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Poisson Distribution 
Poisson distribution is used mostly to model rates in given intervals. For example, the number of 
accidents that occur in a given highway intersection in one week follows a Poisson distribution. The 
probability function is: 
  
P(Y=y) = (λy * e-λ ) / y! where y = # of events in a given interval, 
  λ = mean number of events in a given interval 
  
If the average number of accident occurred is 7 per week, then the probability that 2 accidents will 
happen during next week can be calculated as: 
  
 P(Y=2) = (72 * e-7) / 2 = 0.0223 
  
Some other examples of Poisson distribution are: 

1.                  number of people going to the mall using a particular entrance in a given period of time 
2.                  number of typos per page in a book 
etc 



The following graphs are plotted using different λ. The x-axis displays different values of y and the y-
axis displays the probability of a particular y. 



Lander/Waterman 
Lander/Waterman suggested in their 1988 paper that the number of times a base is sequenced follows a 
Poisson distribution. There are two key assumptions they made: 
  
1. reads will be randomly distributed in the genome 
2. the ability to detect an overlap between two truly overlapping reads does not vary from clone to 
clone 
  
The calculations detailed in the paper have been used to help planning the shotgun sequencing projects. 
Lets define a few variables first: 
  
G = haploid genome length in bp 
L = sequenced read length in bp 
N = # reads sequenced 
T = amount of overlap needed for detection in bp 
  
Then coverage can be defined as the average number of times any given base in the genome is 
sequenced. It can be derived by dividing the total length of acquired sequences by the genome length. 
In mathematical notation: 
 C = LN / G 
  
Let's revisit the Poisson graphs above. Since coverage is the AVERAGE number of times a base is 
sequenced, it can be viewed as LAMBDA (remember, lambda is the average rate of events). Then we 
can interpret the X-axis as the number of times a base is sequenced. So for 1x coverage, there are many 
bases (about 37% of the total genome) which will not be sequenced (x=0). For 2x coverage, this 
number drops down to 14% and so on for 4x and 8x coverage. That’s how researchers decide which 
coverage to go for. 



  
Lets revisit the Poisson formula given above: 
  

P(Y=y) = (λy * e-λ ) / y! 
  
We can interpret y as the number of times a particular base has been sequenced and λ as the average 
number of times any base in the genome is sequenced. Since coverage is defined the same way as λ , 
we can use the value of coverage for λ. Given 10x coverage, if we want to calculate the probability that 
a base is sequenced three times, we just need to substitute 3 for y and 10 for C into the formula: 
  

P(Y=3) = (103 * e-10 ) / 3! 
            = (1000 * 4.54* 10-5) / (3*2*1) 

        = 0.00757 
  
Note that 0.757% of bases will be sequenced only 3 times (not more than 3 or less than 3, EXACTLY 
3). But often the researchers are not interested in this figure. They want to know what the probability is 
for a base to be sequenced 3 times or LESS. This is a more useful index in determining whether a 
given coverage is enough. So we want to know: 
 
 P(Y<=3) 
  
 
Since Poisson distribution is discreet, we can break the above expression into: 
 
  P(Y<=3) = P(Y=0) + P(Y=1) + P(Y=2) + P(Y=3) 
  



Then we substitute 0, 1, 2 and 3 for y in each expression while keeping 10 for coverage level. 
  
 P(Y<=3) = (4.54* 10-5) + (4.54* 10-4)+ (4.54* 10-3 )/2 + 0.00757 = 0.0103 = 1.03% 
  
About 1% of the genome is sequenced 3 times or less. 
  
Another example of how to use the above formula is to calculate the probability that any base is NOT 
sequenced. We can derived the formula from the standard Poisson by substituting 0 for y. 

 P(Y=0) = (λy * e-λ ) / y! 
  = (C0 * e-C) / 0! 
  = (1 * e-C) / 1 
  = e-C 

  
Here is a table with different coverage: 

  



We can derive the total gap length from the above equation: 
Total gap length = (% genome not sequenced) * (total genome in bp)  = e-C *  G 

 
 
 
 
 
 
 
 
 
 
 
 

Number of gaps expected can also be derived: 
Number of gaps = (% genome not sequenced) * (# of reads sequenced) = N * e -C 
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