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 Identification of genes ab initio

 Constructing gene-enriched libraries using

methylation filtration technology

 EST libraries

 Forward and reverse genetics

 Experimental identification of genes

 Genomic colinearity and genomic homology

 Structure of genes and searching for them

 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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3        : 1

„classical“ genetics approaches „reverse genetics“ approaches

?

insertional mutagenesis

5‘TTATATATATATATTAAAAAATAAAATAAAA

GAACAAAAAAGAAAATAAAATA….3‘

Forward vs. reverse genetics
Revolution in understanding word „gene“
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• Hypothetical signal transducer in two-component system of 

Arabidopsis

Identification of the role 

of ARR21 gene
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NUCLEUS

PM

AHK sensor histidine kinases
• AHK2 

• AHK3

• CRE1/AHK4/WOL

REGULATION OF TRANSCRIPTION

INTERACTION WITH EFFECTOR PROTEINS

HPt Proteins
• AHP1-6

Response Regulators
• ARR1-24

Recent Model of the CK Signaling via Multistep Phosphorelay 

(MSP) Pathway

Identification of the role 

of ARR21 gene
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• Hypothetical signal transducer in two-component system of 

Arabidopsis

• Mutant identified by searching in databases of insertional mutants 

(SINS-sequenced insertion site) using BLAST

Identification of the role 

of ARR21 gene
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 Searching in databases of insertional mutants (SINS)

 Localization of dSpm insertion in genome sequence of

ARR21 using sequenation of PCR products

Identification of the role of 

ARR21 gene – isolation of insertional 

mutant
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• Hypothetical signal transducer in two-component system of 

Arabidopsis

• Mutant identified by searching in databases of insertional mutants 

(SINS-sequenced insertion site) using BLAST

• Expression of ARR21 in wild-type and inhibition of expression of 

ARR21 in insertional mutant confirmed at the RNA level

Identification of the role 

of ARR21 gene
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Wild type insertional mutant

Identification of the role of 

ARR21 gene – analysis of expression
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• Phenotype analysis of insertional mutant

Identification of the role 

of ARR21 gene

• Hypothetical signal transducer in two-component system of 

Arabidopsis

• Mutant identified by searching in databases of insertional mutants 

(SINS-sequenced insertion site) using BLAST

• Expression of ARR21 in wild-type and inhibition of expression of 

ARR21 in insertional mutant confirmed at the RNA level
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• Analysis of sensitivity to plant 

growth regulators

 2,4-D a kinetin

 ethylene

 Light of various

wavelengths

• No alterations - nor in 

flowering, nor in number of 

seeds

Identification of the role of ARR21

gene – phenotype analysis of mutant
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• Functional redundance within the gene family?

Identification of the role of ARR21

gene – causes of absence of the phenotype
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Identification of the role of 

ARR21 gene – homology of ARR genes
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• Functional redundance within the gene family?

• Phenotype only in very specific conditions (?)

Identification of the role of ARR21

gene – causes of absence of the phenotype
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 Gene ARR21 identified by comparative analysis of

Arabidopsis genome

 Site-specific expression of ARR21 gene was proved at the

RNA-level

 Identification of gene function by insertional mutagenesis

in case of ARR21 in development of Arabidopsis was not

successful, probably because of functional redundation

within the gene family

 Based on sequence analysis, its function was predicted

Identification of the role 

of ARR21 gene – summary

17



 Identification of genes ab initio
 Structure of genes and searching for them

 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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 promoter

 transcription

start

 5´UTR

 translation start

 splice sites

 stop codon

 3´UTR

 polyadenylation

signal

TATA ATG….ATTCATCAT

ATTATCTGATATA

5´UTR

3´UTR

….ATAAATAAATGCGA

Structure of genes

19



RNA splicing
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 Omitting 5‘ a 3‘ UTR

 Identification of translation start (ATG) and stop

codon (TAG, TAA, TGA)

 Finding donor (typically GT) and acceptor (AG)

splice sites

 Many ORFs are not true coding sequences – in

Arabidopsis, there are on average approximately

350 milion ORFs in every 900 bp of sequence(!)

 Using various statistic models (e.g. Hidden

Markov Model – HMM, see recommended

literature, Majoros et al., 2003) to evaluate and

score the weight of identified donor and acceptor

sites

Identification of genes ab initio
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 Programs for splice site prediction

(specifity approximately 35 %)

 GeneSplicer (http://www.tigr.org/tdb/GeneSplicer/gene_spl.html)

 SplicePredictor (http://deepc2.psi.iastate.edu/cgi-bin/sp.cgi)

Splice site prediction
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Splice site prediction
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Splice site prediction
24



 Programs for splice site prediction

(specifity approximately 35 %)

 GeneSplicer (http://www.tigr.org/tdb/GeneSplicer/gene_spl.html)

 SplicePredictor (http://deepc2.psi.iastate.edu/cgi-bin/sp.cgi)

 NetGene2 (http://www.cbs.dtu.dk/services/NetGene2/)

Identification of genes ab initio
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Splice site prediction
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Splice site prediction
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Proteomika 2011

CTGCGAATTACAAAGTTGTTATTGTCTTGATCCTAAATTGAATGCTCTTGTGTTTTCTATTTCTCCAGGAACTGGTGAAGCTCACTGGTGCAAAAACACATGAAGCCAAGATAAACATTATTAATGATGTTAATGGCATTATAAAGCCAGGAAGGTTAGTAGTTGTCTCCTAACTAGTTTTGATCAAAGTTTTATACCTTCAAGTGTGCT
1470

GACGCTTAATGTTTCAACAATAACAGAACTAGGATTTAACTTACGAGAACACAAAAGATAAAGAGGTCCTTGACCACTTCGAGTGACCACGTTTTTGTGTACTTCGGTTCTATTTGTAATAATTACTACAATTACCGTAATATTTCGGTCCTTCCAATCATCAACAGAGGATTGATCAAAACTAGTTTCAAAATATGGAAGTTCACACGA

