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From understanding to Chapter 1

independent answers

Guide Using the student and solutions books
This book introduces concepts through concrete examples and diagrams, then develops recognisable question types through

complete worked examples and focused practice. Read the relevant concept pages first, follow the starting point, reasoning
and answer of each example, then attempt the exercises independently. The Student Book contains all concept explanations
and complete worked examples. The Solutions Book adds answers and explanations for every exercise in exactly the same
order.
The four elective areas are Human Physiology: Regulation and Control, Applied Ecology, Microorganisms and Humans,
and Biotechnology. All Paper 2 questions are included. A whole Paper 2 question often spans several concepts. Each area
begins with complete examples and continues with exercises of related types; use the areas that you study. The sources are
the 20122025 papers, Sample Paper and Practice Paper: 64 whole questions. Different languages, scans and subparts of the
same question are not counted as additional questions. The compulsory and elective books contain 8§17 whole questions in
total. Stars describe the combination of knowledge and reasoning required by a whole question; they are not official HKEAA
difficulty or frequency ratings.
Questions, explanations, captions and labels in this edition are presented in English.
‘Describe’ asks you to state observed changes; ‘explain’ requires the mechanism; ‘according to the information’ limits your
conclusion to what the supplied evidence supports. Each question lists its year, paper and original number. Solutions also
identify the physical source-page numbers of the marking references used.
Source Whole questions
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

Sample Paper 4
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Practice Paper 4

This English edition uses the original English question papers for 2012-2024, the Sample Paper and the Practice Paper. The
2025 questions are English translations of the Chinese papers supplied with this collection; their diagrams, numerical data,

subparts and mark allocations are retained.
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Graphs, calculations and

Chapter 2

scientific investigations

Inquiry From observations to evidence-based conclusions
Key ideas

@

Bubbles appear when fresh liver is placed in hydrogen peroxide: this is an observation. A glowing splint relights in the
gas: this is another observation. Concluding that the gas is oxygen connects the test result with the fact that oxygen
supports combustion, so it is an inference.

Descriptions and explanations answer different questions. A description states what was seen or measured; an expla-
nation states why it happened. “The cell contents have pulled away from the cell wall” describes a visible change. “Water
moved out of the cell down a water potential gradient” explains it. When asked to describe, giving only a cause does
not answer the question.

The independent variable is the condition deliberately changed. The dependent variable is the measured result.
Controlled variables are other conditions kept as similar as possible for a fair comparison. When comparing full-fat and
semi-skimmed milk, milk type is the independent variable and indicator colour is the observed result. The milk volume,
lipase volume and temperature should be the same in both tubes.

A control does not always mean “leave out the enzyme”. The comparison must isolate the factor being tested. To test
whether hydrogen peroxide is the substrate, compare fresh tissue in hydrogen peroxide with the same fresh tissue in
water. To test the effect of heating the enzyme, compare fresh and boiled tissue in the same substrate solution.
Conclusions must stay within the evidence. Testing four tissues cannot establish the enzyme content of all animals and
plants. Different final colours do not, on their own, reveal initial reaction rates. When judging statements about a graph,

first identify what was actually measured.

A water absorbent above a leaf increases from 2.40 g to 2.49 g; one below increases from 2.43 g to 2.56 g. They absorb 0.09

g and 0.13 g respectively. Subtract each starting value before comparing changes. Subtracting only the final masses gives

0.07

g, which is not the difference in water loss from the two surfaces.

Check your understanding

1. Seeing a glowing splint relight is an identifying the gas as oxygen is an
2. In the comparison of two types of milk, the independent variable is , not the final colour.
Check answers:

1. Obgservation; inference. 2. Type of milk.

O How to recogunice the problem For “describe’] ‘explain’, ‘according to the graph’] ‘independent variable” or ‘control’ decide whether the answer

1)

requirec an obgervation, mechanicm, evidence or experimental design.

Key ideas

@

Suppose aquatic plants under two colours of light produce oxygen volumes differing by only 0.01 mL, while the
measuring instrument has an uncertainty of about 0.03 mL. The difference is smaller than the uncertainty in an
individual measurement. Different numerical readings alone do not establish that light colour affected photosynthesis.
Repeat the measurements, compare the spread of results and consider measurement precision.

If another comparison gives a difference of 1 mL, the same 0.03 mL uncertainty is much smaller relative to that differ-
ence. This still does not constitute a formal statistical test. Repeat results, variation between samples and experimental

design must also be considered.

'R
\,/



[Part I] Graphs, calculations and scientific investigations Inquiry From observations to evidence-based conclusions

®  Evaluate an error by asking whether it could affect this conclusion. When investigating water temperature and a fish’s
breathing frequency, warming may both increase metabolism and reduce dissolved oxygen. Measuring only temperature
and breathing frequency leaves dissolved oxygen as an alternative explanation. Measure or control it to separate the two
mechanisms.

@ A biotechnology investigation also begins with a question. For parentage testing with DNA fingerprints, establish which
bands must have come from the parents, then explain how restriction digestion, electrophoresis and comparison produce
interpretable evidence. PCR and electrophoresis are procedures used to obtain or analyse a sample, not themselves the

dependent variable.
Check your understanding
1. Two groups differ by 0.01 mL and the instrument uncertainty is about 0.03 mL. Do the unequal numbers alone establish
an effect?
2. A fish breathes faster after the water is warmed. Besides increased metabolism, what possible explanation should be
checked?

Check answers:
1. No. The difference ic emaller than the meacurement uncertainty; consider repeats, variation and measvrement error. 2. Discolved oxygen may have decreased,

ctimulating faster breathing. Meacure or control dicsolved oxygen.



Human physiology: regulation
and control

Chapter 3

Concept V.a Osmoregulation: from blood to urine
Key ideas

@

Exercising on a hot afternoon causes water loss in sweat. If that water is not replaced, solutes become relatively more
concentrated in the blood and blood water potential falls. The body needs to reduce further water loss; it cannot retrieve
sweat that has already left. The kidneys can retain more water and reduce urine volume. Regulating the body’s water
content to maintain relatively stable conditions around cells is called osmoregulation.

Water content must be regulated because water can cross cell membranes. If extracellular fluid has excessively high water
potential, net water entry can make cells swell. If its water potential is too low, net water loss can make them shrink.
Either extreme can impair normal cell activities. Homeostasis maintains a suitable range, not an absolutely identical
value every second.

Urine forms in the kidneys, passes through the ureters to the urinary bladder for temporary storage, and leaves through
the urethra. Blood enters through the renal artery and leaves through the renal vein. Urine and blood follow different
routes: urine does not travel to the bladder through the renal vein.

The nephron is the basic urine-forming unit. At its beginning, a capillary knot called the glomerulus is enclosed by
Bowman’s capsule; the renal tubule follows and leads into a collecting duct. Blood pressure in the glomerulus forces
some plasma water and small molecules into Bowman’s capsule. This is ultrafiltration, and the resulting fluid is
glomerular filtrate. Water, urea, glucose and some inorganic ions enter the filtrate, while blood cells and most plasma
proteins remain in the blood. Filtration depends on the permeability of the filtration barrier, not on whether a substance
is ‘useful” or ‘waste’. Glucose in normal filtrate is therefore not a kidney error.

As filtrate passes along the renal tubule, substances still required by the body return from the tubular lumen to the
blood. This is reabsorption. Normally, almost all filtered glucose is reabsorbed, together with much of the water and
appropriate amounts of inorganic ions. Transport proteins contribute to selective solute reabsorption; some processes
require energy from cellular metabolism. Water moves by osmosis down a water-potential gradient. When explaining
adaptations of tubular epithelial cells, state both the structural feature and the direction of transport it supports.
Comparing filtrate with final urine separates the two stages. Ultrafiltration first removes water and many small molecules
from the blood; reabsorption retrieves substances that are still needed. Final urine contains water, urea and excess ions.
Urea arises from the metabolism of nitrogen-containing substances, and its removal is excretion. Removal of undigested
food through the anus is egestion, a different process.

When water loss during exercise lowers blood water potential, receptors in the hypothalamus initiate regulation. Antid-
iuretic hormone (ADH) is made in the hypothalamus and released into the blood through the posterior pituitary. More
ADH increases water permeability in regions including the collecting ducts. Given the existing water-potential gradient
between the tubular fluid and surrounding tissue fluid, more water is reabsorbed into the blood. Urine volume decreases
and urine is usually more concentrated; blood water potential gradually rises. As the original deviation is reduced, the
stimulus for ADH release weakens. This is negative feedback.

After drinking more water, other conditions being similar, blood water potential may rise. ADH release falls, collecting

ducts become less permeable to water, and less water is reabsorbed. A larger volume of more dilute urine is produced.

@



[Part I - V] Human physiology: regulation and control Concept |.a Oomoregulation: from blood to urine

This response is opposite to that following water loss. ADH does not make the kidneys manufacture more water, and it
must not be confused with glucagon, which raises blood glucose.

® Dialysis uses an artificial membrane for exchange between blood and dialysis fluid. Small molecules such as urea can
cross, while blood cells and most plasma proteins are retained. A low urea concentration in dialysis fluid allows net
diffusion of urea out of the blood; replacing the fluid maintains the concentration difference. Glucose and relevant ion
concentrations are set appropriately to avoid excessive removal of substances normally required. A pressure difference
across the membrane can also remove excess water. Dialysis helps maintain the internal environment, but an artificial

membrane does not perform every reabsorptive and secretory function of a complete nephron.
Suppose filtrate in a nephron contains 100 relative units of water over a certain period. If 98 units are reabsorbed, 2 remain
in urine. If increased ADH raises reabsorption to 99 units, only 1 unit remains. This comparison explains why greater
reabsorption reduces urine volume; it does not assume that total glomerular filtration is identical under all conditions.

The nephron: distinguish blood, filtrate and the direction of reabsorption

Efferent arteriole Peritubular capillaries (schematic position)

Afferent arteriole

Reabsorption

GlomeéTrulus
Proximal tubule ,
Bowman's capsule Distal tubule
v Collecting-duct——i-
+—
Water,
More ADH
LOOp of H e Collecting duct more
permeable to water
Blood leaves

Urine flows to the renal pelvis

Process Direction Main result
. . Glomerular blood - Bowman's Water and many small molecules enter the
Ultrafiltration capsule filtrate
Tubule / collecting-duct lumen - Useful substances and required water

Reabsorption )\~ return to the blood

The nephron and capillary positions are simplified. Cells and most plasma proteins normally remain in the
blood.

Blue arrows follow filtrate within the tubule; the red pathway represents blood. Ultrafiltration moves substances from blood into Bowman’s

capsule, while reabsorption returns them from the lumen to blood. Do not reverse these directions.



[Part | - V] Human physiology: regulation and control Concept l.a Ocmorequlation: from blood to urine

Check your understanding

1. Movement of water and glucose from the glomerulus into Bowman’s capsule is return of glucose from the

renal tubule to blood is

2. After water loss, blood water potential usually , ADH release , and urine volume

3. Urine is stored temporarily in the and leaves the body through the
Check answers:

1. Ultrafiltration; reabsorption. 2. Falls; increases; decreases. 3. Urinary bladder; urethra.

How to recognice the problem Separate ultrafiltration from reabsorption when comparing blood, filtrate and urine. For water lose, drinking

or ADH graphs, trace blood water potentinl, ADH, water reabsorption and vrine changes in order.

Concept V.b Regulation of body temperature
Key ideas

@

After exercise, you sweat and often feel cooler when air moves over your skin. Much of the cooling comes from
evaporation. Sweat droplets remaining on the skin have not necessarily removed the same amount of heat by evaporation.
At the same air temperature, humid air can make evaporation more difficult and reduce its cooling effect.

Body temperature affects enzyme-catalysed reactions and cell activities, so heat production and heat loss must be
balanced. Temperature receptors in the skin and within the body supply information to regulatory centres. The hypo-
thalamus helps coordinate changes in blood vessels, sweat glands, muscles and other effectors.

When the body is too hot, skin arterioles dilate, allowing more blood through capillaries near the surface and bringing
more heat to the surface for loss. Sweat secretion increases, and evaporation removes heat. Do not describe capillaries as
actively constricting or dilating in place of the arterioles, which contain smooth muscle. Also distinguish vasodilation
from increased heat production.

In cold conditions, skin arterioles constrict, reducing blood flow near the surface and heat loss. Shivering increases
skeletal-muscle metabolism and heat production. Hormones such as thyroxine can increase metabolic rate and contribute
to longer-term regulation. Behaviour, including adding clothes, seeking shade or changing posture, also affects heat
exchange. Clothing does not actively produce body heat.

When comparing body-temperature curves, first describe changes over the same interval, then explain them through
heat production and loss. Higher body temperature can stimulate greater sweating, while lower air humidity can allow

the same amount of sweat to evaporate more readily. Sweat production and evaporation efficiency are distinct variables.

Follow each deviation and response separately

Component Typical response to overheating Typical response to cold

Skin arterioles Dilate; more blood flows near the surface Constrict; less blood flows near the surface

Sweat glands  Increase secretion; evaporation removes heat Usually reduce secretion

Shivering Usually not used to increase heat production = Raises metabolic heat production
Result Greater heat loss counteracts overheating Less heat loss and more heat production counteract cool-
ing



[Part | - V] Human physiology: regulation and control Concept /.6 Regulation of body temperature

Thermoregulation: heat loss and heat production are separate processes

Too hot: increase heat loss Too cold: reduce heat loss and generate heat
Evaporating sweat removes heat
Less
, ) sweating
Skin surface Y Skin surface
x a x
Surface capillarigs j Surface capillarigs j
@), t O
Sweat glanfd Sweat glangd
\A
rteriole rteriole
Arterioles dilate: surface blood flow increases Arterioles constrict: surface blood flow decreases
More heat is lost to the surroundings Less heat is lost to the surroundings
Sweat running off is not evaporation. High Shivering repeatedly contracts skeletal muscles.
humidity limits evaporative heat loss. Respiration speeds up, generating more heat.

Vessels are simplified. Arterioles change diameter to regulate flow; capillaries do not actively constrict to do this.

Arterioles regulate blood flow through surface capillaries; evaporating sweat removes heat. Vascular changes alter heat loss, whereas shivering
increases heat production.

Check your understanding

1. The change of sweat from liquid to vapour, absorbing heat, is

2. In cold conditions, skin arterioles usually , reducing heat loss.

Check answers:

1. Evaporation. 2. Constrict.

How to recognice the problem Decide whether body temperature is tos high or too low, then follow heat production and heat lose separately.

= Deccribe measuvred changes before inferring requlatory mechanisms.

Concept V.c Regulation of blood gas levels
Key ideas

@®  After you climb stairs quickly, respiration in leg cells increases, using more oxygen and producing more carbon dioxide.
Breathing becomes deeper and faster, while cardiac activity changes to coordinate exchange among lungs, blood and
active tissues. Between ‘exercise’ and ‘increased heart rate’ lie metabolic demands and regulatory signals that need to
be explained.

® Increasing blood carbon dioxide affects acid—base conditions. Chemoreceptors detect the relevant changes, and the
respiratory centre in the medulla changes the signals sent to respiratory muscles. Increased breathing rate and depth
deliver more air to the exchange surfaces, supporting carbon dioxide removal and oxygen uptake. As the deviation is
reduced, the stimulus weakens. Distinguish the control centre, outgoing nerves and respiratory muscles to explain the

completed feedback loop.

<



[Part | - V] Human physiology: regulation and control Concept I.c Regulation of blood gas fevels

®  Stroke volume is the volume pumped out by a ventricle in one contraction. Heart rate is the number of beats per minute.

Cardiac output is the volume pumped per minute.

@  cardiac output = stroke volume x heart rate.

®  For a stroke volume of 70 cm? and a heart rate of 75 beats per minute, 70 cm3 is pumped each time, 75 times per minute:
® cardiac output = 70 x 75 = 5250 cm3 minL.

@ If stroke volume later rises to 80 cm? while heart rate falls to 60 beats per minute:

cardiac output = 80 x 60 = 4800 cm3 min™'.

®  Although more blood is pumped per beat, less is pumped per minute. When the two factors change in opposite directions,

compare their products rather than only one factor.
During the cardiac cycle, atria and ventricles contract and relax in sequence. Valves open or close according to pressure

differences, maintaining mainly one-way flow. Pacemaker activity in the sinoatrial node initiates the heartbeat: cardiac
muscle generates its own rhythm. Nerves and hormones modify the rhythm and contractions. Sympathetic nerves
generally increase heart rate and pumping activity, the vagus nerve can lower heart rate, and adrenaline can increase
cardiac activity to meet the body’s needs.

@ During exercise, more blood can be directed to active muscles, supplying oxygen and substrates and removing carbon
dioxide. After vigorous exercise, breathing and heart rate may not immediately return to resting values. Recovery still
requires oxygen to restore energy and oxygen reserves and process metabolic products. The syllabus term ‘oxygen debt’
describes this additional recovery requirement; do not attribute all oxygen consumption during recovery to a single

reaction.
Check your understanding
1. With a stroke volume of 80 cm3 and heart rate of 60 beats min™., cardiac output is
2. Deeper and faster breathing increases carbon dioxide and replenishes oxygen.
Check answers:

1. 9800 em3min 1 2. Removal.

How to recogmice the problem On a ventricular-volume graph, take the difference across one contraction; on a cycle graph, measuvre a complete

= cycle. Explain regulation through metabolic demand, detected signale and effectore in that order.

Concept V.d Hormonal control of the reproductive cycle
Key ideas

@® Place ovarian changes, uterine-lining thickness and hormone curves on the same menstrual-cycle timeline. Follicle
development, ovulation and corpus-luteum formation are connected events. Hormones link these events with preparation
of the uterus.

@  The anterior pituitary secretes follicle-stimulating hormone (FSH), which promotes follicle development. Developing
follicles secrete oestrogen, stimulating thickening of the uterine lining. During much of the cycle, oestrogen inhibits
signals including FSH, limiting continued recruitment of more follicles. Before ovulation, however, a sustained high
oestrogen level can produce positive feedback and an LH surge, which promotes ovulation. All hormonal effects
throughout the cycle cannot be described as the same negative-feedback response.

