
CM L24 - Sprin g 2AlB - Midterm

April 25, 2018

Exam questions are muitiple choice, oniy one answer is correct.

Any questions without an answer selection, or multiple answer selections,
will be marked as incorrect.

Each question must have a written justification in the box below the an-
swer selection. This justification must conr,'ince the reader +"hat you had a
valid reason for choosing the answer you chose, and that your choice was
not random. If you do not justify your ansv/er, or if your justification is
not convincing, the problern will be marked a-s incorrect.

If you answer al1 questioris correctly your grade wi}l be 100.

If you answer comectly 5 out of 6 questions your grade will be 95.

If you answer correctly 4 out of 6 questions your grade will be 90.

If ;rou answer correctly 3 out of 6 questions your grade will be 85.

If you answer correctly 2 out of 6 questions your grade will be 75.

If you answer correctiy 1 out of 6 questions your grade will be 60.

If you answer correctly 0 out of 6 questions your grade will be 0.

The exam is open notes, but electronics of any kind are not allowed.



1. MLE of Aliele Flequency. Suppose you have the following alieles and
their respective counts:
0-600
1-200

What is the maximum likeiihood estimate of the frequency of the 1 allele?

Select from the following options and justifl, briefly in the box why you
choose .vour answer.

(a) 0.1

(b) 0.75

(c) 0.s
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2. MLE question of Haplotype trYequency.

Suppose you have the fol]owing haplotSrpes and their respective counts:

1001 - 300
1101 - 1200
0011 - 400
0101 - 100

What is the maximum likelihood estimate of the haplotype 1101?

Select from the following options and justify briefly in the box why you
choose your answer.

(a) 0.1

(b) 0.25
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3. Tlio Phasing. Suppose .vou have the foliowing trio with the genotypes
as below

Parentl : 722102

Parent2 : 011120

Chiid : 112011

Assume there is no recombination. What is the phase of the chiid in this
trio?

Select from the following options and justify briefly in the box why you
choose your answer.

(a) 011001,101010
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4. Clark's algorithm.
Suppose you have the following genotypes:

AGHAA
GAGHA
HHGHA
AHAAA
HHHHA

Perform Clark's algorithm, starting from the first genotype, what is the
final haplotype(s) that were added to your known set.

Select from the following options and justify briefly in the box why you
choose your answer.
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5. Haplotype phasing with the EM algorithm.

Suppose you have genotypes 6 : {0L210,10222,00110}. Perforrn: one
round of the EM algorithm for haplotype phasing (assume that the hap-
lotypes are equally probable pt : p2... : p" : Lln). After one round of
EM, what haplot;,pe(s) have the highest estimated probabiiity?

Select from the following options and justify briefly in the box why you
choose your answer.

(a) 00110,10111
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(b) 00100, 00111, 00010, 00000
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6. Likelihood optimization

Consider the likeiihood function of the haplotype frequency estimation
problem with no missing data. In this setting, the parameters are the
haplotype alleie frequencies pr,. . . ,pn, satisfying LT:rpt: 1, and pt ) A,
and the data is the haplotype counts c1,. ..,c,t, u"dl"t c: ct*...*c*.
we showed in class that the liketihood function L(pr,...,pn) satisfies

rL

Assume we are running a gradient ascent with projections aigorithm, and
we start from the guessplu): pf) :...:pll,t: f . Letplr),...,p|J) b.
the next point that the algorithm reaches. Which of the foliowing is true,
.i\ /
'Q-))/1r"ru is e ) 0 such that for every i,, j we hurr. pf,) -p:, : (ci - c)e .

\[/rh".u is e ) 0 such that for every i,j weha,re pj1) - p.tr) : (ct - "o)u.
(c) There is e ) 0 such that for every z we have plr) : kn - i)r.
(d) There is e ) 0 such that for every i,, j we hurr"pfr) *o:r, : *+("r+

ci)e.

select from the above options and justify briefly in the box why you choose
your answer.
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