Molekularneée biologicka data

* Vykonné technologie:

Automatickeé sekvenovérD
M;EDHGP-

NMR spektroskopie
Proteinova krystalografie

Vyrazny narust mnozstvi biologickych dat.



Rozdeéleni molekularné biologickych

» Databaze:
Primarni
Sekundarni
Strukturni

databazi

Total species (5023)

Viruses Eukaryota Archaea Plasmids
2105 1759

.72 ..., 38
Bacteria Viroids
1010 39

Total records (9315) Viroids Plasmids

41 39

wuses Eukaryota Bacteria Archaea
~ - 3249 1015 chromosomes 1447 chromosomes 66 chromosomes
e n o m ove Z rOJ e 1771 organelles 1590 plasmids 58 plasmids
39 plasmids




Molekularneée biologicka data

CAGCGGACGACAG CTCGGATGCAGCAGATCATCCGCATCCGGAACGGCGGTGGCGGCATCACGCACTTCCAGTTCG ATCGGGG CAACAATGCCGGCATCT
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CGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAACATA
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GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT



GATAGCGTAATGATCGGCTGGCTGCCGCATTTCATGCTGGTTTCCCAACGAAAATAACCGCTCACGGTGCCATCACGATCGCACACCGCAAAATCGGCGG
TACAGGTGGTCGCGCCCGCCGCCAGCACATCGCTGCGCCAATAATGATCTTTCAGCGGACGACAGCTCGGATGCAGCAGATCATCCGCATCCGGAACGGC
GGTGGCGGCATCACGCACTTCCAGTTCGATCGGGGCAACAATGCCGGCATCTTTCAGGGCAAAGCGAATAAACAGCACGCTCACTTCCGCGCGCAGCGCC
AGCGCGGTTTCGCGCAGATGCAGCTGATCACCCGGGCTCAGACCGGTAAACAGACGGCTATCGTTATGGCCCAGCTGCGCGGCATCGCCCGGGCTAACAA

CATACAGGTGGCGACCATCAATCACGGTCGGGGCGGCCGGATCACGGCTGGCTTCCGGATAGGCGCTCAGCAGGGTAACGGCATCCACAATCACCAGCAT

,oyrove“ sekvence DNA

Identifikace a anotace genu a proteinu



» Posloupnost pismen muze (a nemusi) mit
vyznam

sekvence nukleotidu, pocitacové 0 a 1, v
beznem jazyku



Smysluplna sekvence?
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Frekvencni analyza




Smysluplna sekvence?
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Frekvencni analyza



Smysluplna sekvence?
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Nahodna nebo smysluplna?

SUOWNINIIIINN  Cislo | poZet | _pomér _

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



01010101010101010101
___&islo | _potet | pomsr _

0 10 50%

1 10 950%
Ocekavana frekvencni analyza mmm
parl pro nahodnou sekvenci 00 25%

11 25%

01 25%

10 25%
FrekvencCni analyza mmm
paru pro vy$e uvedenou sekvenci 00 0 0%

11 0 0%

01 10 953%



K ¢cemu je to dobré?

* Obsah GC je napfr. vyssi v genovych
castech nez intergenovych

» GC ostruvky se objevuji v oblastech
regulujicich transkripci, ...

Genes:

HBZP HBAP1

HITZ ‘ HBAP2 ‘ HB|A2 HB’Al HB’Ql
—s - i i )
d—aH — HEE -

CG dinucleotide rich regions



Table 1

Software commonly used for bacterial genome annotation and comparison

DNA level annotation

GeneMark
Glimmer
SHOW
tRMNAscan-5E
ENAmmer
RepSeck
[slandPath

http:/fexon.gatech.edu/genemark/
http:fvww. genomics. jhuedu/Glimmer/
http:/fgenome jouy. inra fr/ssh/SHOW/
http:/flowelabucse.edwtRNAscan-SE/
http:/fvww.chs.d.dk/services/ RN Amme !

http:/fwww.abisnv jussicu o' %9 8public/R epScek/
http:/fwww. pathogenomics. sfu.cafislandpath/

