Predikce genu

Pro zajimavost... Dulezité...




Molekularneée biologicka data

* Vykonnéeé technologie:

(C Automatickeé sekvencov@

NMR spektroskopie
Proteinova krystalografie

Vyrazny narust mnozstvi biologickych dat.



Rozdeleni molekularnée biologickych
databazi

() Data béze: Total species (5023)

Primamni B

Viruses Eukaryota Archaea FPlazmids
2105 17549

' 1 72 . 38
Sekundarni Bcieria " Vioids
4 Total records (9315) Vioids  Plasmids
Strukturni e R

wuses Eukaryota Bacteria Archaea
~4 - 3249 1015 chromosom ez 1447 chromosom ez G5 chromosomes
enomove 2Z rOj e 1771 organelles 1500 plasmids 58 plasmids
39 plasmids




Molekularneée biologicka data

CAGCGGACGACAG CTCGGATGCAGCAGATCATCCGCATCCGGAACGGCGGTGGCGGCATCACGCACTTCCAGTTCG ATCGGGG CAACAATGCCGGCATCT’
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CGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAACATAY
310 320 330 340 350 360 370 380 390 400

il

GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG

TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC

GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC

AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT



GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT

,oyrove*“ sekvence DNA

Identifikace a anotace genu a proteinu



Table 1

Software commonly used for bactenal genome annotation and comparison

DNA level annoration

GeneMark
Glimmer
SHOW
tRMAscan-SE
RMNAmMmer
RepSeck
IslandPath

http:/fexon.gatech.edu/genemark/
httpz/fwww.genomics. jhu.cduw/Glimmer/
http:/fgenome jouy. nrafo/ssh/SHOW/
http://lowelabucse. edw'tRNAscan-SES

http:/fwww.cbs.dm. dk/services RNAmme o/
http:/fwww.abisov jussicu o' %98 public/RepSeck/
http:/fwww. pathogenomics. sfu. cafisland path/

Protein level annotation

BLAST
InterProScan
COGNITOR

PRIAM

GOADNo

PSORTH

TMHMM
SignalP

http:/fwww.ebiac. uk/blast/
http:/fwww.ebiac. uk/InterProScan/

http:/fwww.nebinlm.nih govw/COG/old/xognitor html

http://bivinfo.genopole-toulouse. prd fo'priam/

http://bips. u-strasbe. frfGOADDO
http:/fwww.psorLorg/psorthf
http:/fwww.cbhs.dm. dk/services TMHMM/
http:/fwww.cbs.dm. di/services/Signal PY

Comparative genomic tools

Mauve
MOSAIC

ACT
CGAT
MaGe
Pathologic
PUMAZ2
The SEED
STRING
PyPhy
HoSeqgl

http://ge L ahabs wisc.edu/maunve/
http:/fmig jouy.inrafr'mig/mig_cng/
presentation/project/mosaic

http:ffwww sangerac.uk/Sof tware/ ACT/
http:/fmbgd. genome.ad. jp/CGAT/
http:/fwww.genoscope.cns.frfage/mage/
http:/fbiocye.org/
http:/feompbio. mes. anl. govipuma2/
http:/fthesced wehicago.edw/FIG/
http://string.cmbl.def

http:/fwww.cbs. d. di/staff/thomas/pyphy/
http:/ipbil.univ-lyon 1. fr/software/HoSeql/

Protein gene prediction
Protein gene prediction
Protein gene prediction
t(RNA gene prediction
RNA gene prediction
. of approximals repeats in complete DNA sequences
Identification of genomic islands

arc

Compare a novel sequence with those contained in nucleotide and protein databases
Search for domams/motifs in the InterPro databasc

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 in protein sequences

Multipke genome alignments in the presence of large-scale evolutionary events
Define the sct 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 annotaton tools using the subsystem approach

Search Tool for the Retreval of Intecracting Proteins

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




Predikce genu kodujicich proteiny

Prokaryotické geny

Neprerusované useky DNA mezi startovnim
kodonem (ATG, GTg, 171G, c1G) a stop kodonem (TAA,
TGA, TAG).

