodobnosti.
Stavy jsou skryté, vidime pouze znaky,
které generuji.

DDHLLSLDDHHHHDHDHDHSLLLDL

Jaky je nejpravdépodobnéjsi prichod
skrytymi stavy?

DDHLLSLDDHHHHDHDHDHSLLLDL < .
WINANAVAVININANNE 111111 -1 ] NANANININAIY,
D: 0,1 D: 0,2
S: 0,3 S: 0,05
H: 0,1 H: 0,7
L: 0,5 L: 0,05
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Skryté Markovovy modely Znamé geny, genomy

e Skryty Markovuv model: Jednotlivé /
stavy mohou generovat rlizné znaky
s definovanou pravdépodobnosti.
Stavy jsou skryté, vidime pouze znaky, ORF
které generuji.

x

X
O

gttccggatgcggatgatctgectgcatccgagetgtecgteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgecgattttgeggtgtgecgatcgtgatggceca
ccgtgagcggttattttcecgttgggaaaccagcattgaaattgcgggcagccageccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgeccgaataccgec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

4

Jaky je nejpravdépodobnéjsi prichod
skrytymi stavy?

gttccggatgcggatgatctgectgcatccgagectgtegteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgeccgattttgecggtgtgecgatcgtgatggeca
ccgtgagcggttattttecgttgggaaaccagcattgaaattgcgggcagccagccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgecgaataccgcec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

MRMICCIRAVVRKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSI
EIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKR

o° o° oP°

QOadp
o o° oP°
Q6 Aa Yy

o°
o°
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Skryté Markovovy modely Znamé geny, genomy

e Skryty Markovuv model: Jednotlivé /

stavy mohou generovat rlizné znaky
s definovanou pravdépodobnosti. ©-0 00

Stavy jsou skryté, vidime pouze znaky, 0-0,0 @
které generuji. \

X
x

gttccggatgcggatgatctgectgcatccgagetgtecgteccggaaagatcattattggegecage 9/
gatgtgctggcggcgggcgcgaccacctgtaccgecgattttgeggtgtgecgatcgtgatggceca 0
ccgtgagcggttattttcecgttgggaaaccagcattgaaattgcgggcagccageccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgeccgaataccgec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

4

Jaky je nejpravdépodobnéjsi prichod
skrytymi stavy?

gttccggatgcggatgatctgectgcatccgagectgtegteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgeccgattttgecggtgtgecgatcgtgatggeca
ccgtgagcggttattttecgttgggaaaccagcattgaaattgcgggcagccagccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgecgaataccgcec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

X
O

»

Q@ A
o o° od° oP

MRMICCIRAVVRKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETST
ETIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKR
Protein t¥idy 1, typicky

A: %
T: %
G: %
C

QO QA py
o° o° o°

o°
o°
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Skryté Markovovy modely

e Skryty Markovuv model: Jednotlivé
stavy mohou generovat rlizné znaky
s definovanou pravdépodobnosti.
Stavy jsou skryté, vidime pouze znaky,
které generuji.

gttccggatgcggatgatctgectgcatccgagetgtecgteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgecgattttgeggtgtgecgatcgtgatggceca
ccgtgagcggttattttcecgttgggaaaccagcattgaaattgcgggcagccageccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgeccgaataccgec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

4

Jaky je nejpravdépodobnéjsi prichod
skrytymi stavy?

gttccggatgcggatgatctgectgcatccgagectgtegteccggaaagatcattattggegecage
gatgtgctggcggcgggcgcgaccacctgtaccgeccgattttgecggtgtgecgatcgtgatggeca
ccgtgagcggttattttecgttgggaaaccagcattgaaattgcgggcagccagccggataccaa
acagccgggctttaaaccgagcagcgatcgcaatggcaactttagecctgeccgecgaataccgcec
tttaagcgatagctctatgcgaacgcgttgcggatcgtcagatctgaaactgtttatt

MRMICCIRAVVRKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETST
ETIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKR
Protein t¥idy 1, typicky

c n
99.5% 99%
coding 0.5% non coding
A =30% —> A=10%
T=30% T=10%
C=20% ¢ 1% C=40%
G=20% G=40%

