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Why Predict Genes with a Computer?

tons of data
39/250 eukaryotic/prokaryotic genomes sequenced
547/804 additional sequencing projects started

no experimental evicence available: gene not
expressed in sample

selective experimental verification of predicions
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What is Predicted?

a eukaryotic gene
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Example of a Human Gene

cct cacct ct gagaaaacct cttt gccaccaat accat gaagct ct gcgt gact gt cctgtctctc
ctcgt?ctag agct gccttctgetctctagecact ct cagcaccaagt aagt ct acttttgcaget
gct at tcgagtcaaggtgtaggcagagtccttttttcta?tcat?gctggcaaacagt?g at ct
ggggatgggacaaaa gcagc ag?aa att gccat gt agf ct gct gct aaat gt agagt ctagt a
gatatt cagt aacaticaagttcctatittcitaagaatia caaccagcagaggaaaacgat?gg
ctg aagtcagactgttgaattg?ctct cctttaattatt gttcaagcaagcccctgtccc C

ct gt gccttggtttccccat ct gi cat at gaagggagt gcga t?ttctga act gaat ccagtt
ccaafcttctagatttctttctcgttcttctce ?aaga ccactat't cagaat aagactcctgctc
at gt t aggt gggaat ggat acaagggaccat at ft ggggt t ct ggt agct ccacagggat gct caa
t?aa?a gcaaaattagaagtcaaaataaacagctcccat???ca t gtt gat ct caccc ??cct
ttcc ttcagtgg?ctca accct cccaccgcect get get ct acaccgc?aggaagc cct
cgcaact tt gt ggtagat t act at gagaccagcagcctct gct cccagccagcetg ?gtgtgagta
tcaacccct?gc gccctgggaggcaag?gtgagggctggatttttaaa ggggcctgtitfgggg
agggggt gat ga cgctggggaggcagc ctcagggctgaa?ccttccc gacagcagt gaggtca
caggf cat gaactcacttitcaagt gct gaaggcggct gagt ggcagccgagaca aagg?g?ttc
ctggggag?aagttattca?aggacagggaa caggggaaggcagacaggt cccaf gagat at gga
ccaaftccftaaaccat gct agaaaaacat g?aaaagtcactaccaggctggcagggaatgggg
caat ct att cat act ga t?caatgcccac gg t cct aat ct gggcaacccctggggcccacagce
t aaat ccagt gagt ggaagtt acagggagt c gcttccagt?c gct cgaggaaggat cccat cca
ccaga?ctgccccacat?gaccatgg caggca a?gaa at gcct accacaggcaa ?gataaag
ccaga gacctcaaag? cccat?ggattc aatctgtctgctfccttgttctacagaticcaaacc
aaaagaggcaagcaagt ct gcgce gacccca?t?ag cct gggt ccaggagt acgi gt at gacct g
gaact gaact gagct gct cagagacaggaagt cftc
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Example of a Human Gene

cct cacct ct gagaaaacct cttt gccaccaat accat gaagct ct gecgt gact gt cct gt ctctc
ctcgt gct agtagcet gcettct gecict ct agcact ct cagcaccaagt aagt ctacttttgcaget
gctatttcgagtcaaggtgtaggcagagtccttttttcta tcat?gctggcaaacagt?g at ct
ggggatgggacaaaaggcagc ag?aa?att ccat gt agf ct gct gct aaat gt agagt ctagt a
gatattcagt aacaticaagttcctatittcitaagaatia caaccagcagaggaaaacgat?g?
ctg aagtcagactgttgaattg?ctct cctttaattatt ?ttcaagcaagcccctgtccc C

ct gt gccttggtttccccat ct gi cat ai gaagggagt gcga t?ttctga act gaat ccagtt
ccaafcttctagatttctttctcgttcttctce ?aaga ccactat't cagaat aagactcctgctc
at gt t aggt gggaat ggat acaagggaccat at ft ggggt t ct ggt agct ccacagggat gct caa
t?aa?a gcaaaattagaagtcaaaataaacagctcccat???ca?tgttgatctcaccc ??cct
ttccittcagt gggct cagaccct cccaccgect get get ct facaccgcgaggaagcticct
cgcaactttgtg tagattactatgagaccagcagcctctgctcccagccagctgt?gtgtgagta
tcaacccctggc gccctgggaggcaag?gtgagggctggatttttaaa ggggcctgt it fgggg
agggggt gat ga cgctg??gaggcagc ctcagggctgaa?ccttccc gacagcagt gaggtca
caggf cat gaactcacttitcaagt gct gaaggcggct gagt ggcagccgagaca aagg?g?ttc
ctgg??ag?aagttattca?aggacagggaa caggggaaggcagacaggt cccaf gagat at gga
ccaaftccttaaaccat gct agaaaaacat g?aaaagtcactaccaggctggcagggaatgggg
caat ct att cat act ga t?caatgcccac gg t cct aat ct gggcaacccctggggcccacagce
t aaat ccagt gagt ggaagit acagggagt c gcttccagt?c gct cgaggaaggat cccat cca
ccaga?ctgccccacat?gaccatgg caggca a?gaa at gcct accacaggcaa ?gataaag
ccaga gacctcaaag? cccat?ggattc aatctgtctgcifccttgttctacagaiiccaaacc
aaaagaggcaagcaagtct gcgc gacccca?t?agtcctgggtccaggagtacg gt at gacct g
gaact gaact gagct gct cagagacaggaagt cttc
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Methods of Gene Prediction