Protein fevel annotation

BLAST
InterPm&Scan
COGNITOR

PRIAM

GOADno

FSORTh

TMHMM
SignalP

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

http:/fvww.nebinlm.nih.govw/COG/old/xognitorhtml

http:/fioinfo.genopole-toulouse. prd fo'proam/

http:/fbips. u-strashg . fr/GOADNO
http:/fwww. psort. org/psorthf

http:/fwew chs dm. di/services/ TMHMM/S
http:/fwww.chs dm. di/services/SignalPf

Comparative genomic tools

Mauve
MOSAIC

ACT
COAT
MaGe
Pathologic
PUMAZ
The SEED
STRING
PyFhy
HoSegl

http://gel ahabs wisc.edu/mauve/
http:/fmig jouy. inra.fo'mig/mig_eng/
presentation/project/mosaic

http:/fwww sangerac. ukfSoftware/ ACT/
http:/fmbgd.genome.ad. jp/CGAT/
http:/fvwww.genoscope.cnsfrfage/mage/
http:/fbiocyc.org/

http:/feompbio. mes. anl. gov/puma/
http:/ftheseed uchicago.edu/FIGS
http:/fstnng.embl.def
http:/fvwww.chs.d. d/staffthomas/pyphy/
http:/fpbil.univ-lyon 1 fr/software/HoSeql!

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

search tor approximalte repeats in complete DNA sequences
Identification of genomic islands

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

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

Detection of enzymatic function in a fully sequenced genome, based on all sequences
available in the ENZYME database

BLAST secarch 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 prolein sequences

Multipke 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 annotation tools using the subsystem approach

Search Tool for the Retneval of Interacting Proteins

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




Predikce genu kdédujicich proteiny

Prokaryotické geny

Neprerusovaneé useky DNA mezi startovnim
kodonem (ATG, G716, 716, cTG) a stop kodonem (TAA,
TGA, TAG).

Eukaryotickée geny

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

Nekteré introny extrémneé dlouhé, geny zabiraji mbp
v genomoveé DNA.




Predikce eukaryotickych genu je

genu prokaryotickych a

predstavuje STALE
NEVYRESENY problém!




Prokaryotické geny

* Prokaryoticky gen = nejdelsi ORF
odpovidajici danemu useku DNA.

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




nonpolar polar basic acidic (stop codon)

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

AUU (llefl) Isoleucine
AUC (lle/l) Isoleucine

AUA (llefl) Isoleucine

2nd base

C

UCU (Ser/S) Serine
UCC (Ser/S) Serine

UCA (Ser/S) Serine
UCG (Ser/S) Serine

CCU (Pro/P) Proline
CCC (Pro/P) Proline

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

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

ACA (Thr/T) Threonine

AUG (Met/M) Methionine, Start

4CG (Thr/T) Threonine

GUU (Val/V) Valine
GUC (Val/V) Valine

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

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

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

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

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

G

UGU (Cys/C) Cysteine
UGC (Cys/C) Cysteine

UAA Ochre (Stop)
UAG Amber (Stop)

|UGA Opal (Stop)

CAU (His/H) Histidine
CAC (His/H) Histidine

CAA (GIn/Q) Glutamine
CAG (GIn/Q) Glutamine
AAU (Asn/N) Asparagine
AAC (Asn/N) Asparagine

AAA (Lys/K) Lysine
AAG (Lys/K) Lysine

GAU (Asp/D) Aspartic acid
GAC (Asp/D) Aspartic acid
GAA (Glu/E) Glutamic acid
GAG (Glu/E) Glutamic acid

| 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/S) Serine

AGA (Arg/R) Arginine
AGG (Arg/R) Arginine
GGU (Gly/G) Glycine
GGC (Gly/G) Glycine
GGA (Gly/G) Glycine
GGG (Gly/G) Glycine



Preklad DNA sekvence

TGA

RF1

RF2

RF3

CAUGGUGCUGUCUCCUGCCGACAAGACCAAUAA

—>RF1

CAU GGU GCU GUC UCC UGC CGA CAA UAA GAC CAA
L 1 L—J L1 L—J L1 L7 L4 L1 L1 L

His Gly Ala Val Ser Cys Arg Gln end Asp Gln

—» RE2

C AUG GUG CUG UCU CCU GCC GAC AAU AAG ACC AA

— —t —t — — —t —t —d L— L1
Met Val Leu Ser Pro Ala Asp Asn Lys Thr

— > RE3

CA UGG UGC UGU CUC CUG CCG ACA AUA AGA CCA A
1 4 L4 L7 L7 L1 L1 L1 L1 L

Trp Cys Cys Leu Leu Pro Thr Ile Arg Pro




Preklad DNA sekvence

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

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




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

ﬁl 6 EXPASY

Bioinformatics Resource Portal
Selected keywords > translation g >

DNA
Keywords Databases (0) Tools (5)
RNA
Protein Choose a category or a keyword r EMBOSS translation tools
EMBOSS sequence translation tools, incl. backtranslation [more]
cell COdO n convers.ion tool Keywords: codon, DNA sequence, protein, translation
Organism protein protein }
sequence reverse Graphical Codon Usage Analyser
Population transcription reverse Displays the codon bias in a graphical manner [more]
translation sequence Keywords. codon, DNA sequence, sequence analysis, translation