(a)

ATTACGTTGACATTAGCAATATCATAGAACAAATCATCGGGGCAGGATACCGCCGACCTGCAGGG

cceccooccoecceceoccocococecceccoceececececececececececeonnnnnnnnnnnnnnnnnnnnnnnnnnnn

—

/0 0

(o@f;@ ® © ©

Current Bivinformatics, 2007, 2, 49-61

Hidden Markov Models in Bioinformatics
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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
seqguences, 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

Recelved 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
annotated predicted prediction (o) penes (%) genes (¥e)

A fulgidns 2407 2530 711 10.8 (2.0} 15.1

B subrilis 4101 4384 .5 I6(2E) 9.8
Ecoli 4288 A 754 50027 8.2
H.influenzae ITIE 1840 B6.7 3B 10.2
H plowi 1566 1612 ™7 6.0(4.4) 8.7

M. genitalium 467 509 TE.A4 99(1L.7T) 17.3
M_jamnaschi 1680 1541 LT 4.6 (0.H) 129
M_preumoniae 6LTE T34 T0.1 TE{4.1) 136
M.thermoquthoiropiienm 1369 1944 e 501(3.5) 8.6
Synechocystis 3169 3360 2.6 401(1.5) o4
Averaged 21 943 23 194 TE.1 54(2.T) 14

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 perceniages. The data shown are the results obtained after post-processing
procedure (RBS recognition).
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Skryté Markovovy modely

GeneMark.hmm PROKARYOTIC (Version 3.26)
Date: Wed Feb 12 @8:45:26 2820

Sequence file name: seg.fna

Model file name:

fhome /genemark/parameters /prokaryotic/Salmonella_enterica_serovar_T

GeneMark_hmm_combined.mod

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

Gene Strand LeftEnd RightEnd Gene
# Length
1 - 598 1155 558
2 + Faal 4088 leas
3 + 4316 5@%2 TT
4 + 5478 2686 129
5 + o587 G589 183

»gens_1|GeneMark.hmm|185_aa|-|598|1155 »empty-fasta-def-line
MMAQVGDKLEYIDLL LIHSPLPGKTKRLESWKVLQDAVE KGWIKNIGYSNYGKHHIEELL
THATIPPAVNQIEISPHCMRODLATWCLSKGINVEAYAPLTHGNKLQVNNTEFQEIMQKY
NESAAQTLIKWSLOKGYIPLPKTKTPSRLKENLSYDDFELTHNEETKAIDQPDAYEPTDWE
CTDAP

»gens_2|GeneMark.hmm|335_aa|+| 3001|4008 »empty-fasta-def-line
MATKIGINGFGRIGRLVLRVALGRKDIEVVAVNDPFIAPDYAAYMFKYDSTHGRYKGEVT
ASGDDLVIDGHKIKVFQERDPANIPWGKSGVDYVIESTGVFTHLEGAQKHIDAGAKKNVIT
TAPSADAPMFVVGYNEDKYTPDLKIISNASCTTNCLAPLAKVYNDTFGIEEGLMTTVHSI
TATQKTVDGPSHKDWRGGRTASGNIIPSSTGAAKAYVGKVIPELNGKLTGMSLRVPTTOVS
VVDLTVRLEKKAASYEETAQAIKKASEGP LKGVLGYTEDAVVSTDFLGSSYSSIFDEKAGT
LLSPTFVKLISWYDNEYGYSTRVVDLLEHVAKASA

»gens_3|GeneMark.hmm|258_aa|+| 4316|5092 rempty-fasta-def-line
LITNQTFKIYKSNSSLSSSIKLTKKQLEKFRITLCKY LYQRYQQTLQIEDDLLVQYELYR
DIVPELTIVYMNNSIEEHSQYKIQYLIIKCANMRLISROVFIFVSNDDDFTLVLNRITNHPS
IMEYILELLEDINDYPLIIKPLDLPDYLIPNLVDQLGNKLDSLGDLQLVYSSSTSNRLRN
FIIDIPKMDLPKLSSDGK LY QDIVEFMYNNTKIKFEKLRIEKFINNLINIASDGKFKLII
NDMQLIWFLIESIKSSLQ

