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Biology questions

Marking scheme

point 1 0 -0.25

Criteria Correct answer No answer Incorrect answer

21. Scientists labeled membrane proteins (proteins that exist in the plasma membrane) of a
mouse cell and a human cell with two different markers. Two cells were fused forming a
hybrid cell. Initially, proteins on the hybrid cell’s surface were observed as state A. Normally,
after incubating the cell at 37 °C for 1 hour, proteins from different sources would disperse
throughout the surface of the cell as in state B.

However, if the cell took 2 hours to transform from state A to state B, which of the following
could be the reason(s)?

I. Cell membrane possessed a greater unsaturated-to-saturated phospholipids ratio.
II. Incubation was carried out at 18 °C.

 

A. I only
B. II only
C. I and II
D. neither I nor II

Answer     B. II only

Explanation
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A. I only ✖︎
This is incorrect. A relatively greater unsaturated-to-saturated
phospholipids ratio will increase membrane fluidity, hence
shorter incubation time required for full protein dispersion.

B. II only ✔︎

This is correct. At the temperature much lower than 37 °C,
labelled proteins migrate more slowly due to increased
viscosity/less fluidity of the membrane, thus, requiring more
time to be fully dispersed throughout the entire surface of the
cell.

C. I and II ✖︎ This is incorrect.

D. neither I nor II ✖︎ This is incorrect.

 References

Frye, L. D., & Edidin, M. (1970). The rapid intermixing of cell surface antigens after formation
of mouse-human heterokaryons. J Cell Sci. 7(2): 319-35. doi: 10.1242/jcs.7.2.319.

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 128-129.

 

 

22. The pedigree below illustrates the ABO blood type inheritance of two lineages.

Which statements are true according to the pedigree?

I. The baby IV-1 cannot be heterozygote.
II. The probability of III-5 to be a B-type is 0.5.
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III. The genotype of II-1 can either be homozygous or heterozygous.
IV. If III-1 is married to an AB-type woman, there is a chance for a child to be B-type.

 

A. I and II
B. II and III
C. III and IV
D. II and IV

Answer     D. II and IV

Explanation
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A. I and II ✖︎ This is incorrect. Statement I is incorrect because the baby can
be either homozygote or heterozygote i.e., 1I I  : 2I i : 1ii.

B. II and III ✖︎
This is incorrect. Statement III is incorrect because the genotype
of II-1, who is A-type, can only be heterozygous (I i) as his
mother (I-2) is O-type whose genotype is strictly ii.

C. III and IV ✖︎
This is incorrect. Statement III is incorrect because the genotype
of II-1, who is A-type, can only be heterozygous (I i) as his
mother (I-2) is O-type whose genotype is strictly ii.

D. II and IV ✔︎

This is correct. In statement II, the probability of III-5 to be a B-
type is 0.5 because her mother (II-4), who is a daughter of AB-
type parents, is homozygous B-type (I I ) and her father (II-3) has
to be heterozygous (I i) as III-4 (III-5´s brother) is B-type. Thus,
the genotype of III-5 can either be I I  or I i with an equal
probability. In statement IV, the genotype of III-1 can either be
I I or I i as his father (II-1) is I i. If he is assumably I i, his child
can probably be B-type when he has a child with an AB-type
woman.

Reference

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 280-284.

 

 

23.  The following figure shows the structure of a coronavirus. The virus is an RNA virus that
has a lipid-rich envelope derived from the membrane of the host cell.
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Which of the following statements is incorrect?

A. Chemical analysis should reveal carbohydrate as a component of the coronavirus.
B. Treatment of the coronavirus with ethanol should denature the viral proteins, rendering

the virus non-infectious.
C. The N protein is expected to have a net negative charge.
D. The E and M proteins are expected to have hydrophobic amino acids on the surfaces that

face the envelope.

Answer     C

Explanation
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A. Chemical analysis should
reveal carbohydrate as a
component of the
coronavirus.

✖︎

This is incorrect. The viral genome is a nucleic acid
(RNA) that should contain ribose which is a
carbohydrate.

The proteins on the surface are glycosylated as well,
thus contains carbohydrate.

B. Treatment of the
coronavirus with ethanol
should destroy lipid-rich
membrane and denature the
viral proteins, rendering the
virus non-infectious.

✖︎

This is incorrect. Alcohol should be able to denature
the proteins. 

