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Transcriptional Regulation

• Upregulation- a signal causes the expression of 
more genes

• Downregulation- decreased gene expression
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Transcriptional Regulation



Clustering, Bayesian analysis, MEDUSA



Horse Gambler
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complexity. Journal of Experimental Psychology: General. Vol 115(3), Sep 1986, 255-266.
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Adaboost

Freund Y, Schapire RE (1999) A short introduction to boosting. J Japan Soc Artif Intell 14(5):771–780 
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Multiclass Boosting

• y or y’?

• Noise Problems

• Increased Complexity

Binary vs. Multiclass Boosting



Freund,Y. and Mason,L. (1999) The alternating decision tree learning algorithm. Proceedings of the 
Sixteenth International Conference on Machine Learning, Morgan Kaufmann, pp. 124–133.

Alternating Decision Tree



Asuncion, A. & Newman, D.J. (2007). UCI Machine Learning Repository [http://www.ics.uci.edu/~mlearn/MLRepository.html]. 
Irvine, CA: University of California, School of Information and Computer Science.
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MEDUSA

Motif Element Discrimination Using Sequence Agglomeration

• Medusa is a machine learning algorithm – predict differential 
expression of target gene
– Data Source: 

• mRNA expression
• promoter sequence
• ChIP-chip occupancy data 

• MEDUSA does not rely on clustering or correlation of 
expression profiles to infer regulatory 

• up/down expression of target genes by identifying condition-
specific regulators and discovering DNA motifs, de novo from 
the promoter sequences, that may mediate their regulation 
of targets. 

MEDUSA



Target gene 
analysis, important 
regulators
TPK1, USV1, AFR1, 
XBP1, … 

Design



Training data – Features

label

promoter sequence

regulator expression

feature vector

Training Data Input



MEDUSA’s weak learner

…AGCTATGCCATCGACTGCTCCAGTCGCACACACAAAGATTTGAG

GCTATAGCTACTTTATAAAGGGGCTACGGCAAATT…

k-mers (k≤7)
AGCTATG
GCTATGC

CTATGCC

dimers (gapped elements)

TTT_AAA

GCTA_GCTA

Regulator expression

Is AGCTATG present and USV1 up?
Is AGCTATG present and USV1 down?
Is GCTATGC present and USV1 up?
Is GCTATGC present and TPK1 up? …

try all motif-regulator 
pairs as weak rules …

Weak learner
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try all motif-regulator 
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Is GCTATGC present and USV1 up?

Weak learner



Hierarchical sequence agglomeration

GCTATGC
GCAATGC
GGTATGC
CCTAAGC
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…
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…

Is GCTATGC present and USV1 up?
Is GCAATGC present and USV1 up?
Is TCTATGC present and USV1 up?
Is GCTTTGC present and USV1 up?
…
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Optimize over offsets when merging 
k-mers/PSSMs:

- - GCTATGC
GCTATTT - -
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Hierarchical sequence agglomeration
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Is                present and USV1 up?

Is                present and USV1 up?

Is                present and USV1 up? …

minimize boosting loss  
 final weak rule



• Combine weak rules into an ADT

[Freund & Mason 1999]

• Lower nodes are conditionally 
dependent on higher nodes 
can possibly reveal combinatorial 
interactions

• Able to reveal motifs specific to 
subsets of target genes

Result



• margin-based score:

• Measure the importance of the regulator R



gT ,eE
 yge F x ge  Ff  x ge  

Margin-based score



• (Nk-mers+Ndimers+NPSSMs)*Nreg*2 

= possible weak rules at every node

• Binary (sort of) evaluation:

Up-, non-, or down-regulation

Problems with MEDUSA



• (Nk-mers+Ndimers+NPSSMs)*Nreg*2 

= possible weak rules at every node

• Binary (sort of) evaluation:

Up-, non-, or down-regulation

• Fixing either exacerbates the other

Problems with MEDUSA