»gene_4|GeneMark.hmm|42_za|+|5478|56086 »empty-fasta-def-line
MIFPQLPQLKKNILTNKERLQKTHTTLLKEPNMMKLEKPLNL

»gene_5|GeneMark.hmm|60_za|+|6507 6689 rempty-fasta-def-line
VAFYTPTFRKHSQKVONNNKLLLMYTKIQTTIGFSKELEDNLIMILLWTPLTLNIFLTVCM

ormation: Salmonella enterica_serovar_Typhi_Ty2

Enter sequence (FASTA or multi FASTA format)

TATTCCAGCTCCAGTOTCTAAATCTGAATATGAAGTTGCATETTATGATAATTTGACTATTGETGA
TCCTARAGATAATTGRACTGT TGARATTATOGAACAAGCAAGTOAT GAAGATARAATGAGATTACA
TCCTTTGACTTCGTCATTTAGAT TGAAGAAT CAAGTGATGAATTGTTATTTGGGGGTCACTGATAL
TACATTACCTCAATGEEGETTCAGACAAGAT GAAGTTGTTTET TACAAGAACCCATTTAARAAAGA 7
CAAGAGAACTTG &

or, upload file: Choose File | No file chosen

Select species

Salmonella_enterica_serovar_Typhi_Ty2 v

Start Ge

Salmonella_enterica_serovar_Choleraesuis_SC_BB7 -
Salmonella_enterica_serovar_Dublin CT 02021853
Salmonella_enterica_serovar_Enteritidis_P125109
Salmonella_enterica_serovar_Gallinarum_287 91

Salmonella_enterica_serovar_Heidelberg_SL476
Salmonella_enterica_serovar_Newport_SL254
Salmonella_enterica_serovar_Paratyphi_A_AKU_12601 1

sults

Salmonella_enterica_serovar_Paratyphi A ATCC 9150
Salmonella_enterica_serovar_Paratyphi B SPB7
Salmonella_enterica_serovar_Paratyphi_C_RK34554
Salmonella_enterica_serovar_Schwarzengrund_CWVM19633
Salmonella_enterica_serovar_Typhi_CT13
Salmonella_enterica_serovar_Typhi_Ty?2 pkaryotic

Switch off ge

Salmonella_enterica_serovar Typhimurium_LT2 3
Sanguibacter_keddieii_D3M_10542

Sebhaldella_termitidis_ATCC_33386
Segniliparus_rotundus_DSM_44935

Selenomonas_sputigena ATCC_ 35185

Serratia_ AS12

Serratia AS9 i T
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Co kdyZ neni model pro muj organismus v seznamu G

e Lze pouzit model pro blizce pribuzny organismus.

* Lze vyuzit heuristicky model (pro kratké sekvence).

dlouhé sekvence).

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
parameters of inhomogeneous Markov_models_of protein coding_regions. was _proposed in
1999, The heuristic method utilizes the observation that parameters of the Markov models
used in GeneMark can be approximated by the functions of the sequence G+C content.
Therefore, a short DNA sequence sufficient for estimation of the genome G+C content (a
fragment longer than 400 nt) is also sufficient for derivation of parameters of the Markov
models used in GeneMark and GeneMark.hmm. Models built by the heuristic approach could

Markovovy modely

GeneMark.hmm PROKARYOTIC (Version 3.26)

Date: Wed Mar 25 18:89:88 20820
sequence file name: seq.fna

Model file name: /homz/genemark/parameters/prokaryotif/Escherichia_coli_ BL21_Gold_DE3_plysS_AG_/GeneMark_hmm_combined.mad

RES: true

eneMa rk? Model information: Escherichis_coli_ BL21_Gold DE3_plLysS_AG_

FASTA definition line: empty-fasta-def-line

Predicted genes

Gene Strand
#

1 +

2 +

3 -

4 -

5 +

4] +

7 -

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

GeneMark.hmm PROKARYOTIC (Version 3.26)

