Population genetics

         Alfred Russel Wallace and Charles Darwin were the first to identify natural selection as the mechanism of adaptive evolution in the mid-nineteenth century, based on their observations of population:

     1- Phenotypic variations exist among individuals within population.

      2- These differences are passed from parents to offspring.

      3- More offspring are born  than will survive and reproduce.

      4- Some variants are more successful at surviving and reproducing than other.  In population where all four factors operate, the relative abundance of the population's different phenotypes may change across generations. In other word, the population evolves.

     Although Wallace and Darwin described how organism evolve by natural selection, there was no accurate model describing the mechanism responsible for the origin of variation and its inheritance. Gregor Mendel had published his work on the inheritance of traits in 1866, but it received little notice at the time. When Mendel's work was rediscovered in 1900, biologists immediately recognized its importance and began a 30-year effort to reconcile Mendel's concept of genes and alleles with the theory of evolution. In a key insight, biologists realized that changes in the relative frequency of different phenotypic traits in a population are tied to changes in the relative frequency of the alleles that influence the traits. The discipline within evolutionary biology that studies changes in alleles frequencies in known as population genetics.

    Early in the twentieth century, a number of workers, formulated the basic principles of population genetics, like Godfrey Hardy and Wilhelm Weinberg. For many years, theories focused on mathematical models that would describe the genetic structure of population and prove useful in practical applications such as animal and plant breeding. Prominent among the theoreticians who developed these models. Fallowing the work of the theorists, field workers and experimentalists testes these models. Their experiments examined allele frequencies and the forces that alter the frequencies, including selection, mutation, migration, and random genetic drift. 
Population and gene pole

  Members of a species often range over a wide geographic area, clustered into populations. A population is a group of individuals from the same species that lives in the same geographic area, that are actually or potentially interbreeding. If we conceder a single genetic locus in this population, we may find that individuals within the population have different genotypes. To study population genetics, we compute frequencies at which various alleles and genotypes occur and how these frequencies change from one generation to the next.

    When we consider generational changes in alleles and genotypes, we examine gene pole consists of all gametes made by all the breeding members of a population in a single generation. These gametes will combine to form zygotes that become the next generation. The egg and sperm that constitute the gene pool are haploid and thus contain only a single alleles for each genetic locus. When we consider a single locus, we may find that different gametes carry different alleles. The proportion of gametes in a gene pool that carry a particular allele represents the frequency with which this allele occurs in the population.

    Populations are dynamic; they expand and contract through changes in birth and death rates, migration, or contact with other population. The dynamic nature of population has important consequences and can, over time, lead to changes in the population's gene pool.
Quantitative genetics
      Quantitative genetics: A traits that generally has a continuous distribution in a population and is usually affected by many genes and many environmental factors.

Population genetics: The study of the variation of genes between and within population.

Quantitative genetics also known a continuous variable, like weight, length, milk production, diseases resistance…..etc, and it is the character which controlled by more than one gene or many allels, and characterize by:

1- Controlled by more than one gene or many allels.

2- Highly effected by environment and climate.

3- Respond to selection.

4- Resemblance between relatives.

5- Differences in production between breeds within same environment.

     Those characters differed from qualitative character because this give distinct and limited character from one individual to another and also controlled by one gene or two, for example, eye color, blood group, left or right hand ..etc. 

    The mode of action of  quantitative character is the additive gene action, as example the grain color in the wheat controlled by two loci, A and B, each locus controlled by two allels. In which the color of wheat graduated from dark red to Wight, depending on the existence of the color's control genes, (AABB) dark red and spontaneously graduated to (aabb) Wight color, each AABB and aabb called extreme genotype.  
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  P1                                    AABB     X    aabb

  F1                                                 AaBb (intermediate color)

                                                                                             Additive alleles

                                                1/4BB ___ 1/16 AABB                      4

                  1/4AA                   1/2 Bb ___ 2/16 AABb                       3

                                               1/4bb ___   1/16 AAbb                        2

                                               1/4BB ___ 2/16 AaBB                         3

     F2         1/2Aa                    1/2Bb ___ 4/16 AaBb                         2

                                               1/4bb ____2/16 Aabb                          1

                                               1/4BB ___ 1/16 aaBB                         2

                 1/4aa                      1/2Bb ___ 2/16 aaBb                          1 

                                              1/4bb ___   1/16 aabb                           0

                                        

                                               Additive alleles


                      4                    3                   2                  1                    0

 F2 ratio      1/16              4/16              6/16              4/16              1/16

                 Red                           intermediate color                        white

  WE see the extreme genotypes appear only in F2.

