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3. Predictive Methods
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Chapter 5: Predictive Methods Using DNA Sequences



x Regulation of gene expression

x Compaction of chromatin

x Transcriptional initiation (*****)

% To ensure no superfluous
intermediates are synthesized

Polyadenylation

Splicing

mRNA stability

Translation initiation

The control of protein activity
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Promoters (1)

% Functional regions immediately upstream or downstream of a
transcription start site (TSS)

x TImmediately involved in the regulation of transcription

x The structure of a promoter region
x A specific arrangement of transcription factor binding sites
x Regulatory or promoter elements (Fickett & Hatzigeorgiou 1997)

x Core promoter (next slide)

% The region of the promoter near the TSS where RNA polymerase IT
binds is known as the

% An universal structure that is responsible for basal gene transcription
x Zhang 1998



Promoters (2)
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FIGURE5.12 A sechematic representation of a typlcal promoter. The core
of the promoter consists on the TATA box and an initiator sequence.

Upstream and downstream promoters {not shown here) are comprised of
several binding sites or composites. Enhancers are regulatory regions

distant from the regulated gene.




Promoters (3)

% Transcriptional enhancers

% Nondirectional promoter regions
x Several Kb away from the regulated gene

x Experimental identification of promoter regions at a genomic
scale is extremely

x Laborious
x Expensive

x  Computational methods may play an important role in the
annotation of these sequences

x Pennacchio & Rubin 2001



Promoters (4)

x Gene finding & promoter prediction

x A correct promoter prediction = to improve gene prediction
x A way to define better the boundaries of a gene

x A correct gene prediction automatically = better predictions of
upstream promoter regions

x Two problems in promoter predictions
x TSS & the promoter regions (sites)
% The detection of transcription factor binding motifs (binding )



Algorithms - Branzma et al. 1998

x Pattern-driven algorithms
x Search for known regulatory patterns in genomic sequences

x Sequence-driven algorithms

x To discover unknown pattern from sets of sequences that are
functionally related



Pattern-Driven Algorithms (1)

% The availability of collections of experimentally annotated
binding sites
x TRANSFAC (Matys et al. 2003)
x PROMO (Messeguer et al. 2002)

x General representations or patterns of a given binding site
(Bucher 1990; Stormo 2000)

% Simple sequence alignment of real sites = consensus sequence or
weight matrices = scan genomic sequences to find new occurrences
of a binding motif



TRANSFAC Matrix
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Global Alignment of the Human & Mouse CRALBP
Proximal Promoter Sequences
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Pattern-Driven Algorithms (2)

% A huge number of false positives, reasons

X

The binding site sequence for a specific transcription factor may be
highly variable

The length of the binding sties is very short (typically 5-15 bp)

Interaction between transcription factors may influences binding
affinity with the promoter sites

One binding site may be recognized by one or more different
transcription factors



Pattern-Driven Algorithms (3)

x Solutions to overcome false positives

% Concentration of predictions > isolation predictions (Werner 2000)
% TSS nearby (Praz et al. 2002)

x A difficult problem

% The correct annotation of the first exon of a gene (coding or non-coding)
(Davuluri et al. 2001)



Pattern-Driven Algorithms (4)

x Cooperation between transcription factors play important role in

the regulation of transcription

% Searching for clusters of associated sites or composites can lead o a
substantial improvement (Wagner 1997)

x Experimental discovery & classification of new transcription factors can help
to develop more complete catalogs of regulatory elements (Pennacchio & Rubin

2001)



Sequence-Driven Algorithms (1)

x Rationale:

x Common functionality can be deduced through underlying sequence
conservation

x  Alignments of promoter regions of co-regulated genes =
highlight regulatory elements involved in co-regulation
x Heuristic techniques to identify common motifs in sets of
unaligned sequences
x MEME (Bailey & Elkan 1995)
x AlignAce (Roth et al. 1998)



MEME (Bailey & Elkan 1995; Bailey et al. 2006)

% To discover potentially novel motifs

x Searching for conserved motifs in sets of unaligned, functionally
related sequences