Categories

analysis transcription
Reverse Transcription and Translation Tool

Resources A..Z - - -
Transcription, translation and reverse transcription [more]

“ SIB resources

Links/Documentation Keywords: DNA sequence, protein sequence, reverse transcription, transcription,
translat
%1 External resources - anslation
(No support from the ExPASy ' Reverse Translate

Team) a protein sequence back to a nucleotide sequence [more]

Keywords: DNA

ence, protein sequence, reverse translation, translation

&N Translate

"Expert Protein Analysis System"

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




ExPASy
http://lweb.expasy.org/transilate/

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

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

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

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

[Reset | or [ TRANSLATE SEQUENCE |




Translate Tool - Results of translation

Open reading frames are highlighted in f8@ll Please select one of the following frames - in the next page, you will be able to select your initiator and retrieve your amino acid
sequence:

5'3' Frame 1

v C W Stop L W MEEPLPC'Stop AP IRKPAYVIRPPRP Stop L MEEVATCMetLLARAMetPREWAITIAVCLEP¥Stop ARVISCICAKPRWRCARK
Stop A C CLF AL P Stop K MEfPAREFRSNWKCVMeEPPPPER MEtRMEICCIRAVRIStop K 111G A A MEECWRRARPPVEPIERCAN MetAR
Stop AVIFVGKPALKLRAASRIPNSRALNRAAIAMEATEACRRIPPEKRESSMeERTRRIVRIIStop N C L L MEEMEERRNRP PP EWTAK Met
VEWCDP stop  AKVVKFVLKRARTAVRARP MEEPVRRIStop ARAIPCGW A GW AR K MtV P MEERIIMEtMeEtADDFCSEGREPNG

5'3'Frame 2

YAGDCGCRYPAERLSGSQPStopSGRPDRDStopWSPPYVCCStopPGRCRAAGP StopRStopPSYYRSEPGStopSAASARNRAGAAR
GSERAVYSLCPERCRHCCPDRTGSAStopCRHRRSGCGStopSAASELSSAERSLLAQRCAGGGRDHLYRRFCGYVRSStopWHRE
RLFSLGNQHStopNCGQPAGYQTAGLStopTEQRSQWQLStopPAAEYRLStopSDLLCERGGSSGSETYYStopStopCAGTGRHLCG
Stop QORRWCASYVYPEStop QRWStopNSYStopSERERPSERDRCPSGAAERGRYRVAGLAGRGRWCRCGL Stop StopWHCYSAVAD

Y L Met
5'3" Frame 3

Stop WV

35" Frame 1
PIRStopSATAEStopQCHHYNPHRHHLPRPASPATRYRPRSAAPDGHRSRSDGRSRSLQYEFYHLCYSGStopTDAHHLRCYPQRW
RPYPAHHQStopTYSDPDDPPRSHRRSLStopRRYSAAGStopSCHCDRCSVYStopSPAVWYPAGCPQFQCWFPNENNRSRCHHDR
TPAQNRRYRWSRPPPAHRCANNDLSADDSSDAADHPHPERRWRHHALPYVRSGQQCRHLSGQSEStopTARSLPRAAPARFRAD
AADHPGSDRStopTDGYRYGPAARHRPGStopQHTGGDHQSRSGRPDHGWLPDRRSAGStopRHPQSPAY

3'5'Frame 2
PLGNRPLQNNNAINIIRIGTIFRAQPAQPHGIARAQRRQTGIGRALTAVRARFNTNFTTFAIQGKQTHTIFAVTHKGGGRFRRIINKQF
QILTIRRVRIEDRFKGGIRRQAKVAIAIAARFKARLFGIRLAARNFNAGFPTKITAHGAITIAHRKIGGTGGRARRQHIAAP | MEIEQRT