®  After ovulation, the follicle becomes the corpus luteum, which secretes more progesterone and some oestrogen. These
maintain a thick uterine lining suitable for implantation. Without signals sustaining pregnancy, the corpus luteum
degenerates, hormone levels fall, and part of the uterine lining is shed as menstruation. Reduced inhibition allows FSH
to rise again and initiate another round of follicle development.

@  When interpreting a graph, first locate ovulation and the LH surge, then align the follicular phase, luteal phase and
uterine changes. Cycle length varies between individuals; day 14 on a schematic is not a universal ovulation date.

® Hormonal contraception modifies normal regulation with supplied hormones. For example, suppression of FSH and

LH changes can inhibit follicle maturation or ovulation. Some effects also involve cervical mucus and the uterine lining.

D



[Part | - V] Human physiology: regulation and control Concept V.d Hormonal control of the reproductive cycle

These treatments change the conditions governing reproductive steps; they do not simply kill any gametes already
formed.

® Some infertility involves impaired regulation of ovulation, and medical hormone treatment may stimulate follicle
development and ovulation. For in vitro fertilisation, distinguish gamete collection, fertilisation outside the body, early

embryo culture and embryo transfer. Hormone treatment supports relevant preparatory steps; the same method cannot

resolve every cause of infertility.
Align ovarian, hormonal and uterine changes within one cycle

Stage
Menstruation and early fol-

licular phase

Before ovulation

Ovulation

Luteal phase

Cycle end without preg-
nancy

Ovarian event

A new group of follicles de-
velops

The dominant follicle devel-
ops

An egg is released from the
ovary

Corpus luteum forms

Corpus luteum degenerates

Main hormonal relationship

Falling hormones from the
previous cycle reduce inhibi-
tion of FSH

Oestrogen rises; a sustained
high level can trigger the LH
surge

The LH surge promotes ovu-
lation

Progesterone and some oe-
strogen maintain the lining

Progesterone and oestrogen
fall

Uterine lining

Part is shed; repair then be-
gins

Thickens
Continues preparation for
implantation

Remains thick

Hormonal support declines;
the next menstruation begins



[Part | - V] Human physiology: regulation and control Concept V.d Hormonal control of the reproductive cycle

The menstrual cycle: compare peak timing, not concentrations between hormones

Each row shows that hormone's own relative level (schematic)
Around ovulation

FSH

LH

Oestradiol

I
:
I
Progesterone |
I
I

Y

Time within the same cycle

After ovulation: the corpus luteum secretes more

Before ovulation: sustained high oestradiol progesterone

i gy el L s e Both levels fall as the corpus luteum degenerates

Cycle length varies. Ovulation is not fixed at day 14 here, and the four hormone plots do not share a numerical
scale.

Each hormone curve shows its own relative changes; concentrations cannot be compared numerically between curves. Ovulation is schematic

and does not occur on one fixed day for everyone.
Check your understanding
1. The most conspicuous gonadotrophin surge before ovulation is usually

2. The structure that secretes more progesterone after ovulation is the
Check answers:

1. (H / luteinicing hormone. 2. Corpus luteum.

How to recoguice the problem Put hormones, ovarian structorec and the uferine lining on the came timeline. Determine stimvlation or inhibition

= ctage by stage; do not force the whole cycle into one feedback pattern.

<



Applied ecology Chapter 4

Concept Vl.a Human impacts on the environment
Key ideas

®  Afishpopulation reproducing every year does not mean that any catch can be sustained indefinitely. If removal repeatedly
exceeds replenishment, especially when many immature fish are caught, the population can decline year after year. Fish
are renewable resources, but their renewal rate is limited. Coal and oil cannot be replaced rapidly on the timescale of
human use and are non-renewable resources.

@  Population growth increases demand for food, fresh water, energy and land, and adds pressure to waste disposal. The
impact depends on consumption per person, technology and resource distribution as well as population size. Evaluate
population policies using environmental, resource and social factors together; one population total does not determine
a unique outcome.

® PFertilisers supply mineral nutrients and can improve crop yield, but excessive application followed by runoff can pollute
water. Pesticides reduce pests but may also harm their natural enemies and other non-target organisms. Monoculture,
overfishing and unsuitable land use can change species composition and habitats.

@  Urbanisation and industrialisation can reduce available habitats through vegetation clearance, reclamation and fragmen-
tation. Pollutants affect air, water and health through different routes: inhaling air pollutants differs from ingesting
pathogens in polluted water.

® Some persistent toxic substances are readily absorbed but poorly eliminated, allowing them to accumulate within an
individual. A predator consumes many contaminated prey, so concentrations may increase along a food chain: this is

biomagnification. Not every pollutant behaves in this way. Examine its persistence, absorption and elimination.
Distinguish bioaccumulation from biomagnification

Comparison Example Reasoning
One individual over time A fish’s pollutant concentration rises Intake and absorption exceed elimina-
with age tion and breakdown over time

Different trophic levels in one food A predatory fish eats many contami- A persistent substance that is poorly
chain nated smaller fish eliminated may reach higher concen-
trations at higher trophic levels

Check your understanding

1. Sustainable use of a renewable resource depends on comparing its rate of use with its rate of
Check answers:

1. Replenichment / renewal.

How to recoguice the problem Connect the human activity fo recovrce use, habitat change or pollutants, then to survival, reproduction or

= health outcomes.

Concept VL.b Pollution control
Key ideas

® A reusable bottle can hold water many times. Avoiding disposable bottles from the outset reduces the waste requiring
treatment. Reduction, reuse, recycling and substitution act at different stages. Recycling still requires collection, transport
and processing, so compare actual resource use rather than a single word on packaging.

@  Screens remove large solids from sewage, while sedimentation separates particles that settle readily. These physical

steps do not automatically remove all dissolved organic matter. Biological treatment uses microorganisms to break down

<
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organic pollutants, reducing the oxygen demand of material subsequently discharged. Aerobic treatment supplies oxygen
so that the relevant microorganisms can continue their metabolism.

In systems such as activated sludge, microbial material can be separated by subsequent sedimentation. Some sludge
is returned to maintain the microbial population; excess sludge requires separate treatment. Other treatments target
nitrogen, phosphorus or pathogens. Sedimentation, microbial decomposition and disinfection are distinct processes.

A lower biochemical oxygen demand after treatment supports a reduction in the load of biodegradable organic matter.
It does not directly count every pathogen or show that every chemical pollutant has disappeared. Select indicators

appropriate to the pollutants of concern when evaluating effluent quality.

Different sewage-treatment stages remove different materials

Stage Main function What it does not establish alone
Screening Retains larger solids Removal of all dissolved substances
Sedimentation Separates settleable particles Absence of pathogens

Microbial treatment = Breaks down biodegradable organic matter and Removal of every chemical pollutant

reduces oxygen demand

Suitable disinfection = Reduces risks from relevant pathogens Compliance with every drinking-water require-

ment

Check your understanding

1. Screens mainly remove large solids; dissolved organic matter can be biodegraded by
Check answers:

1. Microorganicms.

How to recoguice the problem Identify whether the problem involvec cofids, organic matter, nutrients or pathogens, then acsece whether the

treatment targets that problem.

Concept Vl.c Conservation of species and habitats
Key ideas

@

Conserving a wetland bird requires more than keeping a few birds alive. They need feeding sites, sufficient food, breeding
space and safe stopping places during migration. If the environment no longer supplies these conditions, increasing
individual numbers alone may not sustain the wild population.

Biodiversity includes species diversity, genetic differences within species and the variety of ecosystems. Organisms
participate in pollination, decomposition and nutrient cycling, and provide food, materials for medical research and
culturally valued landscapes. Conservation can have ecological, economic, aesthetic and ethical reasons. State what
each reason protects in practical terms.

In situ conservation maintains populations and their relationships in their original environment, for example in reserves,
country parks, marine parks and wetlands. Ex situ conservation keeps organisms or genetic material in other managed
settings, such as seed banks and suitable breeding programmes. Ex situ measures can reduce immediate extinction risk
but cannot fully replace wild habitats and ecological interactions.

Habitat restoration must address the original causes of degradation, such as pollution, erosion or invasive species, and
restore conditions suitable for native species. Planting many trees of one species does not by itself restore the original
diversity and food web. Tree height, timber yield and species diversity are different criteria when comparing forest-
management options.

Governments can establish protection and land-management measures, researchers provide monitoring evidence, and
the public can reduce habitat damage and illegal wildlife consumption. Conservation also involves land-use and
economic trade-offs. Use comparable evidence to explain costs and benefits rather than simply stating that environmental

protection is important.

<
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Check your understanding

1. Conservation in the original habitat is conservation; a seed bank is an example of conservation.

Check
1. In

answers:

situ; ex sito.

O How to recognice the problem Iden 7‘:'@ the threat, conservation target and scale, then explain how the meacure improvec survival or reproduction,

or retaing genetic divergity.

Concept Vl.d Global environmental issues
Key ideas

@

Rain can wash fertiliser from farmland into a pond. Increased nitrogen and phosphorus promote algal growth, changing
the light available to algae and other plants. After organisms die, microorganisms decompose their organic matter.
Decomposer respiration consumes dissolved oxygen, potentially depriving fish and other animals of oxygen. An
explanation of eutrophication should connect nutrient enrichment, algal growth, death and decomposition, and oxygen
consumption. ‘Algae use up all the oxygen’ is incomplete.

Global warming involves changes in the Earth’s energy balance. Increased greenhouse gases such as carbon dioxide
and methane absorb and re-emit some outgoing infrared radiation, altering heat loss and warming the climate system.
Fossil-fuel combustion and some land-use changes increase greenhouse-gas concentrations. Vegetation and oceans also
participate in carbon uptake and exchange. The greenhouse effect and ozone depletion are different processes.
Temperature changes can affect development rate, the number of reproductive cycles, distribution and species interac-
tions. Within a suitable range, an insect that develops faster may complete more generations per year; temperatures
beyond its suitable range may be harmful. When inferring ecological effects from temperature data, retain the species
and conditions. Warming does not make every organism more abundant.

Some sulphur and nitrogen oxides form acidic substances in the atmosphere, increasing rainwater acidity. Acid deposi-
tion can alter water and soil pH, ion availability and survival. Its causes and main pathway differ from eutrophication.
Emission controls and reductions in relevant fuel use act at the source.

Sustainable development considers present needs alongside the preservation of resources and environmental conditions
for the future. Fisheries can retain breeding individuals, reduce overfishing and protect habitats so that use is compatible
with population replenishment. Agriculture can improve fertiliser and pest management, conserve soil and use water
efficiently. Compare yield, resource renewal, biodiversity and cost rather than selecting the greatest short-term yield
alone.

Acid rain also changes the movement of soil ions. Some toxic metals dissolve more readily under acidic conditions,
increasing roots’ exposure to toxic ions. Useful mineral nutrients may be leached out with water. Both involve movement

of substances, but one increases toxic exposure while the other reduces soil fertility.

Check your understanding

1. After eutrophication, decomposition of large amounts of organic matter can make dissolved oxygen

Check

answers:

1. Decreace.

How to recognice the problem Break an icsue into its cource, environmental variable, biological procese and consequence. A management measure

chould act on a specific step in that cavsal cequence.

Practise global warming, acid rain and nutrient cycling in the later topic ‘Pollution control and global environmental issues’.

The 2015 Paper 2 Q2 example develops causal explanations of climate and aquatic changes. Practice Paper 2 Q2 applies

the s

ame approach to migratory-bird distribution and forest restoration. The coral heat-tolerance example appears under

‘Conservation of species and habitats’.

<



Microorganisms and humans  Charfer s

Concept Vil.a Microbiology
Key ideas

® Baker’s yeast consists of single cells, but each has a nucleus and yeast belongs to the fungi. Bacteria lack a membrane-
bound nucleus, while some protists have different structures for movement and feeding. ‘Microorganism’ refers to small
size; it does not place every member in one evolutionary group.

®  Viruses lack a complete cellular structure. They infect living cells and use host materials and synthesis systems to
replicate their genetic material, make viral components and assemble new viruses. Outside suitable host cells, they
cannot multiply independently in nutrient solution as yeast can. Viral replication differs from bacterial binary fission.

® Microbial growth depends on temperature, pH, carbon and nitrogen sources, water and oxygen availability. Require-
ments vary between species. Some require oxygen; others use alternative metabolic pathways without oxygen. Aerobic
conditions are not optimal for every microorganism.

@ A closed culture with limited nutrients commonly shows lag, exponential, stationary and decline phases. During the lag
phase, cells adapt and synthesise required materials without an obvious increase in number. In the exponential phase,
numbers can increase by repeated multiplication. When resources become limiting and metabolic products accumulate,
cell production and death may approximately balance. Viable numbers may subsequently fall. Interpret each phase using
the actual measured variable.

®  Optical density measures turbidity, which often correlates with cell amount, but dead cells also scatter light. Direct
counts may include dead cells; biomass measures the total mass of material; colony counts estimate viable units capable
of forming colonies. A cluster of cells may produce one colony, so a colony-forming unit need not represent one cell.

®  Suppose 0.10 mL of a sample diluted to one thousandth of its original concentration produces 40 countable colonies.
The estimated original concentration is:

@  original concentration = 40 + 0.10 x 1000 = 400000 CFU mL".

®  This calculation corrects for plated volume and dilution. Reliable results also require suitable culture and measurement
conditions. Aseptic technique aims to prevent contamination, protect the operator and prevent dispersal of material. It

involves appropriate handling of equipment, limited exposure and proper disposal of used material.
Identify the measurement before interpreting a growth curve

Method What is measured Main limitation

Direct cell count Observed number of cells May include dead cells

Optical density Turbidity / light scattering Dead cells may affect readings

Biomass Mass of material in the sample Cell size may vary, so number and mass are not

always proportional

Colony-forming units = Viable units forming colonies under the chosen = A cluster may form only one colony
conditions

D
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Budding yeast: a smaller bud develops from the parent cell. Yeastisa A rod-shaped bacterium with flagella. Bacterial forms and appendages
fungus with a nucleus; this outline does not show its internal structures. vary; this illustration does not imply that all bacteria have flagella.

Closed batch culture: four phases in the viable cell population

Lag phase Log phase Stationary phase Death phase
A
Log of viablg
cell numbef
Culture
time
Phase Explanation in terms of cell numbers and processes
Lag phase Cells adapt and make needed substances; viable numbers show little increase.
Log phase Favourable conditions allow an approximately constant proportional increase: a
9p near-straight line on a log plot.
Stationary phase New cells roughly balance deaths; this does not mean that all cells stop metabolising.
Death phase Deaths exceed new cells; nutrient supply and metabolic wastes become limiting.

Total counts may include dead cells. Viable cell number and turbidity are not interchangeable in every growth
phase.

The vertical axis is the logarithm of viable cell number; the horizontal axis is culture time. A stationary phase means an approximately stable net
viable count, not that every cell has stopped metabolism.

Check your understanding

1. Optical density measures turbidity and cannot directly distinguish cells from cells.
Check answers:

1. Living; dead.

How to recoguice the problem Identify the microbial grovp and measurement method before interpreting growth. For colony calculations,

= correct for sample volume, then dilvtion.

Concept VIl.b Uses of microorganisms
Key ideas

®  Yeast uses sugar in dough and produces carbon dioxide, which makes the dough rise. In some alcoholic drinks, the

useful product is ethanol. Similar metabolism can therefore support different applications that retain different products.

<
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Lactic acid bacteria convert sugars into organic acids, lowering milk pH and changing its proteins; this is used in some
fermented dairy products.

®  Industrial cultures must match product requirements with microbial growth conditions. Temperature and pH affect
enzymes; oxygen supply influences metabolic pathways; nutrients and water support growth. Stirring helps mixing
and heat transfer. The conditions favouring maximum cell multiplication are not necessarily those favouring maximum
product formation at every stage. Check whether the measured variable is cell amount or product amount.

® Some microorganisms produce antibiotics and industrial enzymes. Proteases, lipases and amylases in detergents act
on different stains. Pectinase breaks down pectin in plant tissue, increasing juice release and improving clarification.
Enzyme specificity and suitable conditions explain these uses; no enzyme works on every stain under every condition.

@  Vaccines use relevant pathogen antigens or antigens produced in a suitable system to stimulate immune responses.
Vaccine production, antibiotic inhibition of bacteria and administration of ready-made antibodies have different mecha-
nisms. Their links to microorganisms or disease prevention do not make them interchangeable.

® Biological sewage treatment uses microorganisms to decompose organic matter. Biogas production uses microbial
communities under anaerobic conditions to convert organic material step by step into products including methane-
containing gas. The former mainly reduces pollution load; the latter can also recover some energy. Distinguish the

conditions and final products of each system.
Related metabolism can serve different purposes

Context Process used Useful outcome

Bread dough Yeast metabolises sugar Carbon dioxide raises the dough
Some alcoholic drinks Yeast metabolises sugar Ethanol is retained

Juice extraction Pectinase breaks down pectin More juice is released and clarified
Biological sewage treatment = Microorganisms decompose organic matter Lower oxygen demand after discharge
Biogas system Anaerobic microbial conversion of organic matter Methane-containing gas is obtained

Check your understanding
1. Pectinase acts mainly on , not on every food molecule.

Check answers:

1. Pectin.

O How to recognice the problem Identify the microorganiom or enzyme, the material transformed and the product obtained, then explain the

necescary metabolic conditions.

Concept VIl.c Microbial genetics
Key ideas

® Bacteria do not naturally make human insulin. Introducing suitable DNA that can be expressed in a host allows its
protein-synthesis system to produce the desired substance. The key is usable genetic information, not injecting ready-
made insulin and expecting bacteria to multiply it.

®  Microorganisms reproduce quickly, and some are relatively easy to modify genetically and culture in large quantities.
They can therefore serve as hosts for producing medicines or enzymes. The host must recognise the relevant regulatory
signals, and the protein produced must have a suitable structure and function. DNA insertion does not guarantee correct
expression.

®  Assess the benefits of modified microorganisms through yield, purity, cost and reliable supply. Possible concerns include
survival outside the intended environment, transfer of genetic information, unwanted products and contamination.
Production therefore requires appropriate containment, monitoring and purification. Link each concern to a biological

mechanism rather than claiming that genetic modification is always dangerous.