Eukaryoticke geny

Prerusovany introny. Primeérna délka exonu je 50
kodonu, nékteré jsou mnohem kratsi.

Nektereé introny extremne dlouheé, geny zabiraji mbp
v genomoveé DNA.




Predikce eukaryotickych genu je

genu prokaryotickych a

predstavuje STALE
NEVYRESENY problém!




Prokaryoticke geny

* Prokaryoticky gen = nejdelsi ORF
odpovidajici danému useku DNA.

GTATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGLCCCC
GACCGTGATTGATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGATAGC
CGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGCTGGCGCTGCGCGCGGAAG
TGAGCGTGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGCGTGA
TGCCGCCACCGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGATCATTATTGG
CGCAGCGATGTGCTGGCGGCGGGCGCGACCACCTGTACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCG
TGAGCGGTTATTTTCGTTGGGAAACCAGCATTGAAATTGCGGGCAGCCAGCCGGATACCAAACAGCCGGGCTT
TAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGATCTTCTATGCG
AACGCGGCGGATCGTCAGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTA
ACAGCGAAGATGGTGTGCGTCTGTTTACCCTGAATAGCAAAGGTGGTAAAATTCGTATTGAAGCGAGCGCGAA
CGGCCGTCAGAGCGCGACCGATGCCCGTCTGGCGCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGCTGGCTG
GGCGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTCTGCAGTGGCCGATTACCTAATGGG




nonpolar | polar basic acidic | (stop codaon)

1st
base

Preklad DNA sekvence

U

UUU (Phe/F) Phenylalanine
UUC {Phe/F) Phenylalanine

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

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

CUA {Leu/L) Leucine
CUG (Leu/L) Leucine

AL {llefl) Isoleucine
ALC {llefl) 1soleucine

AUA (lle/l) Isoleucine

AUG (Met/M) Methionine, Start

GUU (Val'V) Valine
GUC (Val'V) Valine

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

2nd base

C

UCU (Ser/S) Senne
UCC (Ser/5) Serine
UCA (Ser/S) Senne
UCG (Ser/S) Senine
CCU (Pro/P) Proline

(
CCC (Pro/P) Proline

CCA (Pro/P) Proline
CCG (Pro/P) Proline

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

ACA (Tho/T) Threanine
ACG (Thr/T) Threonine AA

GCU (AlalA) Alanine
GCC (Ala/A) Alanine

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

A
UAU (Tyr/Y) Tyrosine
UAC (Tyr') Tyrosine

UAA Ochre (Sfop)
UAG Amber (Sfop)
CAU (His/H) Histidine
CAC (His/H) Histidine
CAA (GIn/Q) Glutamine
CAG (GIn/Q) Glutamine

AALl (Asn/M) Asparagine
AAC (Asn/M) Asparagine
AAA (Lys/K) Lysine

G (Lys/K) Lysine
(

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

G
UGU (Cys/C) Cysteine
UGC (Cys/C) Cysteine
UGA Opal (Stop)
UGG (Trp W) Tryptophan
CGU (Arg/R) Arginine
CGC (Arg/R) Arginine
CGA (Arg/R) Arginine
CGG (Arg/R) Arginine
AGU (Ser/S) Serine
AGC (Ser/5) Serine

AGA (Arg/R) Arginine
AGG (Arg/R) Arginine

)
GAU (Asp/D) Aspartic acid GGU (Gly/G) Glycine
GAC (Asp/D) Aspartic acid GGC (Gly/G) Glycine

GAA (Glu/E) Glutamic acid GGA (Gly/G) Glycine
GAG (GIWE) Glutamic acid GGG (Gly/G) Glycine