3'5'Frame 3
HStop VIGHCRITMEEPSEStop SASAPSSAPSQPSHTVSPALSGARRASYVALStopRPFALASIRILPPLLFRYNRRTPSSLLPTKVAA
GSGASSINSFRSStopRSAAFAStopKIALKAVFGGRLKLPLRSLLGLKPGCLYSGWLPAIS MEEEVSARKIStopPLTYPSRSHTAKSA

VAVVAPAASTSLRQStopStopSFSGRALGCSRSSASGTAVAASRTSSSIGATMEEPASERAKRINSTETSARSASAVSRRCS stop S
PGLRPYNRRLSLWPSCAASPGLTTYRWRPSITYGAAGSRLASGStopALSRYTASTITSI



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

(. . . .
(3 NCRI ORF Finder (Open Reading Frame Finder)

PubMed Entrez BLAST OMIM Taxonomy

NCBI The ORF Finder (Open Reading Frame Finder) is a graphical analysis tool which finds
selectable minimum size in a user's sequence or in a sequence already in the databas
This tool identifies all open reading frames using the standard or alternative genetic co
sequence can be saved in various formats and searched against the sequence databa
The ORF Finder should be helpful in preparing complete and accurate sequence subm
GenBank the Sequin sequence submission software.

sequence submission

support and software Enter Gl or ACCESSION ‘ ] [ OrfFind ] [Clear]

FTP site .
Pl S or sequence in FASTA format

software

Tools
for data mining

FROM: | 'TO:|

Genetic codes | 1 Standard v




(.
S NCBI

PubMed

NCBI

Tools
for data mining

GenBank

sequence submission
support and software

FTP site
download data and
software

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

ORF Finder (Open Reading Frame Finder)

Entrez

BLAST OMIM Taxonomy

The ORF Finder (Open Reading Frame Finder) is a graphical analysis tool which finds
selectable minimum size in a user's sequence or in a sequence already in the databas
This tool identifies all open reading frames using the standard or alternative genetic co
sequence can be saved in various formats and searched against the sequence databa
The ORF Finder should be helpful in preparing complete and accurate sequence subm

the Sequin seq
Enter Gl or

or sequenc

FROM:| |

Genetic codes

uence submission software.

The Standard Code

The Vertebrate Mitochondrial Code

The Yeast Mitochondrial Code

The Mold. Protozoan, and Coelenterate Mitochondrial Code and the Mvcoplasma/Spiroplasma Code
The Invertebrate Mitochondrial Code

The Ciliate. Dasvcladacean and Hexamita Nuclear Code
The Echinoderm and Flatworm Mitochondrial Code

The Euplotid Nuclear Code

The Bacterial and Plant Plastid Code

The Alternative Yeast Nuclear Code

The Ascidian Mitochondrial Code

The Alternative Flatworm Mitochondrial Code
Blepharisma Nuclear Code

Chlorophvecean Mitochondrial Code

Trematode Mitochondrial Code

Scenedesmus Obliquus Mitochondrial Code
Thraustochvtrium Mitochondrial Code




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

[View 1 GenBank || Redraw || 100 + SixFramesl Frame from to Length
| y +3 B 3.872 870

— I -2 B 1.857 857

53 Frame 3
MetLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDAQLHLRETALALRAEVSVLFIRFALKDAGIVAPI
ELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTYVSGYFRWETSIEIAGSAQPDTKAQPGFKPSSDRNGN
FSLPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFYVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDARLAPLSAGDTVWLGWLGA
EDGADADYNDGIVILQWPIT StopW

35 Frame 2
PLGNRPLOMNMNMNAIIIRIGTIFRAQPAQPHGIARAQRROATGIGRALTAVRARFNTNFTTFAIQOGKQTHTIFAYVTHKGGGRFRRIINKQFQILTI
RRVRIEDRFKGGIRROAKVAIAIAARFKARLFGIRLAARNFMNAGFPTKITAHGAITIAHRKIGGTGGRARROQHIAAPIMetl FORTTARMetQ QI
RIRNGGGGITHFQFDRGNNAGIFQGKANKOQHAHFRAQRORGFAQMetQLITRAQTGKQTAIVMetAQLRGIARANNIQVATINHGRGGRITA
GFRIGAQQOGMNGIHNHQH
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—— e
B —

8 A I AT T TS T T A 1T T G e G T T G R G T G T il G R G W TG T T R S WT AT G T T AL AT A AT AN AT TR TR TG TRl W T Gl WG NG ACT CA MV TECL CGTTTTAS TCTTIT

