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e Do not open this article until notified.

e Confirm that you are supplied with two answer sheets along with this article.

e There are 14 sections. Choose and answer two sections. Follow the instruction of each section.

e Use one answer sheet for each section. Write the section number in the “Question No.” column at

the top of each answer sheet.
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Modified from Dalziell and Welbergen (2016), Ecol. Lett.
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arboreal: living in trees
Neotropics: the tropical regions comprising Central and South America
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Section 1: Systematics

Answer all questions from question 1 to question 3.

Question 1: Select three from the following paired terms (1) to (5), and explain the concept of each in

a few lines. You can give examples.

(1) hybrid sterility and genetic distance among species
(2) introgression and hybrid zone

(3) heterostyly and self-incompatibility

(4) species and monophyletic group

(5) behavioral isolation and mechanical isolation

Question 2: Answer questions (1) and (2) regarding the "International Code of Nomenclature for algae,
fungi and plants (ICBN)" and "International Code of Zoological Nomenclature (ICZN)" that were

created for the purpose of guaranteeing the universality and stability of scientific names.

(1) Porrhomma omissum was described as a new species by Miller in 1971, while Porrhomma egeria
was described as a new species by Simon in 1884. What kind of taxonomic treatment should be applied

if the two species are confirmed to be conspecific in a later study.

(2) In the ICBN and ICZN, when describing and naming a new species, a single specimen must be
selected from a series of specimens on which the description of the new species is based, and
designated as the type specimen. Explain the role of the type specimens in maintaining the universality

and stability of scientific names.

Question 3: There are cases where male and female adult individuals of a single species are assigned
to two different taxa due to remarkable morphological dimorphism. In a taxon that contains several

such cases, explain how to clarify the male-female pairs for each species.



Section 2: Evolutionary Biology

Answer both question 1 and question 2.

Questionl: There are two alleles, 4 and a, at an autosomal locus in a sufficiently large population of

an organism. 4 is completely dominant over a. Answer the following questions (1) - (3).

(1) Let p be the frequency of the allele 4. Write an equation to determine the frequency of
heterozygocity, designated as H, using p. Draw a graph with H on the y-axis and p on the x-axis.
Determine the maximum value of A and the value of p when H is at its maximum. Assume that the

population is in Hardy-Weinberg equilibrium.

(2) The lethality of the genotype aa is 90%. However, a has been kept at low frequencies in the
population for a long time without being completely removed. Explain the reason why a partially lethal

allele can be maintained in a population for a long time.

(3) The difference between A4 and « is a nonsynonymous change in the amino-acid coding region of a
gene designated as G. Describe a detailed methodology to predict the function of G without conducting

any experiment in the laboratory.

Question 2: The phylogenetic tree shown below is for the opsin genes in representative vertebrate
species. The opsin genes encode opsin proteins, which are involved in optic cells on the retina of
eyeballs and play a critical role as photo-receptors in the visual sense. The opsin genes were
generated by gene duplications, and differentiated in the maximum absorption wavelengths in their

products to be responsible for color vision. Answer the following questions (1) - (3).

human green
_r— human red

chicken red
chameleon red

newt red
medaka red

chicken green

|__E chameleon green
- medaka green

| chicken blue
chameleon blue
newt blue
medaka blue
human blue
"_E chicken UV
chameleon UV
newt UV
medaka UV

(1) Mammalian species generally do not have the green opsin genes, but humans do. However, the
phylogenetic tree shows that the green opsin gene of humans is different from those of other species

in its phylogeny, and more closely related to the red opsin genes. Explain the evolutionary history of



color vision of humans inferred from this phylogenetic tree, assuming no error in the phylogenetic tree

estimation.

(2) There are two primary molecular mechanisms for gene duplications, i.e., unequal crossing-over in
meiosis and reverse-transcription mediated by retrotransposons. Explain how gene duplications occur
by each molecular mechanism and how we can distinguish which one has caused a given gene

duplication.

