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Notes


Select and answer 3 QUESTIONS from the total 12 QUESTIONS. The 3
QUESTIONS can be selected from any subjects.



One sheet should be used for each selected QUESTION. The reverse side
could be used, if necessary.



Name, examinee’s number and course name should be written on each
answer sheet.



QUESTION number should also be written on each answer sheet.
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QUESTION 1 (Subject on Field Science)
Question 1-1. Read the following sentences, and answer the questions.
Most flowering plants (i.e. angiosperms) are bisexual with both male and female
organs (i.e. pistil and stamen, respectively) within same flowers. Some of them have
1self-incompatibility

systems that inhibit pollination or pollen germination within same
individuals. On the other hand, self-fertilization occurs in some cultivated plants, such as
rice and wheat. Self-fertilization, as well as inbreeding, reduces heterozygosity or genetic
diversity within individuals, which may also reduce genetic quality. Such 2detrimental
effects are known as (1

).

(1) Describe types of self-incompatibility systems in underline 1 and explain them.
(2) Explain the mechanisms of detrimental effects in underline 2.
(3) Fill the blank 1 with appropriate words.
Question 1-2. Read the following sentences, and answer the question.
As a result of sexual reproduction, genetic architecture of the individuals is determined
by the alleles inherited from both parents. In the species to perform sexual reproduction,
individuals in a population receive the alleles inherited from the ancestors in the population
and, then, pass the alleles to the next generation through the fertilization between sperm and
egg. All of the various alleles in the population are called “gene pool”. Evolution is defined
as the changes in gene pool structures (frequency of alleles and compositions of genotypes)
over generations.
(1) Explain the factors affecting the changes in gene pool structures.
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QUESTION 2 (Subject on Field Science)
Question 2-1. One of the most simplified model of population growth is the exponential
growth model given as,

where t is time; N(t) is population density at time t; r is growth rate. The solution of the
differential equation is,

where N(0) is population density at time 0; e = 2.71813... is the base of natural
logarithm. Here suppose that N(0) = 1 and r = 0.1. Firstly, draw the axes and grids
below (Figure 1) on your answer sheet. Next, draw the relationship between t
(horizontal axis) and N(t) (vertical axis) of which solution is given above on the copied
axes and grids. The labels e^0 〜 e^4 denote e0 〜 e4, respectively.
Figure 1
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Question 2-2. The next population growth model is the logistic growth model given as,

where K is carrying capacity; other notations are the same as in Question 1. In Figure 2,
we have four candidates to show the relationship between time t (horizontal axis) and
population density N(t) (vertical axis). Choose the best candidate to represent the time
change of N(t). Write the figure name (A, B, C and D) and describe the reason why
you chose it.

Figure 2
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QUESTION 3 (Subject on Field Science)
Question 3-1. Read the following sentences about evolution of the Darwin finches on the
Galapagos Islands, and answer the questions.
While Geospiza fortis occurs on the Daphne Island alone, Geospiza fuliginosa
occurs on the Crossman Island alone. *Beak size of G. fortis on the Daphne Island is
similar to that of G. fuliginosa on the Crossman Island. But, as a result of adaptive
evolution, there is a large difference in beak size between the two species on the Charles
Island where the two species occur together. On the Charles Island, beak size of Geospiza
fortis is much larger than that of G. fuliginosa. Thus, the intraspecific variations in beak size
are also observed in these species. While Charles Island population of G. fortis has larger
beak than Daphne Island population of this species, Charles Island population of G.
fuliginosa has smaller beak than Crossman Island population of the species.
*Note: beak is the hard pointed mouth of a bird (i.e., bill)
(1) On the underline part, what is the term for this type of adaptive evolution?
(2) Explain hypothesis about how ecological processes drive the adaptive evolution.

Question 3-2. Explain the meaning of the following terms briefly.
(1) Metapopulation
(2) Top-down regulation
(3) Frequency dependent selection
(4) Phenotypic plasticity
(5) Red Queen hypothesis
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QUESTION 4 (Subject on Field Science)
Question 4-1. Select three of the following five terms and explain the meaning.
(1) Biome
(2) Climate change
(3) Biodiversity
(4) Ecosystem services
(5) Material cycles
Question 4-2. Answer the following questions regarding “global warming”.
(1) Explain a main mechanism of the current global warming.
(2) Explain the predicted effects of global warming on ecosystems from the
viewpoints of species range and life cycle of animals and plants.
Question 4-3. Several approaches are currently known to estimate terrestrial primary
productions. Explain one of the methods with respect to principle, strong point(s) and
weak point(s) briefly.
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QUESTION 5 (Subject on Life Science)
This is a schematic illustration of transvers section of trunk at tail
bud stage in amphibian. Answer the following questions.
(1) Choose the word corresponding to each number of tissues in the figure from
the followings. Then, write the
name of germ-layer from which
each cell group differentiates.