<3
318
1698
255a
4249
3313
596@

Date: Wed Mar 25 18:13:@5 2020

Sequence file name: seq.fna

LeftEnd

RightEnd Gene Class
Length

314 312 1
1684 1287 1
2471 774 1
3980 1431 1
5282 954 1
5903 591 1

»6244 2853 1

Model file name: /home/genemark/parameters/prokargfotic/Pseudomonas_aeruginesa_PAO1/GeneMark_hmm_combined.mad

RES: true

Model information: Pseudomonas_seruginosa_PAOL

FASTA definition line: empty-fasta-def-line

Predicted genes

Gene Strand LeftEnd

#

1 + <3
2 + 318
3 - 16928
4 - 2558
5 + 43249
[ + 53313
7 - 5968

De used to rnd genes in small fragments of anonymous prokaryoutic 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.

RightEnd

314
1604
2471
3280
5202
5903

>6244

Gene Class
Length
312
1287
774
1431
954
591
285

Heuristickeé reseni — priblizné reseni zaloZené na
zkusenosti, pouceném odhadu nebo empirickych
poznatcich. Da nam rozumné vysledky rozumné rychle.



Metagenomy

Mnoho organismu nelze ziskat v izolovaném stavu.

Padni spoleenstva, morska spolecenstva, strevni
mikrobiom.

Metagenomika se zabyva sekvenacemi komplexnich
vzorka.

LA metagenomic sample is a heterogeneous mixture of
rather short sequences originated from a shotgun
sequencing of a microbial community. A vast majority
(99%) of microbial species in a given community are likely
to be non-cultivable.”

MetaGeneMark

Predikéni program specializovany na metagenomy

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

Culturing-based genomics

/ Samples collected from envir
|

[ Uncultured genomics I

ilé%

Isolated single-cells

Binning mougonomlc
contigs

Auemhle genome sequences

Garza & Dutilh 2015



Predikce genU u prokaryot

Markovovy modely

Co kdyZ neni model pro muj organismus v seznamu GeneMark?

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

e Lze vyuzit ,self-training” algoritmus (pro dostatecné
dlouhé sekvence).

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
parameters of inhomogeneous Markov_models_of protein coding_regions. was _proposed in
1999, The heuristic method utilizes the observation that parameters of the Markov models
used in GeneMark can be approximated by the functions of the sequence G+C content.
Therefore, a short DNA sequence sufficient for estimation of the genome G+C content (a
fragment longer than 400 nt) is also sufficient for derivation of parameters of the Markov
models used in GeneMark and GeneMark.hmm. Models built by the heuristic approach could
De used to rnd genes in small fragments of anonymous prokaryoutic 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.

* Vzdycky premyslim, jestli je GeneMark vlastné pojmenovéan
podle Markovovych modell nebo podle $éfa skupiny...

GeneMarkS: a self-training method for prediction of
gene starts in microbial genomes. Implications for
finding sequence motifs in regulatory regions

John Besemer', Alexandre Lomsadze'? anorodovsky'ﬁ’*

Finding initial
SROUENCE PATSE -
Identily coding
regions with core
Genebark.hmm
20

Hauristic modal ; Initial
building - maultipls alignmant o
}MUI : E'E upsiresm SEqUEnCES STEFS
parameters of ity Gibks sam@ling
haiuristic modets
Input:
Anonyrmous
pensmic
e T T T T T
agular predicion Main
step - Predict
coding regions —~— CFGIE
watth Tull
GeneMark,hmm
20 Convergence
5 check
Ragular model
bullding step - _TE yes Oulgut:
—— Define parametars —— Final
ol pseudanalive SEQUENGE
models and RBS, parse




Running the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) onwyour own data

U.S. National Library of Medicine
National Center lor Biotechnology Information

NCBI Minute: Rurning the NCBI PGAP on Your Own Data

PGAP is now available as a stand-alone software package. You c nnotate your genomes on your own
machine, local cluster or the Cloud! Get started by watching a short video!

NCBI Prokaryotic Genome Annotation Pipeline

The NCBI Prokaryotic Genome Annotation Pipeline (PGAP) is designed to annotate bacterial and archaeal genomes
(chromosomes and plasmids).

Genome annotation is a multi-level process that includes prediction of protein-coding genes, as well as other functional genome
units such as structural RNAs, tRNAs, small RNAs, pseudogenes, control regions, direct and inverted repeats, insertion
sequences, transposons and other mobile elements.

