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Q1l-2.

If a squirrel finds a patch of nuts on a piece of grassland, it has two options: it either eats
them there or carries them one by one to a safe place, e.g., a tree nearby, before
consuming them. The squirrel saves time and energy by eating the nuts on the grassland
because it does not have to travel back and forth between the grassland and the tree.
Eating under a tree, however, reduces the chance the squirrel is attacked by a predator.
Therefore, there is a trade-off between feeding in safety and obtaining high energy intake

rates.

Based on the above information, which of the following predictions is correct with regard

to the distance between the nuts and the tree?

A. The distance between the nuts and the tree is irrelevant to the feeding options.

B. The squirrel has a higher tendency to eat the nuts on the grassland if the nuts are
further away from the tree.

C. The squirrel has a higher tendency to eat the nuts on the grassland if the nuts are
closer to the tree.

D. The squirrel has a higher tendency to eat the nuts under the trees if they are living in

an island without predators.

Based on the above information, which of the following predictions is correct with regard
to the size of the nuts? (Hint: The larger the nut, the longer is the time required for the

squirrel to crack the nut and eat it.)

The size of the nuts is irrelevant to the feeding options.
The squirrel has a higher tendency to eat the nuts under a tree if the nuts are larger.

The squirrel has a higher tendency to eat the nuts under a tree if the nuts are smaller.
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The information provided is insufficient to judge which prediction is correct.



Males of the grasshopper Ligurotettix coquilletti feed on the leaves of creosote bushes
and set up mating territories on the bushes. They produce a loud clicking sound to attract
females. An experiment was set up with two creosote bushes similar in size and shape. A
calling male was placed on one of the bushes and the other bush was left empty. The
number of males aggregate on the bushes at 12 and 36 hours later is shown in Figure 1.
In another study, females exhibit a strong preference for bushes with multiple calling

males.
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Figure: Number of settling males observed on bush with a calling male (black bars) and
bush without calling male (white bars) 12 hrs and 36 hrs after release in plot. (Muller KL

(1998) Animal Behaviour, 1998, 56, 479-485.)



Which of the following statement(s) is/are NOT a reasonable explanation of the above
results?

(1) There are more males aggregated on the bush with a calling male than the bush
without a calling male. It is because more males can attract more females

(2) Number of males on the bush with a calling male decreased with time because of
aggressive territorial interactions among males on the bushes

(3) Females are attracted to bush with more males because they enjoy a larger mate

choices and thus higher reproductive success

. (1) only

A

B. (1)and (2) only
C. (2)and (3) only
D

. All of the above
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Some animal species’ sex determination is not based on the presence of a Y chromosome.
Females have two X chromosomes and males have one. Meiosis in males can produce 0X
or 1X gametes. However, meiosis in female can produce gametes of 0X, 1X or 2X
chromosomes. Which of the following is/are the cause of 2X gamete produced by the

female?

(1) Two X chromosomes do not separate in meiosis | in the germ cells
(2) Two chromatids of a X chromosome do not separate in meiosis Il in the germ cells
(3) Two chromatids of a X chromosome do not separate during mitosis in gamete

precursor cells

(1) only
(1) and (2)
(2) and (3)

o0 ® »

All of the above



You are studying cancer formation in mice and a genetic regulatory process was identified.
Presence of nutrients would inhibit the expression of Gene 1. When nutrients are at low
levels, gene 1 is active and its product can inhibit the activities of gene 2. When gene 2 is

active, it will promote uncontrolled cell division and thus cause cancer.

You isolate a mutant strain of mice with a mutation at gene 1. These mutant mice

develop cancer as young adults. Which of the following statement(s) is/are correct?

(1) The mutation at gene 1 is a dominant mutation

(2) When gene 2 of this mutant mice is eliminated, the mice would not develop cancer
(3) If there is no nutrient provided to the mutant mice, it would not develop cancer

. (1) only

A

B. (2)only
C. (1)and(2)only
D

. (1) and (3) only



In a lab experiment with a diploid plant species, you cross a purebred wrinkled, yellow-
seeded plant with a purebred round, green-seeded plant. Round shape is recessive to
wrinkled seed, and yellow color is recessive to green color. The two genes are not linked.
When the F1 generation plants are crossed with each other, which of the following

numbers are most likely to the result of this cross.

22 round, yellow; 26 round, green; 28 wrinkled, yellow, 24 wrinkled, green
90 round, yellow; 32 round, green; 30 wrinkled, yellow, 9 wrinkled, green

11 round, yellow; 26 round, green; 27 wrinkled, yellow, 87 wrinkled, green

o0 ® p

64 round, yellow; 26 round, green; 27 wrinkled, yellow, 27 wrinkled, green

Lactase expression normally diminishes from 2 years of age. At around 12 years of age,
most people stop producing lactase and they become lactose intolerant. They cannot
comfortably digest dairy products that contain lactose. However, some people continue
to express lactase in adulthood — lactase persistent. It is linked to a dominant mutation of

the lactase gene.

Which of the following statement(s) is/are correct?

(1) A lactase persistent person can be homozygous or heterozygous

(2) The mutation leading to lactase persistence deletes one nucleotide in the coding
region of the lactase gene

(3) The mutation leading to lactase persistence replaces one nucleotide with another in
the regulatory region of the lactase gene, leading to a functional regulatory protein

for the expression of lactase gene

A. (1) only
B. (2)only
C. (1)and(2)only
D. (1) and (3) only



Mean life span is often positively correlated with the mean body weight of an animal.
Parrots are a group of birds with exceptionally long life compared to the other birds of the
same weight, and they have high cognitive function too. Gene T showed strongest
selective pressure in these long living birds. Ectopic expression of Gene T in rodent
increases life span by as much as 40%, but there is no observable change to the cognitive
function. Base on the information given, which of the following statement(s) concerning

Gene T in rodents is/are correct?

