Harvard-MIT Division of Health Sciences and Technology
HST.508: Quantitative Genomics, Fall 2005
Instructors: Leonid Mirny, Robert Berwick, Alvin Kho, Isaac Kohane

HST. 508 PROBLEM SET 1 Due Cct 19, 2005

1. Effect of nutations and selection on allele frequency.
Consi der Fisher-Wight popul ation with selection and
nmut ati on. Consider two alleles Al and A2 nutating at the
rate or ul for mutation Al -> A2, and u2 for A2 -> Al.
Al so, nodel selection by assumng fitness of 1 for AlAl, 1-
s/2 for AlA2, and 1-s for A2A2.
a) obtain an expression for nean allele frequency after
one generation Mp) due to nutations;
b) obtain Mp) due to selection;
c) obtain expression for the variance of allele frequency
V(p) after one generation. Keep only |eading terns.
d) If there were no drift, what would be the steady state
due to nmutations alone? — and for selection only? Under
what conditions can we disregard the effect of genetic
drift?

2. Mean tine to fixation or |oss.

ot ain an expression for nean tine of fixation or |oss t(x)
of an allele wwth initial frequency x in Fisher-Wight
popul ation of N di ploids without selection or nutations.
Start with a recursive relationship obtained in the class:
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t(x)=a t(x+Dx)Pr(Dx) +1
Dx
(a) by expanding and keeping two first terns you can
obtain a differenti al
equation for t(x).
(b) Wite down boundary conditions for t(x) and solve this

equat i on.
(c) Interpret the different ternms in your expression for
t(x).

3. Effective population size. Derive a formula for the
expected popul ation size, Ne, if the nunber of males (Nm
and nunber of females (Nf) are not equal. (H nt: use the
sanme nethod we used to derive Ne for the case of a

popul ation that is fluctuating in size.)

To fix a concrete case, consider the foll ow ng exanple.

| magi ne a zoo popul ation of primates with 20 nmal es and 20
femal es. Due to the dom nance hierarchy, only one of the
mal es actually breeds. Wat is the rel evant popul ation
size that infornms us about the strength of drift in this
systen? Is it 40? 21? To get the answer, conpute the
probability that two genes drawn at random are ali ke



(i1dentical by descent) in this new situation, depending on
random draws of genes fromthe nales (actually just one
mal e) and 20 fenal es.

3. Emulating Marty Kreitman, you sequenced 1 kb fromtwo

di fferent anonynous regions in seven different strains of
Drosophi |l a nel anogaster, a reference strain and six nore.
The figures showi ng only segregating sites are shown bel ow.
The nunbers on top show positions of the segregating sites
i n your sequences. Do you see any evidence of selection
affecting the observed pattern in either of the two
regions? |If yes, describe a test that you can use to
provi de evidence for that? G ve as many pl ausible
interpretations of the data as you can.
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(a) What sinple evidence indicates that region (A) m ght be
a protein coding region, as opposed to region (B)?

(b) I'n order to test for selection, you conpute Tajima's D
score for region (A and for region (B). Wy would the
Tajima's D score be an appropriate netric in this context?
(c) What do you conclude fromyour conparison of the scores
for region (A vs. region (B)?

4. Maize and Rice. You study two anonynous regions in the
mai ze and rice genones. You find that in the first region
(region A) 25% of the nucleotide positions are different in



the two species and in the other one (region B) only 5% are
different.

a) This result is entirely consistent with the neutral

t heory. Explain why.

b) You proceed to study nucl eotide pol ynorphismin these
two regions. In a sanple of 10 Maize alleles fromlocus A
(2000bp in length) you find 20 segregating sites. On the
assunptions of neutral theory, how many segregating sites
do you expect to observe in a sanple of 5 alleles of the
sanme | ength (2000bp) in the region?

5. Testing neutrality of human SNPs
Downl oad a dat abase of SNPs and their frequencies obtained
for 24 African-Anerican subjects and 23 European subjects.
The database is available fromthe class web-site. Wite a
programto calculate Tajimas’' D and its P-val ue (descri bed
in lecture notes) for the whol e dat abase.
(a) Conpare obtained scores for African and European
popul ations. Interpret your results taking into
account that Tajima’'s D tests neutrality in a
popul ati on of constant si ze.
(b) Analyze in the sane way SNPs w th non-synonynous
am no acid substitutions. Interpret obtained scores.
(c) Sane for synonynous substitutions.