Preklad DNA sekvence

 EXPASy
http://web.expasy.org/translate/
 ORF Finder (NCBI)

https://www.ncbi.nim.nih.gov/orffinder/




ExPASy
http://www.expasy.org/vg/index/dna

ﬁl 5 EXPASY

Bioinformatics Resource Portal

Visual Guidance Selected keywords > translation g >
DNA
Keywords Databases (0) Tools (5)
RMA
Protein Choose a category or a keyword [Z1 EMBOSS translation tools
- [ i EMBOSS sequence translation tools, incl. backtranslation [more]
; CUdU_n EDHUEFEJDH tool Keywords: codon, DHA sequence, protein, translation
Organism protein protein
sequence reverse [Z1 Graphical Codon Usage Analyser
Population transcription reverse Displays the codon bias in a graphical manner [more]

C i translation sequence Keywords: codon, DNA sequence, sequence analysis, translation
ategories analysis transcription
[Z1 Reverse Transcription and Translation Tool
Resources A..Z Lo : .
Transcription, translation and reverse transcription [more]
n SIB resources
Links/Documentation Heywords: DNA sequence, protein sequence, reverse transeription, transcription,
~ translation

 External resources -

(No support from the ExPASYy [ Reverse Translate
Team) a protein sequence back to a nucleotide sequence [more]

Keywords: DHA

Ex Translate
Translation o

guence, protein sequence, reverse translation, translation

fnucleotide (DNA/RNA) sequence to a protein

"Expert Protein Analysis System"

Keywords: codon, conversion tool, DHA sequence, protein, protein sequence, translation



ExPASy
http://web.expasy.org/translate/

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

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

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

Qutput format: | Verbose ("Met”, "Stop”, spaces between residues) v

[Reset | or [ TRANSLATE SEQUENCE |




Translate Tool - Results of translation

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

53 Frame 1

W C W Stop L MEEPEPCIStop AP IRKP AV IRPPRP Stop L MEt AT CMef DD AR A Mt P RS AT A C I stop AR VISCICAKPRWRCARK
Stop AC CLF AL P Stop K MEEPFATEFRENWKCVMetPP P FER MR MEtICCIRAVRIStop K 111 G A A MEECWRREARPEVEFIERCATV MetAR
Stop AVIFVGKPALKLRAASRIPNSRALNRAAIAMEEATEACRRIFFIKRSSMEtRTREIVRIStop N C L L MEEMEER RN R PP P LW TAK Met
WOWC P stop | AKVYKFYLKRARTAYVRARP MEEPHWRR Stop AR AIP CGWAGW AR K MNP NEERITVMEEMEtADDFC S G RIPNG

53 Frame 2
YAGDCGCRYPAERLEGSAPStopSGCRPDRDStop WEPPY CCStopPCRCRAAGP StopRStopPSYYRSEPGStopSAASARMNRAGAAR
CSERAVYSLCPERCRHCCPDRTGSAStop CRHRRSGCGStop S AASELSSAERSLLAQRCAGGGRDOHLYRRFCGY RS StopWHRE
FELFSLGNOHStopNCGAPAGYQTAGLStopTEQRSQWQALStopPAAEYRLStopSDLLCERGGSSGSETW Y StopStopCAGTGRHLCG
Stop ORRWCASYYPEStop QORWStop NS Y Stop SERERPSERDRCPSGCAAERGRYRVAGLAGRGRWCRCGL StopStopWHCYSAWVAD

Y L Met
5'3' Frame 3

Stop W

25" Frame 1

FIRStopSATAEStop QCHHYMNPHREHHLPRPASPATRYRPRSAAPDGHRSRSDGRSRSLAYEFYHLCYSGStop TDAHHLRCYPQRW
EFPYVPAHHOQStop TYSDPDDPFPRSHRERSLStopREYSAAGStopSCHCDRCSY StopSPAVWYPAGCPOQFQCWFPMNENMNRSRERCHHDR
TFOQNRRYRWSRPPPAHRCANMNDLSADDSSDAADHFPHPERRWRHHALPYRSGOQAQUCRHLSGASEStopTARSLPRAAPARFRAD
AADHPGSDRStopTDGYRYGPAARHRPGStop OHTGGDHASRSGRPDHGWLPDRRSAGStopRHFP QOSPAY