(1) Gene Tis sufficient to extend life span

(2) Gene T is necessary to extend life span

(3) Gene Tis insufficient to increase cognitive function
(4) Gene T is unnecessary to increase cognitive function

(5) Gene T’s role on life span and cognitive function is not concluded

A. (1)and (3)
B. (1)and (5)
C. (2)and(3)
D. (2)and (4)
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There are 3 distinctive plumage variations of cockatiel. True-breeding of grey crosses with
true-breeding of yellow yield 100% pearl. When pearl crosses with pearl yield 25% grey,
25% yellow and 50% pearl. Regarding the top of head, no bald spot is dominant to the

presence of a bald spot in Mendelian fashion.

Cross 1: A female yellow cockatiel with a bald spot x a male of unknown phenotype yield
25% yellow with bald spot
25% yellow with no bald spot
25% pearl with bald spot
25% pearl with no bald spot

Determine the genotypes of both parents in cross 1.
Gene symbols:

Y = yellow; G = grey; B = dominant allele in baldness; b = recessive allele in baldness

YGBb x YYBB
YGbb x YGBb
YYBb x GGbb

o0 ® >

YYbb x YGBb



10. In strawberry, the achenes are actually the true fruits. The fleshy tissue is a swollen
receptacle whose enlargement is regulated by plant hormones. In the figure below, a
normal strawberry (A), a strawberry with achenes removed (B), and a strawberry with

achenes removed and then sprayed with auxins are shown.

A Normal fruit B Achenes C Achenes removed;
sprayed with auxin

removed

Swollen
receptacle< §

Achene

(Adapted from “Plant Physiology 4t edition” by Taiz and Zeiger 2006, Sinauer Associates, Inc.,
Fig. 19.39, p.500)

With reference to the figure above, which of the following statement(s) is/are correct?
(1) A swollen receptacle produces auxin which is required for achene formation
(2) Achenes produce auxin which is required for receptacle enlargement

(3) Auxin alone can replace the role of achene in receptacle enlargement completely

(1) only
(2) only
(2) and (3) only

o 0o ® »

All of the above



11.

10

In photosynthesis, carbon dioxide is converted to carbohydrates in plants using light as
the energy source. For most plants, carbon dioxide is collected during daytime when
sunlight is available. Interestingly, plants growing in the desert collect carbon dioxide
during the night instead. Which of the following statement(s) about desert plants is/are

likely to be true?

(1) Desert plants have evolved to synthesize carbohydrates in the dark
(2) Carbon dioxide collected at night is stored until daytime for carbohydrate synthesis
(3) Carbon dioxide is not collected during daytime to avoid dehydration

. (1) only

A

B. (2) only
C. (3)only
D

. (2)and (3) only
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12. Flowering is controlled by light and dark cycle. The two main photoperiodic response

categories are short-day plants (SDP) and light-day plants (LDP). The effects of different

light/dark treatments on flowering of SDP and FDP are shown below.

- Lighting treatment Flowering response

~ Light Darkness SDP LDP

Vegetative

Vegetative

(Adapted from “Plant Physiology 4t edition” by Taiz and Zeiger 2006, Sinauer Associates,

Inc., Fig. 25.198, p.651)

Based on the results, what is the most critical factor for flowering in both SDP and LDP?

o0 ® »

Length of light period

Length of dark period

Length of light + dark periods
Number of light period in 24 h
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Q13 - 14. Below is a phylogeny and divergence time estimates for 15 butterfly species. The
phylogeny is constructed using 224 conserved, single copy genes. Error bars on nodes
indicate the 95% confidence interval for divergence time estimates. Bootstrap support

values for nodes are given when <100.
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Figure from Backstrom et al (2017) Rapid increase in genome size as a consequence
of transposable element hyperactivity in wood-white (Leptidea) butterflies. Genome

Biology and Evolution, 9: 2491-2505.



13.

14.

13
Based on the above phylogeny, which statement is false?

A. Papillo xuthus is the sister species (closest relative) of Papillo glaucus
B. The genus Leptidea is monophyletic (all having a common ancestor)
C. Manduca sexta diverged earlier than Melitaea cinxia

D. Bombyx mori and Lerema accius share a common ancestor

How can the divergence time between species be calculated?

A. DNA changes in a relatively clocklike manner
B. The mutation rate is the same across all species
C. We have fossil evidence of all living species

D. Mutations almost never occur



Q15 -

Repeat content (%)

14

16. DNA is highly repetitive. The graph below illustrates the relationship between genome

size and repeated DNA content in the same 15 butterfly species.
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Figure from Backstrom et al (2017) Rapid increase in genome size as a consequence
of transposable element hyperactivity in wood-white (Leptidea) butterflies. Genome

Biology and Evolution, 9: 2491-2505.
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16.

15
What is the relationship between genome size and repeat content as shown in the graph?

A. Cannot determine
B. No relationship
C. Positive correlation

D. Negative correlation

When comparing two species with different genome size, the species with the larger

genome size tends to have

(1) more DNA
(2) more genes

(3) larger nuclei

(1) only
(2) only
(1) and (3) only

O 0w »

All of the above
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Q17 - 19. A student dissects a clam and finds a jelly-like structure. He wants to know if the
structure contains some enzymes that can digest starch. The jelly-like structure is
crushed inside a mortar with cool seawater. The extract solution is then mixed with
starch solution in 10 cavities of a spotting tile. For every two minutes, a drop of iodine
solution is added to one cavity and the colour is recorded (B = blue black; R = red/

brown; C = clear/ yellow):