(3) Explain how gene duplications drive the evolution of organisms using an example of duplicated

genes other than opsin genes.



Section 3: Animal Ecology
Read the excerpt below from a review paper on mimicry (Dalziell and Welbergen 2016, Ecol. Lett.)

and answer all questions from question 1 to question 4.




Question 1: In Batesian mimicry, the model is toxic or distasteful and the mimic is not. Basically, two
conditions are required for Batesian mimicry to be evolutionarily maintained. The first is a model-
driven interaction (i, ii). and the second is a mimic-driven interaction (iii, iv). Describe the two
conditions for the model-driven and the mimic-driven interactions, each in a few lines. In the second

condition, refer to the frequencies of the model and the mimic in the community.

Question 2: A second form of mimicry is known as Miillerian mimicry. Explain what Miillerian
mimicry is and provide an example(s). Then, explain the ecological mechanism through which
potential prey can effectively avoid predation using this mechanism. Give your answer in about 10

lines.

Question 3: At the end of the excerpt, the authors note that “These interactions could result in

coevolutionary dynamics”. What kind(s) of coevolutionary dynamics might occur among model,

mimic and receiver (percept)? Suggest two possible scenarios and provide examples (examples may

be real or imaginary). Give your answer in about 10 lines.

Question 4: Anti-predator strategies are highly diverse, because prey can respond to the selection
pressure of predation in different ways. Discuss the evolution of anti-predator strategies in plants or
animals, providing one example other than mimicry. In your argument, include an explanation of how

prey can effectively cope with predators. Give your answer in about 12 lines.



Section 4: Plant Ecology
Read the paragraphs below, modified from Heymann et al. (2019, Scientific Reports, 9, Article number

10356) and answer all questions from question 1 to question 5, which are based on them.

arboreal: living in trees,

Neotropics: the tropical regions comprising Central and South America

Question 1: There are a few types of tropical forests. Describe features of one of these: tropical rain
forests. Your answer must include the features of matter production and describe the abiotic

components of tropical rain forests.

Question 2: Describe what flying vertebrates are in the context described above, and provide an

example of seed dispersal by flying vertebrates found in temperate forests.

Question 3: Explain what a secondary forest is. Your answer should clarify the difference between a

secondary forest and a primary forest.

Question 4: Various organs of plants, such as fruits, leaves, and bark are used by animals as their food

resources. Describe the characteristics of fruits as a food resource in comparison with those of leaves.

Question 5: Propose an experimental design to examine the role Tamarins would play in the

regeneration of secondary forests, and describe how your experiment can evaluate their role.



Section 5: Microbiology

Answer both question 1 and question 2.

Question 1: Choose three topics from the following 7 regarding prokaryotic metabolism and

physiology, and explain in approximately 5 lines in each case.

(1) Electron transport chain of photosynthesis

(2) Diversity of fermentative metabolisms

(3) Environmental response by two-component regulatory systems
(4) Genomic DNA replication mechanisms

(5) Type 1V secretion system

(6) Heat tolerance mechanisms of thermophiles

(7) Responses to nutrient starvation

Question 2: Write an essay on the diversity and ecology of chemolithotrophic prokaryotes by

referring to the following paragraph.

(modified from Brock: Biology of Microorganisms)



Section 6: Biochemistry

Answer all questions from question 1 to question 3.

Question 1: Name three experimental methods used to determine the molecular weight of a protein,

and describe the principles of each method in 5 lines each.

Question 2: Enzymes enhance chemical reactions by reducing the activation-energy. Choose an
enzymatic reaction, such as proteolysis, and explain how the enzyme reduces the activation-energy to

cleave polypeptides.

Question 3: Glycerophospholipids, major constituents of the cell membrane, contain phosphatidyl
groups. Describe the chemical structure of phosphatidic acid (diacylglycerol 3-phosphate). In addition,
describe how organic compounds attached to the phosphate group of phosphatidic acid affect
properties of membranes that contain the phosphatidic acid. You may include diagrams in your

explanation.