3% Frame 2
FLGNEPLOQMMMAIIIRIGTIFREAQPAQPHGIARAQRREQTGIGRALTAYVREARFNTHNFTTFAIQGKAQTHTIFAYVTHRKGGGRFERIIMNK QF
QILTIRRYRIEDRFKGGIRROAKYAIAIAARFKARLFGIRLAARMNFNAGFPTKITAHGAITIAHRKIGGTGGRARRGQHIAAPIMeEIFERT

3% Frame 3
HStopVIGHCRITMEEFSStop S ASAPSSAPSQPSHTYSPALSGARRASYALSopRPFALASIRILPPLLFRYNRRTPSSLLPTKVAA
CSGASSINSFRSStopRSAAFASOpKIALKAVFGGRLKLPLRSLLGLKPGCLYSGWLPAIS MLV SORKStopPLTYPSRSHTAKSA

VOVVAPAASTSLRQStopStopSFSGRALGCSRSSASGTAVAASRTSSSIGA T NEPESERERRINSTLTS RS RS ESERIESE Stop S
PGLRPYNRRLSLWPSCAASPGLTTYRWRPSITVGAAGSRLASGStopALSRYTASTITSI



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

Open Reading Frame Finder

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

This web version of the ORF finder is limited to the subrange of the query sequence up to 50 kb long. Stand-alone
version, which doesn't have query sequence length limitation, is available for Linux x64.

Examples (click to set values, then click Submit button)

« NC 011604 Salmonella enterica plasmid p\WES-1; genetic code: 11; 'ATG' and alternative initiation codons;
minimal ORF length: 300 nt
MM _000059; genetic code: 1; start codon: "ATG only’, minimal ORF length: 150 nt

— Enter Query Sequence

& Enter accession number, gi, or nucleotide sequence in FASTA format:

2 From: To:




ORF Finder (NCBI)

https://www.ncbi.nim.nih.gov/orffinder/

e

Choose Search Parameters

Minimal ORF length (nt): |75 ¥

Genetic code:

ORF start cod

P

~

& "ATG" onl
"ATG" anc
Any sense

i<

2 Ignore nested

Start Search /

| Submit | | Clea

1. Standard

1. Standard

2. Vertebrate Mitochondrial

3. Yeast Mitochondrial

4. Mold, Protozoan and Coelenterate Mitochondrial, and the Mycoplasma/Spiroplasma
5. Invertebrate Mitochondrial

6. Ciliate, Dasycladacean and Hexamita Nuclear
9. Echinoderm and Flatworm Mitochondrial

10. Euplotid Nuclear

11. Bacterial, Archaeal and Plant Plastid

12. Alternative Yeast Nuclear

13. Ascidian Mitochondrial

14. Alternative Flatworm Mitochondrial

16. Chlorophycean Mitochondrial

21. Trematode Mitochondrial

22 Scenedesmus obliquus Mitochondrial

23 Thraustochytrium Mitochondrial

24 Pterobranchia Mitochondrial

|25. Candidate Division SR1 and Gracilibacteria

1




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

Salmonella enterica subsp. enterica serovar Westhampton plasmid pWES-1, complete sequence