Question 5-1.

word
1（
2（
3（
4（
5（
6（
7（
8（

）
）
）
）
）
）
）
）

germ-layer
（
（
（
（
（
（
（
（

）
）
）
）
）
）
）
）

【words】
brain, rhombomere, notochord, neural tube, neural crest, inner cell mass,
epidermis, spinal column, blood vessel, liver, gut, lateral plate, nephrotome,
dermatome, somite, sclerotome, dermis, epidermis, digestive tract, yolk,
dorsal aorta, dorsal vein, heart
(2) Following organ and tissues (a - i) are originated from the above tissues (1 8). Choose the number from above illustration. You can use same number
several times. If there is no corresponding number, enter a "0".
a.
b.
c.
d.
e.

vertebra
skeletal muscle
mesentery
liver
coelom

（
（
（
（
（

）
）
）
）
）

f.
g.
h.
i.
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ganglion
melanophore
cerebellum
spinal cord
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Question 5-2.
There is no expression of “A” gene in a certain zebrafish
Mutation X after the mid-blastula stage.
When small numbers of
blastomeres from Mutation X blastula are transplanted into the wild-type
blastula, “A” gene expresses in the cells originated from donor blastomeres.
Vice versa, when small numbers of blastomeres from wild type blastula are
transplanted into blastula of Mutation X, there is no expression of “A” gene
in the cells from descendants of donor wild-type cells.
(1) Explain about the control mechanism of “A” gene expression during the
development.
Question 5-3.

This is a schematic illustration about experimentally combined
with several
tiers of
blastomeres at
64-cell stage
sea-urchin
embryo, and
external
appearance of
resultant
embryos at the
pluteus stage in
control.
(1) Describe the
developmental
roles from these
experiments in
sea-urchin
embryo.
(2) Explain or
draw the
resultant embryo
from bisected
embryo along
with
animal-vegetal
axis at the
64-cell stage.

Figures are taken from Scott F. Gilbert, Developmental Biology (Third edition).
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QUESTION 6 (Subject on Life Science)
Question 6-1. The following sentences mention the structure and function of
mitochondria. Read the text and answer to each question.
Mitochondria are indispensable organelles to produce a high energy
compound ATP (adenosine triphosphate) by aerobic respiration. The sizes of
mitochondria are similar to those of general bacteria, showing tubular or
rod-shaped structures. Since the substance permeability of the outer membrane are
high, small molecules can be relatively free to pass. The inner membrane fitted
into the inside forms a fold-like structure called ( ① ), in which there are enzymes
responsible for the ATP synthesis involved the ( ② ) phosphorylation in
respiratory chain. Also the gap between the inner and outer membrane is called an
inter-membrane space. The inside of the inner membrane is called ( ③ ), where
the enzymes involved in the ( ④ ) cycle are working to supply such as NADH to
the respiratory chain. Finally the resultant ATP located at the outer membrane are
transported to the cytoplasm by the ( ⑤ ) exchange transporter, and is used for
various biological reactions and metabolic pathways. While chloroplasts of the
plant cells also synthesize ATP, it cannot be utilized in the cytoplasm since the
substance permeability of the outer envelope are low, and carry no transport
ability of ATP.
(1) Fill ( ① ) to ( ⑤ ) with the most appropriate term, and describe on the answer
sheet (an example of answer, ①-term).
(2) Regarding the underlined sentence, the phenomena of indirectly synthesizing
ATP in the cytoplasm through the export of a photosynthetic product derived
from chloroplasts have been known in the plant cells. Given this information,
please explain the mechanisms as to how the plant cells acquire ATP in the
cytoplasm.

Question 6-2. The following descriptions explain the electron transport chain in
the inner membrane of mitochondria. Select all the correct sentences
and describe the selected numbers on the answer sheet.
① In accordance with the passive transport of H+ to the inter-membrane space,
the pH outside of the inner membrane will rise.
② In accordance with the active transport of H+ to the inter-membrane space, the
pH outside of the inter membrane will rise.