Section 7: Molecular Biology

Answer all questions from question 1 to question 3.

Question 1: Describe the structure of chromosomes in eukaryotic cells by using all of the following

terms.

<List of terms>

Interphase chromosome, mitotic chromosome, telomere, centromere, histone,

euchromatin, heterochromatin, nucleosome

Question 2: Explain the difference between mechanisms that initiate translation in bacteria and those

in eukaryotes in about five lines.

Question 3: We studied the effect of temperature on the
expression of gene y in a bacterium. We extracted RNA
from the cells before and after increasing the
temperature, and performed a Northern blot analysis
using a DNA probe that specifically detects mRNA of
gene y (right figure, WT). Next, a mutant strain lacking
gene x, which encodes a transcription factor, was
analyzed in the same way (right figure, Ax).

Based on the results shown in the right figure, explain
the expression of gene y in this bacterium and the
possible regulatory mechanism of its expression. The
depth of shade of bands in the figure reflects the intensity
of RNA signal after detection by Northern blot.
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lanes 1, 2: WT (wild type strain), lanes 3, 4: Ax
(mutant strain lacking gene x)

lanes 1, 3: before heat shock, lanes 2, 4: after
heat shock

RNA size markers (nt) are shown on the right

side of the panel.



Section 8: Cell Biology

Answer both question 1 and question 2

Question 1: Except for a few exceptions, replication of genetic information occurs in a semi-
conservative manner. Describe the difference between conservative, semi-conservative and dispersive
replication. Design and describe an experiment that demonstrates that DNA replication is semi-
conservative. Describe the conditions required for the experiment to succeed, and the expected results

when DNA replication was conservative, semi-conservative or dispersive.

Question 2: Use the following terms from the list below and describe the difference between animal

and plant cell division during the M-phase.

<List of terms>
centrosome, phosphatidylinositol 4,5-bisphosphate, chromosome, furrow, Cdk1,
nuclear membrane, kinetochore, actin, DNA, condensation, tubulin, cell plate,

kinesin, mitochondria, mitotic spindle, cell membrane, phragmoplast.



Section 9: Genetics

Answer all questions from question 1 to question 4.

Question 1: Various animals have been used as model organisms to investigate the molecular
mechanisms of biological phenomena. Select two species from the list below and explain their

advantages and disadvantages as model organisms in 10 lines or less for each species.

< List of animal species>
Caenorhabditis elegans (roundworm), Drosophila melanogaster (fruitfly), Danio rerio (zebrafish),

Mus musculus (mouse)

Question 2: In both prokaryotes and eukaryotes, a single gene can produce multiple types of

proteins. Give three different examples and explain them in about five lines each.

Question 3: Small interfering RNA (siRNA) is known as one of the representative untranslated

RNAs. Describe the role of siRNAs in vivo in five lines or less.

Question 4: Assuming that the template DNA sequence of a particular siRNA is known, explain a
research strategy and method for investigating the role and mechanism of this siRNA in specific

biological phenomena (within 15 lines or less).



Section 10: Developmental Biology

Read the following text and answer both question 1 and question 2.

In vertebrates, most adult bones are formed by the ossification of cartilages. In mice, cartilage is
formed by chondrocytes secreting Collagen Type Il in the fetal stage, which ossifies after birth. During
ossification, it is thought that chondrocytes undergo apoptosis, and osteoblasts from outside the
cartilage secrete Collagen Type I to form the matrix of bone. Subsequently, osteoblasts and osteoclasts

maintain bone homeostasis.

The following experimental results were obtained on the differentiation of the bone in mice.
Experiment 1: In chondrocytes and osteoblasts, expression of mRNA for the collagen family genes
was examined using RT-PCR. Only Collagen Type II mRNA was detected in chondrocytes, and only
Collagen Type I mRNA was detected in osteoblasts.