    In quantitative genetics the phenotype of any individual depends on the reaction between the genotypes which the individual carry it and the environment in which the individual live.

     Phenotype (P) = G + E

Diploid: a condition in which each chromosome exist in pairs having of each chromosome.

Haploid: a cell having a single set of unpaired chromosome, the gametic chromosome number.

Example: the genotype AABB give one type of gametes ….AB, also ttnn give one type ……tn, while TtRR give TR and tR, nnQq give nQ and nq.

For this reason special law was establish for determination of the number of gametes that given from a studied genotype (2n)  and take in consideration that this genotype must be a hybrid. N= number of hybrid.

So in case of AaBb, we have two hybrid, so the solution is:

           2n = 22 = 4 gametes

e.g.     how many gametes that gives the genotype AABbRrTTQQ

                            2n = 22 = 4 gametes 

                             B_RATQ, B_rATQ….,  b_RATQ, and b_rATQ

And this gametes in the form of haploid, that we find in sperm and egg

    Gene frequencies

The diploid genotype mean a condition in which each chromosome exist in pairs having of each chromosome, one from the sire and the other from the dam.

                                       ♂      ♀   

                            A                 a                          locus 

So the probabilities of  genotype in case of an individual or cell of diploid genotype are:

              ♂  ♀                ♂  ♀                  ♂  ♀   


          A        A          A            a                a         a

This lead us to ask a question, What are the number of loci that occupied by the gene A from the total number which occupied by Aa in this genotype? 

                        

   A           A                   =  [image: image2.png]


   =   1

    

     A            a               =  [image: image4.png]


   =   0.5


     a          a                  =  [image: image6.png]


   =    0.0

    And in case of individuals have those allels on two chromosome, X and Y, and in case of the needed to determine the A locus from A and a loci :

            X                                 Y

          ♂  ♀                            ♂  ♀                


 1-      A         A                      A              A       = [image: image8.png]


  = 1.00     


 2-       A          A                      A             a        = [image: image10.png]


   = 0.75

 3-   A          A                       a              a           = [image: image12.png]


  = 0.50   


 4-        A          a                       a              a        =   [image: image14.png]


   = 0.25

 5-       a           a                      a              a           =  [image: image16.png]


   = 0.00
So there are five probabilities for A gene locus, also the same result will be conducted if we reverse to the gene a locus, therefore, this probabilities of the gene locus lead us to the idea of gene frequencies. So the gene frequencies is the percentage of alleles of a given type in a population.

  In analyzing the genetic structure of a population, most geneticists first measure the frequencies at which alleles occur at a particular locus. To do this, the genotypes of a large number of individuals in the population must be determined. In some cases, researchers can infer genotypes directly from phenotypes. In other cases proteins or DNA sequences are analyzed to determine genotypes.

   In case of phenotypes. In a character (color for example) that controlled by two alleles on a locus, and when we detect the phenotype percentage to the population, this percentage called phenotype frequency, in which we can describe the population by the mention of phenotype frequency.

                    red                          medium                               white   

                    AA                             Aa                                       aa  

                     30%                          60%                                   10%  

   Also there are probabilities for the existence of dominant factors, and because of this typing depend on the two alleles A, and a, so we can consider:

     Genotype-                    AA                             Aa                             aa  

     frequency                     30%                            60%                        10%  

  If we suppose the following:

Genotype    AA                Aa                 aa               total

frequency     20                 60                 20                100 =100% = 1 unit


  Gene          40A         60A      60a          40a                200
frequency

    so   A = 40 + 60 = 1

           a = 40 + 60 = 1

Therefore the gene frequency of A = [image: image18.png]100
200



 = 0.5 or 50%

                      Gene frequency of a = [image: image20.png]100
200



 = 0.5 or 50%
Accordingly, in case of population genetics there will be:
   1- The sum of genotype frequency = 1

   2- The sum of gen frequency         = 1

                        Genotype                                               Gene

         AA         Aa           aa                                     A                a

           P           H            Q                                      p                 q

                P + H + Q = 1                                                p + q = 1

So gene frequency of    A = p = P + [image: image22.png]


H 
                                       a = q = Q + [image: image24.png]


H 

                         so       p + q =   P + H + Q =   1

                         so       p = 1- q      &  q = 1- p
 From proceeding we excerpt the law of gene frequency
  Gf = pA = [image: image26.png]2(number of homozygous)+number of hetrozygous
2n




    or :

Gf = pA = [image: image28.png]1
number of homozygous+-number of hetrozygous

n




1-   50 individuals with a number of genotypes as follows: BB (23), Bb (15), and bb (12), calculate  the dominant gene frequency and the recessive one?

