Chapter 3: Solutions to Problems 1-7, 13-14

_ 4 (I-sq,)

 l-sqp

If g,=03, s=0.2,and =3
_0.3(1-(02)(0.3)) _ 0.282

T 020037 0982
0.287(1-(0.2)(0.287)) _ 0.271

T =T T 020287 0984

0.275(1-(0.2)(0.275)) _ 0.260

7 1-(0.2)(0.275)>  0.985
. l[qo 4 qoa—qf)]
s 904, q, (1 - 90)
o 1[03-0264  0.3(1-0264)
0.2] (0.3)(0.264)  0.264(1—0.3)

1. q,

=0.287

=0.275

=0.264

} =5(0.455+0.178) =3.163

The approximation in expression 3.6¢ after 3 generations is roughly 15% greater than that
used in 3.6a. The larger the selection coefficient, the greater the difference.

_ 4 [1—S(hp0 +QO)]

2. =
o 1-2hsp,q, _ng

If h = 0.0 (selection against recessives)
_% [1 - SQO]

: 1-sq;

If h= 0.5 (additivity)
_ 4 [1 —s(z P, +QO)]: 9 [1_ s()A-go)+ %))] _4 [1 -s(z =149, +QO)]

1 1—2%Sp0q0—sq§ I_Spo%_s%z I_S(I_QO)qO_ng
_ QO[I_S(%'F%QO)] :%[l_%s(1+qo)]
=
1—(sq, —595) — 59, 1-sq,

If h =1 (selection against dominants)

_ qoll=s(py+ 9] goll=s((1=g0) +40)] _ g,l1-s~¢, +4,)]
1=2spyq, —5q;  1-25q,(1—q,)=sq5  1-2s(q, —q5) —59,

_ qo[l_s(l_qo+QO)]: CIO[I_S] _ qo[l_s]
1-25(q, —q0) =595 1-25q, +2s5q; —sq;  1-59,(2—¢,)

1

q,



Derivation

Dq = pala(wy, - Wip) - P(W, - Wip)] _ pafg(l- (+hs)- p(d+s)- (1+hs))]

Wy, +2PaW, + 0 W, p*(1+s)+2pq(d+hs) +q*
pag@-1- hs)- pd+s-1- hs))] _ poq(- hs)- p(s- hs)] _
p® +2pq+q’° +2hspg + $p° 1+ 2hspq + sp*

spa(-gh- p+ph) _ spg(- - p)h- p+ ph) _ spg(-h+ ph- p+ph) _

1+ 2hspg + sp® 1+ 2hspq + p* 1+ 2hspq + p*
spa[- h- p@- 2h)] _ - spgfh + p(- 2h)]

1+ 2hspq + sp? 1+ 2hspq + p°
Wg, = 0.37
Wgs =1.0
W, = 0.68
Heterozygote Advantage

Sz =1- w; =0.63
Sg =1- wgg =0.32
S s _ 063
s+s, sg+s; 0.63+0.32
- + S - N
Dq = pa(s _2)(q J)
W
If ql = O’ Dq = O’ qeventual =0
If g, =0.3, g, =0.663, 0 erya = 0.663
If g, =0.7, q, =0.663, 0, ey = 0.663

lf ql = :L Dq :O’ qeventual :1

= 0.663
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2
Po9oWia TqoWa, — 2 2
= — Whel'e W = DoWy, +2pquW12 +qOW22

q;
w
pq(l=s)+q*(1-s)’
q;, =
p’)+2pg(1=s5)+q*(1-5)

y = (1-g)g(1-s)+¢*(1-5)*

L (-9 +2(1-g)q(1-95)+q*(1-5)°
. (-9l -g +4*1-5)

L 1-2g+¢2 +2(q— ¢ —5)+¢*(1-25+5?)
. = (1-9)lg-¢* +4* -sq*]

i 1-2g+q*+2q—2sq—29° +2sq*> +q*> —2sq> +5°q°
q:(l—s)[q—sqz]

"o 1-2sq+s5°q’
g = 40=9)l1=sq]

- (=sq)(1-s9)

_q(d-s) _ .
4= 1-sq Equivalent to a haploid model.
w, =1 22

w, =0.5 2> 1
wy, =0.8 2> 1.6

Heterozygote Disadvantage
s, =w,—1=2-1=1.0
S, =w,,—1=1.6-1=0.6
s, 1.0

qe = =

s, +s, 1.0+0.6
_pq(s +5,)09—-9,)

w

If ql = 0’ Aq = 0’ qeventual = 0
If ql = 039Aq < 09 q eventual = 0
If ql = 07 Aq > 05 qeventuul :1

=0.625

Aq

If ql = 1’ Aq = 0’ qeventual :1
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W, = P PuWyy + (P Gy + Pp0s )Wy, + 4,0, W,, and W, = p,w, + g, W,

w, =10,w, =10,w, =08,w, =1.0,w, =038
d,=02,q, =02

g - 1((0.8)(0.2) +1(0.8)(0.2)) +0.8(0.2)(0.2) 0192 _ oo

fr 7 1(0.8)(0.8) + 1((0.8)(0.2) + (0.8)(0.2)) + 0.8(0.2)(0.2) 0.992

(0.2)(0.8)
In. =108 +(02(08
_ 1((0.806)(0.167) +1(0.833)(0.194)) + 0.8(0.194)(0.167) 0174 _
Ar. = 1(0.806)(0.833) +1((0.806)(0.167) + (0.833)(0.194)) +0.8(0.194)(0.167)  0.994 0175
(0.194)(0.8)

% = 1(0.806)+ (0.192)(0.8)
0 - 1((0.825)(0.161) +1(0.839)(0.175)) + 0.8(0.175)(0.161) _0162_ .

fes ™ 1(0.825)(0.839) + 1((0.825)(0.161) + (0.839)(0.175)) + 0.8(0.161)(0.175) 0.994
: (0.175)(0.8)

m

» " 1(0.825)+ (0.175)(08)



2
Pie .
21T 2y, Tz
2
p
26e) z,+z,+z,
z
3
p}(e) + +
LT, T

x, = (0.358)> — (0.169)(0.483) = 0.0465

x, =(0.969) — (0.858)(0.483) = 0.5245

x, = (1.000)* — (0.858)(0.169) =0.8550

v, = (1.000)(0.969) — (0.858)(0.358) = 0.6618
v, = (0.358)(1.000) — (0.169)(0.969) =0.1942
v, = (0.358)(0.969) — (0.483)(1.000) = —0.1360
z, =01942 + (-0.1360) - 0.0465 =0.0117

z, =0.6618 + (-0.1360) - 0.5245 = 0.0013

z, = 0.6618 +0.1942 - 0.8550 = 0.0010

0.0117
=22 20836
Preor =0 014
0.0013
=27 =0.093
P = 5014
0.001

p3(e) = m =0.071



13.

14.

W:p2W11+2pOQO+qg W,
W:(OG) (09)+2(06)(04)1+(04) (0.6) =0.324+0.48+0.96 =0.9

w, =1- S:S, w, =1- 0.D(04) _
S t5S, (0.1 +(0.4)
__ S _ 01 _
e S 5 &= 01v04

Y es, the mean fitness increases until it reaches a maximum vaue at the stable
equilibrium. The maximum value of W is0.92when q, =0.2

1er G 9@ qt)u
SE& Qo q (1- 60
_1é02-001 i 221 oonu
T 02802001 = 0011 02)}

Zqu-qw

= SgnQAl 0o) 0
g(oaa 0.0)0_

01& 0011- 0.2) X

= 491.04 or ~491 generations

t= = 64.18 or ~64 generations