This is the scientific reasoning behind using alcohol as
a disinfectant.

C. The N protein is expected
to have a net negative
charge.

✔︎

This is correct. The genome is a nucleic acid that is
negatively charged because of the phosphate groups in
the backbone. Proteins that interact with nucleic acid
are expected to have the opposite charge (net positive
charge).

In fact, the pI of the SARS-CoV-2 N protein is 10, thus
it is positively charged at physiological pH.

D. The E and M proteins are
expected to have
hydrophobic amino acids on
the surfaces that face the
envelope.

✖︎
This is incorrect. The E and M proteins reside in the
envelope which is derived from the cell membrane,
thus they are expected to have hydrophobic exteriors.

Reference

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 398-402.

 

 

Points: 30 Time: 3 Hours

20th IJSO 2023, Bangkok, Thailand

MCQ Answer Key, English (Official)

Page 30 of 46



24. A person is sick from the COVID-19 virus. What kind of immunity does this person gain due
to the infection and then retain after recovery?

A. Active immunity, innate immunity
B. Active immunity, acquired immunity
C. Passive immunity, innate immunity
D. Passive immunity, acquired immunity

Answer     B. Active immunity, acquired immunity

Explanation
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A. Active immunity,
innate immunity

✖︎ This is incorrect.

B. Active immunity,
acquired immunity

✔︎

This is correct.

Active immunity results when exposure to the pathogen
(COVID-19 virus) directly triggers the immune system to
produce the specific defense that is mediated by B cells and
T cells to resist this pathogen.

Acquired immunity is not present at birth.

When a person’s immune system encounters pathogens and
recognizes antigens, it learns to attack each antigen and
begin to develop a memory for that antigen.

C. Passive immunity,
innate immunity

✖︎

This is incorrect.

Passive immunity is a temporary adaptive immunity
conferred by the transfer of antibodies from an immune
individual to a non-immune one.

Innate immunity is present at birth and does not have to be
learned through exposure to a pathogen. It provides an
immediate response to pathogens. Unlike acquired
immunity, it has no memory of the encounters, does not
remember specific antigens, and does not provide any
ongoing protection against future infection.

D. Passive immunity,
acquired immunity

✖︎ This is incorrect.

Reference

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 968-970.
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25. The figure below shows the biceps brachii, which is a muscle that flexes the lower arm.
The arrows indicate the tension force acting on the lower arm bone.

Consider the following statements:

I. Biceps brachii can be voluntarily controlled.
II. The muscle cell of the biceps brachii must have a striated appearance with multiple

nuclei.
III. The neurotransmitter released by the motor neurons involved in contraction of biceps

brachii is glutamate.

Which statements (I–III) are correct?

A. I only
B. II only
C. I and II
D. I and III

Answer     C. I and II

Explanation
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A. I only ✖︎ I only is incorrect.

B. II only ✖︎ II only is incorrect.

C. I and II ✔︎
I is correct. Biceps brachii is a skeletal muscle (i.e., attaching to a
bone) that can be voluntarily controlled from motor cortex.

II is correct. Skeletal muscle cell has striation and many nuclei.

D. I and III ✖︎ III is incorrect. Motor neuron releases acetylcholine to control
skeletal muscle contraction.

Reference

Betts, J. G., Young, K. A., Wise, J. A., Johnson, E., Poe, B., Kruse, D. H., Korol, O., Johnson,
J. E., Womble, M., & DeSaix, P. (2022). Anatomy and Physiology 2e. OpenStax.
https://openstax.org/books/anatomy-and-physiology-2e/pages/10-2-skeletal-muscle

 

26. The diagram shows blood circulation in a fish. ( 1: gill circulation, 2: gill capillaries, 3: body
capillaries, 4: systemic circulation)
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Which of the following statements are correct?

I. P is a ventricle of the heart.
II. Blood in Q is oxygenated.
III. R is a vein.
IV. Blood pressure in S is higher than in R.

 

A. I and II
B. I and IV
C. II and III
D. III and IV

Answer  D. III and IV

 

Explanation
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A. I and II

�

This is incorrect. P is an atrium of the heart
(receiving blood from circulation). Blood in Q is
deoxygenated blood (before gas is exchanged at
the gill).

B. I and IV

�

This is incorrect. P is an atrium of the heart
(receiving blood from circulation). Blood
pressure in S is higher than in R because blood
flows from S to R.

