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SOLUTIONS TO EXERCISES FOR CHAPTER 5

Exercise 5.1.
From equation (5.28) one can calculate the allelic frequencies:

m
p1=piF+ 2 pjr =0.828+0.072=0.900
=1
5'7&1
m
P2=puF+ ., pajr =0028+0.072=0.100=1- p; =1-.900

j=1
j#2

Then from either equation (5.29) or (5.33), we can obtain the inbreeding value. From (5.29)

_(Zp”F J-ZL(%+M_1J 0.92+028-1=12-1=0.20

T Di 0.900 0.100
Or, alternatively from (5.33)
F _Hy—Hp where Hy =2p,p,
Hy
_ 2(0.90)(0.10)—0.144 _0.18-0.144 020
2(0.90)(01.0) 0.18

For another alternative way one can solve for £ in equation (5.19) for either i =1 or 2. Fori=1
2
piir = pi +Fpi(1-p;)
0.828 =(0.9)* + F(.9)(.10)

2
_0.828—(0.90)" 0.828-0.81 0.018

(90).10)  0.09  0.09
=0.20
Exercise 5.2.
A, A,
92+156
A 92 28 120 5 =120 "~ 27 _2
! P1=1g0 180 3
A, 28 32 60 ,32:%2%

120 60 180
Substituting in equation (5.29), we have

ZPUF _ 1 [92/180+32/180 1]
21l 273 1/3

,1171

{3(92/180) 3(32/180)_1}

7 T

[276Jr 96 l]z 276+2(96) _ 360 _ 108 _ 3
360 180 360 360 360 -
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To plot the point in an equilateral triangle, we must first calculate the frequencies of the three genotypes:
Pas =155 =05111py 4 =25=03111,p, 4 =735=0.1777
From Fig. 3.2, p. 3.34, we observe that the frequency of 4,4, is on the line ZX, ranging from zero on the right to 1
on the left, that the frequency of 4,4, is on the line XY, ranging from zero at the base to 1 at the top, and that the
frequency of 4,4, is on the line YZ, ranging from zero at the top to 1 at the base. The point (0.5111, 0.3111,
0.1777) lies on a parabola for F' = 0.3 similar to the lower parabola shown in Fig. 5.2, p. 5.13, for F=0.25. The
ratio of the line segments PP, to P;Q equals F and the ratio of the line segments P,Q to P,Q equals the panmictic

index P=1—F. I believe that equation (3.49) is also true for any value of F > 0, i.e., the perpendicular projection
of the genotypic frequency point for the population onto the base divides the base into p and 1 — p (see p. 3.34).

Exercise 5.3.

The frequency of the mating type between heterozygotes was equal to twice the total frequency of mating
between the two corresponding homozygotes [equation (5.45)] in the mating scheme during the following
generations: i) in the initial random-mating population and in all subsequent generations until brother-sister
mating commenced, and ii) in the population involving a certain proportion of brother-sister mating after a one-
locus genotypic equilibrium distribution had been achieved and in all subsequent generations.

Exercise 5.4.
a. First, we calculate the allelic frequencies, using equation (5.28)

pa =0.68+5(024)=08
P4, =0.08+1(0.24)=02

Then knowing the genotypic frequencies and the allelic frequencies, one may calculate F, using a number of
different formulas:

Way 1: [equation (5.29)]

m .
ol S BiE |- ! [0'68+0'08—1}=[o.85+0.4—1]=o.25
m-1|5 p, 2-11 08 02

(this formula is possibly the best in an experimental situation since it may “average” the data in some sense)

Way 2: (from an expression in Table 5.1 (p. 5.10), e.g., 4;4;:(1 _F)Pi2 +Fp;)
pii == F)p} + Fp,
0.68=(1- F)(0.8)> + F(0.8)
=(1-F)(0.64) +F(0.8)
=0.64— F(0.64)+ F(0.8)

0.16F =0.04
F=2% g5
0.16

Way 3: [equation (5.11)]
Hp =(1-F)Hy where Hy =2pg =2(0.8)(0.02)=0.32

0.24=(1-F)0.32

=0.32-0.32F
0.32F =0.08
=208 g5

0.32



b. The proportion of selfing in the population can be obtained from equation (5.52) by solving for s:
F, = il equation (5.52)

_2F, _ 2(025) 050
C1+F, 1+(025) 125

0.40 equation (5.56)

Exercise 5.5.
From equation (5.52) we have

_s 0.99 =0'99=0.980198
2-s 2-099 1.01
The genotypic proportions from equations (5.19) and (5.20) are

p(44)=pt+Fp(1-p)= (%)2 +0.980198(1) (1) =0.4950495

F

o0

2p(445)=2(1-F) py (1- p) =2(1-0.980198)(1 (1) = 0.009901

p(Aady)=(1=py ) + Fp (1= py) = (%)2 +0.980198(1 (1) =0.4950495

Check: 0.4950495 + 0.009901 + 0.4950495 =1.0000000

Exercise 5.6.
a.l. Recalling that the frequency of the heterozygotes in the population in generation ¢ is H; = (1 -F )H 0

t t
[equation (6.7)], and that the inbreeding coefficient in generation ¢is F, =1— (%) FyorF,=1- (%) [equation

t
(6.23)], we substitute the latter expression for F; in the expression for H, to obtain H, = {1 - [1 - (%) }}HO . Then

substituting the appropriate values in that expression, we solve for ¢.
_(1Y
0.001=(4) 050