ORFs found: 39 Genetic code: 11

Start codon: "ATG' and alternative codons

NC_011604.1: 111K (11Kbp) ~ | Find: vi@ac| e @, ATe R Tools- I | fFTads @ 7 -
L |s@a LK 1588 [z & |2 5o k] orF16 & I3 [+ K |4.5@@ 5 kK |5 508 |6 K |65 |7 K |7 5o |2 K |gsem |9 K |2.5E@ [1 K 1250
ORFfinder 4.26.14957536 | R %
orFz I I oRF32 ORFLG orFs orFic N orFr T
ORF1S ORF1o e ORF3 ORF12 B ORFEL ORFLE e B ORrF21
ORFS I OrF> e [ ORF34 ORF37 ORF4 ORFL7 s R orF3s ORFS | ORFZ6
ORF1 B OrFa7 B RFas ORF32 ORF3E B orF2s IR URF22 oOrF? e
ORFZ7 ORF33 ORF11 ORFZ4 ORF3@ oRF14
T ORF2E ORF2%
1 |5@@ Lk |15 2 K |2 5a [2 4 |2.588 [4 K |4.528 [5 K |5 B [ |6.5a |7k |7 S 5 & |gEsm |9 K |2.50@ [te K |12 S
Ready ; il # Tracks shown: 2/12
| Add six-frame translation track |
ORF16 (813 aa) Display ORF as... Mark Mark subset... Marked: 0 | Download marked set | as | Protein FASTA ¥
>1cl|oRF16 Label Strand Frame Start Stop Length (nt | aa)
MK AKVSRGGEF RGALNYWFDVEKEATHT KHAERVGENMAG
NOPRELSREFSAVRQLRPDIGKPYVHHCSLSLPPGERLSAE ORF16 + 3 3153 5594 2442 | 813
KIWEAVAADFMQRIMGE DYTHTFUVAVRHQDTDKDHIHIVAS
RVGELDGK VLG QWEARRATEATQELEHTHGLTLTPGLGDA ORFT + 1 9907 10908 1002 | 333
RAERRKLTDKE INMAVRTGDEFPROALQRLLDEAVKDKFT
ALELAERLOAAGVGEYRANLASTGRMNGF SFEVAGVFFKES ORF17 + 3 5841 6767 927 | 308
DL GKEY TWAGL JKAGY TYDEARDR AGL ERFRPTVADRGER ORF5
+ 1 7273 7995 723|240
OOVALVREPDARGLEAPTGRSLOADGADLGTAGPTRAGRD |
AGSGSLROGDEHSADAGR ADAADERERGAGL RAEGREAG ORF10 + 2 2456 3169 714|237
ROHLAPYAQPYRAENEPOOHGADR ALGEDL AGDAGERTAG
HDESRRPTDRGSERDAPAP LAAGAGADSGRGRGROAGSDH ~ ORF3 - 1 3925 4608 684 | 227

ASRFEQASAAK RRAADGRLGORDLEQGHAHGARVAETDR]

A s

AnTA

AT

e A



Prokaryoticke geny

* Velmi jednoduchy pristup k predikci genu

Zjednoduseni vede k chybam, ale jejich mnozstvi je
POMERNE MALE.

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

muize vést ke ZKRACI,ENi, PRODLOUZENI nebo
uplnému VYNECHANI genu.




Opravdu ORF koéduje protein?

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

 ORF ma typicky obsah GC nebo frekvenci

kodonu. Srovnani s charakteristickymi vlastnostmi
znamych genu ze stejného organismu.

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




Translacni a transkripcni signalni sekvence

Regulacni signaly pro Regulacni signaly pro
transkripci iniciaci translace
~— A = ' & e N
Promotor +1 SD
TGTTGACA (| TATAATG | ] TAAGGAG ATG STOP -

35 _10 : | i

*  Vedouci sekvence

:—ﬁ
TATA box mRNA #
Pribnowtv box

Shine-Dalgarnova
sekvence

protein

Prokaryota



Translacni a transkripcni signalni sekvence

Regulaéni signaly pro

transkripci
>
" Gl G -
— = ik A
GEGELEE [ [CoAAT GLGLGEE TATAR
100 75 50 25 +1
TATA box
GC box GC box Hognesstiv box
Regulacni signaly pro
Promotor RNA-polymerasy Il IS ranslace
~ e 20N
(gcc)gccRccAUGG

E u ka ryOta Kozak sequence

Sekvence Kozakové



Opravdu ORF koéduje protein?