BsmI

BpmI

AlwNI

PflMI AseI PsiI SpeI BclI

PDR_U1b S no spl icing

EXON 3 pis1 intron

PDR exon 3 ORF
E L V K L T G A K T H E A K I N I I N D V N G I I K P G R

R L V V V S . L V L I K V L Y L Q V C

TATTCTTCTTGCTGTTGCAGGTTAACACTGTTGCTTGGTCCTCCTAGCTGCGGAAAAACAACTTTGTTAAAGGCCTTGTCTGGAAATTTAGAAAACAATCTAAAGGTTCTAATGATGAAAGCAGTTATATCATTTTCTTGTGAAGATTTTTTTGCTGCAGCTGTGTGAAGTTTGTACCTTTTC
1653

ATAAGAAGAACGACAACGTCCAATTGTGACAACGAACCAGGAGGATCGACGCCTTTTTGTTGAAACAATTTCCGGAACAGACCTTTAAATCTTTTGTTAGATTTCCAAGATTACTACTTTCGTCAATATAGTAAAAGAACACTTCTAAAAAAACGACGTCGACACACTTCAAACATGGAAAAG

BspM I HpaI StuI

PstI

PvuII

no spl icing pis1 DEL pis1 EXON 4

pis1 intron pis1 exon 4 ORF

GCTGTTGCAa

EXON 4

PDR exon 4 ORF

PDR_L1

L F F L L L Q L T L L L G P P

L T L L L G P P S C G K T T L L K A L S G N L E N N L K

C G K T T L L K A L S G N L E N N L K

 Divergencies at splice site recognition in plants in practice –

example of developmental plasticity of (not only) plants

• Identification of mutant with point mutation

(transition G→A) exactly at the splice site at the

5‘ end of the 4th exon

RNA splicing and adaptation
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Proteomika 2011

• Identification of mutant with point mutation (transition G→A)

exactly at the splice site at the 5‘ end of the 4th exon

• Analysis by RT PCR proved the presence of a fragment

shorter than cDNA should be after the typical splicing event

RNA splicing and adaptation
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Proteomika 2011

CTGCGAATTACAAAGTTGTTATTGTCTTGATCCTAAATTGAATGCTCTTGTGTTTTCTATTTCTCCAGGAACTGGTGAAGCTCACTGGTGCAAAAACACATGAAGCCAAGATAAACATTATTAATGATGTTAATGGCATTATAAAGCCAGGAAGGTTAGTAGTTGTCTCCTAACTAGTTTTGATCAAAGTTTTATACCTTCAAGTGTGCT
1470

GACGCTTAATGTTTCAACAATAACAGAACTAGGATTTAACTTACGAGAACACAAAAGATAAAGAGGTCCTTGACCACTTCGAGTGACCACGTTTTTGTGTACTTCGGTTCTATTTGTAATAATTACTACAATTACCGTAATATTTCGGTCCTTCCAATCATCAACAGAGGATTGATCAAAACTAGTTTCAAAATATGGAAGTTCACACGA

BsmI

BpmI

AlwNI

PflMI AseI PsiI SpeI BclI

PDR_U1b S no spl icing

EXON 3 pis1 intron

PDR exon 3 ORF
E L V K L T G A K T H E A K I N I I N D V N G I I K P G R

R L V V V S . L V L I K V L Y L Q V C

TATTCTTCTTGCTGTTGCAGGTTAACACTGTTGCTTGGTCCTCCTAGCTGCGGAAAAACAACTTTGTTAAAGGCCTTGTCTGGAAATTTAGAAAACAATCTAAAGGTTCTAATGATGAAAGCAGTTATATCATTTTCTTGTGAAGATTTTTTTGCTGCAGCTGTGTGAAGTTTGTACCTTTTC
1653

ATAAGAAGAACGACAACGTCCAATTGTGACAACGAACCAGGAGGATCGACGCCTTTTTGTTGAAACAATTTCCGGAACAGACCTTTAAATCTTTTGTTAGATTTCCAAGATTACTACTTTCGTCAATATAGTAAAAGAACACTTCTAAAAAAACGACGTCGACACACTTCAAACATGGAAAAG

BspM I HpaI StuI

PstI

PvuII

no spl icing pis1 DEL pis1 EXON 4

pis1 intron pis1 exon 4 ORF

GCTGTTGCAa

EXON 4

PDR exon 4 ORF

PDR_L1

L F F L L L Q L T L L L G P P

L T L L L G P P S C G K T T L L K A L S G N L E N N L K

C G K T T L L K A L S G N L E N N L K

 Divergencies at splice site recognition in plants in practice –

example of developmental plasticity of (not only) plants

• Identification of mutant with point mutation (transition G→A)

exactly at the splice site at the 5‘ end of the 4th exon

• Analysis by RT PCR proved the presence of a fragment shorter

than cDNA should be after the typical splicing event

• Sequenation of this fragment then suggested alternative splicing

with the closest possible splice site in exon 4

RNA splicing and adaptation
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Proteomika 2011

• Existence of similar defense mechanisms was proven in different organisms

as well (e.g. Instability of mutant mRNA with early stop codon formation (>

50 - 55 bp before typical stop codon) in eukaryotes, see recommended

literature – Singh and Lykke-Andersen, 2003

RNA splicing and adaptation
 Divergencies at splice site recognition in plants in practice –

example of developmental plasticity of (not only) plants

• Identification of mutant with point mutation

(transition G→A) exactly at the splice site at the 5‘

end of the 4th exon

• Analysis by RT PCR proved the presence of a

fragment shorter than cDNA should be after the

typical splicing event

• Sequenation of this fragment then suggested

alternative splicing with the closest possible splice

site in exon 4
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 Programs for exon prediction

 4 types of exons (according to location in the gene): 

• initial

• internal

• terminal 

• single

 Genescan (http://genes.mit.edu/GENSCAN.html)

 Programs predict splice sites and they take 

into account the structure of the type of exon 

as well

 GeneMark.hmm (http://opal.biology.gatech.edu/GeneMark/)

• initial: 

• internal: 

 MZEF (http://rulai.cshl.org/tools/genefinder/)

Identification of genes ab initio
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Základy genomiky II, Identifikace genů

Identification of genes ab initio
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Základy genomiky II, Identifikace genů