VTV T W W T T8 FCTAGGC T TG T SALC G G S Gl G A Ve L aTTTa T

CAAMAL T TCOCTT 15 IS MOCTAL R TTEET AN D R TRO- ST TR AASCA TTEOGCA TT T RO T AL TG AL 10CANT TR TT EASMCAGCTAAMAC 1O T TT TR ICAD KT AT T N T IOGE0 FITEDIOCACT T SEOA I T TTOACTAAS AT TTEETAATT IE TTTAS MICEIC MTEC T SECOO TRARS SO00 MACICISITA TT IO AL ETRACTAL A,
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e TR GG T GG T e T LG T AL TTCLG T s MG TT AT G T T TR

A T TR GG TG T T WG T TT TRAGE A TGOGAIG ST TT TR TG TG T

NTGARAGCA GG TTIC L ASS

The diagram shows 4522 bp of the lactose operon of Escherichia coli with all ORFs
longer than 50 codons marked. The sequence contains two real genes - lacZ and
lacY - indicated by the red lines. These real genes cannot be mistaken because they
are much longer than the spurious ORFs, shown in blue.



Translacni a transkripcni signalni sekvence

Regulacni signaly pro Regulaéni signaly pro
transkripci iniciaci translace
— = e — - A -~
Promotor £ SD
TGTTGACA |l TATAATG |l b TAAGGAG |l ATG STOP T

35 -10 : i > l

*  Vedouci sekvence :
TATA box mRNA *
Pribnowuv box

Shine-Dalgarnova

sekvence protein

Pro ka ryOta oblast bohata na puriny

~ cca 8 bazi upstream



Translacni a transkripcni signalni sekvence

Regulacéni signaly pro

= i NA

Hognessuv box

Promotor RNA-polymerasy li

Eukaryota

transkripci
_An_
” N
(GGGLCGG CLAAT GGGLGG TATAA E
100 75 50 25 +1
TATA b
GC box GC box o

Regulacni signily pro
iniciaci translace

A
' N

(gcc)gccReccAUGG

Kozak sequence
Sekvence Kozakové



Promotor sequences

~ggcctataaaattctctttccattgtgtttcag| tgca~
~tatataaataagctgcatactcggtctctcag|actg~

~gcgtataaaagcatgccagccctcactgectttatttc|gaat~
~ggtataaatcacttgctcgtctgccatgcag|ctcg~
~ttataaattcaaatttctccgtctctcaccctgcagatge~

~cctataaaagcgagtgagccgtgtctattctag | gegg~



Prokaryotické geny

* Velmi jednoduchy pristup k predikci genu

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

Chyby mohou vznikat pii SEKVENOVANI
DNA.

Pridani/odstranéni startgvniho alneb9 stop kodonu
muze vést ke ZKRACI’ENI, PRODLOUZENI nebo
uplnému VYNECHANI genu.

Vynechani-inzerce nukleoticu pak ke ZMENE
CTECIHO RAMCE




PLL
PLU0732

PLL
PLU0732

PLL
PLU0732

PLL
PLU0732

PLL
PLU0732

PLL
PLU0732

PLL
PLU0732

Experimental vs. database
sequence

——————— MPNPDNTEAYVAGEVEIENSAIALSGIVSVANNADNRLEVFGVSTDSAVWHNW
MKKEPIKMPNPDNTEAYVAGEVAIENSAIALSGIVSVANNADNRLEVFGVSTDSAVWHNW

QTAPLPNSSWAGWNKFNGVVTSKPAVHRNSDGRLEVEFVRGTDNALWHNWQTAADTNTWSS
QTAPLPNSSWAGWNKFNGVVTSKPAVHRNSDGRLEVFVRSTDNALWHNWQTAADTNTWSS

WOQPLYGGITSNPEVCLNSDGRLEVFVRGSDNALWHIWQTAAHTNSWSNWKSLGGTLTSNP
WQPLYGGITSNPEVCLNSDGRLEVFARGTDNALWHIWQTAAHTNSWSNWKSLGGTLTSNP

AAHLNADGRIEVFARGADNALWHIWQTAAHTDQWSNWQSLKSVITSDPVVINNCDGRLEV
AAHINADGRIEVFARGADNALWHIWQTAAHTDQWSNWQSLKSVITSDPVVIGNCDGRLEV

FARGADSTLRHISQIGSDSVSWSNWQCLDGVITSAPAAVKNISGQLEVFARGADNTLWRT
FARGADNTLRHISQIGSDSVSWSNWQCLDGVITSAPAAVKNISGRLEVFARGADNTLWRT

WQTSHNGPWSNWSSFTGIIASAPTVAKNSDGRIEVEFVLGLDKALWHLWQTTSSTTSSWTT
WQTSONGPWSNWSSFTGIIASAPTVAKNSDGRIEVFVLGLDKALWHLWQTTSSTTSSWTT

WALIGGITLIDASVI- 368
WALIGGITLIDASVIK 376

93
60

113
120

173
180

233
240

293
300

333
360



Opravdu ORF kéduje protein?