Time (min) 0 2 4 6 8 10 12 14 16 18

Jelly-like structure + | B B B R R R R C C C

starch

17. Which of the following is important in giving valid results of the experiment?
(1) The volume of extract solution is the same in each cavity
(2) The volume of starch solution is the same in each cavity

(3) The volume of iodine solution added to each cavity is the same

A. (1) only

B. (1) and (2) only
C.(2) and (3) only
D. All of the above

18. Which of the following conclusion(s) can be made based on the results?
(1) The jelly structure contains starch digesting substances
(2) The digestion of starch was completed within 12-14 minutes

(3) The activity of the substances in the jelly structure is highest in cool seawater

A. (1) only

B. (1) and (2) only
C.(2) and (3) only
D. All of the above
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19. Another student repeats the experiment with another clam. Below are the results:

Time (min) 0 2 4 6 8 10 12 14 16 18

Jelly-like structure + | B B B B B B B R R R

starch

Which of the following statement(s) is/are the appropriate explanations of the differences

between the results of the first and second experiments?

(1)  The jelly structure of the second clam contains higher amount of starch digesting
substances
(2) More seawater was added for extraction in the second experiment

(3)  Less starch solution was added in the second experiment

. (1) only

A

B. (2)only
C. (1) and (2) only
D

. All of the above
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21.

18

EPO is a hormone synthesized in the kidney, which is responsible for stimulating red blood
cell production. EPO production is regulated by oxygen levels through a transcription
factor HIF in the kidney cells. EPO can be used to treat severe anemia. Some athletes

illegally take EPO to enhance their performance.

According to the above passage, which of the following pathways is correct?

low oxygen level> more EPO >more HIF = more RBC
low oxygen level = more HIF = more EPO - more RBC
high oxygen level = less EPO > less HIF = less RBC

o0 ® »

high oxygen level = more HIF - less EPO > less RBC

Which of the following is/are the likely consequence(s) of taking external EPO to enhance

performance by athletes?

(1) The blood has greater oxygen carrying capacity
(2) Thereis iron deficiency in blood
(3) The blood becomes more viscous and clot more easily

(4) The vital capacity of the athletes will increase

A. (1) only

B. (1) and (2) only

C. (1), (3) and (4) only
D. (1), (2) and (3) only
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Q22 - 23. A 28-year-old female runner died in the Boston Marathon in 2002 from hyponatremic

22.

encephalopathy - brain damages caused by low sodium concentration in blood. Her brain

swelled due to excessive water entry.

In human body, the blood osmolarity is maintained by a hormone called anti-diuretic
hormone (ADH), which increases water reabsorption at kidney and produces hypertonic

urine. ADH secretion is found higher in the days close to ovulation of woman.

Which of the following is/are the likely explanation(s) for the female marathon runner

to develop hyponatremic encephalopathy?

(1) She was close to her mid-menstrual cycle and had higher levels of ADH
(2) She drank too much water
(3) The weather is too hot

(4) She had eaten too much salt

A. (1) only

B. (1) and (2) only

C. (1), (2) and (3) only
D. All of the above



23.
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Why does a low sodium concentration in blood lead to excessive entry of water into brain?

(1) The osmolarity of blood is lower than that of the brain cells, causing osmotic intake of
water
(2) More sodium ions diffuse from brain cells into blood

(3) Low blood osmolarity decreases ADH secretion

A. (1) only

B. (1) and (2) only
C. (1) and (3) only
D. All of the above
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Q24 - 26. Human immune deficiency virus (HIV) is responsible for over 2 million deaths each year

worldwide. HIV is a RNA virus that undergoes reverse transcription from RNA to DNA

inside the infected CD4+ T cells.

Reverse Transcription

Reverse
Transcriptase

CD4 Cell Nucleus

The current approach to treat HIV infections includes 3-4 antiretroviral drugs. These drugs
have two different actions. One type of drugs mimics nucleic acids and terminate DNA
chain elongation during reverse transcription. Another type of drugs binds to a non-active

site of the reverse transcriptase that interferes with transcription.

As a student set up an experiment examining three anti-retroviral drugs (drugs A, B, and
C). He cultured recombinant CD4+ T cells (one of the major targets of HIV) and infect them
with HIV. He then added into the cultures one of the three antiretroviral drugs (A, B, C)
and one plain culture as control. After 24 hours, he measured the levels of viral RNA and
reverse transcriptase activity and compared them with the control group. The results are

shown below:
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Viral RNA concentration (as | Reverse transcriptase activity (as

compared with the control | compared with the control group)

group)
Drug A Reduce No change
Drug B Reduce No change
Drug C Reduce Reduce

24,

25.

What is/are the mechanism(s) of the action of the three drugs as inferred from the results?
(1) Drug A mimics the nucleotide
(2) Drug B inactivates the reverse transcriptase

(3) Drug Cinactivates the reverse transcriptase

A. (1) only

B. (1) and (2) only
C. (1) and (3) only
D. All of the above

If one of the drug mimics the nucleotide adenine to terminate the addition of further
nucleotides to the nascent DNA strand, with which base of the viral RNA would the drug

pair with in reverse transcription?

A. Thymine
B. Guanine
C. Uracil

D. Cytosine
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Given the results of the experiment, what is/are the difference(s) between drug A and

drug Cin their actions on reverse transcriptase?

(1) Drug A will compete with the substrate(nucleotides) to bind to the active sites of
reverse transcriptase, but drug C will not

(2) Drug C will alter the shape of the active site of reverse transcriptase, but drug A will
not

(3) Drug C will denature reverse transcriptase, but drug A will not

A. (1) only

B. (1) and (2) only
C. (1) and (3) only
D. All of the above
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27. Rods and cones are two distinct cell types in the retina. Rods are mainly responsible for
vision at dim light, while cones are for colour vision. The figure below shows the

distribution of rods and cones across the yellow spot and blind spot (optic disc).
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Fig. 20. Graph to show rod and cone densities along the horizontal meridian.