C. II and III
�

This is incorrect. Blood in Q is deoxygenated
blood (before gas is exchanged at the gill). R is
a vein (conducting blood to the heart).

D. III and IV

�
This is correct. R is a vein (conducting blood to
the heart). Blood pressure in S is higher than in
R because blood flows from S to R.

 

Reference

Betts, J. G., Young, K. A., Wise, J. A., Johnson, E., Poe, B., Kruse, D. H., Korol, O., Johnson,
J. E., Womble, M., & DeSaix, P. (2022). Anatomy and Physiology 2e. OpenStax.
https://openstax.org/books/anatomy-and-physiology-2e/pages/40-1-overview-of-the-
circulatory-system

 

 

27. Water thyme (Hydrilla sp.) plants (1) are placed inside an upturned funnel (2) in a beaker
(3) containing pond water (4) with a small amount of NaHCO  added. The end of the funnel
is covered with a measuring cylinder (5) in which air (6) was trapped. A light bulb (7) is
used as a light source.

3
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Consider the following statements:

I. If more NaHCO is added to the water, more bubbles could be observed.
II. If the light is changed from white to blue light at the same intensity, more bubbles

could be observed.
III. If the light is changed from white to green light at the same intensity, more bubbles

could be observed.
IV. After three hours of the experiment, the air inside the cylinder is mostly carbon

dioxide. 

Which statements (I–IV) are correct?

A. I only
B. I and II
C. II and III
D. II and IV

Answer     B. I and II 

Explanation

3 
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A. I only ✖︎ I only is incorrect.

B. I and II ✔︎ I is correct. In this experiment, bicarbonate from
NaHCO  is the primary source of CO  for
photosynthesis. Thus, adding more NaHCO  would
result in the increase of O  production, which could
be observed as more bubbles.

II is correct. White light mainly consists of blue, green
and red light. The photosynthetic pigments of plants
consist of chlorophylls and carotenoids which absorb
white light (except green light). Blue light is absorbed
by chlorophylls and has sufficient energy levels to
activate photosystems. Therefore, if white light is
changed to blue light, there should be more
photosynthetic activity, resulting in more bubbles.

C. II and
III

✖︎ III is incorrect. Green light is not absorbed by
chlorophylls. Thus, there will be much fewer bubbles.

D. II and
IV

✖︎ IV is incorrect. In photosynthesis, CO  is used, and O
is produced as a byproduct of the reaction. Thus, the
air inside the cylinder is mostly O .

Reference

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 190 & 194.

 

 

28. According to their development, type of flower, and the number of ovaries, fruits are
classified into 3 types: 1. simple fruit, which develops from a solitary flower with a single
carpel or serveral fused carpels; 2. aggregate fruit, which develops from a solitary flower
with more than one separate carpel, each forming a fruit;  and 3. multiple fruit, which
develops from an inflorescence with many dense florets, and the ovary walls are fused
together into one fruit. If the flower shown in the diagram is fertilized, which type of fruit
will be developed? (1: stamen, 2: carpel, 3: pistil, 4: receptacle)

3 2

3

2

2 2

2
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A. A simple fruit
B. An aggregate fruit
C. A multiple fruit
D. A fruit with many seeds

Answer     B. An aggregate fruit

Explanation
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A. A simple fruit
✖︎

This is incorrect. Simple fruit
develops from a solitary flower with a
single ovary, e.g. mango.

B. An aggregate fruit

✔︎

This is correct. The flower in this
figure is a solitary flower with many
ovaries on the same receptacle which
will develop into aggregate fruit, e.g.
strawberry.

C. A multiple fruit

✖︎
This is incorrect. Multiple fruit
develops from inflorescence with
many dense florets in the same
inflorescence, e.g. pineapple.

D. A fruit with many
seeds ✖︎

This is incorrect. When this flower
undergoes fertilization, each fruit will
consist of a single seed.

 Reference

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 830-831.

 

 

29.   Most of the dinosaurs are members of two lineages, namely Ornithischia and Saurischia.
Ornithischia includes the bird-hipped dinosaurs, while Saurischia includes the lizard-
hipped dinosaurs. The cladogram illustrates the relationships of these lineages. Modern
birds were apparently descended from the saurischians; however, they possess hips similar
to those of the relatively unrelated ornithischians.
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Which of the following correctly explains the hip similarity in birds and ornithischians?