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

 ORF ma typicky obsah GC nebo frekvenci

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

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




Opravdu ORF kéduje 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.



£

VIRT13492
VIRT18492;

Translate Tool - Results of translation

Unreviewed;

289 AL,

Translation of nucleotide sequence generated on ExPASy

on 083-May-2014 by 147.251.28.220.

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

SWISS-2DPAGE; VIRT1849Z;

SEQUENCE

MLVIVDAVTL
HLRETALALR
WRSDVLAAGA
SLPPNTAFEKA
SANGRQSATD

289 AL;
LSAYPEASRD
AEVSVLFIRF
TTCTADFAVC
IFYANALADRQ
ARLAPLSAGD

Sequence in FASTA format

PLAPTVIDGR
ALKDAGIVAP
DRDGTVSGYF
DLELFIDDAP
TVWLGWLGAE

BLAST BLAST submission on ExPASYSIB

o

ScanProsite

VIRTUAL.
Z66AF312C81FBE3SD CRC64.

HLYWWV3SPGDA
IELEVRDAAT
RWETSIEIAG
EPAATFVGHNS
DGADADYNDG

AQLGHNDSRL FTGLSPGDQL
AVPDADDLLH PSCRPLEDHY
SQPDTKQPGF KP3SDRNGHNF
EDGVRLFTLN SKGGKIRIEAL
IVILQWPIT

lﬂ Sequence analysis tools: ProtParam, ProtScale, Compute plitivy,

#dd Direct Submission to SWISS-MODEL



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

3 atgctggtgattgtggatgccogttaccctgotgagogectateeg
L v I v D &2V TULUL S 2 Y P

48 gaagccagccgtgatccggcocgocccgaccgtgattgatggtege
E 2 S R D P 2 2P T UV I DG R

93 cacctgtatgttgttagcccgggcgatgoccgegocagetgggecat
H L ¥ VvV s P G D AZAQUL G H

138 aacgatagccgtctgtttaccggtctgagcccgggtgatcagetg
N D S R L F T G L 8§ P G D Q L

183 catctgcgcgaaaccgegectggegotgegegeggaagtgagegtg

blastp ~ | Dk nr vl I - HLRETA ATZLA ATLTZ RZERZTEUV S V
Program P tabase BLAST E] \wthparameters COQH'ItOI" 228 ctgtttattcgctttgccocctgaaagatgeccggeattgttgeceeg

L F I R F 2 L KD a2 € I Vv a2 p
273 atcgaactggaagtgcgtgatgccgoccaccgocgttecggatgeg
I EL E V R D AZATUBAUV P D 2
318 gatgatctgctgcatccgagctgtocgtcococgotgaaagatcattat
D DL L HP § CURUPULEKUDUHY

[View] 1 GenBank VH Redraw ]’100 v‘ Frame from to Length 363 tggcgcagogatgtgotggoggogggogogaccacctgtacegece
| |

— - W R 8§ D VL A2 A G A2ATTTCT-=2
+3 o 3"8/2 8/0 408 gattttgcggtgtgcgatcgtgatggcaccgtgagoggttatttt
— _2.1857857 D F AV CDURUDGTUV S G Y F
[ | 453 cgttgggaaaccagcattgaaattgcgggcagcoccagecggatace
—_ R W E T §s I E I A G s @ P DT
I e e e

K Q P 6 F K P § §S D RNGN F
| | 543 agcctgccocgccgaataccgcoctttaaagocgatcttotatgogaac
— S L P P N TAXATV FI KU ZAZTITF Y 2AN
— 588 gcggcggatcgtcaggatctgaaactgtttattgatgatgegecg
— A 2 DRQDIL KL F I DDA P
I | €33 gaaccggccgccacctttgtgggtaacagcgaagatggtgtgegt