signal sensors

content sensors
alignment with cDNA

alignment with ESTs

protein homology

cross-species DNA comparison
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Methods of Gene Prediction
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Signal Sensors

translation
fitati stop
promoter Ir_lltatlon
\ site (TIS) C‘jdon poly-A
O B B [ ovasquence

acceptor splice site (ass)

Signals are short sequence segments of the DNA, that con-

trol translation or transcription.
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Signal Sensors

promoter: marks the begin of transcription

splice sites: 5’ (donor) and 3’ (acceptor) end of an
Intron

TIS: Contains the start codon (usually atg) and marks
the begin of translation

stop codon: marks the end of translation (usually tga,
taa or tag)

poly-A signal: triggers end of transcription.
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Donor Splice Site

These signals contain sequence motifs, but these

motifs are not : The motifs occurr also at
positions where actually no signal is.

Example donor splice sites: (Almost) every intron begins
with the dinucleotide gt, but that is not sufficiently specific
and does not suffice for locating donor splice sites.
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Donor Splice Site

cct cacct ct gagaaaacct cttt gccaccaat accat gaagct ct gcgt gact gt cctgtctctec
ctcgt?ctag agct gccttctgetctctagecact ct cagcaccaagt aagt ct actttigcaget
gct at tcgagtcaaggtgtaggcagagtccttttttctagtcat?gctggcaaacagt?g at ct
ggggatgggacaaaa gcagctag?aa?att ccat gt agt ct gct' gct aaat gt agagt ctagt a
gatatt cagt aacattcaagttcctatittcitaagaatia caaccagcagaggaaaacgat?g?
ctg aagtcagactgttgaattggctct cctttaattattigttcaagcaagcccctgtcccic

ctg gcctt gtttccccatctgicata gaagggagt cga tgttctgagactgaatccagtt
ccaafcttctagatttctttctcgttcttctcigaagaiccacta tca?aataagactcct ctc
at gt t aggt gggaat ggat acaagggaccat at it ggggt t ct ggt agc ccacagggat?c caa
t?aa?a gcaaaattagaagtcaaaataaacagctcccatgggcagtgttgatctcaccc ggcct
ttcc ttcagtgg?ctca accct cccaccgcect get get ctfacaccgc a?gaagcttcct
cgcaact tt gt ggt agat t act at gagaccagcagcct ct gct cccageccagcet g ?gt?t?agta
t Caacccct ggc gccctgggaggcaag?gtgagggctggatttttaaagggggcc gt tttgggg
agggggt?a gagcgct?gggaggcagc Ct cagggct gaagcctt ccct gacagcagt gaggtca
caggf cai gaactcact ftt caagt gct gaaggcggct gag ggcagccgagaca?aagg?ggttc
ctggggag?aagttattcagaggacagggaa caggggaaggcagacaggt cccat gagat at gga
ccaaftccttaaaccat gct agaaaaacat g g?aaaagtcactaccaggctg?cagggaatgggg
caat ct att cat act ga t?caatgcccact?g tcctaatct?ggcaacccc ggggcccacagc
t aaat ccagt gagt ggaag tacagg?agtc gcttccagt gct gct cgaggaaggat cccat cca
ccaga?ctgccccacatggaccatgg caggcagaggaa?at?cctaccacaggcaa??gataaag
ccaga gacctcaaaggtcccat?ggattc aafctgtctgctccttgttctacagaticcaaacc
aaaa?aggcaagcaagtctgcgc gaccccagt gagt cct gggt ccaggagt acgt gt at gacct g
gaact gaact gagct gct cagagacaggaagict't
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Exon
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Donor Splice Site

.. agagcaaggt acgc. . .
{ltttcargtga St...
..actgtcaggtatgt. ..
.. gacaaaaggt acgt . . .
.. fccaaaaggcaggg. . .
..tttcctaggtaacg...
. . agaagat ggt agga. . .
..tcctttgggtgagt. ..
.. gatcct gggt cagt . ..

