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4. To receive full credit for a particular question your solution must be complete and well presented.
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1.[4] Suggest a probability distribution describing the following experimental trials. Use each distribution

at most once and list a) whether it is a discrete or a continuous distribution and b) the domain of the

distribution.

Experiment Distribution
Discrete vs.

Continuous

Domain of

Distribution

The weight, X, of baby koalas

The number, X, of red

”mutant” flowers in a

population

The time, X, until the next

volcanic eruption

The number, X, of rabbits

caught by a hare in a year

The time, X, until newly

planted seedlings reach

maturity

The outcome, X, of a paternity

test

The time, X, in seconds right

now

-I per Normal Cont [0,
a)

roc
o

error
Binomial Discrete A

upto Exponentia Cont [0,a

Poisson Discrete N

Erlang
or

Cont [0
,
a)

Gamma

Bernoulli Discrete 20 , 13

Uniform Cont [0,
60]
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2. In most biological systems the sex ratio (males to females) is approximately 50/50. However, in Green

Sea Turtles sex is determined by egg temperature and can deviate significantly from this even ratio. A

researcher surveys 50 turtle hatchlings 35 of which are male and 15 of which are female.

(a)[1] What distribution describes the true sex ratio given the observed data?

(b)[1] The PDF and CDF for the distribution in part (a) are shown below. Label the axes of the plots and

indicate an “even” sex ratio.

(c)[1] Using the figure above, approximate the probability that the proportion of males is greater than

75%.

Beta Dist

-
i

0 .

25

0.

25e

: -
-

prop- of q
0. 5

0 .

5

Pr(q > 0
. 75) :Pr (q 2 0 .

25) ~ 0 . 1
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(d)[1] What is the expected sex ratio in the population as a whole given the observed data?

(e)[2] Turtles are long lived with 15% of turtles living to age 70. Suppose that 10% of male turtles live to

age 70. Using the sex ratio in part (d), what is the probability that a female turtle lives to age 70?

(f)[2] A researcher finds a 70 year old turtle, what is the probability that that turtle is male?

2 = 15 + 1 B = 35 + 1

E(x] =

C
0

. 307- -

35

=

2 + B (0 .
5)

(0 .5)

Pr(q) = 0 . 307

Pr(Q) = 0 . 693

Pr(old) = 0
.
15

Pr (old (8) = 0 . 1

Clpt) Pr (old) = Pr(old(Q)Pr(0) + Pr (old(Q) Pr(Q)

0 . 15 = 0 . 1 . 0 . 693 + x . 0 .307

Pr(oldIQ
0 .
15-0

.

0693

1= = 0 .
263

0 .
307 Lpt)

0 . 1 - 0. 693Pr(Ox(old) = ProlotPro 0
. 15 Clpt)

(lpt)
= 0

. 462
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3. “Red tides” are the rapid population growth of one of several different types of algae. Climate change is

changing the rate at which red tides occur. An inter-tidal researcher is studying the occurrence of red

tides. Their data on the occurrence of red tides from 1980 to 2000 is shown below:

(a)[1] Is the occurrence of red tides appropriately modeled as Markovian, why or why not?

(b)[1] Is the occurrence of red tides appropriately modeled as time-homogeneous, why or why not?

(c)[1] The data sown is naturally modeled as a trajectory of a | {z }
(a)

process which is an exam-

ple of a | {z }
(b)

-space | {z }
(c)

-time stochastic process.

Yes : Whether a red tide occus in the future prob .

depends predominally on of there is currently a

0 .
5

Red Hide (time since last redtide) not the tides

explicate
before that

No : Climate change

0 .

5

time-heterogeneous
Poisso

Discrete Continue

0 .
25 0

.
25
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4. A researcher is tracking the occurrence of two different types of mutations between the four DNA nu-

cleotide (A,C,G, & T): transitions (shown with the red/solid arrows below) versus transversions (shown

with the blue/dashed arrows below).

(a)[2] Transitions occur much more often than transversions. Suppose that the probability that a transi-

tion mutation occurs in a given generation is µ1 = 0.2 mutations

generation
and the probability that a transver-

sion occurs is µ2 = 0.1 mutations

generation
. Propose a transition probability matrix describing the nucleotide

(A,C,G,T) state at a particular site in the genome in generation n 2 N.

th

Un

Un

Mr

off diagara A C G T
-

170 .

2

Mu
= 0 .

'Pt
A 0

.

6 0.
0

.

I 0 . 1

1 - 2n ,

- M,
= 0 .

6

Diagonal
2 1pt

C
0 . 1 0

.

6 0 .
1 0 .

2

P
=

G 0 .
Z

0 .
1

0 .
6 0 .

1

T
0 .

1 0 .

2 0 .
0. 6

- -
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(b)[2] A nucleotide is currently an Adenine (A), what is the probability that the next mutation is a transi-

tion?

(c)[2] Give the system of equations that could be solved for the stationary distribution of this markov

chain?

(d)[1] Are there any absorbing states in this process? If so what are they? If not what kind of states are

they?

Total Rate = 1 -0
. 6 = 0 . 4 (1)

Transition
= 0 . 2

= j(t)

Te = 0 . 6 TA t 0
. ) Tc + 0 .

2 Tat
0 . 1T

2
=

πc = 0 . 1 Tazemore t 0
.

6 Tc +

0 . 1 Tat 0 .
2π

1 πG =

0
. 2 Ma +

0 .
1 T,

+

0 .
6 That 0 .

1 Ni

I

IP

&
T =

0 . 1 Ta
T

0 . 2 T +

o .

1 Tat 0
.
6 TT

πA + π1 + π2 + π = 1(1pt)

0 .

5 0 .

5

N 0,
Recurrent
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5. Consider the genealogy and associated sequences shown below.

Seq. 1 Seq. 2 Seq. 3

Seq 1 G T T A T C C T

Seq 2 G A T A T C G T

Seq 3 G A T C T G A C

(a)[2] Label the coalescent times in the figure what is the expected value of each (measured in coalescent

time units)?

(b)[2] What is the probability that the first coalescent event occurs is less then 50 Wright-Fisher genera-

tions if the effective population size is Ne = 500?

0 .

5 Tz

0 .

5 Th

E(Ti = Tz) = 0 . 33 (0.

E(T + Ey = 1(0 . 5)

Pr(T=t = (32)2
- (2)t

Pr(t t) = 1 -

=

- (2)t((pt)

50 gen/500 ind = &00
= 0 . 1 Coal gen.

(lpt)

P(T< 0 .) = 1 - 2

- 3 . 0 . 1
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(c)[1] How many segregating sites are there in the data?

(d)[1] What is the observed number of pairwise differences between sequence 1 and sequence 2, ⇡1,2?
What is the observed average number of pairwise differences, ⇡?

5

π
, z

= 2(0 .5)
=4

= 5 (6 .5)
3

π
, 3

= 5

π23 = 4