               BB                              Bb                       bb

              (23)                             (15)                     (12)  
  Solution: the  application of low 

                   [image: image30.png]2(number of homozygous)+number of hetrozygous
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     Gf  pB = [image: image32.png]2(23)+ 15
2x50



 = [image: image34.png]100



 = 0.61 g.f. of dominant gene.
    Gf  qb =  [image: image36.png]2(12)+ 15
2x50



 = 0.39 g.f. of recessive gene.

   Or can be calculated in another way:

           qb = 1-  pB             ( because p + q = 1 )
                         = 1- 0.61 = 0.39 G.F. of recessive gene.

 2- In one of a population the genotype frequencies are :

      Genotype frequency             AA             Aa              aa  

        number                               320            170             10  

       what are the gene frequency of dominant and recessive gene?

        Solution: the  application of low
[image: image37.png]number of homozygous + %number of hetrozygous

n




  pA  =  [image: image39.png]1
320+ 3170
500



 = 0.81 g.f. of dominant gene.
 qa  = 1 – 0.81    =  0.19 g.f.. of recessive gene.

   Or can be calculated in another way:

   qa  = [image: image41.png]1
10+ 2170
500



 =  0.19 g.f. of recessive gene.
 3- In a population with a gene controlled by three alleles, A1, A2, and A3, what are the gene frequencies of A1, A2, A3  in the fallowing group of animals?  
 Genotype frequency.   A1A1       A2A2        A3A3        A1A2        A1A3        A2A3 
Number (110)           15           10            12            18            25            30  

Solution, in application the law:  

                       [image: image43.png]2(number of homozygous)+number of hetrozygous
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                     p A1  =   [image: image45.png]2(15)+ 18425
2x110



 = 0.33 g.f. of A1
                     p A2  =   [image: image47.png]2(10)+ 18430
2x110



 = 0.31 g.f. of A2
                     p A3  =  [image: image49.png]2(12)+ 25430
2x110



  = 0.36 g.f. of A3
4- In a short horn cattle, the fallowing number of different color according to genotype were found:

    genotype and color       red (RR)           roan (Rr)                    white (rr) 
            number                     16                    48                                36   

    Calculate the gene frequency of (R) gene and (r) gene and rewrite the distribution of the gametes, and what are the gene distribution (zygotic distribution) of the their offspring?

Solution, in application the law:   
        Gf =    [image: image51.png]1
number of homozygous+-number of hetrozygous
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        Gf  pR = [image: image53.png]1
16+ 48
100



 = 0.4      g.f. of pR     frequency of dominant allele
        So Gf  qr = 1 – 0.4 =  0.6  g.f. of qr  frequency of recessive allele
   Or the latter can be calculated by : 
           Gf  qr = [image: image55.png]1
36+ 348
100



 = 0.6  G.F. of qr  
   So the rewrite of the distribution of gametes will be as below:

     (gamete distribution)   =    ( R 0.4 + r 0.6 )
   P1                            Rr  ♂   x    Rr   ♀
                 =      (0.4 R + 0.6 r ) x (0.4 R + 0.6 r)

                 =     0.16RR + 2x(0.4x0.6)Rr + 0.36rr  (genotype distribution)
   So (zygotic distribution)    =     0.16 RR  +  0.48 Rr   + 0.36 rr

 Note : the zygotic distribution is the same of the genotype distribution; which is the result of self fertilization of the gamete distribution .
    The Hardy-Weinberg Law   
    Population genetics explores such questions by using a mathematical model developed independently by the British mathematician Godfrey H. Hardy and the German physician Wilhelm Weinberg. This model, called the Hardy-Weinberg Law, shows what happens to alleles and genotypes in an "ideal" population—one  one that is free of many of the complications that effect real population—and use a set of simple assumptions.

      1- Individuals of all genotypes have equal rates of survival and equal reproductive success; that is, there is no selection. 
      2- No new alleles are created or converted from one allele into another by mutation.

      3- Individual do not migrate into or out of the population.

       4- The population is infinitely large, which is practical term means that the population is large enough that sampling errors and other random effects are negligible.

       5- Individuals in the population mate randomly.