AAATTTTAGATTTAAGTGGCGAATTTCGCAGCCAAACTATTATTTTACCACAGACATGCAGTGTTGAAATCTAAGGTAGTATGTGGATTTTTTTTTTGGCAGCAAAACGTAAAGTTAATTTATCTTTATATATATTAAAATGTAATTTATCTTTTTATACATATATATTTATACACATCATATCATAAGA
2660

TTTAAAATCTAAATTCACCGCTTAAAGCGTCGGTTTGATAATAAAATGGTGTCTGTACGTCACAACTTTAGATTCCATCATACACCTAAAAAAAAAACCGTCGTTTTGCATTTCAATTAAATAGAAATATATATAATTTTACATTAAATAGAAAAATATGTATATATAAATATGTGTAGTATAGTATTCT

BtsI

CATACATACATAAATCTCTAAATATGTAAGGGGTGTCATCAGTTTTGCCTTCTGTTTATGGTTCACTCGATTTCACATTAATTATTCACTCAAATTCACAAAGGTTATTTCGTTTTCATTAGCGCCCTTTCTCTCGACTTTCTTGATGAATCTTTATTTCTTCTATGTGAAATCTAATTAAGACTATTTT
2850

GTATGTATGTATTTAGAGATTTATACATTCCCCACAGTAGTCAAAACGGAAGACAAATACCAAGTGAGCTAAAGTGTAATTAATAAGTGAGTTTAAGTGTTTCCAATAAAGCAAAAGTAATCGCGGGAAAGAGAGCTGAAAGAACTACTTAGAAATAAAGAAGATACACTTTAGATTAATTCTGATAAAA

AseI

I Ia exon 1

CGTGTTATATTGATGTTTAAAAATGAAAATCTTTTGGTTTTTATGTTTAATCATTTTCATGAGTATTAAATGTAATAGATTTAAGTTAAAACTAATATCCGAATGCCTGAGATATTGTTTCCTAAAATGAGATGATTGTTTTTATTTATTACCATGATTTGTTTGTACTAAGCTTCCTTTCCCCTTTGCA
3040

GCACAATATAACTACAAATTTTTACTTTTAGAAAACCAAAAATACAAATTAGTAAAAGTACTCATAATTTACATTATCTAAATTCAATTTTGATTATAGGCTTACGGACTCTATAACAAAGGATTTTACTCTACTAACAAAAATAAATAATGGTACTAAACAAACATGATTCGAAGGAAAGGGGAAACGT

DraI BspHI BsmI HindI II

ATACATAGGATATAAATTCATACATGTTCCTAATTTTATTTTTGCACTTGAGTTTATGGTTTTCTTTGGTGGAAGATCTATATGTATCTATATCTATATTATTTTACTCTTTTCTTCGTCGTCATTTATAGTATATTATATATATGCACACACACACACACCTATATGTATAGCTCAATTCTAGATAAAA
3230

TATGTATCCTATATTTAAGTATGTACAAGGATTAAAATAAAAACGTGAACTCAAATACCAAAAGAAACCACCTTCTAGATATACATAGATATAGATATAATAAAATGAGAAAAGAAGCAGCAGTAAATATCATATAATATATATACGTGTGTGTGTGTGTGGATATACATATCGAGTTAAGATCTATTTT

PciI BpuEI BglI I XbaI

TATATAGAAATGGATCTTGAGAATCATTTTTTTTGTATTCTTTTGTTATCAAAGGGTTTCGACTTTGCTCCGAGGAAGAAGATAATATGAAAAGAGCTTTTTAGGGTTTATCATTCTCCTTGACTTTGCAAAACGTGAAATGTAAGGCACTTTGATCGTTGTACTTTGTTGCTTTTTATACGTATCGCTT
3420

ATATATCTTTACCTAGAACTCTTAGTAAAAAAAACATAAGAAAACAATAGTTTCCCAAAGCTGAAACGAGGCTCCTTCTTCTATTATACTTTTCTCGAAAAATCCCAAATAGTAAGAGGAACTGAAACGTTTTGCACTTTACATTCCGTGAAACTAGCAACATGAAACAACGAAAAATATGCATAGCGAA

BpuEI BcgI' BcgI SnaBI

exon 2

I IIa uORF

029311b_low Xho67

M K R A F .

CCTACAATAAGTTAACAATGCTTCCTCGTAGAATTGCAAAACATTTGTGGACCGTGATTTACATGACTGAGCTCTTTTCAGTGGCTTCTTTGCAGCAGCTTCTTCCTTGGAGGACTAATCAAGACAGAAATCTGTTCCTCTAAAAACGATCGCCGTTCTAGGTAATCTTGCCATTCTTGACGAGTCTTGA
3610

GGATGTTATTCAATTGTTACGAAGGAGCATCTTAACGTTTTGTAAACACCTGGCACTAAATGTACTGACTCGAGAAAAGTCACCGAAGAAACGTCGTCGAAGAAGGAACCTCCTGATTAGTTCTGTCTTTAGACAAGGAGATTTTTGCTAGCGGCAAGATCCATTAGAACGGTAAGAACTGCTCAGAACT

HpaI

EcoIC RI

SacI Pv uI

exon 3

TCTTTAGAATCAAATTTATAAGGGATCACGAGATACACGTATTAATTATTATTTTTTTTTTTTTTGCTTTTTGTGGTTATACAAGTTCACTCAAATGATGGTGAAAGTTACAAAGCTTGTGGCTTCACGTCCAATTGTGGTCTTTTGCGTCCTGGTAATTCTGCTTTCTTTCTTCTAAATTATACGATGA
3800

AGAAATCTTAGTTTAAATATTCCCTAGTGCTCTATGTGCATAATTAATAATAAAAAAAAAAAAAACGAAAAACACCAATATGTTCAAGTGAGTTTACTACCACTTTCAATGTTTCGAACACCGAAGTGCAGGTTAACACCAGAAAACGCAGGACCATTAAGACGAAAGAAAGAAGATTTAATATGCTACT

