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Plan 

• Promoter & Promoter Modeling

• Dragon Promoter Finder

• Dragon Promoter Mapper
– Specific modeling of histone promoters
– Whole-genome scan for genes co-regulated with 

histones
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Promoter & Promoter Modeling
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Promoter Modeling
• What does it involve?

– Characterization of known 
promoters

– Recognition of promoters in 
uncharacterized genome

• Why is it important?
– Unravel gene’s regulatory 

mechanism
– Discover new genes
– Define potential regulatory 

networks
• i.e. genes with similar 

regulatory behaviour/ 
promoter structure as 
target gene group

• Why is it difficult?
– High variability in length of 

promoter: Hundreds to 
thousands of bases

– High variability in promoter 
features which themselves 
are difficult to predict

• A set of features can't be 
universally applied for 
all types of promoters

– TFBS occur in numerous 
combinations & order. 
Location, orientation, and 
mutual distance vary

– Incomplete information 
about TF and TFBS

Adapted from Chowdhary’s PhD thesis presentation
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Types of Promoter Modeling Studies

• General promoter 
modeling
– Wide applicability
– But too general

• one size doesn’t fit all

• Specific promoter 
modeling 
– Better suitability in some 

situations

• Advantages of specific 
promoter modeling
– Promoter structure 

comparison betw target & 
query seq give more info

• Increased sensitivity & 
specificity

– Identify co-regulated 
genes 

– determine tissue 
specificity of genes

– predict function of genes

Adapted from Chowdhary’s PhD thesis presentation
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A General Promoter Finder:
Dragon Promoter Finder
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Dragon Promoter Finder

• Multi-sensor integration via ANNs
• Multi-model system structure 

– for different sensitivity levels
– for GC-rich and GC-poor promoter regions
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Structure of 
Dragon Promoter Finder

-200 to +50
window size

Model selected based 
on desired sensitivity
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Each Model Has 
Two Submodels Based On GC Content

GC-rich submodel

GC-poor submodel

(C+G) =
#C + #G
Window Size
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Data Analysis Within Submodel

K-gram (k = 5) positional weight matrix

σp

σe

σi
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Promoter, Exon, Intron Sensors

• These sensors are positional weight matrices of 
k-grams, k = 5 (aka pentamers)

• They are calculated as σ below using promoter, 
exon, intron data respectively

Pentamer at ith

position in input

jth pentamer at
ith position in 
training window

Frequency of jth
pentamer at ith position
in training window

Window size

σ
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Data Preprocessing & ANN

Tuning parameters

tanh(x) =
ex − e-x

ex + e-x

sIE

sI

sE tanh(net)

Simple feedforward ANN 
trained by the Bayesian 
regularisation method

wi

net = Σ si * wi

Tuned
threshold
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Accuracy

without C+G submodels

with C+G submodels
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Specific (Histone) Promoter Modeling:
Dragon Promoter Mapper
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Histones

• What are histones?
– Basic proteins of 

eukaryotic cell nucleus
– Form a major part of 

chromosomal proteins
– Help in packaging DNA 

in the chromatin complex
• Five types, namely H1, 

H2A, H2B, H3 and H4
– Several subtypes of the 

main types
• Highly conserved 

– H1 least conserved, H3 & 
H4 most conserved

• Play essential role in 
chromosomal processes
– gene transcription, 

regulation 
– chromosome 

condensation, 
recombination, 
replication
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Dragon Promoter Mapper

• Model histone promoter structure by 
probabilistically combining information on
– motif 
– its position
– its strand 
– mutual spacer length between adjacent motifs

• Guiding principle: A promoter is known by the 
binding sites it keeps

Adapted from Chowdhary’s PhD thesis presentation
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DPM Workflow

HOMD: Higher Order Motif Definition

Adapted from Chowdhary’s PhD thesis presentation
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Higher-Order Motif Definition

Higher-order 
motif definition

User-
defined 
model

Adapted from Chowdhary’s PhD thesis presentation
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Comparison w/ Similar Programs

Adapted from Chowdhary’s PhD thesis presentation
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Comparison 
w/ Similar 
Programs

Adapted from Chowdhary’s PhD thesis presentation
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Comparison w/ General Promoter 
Prediction Programs

Dragon Gene Start Finder and FirstEF - not applicable on analyzed data.

Adapted from Chowdhary’s PhD thesis presentation
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Human Genome Scan Expt
• Genome scanning 

– GC-content in a genomic 
segment > 0.37 

– Motif for initial scan = 
CAAT-box

– Length of segment 
upstream of CAAT-box = 
425, downstream = 175

– Min spacer betw CAAT-
boxes = 0

– Min no. of motifs in seq = 3
• Each extracted segment 

classified to Histone vs Non-
promoter class based on 
their structures

• Predictions classified as 
“Histone” were further 
analyzed:
– Annotation available?

• Use RefSeq gene data 
(HG17, May 2004)

• These may be co-
regulated genes

– Are available annotations 
co-expressed with histone
genes?

• Use Gene Sorter utility 
(with GNF Gene 
Expression Atlas2 data) 
of UCSC Genome 
browser

Adapted from Chowdhary’s PhD thesis presentation
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Human Genome Scan Results
• No. of regions w/ 

histone promoter-
like struct = 
134626

• Found 62 histone
promoter w/ 
CAAT-box
– 53 were training 

seq out of 60 
that had CAAT-
box

• Found that histone
genes are co-
regulated w/ many 
genes

Adapted from Chowdhary’s PhD thesis presentation
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Conclusions

• DPM performs well 

• User can implement any 
type of correlations betw
motif features based on 
his background knowledge

• Explicitly classify a 
segment w/ cluster of 
binding sites to one of 
target classes

• Handle multiple target 
classes of seq

• Create well-annotated data 
set of histone promoters 

• Comprehensive model of 
histone promoter struct

• Discover regions in human 
genome w/ similar struct
as histone promoters
– May be promoters co-

regulated w/ histones
– We are verifying these 

experimentally w/ 
collaborators in Germany

Adapted from Chowdhary’s PhD thesis presentation
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