D
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Check your understanding

1. After a gene enters a host, successful is still required to produce the desired protein.
Check answers:

1. Exprecsion.

O How to recoguice the problem Check gene entry, expression, product vsability and poscible effects outcide the production syctem ceparately.

]

Concept VIl.d Harmful effects and control of microorganisms
Key ideas

®  Food that turns sour, develops an odour or grows mould may be undergoing microbial decomposition and formation
of new metabolic products. Microorganisms also spoil or degrade other materials. An unchanged appearance does not
guarantee safety: some pathogens and toxins cause no readily noticeable change.

®  Food-borne infection involves ingesting microorganisms that cause infection in the body. Some food poisoning mainly
results from toxins already formed in food. Killing cells does not necessarily destroy existing toxins, because toxin
stability varies. Reheating is therefore not a universal way to remove every food-related risk.

®  Preservation methods change different growth conditions. Low temperature usually slows enzyme activity and multipli-
cation; drying reduces available water; concentrated sugar or salt lowers water potential; acidification changes pH. These
methods need not kill every microorganism immediately. Heat treatment, disinfection and sterilisation have different
purposes and ranges of effect; distinguish them by conditions and intended outcomes.

@  Contamination control also involves sources and transmission: separating untreated materials from ready-to-eat food,
maintaining clean equipment and surroundings, and storing food appropriately. To evaluate control methods experimen-
tally, compare the same organism and measurement. Slower growth, fewer viable cells and no detectable viable cells

are different outcomes.
Ask which condition each method changes

Method Principle What does not follow automatically
Refrigeration Slows relevant enzyme reactions and mul- All microorganisms die

tiplication
Drying Reduces available water All toxins are destroyed

High sugar or salt concentration Lowers external water potential and limits = No microorganism can grow
some microorganisms
Suitable heat treatment Damages relevant structures or molecules = Every level of heating achieves sterilisa-
tion
Check your understanding

1. Refrigeration usually microbial multiplication; it does not kill every microorganism.
Check answers:

1. Slows.

How to recognice the problem Decide whether harm aricec from infection, toxing or spoilage, then explain which condition for growth or curvival

= the control method changec.

<



Biotechnology Chapter &

Concept Vlll.a Modern biotechnology
Key ideas

® To make microorganisms produce human insulin, the relevant genetic information must be introduced into a usable
expression system. Restriction enzymes cut DNA at specific sequences. A desired fragment and vector can have
compatible ends, which DNA ligase joins to form recombinant DNA. Plasmids can act as vectors in some bacteria. After
introduction into a host, successful transformants must be identified and expression of the desired gene confirmed.

@  Choosing arestriction enzyme requires more than finding a name common to two diagrams. Locate the complete desired
gene and regulatory region, then check that cutting does not disrupt required sequences, the ends are compatible, and
the insertion does not damage essential functions. Eukaryotic genes may contain introns that some hosts cannot splice
in the same way. Suitable coding sequences and regulatory elements are needed for correct production.

®  PCR amplifies a particular DNA region. Heating separates the strands, primers bind to complementary sequences, and a
thermostable DNA polymerase extends from the primers. Repeated cycles increase the amount of target DNA. Primers
determine the boundaries and specificity of amplification. An abundant DNA sample does not mean that arbitrary
primers will amplify the target.

@ In an ideal model with doubling each cycle, one starting copy gives 1, 2, 4 and 8 copies over three cycles:

® targetcopies=1x2x2x2=38.

®  Actual efficiency and limited resources can cause departures from ideal doubling. To distinguish transgenic lines,
primers can be chosen across specific insertion junctions or different flanking sequences, linking the product to the
target’s identity.

@  Gel electrophoresis moves DNA fragments in an electric field. DNA is usually negatively charged and moves towards
the positive electrode. Under the same gel conditions, shorter fragments usually travel farther. Compare bands against
the same reference and a size marker. A darker band does not directly mean a longer fragment.

DNA fingerprinting examines regions that vary between individuals. In parentage analysis, a child’s relevant markers
should be explainable by parental contributions. Identification compares actual samples across several markers. A few
matching bands are not conclusive identification in every setting and do not establish identical whole genomes.

®  Somatic-cell nuclear transfer places a somatic-cell nucleus into an enucleated egg, stimulates development, and transfers
a suitable early embryo into a surrogate. Nuclear DNA mainly comes from the nucleus donor; mitochondrial DNA
mainly comes from the egg donor. The surrogate provides the developmental environment and does not become the
nuclear-DNA donor simply by carrying the pregnancy. Development and environment can produce phenotypic differ-
ences even with very similar nuclear DNA.

Plant tissue culture uses the ability of some plant cells to regenerate a whole plant. Suitable tissue is grown under appro-
priate conditions that avoid contamination. Culture conditions are then adjusted to promote root and shoot formation,
followed by growth into plants. This can rapidly propagate useful varieties, but contamination, genetic changes and

shared vulnerability among many similar plants remain considerations.
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Track the three sources in nuclear transfer

Source Main contribution What does not follow

Somatic nucleus donor = Nuclear DNA Identical environments and phenotypes

Enucleated egg donor = Cytoplasm and most mitochondrial DNA Retention of the original intact nucleus

Surrogate Environment for embryonic and fetal develop- Becoming the nuclear-DNA donor by carrying
ment the pregnancy

One PCR cycle: separate templates, anneal primers, extend from their 3° ends

1 Denaturation: about 95°C 2 Annealing: about 50-65°C 3 Extension: typically about 72°C
5 3 5 3 5 3
. . 3 .5 3 5’
The two original DNA Two primers pair with Heat-stable DNA polymerase adds
strands separate complementary templates nucleotides
5 3 5 3
3 5 3 5 3 5
Hydrogen bonds break; Primers provide starting New strands form in the 5" -»
backbones remain intact points for extension 3’ direction
Blue: template. Red: primer / new strand Blue: template. Red: primer / new strand Blue: template. Red: primer / new strand

Repeat the three steps. Ideally, double-stranded DNA doubles each cycle: 1 -2 - 4
- 8 copies.

Temperatures depend on the enzyme and primers. Arrows show extension direction; DNA polymerase cannot
start synthesis at an arbitrary point.

Each cycle comprises denaturation, primer annealing and extension. Thermostable DNA polymerase extends from a primer’s 3’ end. Temperatures
are illustrative and depend on the enzyme and primers.

A schematic circular plasmid. Colours distinguish regions only; determine vector functions from the labels and positions in the actual question.
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Concept IILa Modern biotechnology

Recombinant DNA and electrophoresis: work out the fragment lengths

Create compatible ends, then join them with DNA ligase
Vector plasmid: 4300 bp

ntibiotic-resistance
gene

Target gene: 700 bp

Selected DNA fragment

v

Use restriction enzymes that produce compatible ena

Ligase joins the sugar-phosphate backbones.

4300 + 700 = 5000 bp

Transform a suitable host and screen it. Resistance shows that the marker is present; it does not prove that

the correct insert is present.

Linearise each plasmid at a single restriction site before comparing bands

Size marker Empty vector
— —
5000 —
4300 — —

Recombinant
plasmid

—

Negative electrode / wells

Negatively charged DNA
moves towards the positive electrode.
Shorter linear fragments travel farther.

5000 bp: closer to the wells.

v Positive electrode

Length is measured in bp (base pairs). Only linear DNA is compared here; circular DNA conformation

affects migration.

The insert is 700 bp. Add the vector and insert lengths to obtain the length of the complete

recombinant plasmid.

Use fragment lengths to check total length, then predict electrophoresis bands from the sizes of linear fragments.

Check your understanding

1. The enzyme joining DNA fragments is

materials that define PCR target boundaries are

2. Under the same electrophoresis conditions, shorter DNA fragments usually travel

Check answers:

1. DVA ligase; primers. 2. Farther.

How to recoguice the problem eramfe Fragment icolation, vector ligation, host introduction and expression checks. For PCR, inspect primer

= boundaries; for electrophorecis, direction and length; for nuclear trancter, track nucleus and cytoplacm ceparately.

Concept Vlil.b Applications of biotechnology

Key ideas

®  Suitable hosts can produce particular human proteins, such as insulin or growth hormone, for medicines. Microorgan-

isms are only one part of the production system. The product still requires separation, purification and quality checks;

untreated culture fluid is not equivalent to a medicine. Recombinant technology can also produce antigens for some

vaccines.

<
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@

Monoclonal antibodies originate from one cell clone and recognise the same specific antigenic site. They can be used
in detection or some treatments. If binding produces a visible signal, the meaning of a positive result depends on the
antigen recognised. Any colour change cannot be interpreted as a positive result for every disease.

Somatic gene therapy delivers genetic information to some of a patient’s body cells to supplement, regulate or alter
disease-related functions. Its effect depends on delivery to sufficient target cells, appropriate expression and persistence.
Changes confined to somatic cells usually do not pass through gametes to offspring. This differs from changing the
germ line.

Stem cells can self-renew and differentiate into certain cell types under suitable conditions. Cells from different sources
have different developmental potential. Tissue repair requires control of differentiation, survival after transplantation
and tissue function, with consideration of immune rejection and abnormal proliferation. The ability to differentiate does
not mean that cells automatically repair any organ into which they are placed.

Transgenic organisms can help investigate gene function or introduce agricultural traits, such as resistance to particular
pests. Evaluate the added trait, actual yield, resource inputs and effects on other organisms. Greater seed mass, higher

gene expression and higher germination rate are different indicators; none represents all aspects of performance.

Identify what each application changes

Application Main target or action What to assess

Recombinant protein production = A host makes protein from introduced in- Correct expression, function and product

formation quality

Monoclonal-antibody detection = Recognition of a specific antigenic site Whether the signal corresponds to the tar-

get antigen

Somatic gene therapy Changes functions in some patient body Delivery, expression and persistence
cells
Stem-cell applications Self-renewal and differentiation potential =~ Suitable differentiation, function after

transplantation and risks

Check your understanding

1. Somatic gene therapy usually does not transmit the change to offspring through
Check answers:

1. Gametec.

How to recoguice the problem Identify whether the intervention changes a gene, a cell or a protein product, then connect ite mechanism to

the intended use and specific limitations.

Concept VIil.c Bioethics
Key ideas

@

A transgenic crop that reduces losses from a particular pest offers a potential agricultural benefit. Effects on non-
target organisms, selection for pest resistance and seed-access costs are separate questions requiring evidence. Link
each benefit or concern to a specific mechanism. ‘Natural is better’ and ‘technology is always better’ are insufficient
evaluations.

Animal cloning can preserve certain genetic features or support research, but raises questions about embryo success
rates and the health and welfare of surrogates and offspring. Large-scale plant cloning rapidly supplies similar-quality
plants but may reduce genetic diversity in a crop population, allowing one threat to affect many plants. The ethical and
ecological issues are not identical for the two forms of cloning.

Genomic information can support research and risk assessment, but may reveal sensitive genetic information about
individuals and their relatives. Access, informed consent and prevention of unfair use are significant social and legal
considerations. An association between a variant and a disease does not mean that every carrier will develop the disease.

Communicate the uncertainty.

<>
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Concept IILc Bioethics

@  Debates about stem cells and gene therapy include material sources, expected benefits, risks, fair access and the wishes

of affected people. Scientific evidence helps estimate consequences, while accepting particular trade-offs also involves

values. An answer can state a position, support it with biology, affected groups and feasible management measures, and

address a reasonable limitation.
Evaluating pest-resistant transgenic crops requires specific reasons

Aspect
Agricultural benefit

Ecological effects

Evolutionary effects

Social and economic effects

Check your understanding

Possible argument

Reduced yield loss from a particular pest

Possible effects on non-target organisms or
food webs

Persistent selection may increase pest resis-
tance

Seed costs and access conditions affect farm-

€rs

1. After identifying benefits, an evaluation should use evidence to analyse

Check answers:

1. Ricke [ limitations.

Evidence still needed

Yield under comparable conditions, costs
and use

Actual exposure, non-target effects and field
monitoring

Resistance data across generations

Costs, returns and information about af-
fected groups

and the people affected.

O How to recognice the problem Define the technology and intended use, compare benefits, ricks and affected groups using concistent criteria,

= then give a reasoned judgement.

Apply this approach to the relevant subparts of HKDSE Biology 2016 Paper 2 Q4 (VIILb, Type 1, Example 2), HKDSE
Biology 2012 Paper 2 Q4 (VIILb, Type 1, Exercise 3), and HKDSE Biology 2014 Paper 2 Q4 (VIILb, Type 1, Exercise 1).
Identify who benefits and who bears the risks, then support your judgement with the question’s evidence.

<



Human physiology: question Chopter 7
types and practice

V.a Osmoregulation: from blood to urine
Read the explanations and diagrams in Concept V.a first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.

Explain osmoregulation by tracking substances through the
nephron

)

Type 1 Degree of integration * % &k &k &

Key ideas

®  Suppose 100 units of glucose enter glomerular filtrate over a period and all return to the blood. None of those 100
units remains in urine. This involves ultrafiltration followed by reabsorption; it does not mean that glucose never left the
blood. Reabsorbing water can raise urea concentration in the tubular lumen, so a higher concentration does not show
that new urea was made there.

®  Water loss lowers blood water potential, increases ADH release and increases collecting-duct permeability to water.
More water returns to the blood and urine volume falls. When reading reabsorption curves, also check whether transport

capacity has reached its maximum.

<



[Part I - V] Human physiology: question types and practice

@amp@ [HKDSE Biology 2014 Paper 2 Q1]

How to recoguice the problem Treat blood, filtrate and urine as three distinct locations and track water, glucoce and urea ceparately. For

hormonal requlation, follow deviation — ADH — permeability — reabsorption — urine.

V.a Oemorequlation: from blsod to urine

(a) The table below shows the amounts of different substances handled by the kidneys:
Amount filtered into | Amount reabsorbed Amount excreted
the kidney tubules into blood capillaries along with urine
Glucose (g day ) 180 180 0
Hydrogencarbonate (mEq day ™) 4320 4318 2
Sodium (mEq day ) 25 560 25410 150
Chloride (mEq day ™) 19 440 19 260 180
Potassium (mEq day ™) 756 644 92
Urea (g day ") 47 23.5 23.5
(i) With reference to the mechanisms involved in reabsorption, account for the differences in the
amount of glucose and urea handled by the kidneys. (4 marks)
(ii)  Of the total amount of water reabsorbed by the kidneys, only a small amount is regulated by a
hormone.
(1)  Using the information provided in the table, explain how most of the water is reabsorbed
regardless of hormonal control. (3 marks)
(2) State the hormone which is responsible for regulating the reabsorption of water and state
how it works. (2 marks)
1(b) Cardiac output refers to the blood volume supplying to the systemic circulation. The diagram below
shows some factors that affect cardiac output:
Strength of contraction
Venous return of heart muscle
y v
Stroke volume Heart rate
\ 2 4
Cardiac output

(i)  The contraction of which heart chamber determines the stroke volume?

(1 mark)

(ii)  Explain how the stroke volume is affected by the venous return and strength of the contraction of

heart muscle.

(2 marks)

(iii)  Explain one way in which the venous return is increased when a person is doing exercise.

(iv)  The average running speed in a marathon is usually much lower than that in a 100 m race.

(3 marks)

Explain

why it is not possible for marathon runners to run at the same average speed as a 100 m runner

throughout a marathon.

Solution a(i); original allocation: 4 mark(s)

All 180 g day™! of glucose is reabsorbed because active transport in the renal tubules moves
it from the filtrate back into the blood. Only 23.5 g day™! of the 47 g day™! of urea, or half,
is reabsorbed. Urea mainly diffuses back down its concentration gradient; it is not actively
recovered in its entirety.

Quote the figures to distinguish complete from half reabsorption, then associate these with

active transport and diffusion respectively.

D

(5 marks)

/ Method: Separate blood,

filtrate and urine; track each

cubstance.
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a(ii)(1); original allocation: 3 mark(s)

The reabsorption of glucose and most inorganic ions shown in the table lowers the water
potential of the surrounding blood/tissue fluid relative to the filtrate. Water therefore moves
from the renal tubular filtrate into the blood by osmosis.

Water follows the water-potential gradient established by solute reabsorption. Not every
section requires direct hormonal control, and water itself is not actively pumped out.
a(ii)(2); original allocation: 2 mark(s)

Antidiuretic hormone (ADH) increases the permeability of the collecting ducts to water,
allowing more water to be reabsorbed down its water-potential gradient.

The hormone changes the water permeability of the duct wall; the actual movement of water
is still driven by osmosis.

b(i); original allocation: 1 mark(s)

The left ventricle.

The question defines cardiac output as the volume of blood entering the systemic circula-
tion, so use the blood delivered into the aorta by each contraction of the left ventricle.
b(ii); original allocation: 2 mark(s)

Increased venous return usually increases ventricular filling during diastole, leaving more
blood available for the next beat. Stronger cardiac-muscle contraction expels more blood in
the same contraction, increasing stroke volume.

One factor affects filling and the other affects ejection; both affect the volume delivered
per beat.

b(iii); original allocation: 3 mark(s)

During exercise, alternating contractions of the skeletal muscles in the limbs compress veins
and push blood towards the heart. Venous valves prevent backflow, so more blood returns
to the heart through the major veins.

An alternative complete three-step explanation is that deeper breathing makes thoracic
pressure more negative and promotes venous return. Do not describe veins as pumping
strongly by themselves like the ventricles.

b(iv); original allocation: 5 mark(s)

A marathon requires prolonged, sustained muscular contraction. Running throughout at
100-metre sprint speed would create an ATP demand exceeding the aerobic energy supply
that can be sustained over a long period. Oxygen supply cannot meet demand, so there is
substantial reliance on anaerobic pathways and greater lactate production. Such high-inten-
sity energy provision can last only briefly. Fatigue and changes in the internal environment
prevent the muscles from maintaining the same contraction intensity for long, so running
speed must fall.

The official scheme awards credit for five linked points: prolonged contraction, inadequate
oxygen supply, anaerobic respiration and lactic acid, lactic acid accumulation, and fatigue.
Modern explanations recognise fatigue as multifactorial; do not memorise lactic acid as its
sole direct toxic cause. The central point is that the limit to maximal aerobic energy supply
prevents sprint speed from being sustained for a long period.