Yellow spot

Which of the following can be correctly inferred from the figure?

(1) In dim light, we see less clear at the centre than at the periphery
(2) We see nothing when light falls on optic disc

(3) The most colourful vision is at the centre of our visual field in day time

A. (1) only

B. (1) and (2) only
C. (2) and (3) only
D. All of the above
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28. An experiment was conducted to investigate the survival rate of fruit flies after fungal and

bacterial infections. Fruit flies were subject to one of the following three treatments:

e prickled at the abdomen with a clean needle (Figure A)

e prickled with a needle dipped into a concentrated solution of spores of the fungus
Aspergillus fumigatus (Figure B)

e prickled with a needle dipped into a concentrated solution of the bacteria

Escherichia coli (Figure C)

Four types of fruit flies were investigated: wildtype flies, flies with mutations in Gene A,
flies with mutations in Gene B and flies with mutations in both Genes A and B. The

survival rate of these insects was followed over a 6-day period at 29° C.

(Adapted from Lemaitre, B., Nicolas, E., Michaut, L., Reichhart, J. M., & Hoffmann, J. A.
(1996). The dorsoventral regulatory gene cassette spatzle/Toll/cactus controls the

potent antifungal response in Drosophila adults. Cell, 86(6), 973-983.)

—o— Wildtype

—e— Gene A mutated

—=—  Gene B mutated
—&— Genes A & B mutated 20)

% 1 2 3 m s ; 0 1 z 3 0 5 6

Time after prickling (days) Time after prickling (days) Time after prickling (days)
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Which of the following statement(s) is/are consistent with the data above?

(1) Gene Ais essential for the survival of fruit flies after both bacterial and fungal infection

(2) Gene A is essential for the survival of fruit flies after bacterial infections

(3) Survival after fungal or bacterial infection requires the activities of both genes A and
B in fruit flies

(4) Fungal infection is more deadly to fruit flies than bacterial infection

A. (1) and (2) only
B. (2) and (4) only
C.(3)and (4) only
D. (1), (2) and (4) only
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The following figure is from one of the earliest studies on the effect of radioactive
irradiation on cells. The element used in this experiment is 226-Radium, which produces
alpha irradiation. In a tissue culture of chick choroid, the number of cells undergoing

mitosis was counted before, during and after exposure to radium.

(Adapted from Canti, R. G. (1929). Biological effects of radium irradiation. Acta
radiologica, 10(4), 320-331).
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Fig. I. Graph showing the cessation and the retarn of mitosis in a tissue calture of chick choroid
irradiated with 100 mg. of radium element filtered with 0.5 mm. of platinum at a distance of
1.4 ¢cm. The thin line soperposed shows the nmmber of cells in' mitesis in an unirradiated
coltore of the same age. '

Which of the following statement(s) is/are consistent with the data above?

(1) Radium irradiation kills all the cells at hour 6
(2) The effect of radium irradiation on mitosis is highest after 2 hours of exposure

(3) Some cells can recover from the effect of radium irradiation

A. (1) only
B. (3) only
C.(2)and (3) only
D. All of the above
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30. p53is a protein that can suppress tumour cells. It is produced in response to cellular stress.
The following figure shows the concentration p53 in human breast cancer cells after
exposure to gamma or UV irradiation. The intensity of the bands in the figure represents

the relative concentration of the protein at the specified time point.

(Adapted from Purvis, J. E., Karhohs, K. W., Mock, C., Batchelor, E., Loewer, A., & Lahav,
G. (2012). p53 dynamics control cell fate. Science, 336(6087), 1440-1444).
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04 . . 0+

time (h) 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20

Which of the following statement(s) is/are consistent with the data above?

(1) UV irradiation can activate a more sustained, higher levels of p53 than gamma
irradiation in breast cancer cells
(2) After gamma irradiation, the amount of p53 protein oscillates every 6-7 hours

(3) p53 protein is not detectable in unirradiated human breast cancer cells

A. (1) and (3) only
B. (1) and (2) only
C.(2) and (3) only
D. All of the above
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The following figure shows the effect of the activation of the gene Rho and the
chemotherapy drug Cisplatin on the stiffness of human ovarian cancer cells (how hard the

cells are).

(Adapted from Sharma, S., Santiskulvong, C., Rao, J., Gimzewski, J. K., & Dorigo, O.
(2014). The role of Rho GTPase in cell stiffness and cisplatin resistance in ovarian cancer

cells. Integrative Biology, 6(6), 611-617).
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Which of the following statement(s) is/are consistent with the data above?
(1) Cisplatin makes ovarian cancer cells softer

(2) Rho gene makes ovarian cancer cells softer

(3) The effect of cisplatin is not dependent on the activation of gene Rho

(4) Doubling the concentration of cisplatin does not greatly increase its effect

A. (1) only

B. (2) only

C. (1) and (4) only

D. (1), (3) and (4) only
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The following figures show two flasks of mouse fibroblast cells with different cell density
(dense and sparse, Fig a). The expression of p53, a protein that can suppress tumour cells,
in cells in these two flasks was measured. The measurement was repeated after the cells
were treated with a chemotherapy drug called Cisplatin (Fig b). The number of dead cells

in each flask after Cisplatin treatment was also measured (Fig c).

(Adapted from Bar, J., Cohen-Noyman, E., Geiger, B., & Oren, M. (2004). Attenuation of
the p53 response to DNA damage by high cell density. Oncogene, 23(12), 2128).
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Which of the following statement(s) is/are consistent with the data above?
(1) The concentration of p53 protein in mouse fibroblast cells is induced by Cisplatin
(2) The concentration of p53 protein is correlated with Cisplatin-induced cell death

(3) The effect of cisplatin on concentration of p53 is much greater in higher cell density

A. (1) only

B. (1) and (2) only
C.(2) and (3) only
D. All of the above

The graph below illustrates the change in concentrations of product ([P]), free enzyme

([E]0O), enzyme-substrate complex ([ES]), and substrate ([S]) in an enzymatic reaction.
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Indicate which of the following is/are correct?