(l)t ~0.001
2/ 0.50
tlog 4 =10g0.001-10g0.50
. log0.001—-10g0.50

log%
-3.00000 —(9.69897 —10.00000) —3.00000—(—-0.30103) —
= ( ) = ( ) _ T2.09897 8.96578 or 9 generations
9.69897 —10.00000 —-0.30103 —-0.30103
Therefore
9
F=1-(4) =1-k5 = 311 - 0.9980469, and
H, =(1-F,)Hy = 5150.50 = 5= = 0.0009766

a.ii. For calculating the frequency of the homozygotes at =9, no equation is actually given in the notes,
but it is clear that the loss in frequency of heterozygotes is distributed equally to the two homozygotes for any
system of mating. Thus, [see equation (6.11)]



Paar =Pao+5FHo=paao+5(Ho—H,)
=040+1(050-

2pAa,=(1—F)H0:00009766

Paat = Paa0 +3 FiHo = Paao +5(Ho — H,)

=0.10++ (OSO—m) 0.10+= (04990234) 0.10+0.2495117=0.3495117

Toa7) = 040+1(0.4990234) = 0.40+0.2495117 = 0.6495117

b.i. The same number of generations required is the same as above: t = 8.97 or 9 generations.
b.ii.
Paa=025+%(0.50-
2P 4t =0.0009766
Paar =025+ (O 50— ) 025+~ (O 4990234) 0.25+0.2495117=0.4995117

05 4) 0.25+2(0.4990234) = 0.25+0.2495117 = 0.4995117

c. The number of generations is the same because the proportion of heterozygotes is the same in the two
initial populations. The number of generations to reach a given level of heterozygotes is dependent only on the
initial frequency of heterozygotes and is not dependent upon allelic frequencies.

The final equilibrium genotypic structures are different because the initial proportions of homozygotes or
allelic frequencies are different. The frequencies of homozygotes approach the allelic frequencies as ¢t — o, and
does not depend upon Hardy-Weinberg proportions initially.

Since the loss in heterozygotes is distributed equally to the two homozygotes (two-allele case) the
difference between the frequency of the two homozygotes remains the same fort=0, 1,2 ... o« . For example,
for the first population
DPadt — Paar =0.40—-0.10=0.30 for =0, and

Padt — Pagt =0.6495117-0.3495117=030  for¢=9

and for the second population
Padr — Paar =0.25-0.25=0.00 for =0, and

Pt — Paas =04995117-0.4995117=0.00  fort=9

Exercise 5.7.

a. The single condition assumed is that the population size is very large (and has always been so). The
reason is that F, is equal to the coefficient of coancestry between two different random individuals in the t — 1
generation. Thus, for that coefficient to be zero, the population size must be very large, so the chance of two
related individuals mating is zero.

b. If we do not have a large population size and can not assume F,, =0, the recurrence relation to be
used is [equation (6.133)]

1+ F,
R ) oL
N 2 N

It is commonly called a monoecious finite population with random self-fertilization.



Exercise 5.8.

a. In that portion of the population resulting from mating of related parents a certain proportion of the
individuals will be nonidentical (1 — F,) and will be mating at random, and the remaining proportion will be
identical (F,). Thus, the proportion of 4;4; in the population from related parents is

proportion of

4; A4; homozygotes

proportion of 4; 4; } i
in the population
hom ozygotes
) . from related parents
in the population |= - .
proportion of proportion of
that have related
A; A; homozygotes A; 4; homozygotes
parents . ] +| . ]
in the population in the population
from random mating from related parents

5 for the numerator, see equation (5.19)
@ [p,- +szi(1—pi)} s 2
= (1= F) pi + Fp; = p; — Fp; + Fp

2 2
ap; +ap [Pi +Fyp; (1- p; )}

=pi +Fpi(1-p;)
_ an[n+h(1-p))
pi {alpi tay| pi+ Byl —Pi)]}
_ az[Pi+F2(1—Pi)]
ap; + ayp; + ay s (1- p;)
zaz[PiJer(l—Pi)]
pi+ay By (1-p;)

b. The inbreeding coefficient of the offspring from the mating of first cousins is 1/16. [This value 1/16
can be deduced from the pedigree for first cousins. It is also given in the title for Table 5.2 (p. 5.19)]. Thus,

proportion of 4; 4;

homozygotes a, [Pi +F (1 —Pi )]

pi +ay B (1-p;)

in the population |=
that have related

parents

i 0.015[0.02+ L (1-0.02) _0.0012187
0.02+ 0.015(%)(1—0.02) 0.0209187

That is, 5.8% of the affected individuals or homozygotes will have parents who are first cousins. If no first cousin
marriages were permitted, one would reduce the frequency of affected individuals by 5.8%.
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