% Novel motifs might be statistic artifacts



Sequence-Driven Algorithms (2)

x  Two kinds of co-regulated
sequences

% Orthologous genes from
different species

x (Genes that have been
experimentally
determined to be co-

expressed (Pennacchio &
Rubin 2001)




Comparative Promoter Prediction (1)

x Patterns of gene regulation are often conserved across
species
x Phylogenetic footprinting

x Interspecies comparisons = to identify common regulatory sequences
(Wasserman et al. 2000)

% The selection of appropriate species, critical
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x It is unclear to what extent noncoding conserved elements exhibit
regulatory functions (Dermitzakis et al. 2002)

% There is an important fraction of regulatory elements that are not
conserved across species



Sequence-Driven Algorithms (3)

% Microarray data or
expression profiling T -
x Co-expression of genes could e A
reflect the existence of common | SN L e .
configuration of promoter sieiei=Rel et
elements Sl
x  Examples b1 :
x Yeast (Chu et al. 1998; PRI NAY B Mo
Tavazoie et al. 1999) o \’W’W“ = /A
x In mammalian TR Tl
% Higher complexity = more : W | Wfd
difficult (Pennacchio & Rubin I

o = =
= = =
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2001)



Prediction of Promoter Regions (1)

% Many methods

x No programs was found to be significantly superior to any

other ( Fickett & Hatzigeorgiou 1997)

% In general, quality is poor

x (Gene promoter regions

x Clusters of binding sites
x Methods

Transenpaon Btart PalyA) Bignal

5cap 5 UTR | CodingRegion  3'UTR

! !

Btart Codon fitop Codon

|

Poly(A) tail

x Biased composition to locate TSS + the region upstream containing a
significant concentration of binding sites
% Weight metrics & oligonucleotide counts (overexpresented words)




Prediction of Promoter Regions (2)

x  FirstEF (Davuluri et al. 2001)

x A set of discriminant functions, e.g.,
CpG island detection, donor splice

site matrices...

% To identify both promoter regions

& first exons (+UTRs)

5'cap S UTR | GodingRegion 3 UTR

I I

Start Sodon Btop Coden

|

Transcnpaon Start PolvA) Sgnal

Poly(A) tail

Signal

=]

C or C
L1 e L
Genomic DNA: E ic g E g
Atter bisulfte reatment: (5 ¥ TAC YG ¥ 4
After anplification - !’I‘ voy v
(analyzed sequance): ' L - et =
~ |

|  Detection of methylation level as C/T polymorphism.

e

cccccccccccccccccccccccccccccccc



Prediction of Promoter Regions (3)

x PromoterScan (Prestridge 1995)

x The density of known binding
sites

Activators

x The existence of TATA box

Coactivators [TATAbox . promot \ |

kY
=
Basal factors



Prediction of Promoter Regions (4)

x PromoterInspector (Scherf et al. 2000)

% The recognition of the context of promoter by exact pattern
matching o a consensus sequence (rather than their exact

location)
x Specificity: 85%; sensitivity: 48%




Prediction of Promoter Regions (5)

x Dragon Promoter Finder (Bajic et al. 2002)

% Artificial neural networks
x To combine information derived from promoters, exons & introns

Inputs

Input Layer otput Laser

Hidden Lawer



Strategies & Considerations (1)

x  Complete genomes, usually with these information

x  Still useful

% The users may wish to use different parameters,
% To analyze alternative splicing or to analyze regions apparently
devoid of genes, to predict
x Splice signals
% Suboptimal exons

% For analyzing the genomes of organisms currently being
sequenced



| :
RRAGRIC [P seaUanch, Yes rmap ino genoma browsars: |

doas balong to an annotated &=
genome? - UCSG, ENSEMBL, NCBI
Mo
i |
ND - .
| rapeat mask the saquence i-:.' SS:_ILES"F Known or predicted
' y Tes
T B e 2 refine predictions: compare
ab initio” genefinders: predictiors by different programs.
GENSCAN, GEMEID, blastn ve.dbEST alternative splicing:
FGENESH SR biastn vs JBEST
comparative genafinders: thlestx vs.genamas , GRAILEXP
GENOMESCAN. TWINSCAN, ' GENESCAN with suboptimal
SGP2 EXOMS
Y
gocd protein or cDNA targst? |
ey
]
| GENEWISE
L