Experiment 2: When primary chondrocytes were cultured with a drug, ninety percent of the
chondrocytes died due to apoptosis. All surviving cells expressed Collagen Type I but not Collagen
Type 1L

Based on these results, we hypothesized that some chondrocytes differentiate into osteoblasts during

ossification in mice.

Question 1: Explain how to test the hypotheses using the Cre-LoxP system. You can use figures.

It is assumed that the osteoblast and chondrocyte-specific promoters of the genes encoding Collagen
Type I and Collagen Type 11, respectively, have been identified.

Question 2: Explain how to test the hypothesis without using the Cre-LoxP system.

Cre-LoxP is a system that induces tissue/cell-specific recombination by expressing Cre, a DNA

recombinase that targets specific DNA sequences called LoxP.



Section 11: Plant Physiology

Answer both question 1 and question 2

Question 1: Explain the following terms (1) to (8) in the context of cell biology, molecular biology

and developmental biology in angiosperms in two to three lines each.

(1) Nuclear genome and organelle genome
(2) Double fertilization

(3) Totipotency

(4) De-etiolation

(5) Reaction center chlorophyll

(6) Nuclear localization signal

(7) Agonist and antagonist

(8) Metabolome

Question 2: Answer one question from the following options (1) to (3).

(1) When plant 4 (&) and plant B (Q) were crossed, the nuclear genome of plant 4 was eliminated
during zygotic embryogenesis, resulting in the formation of seeds with haploid embryos possessing
the plant B nuclear genome. However, the plant 4 nuclear genome was retained in the endosperms of
the seeds. Formulate a hypothesis on why plant 4 and B nuclear genomes coexist in the endosperm,

and design an experiment to test this hypothesis.

(2) Plants are damaged when exposed to excessive intense light. Explain two molecular mechanisms
of plant defense system against excess light.

(8) Explain in detail the molecular mechanisms by which the plant hormone gibberellin is recognized

by receptors and induces physiological responses.



Section 12: Animal Physiology

Read the following sentences and answer both question 1 and question 2.

Stimuli that animals receive can be roughly classified into electromagnetic, mechanical and chemical
stimuli, depending on the type of energy that causes the stimuli. Answer the following questions on

sensory perception.

Question 1: For each of the electromagnetic, mechanical and chemical stimuli, name two sensory
modalities. Name the sensory receptors related to each of those six sensory modalities (e.g., receptor

cells, sensory cells) in vertebrates.

Question 2: Provide one example each for electromagnetic, mechanical and chemical stimuli. Describe
how those stimuli are transduced to electric signals, and how the signal is then transmitted to the

central nervous system.



Section 13: Biophysics

Answer the following question

Question: Various discoveries in Physics and Chemistry have advanced life science research. Choose

two of the following topics, explain them, and discuss their importance to the life science.

(1) Hydrogen bond

(2) Confocal laser scanning microscopy

(3) Techniques for protein-protein interaction analysis
(4) Planck constant



Section 14: Statistics

Answer both question 1 and question 2.

Question 1: There are two types of larvae with 5 or 6 spines in two species of moths, species 4 and
species B. A researcher investigated the within-species variation in the number of spines. In species 4,
3 larvae had 5 spines and 34 larvae had 6 spines, whereas in species B, 11 larvae had 5 spines and 35
larvae had 6 spines. Is there a statistically significant difference in the frequencies of larvae with 5 and
6 spines between these two species? Perform a chi-square test using Table 1. The expected values

should be calculated as integers by rounding off to the first decimal place.

Table 1. Chi-square distribution table

P (probability) df=1 df=2 df=3 df=4
0.30 1.074 2.408 3.665 4.878
0.20 1.642 3.219 4.642 5.989
0.10 2.706 4.605 6.251 7.779
0.05 3.841 5.991 7.815 9.488
0.01 6.635 9.210 11.345 13.277

df: degree of freedom

Question 2: Design an experiment for which an analysis using a chi-square test with 3 degrees of
freedom (df = 3) is appropriate. The materials and contents of your experimental design can include

any components.
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