A. Adaptive radiation of the modern birds
B. Convergent evolution with the ornithischians
C. Divergent evolution with the ornithischians
D. Descent with modification from a common ancestor of the saurischians

Answer     B. Convergent evolution with the ornithischians

Explanation
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A. Adaptive radiation of the modern
birds

✖︎

This is incorrect. Adaptive
radiation is a process in which
organisms diversify rapidly from
an ancestral species into many
new forms.

B.  Convergent evolution with the
ornithischians

✔︎

This is correct. Convergent
evolution creates analogous
structures that have similar form
or function but were not present
in the last common ancestor of
those groups.

C. Divergent evolution with the
ornithischians

✖︎

This is incorrect. Divergent
evolution is the accumulation of
differences between closely
related populations within a
species, sometimes leading to
speciation.

D. Descent with modification from a
common ancestor of the saurischians

✖︎

This is incorrect. Descent with
modification is the process by
which species accumulate
differences from their ancestors
as they adapt to different
environments over time.

References

Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P. V., Orr, R. B., & Campbell, N. A.
(2021). Campbell biology (12th ed.). Pearson. pp. 553-572.

Dingus, L. & Rowe, T. (1998). The evolutionary map for dinosaurs. In The Mistaken Extinction:
Dinosaur Evolution and the Origin of Birds (1st Ed.). W. H. Freeman Publisher, 332 pp.

 

 

30. One of the suggested solutions to reduce greenhouse gas (GHG) emissions and climate
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change for a more sustainable future is to find alternatives in our diets, such as switching
to plant-based milk instead of cow’s milk. But are they really more environmentally
friendly? Growing the crops and the production processes of these goods are not without
their impacts. The environmental resources that are required for, and the GHG emissions
that result from, production are important considerations. The following graphs show the
global average of GHG emissions (kg CO ), land use (m ) and water use (L) in the production
of one liter of milk product.

     Graphs:     (1) GHG emissions and land use of all milk products

(2) Water use of all milk products

(3) GHG emissions and land use of plant-based milk products

(4) Water use of plant-based milk products

The width of the bars is not relevant in the analysis of the question.

Consider the proposed plant-based milk products’ suitability as alternatives to cow’s milk.
Which of the following statements are supported by the data?

2
2
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I. All of the proposed plant-based milk products are reasonable alternatives to cow’s milk.
II. Considering all factors, soy milk is the best alternative to cow’s milk.
III. Based on the percentage difference, almond milk is the worst alternative to cow’s milk

overall.
IV. Compared to oat milk, cow’s milk is worse for the environment in terms of land use than it

is in terms of water use.
V. Almond milk’s water requirements make it unviable as an alternative to cow’s milk.
VI. Oat milk is not the best alternative to cow’s milk for any given factor.

 

A. I, II, and IV
B. I, III, and VI
C. II, III, and IV
D. II, V, and VI

Answer    B. I, III, and VI

Explanation
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A. I, II, and
IV

✖︎

II is incorrect. Soy milk is best only in terms of
water use, but not for either GHG emissions or
land use.

IV is incorrect. Compared to oat milk, cow’s milk
is nine times worse in terms of land use, and 13
times worse in terms of water use.

B. I, III, and
VI

✔︎

I is correct. Compared to cow’s milk, all three
plant-based milk products are associated with
lower GHG emissions, land use, and water use.

III is correct. Based on the percentage difference,
although almond milk is best in terms of GHG
emissions (just under half of soy) and land use
(about half of oat), its extremely high water
requirement of more than seven times that of oat
milk negates the other benefits.

VI is correct. None of oat milk’s impacts is the
lowest.

C. II, III, and
IV

✖︎

II is incorrect. Soy milk is best only in terms of
water use, but not for either GHG emissions or
land use.

IV is incorrect. Compared to oat milk, cow’s milk
is nine times worse in terms of land use, and 13
times worse in terms of water use.

D. II, V, and
VI

✖︎

II is incorrect. Soy milk is best only in terms of
water use, but not for either GHG emissions or
land use.

V is incorrect. All of almond milk’s impacts are
still lower than those of cow’s milk.

Reference

Kanyama, A. C., Hedin, B., & Katzeff, C. (2021). Differences in environmental impact between
plant-based alternatives to dairy and dairy products: A systematic literature review.
Sustainability, 13, 12599. https://doi.org/10.3390/su132212599
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