Examiner’s comment (source page(s) 4)

Explain the transport mechanisms underlying the difference between glucose and urea
reabsorption; saying that glucose is useful and therefore retained is insufficient. Venous
return is the volume of blood returning to the right atrium, not the heart rate. Explanations

of water reabsorption must address water potential and permeability.
Marking reference: HKDSE Biology 2014 Paper 2 Q1, official marking scheme, source page(s) 7.

<
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@amp@ [HKDSE Biology 2020 Paper 2 Q1]

(a)

1(b)

In a study, the plasma antidiuretic hormone (ADH) level and plasma sodium ion level of two groups of
individuals were compared. They were healthy individuals and patients with disorders of the pituitary
gland. The graph below shows the relationship between the levels of the two substances in their bodies:

12 [~ healthy
individuals

._
)
|

patients with
pituitary disorders

——
p—
——

Plasma ADH (arbitrary unit)
N
|

| ] 1 l -
135 140 145 150 155

Plasma sodium ion (arbitrary unit)

(1) With reference to the above graph, describe the change in the plasma ADH level in these two groups
of individuals. (3 marks)

(i)  According to your answer in (a) (i), explain how the volume and concentration of urine produced by
the patients would be different from that produced by healthy individuals. (3 marks)

(iii) Explain how the increase in plasma sodium ion level leads to changes in plasma ADH level in
healthy individuals. (3 marks)

(iv)  Some female patients with pituitary disorders do not menstruate. Based on your knowledge of the
function of the pituitary gland, propose a possible explanation for this phenomenon. (3 marks)

In an investigation, a volunteer stayed at rest and breathed in air containing different concentrations of
carbon dioxide. Some parameters related to breathing were measured. The results are shown in the table
below:

Concentration of carbon Breathing rate Breathing depth Ventilation rate
dioxide in the inspired air (%) (min™") (L) (L min™")
0.04 . 14 0.5 7.0
0.80 14 0.6 8.4
1.50 14 0.8 11.2
2.70 14 1.2 16.8
3.50 15 1.6 24.0
4.30 17 1.7 28.9
5.60 24 1.7 40.8
6.50 29 1.7 49.3

(1) State the parameter which contributed most to the change in ventilation rate in different ranges of
carbon dioxide concentrations. (2 marks)

(ii) ~ Suggest why the breathing depth remained steady as the carbon dioxide concentration exceeded
4.3%. (1 mark)

(iii)  Describe the effect of an increase in carbon dioxide concentration on the volunteer’s ventilation
rate. (1 mark)

(iv)  Explain how the increased concentration of carbon dioxide led to a change in the ventilation rate.
(4 marks)

N

D
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Solution a(i); original allocation: 3 mark(s)

Below a sodium-ion level of approximately 140, ADH remains at similarly low levels in both
groups. As sodium-ion levels rise further, ADH increases markedly in healthy individuals
but only slightly in patients with pituitary disease.

The horizontal axis represents sodium-ion level, not time, so describing healthy individuals
as secreting ADH ““faster” does not express the relationship between the two variables. First
describe the similarity at low sodium-ion levels, then the difference at higher levels. The
patients’ curve is not completely horizontal: it rises slightly, but much less than the healthy
individuals’ curve.

a(ii); original allocation: 3 mark(s)

Patients produce a larger volume of more dilute urine. Their lower ADH levels make the
collecting ducts less permeable to water, reducing water reabsorption.

Compare the groups at the same sodium-ion level. Patients have less ADH and cannot
increase collecting-duct permeability to water to the same extent as healthy individuals. Less
water returns from the filtrate to the blood and more remains in the urine, increasing urine
volume and reducing its concentration. State both volume and concentration, and specify
permeability to water rather than suggesting that all solutes pass through more easily.
a(iii); original allocation: 3 mark(s)

An increase in sodium-ion level lowers blood water potential. Osmoreceptors in the hypo-
thalamus detect the change and stimulate the posterior pituitary to release more ADH into
the blood.

The receptors detect a change in osmotic conditions, rather than simply “knowing that
sodium is high”. ADH is synthesised in the hypothalamus and stored and released by the
posterior pituitary. This response subsequently increases renal water reabsorption, helping
to reduce the original deviation. Do not incorrectly place synthesis, detection and release
in the kidneys.

a(iv); original allocation: 3 mark(s)

Insufficient FSH secretion by the pituitary fails to stimulate adequate follicle development.
Oestrogen remains low, so the uterine lining cannot thicken normally or undergo normal
cyclic changes, and menstruation may be absent.

The question requires a possible mechanism linking pituitary disease to the outcome. FSH is
secreted by the anterior pituitary and acts on the ovaries. Ovarian follicles are an important
source of oestrogen, which then affects the uterine lining. Do not state that the pituitary
directly produces oestrogen or progesterone, or treat the ADH mentioned earlier as the
hormone controlling menstruation.

b(i); original allocation: 2 mark(s)

At the lower carbon dioxide concentrations of 0.04%-2.70%, increased ventilation mainly
results from greater breathing depth. At the higher concentrations of approximately 3.50%—
6.50%, it mainly results from a higher breathing rate.

First use the relationship:

Ventilation per minute = breaths per minute x depth per breath.

In the lower range, breathing rate remains at 14 min™! while depth increases from 0.5 L to
1.2 L, so depth accounts for the change. In the higher range, depth approaches a plateau of
1.6—-1.7 L while rate increases from 15 to 29 min’l, so frequency is the main contributor.
Do not treat the “rates” in different columns as the same quantity.

b(ii); original allocation: 1 mark(s)

Lung expansion is approaching its volume limit under these conditions, so breathing depth
cannot increase appreciably further.

Depth is the volume of air inhaled or exhaled per breath. The lungs and thorax cannot
expand indefinitely. Beyond 4.3%, depth remains at 1.7 L, so further increases in ventilation

<
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per minute mainly require more frequent breaths. Do not confuse this lung-volume limita-
tion with the bladder or an unrelated structure.

b(iii); original allocation: 1 mark(s)

The higher the carbon dioxide concentration in inhaled air, the greater the ventilation rate.
Ventilation per minute rises overall from 7.0 L/min to 49.3 L/min. This part asks only for a
description of the results; the mechanism belongs in the next part. Do not interpret increased
ventilation rate as evidence that breathing depth increases continuously throughout every
range.

b(iv); original allocation: 4 mark(s)

An increase in blood carbon dioxide lowers pH. The associated chemoreceptor mechanisms
increase output from the respiratory centre in the medulla oblongata. More nerve impulses
reach the diaphragm and intercostal muscles, making their contractions more frequent or
stronger and increasing ventilation.

Write the sequence as stimulus = detection and control centre = nervous output —> respi-
ratory muscles. Changes in carbon dioxide and acid—base conditions provide the stimulus.
The centre controls respiratory-muscle movements, and the resulting changes in lung
volume cause airflow. Simply stating that “negative feedback increases breathing” omits the
intermediate steps. This question is not asking about heart-rate control.

Marking reference: HKDSE Biology 2020 Paper 2 Q1, official marking scheme, source page(s) 9.

@amp/@ [HKDSE Biology 2016 Paper 2 Q1]

V.a Oemorequlation: from blsod to urine

(a) The table below shows how the relative percentages of energy contribution from anaerobic and aerobic

respiration change with different durations of vigorous exercise:

Duration of Relative percentage of energy contribution
vigorous exercise Anaerobic respiration Aerobic respiration
10 seconds 95 5
30 seconds 85 15
1 minute 70 30
2 minutes 50 50
8 minutes 30 70
12 minutes 15 85
30 minutes 5 95
(i)  What is the relationship between the duration of vigorous exercise and the energy contribution from
the two respiratory pathways? (1 mark)
(ii)  For vigorous exercise of short duration (10-30 seconds), energy mainly comes from the breakdown
of the food store in muscles.
(1)  Use a flowchart to show the two major steps in converting this food store to a usable form of
energy through the anaerobic pathway. (2 marks)
(Note: Details of the intermediates in the pathway are not required.) '
(2)  Even though energy mainly comes from the anaerobic pathway, athletes who have just
performed vigorous exercise for short duration still need to breathe fast for a while.
Explain the importance of this phenomenon. (2 marks)
(ili) During exercise, our sympathetic nervous system is stimulated. Explain how this will bring about

physiological changes to sustain the exercise. (4 marks)
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V.a Oemorequlation: from blsod to urine

1(b) The graph below shows the renal glucose handling capability (reabsorption and excretion) in a healthy

person and in a patient suffering from non-insulin-dependent (type I1) diabetes:
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(i)  Describe the change in the renal handling of glucose in the healthy person if the plasma glucose

concentration increases from 0 to 280 mg dL™.

(4 marks)

(ii) It is noted that there is an increased expression of a gene coding for membrane glucose carriers in

the kidney tubules of type II diabetic patients.

(1)  Inwhich region of the kidney tubules are these membrane glucose carriers located? (1 mark)

(2)  Suggest why the type II diabetic patient has a higher glucose reabsorption capability.

(2 marks)

(iii)  If the diabetic condition of the patient is not properly managed, the plasma glucose concentration
can rise to a level beyond 300 mg dL™'. Explain why diabetic patients urinate more frequently

than healthy persons.

Solution (a)(i); original allocation: 1 mark(s)

As vigorous exercise continues for longer, the relative percentage of energy supplied
by aerobic respiration increases, while the percentage supplied by anaerobic respiration
decreases.

For example, aerobic respiration supplies 5% at 10 seconds and 95% at 30 minutes. The
data are percentages, so they do not establish that the absolute amount of energy supplied
anaerobically necessarily decreases with time.

(a)(ii)(1); original allocation: 2 mark(s)

Glycogen —> glucose —> lactic acid/lactate + ATP.

First, stored muscle glycogen is broken down to provide sugars for glycolysis. Anaerobic
metabolism then produces lactate and a small amount of ATP by substrate-level phospho-
rylation. Show the two principal steps requested; listing every intermediate is unnecessary.
(a)(ii)(2); original allocation: 2 mark(s)

Continued rapid breathing supplies extra oxygen to process lactate accumulated during
exercise and restore energy reserves.

Stopping vigorous muscular activity does not immediately return metabolism to its resting
level. Some lactate can be oxidised or converted back into glucose by the liver. These

recovery processes require energy and oxygen, so rapid breathing may continue for a time.

<
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(a)(iii); original allocation: 4 mark(s)

Increased sympathetic stimulation of the sinoatrial node and cardiac muscle raises heart
rate and contraction force. Cardiac output increases, delivering more oxygenated blood to
active muscles.

Link the nervous signal to energy demand: more frequent impulses from the sinoatrial node
— higher heart rate; stronger cardiac-muscle contraction = potentially greater stroke volume.
Together these increase the blood delivered to muscles per minute, providing oxygen and
respiratory substrates for sustained contraction. Skeletal respiratory muscles themselves
are controlled by motor nerves; there is no need to claim that sympathetic nerves directly
innervate the diaphragm.

(b)(i); original allocation: 4 mark(s)

At blood glucose concentrations of approximately 0-200 mg dL!, reabsorption increases as
blood glucose increases, and almost no glucose appears in the urine. Above approximately
200 mg dL!, reabsorption levels off and glucose excretion begins to increase with blood
glucose.

Divide the curves into regions below and above the renal threshold, describing both reab-
sorption and excretion in each. The maximum reabsorption rate in healthy individuals is
approximately 350 mg min™'. As transport capacity approaches saturation, excess filtered
glucose remains in the urine. The curved transition in the original graph makes the threshold
approximate; the official scheme accepts approximately 200+20.

(b)(ii)(1); original allocation: 1 mark(s)

The proximal convoluted tubule (first convoluted tubule).

Glucose is normally selectively reabsorbed in large amounts in the proximal convoluted
tubule. Do not identify the collecting duct, which mainly regulates water balance, as the
main site of glucose reabsorption.

(b)(ii)(2); original allocation: 2 mark(s)

Increased expression of the relevant genes produces more glucose transport proteins in the
membrane, increasing reabsorptive capacity per unit time.

Gene expression produces the corresponding proteins. More transport proteins allow more
transport pathways to operate simultaneously, explaining the higher reabsorption plateau in
patients with diabetes. This does not necessarily mean that every carrier becomes faster.
(b)(iii); original allocation: 4 mark(s)

Excess glucose cannot be completely reabsorbed and lowers the water potential of tubular
fluid. A smaller proportion of water is reabsorbed, increasing urine volume and hence the
frequency of urination.

When blood glucose exceeds transport capacity, glucose remains in the filtrate, increasing
solute concentration and reducing the water-potential difference favouring movement from
the tubules/collecting ducts into the blood. More water is consequently lost in urine. Link
glucose in urine to water potential and urine volume; stating only that high blood glucose
increases drinking is insufficient.

V.a Oemorequlation: from blsod to urine
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Obtaining energy from glycogen in exercising muscle

Glycogen [—» | Glucose |—p Lalc;ctct:tceld/

Glycogen Anaerobic
breakdown pathway
Converting glucose to lactate yields a small amount of ATP, formed during

glycolysis.

Graphical answer to the original question
Examiner’s comment (source page(s) 4)
Do not arbitrarily describe the relationship between exercise duration and energy supply
as direct proportionality. Glucose appears in urine when the amount filtered exceeds reab-
sorptive capacity. Its direct contribution to water loss is through lowering the water potential

of the filtrate.
Marking reference: HKDSE Biology 2016 Paper 2 Q1, official marking scheme, source page(s) 8.

V.b Regulation of body temperature

Read the explanations and diagrams in Concept V.b first, then work through the question types here. Each example retains
the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.

Connect core temperature, skin responses and water
Type 1 Degree of integration * %k & Kk &
balance

Key ideas

@® Ice absorbs heat as it melts and warms inside the body. A measured change in skin temperature also depends on skin
blood flow; the two locations need not change in the same direction. After exercise, distinguish heat production, blood
flow to the skin, sweat secretion and evaporation.

®  The same amount of sweat can remove different amounts of heat at different humidities. Different water losses can
also trigger differences in ADH and urine volume. Read each curve first, then connect the causal relationships between

organs.
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How to recoguice the problem Check the meacurement site and treatment conditions. A warmer skin does not necessarily mean a higher core

= temperature, and more sweating does not nececsarily mean more efficient evaporative cooling.

@Amp/a [HKDSE Biology Sample Paper Paper 2 Q1]

[.(a)

In an experiment conducted in a room with an air temperature of 45°C, a healthy man was asked to
consume a large quantity of crushed ice (about 500 g) from time to time. Measurement of the
following parameters were taken from the man during the course of the experiment:

. internal body temperature (taken at the eardrum which indicates the temperature of the blood
supplying the hypothalamus)

. skin temperature

. rate of sweating

. rate of body heat loss / gain

(N.B. It was noted that the metabolic rate of this person remained unchanged throughout the
experiment.)

The data are presented in the following graphs:
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(1) Describe the changes in the man’s internal body temperature and the skin temperature within
the five minutes after the crushed ice was consumed. (2 marks)

(i)  Explain how the consumption of crushed ice had brought about the change in the internal body
temperature you stated in (i). (2 marks)

(iii)  The change in skin temperature within five minutes after the consumption of crushed ice was
the result of homeostatic response. Explain the mechanisms involved in bringing about this
change in skin temperature with reference to the graphs. (4 marks)

(iv) According to the findings of this experiment, the following deduction can be made:

environmental temperature plays a less dominant role in causing sweating when compared to
internal body temperature.
What evidence supports this deduction? (3 marks)

<
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1.(b) The diagram below shows the structure of a nephron:

A

— A
{
%
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—
(1) Explain why the fluid in A has a lower percentage of glucose but a higher percentage of urea
than that in B. (2 marks)
(i)  Explain the change in the concentration of the fluid in A after heavy sweating. (5 marks)

(iii))  Patients suffering from kidney failure may need to receive treatments involving a dialysis
machine which works on similar biological principles as the kidney. State one similarity and
one difference between the functioning of the artificial membrane in the dialysis machine and

that of the wall of nephrons. (2 marks)
Solution a(i); original allocation: 2 mark(s)  Method: Check the
Core temperature decreases, while skin temperature increases. measorement Site, then
Starting at each arrow marking ice ingestion, consider only the following five minutes. The connect blood flow, cweat and
heat locs.

broken line for core temperature falls, whereas the solid line for skin temperature rises. This
part asks for a description, so state the change in each curve. “The body becomes colder”
omits the observation that the skin becomes warmer.

a(ii); original allocation: 2 mark(s)

As ice melts and warms inside the body, it absorbs heat and cools the blood flowing through
the digestive tract. This cooler blood reaches the hypothalamus, indicating a fall in core
temperature.

The initial effect is heat transfer: the body transfers heat to the ice, melting and warming it,
so nearby blood loses heat. Circulation carries this temperature change to the hypothalamus.
The ice does not directly contact the brain, and heat production does not stop after eating;
the question specifies an unchanged metabolic rate.

a(iii); original allocation: 4 mark(s)

After detecting the fall in core temperature, the hypothalamus sends nervous signals that
reduce sweat-gland secretion. Less heat is removed by sweat evaporation, so skin temper-
ature rises.

Begin the complete chain with detection. Cooler blood supplying the hypothalamus triggers
negative feedback that conserves body heat. Reduced stimulation of sweat glands lowers
sweating rate, as shown by the curve, and reduces evaporative heat loss from the skin. The
room remains at 45°C, so the skin can still gain heat from the hotter environment. When
heat loss no longer offsets heat gain, skin temperature rises. This explains the sweating,
heat-exchange and skin-temperature data together. Do not attribute warming to increased
metabolic heat production when the question fixes metabolic rate.

<
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a(iv); original allocation: 3 mark(s)

Room temperature remains at 45°C, yet each fall in core temperature is accompanied by
a marked decrease in sweating rate. Sweating subsequently increases as core temperature
recovers, showing that it mainly follows changes in core temperature.

If high environmental temperature alone dominated this response, continuous exposure to
45°C should sustain heavy sweating. Instead, with the environment unchanged and the skin
even becoming warmer, sweating decreases as core temperature falls. This supports a greater
influence of internal temperature information. It is an inference about relative effects under
these experimental conditions, not evidence that environmental temperature never affects
sweating.

b(i); original allocation: 2 mark(s)

As fluid passes from B through the renal tubules to A, glucose is reabsorbed, so its
percentage is lower at A. A larger proportion of water than urea is reabsorbed, increasing
the percentage of urea remaining.