(1) At time point A, rate of product production is limited by the concentration of enzyme

(2) The rate of product production before time point A depends on the amount of
activation energy required for the reaction to happen

(3) If additional substrate is added at time point C, the lines of product ([P]), free
enzyme ([E]0), and enzyme-substrate complex ([ES]) would all go upward

(4) The length of time for [ES] to remain level (between time point A and B) depends on

the initial concentration of substrate

. (1) only

A

B. (2)and (3)only

C. (1), (2) and (4) only
D

. All of the above

Glycolysis is a fundamental cellular process involved in the generation of energy for
supporting cellular activities. During glycolysis, some of the energy stored in the six-carbon
sugar molecule is used to drive the synthesis of ATP from ADP. In addition, NADH is

generated from NAD+ in glycolysis.

Indicate which of the following is/are correct?
(1) Glycolysis can proceed in the absence of oxygen
(2) Glycolytic reactions include an oxidative reaction

(3) Regeneration of NAD+ from NADH is essential for the continuation of glycolysis
. (1) only

A

B. (1) and (2) only
C. (2)and (3)only
D

. All of the above
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The Ames test is a useful mutagenicity test used to assess the carcinogenic potential of
chemical compounds. In this method, a histidine-dependent Salmonella strain is used.
These bacterial strains can grow only if the medium contains the amino acid histidine
because some of the genes responsible for the synthesis of histidine have mutated. The
bacterial cells were treated with the compound to be tested in the rat liver extract. After
incubation, the bacteria were spread on an agar plate that did not contain histidine. Plates
were kept at 37 °C for 2 days, and bacterial colonies appearing on them were counted. A

control setup was made using bacteria not treated with a compound.

Indicate which of the following is/are correct?

(1) None or very few colonies should appear in the control plates

(2) When many bacterial colonies appear on the plates after the treatment of a
compound, it indicates that this compound has ‘corrected’ the mutated genes of the
bacteria so that they regain the ability to synthesize histidine

(3) Compounds proven to be mutagenic by the Ames test must be carcinogenic to

humans

(1) only
(1) and (2) only
(2) and (3) only

o0 ® p

All of the above
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Restriction endonucleases are enzymes which cut DNA at specific sequences. Two samples
of DNA (sample 1 and sample 2) that have the same DNA sequence and length (18 kb)
were cut using three different restriction enzymes simultaneously. Each DNA sample has
one recognition sequence for each of the three enzymes. When the digested samples

were run on an agarose gel, the following pattern was obtained.

Sample 1 Sample 2

Sample loading wells — | I |
— Okb ) . . i
Direction of migration

— Tkb

— — 6kb

— — 3kb
— 2kb

A J

Indicate which of the following is/are correct?

(1) Sample 2 was contaminated by other DNA

(2) Sample 1 was circular DNA while sample 2 was linear DNA

(3) The 9 kb DNA fragments of sample 1 consisted of the 7 kb and 2 kb fragments of
sample 2

(4) Sample 2 had a higher concentration of DNA than sample 1

. (1) only

A

B. (2)and (3) only

C. (1), (2) and (4) only
D

. All of the above
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DNA replication can be studied using radioactive nucleotides. The cells undergo first
mitosis in the presence of radioactive nucleotides and then the second mitosis in non-
radioactive nucleotides. The photograph below shows the chromosomes of the cells after

two cycles of mitosis. The dark regions indicate radioactivity.

IR
A

v

Source: Murray RK, Bender DA, Botham KM, Kennelly PJ, Rodwell VW, Weil PA: Harper’s
Illustrated Biochemistry, 29th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Indicate which of the following is/are correct?

(1) The results show that DNA replication is semi-conservative
(2) If DNA replication were conservative, only half of the chromosomes would show
radioactivity

(3) The sections indicated by the arrows in the photograph are the result of crossing over
(1) only

A

B. (1) and (2) only
C. (2)and (3)only
D

. All of the above
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Q38 - 39. The chart below shows the pedigree of a trait with 100% penetrance. Penetrance is the

38.

proportion of individuals with an allele who express the trait of that allele.

O 1=

:T_ZJ+| Ll ijﬁﬁ) =11
D B COOmen

T._-- ( a [ N
me [ vV

- unaffected female 23 4 5

- affected female

- unaffected male

- affected male

HL®O

Indicate which of the following is/are correct?

(1) This trait must not be Y-linked
(2) The genotype of the mother of V3 is heterozygous carrier
(3) If individual V2 marries a homozygous normal person, the probability that their first

child will be a carrier is 50%

(1) only
(1) and (2) only
(2) and (3) only

o0 ® p

All of the above
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Indicate which of the following is/are correct?

(1) Change in an individual over time is evolution
(2) If no variation is present in a population, evolution can still occur
(3) Genetic drift is a mechanism of evolution

(4) Evolution results in perfect species
. (1) and (4) only

A

B. (2)only
C. (3)only
D

. (2)and (3) only

37
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In a butterfly species, the wing colour is determined by a locus with three alleles: C (black
wings) > cg (grey wings) > ¢ (white wings). In a survey of a large population living in Area 1
(Population 1), the following allelic frequencies were obtained: C=0.5, cg=0.4, and c=0.1.
A small group of butterflies flies to Area 2 and starts a new population (Population 2).
After several generations, a large randomly mating population has the following

phenotypic frequencies: black wings (0.0), grey wings (0.75), and white wings (0.25).