NCBI has developed an automatic prokaryotic genome annotation pipeline that combines ab initio gene prediction algorithms with
homology based methods. The first version of NCBI Prokaryotic Genome Pipeline was developed in 2001 and is regularly
upgraded to improve structural and functional annotation quality (LI W, O'Neill KR et al 2021, Haft DH et al 2018, Tatusova T et al
2016). Structural and functional annotation uses Protein Family Models, a hierarchical collection of evidence composed of Hidden
Markov Model-based and BLAST-based protein families (HMMs and BlastRules) and Conserved Domain Database
architectures{(CDDs). HMMs, BlastRules and CDDs are used to assign names, gene symbols, publications and EC numbers to the
prokaryotic RefSeq proteins that meet the criteria for inclusion in a family. HMMs and BlastRules contribute to structural
annotation.

https://www.ncbi.nlm.nih.gov/genome/annotation_prok/

Anotace genomu u prokaryot

CRISPR Small ncRNA

predictions gene predictions

CODING GENES STRUCTURAL ANNOTATION

ORFfinder

o
Homology-based predictions
v
GeneMarkS2+

with hints

v

Selected ab
initio models

Homology-based

models
including pseudogene, partial
genes, and selenoproteins

Structural annotation of coding genes feeds into functional annotation

J



Anotace genomu u prokaryot

Running the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) onwyour own data

U.S. National Libi f Medici N . i @ .
m) B ot o Bsechntioy Woeat Structural annotation of coding genes feeds into functional annotation

NCBI Mimute: Running the NCBI PGAP on Your Own Data

FUNCTIONAL ANNOTATION

Name by BlastRules  ~— >

PGAP is now available as a stand-alone software package. You c nnotate your genomes on your own

machine, local cluster or the Cloud! Get started by watching a short video! fj‘;
. . C Yes \
NCBI Prokaryotic Genome Annotation Pipeline Name by HMMs ?
No

The NCBI Prokaryotic Genome Annotation Pipeline (PGAP) is designed to annotate bacterial and archaeal genomes

I
[
I
I
I
I
I
I
:

(chromosomes and plasmids). : \l, Yos Named
| Name by domain architectures ~——> Proteins
|
I
I
I
I
I
I
I
I

Genome annotation is a multi-level process that includes prediction of protein-coding genes, as well as other functional genome

units such as structural RNAs, tRNAs, small RNAs, pseudogenes, control regions, direct and inverted repeats, insertion No
sequences, transposons and other mobile elements. \lf
Yes
NCBI has developed an automatic prokaryotic genome annotation pipeline that combines ab initio gene prediction algorithms with Name by protein homology _ﬁ
homology based methods. The first version of NCBI Prokaryotic Genome Pipeline was developed in 2001 and is regularly No

upgraded to improve structural and functional annotation quality (LLW,_O'Neill KR et al 2021, Haft DH et al 2018, Tatusova T et al \y

2016). Structural and functional annotation uses Protein Family Models, a hierarchical collection of evidence composed of Hidden ) . _ . Yes
Markov Model-based and BLAST-based protein families (HMMs and BlastRules) and Conserved Domain Database Name by identity to existing proteins ——>
architectures{(CDDs). HMMs, BlastRules and CDDs are used to assign names, gene symbols, publications and EC numbers to the

prokaryotic RefSeq proteins that meet the criteria for inclusion in a family. HMMs and BlastRules contribute to structural fomsmsssmssssssss s s s s s s s s s ‘
annotation.

https://WWW.ncbl.nIm.n|h.gov/genome/annotatlon_p rOk/ * Mnoho informaci je pouze PREDIKOVANO (s vyuZitim bioinformatiky). Je nutné vyvarovat se

slepého spoléhani na informace uvedené v databazi!

* Chyby se mohou 3ifit — nové sekvence s neznamou funkci jsou asto anotovany na zakladé
sekvencni podobnosti s jiZ existujicimi zaznamy v databazi! Chybna anotace muZe ovlivnit celou
skupinu podobnych sekvenci!



Predikce genu 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 cloveka pripada priblizné na 100 kbp.