A is in the collecting duct and receives fluid already processed by the renal tubules.
Normally, almost all filtered glucose returns to the blood in the proximal convoluted tubule,
leaving little or none at A. Much water is also recovered, leaving a relatively greater propor-
tion of urea. A higher urea concentration does not mean that the renal tubule produces urea
along this route or that the total amount of urea necessarily increases.

b(ii); original allocation: 5 mark(s)

Heavy sweating lowers blood water potential through water loss, stimulating the posterior
pituitary to release more ADH. ADH increases the water permeability of the distal convo-
luted tubules and collecting ducts. More water is reabsorbed into the blood, making the
urine at A more concentrated.

Sweat removes water, first changing blood concentration and water potential. The hypothal-
amus detects this deviation and increases renal water conservation through ADH. As more
water returns from the ducts to the blood by osmosis, the remaining urea and other solutes
are contained in less water. Urine volume falls and concentration rises. ADH is produced
in the hypothalamus and released by the posterior pituitary. Greater permeability does not
mean that water is more readily lost from the body.

b(iii); original allocation: 2 mark(s)

Similarity: both are selectively permeable, allowing some small molecules to pass while
retaining blood cells and large protein molecules. Difference: living renal-tubule cells can
actively and selectively reabsorb useful substances; an artificial dialysis membrane lacks
this metabolic function.

Compare the actual exchange mechanisms. A dialysis membrane allows small molecules
such as urea to move down concentration gradients, but does not independently determine
how much glucose the body needs and use ATP to transport it back. Nephrons contain living
cells whose transport proteins and energy supply enable such regulation. Dialysis fluid
therefore needs an appropriate composition to prevent excessive loss of essential substances.

Do not treat the dialysis membrane as an actively functioning renal cell.
Marking reference: HKDSE Biology Sample Paper Paper 2 Q1, official marking scheme, source page(s) 7.

V.c Regulation of blood gas levels

V.6 Regulation of body temperature

Read the explanations and diagrams in Concept V.c first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the

demands of the whole question.
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Type 1 Degree of integration ok hEE

O Explain exercise regulation using cardiac output and blood
gases

Key ideas

® If person A has a stroke volume of 70 mL and heart rate of 75 beats per minute, cardiac output is 5250 mL per minute.
Person B, with 90 mL per beat and 60 beats per minute, has an output of 5400 mL per minute. B has a lower heart rate
but higher cardiac output. Training effects therefore cannot be judged from a heart-rate curve alone.

@ Increased respiration in active tissues produces carbon dioxide and associated acid—base changes that contribute to
regulation of ventilation and cardiovascular activity. If the whole question also concerns water intake or hormones,

retain the separate stimuli and effectors of each regulatory pathway.

<
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V.e Regulation of blosd gas levels

How to recoguice the problem Caleulate stroke volume x heart rate before comparing oxygen supply and metabolic demand. Dictinguich the

= pacemaker activity initiating a heartbeat from nervous and hormonal requlation that altere heart rafe.

@Amp/a [HKDSE Biology 2013 Paper 2 Q1]

(a) The X-ray photograph below shows a small electronic device that has been surgically implanted into the
chest cavity of a patient suffering from heart disease. This device maintains the proper rhythm of the

patient’s heart.

wire leading to the heart  heart electronic device

(i) Which structure of the heart does the device replace functionally?

(1 mark)

(i)  The structure mentioned in (i) triggers a series of events that lead to the proper functioning of the

heart. Describe these events.

(4 marks)

(iii)  During the cardiac cycle, there is a period of time in which both atria and ventricles are in a relaxed
state. Briefly describe the pathway of blood flow returning from the lungs to the heart chambers

during this period.

(3 marks)

(iv)  With reference to a hormone, describe how it can bring about an increase in cardiac output.

(3 marks)

1(b) Kathy has been married for two years. In the first year, she took a progesterone-containing contraceptive
pill. Then she stopped taking it and got pregnant. Three months later she noticed bleeding from her

vagina. Her doctor gave her progesterone to stop the bleeding.

(i)  Explain how progesterone in the contraceptive pill prevented Kathy from becoming pregnant.

(5 marks)

(i) (1)  What was the possible cause and consequence of the bleeding from Kathy’s vagina?
(2 marks)
(2)  How did the progesterone prescribed by the doctor help Kathy in this case? (2 marks)

Solution a(i); original allocation: 1 mark(s)

The sinoatrial node, the heart’s natural pacemaker.

The implanted electronic device generates rhythmic electrical stimuli, replacing or support-
ing the normal initiation of the heartbeat.

a(ii); original allocation: 4 mark(s)

Electrical impulses from the sinoatrial node spread through both atrial walls, causing the
atria to contract simultaneously. The impulses reach the atrioventricular node and then travel
through conducting tissue to both ventricular walls, causing the ventricles to contract after

the atria.

<>
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Describe initiation, spread through and contraction of the atria, the atrioventricular node,
and subsequent ventricular contraction in order. This sequence allows blood to enter the
ventricles before being pumped out of the heart.

a(iii); original allocation: 3 mark(s)

Blood returns from the lungs through the pulmonary veins to the left atrium, then flows
through the open bicuspid valve into the left ventricle.

When both atria and ventricles relax, venous return can still fill the chambers. Blood does
not have to wait for active atrial contraction before any can enter.

a(iv); original allocation: 3 mark(s)

Adrenaline makes cardiac muscle contract faster and more strongly. Heart rate and stroke
volume increase, so cardiac output per minute increases.

Cardiac output = heart rate x stroke volume.

Explain how the hormone changes these two determinants rather than merely saying that it
“stimulates the heart”.

b(i); original allocation: 5 mark(s)

The contraceptive pill maintains a relatively high progesterone level, exerting negative
feedback on the pituitary and inhibiting FSH and LH secretion. Low FSH prevents adequate
follicle development, while low LH suppresses ovulation. Without release of an ovum,
fertilisation cannot occur.

Explain the progesterone-related hormonal feedback described in the question. The key is
suppression of gonadotrophins, interrupting follicle development and ovulation, not direct
killing of sperm by progesterone.

b(ii)(1); original allocation: 2 mark(s)

In the situation described, bleeding may indicate that the uterine lining is beginning to break
down. Destabilisation of the lining supporting pregnancy may result in miscarriage.

The original question uses progesterone treatment in this scenario and asks about the
relationship between the lining and attachment of the embryo. This is a physiological expla-
nation of the stated situation; bleeding in an actual individual does not by itself establish
its cause.

b(ii)(2); original allocation: 2 mark(s)

Progesterone maintains the thickness and blood supply of the uterine lining, supporting
stable attachment of the placenta/embryo and continuation of pregnancy.

Here, progesterone maintains the lining after pregnancy has begun. Distinguish this from
the earlier use of high progesterone to suppress ovulation.

Examiner’s comment (source page(s) 4)

Do not describe cardiac electrical impulses as nerve impulses arriving from neurones.
Venous return during diastole does not depend on atrial contraction. Cardiac output depends

on both heart rate and stroke volume.
Marking reference: HKDSE Biology 2013 Paper 2 Q1, official marking scheme, source page(s) 7.

<>
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A

Examp@ [HKDSE Biology 2021 Paper 2 Q1]

(a) Two young students, Alice and Billy, carried out a series of step-up exercises of increasing intensity. Each
exercise lasted for three minutes by stepping up and down on a wooden box at a fixed speed (i.e. 2, 6 or 10
step-ups per 10 seconds) as shown in the diagram below:

step up step up

A

Their heart rates and blood lactate concentrations were measured at rest and immediately after each
exercise. Before the start of the next exercise, the students were allowed to rest until their heart rate and
blood lactate concentration returned to their levels at rest. The results are shown in the table below:

: : s Blood lactate concentration
Intensity of exercise Heart rate (beat min™) (mmol L)
{ble. arstepaups pex o) Alice Billy Alice Billy
0 (at rest) 58 80 0.42 0.43
2 64 91 0.63 0.82
6 94 132 0.82 2.40
10 130 178 1.20 5.80

()

(ii)

Describe the overall effects of increasing the intensity of exercise on the heart rate and blood lactate

concentration. (1 mark)

According to your answers in (i), explain the change in blood lactate concentration during the

exercise. (3 marks)
(iii)  According to your answer in (i), describe how the nervous system brings about the change in heart
rate during the exercise. (4 marks)
(iv)  Alice is a trained athlete. Give fwo pieces of supporting evidence from the data. (2 marks)



[Part I - V] Human physiology: question types and practice

V.e Regulation of blosd gas levels

I(b)  An investigation was carried out to study the effect of the water content of blood on the thermoregulatory
response. Volunteers were divided into two groups with the blood water content of one group maintained at
isotonic condition while the other group at hypertonic condition. They were asked to immerse their bodies
in hot water to mid-chest level for 30 minutes. The rate of sweating at the forehead and the body
temperature of the volunteers were continuously monitored throughout the experiment. The relationship

between these two parameters of the groups is shown in the graph below:
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(1) State the receptor and effector involved in the thermoregulatory response of the isotonic group.

(2 marks)

(i)  With reference to the thermoregulatory response of the isotonic group shown in the above graph,
explain why the change brought about by this response is regarded as an example of negative

feedback.
(Note: The nervous coordination of the response is not required.)

(4 marks)

(iii) ~ With reference to the above graph, deduce the effect of the hypertonic condition of blood on the

negative feedback mechanism of the thermoregulation of the volunteers.

(2 marks)

(iv)  The effect described in (iii) is beneficial in regulating water balance in the hypertonic group of

volunteers. Explain why.

Solution a(i); original allocation: 1 mark(s)

Overall, higher exercise intensity is associated with higher heart rate and blood lactate
concentration.

For both students, values in both columns increase from rest to faster stepping. Mention
both dependent variables.

a(ii); original allocation: 3 mark(s)

The muscles’ rate of energy demand exceeds the rate supplied by aerobic respiration. Addi-
tional anaerobic respiration produces lactate, which accumulates when production exceeds
removal.

During more vigorous exercise, oxygen supply may not fully meet the rate of muscular
energy demand, so aerobic and anaerobic energy provision can occur together. Do not state
that all aerobic respiration stops. Rising blood lactate indicates net accumulation from the

balance between production and removal.

<

(2 marks)

Method: Caleulate cardiac
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oxygen supply and regulation.
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a(iii); original allocation: 4 mark(s)

Chemoreceptors in the medulla oblongata detect blood acidification. The cardiovascular
centre increases sympathetic signals to the sinoatrial node, raising heart rate.

The question uses the fall in blood pH accompanying increased lactate as the stimulus. The
medullary cardiovascular centre sends more nerve impulses to the pacemaker/sinoatrial
node. The node generates electrical signals more frequently, and these spread through car-
diac muscle, causing faster contractions. Connect the stimulus, detection, centre, sinoatrial
node and muscle response; “sympathetic nerves speed up the heartbeat” alone is incomplete.
a(iv); original allocation: 2 mark(s)

Alice has a lower resting heart rate and a lower lactate concentration at the same exercise
intensity.

Atrest, Alice’s heart rate is 58 beats/minute, compared with Billy’s 80 beats/minute. At the
highest stepping intensity, their lactate concentrations are 1.20 mmol/L and 5.80 mmol/L
respectively. Lower heart rate and lactate accumulation at the same workload are consistent
with better cardiorespiratory fitness. Compare equal exercise intensities, not values from
different rows.

b(i); original allocation: 2 mark(s)

The receptors are thermoreceptors in the hypothalamus; the effectors are sweat glands.
The figure concerns core temperature and sweating, so connect detection of internal tem-
perature with the secretory response of sweat glands.

b(ii); original allocation: 4 mark(s)

A rise above the normal body temperature of approximately 37°C triggers sweating. Sweat
evaporation removes heat, lowering body temperature and counteracting the original devi-
ation.

Negative feedback involves a normal value, a deviation that triggers a response, and a
response that reduces the deviation. Sweat must evaporate to absorb heat effectively. Merely
saying that hot sweat is excreted omits the main cooling process.

b(iii); original allocation: 2 mark(s)

The hypertonic group begins substantial sweating at a higher threshold. Its curve shifts to
the right, with the set point moving to approximately 37.5°C.

Compare the horizontal-axis positions where the curves begin to rise markedly. The isotonic
group begins near 37.0°C, whereas the hypertonic group begins later. Comparing sweating
at only one temperature misses the threshold change.

b(iv); original allocation: 2 mark(s)

Delayed sweating reduces water loss and helps the hypertonic group conserve water, at the
cost of delaying heat loss.

The hypertonic group’s body fluids have a lower water potential, creating a need to conserve
water. Raising the sweating threshold reduces water loss at the same temperature and reflects
a trade-off between water balance and cooling.

Examiner’s comment (source page(s) 8, 9)

Link high breathing rate after exercise to the oxygen required to process lactate. Describe the
nervous pathway from receptors through the cardiac control centre to the heart. A rightward
shift of the whole sweating curve indicates a changed thermoregulatory set point, not merely

a different reading at one temperature.
Marking reference: HKDSE Biology 2021 Paper 2 Q1, official marking scheme, source page(s) 7, 8.

V.d Hormonal control of the reproductive cycle

V.e Regulation of blosd gas levels

Read the explanations and diagrams in Concept V.d first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the

demands of the whole question.

<>
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Type 1)

y

Infer ovulation, contraception and exercise responses from
hormone curves

Key ideas

@ Falling oestrogen can reduce pituitary inhibition and allow FSH to rise. Before ovulation, sustained high oestrogen

can instead promote positive feedback and an LH surge. Identify the cycle stage; an increase in any hormone is not

automatically negative feedback.

®  Supplied hormones that suppress follicle maturation and the LH surge can reduce ovulation by modifying reproductive

regulation. Compare normal, affected and treated curves at the same times before proposing mechanisms.

O How to recognice the problem g'epamfe pitvitary, ovary and ufervs. Match each hormone to ite cource, target and timing. If other subparts

involve exercise, give the complete water-balance or blood-flow pathway separately.

@amp@ [HKDSE Biology 2023 Paper 2 Q1]

(a)

Susan is a healthy young woman who got an abdominal injury in a traffic accident months ago. Since then,
her menstrual flow lasted much longer than her usual period. Her doctor arranged blood tests to check her
hormone levels during a menstrual cycle. The results are shown below:
Name: Susan Sex: Female Age: 27
28-day menstrual cycle Hormone Level Normal Range
Days 1-11 Oestrogen 343 125.9-661.2
Follicle stimulating hormone (FSH) 317 4.3-7.1
Progesterone 0.6 0.6-1.0
Days 12-16 Oestrogen 138.1 320.6-914.8
Follicle stimulating hormone (FSH) 38.5 5.3-11.5
Progesterone 1.5 2.6-5.1
Days 17-28 Oestrogen 92.3 151.2-552.8
Follicle stimulating hormone (FSH) 22.3 2.4-6.2
Progesterone 6.8 9.5-40.3
* All values are expressed in arbitrary units.

(i) With reference to the secretion of oestrogen, which part of Susan’s reproductive system could have
been affected after the abdominal injury? Explain how this would lead to the oestrogen levels shown
in her blood test results. (3 marks)

(i)  With reference to the interaction between oestrogen and FSH, explain the overall result of the FSH
levels in Susan’s blood tests. (3 marks)

(iii)  Before the accident, Susan’s menstrual flow lasted for only four to five days. After the accident, her
menstrual flow lasted much longer. With reference to the above results, suggest an explanation to
account for this phenomenon. (2 marks)

(iv)  To check if there is ovulation in Susan’s menstrual cycle, the level of which hormone should be

measured? What is the expected change for the level of this hormone if there is ovulation? (2 marks)

<>
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[Part I - V] Human physiology: question types and practice

1(b)

In a study of the effect of exercise on thermoregulatory response in a hot environment, two groups of healthy
volunteers stayed in a room at 38 °C and 50% relative humidity. One group was kept at rest while the other
group was asked to run on treadmills set at a constant speed of 5 km hr~ ! for 45 minutes. The skin bloosi flow
in the legs and body temperature of the volunteers were continuously monitored throughout the experiment,
The relationship between these two parameters is shown in the graph below:
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(i)  Explain why there was an increase in blood flow to the skin of the resting group. (4 marks)
(i) (1)  Withreference to the curve of the exercise group, deduce the condition of the arterioles leading
to the skin surface when the body temperature increased from 36°C to 37°C. (2 marks)
(2)  What is the significance of such change to the exercise group? (2 marks)
(iii)  Apart from the change in (ii), state fwo other differences in the thermoregulatory response of skin
blood flow between the two groups. (2 marks)
N

Solution a(i); original allocation: 3 mark(s)

Damage to the ovaries or developing follicles may reduce oestrogen secretion, keeping
oestrogen below the normal range throughout the cycle.

- Method: Alige. each
hormone’c source, target and

timing.

Oestrogen is mainly secreted by developing ovarian follicles. Injury to this tissue reduces its
capacity to produce the hormone. The values 34.3, 138.1 and 92.3 are all below the lower

limits of their respective normal ranges, consistent with this explanation.

a(ii); original allocation: 3 mark(s)

Low oestrogen weakens negative feedback on pituitary FSH secretion, so the pituitary

releases more FSH.

Within the appropriate concentration range, oestrogen normally inhibits FSH secretion.
Inadequate oestrogen throughout the cycle reduces this inhibitory signal, explaining why
FSH exceeds the normal upper limit in all three intervals. High FSH does not guarantee an

ovarian response because the ovary itself may be damaged.

a(iii); original allocation: 2 mark(s)

Insufficient progesterone makes the uterine lining harder to maintain. It begins shedding

earlier, prolonging bleeding.

The table shows progesterone below the normal range particularly on days 12—-16 and 17—
28. Progesterone normally maintains the thickness and stability of the lining. When levels

are too low, shedding may start early and persist, producing a longer menstrual period.

a(iv); original allocation: 2 mark(s)

Measure luteinising hormone (LH). A marked LH surge should normally occur before

ovulation.
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A sharprise in LH triggers ovulation. Monitoring for a brief LH surge therefore corresponds
more directly to the hormonal event preceding ovulation than a single oestrogen reading.
b(i); original allocation: 4 mark(s)

High temperature causes heat accumulation in the body. Thermoreceptors send information
to the hypothalamus, whose heat-loss centre sends nervous signals that dilate skin arterioles
and increase skin blood flow.