PsiI BssSI AseI HindI II

BmgBI

Mf eI

exon 4

cki-182

Xckw

M M V K V T K L V A S R P I V V F C V L

TTCTACATTTCTACTCATCTCGTTCTTGTTTTTCAAATGATATAATTATTGTGTGTATATCACCCATTCATGTATATTTATTGAAAAATATAGGCATTCCTGGTGGTTGTTTTCGAGTGCATTTGGATCTCAAATTGGCGAACAACAACGGAGAACCTAGTCAAAGAGGTCGCTTCATTTACCGAAGATC
3990

AAGATGTAAAGATGAGTAGAGCAAGAACAAAAAGTTTACTATATTAATAACACACATATAGTGGGTAAGTACATATAAATAACTTTTTATATCCGTAAGGACCACCAACAAAAGCTCACGTAAACCTAGAGTTTAACCGCTTGTTGTTGCCTCTTGGATCAGTTTCTCCAGCGAAGTAAATGGCTTCTAG

BsmI BglI I

exon 5

A F L V V V F E C I W I S N W R T T T E N L V K E V A S F T E D

TCCGGACAAGTCTAGTTTCGGAGATTGAAAACATCGGAAAATTTACATATGCCAAGACAAACTTATCTACGATCGGTTTAGCGAGAGTTATAGATTCTTATATCACCAACAACGACACTGGTTTTACAGAGATTCAAACACAGGTTGTTAAAACTAATTACATAAATTCAATTATTCTTAGTTATTATCT
4180

AGGCCTGTTCAGATCAAAGCCTCTAACTTTTGTAGCCTTTTAAATGTATACGGTTCTGTTTGAATAGATGCTAGCCAAATCGCTCTCAATATCTAAGAATATAGTGGTTGTTGCTGTGACCAAAATGTCTCTAAGTTTGTGTCCAACAATTTTGATTAATGTATTTAAGTTAATAAGAATCAATAATAGA

BspEI

FalI

FalI '

NdeI Pv uI

FalI

FalI '

exon 5

L R T S L V S E I E N I G K F T Y A K T N L S T I G L A R V I D S Y I T N N D T G F T E I Q T Q

TAGGATTAGTTTGAGTTATATAACATTAACTATAATTTTATGTTGTTGTTGTTGTTGTTATTATTGTTCTTCAGATCGCACCATTGTTGTTTGTAGCTTATTCAACGATCCTTCAAGTCTCACAAGTTTCGTACATCAGTAGGGACGGTCTCATGTTTTCTTACATTGCAGAATCAAACACAAGTGTCGC
4370

ATCCTAATCAAACTCAATATATTGTAATTGATATTAAAATACAACAACAACAACAACAATAATAACAAGAAGTCTAGCGTGGTAACAACAAACATCGAATAAGTTGCTAGGAAGTTCAGAGTGTTCAAAGCATGTAGTCATCCCTGCCAGAGTACAAAAGAATGTAACGTCTTAGTTTGTGTTCACAGCG

Eco57I BsaI BsrD I

exon 6

CKIp1UP

Q I A P L L F V A Y S T I L Q V S Q V S Y I S R D G L M F S Y I A E S N T S V A

TGTTTTTGCCAATTCCTCGTCGAATTCAAGTCGTGGAGACTACACTTGGTACACTCAAACCGTGGATCAGTTAACTGGTCGTCTTAACGGGAACTCAACGAAATCTCAGTCGTTAGATGTAACCCATACAGATTGGTTCCAAGCAGCACAGAGTAATAACTACACTACAGCCTTTGTAGGAACGAGCTTG
4560

ACAAAAACGGTTAAGGAGCAGCTTAAGTTCAGCACCTCTGATGTGAACCATGTGAGTTTGGCACCTAGTCAATTGACCAGCAGAATTGCCCTTGAGTTGCTTTAGAGTCAGCAATCTACATTGGGTATGTCTAACCAAGGTTCGTCGTGTCTCATTATTGATGTGATGTCGGAAACATCCTTGCTCGAAC

EcoRI HpaI

exon 6

V F A N S S S N S S R G D Y T W Y T Q T V D Q L T G R L N G N S T K S Q S L D V T H T D W F Q A A Q S N N Y T T A F V G T S L

GGAGGAGAAGATAACGAGACTCTAATACAGAGCGTGGTTAGCTTGTACAGCAAGAAAGGTCTTGTTTCTTTAGGGTTTCCGGTTAAGACTTTAACCGAAGTTTTGAACAGTTTGAATCTACACGGCGAAGAGCTTTACATGTGGACAAAGGACGGGACGGTGCTTGTTCGTGAAGGTTCACTGAATGATT
4750

CCTCCTCTTCTATTGCTCTGAGATTATGTCTCGCACCAATCGAACATGTCGTTCTTTCCAGAACAAAGAAATCCCAAAGGCCAATTCTGAAATTGGCTTCAAAACTTGTCAAACTTAGATGTGCCGCTTCTCGAAATGTACACCTGTTTCCTGCCCTGCCACGAACAAGCACTTCCAAGTGACTTACTAA

BseRI BsrGI

EarI

SapI PciI

exon 6

SALK_057881 (L) (Q)SALK_057881 cki-

G G E D N E T L I Q S V V S L Y S K K G L V S L G F P V K T L T E V L N S L N L H G E E L Y M W T K D G T V L V R E G S L N D

CTTTCTTCATCTCCAATGGCTCGATTTGCTTCGGTAGAGAATCGAACTCCCTCTGGTCTCAATGCATCCCTGAAAATTGCAGTTCCAGTGGCTACGAGGTGGAGATCAAAAGATTAAGATACCAAGCTTTTTGCTCTGTTATTGAAGTTTCGGGCGTTCCTCTGGTAAATACTGAAACATATTTCACTTT
4940

GAAAGAAGTAGAGGTTACCGAGCTAAACGAAGCCATCTCTTAGCTTGAGGGAGACCAGAGTTACGTAGGGACTTTTAACGTCAAGGTCACCGATGCTCCACCTCTAGTTTTCTAATTCTATGGTTCGAAAAACGAGACAATAACTTCAAAGCCCGCAAGGAGACCATTTATGACTTTGTATAAAGTGAAA