>/tmp/02_12_20-11:25:12.fasta|GENSCEN predicted_peptide_2|262_aa
MGENWGASDTGDERAKPDPAMACSPEVPGRLLVGODTAPRGGRAEVTGSRGDGHHRFPALAP
DRHREPRPEQGGTQPAEGRGLDSHETEETEKGEMEEMETGKTEGREEMEKGELGENGRAS
DAGMRQSQTQPRSAVPREDTAPGGAGGLYDSEPGKEQRPEVVESTVETGRPAQAEGSDET
RHRSPVCRSPETHILWLTAVRPLGRRRPHVAQTAPLGLKFPADKATHPARRCCVATAEGER
TTFPMTHGQTLAQQGSLRPGAV

>/tmp/02_12_20-11:25:12.fasta|GENSCEN predicted peptide 311286 aa
et XRPLVPSPAEERVINLPAVVVASSFLLSHLSVGVGVPCATVDARDFVCLASPPQQHHHVG
LGAGGVSCSGSYSEEGLEPGSGTHIHQLGPPVSSFVFPATLLEILINSRIWSAGWEI SVW
QOSGAWFIDGAFPLRPHGVEGACGCPLYWKGPLEYGAGGERTGSVSVHKFVAMWREKILONC
HDDAAKFVHLLMSPGCNY LVQEDEVPFLQRPHRTPHGRAGVYTTRLVSSHEQDVVNTHEG
LSFLEEASEFHSRYITTVIQRIFYAVNRSWSGRITCAELRRSSFLQPGGLGASPQRPRAQ
AAWVLWONVALLEEEADINQLTEFFSYEHFYVIYCKFWELDTDHDLLIDADDLARHNDHG
QDAVCGRAARLFLTHCGLEKRGARPWLVRPRDTGDRRDGRPGCGTFSWPKLTATVLSLLEEV
AVPLRPEYSALYKSVLEPRSALRSVDFMLDLALLDGKACPFYQDDRQDLLRSSHTVRTAQ
APDGSHCPCEDPGPSPHRCLTGREVQKEGKISYADFVWFLISEEDKKTPTSIEYWFRCMD
LDGDGALSMFELEYFYEEQCRRLDSMAIEALPFQDCLCQMLDLVEPRTEGKITLQDLERC
KLANVFFDTFENIEKY LDHEQKEQISLLRDGDSGGPELSDWEKYAREEYDILVAEETAGE
PWEDGPGGRLPSRSGSDVGHGHRSPRPSDFGARONTFWLPLGSRPMGSMDVHENPCSEIS
RPVRFLPSSTGPLRPTLGRLSCVSVLLVVIVCTVALTWQPTSGSPQLPSLCLLLSDTLRQ
LWPPDLAWMVSTPTAARLCVCGTASSTLGSTAFTVSTPAPAVGRQRPPPGRFVEPASSER
SALLAQRLELEVGSGDCLVLEVGGRAARCVSRKTAQGLLRARGHVFATIPSLOVRGRAQPCG
AFRAECARALPAGPEALLRGALTAGRRGPVRVRMRGRGPGAARVTPPARTPPRGRSPPWVEGPE
ASVERVRVRITVIGGSRAPQSWIGASTTGCVNVLCKRTKPELAITLVRVIGGDHGNNEVL
THDKTLPQETEVAASTRQGRAKPGPPREQHTHFVHPPAAVAVKEADAQGGEVIPEERLRG
LOVVGRRGSTSRGNAAVPKVSSVSPGAPLNSRMPPPGSAKGQDPQQODSHNFRCPGQCRG
RACTPTPLPEEWGGPVGGPRGRRRCGETQSPAVMPSTCSGGPFPRGLTCAGGQGPHET ST

Predikovany 2 kodujici rmsimminmy oo sy
sekvence, z toho jedna
neuplna

= 36400 bp

TORARKIN IS TKNA M ICAGaARAC TGRRRHCE:




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 intronu. Podléhaji sestrihu,
muze probihat alternativni sestfrih.

s DN A

* Exony mohou byt velmi kratke, introny velmi dlouhé. l Transkripce, sestiih
] ) . I 1 RNA
Nizka hustota genu, exony/introny, alternativni sestfih:
Hledani jehly v kupce sena, pfiéemz jehla je rozlamana na kousky. l Translace
Kousky jehly je nutné najit a SPRAVNE poslepovat dohromady.

s Protein



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 intronu. Podléhaji sestrihu,
muze probihat alternativni sestfrih.