Visual integration of the
rasults: AROLLD

FIGURE 5.15 Flowchart illustrating decision-making and considerations that need to be taken into
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Masking the Sequences: Searching for Repeats (1)

x RepeatMasker (Smit & Green)

x To find repetitive elements & reduce false-positive prediction

% To mask the regions containing repeats (substitutes an N for each
character in a repetitive element)

x Gene prediction programs ignore such stretches in making their
predictions
x Coding exons tend not to overlap or to contain repetitive elements
x Example (next slide), UROD: few repetitive elements
% But most genomes ~40% repetitive elements
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Masking the Sequences: Searching for Repeats (2)

x Dramatic effects
x GeneScan predicts 1128 genes without masking (human chr. 22) vs

789 with masking

x GenelID
x 1179 t0 730
X Al-!-lnna inh maet Aaf +the ndAditinnn | nANnc nr A ed using immacksd
7\l [BAVAS ] 3" 'l'va' AV | 111 UANANAT 1 TWT KA Vil P DU o \d "ly I IWAIING A

sequence data are likely to be false posmves

x There are times where coding regions do occur in repetitive or low-
complexity regions = aggressive masking of the sequence, then,

could lead to missing some actual exons

x Run both and see



Interpreting Gene Predictions (1)

xThe coding fraction of the 1st exon

x Inte!"nal exons are pr'edic‘red is qui']'e shop"" y|e|d|n9 a poor
consistently across all of the conding signla = gene boundaries are
methods difficult to predict

x  There is substantial disagreement T
in the pr'ediC‘I'ion at the 5'-end . | o } ‘ ‘ } } ‘ } ] "| ‘ D

! | | W

x GeneID: part of the 2nd exon as B 1l >
the initial exon

x  GENESCAN: no initial exon, a i ili BR 11l >

partial gene starting with an I N N |
internal exon 21 | BN I .
x  FGENESH: a wrong exon in a

known non-coding region as being
the 5’

*All the programs show a significant expansion of the 5’-
end of the gene, immediately upstream of the UROD gene



Interpreting Gene Predictions (2)

x Regions containing genes, coding exons tend to be well
delineated

% Not always assembled into the correct overall gene structure

x General ways to predict

% To split one real gene into gene fragments or predict chimeric
genes

% In region devoid of genes, to predict coding exons, as well

x Consistent predictions by different ab /nitio methods =
suggestive of the actual presence of a protein-coding gene,
even in the absence of experimental evidence



Interpreting Gene Predictions (3)

x  The existence of a human mRNA confirms that it corresponds to
a bona fide exon

x Conversely, inconsistent predictions = indication of a potential
false positive...

x Highly suspicious



EST Searches A E ﬂ” g

J R
x  From the set of EST matches, the E E ! i‘ }mm
minimum number of splice forms
to which these ESTs actually B e e e
correspond? (Wheeler 2002; _ D a——

Eyras et al. 2004)

% Not all known genes are supported

x Facts by EST evidence
x A large incidence of genomic
contamination & unprocessed x 3'- ESTs tend to correspond to
transcripts in cDNA libraries the 3' end of a gene (+ substantial

fraction of the UTR)

% Similar to an EST ~ the alignment
of the query sequence occurs x B' ESTs often are internal to the

across a splice junction gene & are mostly coding (Guigo et
al. 2000)



Predicting Genes on Top of Previous Annotations

x Major genome browsers EnssniiExon :%@:
contain predicted genes —

\//-

et Soacees

—

Mutually Exclusive

Exons L S
e

x Gene prediction programs

x Inexploratory data analysis, esp.  ntron Retention :CI:I

alternative splicing of known genes

x GeneID & GENESCAN Alternative 5'
or 3' Splice Sites

x Prediction on regions that are

Gppar‘enﬂy devoid of genes Alternative Promoters —-\
% Based on experimental evidence
with protein-coding region Alternative Splicing
x  GeneID (Blanco et al. 2002) and Polyadenlyation

x  GAZE (Howe et al. 2002; the
Sanger Center)




The Problem with Pseudogenes (Real or Not) (1)

