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Short Paper : Number Name

This examination is aimed at measuring your creativity, your abilities in logical

thinking and writing (including drawing schematics), as well as your basic knowledge in

biology. The setting of the questions is basically imaginary. You are free to choose
experimental settings unless they are described, but please describe your settings

clearly in the answer sheet.
When we evaluate the answers, we will take your research backgrounds and future

research interests into consideration.

Read the following story and answer Questions 1 to 7.
* Effective use of schematics and/or tables is highly recommended.

* When multiple answers are requested, answers from different angles are preferable.

* Please write and draw your answers within the assigned spaces in the answer sheet.

In a survey of plankton P conducted 100 years ago, it was reported that only O type
was observed in a lake in Japan. Dr. Mishima newly conducted a survey of this plankton
in this lake to find the existence of the /\ type in addition to the O type as shown in
the Table below. (The O and A types are imaginary phenotypes.)

The table shows the results of sampling that Dr. Mishima carried out 4 times each for

100 plankton on the same day.

Number of O type | Number of /A type
1 38 62
2 46 54
3 27 73
4 33 67

Question 1
Calculate the average and variance of the number of the A type from the results in the

table. You may give approximate values.
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Question 2
Describe three different hypotheses that explain the reason why the A type appeared

in this lake. Answers from different angles are preferable.

Question 3

For each hypothesis you proposed in Q2, draw a graph showing the change in ratio of
the A types in plankton P over time. The X and Y axes should be year and the ratio of
the A type, respectively. Please set and write the scales of each axis. In addition,

briefly describe the reasoning for your plots.

Question 4

Dr. Mishima conducted a worldwide survey of this plankton and found that lakes near
the north pole show higher O ratios, while those near the equator show higher A
ratios. In addition, when he brought the O type near the north pole to an equatorial
region and cultured them for multiple generations, they remained the (O type.
Similarly, when he brought the /A type from near the equator to a region near the north
pole and cultured for multiple generations, they remained the A type. Based on these
observations, write which hypotheses that you proposed in Q2 can or cannot be excluded.

In addition, describe your reasoning.

Question 5

Dr. Mishima hypothesized that the O and A types have advantages near the north
pole and the equator, respectively. (Advantage means that they have relatively higher
survival and/or growth rates) Describe how this hypothesis could be tested in a
laboratory in Japan. Please be specific about the experiments and how the results

would support/refute the hypothesis.

Question 6

When Dr. Mishima compared the genome sequences of the O and A types, he found
one hundred differences. Describe two methods to identify which of these sequence
differences are responsible for the distinct (O and /A phenotypes. Answers from

different angles are preferable.
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Question 7
One of the causes of the /A phenotype was a single nucleotide polymorphism (SNP)

located between genes x and y, as shown in the figure below.

Experiments to inhibit the expression of each gene were conducted in the O type.
Among the protein coding genes x, y and z, the inhibition of z caused the appearance of
the A type, but no phenotypic change was observed for the inhibition of x or y. Describe
two possible reasons for these results. Please propose methods/experiments to test (and

distinguish between) your hypotheses. Answers from different angles are preferable.

genome DNA N/
7N
SNP

gene x geney gene z



RERK . ZBRES K4

fiE 1
E 14 AR 1
R 2 5% 1
&% 2
{RE% 3
5 3
{R % 1 A
gg
1))
1
v

FEDER




RERK . ZBRES K4

{REn 2
A
g!
1))
2|
4
FHIEDIER
®EZ3
A
g!
1))
2|
4
FHIEDIER




RERK . ZBRES K4

R4
BR5 = h B IR ER BRS Sz LR ER
HH

Rl 5




RERK . ZBRES K4

8 6
Fik 1




RERK . ZBRES K4

& 7
Al RETE 1

BRELT &

BRELT &




Answer sheet: Number Name

Q1
Average Var iance

Q2 Hypothesis 1

Hypothesis 3

Q3

Hypothesis 1

Ratio of A

Year

Reason for the plot
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04

Hypotheses that can Hypotheses that cannot
be excluded be excluded

Reason
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Q6
Method 1

Method 2
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Q7

Possibility 1

Methods to test

Possibility2

Methods to test
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