BsaI

Bf rBI

NsiI HindI II

exon 6

cki-979 CKIp1DOW N

S F F I S N G S I C F G R E S N S L W S Q C I P E N C S S S G Y E V E I K R L R Y Q A F C S V I E V S G V P L

Identification of genes ab initio

34



Explanation Gn.Ex : gene number, exon number (for reference) Type : Init = Initial exon (ATG

to 5' splice site) Intr = Internal exon (3' splice site to 5' splice site) Term = Terminal exon (3'

splice site to stop codon) Sngl = Single-exon gene (ATG to stop) Prom = Promoter (TATA box /

initation site) PlyA = poly-A signal (consensus: AATAAA) S : DNA strand (+ = input strand; - =

opposite strand) Begin : beginning of exon or signal (numbered on input strand) End : end

point of exon or signal (numbered on input strand) Len : length of exon or signal (bp) Fr :

reading frame (a forward strand codon ending at x has frame x mod 3). For example, if

nucleotides 1,2,3 of the sequence are read as a codon, that's called reading frame 0. If 2,3,4

are read as a codon, that's reading frame 1. If 3,4,5 are read as a codon, that's reading frame

2, and so on. This information, together with the starting and ending positions of the exon, is

sufficient to give the amino acid sequence encoded by the exon. Another use of the reading

frame is that if you see two adjacent predicted exons separated by a relatively short intron

which share the same reading frame, it may be worth looking at the possibility that the

intervening intron is not correct, i.e. that the two exons plus the intervening intron might form

one long exon (assuming there are no inframe stops in the intron, of course). Ph : net phase

of exon (exon length modulo 3). For example, an exon of length 15 bp has net phase 0 since

15 is divisible by 3, an exon of length 16 bp has net phase 1 because 16 divided by 3 leaves a

remainder of 1, an exon of length 17 bp has net phase 2, and an exon of length 18 bp has net

phase 0 again. The point of this is that exons whose net phase is 0 can be omitted from the

gene without disrupting the reading frame: such exons are candidates for being either 1)

incorrect, or 2) alternatively spliced. I/Ac : initiation signal or 3' splice site score (tenth bit

units; x 10). If below zero, probably not a real acceptor site. Do/T : 5' splice site or termination

signal score (tenth bit units; x 10) If below zero, probably not a real donor site. CodRg : coding

region score (tenth bit units) P : probability of exon (sum over all parses containing exon). This

quantity is close to the actual probability that the predicted exon is correct. Tscr : exon score

(depends on length, I/Ac, Do/T and CodRg scores).
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Comments The SCORE of a predicted feature (e.g., exon or splice site) is a log-odds measure

of the quality of the feature based on local sequence properties. For example, a predicted 5'

splice site with score > 100 is strong; 50-100 is moderate; 0-50 is weak; and below 0 is poor

(more than likely not a real donor site). The PROBABILITY of a predicted exon is the estimated

probability under GENSCAN's model of genomic sequence structure that the exon is correct. This

probability depends in general on global as well as local sequence properties, e.g., it depends on

how well the exon fits with neighboring exons. It has been shown that predicted exons with higher

probabilities are more likely to be correct than those with lower probabilities.

What are the suboptimal exons?

Under the probabilistic model of gene structural and compositional properties used by

GENSCAN, each possible "parse" (gene structure description) which is compatible with the

sequence is assigned a probability. The default output of the program is simply the "optimal"

(highest probability) parse of the sequence. The exons in this optimal parse are referred to as

"optimal exons" and the translation products of the corresponding "optimal genes" are printed as

GENSCAN predicted peptides. (All the data in our J Mol Biol paper and on the other GENSCAN

web pages refer exclusively to the optimal parse/optimal exons.) Of course, the optimal parse

does not always correspond to the actual (biological) parse of the sequence, that is, the actual

set of exons/genes present. In addition, there may be more than one parse which can be

considered "correct", for example, in the case of a gene which is alternatively transcribed,

translated or spliced. For both of these reasons, it may be of interest to consider "suboptimal"

("near-optimal") exons as well, i.e. exons which have reasonably high probability but are not

present in the optimal parse.
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Specifically, for every potential exon E in the sequence, the probability P(E) is defined as the

sum of the probabilities under the model of all possible "parses" (gene structures) which

contain the exact exon E in the correct reading frame. (This quantity is calculated as

described on the GENSCAN exon probability page.) Given a probability cutoff C, suboptimal

exons are those potential exons with P(E) > C which are not present in the optimal parse.

Suboptimal exons have a variety of potential uses. First, suboptimal exons sometimes

correspond to real exons which were missed for whatever reason by the optimal parse of

the sequence. Second, regions of a prediction which contain multiple overlapping and/or

incompatible optimal and suboptimal exons may in some cases indicate alternatively spliced

regions of a gene (Burge & Karlin, in preparation). The probability cutoff C used to

determine which potential exons qualify as suboptimal exons can be set to any of a range of

values between 0.01 and 1.00. The default value on the web page is 1.00, meaning that no

suboptimal exons are printed. For most applications, a cutoff value of about 0.10 is

recommended. Setting the value much lower than 0.10 will often lead to an explosion in the

number of suboptimal exons, most of which will probably not be useful. On the other hand, if

the value is set much higher than 0.10, then potentially interesting suboptimal exons may be

missed.

37

http://genes.mit.edu/ExonProb.html


Základy genomiky II, Identifikace genů

Identification of genes ab initio

38



• Functional purpose of splicing in untranslated regions – important 

regulation part of genes

 Translational repression by short ORFs

in 5‘ UTR

 Identified e.g. in maize (Wang and

Wessler, 1998, see recommended

literature for additional info.)

 In case of CKI1 there was an attempt to

prove this mechanism of regulation using

transgenic lines carrying uidA under

control of two versions of promoter

(unconfirmed so far)

ATGaaaagagcttttTAG

M    K    R    A    F   .

ATGaaaagagcttttTAG

M    K    R    A    F   .

ATGatggtgaaagttaca….

M    M   V   K   V  T …

ATGatggtgaaagttaca….