Length: 289 aa EPAATT FVGNSTETDTE GV R
€78 ctgtttaccctgaatagcasaggtggtasaattogtattgaageg
L F T L N 8§ K & & K I R I E 2

723 agcgcgaacggccgtcagagcocgcgaccgatgeccgtotggegeeg
S 2 N G R Q 58 2T DA AURULZATP
768 ctgagcgcgggcgataccgtgtggotgggetggotgggegeggaa
L §S 2 66 DTV WUILGEGWUL G 2 E
813 gatggtgccgatgcggattataatgatggcattgttattctgeag
D G 2D 2D Y NUDGTIUVITULGQ
858 tggccgattacctzz 872
w P I T ~+



Searching for PA-IIL protein

Putative conserved domains have been detected, click on the image below for detailed results.
1 20 40 60 80 100 114

Query seq, HTQGVFTLPRNTRFGVTRFQNSSGTQTVNVLVNNETHHTFSGQSTNNQVIGTQVLNSGSSGKVQVQVSVNGRPSDLVSQQVILTNELNFHLVGSEDGTDNDYNDHWVINNPLG
Specific hits
Superfanilies PA-IIL superfamily

Distribution of 100 Blast Hits on the Query Sequence &

IMouse over to see the defline, click to show alignments |

Color key for alignment scores

40-50 80-200 >=200
Query I—

| | | | |
1 20 40 60 a0 100




Alignment statistics for match #1

Score Expect Method Identities Positives Gaps
207 bits(527) 3e-66 Compositional matrix adjust. 107/107(100%)
107/107(100%) 0/107(0%)
Query 8 LPANTRFGVTAFANSSGTOTVNVLVNNETAATFSGOSTNNAVIGTOVLNSGSSGKVQVQOV 67
LPANTRFGVTAFANSSGTOTVNVLVNNETAATFSGOSTNNAVIGTOVLNSGSSGKVQOVQOV
Sbijct 1 LPANTRFGVTAFANSSGTOTVNVLVNNETAATFSGOSTNNAVIGTOQVLNSGSSGKVQVOV 60

Query 68 SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG 114
SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG
Sbjct 61 SVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVINWPLG 107




LOCUS NZ_JUuuu01000485 5873 bp DNA linear CON 21-AUG-2015
DEFINITION Pseudomonas aeruginosa strain 744 _PAER 959 5873 75941, whole genome

shotgun sequence.
ACCESSION NZ_Juuuo01000485 NZ_JUuuuo00000000

gene complement (5548..>5873)

/locus tag="ADF63 RS25535"
CDS complement (5548..>5873)

/locus tag="ADF63 RS25535"
/inference="EXISTENCE: similar to AA
sequence:RefSeq:WP_009876850.1"
/note="Derived by automated computational

analysis using gene prediction method: Protein Homology."
/codon_ start=3
/transl table=11
/product="fucose-binding lectin"
/protein id="WP_049233417.1"
/db_xref="GI:896235191"

/translation="LPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVIG
TOQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYNDAVVVI
NWPLG*



Chyby

NejCastejsi
— chyby v sekvenaci

— Spatna predikce -alternace startovniho
kodonu

— shot gun sekvenace



Eukaryotické geny
Jednobunécna eukaryota

 Genomy jednobunécnych eukaryot se

vyrazne liSi (frekvence intron(, jak velka &ast
genomu je tvorena geny koédujicimi proteiny).

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

* Hlenky — primérny gen obsahuje 3,7 intronu.

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




Eukaryotické geny
Mnohobunécna eukaryota

 Mnohobunécna eukaryota

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

25k { 3°
1

B - codina realon B - untranslated resion

Glyceraldehyd-3-fosfat-dehydrogenasa
Candida albicans




Eukaryotické geny
Mnohobunécna eukaryota

 Mnhohobunécna eukaryota

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

5% { 3°
4 -0 - .

B - codinag resion B - untranslated resion

Glyceraldehyd-3-fosfat-dehydrogenasa
Homo sapiens



TATA ATG TAG
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5 Promoter Exon Intron Exon Intron Exon 3
e
DNA
—¢€ > N o
Transcription
pre mRNA
I ]
Processing
MRNA I I
Translation

Protein




TATA ATG jT Ai ﬁT AG TGA

S Promoter Exon Intron Exon Intron Exon 3
DNA
—a@& > 0
Transcription
pre mRNA
] @ |
Processing
MRNA [ B W AAAAAAAAAA
Translation
Protein
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Precursor Lariat Spliced Lariat form
intermediate praduct 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. R stands for a purine
nucleotide, Y for a pyrimidine nucleotide, and N for any nucleotide. The 5" splice site is
attacked by the 2'-OH group of the branch-site adenosine residue. The 3’ splice site is attacked
by the newly formed 3'-OH group of the upstream exon. The exons are joined, and the intron is
released in the form of a lariat. [After P. A. Sharp. Cell 2(1985):3980.]




