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Answer

First let’s begin by looking at the transition and base probabilities in a diagram.  The probability of each base is given as is the probability of the state transition.  Because we know Pb(CpG to CpG) = 0.8, this tells us that the Pb(CpG to non-CpG) is 0.2 and vice-versa.
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Forward algorithm:

For this algorithm we need to calculate the likelihood that a base at position x1 is either in a CpG island (+) or not (-).  Because this is a dinucleotide set the state of the adjacent nucleotides will have an effect on the outcome.  In the Forward Algorithm we assume that we know the preceding nucleotides state (think of walking forward).

Let us label the positions as:

AGGCGT where A =position 1, G =position 2 and so on

The position preceding position 1 is called position 0 (or the start).  We are given that the:

-Probability that position 0 is a CpG island (+) is given as 0.3

-Probability that position 0 is a non-CpG island (-) is given as 0.7

Prob. that position 1 (A) is + not only involves the possibility that the nucleotide previous to it was + (0.3) or – (0.14).  So the 

Probability of A+ = (0.3+0.7)(0.8x0.1)= 0.08
Prob. of A- =(0.3+0.7)x(0.7x0.2)= 0.14
In the forward model we add the probability of the + and – state for position 1 and use that to determine the probability of either state in position 2…(and so on for each step).

Prob. position 2 is G+=(0.08+0.14)x(0.8x0.4)= 0.0704
Prob. position 2 is G-= (0.22)x(0.7x0.3)= 0.0462
Prob. position 3 is G+= (0.1166)x(0.8x0.4)= 0.037312
Prob. position 3 is G-=(0.1166)x(0.7x0.3)= 0.024486
Prob. position 4 is C+=(0.061798)x(0.8x0.4)= 0.019775 (rounding begins)
Prob. position 4 is C-=(0.061798)x(0.7x0.3)= 0.012978
Prob. position 5 is G+=(0.032753)x(0.8x0.4)= 0.010481
Prob. position 5 is G-=(0.032753)x(0.7x0.3)= 0.006878
Prob. position 6 is T+= (0.017359)x(0.8x0.1)= 0.001389
Prob. position 6 is T-= (0.017359)x(0.7x0.2)= 0.002430
Backward algorithm:

In this algorithm we use the opposite approach of assuming we know the state of the next nucleotide to predict the state of the nucleotide in question.

Again AGGCGT where A =position 1 and so on… with position 7= the end. 

-Probability that position 7 is a CpG island (+) is given as 0.3

-Probability that position 7 is a non-CpG island (-) is given as 0.7

In the same manner we add the probabilities of the two states of one position to determine this time the probability of state + and – in the previous position (think walking backwards).  

Prob. position 6 is T+ = (0.3+0.7)x(0.8x0.1)= 1x(0.08)= 0.08
Prob. position 6 is T- = 1x (0.7x0.2)= 0.14
Prob. position 5 is G+=(0.08+0.14)x(0.8x0.4)= 0.0704
Prob. position 5 is G-= (0.22)x(0.7x0.3)= 0.0462
Prob. position 4 is G+= (0.1166)x(0.8x0.4)= 0.037312
Prob. position 4 is G-=(0.1166)x(0.7x0.3)= 0.024486
Prob. position 3 is C+=(0.061798)x(0.8x0.4)= 0.019775 (rounding begins)
Prob. position 3 is C-=(0.061798)x(0.7x0.3)= 0.012978
Prob. position 2 is G+=(0.032753)x(0.8x0.4)= 0.010481
Prob. position 2 is G-=(0.032753)x(0.7x0.3)= 0.006878
Prob. position 1 is A+= (0.017359)x(0.8x0.1)= 0.001389
Prob. position 1 is A-= (0.017359)x(0.7x0.2)= 0.002430
Results
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	0.012978
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Forward-Backward algorithm:

To obtain the final state call we must combine the forward and backward algorithms by multiply them.

Prob. position 1 is A+=0.08x0.001389= 0.0001111

Prob. position 1 is A-=0.14x0.002430= 0.0003402

The probability of A+ is 0.001% while the probability of A- is 0.003%.  Since 0.003>0.001 position 1 must be A- (this makes sense because A’s and T’s cannot be apart of a CpG island).

Prob. position 2 is G+=0.0704x0.010481= 0.00073786
Prob. position 2 is G-=0.0462x0.006878= 0.00031776

Prob. position 3 is G+=0.037312x0.019775= 0.00073784
Prob. position 3 is G-=0.024486x0.012978= 0.00031778

Prob. position 4 is C+=0.037312x0.019775= 0.00073784
Prob. position 4 is C-=0.024486x0.012978= 0.00031778

Prob. position 5 is G+=0.0704x0.010481= 0.00073786
Prob. position 5 is G-=0.0462x0.006878= 0.00031776

Prob. position 6 is T+=0.08x0.001389= 0.0001111

Prob. position 6 is T-=0.14x0.002430= 0.0003402

The final call for the sequence is A-G+G+C+G+T-
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