Population Genetics Fall 2012

Homework Set #1 Key

. (@) p'= PAA+( )P —pmpf+(%)[pm(1—pf)+pf(1—pm)]=(%)(pm+pf),theevenaverageofthe

parental allele frequencies. This makes sense because mothers and fathers contribute equally

to autosomal genotypes of their offspring.

(b) No. For example, if py= 0 and p,, = 1, then P44 = P,, = 0 and P4, = 1, which are not
Hardy-Weinberg proportions. (Why?)

(c) Because all the Hardy-Weinberg conditions hold for the offspring generation, the
frequency of A will remain at p = (ps+ pn,)/2 in thelr descendants with genotype
frequencies in Hardy-Weinberg proportions AA p*: Aa 2p(1-p): aa (1-p)’.

2. (a) Since 215 diploid people were sampled, the total alleles per locus samples was 2¢215 =
430.
AtD2844: p, =15/430=.035, p, =18/430=.042, p, =60/430 =.140.

AtD4S139: p, =11/430 =026, p, =81/430="188.

2
(b) Freq(A7A7) = (p,,) = (.035)*=.0012; Freq(BaiBas) = 2p,, py,, = 2(.026)(.188) =
.0098.
(¢) Freq(A7B21/A7Bag) = P = 2(p, Py, )(Pa, Ps,, ) = 2(:035)(.026)(.035)(.188) =

A B ArBa assuming
LE

12x 107, Freq(AsB2/AsBa) = 2P, Pyy = 2(p, Py, )(PaPs) =

AsBas assuming
LE

2(.035)(.026)(.042)(.188) = 1.4 x 10™°.

(d) Departures from H-W equilibrium and LE could lead to on- and two-locus frequencies
that are higher or lower than those estimated above. For example, if all heterozygous
genotypes with A7 were lethal, the Freq(A7A7) = p, =.035> ( Pa, )2 =.0012, the latter of
which would be estimated using H-W equilibrium.

(e) Freq(A7B21/A7Bas) = 2(.106)(.069)(.106)(.138) = 2.1 x 10",

(f) Comparing (e) and (c), we can see that subgroups can differ in STRP genotype
frequencies (in this case, by more than an order of magnitude). If a suspect were compared
against the wrong subgroup, the “rareness” of a DNA fingerprint might be substantially over-
or underestimated.

3.p. 107 #3: pp =8, p;= 4
P'=p,p,=(8)(4)=32
H'=p,q; +q,p; =(8)(.6)+(2)(4)=48+.08=.56
Q' =1-P-H =1-32-56=.12

+p,
= pl=p) = p'=(32)+1(56) - .6(= %)



4.5
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P"=(p) =(6) =36
H"=2p'q'=2(.6)(4)=48
Q"'=1-36-48=.16
koskosk
_— p'+pm Q'+qm

H_2pq=(pmqf+pfqm)_2( f2 )( f2 )

= Pudy * Py =5 (Psas + Py + Py + Pl

=P+ Puy = Putn — P1a7) =3[ Pulay ~ 40) - P, - 9.)]

2
=%|:pm(pm _pf)_pf(pm _pf)]=%(pm _pf)
2
+
0-7’=4,4, -(qf zq’”) = 4,4, - (4} + 24,9, + 4},
=~ (a2~24,4,+42) = (g, ~a,) ==2(p; - P.)
4. p. 107 #4:
Generation 0 1 2 3 4
s 3 (3+0)2= | (15+.3)2= | (225+.15)2 | (.1875+.225)2
A5 225 =.1875 =.20625
Do 0 3 15 225 1875
/ /\
g " / \/ T~ pf




Population Genetics Fall 2012

|d,| = (%)'|d,|. Find ¢such that (1)3- M‘ <001 = (1)'(.1)<.001 = (}) <01 =

tIn(1/2)<In(.01) = 1= ingl(/);; = 6.64 generations. Thus, pywill deviate less than .001 from
n

p= (%)(O) + (%)(.3) = .2 by generation 7.

5. p. 108 #8: ¢°=1/2500 = §=1/50 = 02. Heterozygote frequency = 2 (.98)(.02) = .0392.
The total frequency of carriers = g° + 2pq so the frequency of matings between carriers is
(7 +2pq) = (¢°) +2(2pg)(¢°) + (2pa)’ = (1/2500)" +2(0392)(1/2500) + (.0392)" = .00157.
[Note: this is approximately equal to (.0392)* = .00154. That is, almost all (> 98%) matings
among carriers are between heterozygotes.

6. p. 108 #13:
A N A S5ra ~ A A n n A A
T = —N 1 Epipj”ij = Z[P]pzﬂlz + D\D37T 3+ DD, + PPyl + P3P+ pspznn]
ij
5cn A A A )
= Z[ZPlpzﬂlz +2ppsys + 2p2p3ﬂ23] SINCE TT; =TT ;
41 \5A\5M15 S5ASN\15 S5A5SN\15

7.p. 109 #16: p, = p, = p, = p, =1/4. 7, =1/900, m,, = 4/900, 7,, = 2/900, 7,, = 5/900,
7,, =6/900, and 7., =10/900.

N N " n 4 Ve 4-2

T=— D, =— Y () +hr, =——(1+4+2+5+6+10)=.00519 . [Note:
N-1& PP 32(4)(4 1= 32-4-900 ) [

the factor 2 is needed because each difference is counted twice since, in the summation

Ty = T0o15 i3 = TT3p5 «ees T3y = Ty.

8. (a) Only Ab and aB gametes are present and every individual carries one of each. So D =

PAB Pab_ PAb PaB = 0*0 — (1/2)(1/2) = —1/4
(b) Every individual produces (1-1/4)/2 Ab, (1-1/4)/2 aB, (1/4)/2 AB, and (1/4)/2 ab

gametes. So P,, =1/8, P, =1/8, P,, =3/8,and P/, = 3/8, which implies

D' = (18)(1/8) (3/8)(3/8) =-V/s.
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(c) The F; generation is formed by random mating so, as shown in class,

P =P,-rD=(1/8)-(1/4)(-1/8)=5/32

P, =P, -rD=(1/8)-(1/4)(-1/8)=5/32

P, =P, +rD=(3/8)+(1/4)(-1/8)=11/32

and

P =P, +rD=(3/8)+(1/4)(-1/8)=11/32

=

D"=P,P, - P, P =(5/32)(5/32) - (11/32)(11/32) = —3/32

(d) The F; generation was formed by random mating so the reduction of disequilibrium by
the factor (1 —r) = (1 — %) applies. By contrast, the original (parental) generation could not
have been formed by random mating since, e.g., there are no Ab/Ab homozygotes. The

reduction of disequilibrium by (1 — r) does not apply in this case. This exercise illustrates
that the recursion D' = (1 - r)D applies only if the population for which D is computed was

formed by random mating.



