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Abstract: The Objective of this paper we study the Markov chain is a Stochastic Process 
that Satisfies the Markov property. It is an Mathematical model which is depend on the 
probabilities and is very useful in so many science field, especially in genetics. In this 
paper we would given brief explanation about Markov chain.  And also given some 
examples, to solve problems in Genetics using Markov Chain.

INTRODUCTION:  

Markov chain is a mathematical model which depend on the probabilities, and is very useful in many 
science field, especially in genetics. Genetics is the study of genes and is part of biology. Some problems in 
genetics can be solved using the Markov chain. For example if we know the distribution of the present 

generation, call it 0X we can use the transition matrix of the population to find genotype distribution nX

of the future genreations.  

Let 0X be initial genotype distribution of a population. Assume that the trasition matrix for the genotype of 

given population is known, call it . One year later, the genotype of the population, is equal the product of 

the transition matrix A and the initial matrix 0X .  

 

(1) 

Two years later, the genotype of the population can be compute similarly,  

 

(2) 

 
And n years later,  

 

(3) 

According to autosomal inheritance, each inherited trait is assumed to be governed by a set of two genes. 
We designate these two genes by A and a. Each individual in the population under consideration has two 
of these genies, as AA, aa or Aa. Consider eye coloration, in humans. Genotype AA and Aa means having 
brown eyes and genotype aa means having blue eyes. Gene A in this case is called dominant (or we say A 
dominates a) and gene a is called recessive (or we say a is recessive to A).  
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How genes of parents are passed onto their offspring 
Each individual inhererits one of the genes from one of its parent and the  another gene from its other parent. Since 

each parent can pass on only one gene to the offspring, which of the two genes passes on is a matter of chance.  

A common problem in this field is finding the probability of certain genotype after a given number of years. 

For example, suppose we want to study the fractions of the three genotypes in the generation of cows 
in terms of the initial genotype fractioins. (See the following example.)  

 We discovers that cows with genotype AA can produce a better quality milk than other genotypes. interested 
in discovering the fraction of offspring cows with genotype AA. If  we choses to cross only genotype 
with other genotypes, what are the probabilities of the offspring being AA, Aa, or aa ?  

To analyse the problem,we will consider three cases:  

First assume, the crossing of AA with AA. This will always gives the genotype AA, therefore the 
probabilities of an offspring to be AA, Aa, and aa respectively are equal to 1, 0, and 0.  

Second, assume crossing of Aa with AA. The offspring will have half chance to be of genotype AA and half 
chance the genotype Aa, therefore the probabilities of AA, Aa, and aa repectively are 1/2, 1/2, and 0.  

Third, consider crossing of aa with AA. This will always results in genotype Aa. Therefore, the probabilities 
of genotypes AA, Aa, and aa repectively are 0, 1, and 0, respectively.  

The following matrix is the result of the pervious obseration:  

 

 

 

 

This matrix can be viewed as the following table:  

 

Assume that the initial population of cows made up of an equal number of each genotype, therefore, the initial 

distribution vector 0x is given by :  
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One year later, the distribution is  

 

 

After another year passed by, the distribution vector can be obtained as follow:  

 

For any positive integer n , that is n years later,  

 

 

 

 

 

Now if gets larger and larger, the matrix approaches to  
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Therefore will approach to  

 

 

Suppose someone is intrested to see the number of cows with genotype AA, Aa, and aa after 20 geneations 

geneation. One way to answer this question is to compute 020 xA which may result in computaional error during the 

matrix multicaption. Another approach using of diagonalization reduces computation. If the matrix can be writen 

as product of an invertible matrix a diagonal matrix and inverse of , that is , then 

computation wil be much simples and therefore much less comoutational error. This is mainly because of the 

following fact:  

 

 

 

and  

 

Not every matrix is diagonalizable. For to be diagonalizable it needs to have -linearly independent 

eigenvectors. The matrix is formed by writing these eigenvectors as columns of . To find eigenvectors we will 

first find the eigen values.  

For the matrix   A above the eigen values are  

 

and corresponding eigenvectors are:  
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The diagonal matrix  

        and 

 

 

Therefore,  

as n approach infinity..  
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