9

2015.08.M.S-E.6-2

③ F-type ATPase synthesizes ATP from ADP and phosphoric acid, by using a
chemical intermediate product generated in the inner membrane during the
transport of H+.
④ F-type ATPase synthesizes ATP from ADP and phosphoric acid, by using a H+
density gradient across the inner membrane formed by the transport of H+.
⑤ F-type ATPase synthesizes ATP from ADP and phosphoric acid, by using an
electrochemical gradient across the inner membrane formed by the transport
of H+.

Question 6-3. Mitochondria are wrapped with a double layer of the outer and
inner membranes that is also referred as heterogeneous bilayer, since
the biochemical natures of the two membranes differ significantly.
Although chloroplasts basically have a double membrane structure, in
certain plants the presence of triple or quadruple membrane structures is
also known.
(1) Explain the reasons why such complex membrane structures have been
observed, based on the evolutional history to establish mitochondria and
chloroplasts.
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QUESTION 7 (Subject on Life Science)
Question 7-1.

Explain following each term in a short sentence (or a few words).

1.

primary structure of protein

2.

secondary structure of protein

3.

operon

4.

ribozyme

5.

genome

6.

antigen

7.

antibiotic

8.

carboxy terminus of protein

9.

splicing

10.

restriction enzyme

11.

DNA ligase

12.

telomere

13.

transcription factor

14.

plasmid vector

15.

heterochromatin

Explain “What is cDNA?” Then, describe a name of enzyme

Question 7-2.

required for cDNA synthesis, and explain all steps required for the
synthesis.

Question 7-3.

Explain functions of molecular chaperon.
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QUESTION 8

(Subject on Life Science)

Question 8-1. Read the text and answer the following questions.
We can find great 1genetic variations within every natural population of the
interbreeding individuals. The composition of genetic variations and proportion of
genotypes in a population can be changed by various forces over generations. This
genetic modulation is the fundamental process of evolution.
To understand the evolutionary process we can use genetic models that help us
to predict how the genetic composition can be changed.
Assume that a population of a diploid species is in 2Hardy-Weinberg
equilibrium and that each generation of this species is discrete and
non-overlapping. In this population the frequency of an allele A of an autosomal
locus is p and the frequency of an allele a of the same locus is q, where p + q = 1.
If the allele a is recessive lethal and the individuals homozygous for aa die before
sexual maturation. Define q0 as the frequency of the allele a in a starting
generation 0 and q1, q2, . . . in subsequent generations. Let us calculate q1, using
q0.
The proportion of the allele a in the next generation is half of heterozygotes.
Therefore q1 can be expressed in terms of q0 by
q1 = (X).
In the same way, q2 can be expressed in terms of q0 by
q2 = (Y).
If we proceed with this calculation until generation t, qt can be expressed with q0
by
qt = (Z).

(1) If the genetic variations, denoted by underline 1, are categorized into
chromosomal mutations and DNA mutations, what types of mutation are
included in each category? List up the type of these mutations.
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(2) Explain about the conditions when a population is in Hardy-Weinberg
equilibrium denoted by underline 2.
(3) Answer the frequencies of each genotype using p and q after one generation of
random mating within the population.
(4) Answer the numerical formulas in the parentheses X – Z.

Question 8-2.

Read the text and answer the following questions.

Galactosemia is a human disease caused by an autosomal recessive allele. The
incidence of the disease in a population is 1 per 40,000 newborns.
Assume that there is no effective cure for the disease, infants suffering from
galactosemia die before their reproduction, and that also each generation is
non-overlapping.
(1) Answer the incidence of galactosemia in the next generation.
(2) Answer the number of generations required for decreasing the mutant allele to
one-tenth of the current frequency.

13

2015.08.M.S-E.9-1

QUESTION 9 (Subject on Aquatic and Marine Science)
Question 9-1. Following sentences describe about life history strategy.
Life history is a general term for the processes occurring during life of an individual, such
as growth, survival and reproduction. The process of evolution determines the life history
patterns of organisms. In behavioral ecology, traits of life history and behavioral pattern are
called “strategies”, whereas (a) are the phenotypes that result from the strategies. Adaptive
evolution of reproductive and survival traits through (b) is called a life history strategy.
Different strategies in life history and behavior, which are selected by individuals based on
conditions, are called “conditional strategies”. Especially, when there are remarkable
differences in behavior or life history, those are called “alternative strategies”.
(1) Fill (a) and (b) with appropriate words.
(2) Some fish species have an alternative male mating strategy. Explain the male mating
strategy using all of the following key terms.
sneakers, large males, fitness, evolutionarily stable strategy

Question 9-2. Explain the morphological and behavioral differences between baleen
whales and toothed whales.