* 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/nekédujicich oblastech, ATG.



Predikce genu u eukaryot

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

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

* Pro néktera jednobunécna eukaryota je mozné pouzit stejné postupy
jako pro prokaryota.

A
(\553
&sﬁ& O fi Optional 1
> \ utput format . piional: results
Ga"\ I Sequence typ for gene prediction Output options by E-mail
Protein sequence _
/Emkéﬂ-ﬂﬂf\ Gene nucleotide sequence |[E-mail
| ® Intronless eukaryotic)) ® 1ST _ _ _
GTT Coding potential graph Subject
Phage (not for multit FASTA) GenaMark3
EST/cDNA PDF Compress files
PostScript




Predikce genu u eukaryot

eV /

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

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

* Hlenky — primérny gen obsahuje 3,7 intronu.

Slime mold = hlenka

Fuligo septica
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|



http://upload.wikimedia.org/wikipedia/commons/5/5d/Dog_vomit_slime_mold.jpg
http://upload.wikimedia.org/wikipedia/commons/5/5d/Dog_vomit_slime_mold.jpg

Metody predikce genu u eukaryot

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

* Ab initio HMM (skryté Markovovy modely)

Target proteins | [Seare proteins The New GENSCAN Web Server at MIT
r ] r 1 Identification of complete gene structures in genomic DNA
Blastn Elastx

Compart ] Compart

Gnomon, the NCBI

| Splign | ProSplign | eukaryotic gene
prediction tool

Komplexni model struktury genu (HMM + transkripcni,
translacni, sestfihové signaly).

crener | http://hollywood.mit.edu/GENSCAN. html
| Organism parametsrs | ) ,The core algorithm of i at
e the ab initio prediction .'

capability of Gnomon is

based on Genscan.”

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



Metody predikce genu u eukaryot

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

* Metody zaloZzené na homologii — exonové sekvence pribuznych druht
jsou konzervované. Potencialni exony jsou porovnany se sekvencemi
v databazi. Nelze pouzit pro nové geny bez homologu v databazi.

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



Metody predikce genu u eukaryot

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

* V praxi €asto vyuzivany kombinace pristupu, ab initio + homologie.
Vyuziti experimentalnich dat — proteiny, RNA sekvence, geny (ze
zkoumaného organismu nebo homologni), ,spliced alignments”.

[ Target proteing l |5&arch proteins

Gnomon, the NCBI eukaryotic gene prediction tool Blastn | B
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 i Compart ] [ Compart 1

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 ' Splign ProSplign
enough to predicted models, in which case these additional alignments are used in refining the models. In addition to the sequences used h h g
for the homology search we create an arganism specific parameter set which is used for evaluation of the ab initio scores.

i

Chainer

| Crganizm parameters |

Gnomaon

I

Gene models
https://www.ncbi.nlm.nih.gov/genome/annotation_euk/gnomon/



Metody predikce genu u eukaryot

ABSTRACT

We have made several steps toward creating a fast

o e . . . and accurate algorithm for gene prediction in eu-
PI‘EdlCtlng Genes 1m Slngle Genomes Wlth karyotic genomes. First, we introduced an automated
AUGUS TUS method for efficient ab initio gene finding, GeneMark-

ES, with parameters trained in iterative unsuper-
) - . s vised mode. Next, in GeneMark-ET we proposed a
Katharina J. Hoff"-* and Mario Stanke" 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

"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 http://exon.gatech.ed u/GeneMa rk/g pipeline, ProtHint, initiates r-nasswe prcftEin I:napping
structure in genomic sequences. It does not necessarily require additional ex- i i to genome and extracts hints to splice sites and
£ N Y mep—plus—mStrUCtlons'html translation start and stop sites of potential genes.