     The  Hardy-Weinberg Law demonstrates that an ideal population has two properties:

       1- The frequency of alleles does not change from generation to generation.

      2- After one generation of random mating, offspring genotype frequencies can be predicted from the parent allele frequencies and would be expected to remain constant from that point.

   Consequences of the law

   The Hardy-Weinberg low has several important consequences :

    1- It shows that dominant traits do not necessarily increase from one generation to the next.

    2- It demonstrate that genetic variability can be maintained in a population since, once established in an ideal population, allele frequencies remain unchanged.

    3- If we invoke the Hardy-Weinberg assumption of random mating, then knowing the frequency of just one genotype enable us to calculate the frequencies of all other genotypes when there are only two alleles at the locus in question. This relationship is particularly useful in human genetic because it allows us to calculate the frequency of heterozygous carriers for recessive genetic disorder even when all we know is the frequency of affected individuals. 

  Also genotype and gene frequency can calculated by withdrawals from the gene pool to form the genotype of the next generation, as:
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 So the offspring generation will be : 

                       AA                         2Aa                  aa

                       P2                                             2pq                    q2

   And when we calculate the gene frequency for the offspring it will be:

                                  P + q = 1

       and it is the same of that in the parents.

  Also the genotype frequency of the offspring are:

      P2 + 2pq + q2 = 1  (and it is the same of that in the parents).

Also we can conceder it as mathematical way by multiplying two brackets like:

             Parents                             (p + q) x (p + q)         =

             Offspring                             p2 + 2pq + q2 

   So in case of homozygous genotype frequency (p2 or q2) , we can predict the gene frequency by :

   Gene frequency = the secure root of genotype frequency  

                 p    =   [image: image57.png]Y2




Examples:

1- In a clan the fallowing genotype frequency was detected, is this clan is equilibrium? (Hardy-Weinberg low or Hardy-Weinberg equilibrium).
   Genotype frequency        AA           Aa            aa

     Number (100)                65            10             25

      Gf  pA = [image: image59.png]1
65+ 310

100



 = 0.7  g.f. of pA     frequency of dominant allele
          qa  = 1 – 0.7 = 0.3  g.f. of qa     frequency of recessive allele
       gamete distribution                       = (0.7A + 0.3a)

      zygotic or genotype distribution    = (0.7A + 0.3a)x(0.7A + 0.3a)

                                       =  0.49AA  + 0.42Aa  + 0.09aa 

 So the supposed or expected individual of (Aa) type will be 0.42 x 100 = 42 individual. But the real number of this type of genotype (Aa) is 10, so the clan not equilibrant. 
2- A breed of white and black sheep, its account 900 sheep, if the number of white sheep 891 sheep and the black one 9 sheep only, account the gene frequency for the white. ( white is dominant).

  Solution:

  We symbolize to the white dominant  T
  So the black recessive will be   t

    Genotype frequency             TT           Tt                     tt  

 Number of phenotypes                  891(white)                 9 (black)

Solution:

Total number of all animals = 891 + 9 = 900

 So the frequency of tt individuals which represents in the same time q2 (genotype frequency) = [image: image61.png]500




   According to the law q = [image: image63.png]



   So q2 tt = [image: image65.png]500



 =  0.01

  Therefore    q =   [image: image67.png]v0.01



 = 0.1
   So    pT = 1 - 0.1 = 0.9 gene frequency of the white color 

    Genotype frequency of homozygous dominant white color = p2TT  

    = 0.92 = 0.81 genotype. f. of TT

  So the number of white homozygous sheep = 0.81x900= 729 sheep
 Therefore the number of white heterozygous = 900-(729+9)=162 sheep

  Or in another way: (2x0.9x0.1) x 900 = 162 sheep  

3- If the individuals BB, and Bb had gave black colored individual, while bb genotype individuals gave white color, find the gamete frequency from the following clan:

     Genotype frequency              BB            Bb                              bb  

     Numbers of phenotypes              180 (black)                    16 (white)  

Solution:

  The sum of all individuals 16 + 180 = 196 individuals of both colors 
  So the percentage or frequency of bb individuals which represents in the same time q2 (genotype frequency) ; 
q2 = [image: image69.png]196



 , q = [image: image71.png]1%



 = 0.3
  therefore the gene frequency of the dominant alleles pB  will be:

     p  1- 0.3 = 0.7 the gene frequency of dominant allele (pB) 
  so the gamete distribution (p + q) will be 

                                           =  (0.7B + 0.3b) 
16