Eukaryotické geny
Mnohobunécna eukaryota




Eukaryotické geny
Mnohobunécna eukaryota

* Rozpoznani exonu/intronu

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

« Chyby pfi rozpoznavani exonu/intronu

Velké mnozstvi chyb. Dlouhé introny — urceny jako

intergenoveé useky. Kratké intergenoveé useky —
urceny jako introny.




Algoritmy a nastroje pro identifikaci genu

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

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

» Vetsina béezne 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 intronu, 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://exon.gatech.edu/GeneMark

Vyuziva Markovovy modely

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

Varianty pro prokaryoticke, eukaryoticke,
virové sekvence



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

Gene Prediction in Bacteria, Archaea and Metagenomes

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

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

Gene Prediction in Eukaryotes

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

Gene Prediction in Viruses, Phages and Plasmids

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



Algoritmy a nastroje pro identifikaci genu

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

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

Primarni analyza velkych useku eukaryotické
genomove DNA



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

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

AN/

(o o)
- .. .—0000~ (_) ~0000-. — .- - - - - - - - - - - - - - -
IIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/IIIXIII\/|||X|||\/|IIX|||\
A NPEIXDLLS NTUIXTLE NTRIXLLLS NLRIXRLE, NPIXL LS NTUIXLLLS NI NPRIXLLLS NTHIXL L NTHIXL L, N

L} ~ 1 - L} - ] - L} - L} — L} - L} E ] ~ 1 - L} - ] — L} - L} — L} ~ 1 - L} - ] - L} - L} — L}

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

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




Algoritmy a nastroje pro identifikaci genu

Program

Organism

Algorithm®

Website Homology

Genell)
FGENESH

GeneParser
Genie
GenLang
GENSCAN
GlimmerM

GRAIL

HMMgene
AUGUSTUS

MZEF

Vertebrates, plants
Human, mouse,
Dirosophila, rice

Vertebrates

Drosophila,
human, other
Vertebrates,
Drosophila, dicots
Vertebrates,
Arabidopsis, maize
Small

Arabidopsis, rice

enkaryotes,

Human, mouse,
Arabidopsis,
Drosophila
Vertebrates,

C. elegans
Human,
Arabidopsis
Human, mouse,
Arabidopsis,
Fission yeast

DF
HMM

NN

GHMM
Grammar rule
GHMM

IMM

NN, DP

CHMM
IMM, WWAM
Quadratic

discriminant

analysis

http:/ fwwwl imim.es/geneid. html

http:/ fwww.softberry.com/berrv.phtm|Ttopic
=fgeneshirgroup=programs&=subgronp=gfind
http:/ /beagle.colorado.edu /~eesnyder/ EST
GeneParser.html

http:/ fwww. fruitly.org /seq_tools/genie.htm]l  protein
http:/ /www.cbilupenn.edu/genlang/

genlang_home. html

http:/ fgenes. mit.edu /GENSCAN htm]

http:/ fwww tigr.org /tdb/glimmerm /
glmr_form.html

http:/ /compbio.ornl.gov/Grail-bin/
EmptyGrailForm

http:/ fwww.chs dtu.dk /services/ HMMgene /

http:/ /augustus. gobics.de/

http:/ /rulai.cshlorg /tools/genefinder/

*DP, dynamic programming; NN, neural network; MM, (Markov model; HMM, Hidden Markov model; JCHMM, class

HMM; GHMM, generalized HMM; IMM, interpolated MRS




Shrnuti

Predikce prokaryotickych genu mnohem
jednodussi nez u eukaryotickych.

Predikce genu ab initio/na zakladé sekvenéni
homologie.

Nutné kombinovat oba pristupy.

Rozumneé vyuzivat vice predikcnich
programu.




Ukol — deadline 27.dubna

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

. ACCESSION XP 002846975
. VERSION XP 002846975.1

« DBSOURCE REFSEQ: accession
XM_002846929.1




