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Gene Finding

Summary of the project
Download the genome of E. Coli K12
Gene-finding using kth-order Markov chains, 
where k= 1, 2, 3
Gene-finding using inhomogeneous Markov 
chains
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The Genome of E. Coli K12

Go to  
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
?DB=pubmed
1.2 Search Genome for NC_000913 (which is 
the access number for E. coli K12) 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?DB=pubmed
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?DB=pubmed
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The Genome of E. Coli K12
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The Genome of E. Coli K12
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The Genome of E. Coli K12
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The Genome of E. Coli K12
Genome sequence. Close to the end of the file, you 
will find some thing like this:

This is the real sequence of the genome. The number at 
each line show the index of the starting letter. In this 
format, the sequence is shown in 6 columns with each 
column having 10 letters.
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The Genome of E. Coli K12
You can also get the genome sequence in a long string by 
selecting the format to save the file
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Genes
In the middle of the file, you will see something like

This example shows that the DNA sequence from 16864 
to 17508 is a gene.
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Complement Regions

DNA is a double helix 
molecule.  It has two
complementary chains. The 
sequence we see in this file is 
only of them. This chain is 
often referred as positive 
chain. The other one is 
negative chain.  
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Complement Regions
There can be genes in both chains. If the 
gene is on the negative chain. The 
corresponding region on the positive chain is 
called complement region.
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Complement Regions

This is an example of a complement region.
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Non-Coding Regions
The rest of the genome that are not labeled as gene or 
complement does not encode genetic information. These 
regions are non-coding regions. 

The following figure shows that the positive chain is 
divided into three types of region: gene, non-coding 
region and complement region.
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1st-order Markov chain

Since there are three types of regions on 
the sequence we have, we will develop 
three models corresponding to them: 
gene model, non-coding model and
complement model. 
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1st-order Markov chain

For these models, we use the same structure as 
we shown in the example of identifying CpG
island.

The structure of the 1st-order Markov chain model.
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1st-order Markov chain
Then, each model is 
reduced to a transition 
probability table. Here 
is an example for the 
gene model (1st-order 
Markov chain). We will 
need to estimate the 
probabilities for each 
model.
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Machine-Learning Approach
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Three-Fold Cross-Validation
The genome sequence will be divided into three parts. In 
the first round of experiment, part 1 and 2 are used to 
estimate the probabilities. Then the models are used to 
make predictions on part 3. Then we rotate through the 
three parts. Until predictions are made on each part.
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Estimation of the Transition Probabilities

We will use maximum likelihood approach to estimate the 
probability. Let a (s,t) be the probability that state s 
transit into state t. The formula to calculate a (s,t) is:

When we estimate the probabilities for the gene model, 
Cst is the number of times that t follows s on gene 
sequences. In another word, it the number of times that 
ts appears on gene sequences.  is the number of times 
that s is follow by any letter, that is the number of times 
s appear on gene sequences.
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Training

We will have three transition probability 
tables. 
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Prediction
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Prediction
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Prediction
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Prediction
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Kth-Order Markov Chain
When K=2 is used, the changes in the method 
include: 

(1) The size of the transition probability table for each 
model will become 16*4. 
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Kth-Order Markov Chain
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Inhomogeneous Markov Chains 
When DNA is translated into proteins, three bases (the 
letters for DNA, which are A, T, G, and C) make up a 
codon and encode one amino acid residue (the letter for 
Proteins). 
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Inhomogeneous Markov Chains

Each codon has three positions. In the previous 
models (referred as homogeneous models), 
we do not distinguish between the three positions. 
In this section, we will build different models 
(referred as inhomogeneous models) for 
different positions. 
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Gene Models 
The gene model will be split into three models, 
each for one codon position: 

1_ codegenea

2_ codegenea

3_ codegenea
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Gene Models
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Gene Models
In the prediction stage, for a given sequence 
X=x1x2x3…xn, we will have to calculate three 
probabilities.
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Complement Region Models
We treat complement region the same way as we do 
genes. Three models will be built for three positions. 
Three probabilities will be calculated when prediction is to 
be made for a sequence X=x1x2x3…xn,
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Non-Coding Region Model

Since the non-coding region does not contain 
codons, every position will be considered the 
same. There is no change to the non-coding 
region model.  will be calculated as described in 
the homogeneous models.
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Inhomogeneous Markov Chains
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