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Short Paper : Number Name

Instructions:

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

writing (including drawing schematics), and your basic knowledge in biology. The setting of the

question 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 background and future research
interests into consideration.

Even if you cannot answer a given question (or a part of a question), you may be able to answer

subsequent questions (or subsequent parts of a question).

Read the following story and answer Questions 1 to 5.

* 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 by pencil.

*You may use the provided scratch paper for your own notes but only material in the assigned

spaces will be evaluated.
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Intestinal stem cell overproliferation (ISCO) is a condition found in several human
populations. The concentration of the Isco protein in intestinal cells (these include the
stem cells that reside in the inner region of the tube) is higher in ISCO individuals than
in “normal” individuals. Isco protein is encoded in the genomes of many multicellular

organisms including the model animal X.

In order to examine the function of the Isco protein, mRNA encoding Isco was
overexpressed (transcription was elevated) in the intestinal cells of animal X. When the
overexpresser was dissected, it was found that intestinal stem cells had overproliferated.
Figure 1 shows changes in the intestinal stem cell number of the wild-type and Isco

overexpressing animal X individuals after hatching.

Isco
overexpressor
100 p
Number of _
intestinal 50 Wild type
stem cells

0 1 1 1 1 1
0 24 48 72 9% 120

Hours after hatching (h)
Fig. 1. Changes in the intestinal stem cell number of the wild-type and

Isco overexpressing animal X individuals after hatching.

Q1-1 Please describe the main patterns in the graph.

Q1-2

(a) Please propose a hypothesis to explain why the rate of increase in stem cell number
is not constant over time (the pattern occurs in both wild type and Isco overexpresser).
(b) Propose an experiment(s) to test your hypothesis and briefly indicate how your

proposed experiment(s) will support/refute your hypothesis.
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Q2 Overexpression of Isco mRNA in muscle or liver rather than intestine also causes
ISCO. Based on this observation, propose a molecular basis for how the Isco protein
causes ISCO.

In order to characterize ISCO, point mutations were randomly introduced into the
chromosomal region of the Isco gene of animal X (this region includes the protein
coding region, untranslated regions and untranscribed regions such as the promoter
sequence). The region does not include any other genes. The point mutations were
confirmed by sequencing and Isco mRNA and protein concentrations and numbers of
intestinal stem cells 10 days after hatching were examined in respective mutants. The

results are summarized in Table 1.

Relative concentration Relative concentration Intestinal stem cell

of Isco mRNA of Isco protein number
Wild type 1 1 102
Mutant A 1 1 34
Mutant B 1 8 360
Mutant C 0.3 0.4 38
Mutant D 1 1 104

Table 1. Isco mMRNA and protein concentrations and numbers of intestinal stem
cells 10 days after hatching. The values shown are average of 10 individuals for

respective mutants. Concentrations of Isco mMRNA and protein are relative to wild

type.

Q3 Based on the results shown in Table 1, please propose hypotheses for how each of

the respective point mutations A, B, C, and D affect the Isco gene and protein.
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Further studies revealed that addition of chemicals a, 3, or y to the drinking water of

animal X supresses ISCO in Isco overexpressing individuals.

Localized concentration of these chemicals was employed to test their effect on
intestinal stem cell growth. For this experiment, beads, in which particular chemicals
were absorbed, were embedded in the intestine of animal X (the wild type and
individuals overexpressing Isco either in intestine or muscle) immediately after hatching.
The experiments included individuals with intestinally embedded beads without any

chemical and other individuals with no beads. The results are shown in Table 2.

Intestinal stem cell number 10 days after hatching

Nobead Beadonly Bead+a Bead+f Bead+y

Wild type 102 203 98 198 201
Isco OE (intestine) 518 514 136 519 131
Isco OE (muscle) 432 427 113 429 426

Table 2. Number of the intestinal stem cells in wild-type and Isco mRNA
overexpressing (OE) individuals after respective treatments. Beads were embedded
in individuals immediately after hatching and the intestinal stem cell number was
counted 10 days after hatching. Each number is an average for 10 treaments (10

individuals).

Q4-1
(a) Please explain the purpose of the “no bead” and “bead only” experiments in two or

three sentences.

(b) Beads without any chemical induced overproliferation of the intestinal stem cells in
wild-type individuals (Table 2). Please propose two different hypotheses that can

explain the overproliferation.

Q4-2 Please summarize the key results in Table 2.
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Q4-3 Based on the results in Table 2, please propose mechanisms of action for
chemicals o, B, and y. Please use schematics to describe your idea and be sure to address

the patterns you noted in Q4-2.

Q5 You are asked to conduct research related to ISCO on any topic or finding described
above that you consider to be especially interesting. Please propose the following: “title
of the research”, “research aims”, “outline of experiments/analyses” and “expected
results and conclusions”. The specific research questions and how they will be
addressed should be clear in your answer. Note that experiments with humans are
prohibited but you can use human cell cultures or animals other than humans if your

study plan requires.
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Q1-1 The main patterns in the graph in Fig. 1

Q1-2 (a) A hypothesis that explains why the rate of increase in stem cell number is not constant

Q1-2 (b) An experiment(s) to test your hypothesis (your answer to Q1-2a) and brief explanation for
how your proposed experiment(s) will support/refute your hypothesis.

Q2 A molecular basis for how the Isco protein causes ISCO
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Q3 Hypotheses for how each of the respective point mutations A, B, C, and D affect the Isco gene
or protein
Mutation A

Mutation B

Mutation C

Mutation D
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Q4-1 (a) The purpose of the “no bead” and “bead only” experiments

Q4-1 (b) Two different hypotheses that can explain the overproliferation caused by beads w/o any
chemicals

Hypothesis 1

Hypothesis 2

Q4-2 Key results in Table 2
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Q4-3 Mechanisms of action for chemicals a, 3, and y
*Please use schematics to describe your ideas.
*Your answer should address the patterns you noted in Q4-2.
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Q5 A proposal of your research related to ISCO
Title of research:

Research aims:

Outline of experiments/analyses:

Expected results and conclusions:
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