* ORF koduje protein, ktery je podobny jiz drive
popsanému proteinu (prohledavani DATABAZI

pomoci ALIGNMENTU) = nejspolehlivejsi
overeni.

* Nastroje pro preklad DNA jsou
propojeny s prohledavanim databazi.



In
acC
DE
DE
CC
CC
DR
S0

£

WIRT1549:
VIRT15492;

Translate Tool - Results of translation

Tnreviewed;

289 An,

Translation of nucleotide sequence generated on ExPAIy

on 05-May-2014 by 147.251.28.220.

—!— This wirtual protein sedquence will automwatically be deleted
from the server after a few days.

SWISS-ZDPAGE; WIRT1549Z;

JEQUENCE

MLV IVDAVTL
HLEETALALE
WESDVLALGL
SLPFNTAFEL
SANGROIATD

Z89 4n;
L3AYFEASED
AEVEVLFIRF
TTCTADFAVC
IFTANABADED
ARLAFLILGD

Sequence in FASTA format

PALAAPTWVIDGE
ALEDAGIVAP
DRDGTVIGYF
DLELFIDDAF
TWWLGWLGAE

BLAST BELAST submission on ExPASWSIE

ScanFrosite

VIRTUAL.
ZBBAF312C31FBEESD CRCA4.

HLTWSFPGDA
IELEVRDALAT
EWETZIEIAG
EPLATFVGHNI
DGADADYID G

AQLGHNDSEREL FTGLEPGDOL
AVPDADDLLH P3CRPLEDHY
SOPDTEQPGF EFPA3DENGHE
EDGVRLFTLN 3EGGEIRIEL
IVILQWFIT

ﬁ Sequence analysis tools: ProtParam, Frotscale, Compute plihisg,

; Direct Submission to SWISS-WMODEL



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

ORF16 (813 aa) Display ORF as... Mark Mark subset... Marked: 0 | Download marked set | as | Protein FASTA ¥
>1c1|ORFLE Label Strand Frame Start Stop Length (nt | aa)
K AKYSRGGEGF RGALNYVFDVEK EATHTENAERVGEHMAS
WOPRELSREFSAVRILRPDIGK PYWHCSLS LPPGEAL SAE ORF2 + 1 766 1392 G627 | 208
KWEAVAADFMQRMGF DYTNT PV AVRHODTDKDHIHIVAS
RVELDEKVIHLEWEARRAT EATOE LEHTHEL TLTRGLEDA ORF23 - 1 7818 7210 G0% | 202
RAERRKLTDKE INMAVRTGDEPPRQALORLLDEAVEDKPT
AL ELAERLQAAGVEVRANLASTGRMNGFSFEVAGVPEKGS ORF18 + 3 8961 9551 5911136
DLGKGY TWAGLOKASYTYDEARDRAGL ERFRPTVADRGER
QDVAAVREFDARGLEAPTGRSLDADGADLGTAGPTRAGRD ORF3 * 2 1586 2155 5701189
AGSGSLROGDEHSAQDAGTADAADERERGAGLRAEGREAS ORF27 ) 1 1362 814 549 | 182
RDHLRPVAQPVRAENEPQQHEADR AMGGDL AGQAGERTAS
HDESRRPTDRGSERDAPAP LAAGAGADSGRERGROAGSDN v ORF21 - 1 10497 9955 5431180
AsREDsa . GORDLEQGHAHGARVAETDRD o ORF4 + 1 4765 5301 537 | 178
ORF25 - 1 3129 2629 501 | 166
SmartBLAST ORF16
' : ORF36 3 5617 5123 495 | 164
[ OUASTORPIS | | Sop marked sel | ORF38 3 2353 1859 495 | 164
BLAST Database: S = Amen e i arn

UniProtkB/Swiss-Prot (swissprot) v
UniProtKB/Swiss-Prot {swissprot)

Reference proteins (refseq protein)

Mon-redundant protein sequences (nr)
Go back e sumrTITOTIg pagE



Eukaryotickée geny
Jednobunéecna eukaryota

 Genomy jednobunécnych eukaryot se

vyrazne lisi (frekvence introni, jak velka éast
genomu je tvorena geny kodujicimi proteiny).

