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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. We are more

interested in understanding ""how you think" as a scientist than "what you know".

Read the following story and answer Questions 1 to 3.

Please read the questions carefully. 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 two or more possibilities can be considered for the answer to
each question, please explain them briefly and describe the answers separately, case by case.
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).

When we evaluate the answers, we will take your research background and future research

interests into consideration.

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

do not change the size of the space. You are free to set the line spacing.

e The answer may be entered directly to the electronic file (Microsoft Word or pdf) and/or in
handwriting on a printed answer sheet. Even when your answer is a combination of typing
and handwriting, please fit them together to the assigned spaces in the same answer sheet. A
handwritten answer should be converted to an electronic file within 20 minutes after the
exam.

e You may use schematics and/or tables as appropriate. If you enter your answer directly to
the electronic file, you may prepare schematics and/or tables by any software before pasting
them on the file of your answer sheet. Alternatively, you may scan handwritten schematics
and/or tables and paste them on the file of your answer sheet.

e At the end of the written exam, an electronic file of complete answer sheet should be

submitted by e-mail within 20 minutes (e-mail address: info-soken@nig.ac.jp) (before

submission, a handwritten answer should be converted to an electronic file). The Academic

Services Division will contact applicants upon receipt, so please stand by until you receive

this confirmation email.




Dr. Suzuki has been studying a grass species namely Mishima grass which is native to Mishima
City, Japan. Mishima grass germinates from seeds in spring and blooms in summer. Recently,
Dr. Suzuki discovered that Mishima grass grows wild in two locations (F and W) that have very

different environments.

Location F: field in a park
Location W: shady wooded areca

Weight and height of Mishima grass at Locations F and W are shown in Fig. 1. Mishima grass
at Locations F and W are genetically identical.
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Figure 1. Dry weight (weight of plants after dehydration) and above-ground height of Mishima
grass at Locations F and W. Plotted values are averages across plants and days within each
month. Mishima grass is an annual plant; it completes its life cycle, from germination to the
production of seeds, within one growing season, and then dies. In October, most of the grass at
Location F had died, so there is no plot.

Q1-1 Based on the information in Fig. 1, briefly summarize the similarities and differences in

grass growth in Locations F and W.



Fig. 2 shows the monthly average of sunlight during daytime and air temperature at noon
measured near the ground surface at Locations F and W. Please note that June is the rainy
season in Mishima City.
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Figure 2. Monthly averages of sunlight during daytime (MJ/m?) and air temperature at noon ("C)
measured near the ground surface at Locations F and W.

Q1-2 Based on the environmental conditions of the native habitat shown in Fig. 2, please

propose possible factors that could cause the differences in grass growth you described in Q1-1
with your reasoning.



Dr. Suzuki collected soil from the vicinity of the Mishima grass growing at Location F. The soil
was then mixed with a liquid culture medium for bacteria, which resulted in the growth of five
species of soil bacteria [referred to here as Mishima bacteria (MB1 to MBS5)].

To investigate the effects of MB on the growth of Mishima grass, seeds were germinated on soil
from Location F that had been pre-sterilized and mixed either with pure cultures of particular
species of MB or with a mixture of MB1 through MB5. As a control, the seeds were also
germinated on the sterilized soil only. After germination, the plants were grown in a greenhouse
where temperature and sunlight hours can be artificially controlled. Results are shown in Fig. 3.

During cultivation of Mishima grass with an individual species, MBI, 2, 4, or 5, each MB
species maintained their populations in the soil. In contrast, MB3 was not detected in the soil
after one month when it was cultivated alone with Mishima grass. When the combined culture
(MBI1 through MBS) was cultivated with Mishima grass, MB3 was able to maintain its
population during cultivation.
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Figure 3. Monthly average of dry weight of plants when Mishima grasses were grown in the soil
from Location F that had been pre-sterilized and mixed with pure culture of respective MB or
mixture of MB1-5. The values for soil only, MB2, MB3, MB4 are statistically indistinguishable in
all months.

Q2-1 Based on Fig. 3, please describe the independent effects of MB1, MB2, MB3, MB4, and
MBS on the growth of Mishima grass. If you cannot explain the effect of a particular MB,

please explain the reason.

Q2-2 Please describe whether the independent effects that you described in Q2-1 are sufficient
to account for the observed growth pattern for the soil with the mixture of MB1-5 (open
circles). Again, please be sure to explain your reasoning.



Dr. Suzuki divided the soil around Mishima grass in Location F into three areas, K, L, and M,
starting from near the root base (Fig. 4). She examined the distribution of MB in each area and
the results are shown in Table 1.

Figure 4. Schematic diagram of the area around the roots of Mishima grass at Location F. The
areas of the soil were classified into Areas K, L, and M, starting from the one closest to the root
base.