Regulation of translation
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• Functional purpose of splicing in untranslated regions – important 

regulation part of genes

 In case of CKI1 there was an attempt to prove this mechanism of

regulation using transgenic lines carrying uidA under control of

two versions of promoter (unconfirmed so far)

Regulation of translation
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 Programs for gene modelling

 Genescan (http://genes.mit.edu/GENSCAN.html) –

very good foor prediction of exons in coding regions (tested for 

gene PDR9, Genescan identified all of the 23 (!) exons)

 GeneMark.hmm (http://opal.biology.gatech.edu/GeneMark/)

 Those that take into account other parameters as well, 

e.g.continuity of ORFs

Gene modelling

 GlimmerHMM (http://http://ccb.jhu.edu/software/glimmerhmm/
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AAATTTTAGATTTAAGTGGCGAATTTCGCAGCCAAACTATTATTTTACCACAGACATGCAGTGTTGAAATCTAAGGTAGTATGTGGATTTTTTTTTTGGCAGCAAAACGTAAAGTTAATTTATCTTTATATATATTAAAATGTAATTTATCTTTTTATACATATATATTTATACACATCATATCATAAGA
2660

TTTAAAATCTAAATTCACCGCTTAAAGCGTCGGTTTGATAATAAAATGGTGTCTGTACGTCACAACTTTAGATTCCATCATACACCTAAAAAAAAAACCGTCGTTTTGCATTTCAATTAAATAGAAATATATATAATTTTACATTAAATAGAAAAATATGTATATATAAATATGTGTAGTATAGTATTCT

BtsI

CATACATACATAAATCTCTAAATATGTAAGGGGTGTCATCAGTTTTGCCTTCTGTTTATGGTTCACTCGATTTCACATTAATTATTCACTCAAATTCACAAAGGTTATTTCGTTTTCATTAGCGCCCTTTCTCTCGACTTTCTTGATGAATCTTTATTTCTTCTATGTGAAATCTAATTAAGACTATTTT
2850

GTATGTATGTATTTAGAGATTTATACATTCCCCACAGTAGTCAAAACGGAAGACAAATACCAAGTGAGCTAAAGTGTAATTAATAAGTGAGTTTAAGTGTTTCCAATAAAGCAAAAGTAATCGCGGGAAAGAGAGCTGAAAGAACTACTTAGAAATAAAGAAGATACACTTTAGATTAATTCTGATAAAA

AseI

I Ia exon 1

CGTGTTATATTGATGTTTAAAAATGAAAATCTTTTGGTTTTTATGTTTAATCATTTTCATGAGTATTAAATGTAATAGATTTAAGTTAAAACTAATATCCGAATGCCTGAGATATTGTTTCCTAAAATGAGATGATTGTTTTTATTTATTACCATGATTTGTTTGTACTAAGCTTCCTTTCCCCTTTGCA
3040

GCACAATATAACTACAAATTTTTACTTTTAGAAAACCAAAAATACAAATTAGTAAAAGTACTCATAATTTACATTATCTAAATTCAATTTTGATTATAGGCTTACGGACTCTATAACAAAGGATTTTACTCTACTAACAAAAATAAATAATGGTACTAAACAAACATGATTCGAAGGAAAGGGGAAACGT

DraI BspHI BsmI HindI II

ATACATAGGATATAAATTCATACATGTTCCTAATTTTATTTTTGCACTTGAGTTTATGGTTTTCTTTGGTGGAAGATCTATATGTATCTATATCTATATTATTTTACTCTTTTCTTCGTCGTCATTTATAGTATATTATATATATGCACACACACACACACCTATATGTATAGCTCAATTCTAGATAAAA
3230

TATGTATCCTATATTTAAGTATGTACAAGGATTAAAATAAAAACGTGAACTCAAATACCAAAAGAAACCACCTTCTAGATATACATAGATATAGATATAATAAAATGAGAAAAGAAGCAGCAGTAAATATCATATAATATATATACGTGTGTGTGTGTGTGGATATACATATCGAGTTAAGATCTATTTT

PciI BpuEI BglI I XbaI

TATATAGAAATGGATCTTGAGAATCATTTTTTTTGTATTCTTTTGTTATCAAAGGGTTTCGACTTTGCTCCGAGGAAGAAGATAATATGAAAAGAGCTTTTTAGGGTTTATCATTCTCCTTGACTTTGCAAAACGTGAAATGTAAGGCACTTTGATCGTTGTACTTTGTTGCTTTTTATACGTATCGCTT
3420

ATATATCTTTACCTAGAACTCTTAGTAAAAAAAACATAAGAAAACAATAGTTTCCCAAAGCTGAAACGAGGCTCCTTCTTCTATTATACTTTTCTCGAAAAATCCCAAATAGTAAGAGGAACTGAAACGTTTTGCACTTTACATTCCGTGAAACTAGCAACATGAAACAACGAAAAATATGCATAGCGAA

BpuEI BcgI' BcgI SnaBI

exon 2

I IIa uORF

029311b_low Xho67

M K R A F .

CCTACAATAAGTTAACAATGCTTCCTCGTAGAATTGCAAAACATTTGTGGACCGTGATTTACATGACTGAGCTCTTTTCAGTGGCTTCTTTGCAGCAGCTTCTTCCTTGGAGGACTAATCAAGACAGAAATCTGTTCCTCTAAAAACGATCGCCGTTCTAGGTAATCTTGCCATTCTTGACGAGTCTTGA
3610

GGATGTTATTCAATTGTTACGAAGGAGCATCTTAACGTTTTGTAAACACCTGGCACTAAATGTACTGACTCGAGAAAAGTCACCGAAGAAACGTCGTCGAAGAAGGAACCTCCTGATTAGTTCTGTCTTTAGACAAGGAGATTTTTGCTAGCGGCAAGATCCATTAGAACGGTAAGAACTGCTCAGAACT

HpaI

EcoIC RI

SacI Pv uI

exon 3

TCTTTAGAATCAAATTTATAAGGGATCACGAGATACACGTATTAATTATTATTTTTTTTTTTTTTGCTTTTTGTGGTTATACAAGTTCACTCAAATGATGGTGAAAGTTACAAAGCTTGTGGCTTCACGTCCAATTGTGGTCTTTTGCGTCCTGGTAATTCTGCTTTCTTTCTTCTAAATTATACGATGA
3800