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

« Hlenky — priumérny gen obsahuje 3,7 intronu.

* Pro néktera jednobunécna eukaryota
(kvasinky) je mozné pouzit stejné postupy
jako pro prokaryota.
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http://upload.wikimedia.org/wikipedia/commons/5/5d/Dog_vomit_slime_mold.jpg

Eukaryotickée geny
Mnohobunécna eukaryota

 Mnohobunécna eukaryota

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

5%} | 3t
]

B - coding resion B - untranslated region

Glyceraldehyd-3-fosfat-dehydrogenasa
Candida albicans




Eukaryotickée geny
Mnohobunécna eukaryota

 Mnohobunécna eukaryota

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

251 i 9
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B - codina resion B - untronslated region

Glyceraldehyd-3-fosfat-dehydrogenasa
Homo sapiens



Eukaryotickée geny
Mnohobunécna eukaryota

* Rozpoznani exonu/intront

Identifikace mist sestrihu: GT na 5 konci, AG na
3 konci.

« Chyby pfi rozpoznavani exonu/intronu

Velké mnozstvi chyb. Dlouhé introny — urceny jako

intergenoveé useky. Kratké intergenove useky —
urceny jako introny.
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Precursor Lariat Spliced Lariat form
intermediate product of intron

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




Predikce genu — priklad z praxe

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

s DN A

l Transkripce,Sestrih

l Translace

— Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS
NCSSSMLSRC

|dentifikace genu/proteinu
na urovni mMRNA (pfiprava cDNA
pro klonovani)

e DN A

l Transkripce

mesmssssm MRNA (cDNA)

1 Translace

— Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK
HGDCYNGVWs wdqgvtylktt cyvngyftds ncsssmlsrc




Predikce genu — priklad z praxe

Hypoteticky gen/protein, |dentifikace genu/proteinu

predikovany pfi anotaci genomu na urovni mMRNA (pfiprava cDNA
Aspergillus fumigatus Af293 pro klonovani)

hDNA
l TransK Chybna predikce intronu?

Transkripce
Alternativni sestrih?
| |

o 4 .. , = mMRNA (cDNA
Ruzné kmeny/Zivotni ( )
l Transl

podminky/bunécny cyklus? Translace

Chyba pfi pfipravé cDNA knihovny?

[ Proj L Protein

MADPEVEADG ELDLEKRASA QTCKIVNVDT MADPEVEADG ELDLEKRASA QTCKIVNVDT
YVNCRYDAKL DAGAIFGFPK GEKLTFACWK YVNCRYDAKL DAGAIFGFPK GEKLTFACWK

HGDCYNGVCS WDQVTYLKTT CYVNGYFTDS HGDCYNGVWs wdqgvtylktt cyvngyftds ncsssmlsrc
NCSSSMLSRC




Algoritmy a nastroje pro identifikaci genu

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

* Predikce genu ab initio — predikce na
zaklade statistickych parametru DNA
sekvence.

» Vetsina béezneée pouzivanych metod
kombinuje oba dva pristupy.




Prokaryota

Bez intronu

SEKVENCNi HOMOLOGIE

1 ]

IDENTIFIKOVANE GENY VYUZITY
PRO ,, TRENOVANI“ STATISTICKE
METODY

1 ]

ANALYZA ZBYVAJICICH
CASTI GENOMU




Eukaryota

Mnoho intront, dlouhé intergenové useky

Ab initio STATISTICKE METODY

1 ]

IDENTIFIKOVANE EXONY

! ]

SEKVENCNi HOMOLOGIE




Algoritmy a nastroje pro identifikaci genu

 Kazdy program ma vyhody a nevyhody —
rozumné pouzit vice predikénich nastroju.