14

2015.08.M.S-E.10-1

QUESTION 10 (Subject on Aquatic and Marine Science)
Question 10-1. Read the following sentences, and answer the questions.
Diverse marine plants form MOBA at the coastal areas of Japan, and kelp (e.g. Saccharina)
and gulfweed (e.g. Sargassum) are the main composers of MOBA in northern part and
southern part of Japan, respectively. However, the decay and the disappearance of MOBA
with ISOYAKE have grown into a serious problem recent years. Therefore, the influence
on marine ecosystem and fishery is feared. Various approaches of MOBA creation are in
progress actively now, and the results are prospective.
(1) Explain “MOBA” including the feature and the importance.
(2) Kelp and gulfweed belong to Laminariales and Fucales, respectively. Explain the
difference between the taxonomic groups in terms of the life cycle.
(3) Explain “ISOYAKE”, and detail three of occurrence or continued factors of ISOYAKE
in Japan.
(4) Explain one of methods of current MOBA creation.
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QUESTION 11 (Subject on Aquatic and Marine Science)
Question 11-1. The following sentences explain the main environmental factors affecting
production of primary producers. Choose the appropriate words or numbers from the
words listed below for the blanks (A) ~ (W).
The factors affecting primary production of primary producers (macroalgae, seagrass, and
phytoplankton etc.) in the ocean are mainly (A) and (B). Primary producers absorb (A)
within the (C) spectrum to conduct photosynthesis. (A) penetrating into the ocean is (D)
attenuated with depth following the (E) law. (A) in (F) wavelength band is rapidly absorbed
by (G). Additionally, (A) in (H) wavelength band is absorbed by (I) and (J) especially in
coastal regions. Therefore, primary producers can survive within the layer called as (K)
reaching adequate light to conduct photosynthesis. The bottom depth of (K) is sometimes
called as compensation depth where the amount of photosynthesis is equivalent to the
amount of (L). To capture (A) within the (K), all primary producers except for
Prochlorococcus have (M) pigment. Macro-(B) for the growth of primary producers in the
ocean are (N) and (O). Primary producers uptake dissolved carbon dioxide and these
elements with the ratio of Carbon : (N) : (O) = (P) : (Q) : (R). The ratio is known as the (S)
ratio. For diatoms, (T) is included in the ratio. Alternatively, it is known that micro-(B) such
as (U) limit phytoplankton growth in High (B) Low (V) regions ((W) regions)).
ultraviolet, visible, red, orange, yellow, green, blue, indigo, purple, Liebig, Lambert-Beer,
Michaelis-Menten, Redfield, aerosol, detritus, colored dissolved organic matter, linearly,
exponentially, trigonometrically, photic layer, mixed layer, respiration, HPLC, HNLC,
chlorophyll, chlorophyll a, chlorophyll b, fucoxanthin, light, nutrients, water molecule,
nitrogen, oxygen, silicon, iron, phosphorus, potassium, calcium, 1, 2, 10, 16, 32, 106, 116

Question 11-2. Explain the underlined terms (primary production and compensation depth)
using the following terms.
new production, regenerated production, gross primary production, net primary production,
Sverdrup’s critical depth hypothesis.
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QUESTION 12 (Subject on Aquatic and Marine Science)
Question 12-1. Read the following sentences, and answer the questions.
El Niño in equatorial Pacific Ocean is known to be triggered by change of (a). Usually, (a)
induce ( ① ), which moves surface waters away from the coast to offshore of Peru, South
America. Then ( ② ）occurs, which brings (b) waters. When the (a) weaken, or the wind
is reversed, (c) waters appear farther east, in the direction of South America.
(1) Choose the appropriate terms for the blanks (a) to (c) from the list below;
warm and nutrient-rich, warm and oligotrophic, cool and nutrient-rich,
cool and oligotrophic, south-east trade winds, westerlies, polar easterlies

(2) Fill ( ① ) and ( ② ) with appropriate words.
(3) Explain the process how changes in water temperature and nutrient concentrations
associated with El Niño affect marine organisms from primary producers to top
predators.
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