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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. 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 3.

* 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.

* 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.

* 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.

*At the end of the written exam, an electronic file of complete answer sheet should be submitted
by e-mail within 20 minutes (before submission, a handwritten answer should be converted

to an electronic file (e-mail address: info-soken@nig.ac.jp).

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

* 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.




Dr. Mishima found a new plant species, which is referred to as plant X and harvested
the seeds. She planted seeds of plant X in a large flower bed in her institute every day
during Days 1 to 5 of the experiment. Fig. 1a shows seedlings on Day 15. Later, purple,
needle-like leaves emerged from the tips of the stems in most plants around the same
day (Days 19-20, Fig. 1b). Dr. Mishima decided to study this phenomenon of

simultaneous emergence of the needle-like leaves in plant X.

Fig. 1a. Plant X individuals on Day 15.

Fig. 1b. Plant X individuals on Day 20.

Q1-1 Propose at least two broad categories of possible explanations/mechanisms for the
simultaneous emergence of the purple, needle-like leaves in plant X. You should be able
to test your possibilities without employing molecular biology or biochemistry methods.
Please note that your answer should focus on the timing of emergence rather than the

structure of the leaves.



Q1-2

Propose an experiment to distinguish between the possibilities you discussed in Q1-1
above. Your laboratory is undergoing renovations, so molecular and biochemical
approaches are not available. Please be sure to clearly state how the results would

support or refute respective possibilities.

The original strain (wild type; WT) and two mutant strains of plant X are available,
mutant A (mutA) and mutant B (mutB). Dr. Mishima started Experiment 2 with all
three strains growing together in a flower bed. The seeds for all three strains are “true-
breeding” — in crosses among individuals of the same strain, all offspring show the
same phenotype as their parents and grandparents. Dr. Mishima planted the seeds of
WT, mutA, and mutB in the first five days of the experiment. The locations within the
flower bed and the day of planting were randomized for the three strains but their
locations within the flower bed and strain identity were carefully noted. Fig. 2 shows
the flower bed on Day 15. Fig. 3 shows when the needle-like leaves emerged in

individual plants.

Fig. 2. Plant X individuals on Day 15 of Experiment 2.




Fig. 3. Histogram showing dates of emergence of needle-like leaves in plant X

individuals in Experiment 2.
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Seeds were planted between Days 1 and 5, and the experiment was ended on Day 40.
The number of individuals, in which needle-like leaves were generated, was counted
on each day.

Q2-1 Please describe the main patterns shown in Fig. 3.

Q2-2 Dr. Mishima randomized the locations of WT, mutA, and mutB seeds within the

flower bed. Please explain why this was a part of the experimental design.

Q2-3 You would like to investigate the causes or mechanisms that coordinate the
timing of emergence of the needle-like leaves among the plantlets. If you can only study
one of the mutant strains, which one would you choose? Please clearly explain your

choice and reasoning.

Q2-4 You can assume that mutA and mutB harbor a mutation in different protein-
coding genes, genes A and B, respectively. Propose possible functions for the gene A
and gene B products. Please clearly explain how your proposed functions account for

the mutant characteristics observed in Fig. 3.



Q2-5 Dr. Mishima performed crosses between mutA and mutB individuals. For
Experiment 3, she planted F1 seeds (first filial generation) from the mutA-mutB crosses
in the same flower bed (similar to Experiments 1 and 2 above). Based on your answer to
Q2-4, please explain possible timing of emergence of the needle-like leaves in the
mutA-mutB offspring in Experiment 3, your reasoning, and, if any, additional
assumptions you are making. When two or more possibilities can be considered for the

answer, please explain them briefly, and describe the answers separately, case by case.

Dr. Mishima conducted several analyses on plant X and obtained the following data.

(1) Genome sequences of a wild-type individual, a mutant A individual, and a mutant B
individual (samples obtained from the experiment shown in Figs. 2 and 3).

(2) Transcriptome data (abundance of all mRNAs) of the respective tissues (root, leaf,
stem, tip of stem, and needle-like leaf if applicable) for the same three individuals
on Days 10, 20, 30 and 40 in Experiment 2 (samples obtained from the experiment
shown in Figs. 2 and 3).

(3) Proteome data (abundance of all proteins) of the respective tissues (root, leaf, stem,
tip of stem, and needle-like leaf if applicable) for the same three individuals on Days
10, 20, 30 and 40 in Experiment 2 (samples obtained from the experiment shown in
Figs. 2 and 3).

(4) Timing of emergence of the needle-like leaves from several natural populations of

plant X that have been collected worldwide.

Q3 You are asked to conduct research related to simultaneous emergence of the needle-
like leaves in plant X. You can focus on any topic or finding described above that
interests you. You may use the available data described above, but this is not necessary.
Please construct a proposal that includes the following parts: “title of research”,
“research aims”, “outline of experiments/analyses” and “expected results and
conclusions”. Be sure to clearly explain how different results will answer the

question(s) that you pose.
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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 Propose at least two broad categories of possible explanations/mechanisms for the simultaneous
emergence of the purple, needle-like leaves in plant X. Please note that your answer should focus on the
timing of emergence rather than the structure of the leaves.

Q1-2 Propose an experiment to distinguish between the possibilities you discussed in Q1-1 above.
Molecular and biochemical approaches are not available. Please be sure to clearly state how the results
would support or refute respective possibilities.




Answer sheet : Application Number

Q2-1 Please describe the main patterns shown in Fig 3.

Q2-2 Dr. Mishima randomized the locations of WT, mutA, and mutB seeds within the flower bed. Please
explain why this was a part of the experimental design.

Q2-3 You would like to investigate the causes or mechanisms that coordinate the timing of emergence of
the needle-like leaves among the plantlets. If you can only study one of the mutant strains, which one
would you choose? Please clearly explain your choice and reasoning.




Answer sheet : Application Number

Q2-4 You can assume that mutA and mutB harbor a mutation in different protein-coding genes, genes A and
B, respectively. Propose possible functions for the gene A and gene B products. Please clearly explain how
your proposed functions account for the mutant characteristics observed in Fig. 3.




Answer sheet : Application Number

Q2-5 Dr. Mishima performed crosses between mutA and mutB individuals. For Experiment 3, she
planted F1 seeds (first filial generation) from the mutA-mutB crosses in the same flower bed (similar to
Experiments 1 and 2 above). Based on your answer to Q2-4, please explain possible timing of emergence
of the needle-like leaves in the mutA-mutB offspring in Experiment 3, your reasoning, and, if any,
additional assumptions you are making. When two or more possibilities can be considered for the answer,
please explain them briefly, and describe the answers separately, case by case.




Answer sheet : Application Number

Q3
Title of research:

Research aims:

Outline of experiments/analyses:

Expected results and conclusions:
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