Stat 551
Homework 2

Alden Timme
Due Date: Thursday, October 23

1
(a) First, recall that ), p;a; = 0, or, in the bi-allelic case, pa; + gaa = 0. Using this, we have

2pq(c1 — az)® = 2pq(af — 2010z + a3)
= 2pgaf — dpgonas + 2pgos
=2p(1 — p)ai — dpgaras + 2¢(1 — q)aj
= 2pa? — 2p2a§ — 4dpgaras + 2qo¢§ — 2q2a§
= 2(pai + qa3) — 2p*ai — dpgarag — 2¢°a3
=2(pai 4 qo3) — 2(p°af + 2pganag + ¢2ai)
= 2(pai + qa3) — 2(pas + qaz)®
0
= 2(pa? + qa3)

(b) Denoting 3;; the breeding value of an individual with genotype A;A;, we wish to find Cov(S,J), the
covariance between breeding values and the dominance effects at a bi-allelic locus.

Cov(p,6) = E[B0] — E[S]E[4]
but as we showed in class, E[6] = 0. Therefore, we have

Cov(B,6) = E[3d]
= p?Br1611 + 2pgB12012 + ¢° B22022
=p* (2¢[a+d(q —p)]) (—2¢°d) + 2pq ((¢ — p) [a + d(q — p)]) (2pgd) + ¢° (—2p [a + d(q — p)]) (—2p°d)
= (—4p°¢*d+ 4p*¢* (¢ — p)d + 4p°¢*d) (a + d(q — p))

(—4p*¢*d + 4p°¢*d — 4pPq®d + 4p*¢*d) (a + d(q — p))

0

2

(a) The mean trait value is given by

pa = 1.2p° + 1.6 x 2pg + 0.7¢>
=1.2p* +3.2p(1 — p) +0.7(1 — p)?
=1.2p* +3.2p — 3.2p% + 0.7(1 — 2p + p?)
=1.2p> +32p— 3.2 + 0.7 — 1.4p + 0.7p?
=—1.3p*> + 1.8p +0.7



Maximizing, we have

9
HG _ 9 6p+1.8
dp

*

9
ot = 2~ 0.692
P =13

So the frequencies that maximize the mean trait value are p = % ~ 0.692 (the frequency for A;) and
q = 15 ~ 0.308 (the frequency for Ay).
The maximum mean trait value is then

e = 1.2p% + 1.6 x 2pg + 0.7¢°
~ 1.323

The minimum mean trait value is obtained when p = 0. This is when the allele frequency of A; is 0 and
the allele frequency of A, is 1, yielding a mean trait value of 0.7.

Using our additive model, we have a = 0.25 and d = 0.65, yielding, when we use p = p* =~ 0.692,
a1 =q(a+d(g—p)=0
ay=—platdlg—p)) =0

so the additive effects are both 0, and therefore the breeding values and additive variance component
are all also 0.

The dominance effects at the locus are

011 = —2¢%d ~ —0.123
522 = —2p2d ~ —0.623

which yield a dominance variance component of

0% = (2pqd)? ~ 0.0767