Indicate which of the following is/are correct?

(1) In population 1, if the butterflies continue to mate randomly, the frequency of black-
winged individuals will be 0.25

(2) If population 1 consists of 6,500 butterflies, the number of individuals with grey wings
will be 1,560

(3) The change in allelic frequencies in Population 2, as compared to population 1, is an

example of the bottleneck effect

. (2) only

A

B. (1) and (2) only
C. (2)and (3)only
D

. All of the above
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The feather of domestic fowl, hen- or cock-feather, is controlled by a gene with two alleles,
H (hen) and h (cock). The combination of different alleles in the female and male fowl and
their phenotype are shown in the table below. However, when the male fowl with hh is

castrated (removal of testes), its feather becomes hen-like.

Genotype Phenotype
Female Male
HH Hen-feather Hen-feather
Hh Hen-feather Hen-feather
hh Hen-feather Cock-feather

Indicate which of the following is/are correct?

(1) Allele H is dominant over h

(2) Allele h expresses in male fowl but not in the females

(3) The expression of h is related to the male sex hormones of the male fowl

. (2) only

A

B. (1) and (2) only
C. (2)and (3)only
D

. All of the above
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42. The following diagram shows the relationship between two plant species, R and M, in
south-eastern Spain, which is a semi-arid region. R is a shrub while M is a herb growing

underneath the canopy of R.

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.
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Indicate which of the following is/are correct?

(1) M benefits from the relationship more than R benefits

(2) To obtain the above data, two R plants, one is growing with M while another one is
not, are compared

(3) When M is growing underneath R, the soil is likely to hold more water and has faster

litter decomposition
. (1) only

A

B. (1) and (3) only
C. (2)and (3) only
D

. All of the above
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43, Cattle egrets usually feed with cows. The table below shows the feeding efficiency of the

egret with and without cow.

With cow | alone
Number of steps made by egret/capture of prey 13.7 76.5
Captures of prey/minute 2.0 0.6

Indicate which of the following is/are correct?

From Grubb, T. (1976).

(1) When feeding with cows, the egret captures more prey within a period of time than

when feeding alone

(2) When feeding alone, the egret needs to use more energy to obtain the same number

of prey

(3) The efficiency ratio (humber of steps per capture per minute) with cow is about 20

times greater than that without cow

A. (1) only

B. (3)only

C. (2)and(3)only
D

. All of the above
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44, The graph below shows egg production at different population densities of the barnacle

(Semibalanus balanoides) at three rates of water flow.

Fast flow

E E__

R

ngE

EE= :

= F Medium flow
2-E

egk

%ﬂ Slow flow

0 5 10 15
Individuals per cm?

Indicate which of the following is/are correct?

(1) The higher the population density, the more eggs are produced
(2) The effect of water flow on egg production is independent of the population density

(3) Faster water flow can increase egg production

(1) only
(3) only
(2) and (3) only

o 0o = »

All of the above
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After fiddler crabs take up nutrients from the sediment, they give out small sand balls
(pellets) around their burrows. Three male crabs, X, Y and Z, deposit pellets in different
patterns as shown below. A study was conducted to test the hypothesis that the patterns
of pellets are related to the mating success of the male crab by showing a crab’s strength.

Crab Y was observed to mate most frequently.

Burrow

antmncaﬁ"":o pellets

X Small

Y Large
pel Iats\ O

O.l.r r" \'. g, / o 0' -o
«0 0/ ! 0
° .8’0 o %O: , © O:O e
l. [ o D ® ™
oe # .
¥e o oy oo"
*eed® &
_____ * .-...-......}

Maximumdistance to pellet  Minimumdistance to pellet

Indicate which of the following is/are correct?

(1) The observation is consistent with the hypothesis
(2) According to the hypothesis, it is predicted that crab Z will attract least females
(3) Further studies with more crabs may give more support to the hypothesis, but the

hypothesis can never be proved to be absolutely true

(1) only
(2) only
(2) and (3) only

°o 0w >

All of the above
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An experiment studied the development of poison in a species of poisonous fish. The eggs
and sperm were harvested from a wild population and in vitro fertilization carried out.
The resulting embryos were then hatched and grown in an indoor tank containing artificial

seawater. It was found that the fish never became poisonous.

In a later experiment, young fish grown in this tank were divided into two groups and
placed in separate tanks in a bay where they were exposed to real seawater. Tank A had
a horizontal net that prevented the fish from reaching the sea bottom, while Tank B had
no horizontal net. Subsequently, no poison was detected from the fish cultured in Tank

A, but poison was found in fish from Tank B.

Indicate which of the following is/are correct?

(1) Development of poison in the fish requires natural seawater
(2) The poison of the fish comes from the bottom of the sea

(3) Development of poison in the fish is wholly controlled by genes

(1) only
(2) only
(2) and (3) only

o0 ® p

All of the above
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Q47 - 48. There are two theories about how water is transported in plants: root pressure and

47.

cohesion-tension theory. Root pressure is the positive pressure built up by active
transport of salts and sugar into xylem vessels at root, which pushes the xylem water
upward. Cohesion-tension theory explains the ascent of water in xylem by transpiration

pull, a pulling force created by transpiration at leaves.

Which of the following can be considered evidence objecting to root pressure as the ONLY

mechanism of water transport in plants?

(1) Root pressure is not found in all plants. For tall trees, the pressure found are not
strong enough to push the water up to the tree top

(2) Root pressure is absent or reduced when the plant is actively transpiring, e.g. dry and
sunny days

(3) Water can still rise upward in the absence of root

(4) Water comes out at cut surface of stem — exudation
. (1) and (2) only

A

B. (1), (2) and (3) only
C. (1), (3)and (4) only
D

. All of the above



48.

47

Which of the following can be considered evidence supporting the cohesion-tension

theory?

