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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), 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 4.

* 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.

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

evaluated.

Question 1

Dr. Mishima is studying the diploid organism A (Note that diploid organisms have two sets of
homologous chromosomes and thus two sets of genes. By biparental reproduction, one set of
chromosomes originates from the father and the other originates from the mother.). Organism A is a
hermaphrodite (individuals possess both male and female reproductive organs) and can produce
offspring by both uniparental and biparental reproduction. Organism A produces a population of the

next generation about one month after birth and thus is suitable for genetic studies.

Wild-type organism A exhibits a purple body color and the intensity of the color is almost constant

during development and among individuals.

During cultivation of the wild type, Dr. Mishima found a mutant “blue-type” which exhibits blue
body color, and a mutant “red-type” which exhibits red body color. Both strains are “true-breeding”,
that is, all crosses among blue-type individuals yield 100% blue offspring and all crosses among
red-type yield 100% red offspring. You can assume that the genetic changes underlying the red-type

and blue-type phenotypes are loss of function mutations.

In addition, crosses between blue-type and red-type yield all offspring (in the F; generation) with a

purple color similar to the wild type.

Describe a possible mechanism that produces purple color of the wild-type organism A. Please

explain how your mechanism is consistent with the information given above.
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Question 2
Two individuals of F; offspring from the blue-typexred-type cross were crossed to each other to
produce the next generation (F;). In the F, population, Dr. Mishima found some yellow individuals

as well as purple, blue, and red.

The phenotypes of 64 F; individuals were as follows.

Purple: 35
Blue: 12
Red: 13
Yellow: 4

Yellow-types from the F, generation are also true-breeding; yellow-typexyellow-type crosses give
100% yellow offspring. In order to examine inheritance of color, Dr. Mishima performed a number
of crosses among true-breeding blue-, red- (described in Question 1), and yellow-types and examined

offspring body colors. The results are shown in Table 1.

Table 1
blue-type red-type yellow-type
blue-type blue
red-type purple red
yellow-type |[blue red yellow

(Q2-1) Based on these results, please explain the patterns of inheritance of color types.
Your explanation should include the genotypes (mutated genes) underlying the color phenotypes and

should address the data given in Q2 (the F, phenotypic ratios and the data shown in Table 1).

(Q2-2) Please propose a biochemical pathway diagram that generates the wild-type body color of the
organism A. Please indicate how your diagram explains the blue, red, and yellow mutant phenotypes

from the questions above.

Question 3
During cultivation of a large population of yellow-type, Dr. Mishima found a white offspring, which
will be referred to as white-type. This mutant is true-breeding; white-typexwhite-type crosses give

all white offspring.
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In order to examine inheritance among all color phenotypes, Dr. Mishima crossed true-breeding
white-, blue-, red-, and yellow-types and examined body color of the next generation (F;). The
results are shown in Table 2. Please keep in mind that the white type appeared by a genetic mutation

among the offspring of true-breeding yellow-type.

Table 2

blue-type red-type yellow-type [white-type

blue-type blue

red-type purple red
yellow-type |[blue red yellow
white-type [|pale blue pale red pale yellow |white

(Q3-1) Based on the results, please propose a revised schematic diagram (your answer to Question
2-2) with additional pathway(s).

(Q3-2) Describe how your revision relates to the Table 2 data.
Dr. Mishima extracted pigments from the same weight of yellow-, red-, and blue-type individuals,

respectively and then separated the pigments by column chromatography (different chemicals differ

in “retention time” in this separation method). The results are shown in Fig. 1.
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(Q3-3)
Predict the chromatography results for:
a) a white-type individual
b) an offspring of blue-typexred-type
c) an offspring of blue-typexwhite-type
You can assume that all parental types are true-breeding.

Please show your answers in the graphs on the answer sheet.

(Q3-4) Please propose two experiments to test the hypothesis that you have described in Q3-1.
Describe one experimental plan using a mainly molecular genetic approach and an independent plan
that employs a mainly biochemical approach. Also, please briefly indicate how your proposed

experiments will support/refute your hypothesis.

Question 4
(Q4-1) Please consider how the wild-type (purple) body color provides potential advantages for

survival of the organism A in nature. Describe two different hypotheses.

(Q4-2) In order to test your hypotheses, what kind of study should be conducted? Briefly describe
study plans for your two hypotheses from Q4-1. Please clearly explain what results would

support/refute the hypotheses.
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Answer sheet: Number Name

Q1 A possible mechanism that produces purple color of the wild-type organism A

Q2-1 The patterns of inheritance of color types

Q2-2 A schematic diagram of the biochemical pathway(s) that generates the
wild-type body color in the organism A
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Q3-1 A revised schematic diagram of the biochemical pathway(s) that generates
the wild-type body color in the organism A

Q3-2 How your revision relates to the Table 2 data

Q3-3 (a) White-type (b) Blue-type x red-type
(F1; purple)

2.0 2.0
c c
9 Q
*@ 1.5 § 1.5+
= =
0 1.0 8 1.0
5 5
O 0.5 O 054

0 1 1 1 1 0 1 1 1 1
0 10 20 30 40 (min) 0 10 20 30 40 (min)
Retention time Retention time
(c) Blue-type x white-type
(F1; pale blue)
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Name

Q3-4
A mainly molecular genetic approach

A mainly biochemical approach




Answer sheet: Number Name

Q4-1 Biological significance of the purple body color in organism A
(Two different hypotheses)

Q4-2 How to test the two hypotheses
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