AGAAATCTTAGTTTAAATATTCCCTAGTGCTCTATGTGCATAATTAATAATAAAAAAAAAAAAAACGAAAAACACCAATATGTTCAAGTGAGTTTACTACCACTTTCAATGTTTCGAACACCGAAGTGCAGGTTAACACCAGAAAACGCAGGACCATTAAGACGAAAGAAAGAAGATTTAATATGCTACT

PsiI BssSI AseI HindI II

BmgBI

Mf eI

exon 4

cki-182

Xckw

M M V K V T K L V A S R P I V V F C V L

TTCTACATTTCTACTCATCTCGTTCTTGTTTTTCAAATGATATAATTATTGTGTGTATATCACCCATTCATGTATATTTATTGAAAAATATAGGCATTCCTGGTGGTTGTTTTCGAGTGCATTTGGATCTCAAATTGGCGAACAACAACGGAGAACCTAGTCAAAGAGGTCGCTTCATTTACCGAAGATC
3990

AAGATGTAAAGATGAGTAGAGCAAGAACAAAAAGTTTACTATATTAATAACACACATATAGTGGGTAAGTACATATAAATAACTTTTTATATCCGTAAGGACCACCAACAAAAGCTCACGTAAACCTAGAGTTTAACCGCTTGTTGTTGCCTCTTGGATCAGTTTCTCCAGCGAAGTAAATGGCTTCTAG

BsmI BglI I

exon 5

A F L V V V F E C I W I S N W R T T T E N L V K E V A S F T E D

TCCGGACAAGTCTAGTTTCGGAGATTGAAAACATCGGAAAATTTACATATGCCAAGACAAACTTATCTACGATCGGTTTAGCGAGAGTTATAGATTCTTATATCACCAACAACGACACTGGTTTTACAGAGATTCAAACACAGGTTGTTAAAACTAATTACATAAATTCAATTATTCTTAGTTATTATCT
4180

AGGCCTGTTCAGATCAAAGCCTCTAACTTTTGTAGCCTTTTAAATGTATACGGTTCTGTTTGAATAGATGCTAGCCAAATCGCTCTCAATATCTAAGAATATAGTGGTTGTTGCTGTGACCAAAATGTCTCTAAGTTTGTGTCCAACAATTTTGATTAATGTATTTAAGTTAATAAGAATCAATAATAGA

BspEI

FalI

FalI '

NdeI Pv uI

FalI

FalI '

exon 5

L R T S L V S E I E N I G K F T Y A K T N L S T I G L A R V I D S Y I T N N D T G F T E I Q T Q

TAGGATTAGTTTGAGTTATATAACATTAACTATAATTTTATGTTGTTGTTGTTGTTGTTATTATTGTTCTTCAGATCGCACCATTGTTGTTTGTAGCTTATTCAACGATCCTTCAAGTCTCACAAGTTTCGTACATCAGTAGGGACGGTCTCATGTTTTCTTACATTGCAGAATCAAACACAAGTGTCGC
4370

ATCCTAATCAAACTCAATATATTGTAATTGATATTAAAATACAACAACAACAACAACAATAATAACAAGAAGTCTAGCGTGGTAACAACAAACATCGAATAAGTTGCTAGGAAGTTCAGAGTGTTCAAAGCATGTAGTCATCCCTGCCAGAGTACAAAAGAATGTAACGTCTTAGTTTGTGTTCACAGCG

Eco57I BsaI BsrD I

exon 6

CKIp1UP

Q I A P L L F V A Y S T I L Q V S Q V S Y I S R D G L M F S Y I A E S N T S V A

TGTTTTTGCCAATTCCTCGTCGAATTCAAGTCGTGGAGACTACACTTGGTACACTCAAACCGTGGATCAGTTAACTGGTCGTCTTAACGGGAACTCAACGAAATCTCAGTCGTTAGATGTAACCCATACAGATTGGTTCCAAGCAGCACAGAGTAATAACTACACTACAGCCTTTGTAGGAACGAGCTTG
4560

ACAAAAACGGTTAAGGAGCAGCTTAAGTTCAGCACCTCTGATGTGAACCATGTGAGTTTGGCACCTAGTCAATTGACCAGCAGAATTGCCCTTGAGTTGCTTTAGAGTCAGCAATCTACATTGGGTATGTCTAACCAAGGTTCGTCGTGTCTCATTATTGATGTGATGTCGGAAACATCCTTGCTCGAAC

EcoRI HpaI

exon 6

V F A N S S S N S S R G D Y T W Y T Q T V D Q L T G R L N G N S T K S Q S L D V T H T D W F Q A A Q S N N Y T T A F V G T S L

GGAGGAGAAGATAACGAGACTCTAATACAGAGCGTGGTTAGCTTGTACAGCAAGAAAGGTCTTGTTTCTTTAGGGTTTCCGGTTAAGACTTTAACCGAAGTTTTGAACAGTTTGAATCTACACGGCGAAGAGCTTTACATGTGGACAAAGGACGGGACGGTGCTTGTTCGTGAAGGTTCACTGAATGATT
4750

CCTCCTCTTCTATTGCTCTGAGATTATGTCTCGCACCAATCGAACATGTCGTTCTTTCCAGAACAAAGAAATCCCAAAGGCCAATTCTGAAATTGGCTTCAAAACTTGTCAAACTTAGATGTGCCGCTTCTCGAAATGTACACCTGTTTCCTGCCCTGCCACGAACAAGCACTTCCAAGTGACTTACTAA

BseRI BsrGI

EarI

SapI PciI

exon 6

SALK_057881 (L) (Q)SALK_057881 cki-

G G E D N E T L I Q S V V S L Y S K K G L V S L G F P V K T L T E V L N S L N L H G E E L Y M W T K D G T V L V R E G S L N D