(1) Rate of water transport in plants is closely in line with the rate of transpiration

(2) The tension found inside xylem is strong enough to pull water up to the top of the
tallest trees

(3) Tree trunks contract during the day and expand at night (hint: the diameter of the

xylem vessels will change with the pressure inside)
. (1) only

A

B. (1)and (2) only
C. (2)and (3) only
D

. All of the above
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49, Below is a section of a leaf.

Upper Epidermis
Palisade Mesophyll Cell —— B
A
Spongy Mesophyll Cell Xylem Vessel
Sieve Tube Element

Intercellular Air Space

Guard Cell Stoma

https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-

of-chloroplast-in-palisade-mesophyll-cell/

According to the cohesion-tension theory, which of the following can be predicted?

(1) Water potential of xylem vessels is lower than that of cell B
(2) Water potential of cell A is higher than that of cell B

(3) A continual evaporation of water at the surface of the mesophyll cells

(1) only
(1) and (2) only
(2) and (3) only

o0 ® »

All of the above


https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-of-chloroplast-in-palisade-mesophyll-cell/
https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-of-chloroplast-in-palisade-mesophyll-cell/
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The photomicrographs below show the transverse sections of maize roots kept under (A)
normal condition and (B) under 72 hours of flooding. Lacuna are created by death of the
cortical cells (between endodermis and hypodermis) to form columnar intracellular spaces

in the submerged roots.

Lacuna Endodermis Hypodermis

Endodermis Hypodermis

(Adapted from “Biochemistry & Molecular Biology of Plants” by Buchanan, Gruissem,

and Jones 2000, American Society of Plant Biologists, Fig. 22.18, p.1179)

Which of the following functions of lacuna formation in maize root after flooding is

likely to be true?

To enhance the absorption of water to aerial structure
To protect submerged roots from pathogen attack

To facilitate oxygen transport from aerial structure to submerged roots

O 0w »

To make the root float in water

====End of the Contest====
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Illustrated Biochemistry, 29th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

DL URIE 2 1A 2

(1) 4553 DNA 2 A IR HyE

(2) MIRAESL DNA Z2irEHY - HA PR d HH s
(3) AHFA FPHATREN T A Ol O REEER

HAE®O

AE OO
HAE @ M)
LIESZ

o 0w »



81

38.  TEBRA 100%5 MR R £ o INEERIE A 4 S AL AR AR (E

AzELpl -
O B e B
OO mOO I
o0 M CHOOmC™
1 T e |
p— MO CEMOMNNwV
. CHOAH v
O :unaffected female 1 23 4.5
@ :affected female| == s ypa
[0 : unaffected mal
Bl : affected male 1 B

BN

DU OIS 2 [ 2

() BRI ERL Y Juta B R

(2) V3 RESRVE R RS &

(3) V2 ERSIRIE R @i T4 - MM — % T2 S ErRE 50%

HAE®O

HA O M Q)
A Q) A 3)
LIEEE

o a0 w >



39.

DU URTARE Y L 1 2

(1) AL (A e Ay A

(2) BIfE—(E R AV EES 2 A 25 - IR DA #E(E
(3) B {EER R (b

4) #AbEL5e =Y

HAE M M@
HAE Q)
HE Q)
HAE @ M)

o N w

82



40.

83

— TR AR LB — (B A TRy = (B A -

C (B ddlips)>cg (R EdliBs)>c(H Eips) -

—EfZ EAEREE 1 BYREREERIGGETREE D) - (S 2IPL NS AN RIR IR
C=0.5 > cg=0.4 > ¢=0.1 = —/NEFWAERIREIHEIE 2 WHHIG—(EHTRERREE 2) > A2
& > —EREVREEREACECIR A LU N RIARIAVARR - B Eillps0.0) - IRl
(0.75) - HEHHEE0.25)

DN =i

(1) fERRE 1 > ARSI EIE AT - B OIS R &2 0.25
(2) WIEERE 1 A 6500 Bl - HABsHIEEZ 1560

(3) BRIGREE 1 EERC - JiREF 2 BN HIRAPRRUE - SRSAUERIET

HE Q)

HAE O Q)
HAE @ M)
I ESE

o a0 w x>



41.

84

FKEHIPIE - BIANERESAHEPIE - 22— (AR R (E AR > HORED AT h(s

#p) o MMM S T E S B RV SR MR R IR AAE N B - A
MREHREIFEIRFZN) - PEGEREHPIE

& hh fif

N RIRT
;33 e
HH RHEETIE BEEPIE
Hh REEETIE BEEPIE
hh BHEETIE NEELIE

PUNE— T2 IR 2

(1) FArER H A% h 258
(2) FEN h FEEES SR - NS SRR
(3) h HYFREEEL M &5 BRI A

o 0w »

HEQ

HAE O Q)
HAE @ M)
I ESE



42.

B P A AR p E R (EAE VIR AR (> PRI R e EE R R - R R M

& ERAL R BfE PHYEATEY) -

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or

distribution without the prior written consent of McGraw-Hill Education.