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-

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-

ual genomes and the steps to do the actual structural annotation. Further, we ES, while the GeneMark-EP+ showed higher accu-
describe the generation and integration of evidence from various sources of rac’y than GeneMark-ET. We have observed that the
extrinsic evidence. © 2018 by John Wiley & Sons, Inc. most pronounced improvements in gene prediction

accuracy happened in large eukaryotic genomes.

http://bioinf.uni-greifswald.de/webaugustus/ GeneMark-ET integrates into GeneMark-ES information on mapped RNA-Seq
reads. GeneMark-EP+ integrates into GeneMark-ES information on cross-species
protein sequences. GeneMark-ETP integrates into GeneMark-ES both types of
GeneMark-ETP external information, RNA reads and cross-species proteins.

Tomas Bruna, Alexandre Lomsadze and Mark Borodovsky
"GeneMa atic Gene Finding in Eukaryotic Genomes in Consistence with Extrinsic Data"
bioRxiv{ 2023, Januan_.r 5




ADb initio predikce genl u eukaryot

RESEARCH ARTICLE Open Access

A benchmark study of ab initio gene
prediction methods in diverse eukaryotic
organisms 2020

Nicolas Scalzitti, Anne Jeannin-Girardon, Pierre Collet, Olivier Poch and Julie D. Thompson'o

Check for

Abstract

Background: The draft genome assemblies produced by new sequencing technologies present impartant
challenges for automatic gene prediction pipelines, leading to less accurate gene maodels. New benchmark
methods are needed to evaluate the accuracy of gene prediction methods in the face of incomplete genome
assemblies, low genome coverage and quality, complex gene structures, or a lack of suitable sequences for
evidence-based annotations.

Results: We describe the construction of a new benchmark, called G3PO (benchmark for Gene and Protein
Prediction PrOgrams), designed to represent many of the typical challenges faced by current genome annotation
projects. The benchmark is based on a carefully validated and curated set of real eukaryotic genes from 147
phylogenetically disperse organisms, and a number of test sets are defined to evaluate the effects of different
features, including genome sequence quality, gene structure complexity, protein length, etc. We used the
benchmark to perform an independent comparative analysis of the most widely used ab initio gene prediction
programs and identified the main strengths and weaknesses of the programs. More importantly, we highlight a
nurmber of features that could be exploited in order to improve the accuracy of current prediction tools.

We used the G3PO benchmark to compare the accuracy and efficiency of five widely used ab
initio gene prediction programs, namely Genscan, GlimmerHMM, GeneID, Snap and
Augustus. QOur initial comparison highlighted the difficult nature of the test cases in the G3PO
benchmark, since 68% of the exons and 69% of the Confirmed protein sequences were not
predicted with 100% accuracy by all five gene prediction programs. Different benchmark tests
were then designed in order to identify the main strengths and weaknesses of the different
programs, but also to investigate the impact of the genomic environment, the complexity of
the gene structure, or the nature of the final protein product on the prediction accuracy.

Conclusions: The experiments showed that ab initic gene structure prediction is a very challenging task, which
should be further investigated. We believe that the baseline results associated with the complex gene test sets in
G3PO provide useful guidelines for future studies.

Keywards: Genome annotation, Gene prediction, Protein prediction, Benchmark study

* Funguiji ,relativné dobre” pro ,,primérné proteiny”.

* Problém s identifikaci kratkych proteind, dlouhych
proteinl, genl s mnoha exony (>20), genll z méné
studovanych druhd.

* Nezbytné pro identifikaci dosud neznamych
protein(..®




,1ake-home message”

* Dva hlavni pristupy: metody ab initio/metody zaloZzené na homologii
(sekvencni podobnosti).

* Predikce casto zjednodusena na predikci ORFs kodujicich proteiny.

K predikci jsou vyuzivany: obsah GC, zastoupeni kodonu, signalni
sekvence (startovni/stop kodony, RBS, sestfihové signaly).

* Markovovy (skryté) modely.

* Predikce genu u prokaryot (malé, kompaktni genomy, bez intront)
funguje vyrazné lépe nez u eukaryot (velké komplexni genomy,
introny, alternativni sestrih).
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Horizontal gene transfer: building the ESSENTIAL
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