The room temperature of 38°C exceeds the initial body temperature, while metabolism
continues producing heat, so body temperature rises. Thermoreceptors in the skin and
hypothalamus detect the change. Through nervous regulation of arteriolar smooth muscle,
the hypothalamus increases vessel diameter. More blood carries internal heat to the surface,
assisting heat loss with sweat evaporation. When the surroundings are hotter than the skin,
outward conduction or radiation alone cannot explain heat loss.

b(ii)(1); original allocation: 2 mark(s)

The arterioles constrict, as skin blood flow in the exercise group falls from approximately
20 to approximately 5 between 36°C and 37°C.

With other factors similar, reduced skin blood flow indicates narrowing of the supplying
arterioles and increased resistance. State the falling trend in the graph before linking it to
vessel condition.

b(ii)(2); original allocation: 2 mark(s)

Blood is redistributed to exercising muscles, supplying more oxygen and respiratory sub-
strates to support contraction.

Active leg muscles have increased ATP demand. Reducing blood flow to the skin prioritises
muscle perfusion, increasing oxygen and glucose delivery and metabolic-waste removal.
b(iii); original allocation: 2 mark(s)

The exercise group begins to increase skin blood flow markedly only at a higher body
temperature. Its maximum plateau blood flow is also lower.

The resting group’s flow starts rising after approximately 36.4°C and approaches 100 by
approximately 37.6°C. The exercise group’s flow starts recovering at approximately 36.9°C,
approaches a plateau only near 38°C and reaches only approximately 60. These compare
the temperature at response onset and the maximum response magnitude respectively.
Examiner’s comment (source page(s) 9, 10)

Low oestrogen removes negative feedback on pituitary FSH secretion; it does not directly
stimulate FSH molecules. The horizontal axis of the skin-blood-flow graph is body temper-
ature, not time. The effectors for vasodilation and vasoconstriction are arterioles; capillaries

lack the same smooth-muscle regulation.
Marking reference: HKDSE Biology 2023 Paper 2 Q1, official marking scheme, source page(s) 9, 10.

D
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@amp@ [HKDSE Biology 2019 Paper 2 Q1]

(@) To investigate the interaction between oestrogen and follicle stimulating hormone (FSH), the plasma levels
of the two hormones in a group of females were measured over a period of time. Graph 1 below shows
the change in the plasma levels of the two hormones throughout the course of the study:

Graph 1
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(i)  With reference to the events occurring in the ovaries, explain the changes in plasma oestrogen level
during the following periods of time:

(1)  from day 24 of cycle I to day 3 of cycle IT (2 marks)

(2) from day 5 to day 11 of cycle II (2 marks)

(ii)  The same group of females received an additional daily oestrogen injection from day 26 of cycle III
for 5 consecutive days. Graph 2 below shows the changes in the plasma levels of the two
hormones over the same period of time:

Graph 2
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(1)  The pattern of the change in plasma FSH level in Graph 2 was modified by the injection of

additional oestrogen. With reference to graphs 1 and 2, deduce the effect of oestrogen on
FSH. Explain your answer. (4 marks)

(2)  Contraceptive pills usually contain oestrogen and progesterone. With reference to your
answer in (1), explain the function of oestrogen in these contraceptive pills. (2 marks)

s
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1(b)

Solution a(i)(1); original allocation: 2 mark(s)
Degeneration of the ovarian corpus luteum reduces oestrogen secretion, causing oestrogen
to fall from day 24 of cycle I to day 3 of cycle II.

To investigate the effects of dehydration on cardiovascular functions, professional cyclists were divided
into two groups (dehydrated group and hydrated group) and asked to ride a cycling machine set at the same

resistance for 120 minutes.

The dehydrated group did not drink any fluid throughout the course of the

experiment, while the hydrated group drank an isotonic fluid to compensate for the water loss during
cycling. The table below shows the changes in their cardiovascular functions:

V.d Hormonal control of the reproductive cycle

. Heart rate (beat min”') Stroke volume (L) Cardiac output (L min_')
Duration of =5} w5 oted | Fydrated | Dehydrated | Hydrated | Dehydrated | Hydrated
exercise (min) group aroup group aroup group —
10 138 139 0.138 0.136 19.0 18.9
60 155 148 0.120 0.129 18.6 19.1
110 168 150 0.093 0.128 15.7 19.2

)

(ii)

(iii)

Over the course of the experiment, the cycling speed of the hydrated group was constant while that
of the dehydrated group dropped slowly. With reference to the data on cardiac output, explain the
performance of the two groups of cyclists in terms of the cycling speed. (5 marks)

(1)  With reference to the data on heart rate and stroke volume in the dehydrated group, which
parameter led to the change in their cardiac output? (1 mark)

(2)  With reference to water balance in the dehydrated group, explain the change in the parameter
stated in (1) during the course of the experiment. (2 marks)

Suggest why there was a greater increase in heart rate in the dehydrated group as compared to the
hydrated group. (2 marks)

e Method: Align each

tim fh,g.

This interval spans the end of one cycle and the beginning of the next. Link the hormonal

decline to degeneration of the previously secreting corpus luteum, not to loss of oestrogen

in menstrual blood.
a(i)(2); original allocation: 2 mark(s)
Ovarian follicles gradually develop and mature, secreting increasing amounts of oestrogen.

Days 5—-11 of cycle Il are within the follicular-development phase. The new follicles increase

oestrogen production, corresponding to the rising broken curve. Do not attribute secretion

at this stage to a new post-ovulatory corpus luteum.

a(ii)(1); original allocation: 4 mark(s)

Oestrogen exerts negative feedback on/inhibits FSH secretion.

In Figure 1, FSH rises when oestrogen falls near the end of cycle I. In Figure 2, FSH

remains low during the five days of oestrogen injections in the corresponding interval. After

injections stop, oestrogen falls and FSH rises again. Together, the normal pattern, injection

period and post-injection pattern support inhibition of FSH by higher oestrogen. Different

curve shapes alone are insufficient evidence.
a(ii)(2); original allocation: 2 mark(s)

Oestrogen in the contraceptive pill suppresses FSH, preventing normal follicle development

and leaving no mature ovum available for ovulation and fertilisation.

The question asks about oestrogen in this negative-feedback mechanism. Start with FSH

suppression, then connect it to follicles and ovulation. Do not give only “prevents preg-

nancy” or replace the entire mechanism with progesterone action.
b(i); original allocation: 5 mark(s)
Cardiac output in the hydrated group stays near 19 L min™!, whereas that of the dehydrated

group falls from 19.0 to 15.7 L. min"!. Reduced oxygen and nutrient delivery to active

muscles lowers ATP production, slowing cycling speed.

<>

hormone'c source, target and
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Cardiac output is blood volume delivered per minute. The hydrated group remains approx-
imately stable from 18.9 to 19.2 L min™!, maintaining oxygen and substrate delivery for
muscular respiration. Reduced perfusion in the dehydrated group lowers sustainable energy
release and ATP supply, preventing contractions from maintaining the original speed.
Connect the blood-flow data to respiration, energy and muscular contraction.

b(ii)(1); original allocation: 1 mark(s)

Stroke volume.

Heart rate in the dehydrated group rises from 138 to 168 beats min~!, which would tend
to raise cardiac output. However, stroke volume falls from 0.138 to 0.093 L, sufficiently
to reduce total output. Since cardiac output = heart rate x stroke volume, the key factor is
falling stroke volume.

b(ii)(2); original allocation: 2 mark(s)

The dehydrated group continues losing water through sweating and breathing without
replacement. Blood volume decreases, reducing stroke volume.

Reduced circulating blood volume lowers venous return and ventricular filling, leaving less
blood available for the next contraction. Stroke volume is not the number of heartbeats per
minute; these are different parameters.

b(iii); original allocation: 2 mark(s)

The larger increase in heart rate compensates for the dehydrated group’s lower volume per
beat, attempting to maintain adequate cardiac output.

A faster heart rate partly offsets the reduction in stroke volume. The data show incomplete
compensation, however, because cardiac output and cycling speed still fall. A compensatory
response does not establish complete restoration of function.

Examiner’s comment (source page(s) 8, 9)

Link oestrogen changes to corpus-luteum degeneration or follicle development, then use
the data before and after injection to support negative feedback. Compare both exercise
groups: cardiac output is approximately stable with hydration, while stroke volume falls
with dehydration and increased heart rate only partly compensates. Do not replace this

comparison with a generic account of nervous heart-rate regulation.
Marking reference: HKDSE Biology 2019 Paper 2 Q1, official marking scheme, source page(s) 7.

Practice V.a Osmoregulation: from blood to urine
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Explain osmoregulation by tracking substances
éelated tyPE) P 9 v 9 Degree of integration % H& J& & &

through the nephron

Practice

7. [HKDSE Biology 2018 Paper 2 Q1]
—— Hint: Separate blood, filtrate and urine; track each cubstance.

I(a) In a study of the effect of consuming different liquids on urine production, three groups of healthy persons
were asked to follow the same pattern of physical activity and dietary intake. After that, Group A consumed
a 1500 mL alcoholic beverage, Group B consumed 1500 mL water and Group C did not consume any
liquid. Their urine was collected and its volume measured at 60-minute intervals over a period of 240
minutes. The results are shown in the graph below:

Key: ——— Group A: each person consumed a 1500 mL alcoholic beverage
****** Group B: each person consumed 1500 mL water
Skl Group C: did not consume any liquid
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(1) With reference to the hormonal control of osmoregulation, explain why Group C had a much lower
average volume of urine produced than Group A and Group B. (5 marks)

(iiy (1)  With reference to the results of Group A and Group B, what is the overall effect of
consuming alcoholic beverages on urine production? (1 mark)

{2y  Based on (ii) (1), deduce ome possible effect of alcohol on the hormonal control of
osmoregulation. (1 mark)

(iii)  Explain why the participants should avoid doing vigorous physical activity during the study.
(2 marks)
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1(b) Nowadays, many weather forecast apps list ‘real feel’ temperature in addition to air temperature. The real
feel temperature is the temperature which takes into account multiple factors influencing the effectiveness
of heat loss from the human body. The higher the effectiveness, the lower is the real feel temperature. The
table below shows the real feel temperatures at different air temperatures and relative humidities (other
environmental conditions remain the same):

Air temperature (°C)

24 28 32 36
a |40 24 29 34 39
S 50 24 29 35 41
S |60 25 30 36 41
S&|70 26 31 37 I7)
§ 80 26 32 37 44
3 90 27 32 38 45
= 100 27 33 39 46

Note: Real feel temperatures are highlighted in grey.

(1) Describe the effect of relative humidity on the real feel temperature. Explain this phenomenon with
reference to the effectiveness of heat loss from the body. (3 marks)

(i)  How does the effect described in (i) change at higher air temperatures? Explain this phenomenon
with reference to the effectiveness of heat loss from the body. (3 marks)

(iiiy ~ Other than relative humidity and air temperature, suggest fwo environmental factors that may affect
the real feel temperature. Explain your answer. (4 marks)

(iv)  People who are engaged in outdoor work or activities are advised to drink plenty of water when the
Hong Kong Observatory issues the Very Hot Weather Warning. Based on your biological
knowledge, suggest an explanation for this advice. (1 mark)
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2. [HKDSE Biology 2022 Paper 2 Q1]
—— Hint: Separate blsod, filtrate and urine; track each cubstance.

(a) The graph below shows the change in volume of the glomerular filtrate along different regions of the kidney
tubule under normal and dehydrated conditions: ’
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@) Describe how the glomerular filtrate is formed in the Bowman’s capsule. (2 marks)

(ii) ~ With reference to the above graph, state the region of the kidney tubule in which most water is
reabsorbed. (1 mark)

(iii)  Ifthe average volume of the glomerular filtrate formed each day is 180 L, what is the volume of water
reabsorbed daily in the region stated in (ii)? (1 mark)

(iv)  Explain how water is reabsorbed into the blood from the glomerular filtrate within the region stated
in (ii). (3 marks)

(v)  With reference to the hormonal control of osmoregulation, explain the difference in the relative
volume of the glomerular filtrate at the end of region C of the kidney tubule under the two different
conditions mentioned above. (4 marks)
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1(b) An experiment was conducted to investigate the respiratory responses during exercise in healthy persons and
in patients with hardening of lung tissue. They were asked to ride a cycling machine set at the same resistance,
holding a slow constant speed for ten minutes. Their breathing rates, breathing depths and plasma gas levels
were continuously monitored throughout the experiment. The results are shown in the table below:

Breathing rate Breathing depth Plasma oxygen level | Plasma carbon dioxide

Time (breath min™") (L) (arbitrary unit) level (arbitrary unit)
I T T T

0 14 20 0.9 0.7 825 75.8 425 42.0

2 16 29 1.8 1.0 83.9 2 43.2 42.4

4 18 35 22 1.1 84.0 67.1 43.3 43,5

6 19 37 23 1.2 84.3 63.2 43.8 43.6

8 20 40 24 1.2 84.3 62.0 43.9 43.7

10 20 44 24 1.2 84.3 60.5 43.9 43.7

)] State how the breathing depth of the patients was different from that of the healthy persons.
(2 marks)

(i)  Based on the condition of the patients, suggest an explanation for the difference stated in (i).
(2 marks)

(ili)  With reference to the data shown, deduce with reasons which parameter, plasma oxygen level or
plasma carbon dioxide level, was more significant in bringing about changes in the breathing rate of
the patients after six minutes. (3 marks)

(iv)  With reference to the plasma gas levels, explain why patients would feel dizzy if the experiment
continued for another ten minutes. (2 marks)

N

Practice V.b Regulation of body temperature

<>



[Part Il - V] Human physiology: question types and practice Practice .6 Requlation of body temperature

Connect core temperature, skin responses and water
éelated type )

Degree of integration T % Y & &
balance

Practice

7. [HKDSE Biology 2012 Paper 2 Q1]

—— Hint: Check the meacurement cite, then connect blood flow, cweat and heat lose.

[.(a) In a study about the replenishment of water after exercise, participants performed exercise until they lost

} 500 mL water. They were then divided into 3 groups and asked to consume a 2 000 mL sports drink
containing 0, 50 and 100 mmol / L sodium respectively. Urine samples were collected at 1-hour intervals
for 6 hours and the net body fluid balance throughout the course of the experiment was determined. The
results are respectively shown in the Figures 1A and 1B below:

Key:

0 mmol / L sodium

EsswnssNEES 50 mmo] /Lsodium

e == 100 mmol / L sodium

450 - Figure 14 Figure 1B
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- £
£ 200 2
3 S 500
g 150 Z
3 £
0 3-1000-
50
0 — T T T ~1500 ——— T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (hour) End of Time (hour)
exercise T
Intake of Intake of
sports drink

sports drink

(i)  Describe the general patterns of the urine output after consuming drinks with different sodium
concentrations. (4 marks)

(i)  Account for the high urine output of the participants who consumed sports drink with ¢ mmol / L
sodium. (4 marks)

(iiiy  In terms of the replenishment of water, which sports drink would you recommend for athletes to
consume after exercise? Explain your answer. (3 marks)

<>



[Part Il - V] Human physiology: question types and practice Practice .6 Requlation of body temperature

1.(b} In the study described in (a), the participants performed exercise in a room maintained at 34°C and 60-70%
relative humidity.

(i)  State swo major ways in which participants lost water during exercise. (2 marks)

(ii)  If the temperature and relative humidity in the room had been set higher, it would have been
dangerous to the participants. Explain why this is so. (4 marks)

(iii)  After the exercise, the breathing rate of the participants remained at a fairly high level. Explain the
significance of this. - (3 marks)

<>



[Part Il - V] Human physiology: question types and practice Practice .6 Requlation of body temperature

2. [HKDSE Biology 2017 Paper 2 Q1]
—— Hint: Check the meacurement cite, then connect blood flow, cweat and heat lose.

(a) Ellen went swimming with her friends on a windy day. They competed to hold their breath under water
for the longest time.  Ellen finally won the competition by holding her breath for 2 minutes.

(i) When Ellen was holding her breath, which part of her brain was controlling the breathing actions?
(1 mark)

(i)  When Ellen left the water, she breathed rapidly and heavily.

(1)  What was the stimulus leading to this response? How was this stimulus brought about
when Ellen was holding her breath under water? (3 marks)

(2)  Describe the nervous coordination leading to this response. (4 marks)

(iii)  After Ellen had left the water, she felt cold in the wind. Give one physiological response her body
would exhibit to help her regulate the body temperature.  State the significance of this response.
(3 marks)

1(b) The diagram below shows a nephron and its associated structures. The solute concentration of the fluid at
different positions in the tubules are indicated:

l T direction of blood flow

A:290 mmol L™

B: 290 mmol L™

C: 100 mmol L™

A -
U_g - —————D: 30-50 mmol L™ without antidiuretic hormone
Y o ¢ 900-1400 mmol L™" with antidiuretic hormone

(i) With reference to the physiological processes involved, explain why there is no change in the solute
concentration of the fluid inside the tubule as the fluid flows from point A to point B. (4 marks)

(ii)  Account for the difference in the solute concentration of fluid in point D with or without antidiuretic
hormone (ADH). (3 marks)

(iii)  If protein is present in the fluid in point D, which part of the nephron is most likely damaged?
Explain your answer. (2 marks)

Practice V.c Regulation of blood gas levels

<



[Part Il - V] Human physiology: question types and practice Practice |/.c Requlation of blood gas levels

Explain exercise regulation using cardiac output and
éelated type)

Degree of integration 1 B B &l
blood gases

Practice

7. [HKDSE Biology 2025 Paper 2 Q1 (English translation)]
—— Hint: Caleulate cardiac ovlput, then relate it to oxygen cupply and regulation.

(a) A young man participated in a 12-month aerobic exercise training programme. Before the
programme began and after it was completed, researchers measured the changes in the
volume of blood in his left ventricle during one cardiac cycle while he was at rest. The results
are shown below:

o :.1'

271" Before training |
AR } |

e |
11t

60— Hr ,
O cECE o et

Left ventricular blood volume (cm?)