Retama (R) Marrubium (M)
30 1.0
—~ . _
=) =2
o 204 ® »
19} ) 1%}
e o e e o -05 &
ERE=R E £
s 104 <) ©
(0] [}
- D |
0= =0.0
20 100
o ? o
NE 154 - ® ® -75 NE
S j 2 S
© P ©
T () o [}
A AR = @
© ©
3 3
5 =
O

S 2
s | § 3
= 2 0.2+ -1 =
: &

Z 0-0 1 1 1 1 0

+M -M +R -R
Environment
DU WM 2 1A 2

(D) TEEERAAS > M EE R S EE ZF] 2
2) FHFE DL EBIRRELLEWAR R - —FHIR M —#EA4k - —HRA -
(3) & MAER THAR et G &R EZ/KINEEPEE VIR

HAE®O

HAE M M E)
HAEQMEO)
LIESZE

o 0w »



86

43, FEERERTEEER o FEBUER TN AR SHVERZCRAVENR -

HE BHEYE
BEEEFNEE / BYHNEE 13.7 76.5
WBYINEE | i 2.0 0.6
From Grubb, T. (1976).
DU FORERIER ?
() R E—RERNE S ILEEER T IE R H 2R
(2) BT arE ST LA 8 X EHUE IS ERRY)

(3) BEREPIEEr#EEFRYIFTRIERE - AFARCRIEFIEI2E 46 20 &

HAE O
HE Q)
HAE QR OG)
B

= o v >



44,

N E BRI A B R R A =R R N RYZEDN R -

Fast flow

2K

Medium flow

KR

egg production per unit
area of substratum
(arbitrary units)

Slow flow

P&kt

O Y

DU URIE & 1A 2

(1) REFE s - GO

(2) 7K e U H 5 R B R B s S )
(3) ZRFEPREZKOA AT LU I DN &

o 0 w @
il

10 15
Individuals per cm?

87



88

AR EIR R 28R - MFIEIRGERT N/ NDERGERL) - 2 NIE > =&
MEE X > Y 01 Z DIATER A MERL o BETHFe UG —(E G - B =\
PREEME R A BRI B/ NSRRI AR - B Y SRS R ARSI -

HIX /INFE KRR
Burrow X small Large
entrance . pellets . pellets\ .
O“. I' \Q.. 74 ..O' Oo
.o I' %o ’I dl
e o~ 0O o) ° .,'. O’o ®
200 oO/oo L4 $ o *
e ® S O,'@o e
®e® &
..... > cesescscecd
Maximumdistance to pellet  Minimumdistance to pellet

DU b— T2 AR 2

(1) BRERIR B

(2) MR B - AT TR Z 5 [/ D HIMENE

(3) FE BT MEVRENT I - ] BIREIR M E 2 50Fr  (BREE KB REGEE
e HAE

HAE®O

HE Q)

HAE QR OG)
PIEEE

.UOPUP



46.

89

—(EbTFeRE B SRR o (ERFAERERRON AR T T A2 5
HHIIEIRE =N A TR BRI - R EAERHEL -

ZRHTE BB K KRG B R AH > o3 Bl BAE BRI R (E K - FEE
PREIEHEK « 7K A B —RERAD] IE SRR - /Kt B A EERA - 2
"okt A BRI ERMER - B BIETRAESEER -

BT WP 2 1A 2

(1) ABERAVHRERERARK
Q) VB ZREHIBK

(3) IRV AR

HAE O

HE Q)

A Q) A 3)
LALEEE

o 0w >



90

B 47 - 48, BRI K EREFERY) b R » RIS - - AR
A E B S R A S AR T IER ] » [ LR - P
B TR R E S K (PRSI LT A8 + H R SR e (e

47.

H -

BT WERE AT A B A A AR R T f2 AKAEAE ) h A i M — Al 2

(1) AREETASAERTAEYI P IE] - BFEs - B3R e DURZK R8T
(2) TEYIRIZENEIE SR COERZ NI RH ) - MR &g & N FE
(3) JRAMRE - AK{PRRES A ERE B

4) KAEEEER D) s Y - b7KAEH

HA O Q)
HA M), ) F1(3)
HA M), Q) F4)
PALEEE

o 0w >

DU IRAE m] SIEBA 2R S R N T 525 2

(1) TE P K ZRAR PRI 1 FH BRI R AT

(2) REEENHTHRST A e SR K i hir Bl s BB TH

(3) iR H U A ERR iR (Pern © NEEE I ES G A B g

HE®O

HA O Q)
HAE @ M)
LIESZE

oS N W »



49.

91

LU 2SR #Y)m -

EFR

Upper Epidermis

IR SE PATAHAE

Palisade Mesophyll Cell

A

USSR

Spongy Mesophyll Cell

ARz Z2

Intercellular Air Space

PRIEHIAE | Guard Cell Stoma | &7, -

https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-of-

chloroplast-in-palisade-mesophyll-cell/

RIS DEEER - DU UIREE A] PATEOH] 2
(1) NEFEAIKESEL4HA B 1

(2) 4HIHE A HYZKESEEAIRE B HYS

(3) FEEE AR mFr 283 K

HE O

AE OO
HAE @ M)
LIESZ

o 0w »


https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-of-chloroplast-in-palisade-mesophyll-cell/
https://biologyform4secondaryschoolofmalaysia.wordpress.com/2017/12/04/density-of-chloroplast-in-palisade-mesophyll-cell/

92

50. DU EEERIRENLAEA) IEH IR (B) 7Kg 72 /N Z 2 BRI S - 250

YA E AR (PR AT T B2 &g 2 ) S izl A2 7K s HIAR B PO AR A 4
FfEips -

Lacuna Endodermis Hypodermis

Endodermis Hypodermis

)= TR

(HLH “Biochemistry & Molecular Biology of Plants” by Buchanan, Gruissem, and Jones
2000, American Society of Plant Biologists, Fig. 22.18, p.1179)

UM B A AT RE R /KR IR SERAR S PR 22T A IEHEDRE 2

IR WK Oy B 22 5 T RS
PREGASZHIIRED - o R e He e

(ke i E 22 SR T I AL A A 2 U AR TS
CIRESFAEAK T

o a w x>



93

Answer Key

Answer

A
A

A

A

Question

10
11
12
13
14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29
30
31

32
33

34
35

36
37
38
39
40

41




42

43

44

45

46

47

48

49

50

OO0 | O |(w|O |

94

Updated on: 12" December 2019