.cacgct?ggtacgc...
. cgtgagt. ..
.. cttccagggt gaga. . .
.. acctcacggt gaga. . .
.. aacaggaggt acca. . .
.. gtcggaccgt gagt . ..

. aaactgcg

. ccaggaag

Intron
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Donor Splice Site

A pictogram of the region -8 to 6 relative to the boundary be-
tween exon and intron. The size of the letters of the bases

IS proportional to the relative frequency of the base at this

position.
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Content Sensors

Coding sequences and non-coding seguences (introns,
Intergenic region) also typically have different base
compositions. For example

coding: bases g and c slightly more common

non-coding: bases a and t slightly more common
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Content Sensors

cct cacct ct gagaaaacct cttt gccaccaat accat gaagct ct gecgt gact gt cct gt ctctc
ctcgt gct agtagcet gcettct gecict ct agcact ct cagcaccaagt aagt ctacttttgcaget
gctatttcgagtcaaggtgta?gcagagtccttttttcta tcat?gctggcaaacagt?g at ct
ggggatgggacaaaaggcagc ag?aa?att ccat gt agf ct gct gct aaat gt agagt ctagt a
gatattcagt aacaticaagttcctatittcitaagaatia caaccagcagaggaaaacgat?g?
ctg aagtcagactgttgaattg?ctct cctttaattatt ?ttcaagcaagcccctgtccc C

ct gt gccttggtttccccat ct gi cat ai gaagggagt gcga t?ttctga act gaat ccagtt
ccaafcttctagatttctttctcgttcttctce ?aaga ccactat't cagaat aagactcctgctc
at gt t aggt gggaat ggat acaagggaccat at ft ggggt t ct ggt agct ccacagggat gct caa
t?aa?a gcaaaattagaagtcaaaataaacagctcccat???ca?tgttgatctcaccc ??cct
ttccittcagt gggct cagaccct cccaccgect get get ct facaccgcgaggaagcticct
cgcaactttgtg tagattactatgagaccagcagcctctgctcccagccagctgt?gtgtgagta
tcaacccctggc gccctgggaggcaag?gtgagggctggatttttaaa ggggcctgt it fgggg
agggggt gat ga cgctg??gaggcagc ctcagggctgaa?ccttccc gacagcagt gaggtca
caggf cat gaactcacttitcaagt gct gaaggcggct gagt ggcagccgagaca aagg?g?ttc
ctgg??ag?aagttattca?aggacagggaa caggggaaggcagacaggt cccaf gagat at gga
ccaaftccttaaaccat gct agaaaaacat g?aaaagtcactaccaggctggcagggaatgggg
caat ct att cat act ga t?caatgcccac gg t cct aat ct gggcaacccctggggcccacagce
t aaat ccagt gagt ggaagit acagggagt c gcttccagt?c gct cgaggaaggat cccat cca
ccaga?ctgccccacat?gaccatgg caggca a?gaa at gcct accacaggcaa ?gataaag
ccaga gacctcaaag? cccat?ggattc aatctgtctgcifccttgttctacagaiiccaaacc
aaaagaggcaagcaagtct gcgc gacccca?t?agtcctgggtccaggagtacg gt at gacct g
gaact gaact gagct gct cagagacaggaagt cttc
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Content Sensors

The frequency of dinucleotides serve even better as a
means to distinguish coding from non-coding sequences.
Example: The dinucleotide at occurs more often in
non-coding sequences than in coding sequences.
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Content Sensors

cct cacct ct gagaaaacct cttt gccaccaat accat gaagct ct gecgt gact gt cct gt ctctc
ctcgt gct agtagcet gcettct gecict ct agcact ct cagcaccaagt aagt ctacttttgcaget
gctatttcgagtcaaggtgtaggcagagtccttttttcta tcatggctggcaaacagt?g?a ct
gg?gatgggacaaaa gcagc ag?aa?attgccatgta ct gct'gct aaat gt agagt ct agt a
gafattcagtaacattcaagttcctatittcitaagaatia caaccagcagaggaaaacgatggg
ctg aagtcagactgttgaattggctct cctttaattattigttcaagcaagcccctgtccctc