CTTTCTTCATCTCCAATGGCTCGATTTGCTTCGGTAGAGAATCGAACTCCCTCTGGTCTCAATGCATCCCTGAAAATTGCAGTTCCAGTGGCTACGAGGTGGAGATCAAAAGATTAAGATACCAAGCTTTTTGCTCTGTTATTGAAGTTTCGGGCGTTCCTCTGGTAAATACTGAAACATATTTCACTTT
4940

GAAAGAAGTAGAGGTTACCGAGCTAAACGAAGCCATCTCTTAGCTTGAGGGAGACCAGAGTTACGTAGGGACTTTTAACGTCAAGGTCACCGATGCTCCACCTCTAGTTTTCTAATTCTATGGTTCGAAAAACGAGACAATAACTTCAAAGCCCGCAAGGAGACCATTTATGACTTTGTATAAAGTGAAA

BsaI

Bf rBI

NsiI HindI II

exon 6

cki-979 CKIp1DOW N

S F F I S N G S I C F G R E S N S L W S Q C I P E N C S S S G Y E V E I K R L R Y Q A F C S V I E V S G V P L

Identification of genes ab initio
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 Searching for genes according to homologies

 Comparison with EST databases

 BLASTN (http://www.ncbi.nlm.nih.gov/BLAST/, http://workbench.sdsc.edu/)

 BLASTX (http://www.ncbi.nlm.nih.gov/BLAST/, http://workbench.sdsc.edu/)

 Comparison with protein databases

 Genewise (http://www.ebi.ac.uk/Wise2/)

 Comparison with homologous genome sequences from related

species

 VISTA/AVID  (http://www.lbl.gov/Tech-Transfer/techs/lbnl1690.html)

They compare protein sequence with genomic DNA (after reverse 

transcription), therefore the aminoacid sequence is needed 

Genomic homologies
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 Identification of genes ab initio

 Genomic colinearity and genomic homology

 Structure of genes and searching for them

 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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 Genomes of related species (despite large differencies) are

characterized by analogies in sequence organization -> possibility to

use this kind of information for identification of genes in related

species when searching in databases

 Mapping small genomes using low-copy DNA markers (e.g. RFLP)

 General scheme of work while applying genomic colinearity (also

called „comparative genomics“) for experimental identification of

genes in related species:

 Using these markers for identification of orthologous genes (genes with the

same or similar function) of related species

Genomic colinearity

 Small genome (e.g. rice, 466 Mbp) can be used as a guide: molecular low-

copy markers (e.g. RFLP) bound to gene of interest are identified and these

regions are then used as a probe for searching in BAC libraries during

identification of orthologous regions of large genomes (e.g. barley: 5 Gbp, or

wheat: 16 Gbp)
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Genomic colinearity

Feuillet and Keller, 2002
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 Can be mostly used for the species of grass (e.g. using related genes

of species of barely, wheat, rice, maize)

 Small genome reorganizations (deletions, duplications, inversions,

translocations smaller than a few cM) are then detected by detailed

sequentional comparative analysis

 During evolution there‘s occured some divergencies in related

species, mostly in non-coding regions

(invasion of retrotransposons etc.)

Genomic colinearity
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Frobius et al.. 2008

Genomic colinearity
 Genomic colinearity of HOX genes in animals

 Transcription factors controlling

organisation of body in anterio-posterior

axis

 Position of genes in genome

corresponds with spatial expression

during development

 Interspecies conservation
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Genomic organization of the Capitella sp. I Hox cluster. A total of 11 Capitella sp. I

Hox genes are distributed among three scaffolds. Black lines depict two scaffolds,

which contain 10 of the Capitella sp. I Hox genes. The eleventh gene, CapI-Post1, is

located on a separate scaffold surrounded by ORFs of non-Hox genes (unpublished

data). No predicted ORFs were identified between adjacent linked Hox genes.

Transcription units are shown as boxes denoting exons, connected by lines that

denote introns. Transcription orientation is denoted by arrows beneath each box.

Color coding is the same as that used in on the right-hand side for each ortholog.

The phylogenic tree on the right-hand side shows that the order of the genes on the

chromozome is retained in several species (genome colinearity).
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 Identification of genes ab initio

 Constructing gene-enriched libraries using

methylation filtration technology

 Experimental identification of genes

 Genomic colinearity and genomic homology

 Structure of genes and searching for them

 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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 Preparation of gene-enriched libraries by technology of

methylation filtration

 genes are (mostly!) hypomethylated, noncoding regions

are methylated

 McrBC recognizes methylated cytosin (in DNA), which comes

after purine (G or A)

 using bacterial restriction-modification system, which

recognizes methylated DNA with restriction enzymes

McrA a McrBC

 For cleavage the distance of these sites 40-2000 bp is necessary

Methylation filtration
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 Preparation of gene-enriched libraries by technology of

methylation filtration

 Scheme of work during preparation of BAC genome

libraries using methylation filtration:

 preparation of genomic DNA without addition of organelle DNA

(chloroplasts and mitochondria)

 fragmentation of DNA (1-4 kbp) and ligation of adaptors

 preparation of BAC libraries in mcrBC+ strain of E. coli

 selection of positive clones

 Limitied usage: enrichment of coding DNA only approx.

5 -10 %

Methylation filtration

54



 Identification of genes ab initio

 Constructing gene-enriched libraries using

methylation filtration technology

 EST libraries

 Experimental identification of genes

 Genomic colinearity and genomic homology

 Structure of genes and searching for them

 Forward and reverse genetics approaches
 Differences between the approaches used

for identification of genes and their function

Outline
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 Preparation of EST libraries

 Isolation of mRNA

 Reverse transcription

 Ligation of linkers and synthesis

of the other cDNA strand

 Cloning into suitable bacterial

vector

 Transformation into bacteria

and isolation of DNA

(amplification of DNA)

 Sequenation using

primers specific for

used plasmid

 Saving the results of

sequenation into

public database

TTTTTTTTTT

TTTTTTTTTT

TTTTTTTTTT

TTTTTTTTTT

AAAAAAAAAA

AAAAAAAAAA

AAAAAAAAAA

AAAAAAAAAA

AAAAAAAAAA
TTTTTTTTTTT

cctacgattatacccccaa
ggatgctaatatgggggttatacaagtgtt

AAAAAAAAAA

EST libraries
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