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By a factor we shall mean any gene-pair or locus which is responsible
for a particular character of a certain organism. Now consider a metric
character of polygenic nature in a certain organism and consider a crossing
between two pure line L; and L, of the organism. Suppose that there are
independent contributing factors in the cross, so that we can designate the
genotypes of L; and L, respectively by aa:a:a;...a.a, and AAAA,. . ALA,,
L, being considered as having a smaller genotypic value in comparison with
L.. Let D denote the difference between the genotypic values of L; and L,.
Assuming that there is no interaction between the contributing factors, we
then proceed to the estimation of # in accordance® with the following two
models: ‘

Model I: Assume that there is no dominance and that each of the A genes
has an additive and equal effect ¢; 7. e,

- D
T 2n”

Then, for some 7 such that 0 <7 < 2n, the relative frequency of an F, indi-

(1) e

vidual having » A genes and 2z — 7 a genes in its genotype will be

2n 1\2»
(2) ( 7 ) (7) )
The probability-generating function for the distribution of A genes is then
given as follows:

2n 2n 2n
(3) Put) = (1) & () = [l(t+ 1)]
2 =0\ 7 2
where N is the random variable representing the number of A genes, and #
is a dummy variable. The average number of A genes in the F, population is
(4) EN) = -4 p(1) l =n.
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The first factorial moment of N is

(5) E(N(N—-1) = oPult) |
= (%)znrzgnz r{r — 1).(2:‘)
_ n{(2n — 1)
S,
whence it follows that
{6) var (N) = E(N(N — 1)) + E(N) — E*(N)

"
2°
Hence the genetic variance, denoted by Vy, of F; is given by

(7) Vg = var (eN) =var<v;~)n_-N)
DZ

TR
‘Thus # can be expressed in terms of D and Vg, as4 follows:

DZ

Model II: Assume that there is dominance and that each gene-pair AA
or Ag has an additive and equal dominance effect

(9) d=2 =2,
n

Then, for some % satisfying 0 < % = #, the relative frequency of an F, indiiri-
dual having % gene-pairs of the form AA or Aag and n — k gene-pairs of the
form aa in its genotype is given by

y N3\t /1\~*

- (10) (k)(4)(4) ’
and the probability-generating function for the distribution of the gene-pair
AA or Aaq will be

Pu(t) = kgﬂ(’;)(%)k (—i—)”—ktk =[~i—(3t + 1)]"

where M is the random variable representing the number of gene-pairs of the
form AA or Aa. The average number of such gene-pairs in the F; population
is
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(11) E(M) =G Pu(t) .
=
==
The first factorial moment of M is
12) E(M(M —1)) &y ’t) |
2 M=) = Lo Pl |,
_nn-—1)
- 16 °
It then follows that
(13) var (M) = EIM(M — 1)) + E(M) — E*(M)
=3
T 16
Hence we obtain
D
(14) V, = var (dM) = var (7 . M)
_ 3D*
T

and so we can solve Equation (14) for # as follows:

3D?

(15) = 16V,

In practice, the parameter D may be estimated by the difference between the
sample means of the L, and L, populations, denoted respectively by L, and L,.
Thus, denoting the estimate of D by 15, we-have

(16) 4 i . D = .[‘:2'_ -Ll.
Furthermore, we can, under the assumptioﬁ of no interaction bétween the
genotypes and the environmental effects and of no epistasis between the gene-

pairs of the genotypes, - decompose the variance of F, population, denoted by
Vs, as follows:

(17) Ve, = Vg4V,

where
V¢ = Genetic variance,

and

V. = Environmental variance.
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Since all of the F, individuals have the same genotype, it is reasonable to
express V, by the variance of the F; population, denoted by V:. Thus we
can estimate V, by

(18) Vg = sz—vFl,
where Vg, sz» and Vgl are the estimates of V,, Vi, and Vg, respectively.

Finally, the substitution of Equations (16) and (18) into Equations (8) and
(15) leads respectively to

(19) PO ey P L
8(Vy, — Vi,)
and
(20) = 3Ta=Lo?
16(Ve, — Vs,)’

where 7% denotes the estimate of #.
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