Mechanisms of pseudogene formation
A. Retrotransposition

Original

Pseudogene features

sea | 8

L‘I‘ranscr‘ipﬁon
AANSDNNNSSIN AAAA

splicing

gene

- AN AAAA

-Absence of introns and
promoter sequences

- flanked by direct repeats
- presence of poly-A tract

- randomly integrated
anywhere in the genome

Reverse transcription/
integration

“retrogene”

B. Duplication

L—IE>--—IE>_—

-Introns present

-Transcriptional regulatory
elements often present

-Usually ad jacent to original
gene




The Problem with Pseudogenes (Real or Not) (2)

x  Many pseudogenes are similar x Homologues in another organism

to functional paralogous genes x To compute the synonymous (Ka)
vs. hon-synonymous (Ks)

: substitution rat
x ESTs do not always exist for aion rare

actual genes x Ka/Ks (Fay & Wu 2003)

x ~1 = neutral evolution =
x Intronless gene in multiexon pseudogene
paralogous genes

x Recent gene duplication =
multiexon predictions

x Conservation of overall gene
structure in close homologs

% Example: human vs. mouse
x Guigo et al. 2003



Using the Right Parameters

x Appropriate for

x  The species & taxonomic group
% Not always possible

% The use of parameters that have been optimized for one organism may
produce poor results when used for another organisms

x Especially when the organism is distinctly related

% The quality of the prediction is seen to degrade as a function of
phylogenetic distance



Promoter Prediction & Characterization (1)

x One major problem

x The transcription start site (TSS)
% The 5' end of the gene is not determined accurately most of time
x No full-length cDNAs for a large fraction of mammalian genes

x cDNAs are almost non-existent for most of the species whose genomes
are currently sequenced

x FirstEF (Davuluri et al. 2001)

x To identify genes without full-length cDNAs
x Or UCSC Genome Browser




Promoter Prediction & Characterization (2)

x TRANSFAC
% To search against all known transcription factor binding motifs (those
found in TRANSFAC)
x QOverwhelming number of prediction

x Comparative genomic techniques to assist in processing the results

% To align two or more promoter sequences from homologous genes will highlight the
common, conserved fragments

% Fragments that may correspond to functional elements

% Most of the conserved fragments are near the TSS + have TRANSFAC hits
corresponding to actually regulatory element



Visualization & Integration Tools (1)

x A common visual interface to view different results

x Third-party interfaces
x  UCSC Genome Browser
x Ensembl Genome Browser (Wolfsberg et al. 2001)

x Local interactive graphical tools provide a better solution
x The Apollo system (Lewis et al. 2002)
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Visualization & Integration Tools (2)

x Local interactive graphical tools provide a better solution

x 6FF2PS (Abril & Guigo 2000)
% In high-throughput environment, especially useful

APPLICATIONS NOTE

Vol. 16 no. 8 2000
Pages 743-744

gff2ps: visualizing genomic annotations
Josep F. Abril* and Roderic Guigé

Grup de Recerca en Informatica Medica, Institut Municipal d'Investigacio Médica
(IMIM), Universitat Pompeu Fabra (UPF), C/ Dr. Aiguader, 80. 08003—Barcelona,

Spain

Recsived on December 15, 1999; revised on February 18, 2000; accepted on February 24, 2000

Abstract

Summary: gf f2ps is a program for visualizing annota-
tions of genomic sequences. The program takes the anno-
tated features on a genomic sequence in GFF format as
input, and produces a visuwal output in PostScript. While
it can be used in a very simple way, it also allows for a
great degree of customization threugh a number of eptions
and/or customization files.

Availability: gff2ps is freely available at htip:/fwwwl.
imim.es/~jabril/GFFTOOLS/ GFF2PS. html

Contact: jabril@ imim.es

gff2ps plots the features from different sources
specified on a GFF file in a number of parallel rows
(the so-called tracks here) along the length of the output
page(s) (see Figure 1 for examples). Actually these are
‘virtual” pages (the so-called blocks here) allowing for
several blocks to be included in a single physical page. or
for splitting a single block in a number of physical pages.
Features can be plotted in a variety of colors and shapes
and those grouped together can be visually linked in a
number of ways.

gff2ps allows for a substantial amount of customiza-



