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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 4.

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.

* 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 (e-mail address: info-soken@nig.ac.jp) (before submission, a

handwritten answer should be converted to an electronic file).



Dr. Mishima is studying Plant P and Insect I interactions in the northern (Hokkaido) and
southern (Okinawa) populations in Japan. Within natural populations, she noted relationships
between the numbers of Insect I individuals found on plants and the numbers of flowers on
Plant P. Interestingly, the relationships seem to differ in the northern and southern populations.
Individuals of Plant P and Insect I show no visible phenotypic differences between the two

populations (but genetic analysis has not been conducted).

Dr. Mishima created experimental fields in Hokkaido (northern field) and Okinawa (southern
field), respectively, to confirm this observation. She kept the plants separate (in netted
enclosures) and placed different numbers of the insects on the plants on Day 10 after
germination (flowering occurs around Day 15). She counted the numbers of flowers on each
plant on Day 20 and the results are given in Figure 1. The numbers of Insect I on each flower
did not change during the experiment. Plant P individuals collected from the southern
(Okinawa) and northern (Hokkaido) parts will be labeled P_south and P_north, respectively,

and similarly for Insects I south and [ north.
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Fig. 1. Plant P flower number vs Insect | number
Each dot represents a result for a single plant. Location of the experimental plot is given at the

top of each graph.

Q1-1 Please summarize the main patterns shown in Figure 1.

Q1-2 Propose at least two broad categories of possible explanations/mechanisms for the
differences in the plots shown in Figure 1 panel A vs panel B. Please consider general, rather
than specific, possibilities based on only results shown in Figure 1. Your categories should
cover a wide range of plausible biological scenarios consistent with the information given

above.



Dr. Mishima conducted more experiments in the northern (Hokkaido) and southern (Okinawa)
experimental fields. The experimental settings for Exp. 3 and Exp. 4 were the same as for the
previous experiments, but Dr. Mishima tried different combinations of the plants and insects
originating from the northern (Hokkaido) and southern (Okinawa) populations. The four
experiments are summarized in Table 1. The results of Exp. 1 and Exp. 2 have been described

above (Figure 1). The results for Exp. 3 and Exp. 4 are given in Figure 2.

Table 1. Experimental designs

Experiment Location Plant P Insect | Result
Exp. 1 Southern field P_south |_south Fig. 1A
Exp. 2 Northern field P_north |_north Fig. 1B
Exp. 3 Southern field P_north |_north Fig. 2A
Exp. 4 Northern field P_south |_south Fig. 2B
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Fig. 2. Plant P flower number vs Insect | number from Exp. 3 and Exp. 4

Each dot represents a result for a single plant. The location is given at the top of each graph.

Q2 Please explain the purpose or motivation for Exp. 3 and Exp. 4. What did we learn from the

results of these experiments?



Dr. Mishima conducted four more experiments in the northern (Hokkaido) and southern
(Okinawa) experimental fields. The four experiments are summarized in Table 2. The results are

given in Figure 3.

Table 2. Experimental designs

Number of |_south

Number of |_south

Experiment Location Plant P Insect | Result
Exp. 5 Southern field P_south |_north Fig. 3A
Exp. 6 Northern field P_south |_north Fig. 3B
Exp. 7 Southern field P_north |_south Fig. 3C
Exp. 8 Northern field P_north |_south Fig. 3D
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Fig. 3. Plant P flower number vs Insect | number from Exp. 5 through 8

Each dot represents a result for a single plant. The location is given at the top of each graph.

Q3 Please explain the purpose or motivation for Exp. 5 though 8. What did we learn from the

results of these experiments?



Mutant strains of Insect I south and Insect [ north are available. Each strain is homozygous for

a different single gene deletion.

Dr. Mishima was interested in finding Insect I mutant strains that appear to "switch" their
effects on Plant P flower number between the I _south pattern (Fig. 1A) and the [ north pattern
(Fig. 1B). Among 1,000 gene deletion strains of Insect I south, she found three mutant strains
that produce patterns similar to Fig. 1B. However, no deletion strains of Insect I north produced
patterns similar to Fig. 1A. She increased the study to include 10,000 deletion strains of Insect

I north and still found no patterns similar to Fig. 1A.

