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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 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.

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

evaluated.

Dr. Mishima is studying the developmental genetics of mammal X. She injected chemical agent
alpha, which induces point mutations in DNA, to 100 male individuals and then crossed the males
with normal females. Among approximately 1000 offspring of these crosses, she found two male
individuals, LE1 and LE2, that possessed abnormally long ears. The parents and offspring of this

cross will be referred to as “G0” and “G1” for generation 0 and generation 1, respectively.

(Q1) In order to mutagenize mammal X, Dr. Mishima would like to inject B mg of chemical agent
alpha per body weight (kg). What concentration (ug/puL) of alpha solution should be prepared if the
dosage will be D pL injected per weight of C g? Please describe your answer with calculation

process.
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LE1 inheritance patterns

When the LE1 G1 male was crossed with five normal females, 52 G2 offspring were produced. Of
the 52 individuals, 25 (13 males and 12 females) exhibited LE1 phenotype.

Then, eight LE1 males were crossed with eight LE1 females (both males and females were chosen
from the G2 individuals). Of the 61 offspring from these crosses, 41 exhibited LE1 phenotype and
20 were normal.

(Q2) Please propose a genetic basis of the results of the cross above (offspring phenotype counts and
proportions) and explain your reasoning.

Ear growth patterns for LE1 and LE2 mutants

Figure 1. Average ear length after birth with standard deviation (» = 10 individuals). Note that the

same data for normal individuals are shown in A and B for comparison to mutant individuals.
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(Q3) From the information in Figure 1, please describe the key patterns (both similarities and

differences) in the growth process of ear in normal, LE1 and LE2 individuals.
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Dr. Mishima was intrigued by the LE mutations and performed a tissue transplantation experiment in

which she exchanged tissue from the end of the ear early in its growth (after day 2).

Tip of growing ear of a normal individual was replaced with the same tissue from the tip of an LE1
individual:

The resulting ear growth pattern was similar to LE1.

Tip of growing ear of a normal individual was replaced with the same tissue from the tip of an LE2
individual:

The resulting ear growth pattern was similar to normal.

(Q4) Based on Figure 1 and the results of transplantation, propose a model for the action of LE1
and LE2 gene products during development. Please use schematics to describe your ideas and

discuss how your hypotheses explain the findings described above.

LE1 transcriptome analysis and genetic cross

Dr. Mishima extracted mRNA from ear of normal and LEI individuals two days after birth and
compared transcriptome between the two types. The mRNA of gene F was undetectable in LE1 in
contrast to normal individual in which the F mRNA was highly expressed. No significant

difference in mRNA levels of the other genes was detected.

Previous studies have shown that loss-of-function mutations in gene F reduced the number of teeth in
homozygous but not heterozygous individuals. In addition, both homozygous and heterozygous

individuals having a loss of function mutation in gene F had normal ears.

(Q5-1) How could the LE1 locus regulate the mRNA level of gene F? Please describe two

different possibilities at molecular level.

(Q5-2) When an LE1 individual (with no mutation in gene F) is crossed with heterozygous gene F
knockout individual, what type(s) (ear length and number of teeth) of offspring will result? Please

describe the phenotype(s) of offspring and your reasoning.
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Q1 Concentration of alpha solution (ug/uL) with the calculation process

Q2 Genetic basis of the results of the cross (offspring phenotype counts and proportions)

Q3 Key patterns (both similarities and differences) in the growth process of ears in normal, LE1
and LE2 individuals
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Q4 A model for the action of LE1 and LE2 gene products during development
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Q5-1 How the LE1 locus regulates gene F mRNA level at molecular level
Possibility 1

Possibility 2
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Q5-2 Phenotype(s) of LE1 mutant x heterozygous gene F knockout individual offspring with the
reason
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