20-FH R
0 0.1 02 03 04 05 06 07 08 09 1.0
Time (s)

(i) Calculate the young man'’s stroke volume, heart rate and cardiac output before and after
training. Copy the following table into your answer book and complete it. (3 marks)

Before training After training

Stroke volume (cm3)

Heart rate (beats per minute)

Cardiac output (cm?® min—1)

(ii) Based on your answers in (i), suggest one change in heart structure that could explain the
change in the young man’s resting stroke volume after training. Explain your answer. (3
marks)

(iii) The graph below shows the young man’s heart rate at different exercise intensities before
training:

= 4

§ s Maximum heart rate
3= .»~" Before training
©E &
t__' — ’l
8 8. ’/’
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[Part Il - V] Human physiology: question types and practice Practice |/.c Requlation of blood gas levels

Copy the above graph into your answer book, including the dotted line, and sketch a curve to
show the young man’s heart rate at different exercise intensities after training. (2 marks)

(iv) Explain the change in resting cardiac output before and after training. (3 marks)

(b) To investigate the effects of relative humidity (RH) on thermoregulation during exercise
and recovery in a hot environment (30 °C), one group of volunteers was exposed to high
humidity (85% RH) and another to low humidity (19% RH). After resting for 10 minutes, the
volunteers ran on a treadmill at a fixed speed for 20 minutes. They stood during the
subsequent recovery period. The changes in their body temperature were recorded as shown
below:

38.5
? 85 % RH
E 38.0
2
o
g 37.5-
€
2
>
a 370=
o]
C
o
= 365+
Rest Exercise Recovery
| | 1
0 10 20 30 40 50 60

Time (minutes)

(i) (1) With reference to the graph, state two differences in mean body temperature between
the two groups of volunteers during recovery. (2 marks)

(2) Based on your answer in (1), deduce the main route of heat loss in the volunteers exposed
to 19% RH during recovery. (3 marks)

(ii) With reference to the graph, predict which group of volunteers had a higher level of ADH
in the blood during recovery. Explain your answer. (4 marks)

o



[Part I - V] Human physiology: question types and practice

2. [HKDSE Biology Practice Paper Paper 2 Q1]
—— Hint: Caleulate cardiac suiput, thew relate it to oxygen supply and requlation.

The following graph shows the plasma concentrations of progesterone, luteinising hormone and follicle
stimulating hormone of a woman over a period of time:

(a)

1. (b

@
(i)

(iii)

(iv)

5§
g 10 - Progesterone L 1000 =g
: 3
- w8
4:,1) o84 i — 800 g g
IS=! TP s P
2 o Luteinising : S
6 i - 600 o 2 =
w & hormone = 3=
£ g zE
£ Z 44 =~ 400 ?‘ e E
== Lg B
- Follicle stimulati TEa
§E 5 ollicle stimulating | 500 s 2
s L= «  hormone g5 8
S e el I ——— s g
0 T T T T T 0 A
0 7 14 21 28 35 42 2 s
(=9

Beginning of menstruation Time (day)

Name the process that took place in the ovary on day 14. (1 mark)

Account for the change in the plasma concentration of progesterone from day 14 to day 42.
(3 marks)

What would happen to the woman if the progesterone level dropped significantly on day 35?
(1 mark)

With reference to the changes in the concentration of the hormones shown in the above graph,
explain why progesterone can be used as a drug for contraception. (3 marks)

The table below shows the data of some parameters of the cardiovascular and respiratory systems of a
healthy untrained person at rest, during light exercise and during vigorous exercise:

At rest Light exercise Vigorous exercise
Heart rate (beats / min) 75 145 190
Stroke volume (dm?®) 0.07 0.09 0.11
Breathing rate (breaths / min) 14 24 40
Tidal volume (dm3 ) 0.86 1.67 2.50
(1) Using the data provided, calculate the cardiac output (dm3/ min) and ventilation rate (dm3 / min)
of this person when he is at rest, when he is doing light exercise and when he is doing vigorous
exercise respectively. (2 marks)
(i1) State the changes in this person’s cardiac output and ventilation rate with the increasing level of
exercise. What is the importance of these changes? (4 marks)
(111) Describe how the person’s sympathetic nerve brings about the change in the cardiac output during
exercise. (2 marks)
(iv) Explain why the volume of urine produced by this person after vigorous exercise is less than usual.

(4 marks)

Practice V.d Hormonal control of the reproductive cycle

S

Practice |/.c Requlation of blood gas levels



[Part Il - V] Human physiology: question types and practice Practice l/.d Hormonal control of the reproductive cycle

Infer ovulation, contraception and exercise responses
éelated type )

Degree of integration % % & 18 &
from hormone curves

Practice

7. [HKDSE Biology 2015 Paper 2 Q1]
— Hint: Align each hormone’s source, target and timing.

(a)

1(b)

A young couple, John and Judy, wanted to have a baby. After a year of trying, Judy had still not become
pregnant. They consulted their family doctor on this issue. The doctor suggested that both of them
should undergo some tests to check their fertility.

(i) The doctor requested a semen sample from John for microscopic examination. Suggest fwo items
in the sample that should be checked. (2 marks)

(i)  After collecting information about Judy’s menstrual cycle, the doctor requested blood samples from
Judy to monitor her levels of LH and FSH.

(1)  Why should the levels of LH and FSH be checked? (3 marks)

(2)  The doctor also checked the condition of Judy’s oviducts. What is the importance of this
examination? (2 marks)

(iii)  All the test results were normal. Three months later, Judy did not experience menstruation on the
expected day.

(1)  Explain why the absence of menstruation can be a sign of pregnancy. (2 marks) -
(2) A hormone named HCG was detected in Judy’s blood and urine. HCG prevents the
degeneration of the yellow body. Based on the action of HCG, explain why Judy did not

experience menstruation. . (2 marks)

The diagram below shows the distribution of cardiac output to various parts of the human body at rest and
during exercise:
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Atrest During exercise

(i) With reference to the control of heart beat, briefly describe fwo regulatory ways in which the
cardiac output can be increased during exercise. : (2 marks)

(i)  Explain the importance of skeletal muscles having the greatest increase in blood supply during
exercise. (3 marks)

(iii)  Explain why there is an increase in blood flow to the skin during exercise. (4 marks)

<



[Part Il - V] Human physiology: question types and practice Practice V.d Hormonal control of the reproductive cycle

2. [HKDSE Biology 2024 Paper 2 Q1]
— Hint: Align each hormone’sc source, target and timing.

(@)

A contraceptive pill contains a synthetic hormone X. The graphs below show the plasma levels of three
hormones in a woman during normal menstrual cycles and those when she was taking the pill daily:

Graph I: follicle stimulating hormone (FSH) Key:

Graph II: luteinising hormone (LH) ——— hormone level during normal cycles
Graph III: oestroggn ~~ —---- hormone level when taking the pill daily
0 Graph I 0 Graph IT

Level of LH (arbitrary unit)

Level of FSH (arbitrary unit)

0 20 40 60 80
Time (day)

Graph ITI

3
>

Level of oestrogen (arbitrary unit)

0 20 40 60 80
Time (day)
)] With reference to Graph I and Graph II, explain how this contraceptive pill works. (4 marks)

(ii)  The effect of this synthetic hormone X is similar to one of the female sex hormones. Which female
sex hormone is it? Explain your answer. (2 marks)

(iii)  Another effect of taking this contraceptive pill is that the uterine lining becomes thinner. Explain why
this phenomenon also contributes to contraception. (1 mark)

(iv)  With reference to Graph III, explain why the uterine lining became thinner when she was taking the
pill daily. (2 marks)



[Part Il - V] Human physiology: question types and practice Practice V.d Hormonal control of the reproductive cycle

1(b) Inastudy to compare the ability to stay hydrated after drinking different types of drinks, healthy participants
were required to consume the same diet and undergo the same physical activities on the day before the
experiment.

On the day of the experiment, they emptied their bladders and then sat quietly for 20 minutes. The participants
were divided into three groups. Each consumed a different drink (water, sports drink with glycerol and sports
drink with salt). 500 mL of the drink was consumed at 0, 20, 40 and 60 minutes while urine was collected
every 20 minutes for 180 minutes. Throughout the experiment, the participants sat quietly in the laboratory
and were exposed to the same settings of temperature and humidity. The change in the accumulated volume
of fluid retained in the body are shown in the graph below:

Key:

drinking water only

drinking sports drink with glycerol
——me drinking sports drink with salt
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(6))] In this experiment, the ability to stay hydrated is expressed in terms of the accumulated volume of

fluid retained in the body after consuming the drinks. Give a word formula to show how to calculate
the accumulated volume of fluid retained from the data collected. (1 mark)

(i)  Explain the difference in the accumulated volume of fluid retained between the group which
consumed water and the group which consumed the salt solution. (4 marks)

(iii)  The ability to stay hydrated is crucial for marathon runners because access to water is limited. Explain
why retaining more water is advantageous to marathon runners. (3 marks)

(iv)  Suggest fwe modifications to the experiment to verify your answer in (iii). (2 marks)

(v)  Suggest another advantage marathon runners have when drinking sports drinks with glycerol.
(1 mark)

[N



Applied ecology: question Chapter 5
types and practice

Vl.a Human impacts on the environment
Read the explanations and diagrams in Concept VI.a first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.
Evaluate management through renewal, competition and

diversity

@
k-]
(1]
-

Degree of integration % % K & &

Key ideas

® Ifafishery doubles its number of boats, a small increase in total catch does not immediately show that the fish population
has grown. Compare catch per unit effort and consider fish growth, reproduction and replenishment.

@  Forest management also has several indicators. Taller remaining trees may reflect reduced competition without greater
species diversity. If a table gives increases in diversity index, compare those increases; do not treat them as final index

values.

<



[Part Il - VI] Applied ecology: question types and practice VL& Human impacte on the environment

O How to recognice the problem Determine whether the comparicon concerns fotals, per-unit effort, final valves or increaces. Then explain

management effects through recources, competition, habitat and replenishment.

@amp/a [HKDSE Biology 2012 Paper 2 Q2]

'(a)

In shifting agriculture, plots of land on hill slopes are cleared of trees so as to grow crops. The trees are
then burnt and the ash is dispersed throughout the field as fertilizer. After growing crops for several years
until the soil loses its fertility, the land will be abandoned. After a period of time, the land will be
recolonized by natural vegetation. Figure 2A below shows the annual runoff (water run off from soil) at 3
different stages of shifting agriculture:

Figure 24
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actively growing crop abandoned land vegetation restored

(i)  Briefly describe the process in Stage II that leads to the restoration of the natural vegetation in Stage

I1. (3 marks)
(i)  Suggest two agricultural activities which could account for the difference in the annual runoff
between Stage I and Stage II1. (5 marks)
(iii)  As soil nutrients are depleted in Stage I, the leaves of the crops become yellow. Which soil
nutrient is probably lacking? Explain your answer. (2 marks)
(iv)  State o ways in which soil nutrients are lost from land. (2 marks)

g



[Part Il - VI] Applied ecology: question types and practice

VL& Human impacte on the environment

2.(b) An artificial reef (AR) is a man-made structure deployed on the seabed to enhance biodiversity. A
ten-year study was carried out on a sandy seabed to investigate the effect of an AR on the number of fish
species. The number of fish species at the AR site (around and within AR) was compared with another

similar sandy seabed area nearby. The results are shown in Figure 2B below:

Figure 2B

18 1
16 —&— AR site

..... O Sandy seabed area
147
127

107

Number of fish species

0 1 2 3 4 5 6 7 8 9
Year after the deployment of AR

(i)  Compare the results obtained in terms of the number of fish species at the AR site and the sandy

seabed area.

(ii)  Explain why AR has an effect on the number of fish species at the AR site.

(3 marks)

(3 marks)

(iii) Give mwe criteria for the selection of suitable materials for AR construction and explain the

importance of these criteria.

Solution a(i); original allocation: 3 mark(s)

Fast-growing plants with relatively low nutrient requirements, such as mosses and ferns, first
colonise vacant land. Their death and decomposition increase soil fertility. The improved
soil then supports shrubs and trees, which gradually become the dominant vegetation.
This is ecological succession. Explain how early plants modify soil to allow later plants to
establish; listing “grass, shrubs, trees” alone is insufficient.

a(ii); original allocation: 5 mark(s)

Run-off is greater in stage I than in stage III. First, repeated tillage disrupts and loosens soil
structure, making soil easier for rainwater to remove. Second, harvesting removes organic
matter in plants, reducing its return to the soil. Less humus lowers water-holding capacity.
State the observed difference for 1 mark, then link each of the two agricultural activities to
soil changes and water loss. More fertiliser is not direct evidence of greater water retention.
a(iii); original allocation: 2 mark(s)

Magnesium deficiency is possible because magnesium is required for chlorophyll produc-
tion. Alternatively, nitrogen/nitrate deficiency may be responsible because nitrogen is
needed to synthesise chlorophyll and other nitrogen-containing substances.

Yellowing leaves indicate insufficient green chlorophyll. Choose one element and explain

its connection to chlorophyll; the vague statement “lack of fertiliser” is insufficient.

<

(2 marks)

e Method: Set the comparison
basis, then examine resource

renewal and competition.



[Part Il - VI] Applied ecology: question types and practice

a(iv); original allocation: 2 mark(s)

Some nutrients dissolve in water and are carried away in run-off. Others are adsorbed onto
soil particles and lost when those particles are eroded.

Distinguish transport in solution from transport attached to solid soil particles.

b(i); original allocation: 3 mark(s)

At the artificial reef, fish-species richness rises from approximately 3 species in year 1 to
approximately 16 in year 8, then remains stable. On the sandy seabed it fluctuates only
between approximately 3 and 4 species. Apart from similar initial values, species richness
is therefore higher at the artificial reef.

Compare species number, not the total number of individual fish. Include the rise followed
by a plateau, the absence of a marked change in the control, and the difference between sites.
b(ii); original allocation: 3 mark(s)

The reef increases habitat diversity, attracting fish that use different conditions. Crevices
provide shelter from predators as well as feeding and breeding sites. As more organisms
establish, other fish may be attracted to feed on them.

Explain increased species richness through specific habitat functions. “A better environ-
ment” does not identify the changed resource or interaction. The official maximum for this
part is 3 marks.

b(iii); original allocation: 2 mark(s)

Choose non-toxic materials to avoid harming organisms, and corrosion-resistant materials
to make the reef durable. Rough surfaces are another option, allowing larvae and other
organisms to attach readily.

Choose any two features and link each to its ecological function or protective effect.
Examiner’s comment (source page(s) 2)

Soil nutrients can be lost both dissolved in water and attached to eroded soil particles.

Artificial reefs can increase the range of available habitats.
Marking reference: HKDSE Biology 2012 Paper 2 Q2, official marking scheme, source page(s) 7.

<
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[Part Il - VI] Applied ecology: question types and practice

@amp@ [HKDSE Biology Sample Paper Paper 2 Q2]

VL& Human impacte on the environment

2.(a) The table below shows the total fish catch and the total number of days spent on catching tuna for all
the fishing boats, i.e. the fishing effort, in the Atlantic Ocean from 1980 to 1987:

Year Total fish C';ltCh Fishing effort , Fish catch per unit fishing effort
(ton x 107) (number of days x 107) (ton per day)

1980 40 5 8.00

1981 45 8 5.63

1982 44 12 3.67

1983 60 20 3.00

1984 80 30 2.67

1985 85 35 243

1986 90 40 X

1987 100 60 y

(i) Calculate the values of x and y, which represent the fish catch per unit fishing effort in the

years of 1986 and 1987 respectively.

(1 mark)

(i)  Plot a graph to show the fish catch per unit fishing effort from 1980 to 1987. (3 marks)

(iii))  Referring to your graph and the data given above, explain the change in fish catch per unit
fishing effort from 1980 to 1987.

(3 marks)

(iv)  Suggest ftwo control measures for fishing and describe how each of them can help to maintain a
sustainable supply of fish.

(4 marks)

2.(b) The diagrams below show the changes in photosynthetic rate with water depth of two lakes, A and B.
One of the lakes is polluted by chemical fertilizers leached from nearby farmlands.

Lake A Lake B
;%‘ 80 ;g 1.0
£& 60 £.5 089
o B =B
5 B o8 0.6
£ 5 40 £ g
=2 S 2 04 -
20 g o
25 207 =B 02 -
& A té
,3_5'9 0 ¥ T T T ¥ T t E’B 0.0 T T T T
0.0 25 5.0 7.5 10.0 ; 20 40 60 80
Water depth
Water depth (m) T depth (m)
(1) Explain the change in photosynthetic rate with increasing water depth in lake A. (2 marks)
(ii)  Which of these lakes is polluted by chemical fertilizers? Explain your answer. (3 marks)

(ii1))  Which lake is more likely to experience a greater diurnal fluctuation (i.e. between day and

night) of dissolved oxygen content? Explain your answer.

Solution a(i); original allocation: 1 mark(s)

x=225y=1.67.

Catch per unit effort is total catch divided by total fishing days. The factors of 103 in both

columns cancel.
x =90 +40=2.25.

D

(4 marks)

Method: Set the comparison
bagsic, then examine recource

renewal and competition.



[Part Il - VI] Applied ecology: question types and practice

y=100+60 = 1.67.

Keep two decimal places, consistent with the other years.

a(ii); original allocation: 3 mark(s)

Plot year on the horizontal axis and catch per unit fishing effort per day on the vertical axis.
Plot all eight points and join them chronologically to form a declining curve.

Choose uniform scales: 1980—1987 horizontally and a vertical range accommodating 0-
8.00. The successive annual values are 8.00, 5.63, 3.67, 3.00, 2.67, 2.43, 2.25 and 1.67.
Label both axes, include the vertical-axis unit and add an informative title. Locate each
value at its year and connect the points in order. Do not plot total catches such as 40 and 45
or draw an unsupported diagonal line without locating the actual data.

a(iii); original allocation: 3 mark(s)

Catch per unit effort declines continuously because fishing effort increases faster than total
catch. This may reflect depletion of fish stocks by overfishing, requiring more effort to catch
the same quantity of fish.