Q4-1
Propose an explanation for the difference between gene deletion effects for Insect I_south and
Insect | north. Please be sure to explain why there were no Insect I north mutations that switch

the effects on Plant P flower number.

Dr. Mishima analyzed the three mutant strains of Insect [ south found above (mutants A, B, and
C) and identified the deleted genes (genes A, B, and C) in these mutant strains. The results are

summarized in Table 3.

Table 3. Insect |_south mutant strains

Strain Deleted gene Product of deleted gene Effect on Plant P_south
Mutant A Gene A Enzyme Fig. 1B-like
Mutant B Gene B Transcription factor Fig. 1B-like
Mutant C Gene C Membrane protein Fig. 1B-like

Q4-2 Propose two models or hypotheses for Insect I south effect on Plant P given the nature of
the mutant strains (Table 3). Your models should explain how the products of genes A, B and C
are involved in the Insect [ south effect on Plant P (Figures 1 to 3). Please try to construct two
different proposals rather than small modifications of the same idea. If required, you can use
schematics (if it is difficult to prepare schematic drawings, you may use combinations of

arrows, other symbols, and letters).



Dr. Mishima mutagenized the three mutant strains of Insect I south (mutants A, B, and C) to
introduce a point mutation (a single nucleotide change) and found some phenotypic revertant
mutants (referred to as "PRM") in which Insect [ south mutants have regained the wild-type
Insect | south effects on Plant P. These strains remain homozygous for the original gene
deletion (note that gene A, B or C sequence was completely deleted) but have gained a point
mutation in a non-coding region (genomic region that does not produce a protein). Although the
genotype of these double-mutant strains differs from wild-type, their phenotypes are

indistinguishable from wild-type (flowering patterns are similar to Fig. 1A).

Q4-3 Under the models you proposed in Q4-2, which of the mutant strains (mutant A, B or C)
could harbor PRMs in genomic non-coding regions? Please be sure to give your reasoning and

what kind of region(s) would have an additional point mutation for each of your models.

Q4-4 Dr. Mishima is very interested in the models you proposed in Q4-2. She would like to
conduct an empirical test to distinguish between the models (the test should differ from the
PRM approach discussed in Q4-3). Dr. Mishima currently does not have access to facilities for
DNA sequence analysis or "omics" (such as transcriptomic and proteomic) approaches. Please
suggest an experiment to test your models from Q4-2 and clearly indicate how particular results

would distinguish between your hypotheses.
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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 Please summarize the main patterns shown in Figure 1.

Q1-2 Propose at least two broad categories of possible explanations/mechanisms for the differences in the
plots shown in Figure 1 panel A vs panel B.




Answer sheet : Application Number

Q2 Please explain the purpose or motivation for Exp. 3 and Exp. 4. What did we learn from the results of these
experiments?

Q3 Please explain the purpose or motivation for Exp. 5 though 8. What did we learn from the results of these
experiments?

Q4-1 Propose an explanation for the difference between gene deletion effects for Insect |_south and Insect
|_north. Please be sure to explain why there were no Insect |_north mutations that switch the effects on Plant P
flower number.




Answer sheet : Application Number

Q4-2 Propose two models or hypotheses for the Insect |_south effect on Plant P given the nature of the mutant
strains (Table 3).

Model or hypothesis #1

Model or hypothesis #2




Answer sheet : Application Number

Q4-3 Under the models you proposed in Q4-2, which of the mutant strains (mutant A, B or C) could harbor

PRMs in genomic non-coding regions? Please be sure to give your reasoning and what kind of region(s) would
have an additional point mutation for each of your models.




Answer sheet : Application Number

Q4-4 Please suggest an experiment to test your models from Q4-2 and clearly indicate how particular results
would distinguish between your hypotheses.
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