GeneMark
GlimmerM
GRAIL
GenScan
Fgenes




Algoritmy a nastroje pro identifikaci genu

 GeneMark
http://lexon.gatech.edu/GeneMark

Vyuziva Markovovy modely

Vyzaduje parametry specifické pro dany
organismus = nutneé ,,natrénovani‘ pomoci
znamych genu

Varianty pro prokaryoticke, eukaryoticke,
virové sekvence



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

Gene Prediction in Bacteria, Archaea and Metagenomes
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For bacterial and archaeal gene prediction we recommend to use a
parallel combination of GeneMark-P* and GeneMark.hmm-P with pre-
computed models.

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

Gene Prediction in Eukaryotes

For eukaryotic gene prediction you can use the parallel combination
of GeneMark-E* and GeneMark.hmm-E.

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

eud

Gene Prediction in Viruses, Phages and Plasmids

(¢

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



Algoritmy a nastroje pro identifikaci genu

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

Komplexni model struktury genu (transkripcni,
translacni, sestrihove signaly + statisticke vlastnosti
kédujicich a nekdédujicich useku)

Primarni analyza velkych useku eukaryotické
genomové DNA



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

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

-. .-.  .-000o~(_)~o0Oo-.  .-.
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XPEIN ZTDIXENINY ZT0IXNNINY Z0DIXDE0S ATHIRTEINY ZATHIXDEIN ZNHIXTEIN ZTHIXTTIN
SNTHIXDNES NPRIXDEEY NTHIXDNE STUIXDDES NTPIXTLLS NTHIXDLE, NTHIXDEL, NTHIXTLE, ML

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

This server can accept sequences up 15 1 million base pairs (1 }bp) in length. If you have trouble with the web server or if yon have a large number of sequences
to process, request a local copy of the pregram (see instrrolions at the bottom of this page) or use the GENSCAN email server. If your browser (e.g., Lynx)
does not support file upload or multipart forms, use the older version.




Algoritmy a nastroje pro identifikaci genu

Program Organism Algorithm® Website Homology

GenelD Vertebrates, plants DP http:/ /wwwl.imim.es/geneid.html

FGENESH Human, mouse, HMM http:/ fwww._softberry.com/berry. phtml?topic
Drosophila, rice =fgeneshigroup=programs&subgroup=gfind

GeneParser Vertebrates NN http://beagle.colorado.edu /~eesnyder/ EST

GeneParser.html]

Genie Drosophila, GHMM http:/ fwww fruitfly.org /=eq_tools /genie.htm]  protein
human, other

GenLang Vertebrates, Grammar rule  http://www.cbilupenn.edu/genlang/
Drosophila, dicots genlang_home.html

GENSCAN Vertebrates, GHMM http:/ /genes.mit.edu/GENSCAN html
Arabidopsis, maize

GlimmerM Small eukaryotes, IMM http:/ fwww tigr.org/tdb/glhimmerm/
Arabidopsis, rice glmr_form.html

GRAIL Human, mouse, NN, DP http:/ /eompbio.ornl.gov /Grail-bin/
Aralidopsis, EmptyGrailForm
Drosophila

HMMgene Vertebrates, CHMM http:/ fwww.chs.dtu.dk/services  HMMgene/
. elegans

AUGUSTUS  Human, IMM WWAM  http:/ /augustus.gobics.de/
Arabidopsis

MZEF Human, mouse, Cuadratic http:/ /rulai.eshlorg/tools/genefinder/
Arabidopsis, discriminant
Fission yeast analysis

*DPF, dynamic programming; NN, neural network; MM, (Markov model; MMM Hidden Markov model; ¥ HMM, class
HMM; GHMM, generalized HMM; IMM, interpolated M




Shrnuti

Predikce prokaryotickych genu mnohem
jednodussi nez u eukaryotickych.

Predikce genu ab initio/na zakladé sekvenc¢ni
homologie.

Nutné kombinovat oba pristupy.

Rozumné vyuzivat vice predikcnich
programu.