Table 1. Abundance of MB (10° cells/cm?) in each area of soil around Mishima grass at Location F.

MB1 MB2 MB3 MB4 MB5
Area K 1.8 1.6 0 0 0
Area L 0 0.8 0.6 0 0
Area M 0 0 0 1.7 1.2

Mishima grass was also grown in the greenhouse using the soil from Location F that had been
pre-sterilized and mixed with all five types of MB. The resulting distribution patterns of MB
were identical to those shown in Table 1.

Next, Mishima grass was grown in the greenhouse using the soil from Location F that had been
pre-sterilized and mixed with one type of MB each. The resulting distribution patterns of MB
are shown in Table 2.

Table 2. Abundance of MB (10° cells/cm?) in each area of soil when Mishima grass was grown
in the greenhouse using the soil from Location F that had been pre-sterilized and then mixed
with a single type of MB.

MB1 MB2 MB3 MB4 MB5
Area K 1.8 0 0 20 0
Area L 0 0.8 0 20 0
Area M 0 0 0 1.7 1.2

Q2-3 Based on the data in Tables 1 and 2, which cells in the Tables support interaction effects
on the MB growth or survival? Please explain your reasoning. [ You can refer to particular table
cells as MB# (# is any of 1 to 5), area $ ($ is any of K to M), etc.]

Q2-4 Please specify possible interaction effects on MB growth/survival that explain the data in
the cells you pointed out in Q2-3. Effects can be referred to as “inhibit” or “promote” (no need
for quantitative analysis). For example, “MB# (# is any of 1 to 5) is inhibited by MB* (* is any
of 1 to 5) in area $ ($ is any of K to M)”.

Q2-5 Please refer back to the Mishima grass growth patterns depicted in Fig 3. Can the
interaction effects in MB growth/survival that you discussed in Q2-4 help to explain why the
growth pattern of the grass in the soil with the mixture of MB1-5 became different from those
with a single species of MB in Fig. 3? Please explain your reasoning.



Q3 You are asked to form a research plan based on the information described above for a
project with the following title: “The mechanism by which MBs affect Mishima grass growth”
Please propose the following: “purpose/hypothesis to be tested”, “outline of
experiments/analyses”, and “expected results and conclusions”. The motivations and logic
should be clear in your answer. Please keep in mind that we are more interested in your
reasoning and overall experimental design rather than your knowledge of established methods.



Answer sheet : Application Number

Note that the exam questions are only briefly summarized in the answer sheet. Please be sure to read the
exam for the full information and questions. Please do not change the size of the space. You are free to set
the line spacing in the given spaces.

Q1-1 Based on the information in Fig. 1, briefly summarize the similarities and differences in grass growth in
Locations F and W.

Q1-2 Based on the environmental conditions of the native habitat shown in Fig. 2, please propose possible
factors that could cause the differences in grass growth you described in Q1-1 with your reasoning.




Answer sheet : Application Number

Q2-1 Based on Fig. 3, please describe the independent effects of MB1, MB2, MB3, MB4, and MB5 on the
growth of Mishima grass. If you cannot explain the effect of a particular MB, please explain the reason.

Q2-2 Please describe whether the independent effects that you described in Q2-1 are sufficient to account for
the observed growth pattern for the soil with the mixture of MB1-5 (open circles). Again, please be sure to explain
your reasoning and assumptions.




Answer sheet : Application Number

Q2-3 Based on the data in Tables 1 and 2, which cells in the Tables support interaction effects on the MB growth

or survival? Please explain your reasoning. [You can refer to particular table cells as MB# (# is any of 1 to 5), area
$ ($is any of K to M), etc.]

Q2-4 Please specify possible interaction effects on MB growth/survival that explain the data in the cells you
pointed out in Q2-3. Effects can be referred to as “inhibit” or “promote” (no need for quantitative analysis). For
example, “MB# (# is any of 1 to 5) is inhibited by MB* (* is any of 1 to 5) in area $ ($ is any of K to M)".




Answer sheet : Application Number

Q2-5 Please refer back to the Mishima grass growth patterns depicted in Fig 3. Can the interaction effects in
MB growth/survival that you discussed in Q2-4 help to explain why the growth pattern of the grass in the soil with

the mixture of MB1-5 became different from those with a single species of MB in Fig. 3? Please explain your
reasoning.




Answer sheet : Application Number

Q3 You are asked to form a research plan based on the information described above for a project with the
following title: “The mechanism by which MBs affect Mishima grass growth”

Please propose the following: “purpose/hypothesis to be tested”, “outline of experiments/analyses”, and
“expected results and conclusions”. The motivations and logic should be clear in your answer. Please keep in

mind that we are more interested in your reasoning and overall experimental design rather than your knowledge
of established methods.

Purpose/hypothesis to be tested

Outline of experiments/analyses

Expected results and conclusions
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