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Abstract

Transcript Regulation (prokaryotic genome) => identify operons (fundamental units of transctiption).
Gene coordinates are know => Operons are no known.

Use Bayesian networks to predict operons.

Evaluate = Escherichica coil K-12 genome = identify 78% operons at 10% false +ve rate.

Introduction

Complete genomic sequences, microarray expression data => new computational method
Earlier works … simple probabilistic method + dynamic programming => operon map

Now – First – more complex probabilistic models

Now – Second – codon usage statistics

Other research groups - ….

Problem Domain

Predict operons in the E.coli genome (single circular chromosome of double-stranded DNA)

Definition of operon: sequence of one or more genes that are transcribed as a unit.
Transcribe individually = singleton operons.

Data: RegulonDB
Complete DNA sequence of the genome

Positions (begin, end) of 3033 genes and 1372 putative genes

Positions & sequences 438 known promoters, 289 known terminators
Gene expression data (activity levels) 4097 genes, putative genes across 39 experiments

365 known operons

There are thousands of undiscovered operons in E.coli. 

Goal: predict these operons.

Do not have known non-operons to use as negative examples.

Assemble 6633 putative non-operons.

Problem Representation
Access the probability that a given candidate (sequence of genes) is an operon.
Length and spacing features:

· Operon length: Number of genes

· Within-operon spacing: Mean and Maximum spacing (base pairs) between the genes.

· Distance to neighboring genes

Condon Usage Features:

Associate each gene gk a set of codon bias vectors, one for each amino acid.  

Let nuvw be the number of times codon uvw appears in gk

Then elements of bias vectors are = a formula

Frequency with which a is encoded by uvw = a formula, smoothed frequency
Condon usage similarity between 2 genes = a formula.

Derive 4 codon usage (first gene & previous, last gene and following, mean and min of all genes)
Transcription Signal Features

Transcription control signals: promoters and terminators. (not easy)

Use known examples of these 2 types of signals to learn statistical model. (interpolated Markov Models)
Gene Expression Features

Expression data from 39 microarray experiments

Correlation metric

Making the feature values discrete => 10 non-overlapping bins

Bayesian Network Operon Model

Bayes Net: 2 components
Qualitative one => directed acyclic graph, nodes = random variables

Quantitative component => conditional probability distribution.

3 types of nodes

Operon node: if candidate is an operon, boolean
Intermediate node: intermediate concepts Boolean, 5’ edge, 3’ edge etc
Feature node: feature described
Each node’s conditional probability distribution can be represented by a conditional probability table (CPT).

Training

Training Bayes net involves setting of the probability parameters.

Classification

Given new candidate operon

1. set values of any observable intermediate nodes

2. set feature nodes to the candidates’ feature values

3. Apply variable-elimination inference procedure to compute the probability distribution of operon node given the values.

Empirical Evaluation

· Overall accuracy
· Predictive value of individual data sources

· Predictive value of network structure

Run 10-fold cross-validation experiments, 365 known operons, 6633 thought not to be operons
ROC curve (receiver operating characteristic) – Bayes net vs naïve Bayes vs C5.0
Evaluating the data source

Conditions of reducing data sources
1. ROC curve using single feature groups

2. ROC curve leaving individual feature groups out

Evaluating the structure (vs naïve Bayes)
Addition features offers a slight improvement, 3 reasons for keeping complicated features
1. all features have predictive value

2. value of gene expression features may grow

3. not clear how well the results will transfer to other genomes

Conclusion

…

Definitions / New Terms

Operons : An operon is a group of key nucleotide sequences including an operator, a common promoter, and one or more structural genes that are controlled as a unit to produce messenger RNA (mRNA). Operons occur primarily in prokaryotes and nematodes.
(what is the difference between operons anc co-expressive genes?)
Operator: An operator is a segment of DNA which regulates the activity of the structural genes of an operon it is linked to, by interacting with a specific repressor or activator. It is a regulatory sequence for shutting a gene down or turning it "on".
Bayesian network
Putative genes

Preditive value

Questions:

Operon vs Co-expressive, different/same?

We do not know all operons in E-Coli ?

We do not know all operons in prokaryotic  or Eukaryote genome? Correct?

How do you normally identify Operons in a gene (in terms of biological experiment)?

Is the performance of identifying  78% operons at 10% false +ve rate acceptable?
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