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The definition of gene frequency is really the definition of
the probability that an event occur. In a population with one
loci, for instance, having n, of A1 allele and n, ;f Az allele;

. - -
—;I—%fsg . The same

definition was given by Li (1955). Crow and Kimura (1971), define

the probability of A1 allele is equal to

. the gene frequency or the proportion of Al alleles to the total

number of alleles in the population in case of one locus and two

2 Nll + n12

2N 11
of individuals in the population with genotype A1A1, le is equal

- alleles (A1 and Az) to be » where N.. equals the number
to the number of A1A2 individuals, and N equals the total number
of individuals in the pdpulation.

As an easy introduction to the concept of gene frequency to
biologists, population geneticists, and to statisticians, this
‘'work was carried out. BHere one can consider a case of dipliod
population under random mating at one locus shuffling im the
Mendelian process two or more alleles. Also,'the same can be
extended té case of polypliod populations distributing two or
more alleles at one loci only.

It is known that for a population to a specific loci, with
two alleles and the proportion of one allele Al = P. and the second

i
allele A2 = Pz then the frequency of all possible genotypes are
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as follows:
Genotypes AlAl AlAZ AZAl AZAZ
2 2

Frequency P P P P

1 172 FFy By
Actually the above frequencies form a probability distribu-
tion with the sum of all terms equal unity. Also, each term of
the distribution consists of two independent events. Now if one
defines a random variable X equal to the number of Al allele
possessed by each individual in the population and then calculate
the expected value for X zlong with the variance of X; it can be

easily shown the relationship between E (X) and the gene frequency

estimates.

Case 1:
Dipliod populations under random mating at one locus and two

alleles A, and A,. The probability distribﬁtion function.will be:

1 2
Genotypes AlA1 A1A2 AZAé
Value of X 2 1 0
Probability of X p? 2p_P p?

robal y o 1 1E2 2
2
The E (X) = ZPl + 2P1P2 = 2Pl.
g - 2 2.
The variance of X = 4P1 + 2P1P2 - 4P1 = 2P1P2.

is equal to __251_. or P.

The value of gene frequency A i’

1
2P1P> . PyPy
4 or ) .

with variance equal to
Case II1:
Dipiiod populations under random mating considerihg one locus

and 3 alleles Al, AZ, and A3. _The terms of the probability diétri-



(40)

bution are as follows:

. Genotypes AAL AA AAL AA, MM AA
AA A )
Value of X 2 1 1 0 0 0
Probability of X P2 2P P. 2P.P. P2 2p.P. P
° e 1 172 173 "2 o5y 53
. , _
The E (X) = 2P + 2P.B, + 2P P, = 2P,.

The variance of X = 2P1 (P2 + P3). Here also, the gene fre-

quency for Al allele equal Pl

Py (Po + P3)
2

and its variance equal

Cése III:
Consider one locus and two alleles Al and A2 in a polypliod

population (Tripliod). The p.d.f. will be:

Genotypes A1A1A1 A1A1A2 A1A2A2 AZAZAZ
i B R o T M
et B o o
Value of X 3 1 0
3 2 2 3
Probability of X Pl 3P1P2 3P1P2 Pz
The E (X) = 3P3 + 6P2P + 3P P2 = 3P
1l 12 2 1
.The variance of X is equal to 3P1 2 The frequency of Al-
allele is equal to —égl—- or P, and its variance =
3PPy P1P) '
9 3

Casge IV:

Consider-oqg locus and multiple alleles (Al, A2 and A3) in‘a



(41)

tripliod population.

Table 1. Gernotypes, value of X, and probability of X
for a tripliod population with three alleles

Genotypes Value of X Probability of X
ity 3 P
AAA, 2 PiPZ
818344 2 Pir,
WY 2 PiPz
ALA,A, 1 PlP§
AyAyhy - PFafs
ey 2 PiP3
A AR, 1 P,P,P,
A1A3A3 1 P1P§
A A A 2 Pi_pz
b A, 1 P'l'Pg
Ah A, i P.P,P,
W 1 Png
) 0 E §
TWWH 0 _§P3
Aghady L F1Po%3
A A 0 fgps
AA A, 0 Pz‘Pg
A A 2 ' Pira
A A, 1 P.P,P,
AgA A, 1 | -1.°1-P§ |
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Table 1 (continued)

Genotypes Value of X Probability of X
A3A2A1 1 PleP3
LA, 0 PoP
A3A2A3 0 Png
A3A3A1 : 1 P1P§
AAL, 0 PP}
438345 —_— ' P

From Table 1, the E (X) is equal to 3P1 and its variance 3P,
(P2 + P3). >The gene frequency for Al will be Pl with a variance

Py (P73+ P3)

In conclusion, the general formula for the relationship be-

tween the frequency of an A, allele and the random variable X

i i’
where Xi refers to the number of i the allele per individual =
E (:*) which would indicate that E (Xi) =m Pi’ where Pi is

the frequency of the ith allele and m is the number of chromo-
somes per individual. The variance of gene frequency will be

Py (1-Py) , where P, and m are the

many of the above cases, = i

same as above.
This method can be extended to more than 3 alleles or 3 chro-
mosomes, it also can apply to all problems in the poultry, animals,

and or human populations where single locus under random mating

is involved.
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