ctgtgccttggtttccccatct gi cat ai gaa ggagt?cga t?ttctga?actgaatccagtt
ccaaicttctagatttctttctcgttcttctce ?aaga ccactaft cagaal aagact cctgctc
at gt t aggt gggaat ggat acaagggaccat at tggggttctggtagctccacagggatgc caa
t?aa?a gcaaaat t agaagt caaaat aaacagct cccat gggcagt gt t gat ct caccctggcct
ttcc ttcagtgggctca?accctcccaccgcctgct ctifictfacaccgc a?gaagcttcct
cgcaact tt gt ggtagat t act at gagaccagcagcct ct gct cccagccagctg ?gt?t agt a
t Caacccct ggc gccctgggaggcaag?gtgagggctggatttttaaagggggcc gttt gggg
agggggt?a gagcgct?gggaggcagc Ct cagggct gaagcctt ccct gacagcagt gaggica
caggt cai gaactcact fttcaagt gct gaaggcggct gagt ggcagccgagacagaagggggtt c
ctgg??aggaagttattca aggacagggaagcaggggaaggcagacaggt cccaf gagaf ai gga
ccaaitccttaaaccat gc agaaaaacatg ggaaaagtcactaccaggctg cagggaat gggg
caat ct at t cat act gai't gcaat gcccac gg t cct aat ct gggcaacccciggggcccacagce
t aaat ccagt gagt ggaag tacagg?agtc gctt ccagt gct gct cgaggaaggat cccat cca
ccagagct gccccacat ggaccat gg cag?caga gaagaf gcCt accacaggcaagggat aaag
ccagaft gacct caaaggfcccat gggatt ctaafct gt ctgctccttgttctacagaifccaaacct
aaaagaggcaagcaagict gcgctgacccca t?agtcctgggtccaggagtacgtgtatgacctg
gaact gaact gagct gct cagagacaggaagt cttc
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Content Sensors

Reading frame dependent hexamer frequencies is the
most commonly used content sensor of current gene
prediction programs.
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Parameters Must Be Species Specific,

Example

Dicot Plant Acceptor (3') Splice Site
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Human Acceptor (3") Splice Site
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Protein Homology

Use local similarity between translated input DNA
sequence and amino acid sequence from database to infer
evidence about coding regions.

Example:

input human DNA: gcc atg tcg tce ggc atc cat gta gcg ctg gtg act gga ggc aac aag ggc atc ggce - - -

translated seq.: HV ALVTG GG GNIKTGII G---

A. thaliana homolog: NV AVVTG SN NI RGI G---
Programs:

GenomeScan
AUGUSTUS+
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Cross-Species DNA Comparison

Consider the DNA sequences of two different species
coding for the 'same’ (or a similar) protein. Functional parts
of the sequence, especially coding regions, tend to be
more conserved.

Programs:

DoubleScan
SLAM
AUGUSTUS+
AGenDA
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The Reliability of Gene Prediction ...

... depends on the organism and on the available extrinsic

iInformation.
Example: humans, ab initio, ENCODE sequences
program base exon transcr. gene

sn sp sn sp sn sp sn sp

Augustus | 78.7 75.3 | 524 629 |11.1 172|243 17.2
GenemarkHMM | 784 38.0 | 50.6 290 | 6.9 3.2 |152 3.2
Genezilla | 87.6 509 | 621 503| 91 88| 196 8.8
geneid | 76.8 765|538 61.1| 48 88| 105 8.8
genscan | 84.2 60.6 | 58.7 46.4 /74 10.1 | 155 10.1
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Problems of Gene Prediction

alternative splicing

TIS and promoter prediction less reliable

exceptions, e.g.
overlapping genes
non-canonical splice sites
(programmed) frameshifts
different genetic code
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Screenshot AUGUSTUS web
Interface

.:! Augustus: job submission - Konqueror

Dokument Bearbeiten Ansicht Gehezu Lesezeichen Extras Einstzllungen Fenster Hilfe

E¥ Adresse: Lli__iﬂ_] http:/augustus.gobics de/submission » | E

Augustus [job submission]

Faste your sequence here

o upload afile in (multiple) Fasts format
[ Durchsuchen.. |

Crganism; '™ Human ') Drosophila

Report genes an: ™ hoth strands 'O forward strand anly 'O reverse strand only

l Reset all input ik Run AUGLETUS | !‘

Gene Prediction — p.23/23



	Why Predict Genes with a Computer?
	What is Predicted?
	Example of a Human Gene
	Methods of Gene Prediction
	Signal Sensors
	Signal Sensors
	Donor Splice Site
	Donor Splice Site
	Donor Splice Site
	Donor Splice Site
	Content Sensors
	Content Sensors
	Content Sensors
	Content Sensors
	Content Sensors
	small Parameters Must Be Species Specific, Example
	Protein Homology
	Cross-Species DNA Comparison
	Cross-Species DNA Comparison
	The Reliability of Gene Prediction ...
	Problems of Gene Prediction
	Screenshot AUGUSTUS web interface