In 1980, 5 x 103 fishing days yielded 40 x 103 tonnes. In 1987, 100 x 103 tonnes required
60 x 103 fishing days. Total catch increased only 2.5-fold, whereas effort increased 12-fold,
reducing return per unit effort. A greater total catch does not necessarily indicate a larger
fish population; standardise for effort first. Overfishing is a reasonable explanation, but these
data alone cannot exclude all other influences on catch efficiency.

a(iv); original allocation: 4 mark(s)

Set a minimum mesh size so juvenile fish can escape and reach reproductive age. Establish
a closed fishing season during breeding to allow adults to reproduce and replenish the
population.

The first measure controls the size caught: larger mesh allows some small fish through,
reducing capture before reproduction. The second controls timing, reducing fishing pressure
during important spawning or breeding periods and allowing recruitment. For each, state
the measure and explain how it maintains replenishment; “catch fewer fish”” does not specify
an implementable control. Sustainable catches must not exceed the population’s recovery
capacity over the long term.

b(i); original allocation: 2 mark(s)

With increasing depth, water and suspended substances absorb and scatter light, reducing
its intensity. Light increasingly limits photosynthesis, so photosynthetic rate decreases with
depth.

Lake A has stronger photosynthesis near the surface, declining towards zero below. Light
must pass through the overlying water, leaving less available at depth and limiting light-
dependent reactions and subsequent carbon fixation. “Deep water is colder” is unsupported
because the figure supplies no temperature evidence.

b(ii); original allocation: 3 mark(s)

Lake A. Its near-surface photosynthetic rate is far higher than lake B’s, consistent with
fertiliser nutrients promoting phytoplankton growth.

Check the vertical scales first: lake A is near 60 at the surface, whereas lake B is near
0.8. The quantities have the same dimensions, but the scale ranges differ greatly, so do not
compare only the curves’ physical heights on the page. More nitrate, phosphate and other
nutrients can remove limitations and support abundant producers with high surface photo-
synthesis. Dense phytoplankton also obstruct light penetration to deeper water. A steeper
curve alone, without checking both scales, is insufficient.

<

VL& Human impacte on the environment



[Part Il - VI] Applied ecology: question types and practice VL& Human impacte on the environment

b(iii); original allocation: 4 mark(s)

Lake A. During daylight, abundant phytoplankton produce oxygen by photosynthesis,
raising dissolved oxygen. At night, photosynthesis stops while the greater biomass continues
consuming oxygen by respiration, lowering dissolved oxygen further and producing a larger
day—night fluctuation.

Compare oxygen gains and losses within one day. Lake A has more producers and a greater
daytime oxygen-production capacity. After dark, photosynthesis stops, but plants, animals
and decomposers continue respiring. The abundant phytoplankton also consume oxygen,
increasing the difference between the daytime maximum and night-time minimum. “More

algae means less oxygen” omits the differing daytime and night-time processes.

Catch per unit effort, 1980-1987

Catch per unit effort
(tonnes per fishing day)

0+ T T T T T T T
1980 1981 1982 1983 1984 1985 1986 1987
Year

Catch per unit fishing effort, 1980-1987.
Marking reference: HKDSE Biology Sample Paper Paper 2 Q2, official marking scheme, source page(s) 8, 9.

VL.b Pollution control and global environmental issues
Read pollution control in Concept VI.b and global environmental issues in Concept VI.d, then use these examples to build

causal explanations from environmental data. For forest restoration and species protection, also apply resource management
from Concept VI.a and conservation from Concept VI.c.

Explain ecological outcomes from pollution and
p_ g . p Degree ofr‘ntegrat/‘oh * ‘* * * ‘A’
environmental variables

Key ideas

®  State the change caused by human activity, then follow environmental variable = biological process = ecological
consequence. Microorganisms use organic matter discharged into a pond. Increased aerobic respiration by decomposers
can lower dissolved oxygen, causing less oxygen-tolerant animals to die or leave.

@ Biochemical oxygen demand measures the oxygen requirement of a sample under specified conditions. Field dissolved
oxygen is the oxygen present in the water at that time; these are not the same reading. Downstream, organic matter
may be depleted while oxygen continues to dissolve from the air, allowing dissolved oxygen to recover. Even with equal
oxygen levels, flow speed, shade and food can make communities differ.

®  Track pollutant movement separately. Accumulation within one individual over time and increasing concentration along

a food chain are different comparisons. Check whether the horizontal axis shows age, intake or trophic level.

D



[Part Il - VI] Applied ecology: question types and practice VL6 Pollution control and global environmental icsues

@

Plants absorbing heavy metals transfer the metals into their tissues; the contaminated material still requires suitable
removal or treatment. Distinguish pollutant concentration, total amount and the percentage in each location when
comparing before and after treatment.

For climate questions, separate carbon movement from heat transfer. Fossil-fuel combustion increases atmospheric
carbon dioxide. Carbon dioxide absorbs outgoing long-wave infrared radiation from the Earth’s surface and re-emits
radiation in all directions.

Before surface temperature adjusts, net heat loss to space is reduced, warming the climate system. Photosynthesis
removes carbon dioxide, but whether extra substrate increases photosynthetic rate also depends on light, temperature
and gas entry into leaves.

Lower stomatal density may reduce both gas-exchange capacity and transpiration. Reduced gas exchange can offset
some of the photosynthetic increase. Lower transpiration supplies less water vapour to the atmosphere and may alter
regional rainfall.

An explanation connecting warming to organisms needs an intermediate step.

If northern winters become more suitable for a bird species and sufficient food is available, the birds may overwinter
farther north instead of migrating as far south. Additional birds may compete with resident birds for food or become
prey. The outcome depends on the particular food web.

A temperature curve can fluctuate from year to year while still showing a long-term rise. Read the trend and geographical
direction first, then explain food availability, habitat and species interactions.

Acid rain requires a different causal sequence.

Sulphur dioxide and nitrogen oxides from combustion can form acidic substances in the atmosphere, increasing rain-
water acidity. Lower water pH can harm acid-sensitive organisms. Soil mineral nutrients may be leached more readily,
while some toxic metal ions become more soluble.

These changes affect nutrient supply and root health in different ways. Acid formation does not explain greenhouse-gas
absorption of infrared radiation.

Forest restoration also depends on material remaining after disturbance. If logging removes above-ground timber,
compare nutrients retained above and below ground and how they support renewed plant growth. The forest with the
most timber before felling does not necessarily retain the most nutrients afterwards.

Tree selection must consider local soil, climate and growing conditions. Large stands of one species can be damaged
together by a specific pathogen or pest. Recovery of plant growth, recovery of biodiversity and reduced pollution are

distinct outcomes requiring their own evidence.

<
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Q How to recognise the problem Identify whether the comparison concerns pollutants, dissolved oxygen, pH, temperature, cpeciec number or
= uutrient dictribution. Check units, denominatore and conditions, then celect the relevant mechaniom. Organice each paragraph as evidence —
bislogical or environmental procesc — concequence for specified organicme. For management measures, identify the ctep altered. Warming,

acid rain and organic pollution each require their own infermediate procesces.

@amp@ [HKDSE Biology 2018 Paper 2 Q2]
2(a) (1) The concentrations of copper and cadmium per unit biomass in marine phytoplankton and its
consumer, filter-feeding bivalves, were determined in a study. Their concentrations are shown in
the table below:

Epper (arbitrary unit) Cadmium (arbitrary unit)
Concentration in phytoplankion (Cp) 20 0.6
Concentration in bivalve (Cb) 16 1.2
Cb/Cp Ratio 0.8 g

(1)  Calculate the Cb/Cp ratio for cadmium. (1 mark)

(2)  Whatis the implication of a Cb/Cp ratio greater than 1? (1 mark)

(3) Compare the Ci/Cp ratios for copper and cadmium. List #wo possible reasons for the
difference. (3 marks)

(ii)  Briefly describe an experiment to study the effect of different concentrations of cadmium on the
mortality of bivalves. (3 marks)

(iiiy Cadmium in rechargeable batteries is one of the sources of cadmium pollution in the environment.
Suggest fwo possible ways to reduce such pollution. (2 marks)

D
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2(b)  Invertebrates that live on, in and near the seabed are important components of the coastal ecosystem. These
invertebrates feed on organic matter. The diagram below shows the effects of increasing amounts of
organic pollutants from household sewage on the invertebrate community in a harbour in terms of the
number of species, abundance (total number of organisms) and total biomass:

N A B (C D

number of
species _ - -

-

-

-

(arbitrary unit)

abundance

Species, abundance and biomass

Amount of organic pollutants

(1) Explain why the invertebrate community expands when the amount of organic pollutants increases
at Stage A. (2 marks)

(ii) It is found that the proportion of larger invertebrates in the community declines in Stage B as the
amount of organic pollutants continues to increase.

(1)  With reference to the graph, give evidence to support the above statement. (3 marks)

(2)  Suggest why the increase in the amount of organic pollutants will lead to a decline in the
proportion of larger invertcbrates in the community at Stage B. (3 marks)

(iii)  Although the abundance and biomass of invertebrates continucs to increase at Stage C, the

community is deteriorating. State a piece of evidence from the graph to support this statement.
(1 mark)

(iv)  Suggest one property of the dominant species in the invertebrate commmunity at Stage C. (1 mark)

Solution a(i)(1); original allocation: 1 mark(s) ' Method: Read the

The Cb/Cp ratio for cadmium is 2. environmental variable, then

Cb is the concentration per unit biomass in bivalves; Cp is the corresponding concentration use its mechanism to explain
ecological effects.

in phytoplankton. Do not reverse numerator and denominator.

Cb/Cp=1.2/0.6=2.

a(i)(2); original allocation: 1 mark(s)

A ratio above 1 indicates a higher heavy-metal concentration in the consumer than in its
food, showing concentration magnification between these two trophic levels.

For example, cadmium’s ratio of 2 means that bivalves contain twice the phytoplankton
concentration per equal unit biomass. It does not mean that bivalve total biomass is greater
or that each animal eats exactly two phytoplankton organisms. The comparison concerns
standardised concentrations.

a(i)(3); original allocation: 3 mark(s)

Cadmium’s ratio of 2 exceeds copper’s 0.8. Cadmium may be excreted less readily and
may be harder to convert through detoxification or related metabolic processes into readily
eliminated forms, causing greater retention.

First compare the actual values, then identify two physiological processes affecting reten-
tion. Slower excretion favours accumulation. Difficulty converting a metal into forms
suitable for safe transport and elimination can also increase retention. These are possible

<
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mechanisms, and the table alone cannot establish their relative contributions. Copper and
cadmium are elements and cannot be broken down until they “disappear”. Detoxification
or metabolism here concerns binding, chemical forms and elimination.

a(ii); original allocation: 3 mark(s)

Divide equal or similar numbers of bivalves into groups exposed to different cadmium
concentrations. After the same fixed period, record deaths or percentage mortality in each
group and compare concentration with toxicity.

Cadmium concentration is the independent variable and mortality the dependent variable.
Use the same species and similar-sized animals, controlling temperature, salinity, food and
exposure time so cadmium concentration is the main difference. If initial numbers differ
slightly, percentage mortality is fairer than raw death counts.

Percentage mortality = number dead + initial number x 100%.

a(iii); original allocation: 2 mark(s)

Reduce use of cadmium-containing products or replace them with suitable cadmium-
free alternatives. Send cadmium-containing batteries and similar products to appropriate
recycling facilities to recover their materials.

The first measure reduces cadmium entering waste at source, for example by choosing
suitable cadmium-free batteries. The second collects used cadmium-containing products
for recycling, preventing dispersal in rubbish or entry into water. Give concrete reduction/
substitution and recycling measures. “Raise environmental awareness” does not explain how
pollution is reduced.

b(i); original allocation: 2 mark(s)

In region A, increased organic matter supplies more food to these invertebrates and raises
carrying capacity. Increased reproduction or immigration raises their numbers.

The question states that these animals feed on organic matter, so a small additional supply
initially increases their food resources. Relaxed resource limitation can allow births to
exceed deaths or attract immigrants, increasing abundance. The horizontal axis represents
organic pollution, not time, so do not interpret the graph as a record from one day to another.
Do not ignore the stated diet and substitute a complete algal-eutrophication account.
b(ii)(1); original allocation: 3 mark(s)

In region B, total biomass falls while the total number of individuals rises. Mean biomass
per animal therefore falls, indicating a declining proportion of larger animals.

Use both curves. Falling biomass alone could mean fewer individuals of all sizes. The
simultaneous rise in abundance supports smaller mean body size.

Mean biomass per individual = total community biomass + number of individuals.

A smaller numerator and larger denominator necessarily give a smaller quotient. This links
both observations to the conclusion about fewer large individuals proportionally.

b(ii)(2); original allocation: 3 mark(s)

Microbial decomposition of abundant organic matter consumes oxygen, making bottom
waters oxygen-poor. Larger invertebrates generally have higher total oxygen requirements
and are more likely to die or leave, reducing their proportion.

Begin with increased pollution, then decomposer respiration and oxygen consumption, the
animals’ low-oxygen conditions, and the resulting size-composition change. Do not jump
to “pollution makes animals shrink” or claim food shortage when organic food supply is
increasing. This is a reasonable community explanation using the stated size trend, not a
claim that every large species has identical oxygen tolerance.

b(iii); original allocation: 1 mark(s)

Species number continues to fall in region C.
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More individuals or greater total biomass may merely reflect proliferation of a few pollu-
tion-tolerant species. Continued species loss shows that community composition remains
impaired; greater animal abundance alone does not establish ecological recovery.

b(iv); original allocation: 1 mark(s)

Species with high tolerance of oxygen shortage.

When organic pollution causes substantial oxygen consumption, species able to survive low
dissolved oxygen are more likely to dominate. The requested characteristic is tolerance of
oxygen shortage, directly matching the environmental selection described. “Highly adapt-
able” is insufficiently specific.

Marking reference: HKDSE Biology 2018 Paper 2 Q2, official marking scheme, source page(s) 7.

@amp@ [HKDSE Biology 2019 Paper 2 Q2]

(a) An artificial wetland was introduced to treat sewage in some small villages in Africa and the effluent
collected was used for irrigating farms. This helped to alleviate the problems of water shortage and
sewage treatment. In a study, domestic sewage after primary treatment was conveyed to either a sewage
treatment plant or an artificial wetland, and the effluents were collected and compared.

(i)  Briefly describe the processes involved in the primary treatment of sewage. (2 marks)

(ii)  The table below shows some parameters in the influent and effluents collected from the sewage
treatment plant and the artificial wetland:

Influent Effluent from different systems
(sewage after e
primary treatment) Sewage treatment plant Artificial wetland
Oxygen content
(mg L) 5.0 5.3 35
Organf nitrogen content 15 3 12
(mg L)
Phosplzxftte content 29 28 27
(mg L)
Magnesium content
(mg L") 42 40 41

(1)  With regard to the handling of organic nitrogen in the two systems, explain the difference in
the organic nitrogen content in the effluents from the sewage treatment plant and the
artificial wetland. (4 marks)

(2)  Using the effluent of this study to irrigate the farms is advantageous to the growth of crops.
Apart from the presence of nitrates, briefly explain another advantage in terms of the
synthesis of biomolecules. (2 marks)

(iii) State two advantages of adopting an artificial wetland over a sewage treatment plant for small
villages. (2 marks)

K
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2(b) Mining activities often produce large quantities of heavy metal wastes, which cause contamination of the
ecosystem. The photographs below show an abandoned mining site and the ecological restoration of this
mining site after 10 years:

Photograph I — Abandoned mining site Photograph II — the mining site after ecological
restoration

(i)  Besides heavy metal pollution, state fwo other ecological problems of the abandoned mining site.
(2 marks)

(i) In a study, two native plant species, A and B, were tested for their suitability to restore an
abandoned mining site. Their seedlings were planted in pots containing soil from the mining site
with a high concentration of heavy metal X. Half of the pots of each plant species were supplied
with fertiliser but not the other half. Graph 1 shows the dry masses of plants in the eighth week of
the experiment and Graph 2 shows the concentrations of heavy metal X in the roots and shoots:

Graph 1 Graph 2
Key: HEll without fertiliser Key: roots
I with fertiliser [ shoots
0.8 140
~ 120]
I
@ 0.6 o %: 100
2 g
g 2 & g0
04 B >
g 58 60
- Q
g g8
= 02] SAS 45
l g 20-
0
0 with

without wit without
fertiliser  fertiliser  fertiliser  fertiliser

L J 1 J
T

1
Species A Species B

Species A Species B

(1)  Species B is more suitable for the restoration of the mining site in terms of the removal of
heavy metal X from the soil. With reference to the above two graphs, give evidence to
support this choice. (4 marks)

(2)  There is another plant species C which accumulates a much higher concentration of heavy
metal X in the shoots than in the roots. Which species, B or C, would you choose for the
restoration of the abandoned mining site? Why? (2 marks)

(3)  Give two reasons why native plant species were used in this experiment. (2 marks)

N
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Solution a(i); original allocation: 2 mark(s) - Method: Read the

First remove larger solids by screening/filtration. Then allow suspended solids to settle and environmental variable, then

remove the sludge at the bottom. uge ite mechanism to explain
ecological effects.

Primary treatment mainly uses physical separation. Screening removes large debris, while
sedimentation removes settleable suspended particles. It does not remove all dissolved
organic matter or pathogens, so further treatment is still required.

a(ii)(1); original allocation: 4 mark(s)

The sewage-treatment plant’s effluent contains less organic nitrogen: 3 mg L™! compared
with 12 mg L™! from the constructed wetland.

The plant actively introduces air into the sewage, providing more oxygen. Its effluent
contains 5.3 mg L™! oxygen, compared with the wetland’s 3.5 mg L1. Better oxygen supply
promotes decomposer activity and faster conversion of organic nitrogen into ammonium
compounds, leaving less organic nitrogen. This conversion is not nitrification, which subse-
quently converts ammonium into nitrite/nitrate.

a(ii)(2); original allocation: 2 mark(s)

For example, magnesium can be used to synthesise chlorophyll, or phosphorus to make
nucleic acids, ATP and phospholipids.

Link a mineral element in the table to a specific biological molecule. Magnesium is a
constituent of chlorophyll, while phosphorus is incorporated into nucleic acids, ATP or
phospholipids. Saying minerals help plants grow does not answer at the molecular level
requested.

a(iii); original allocation: 2 mark(s)

Lower construction and infrastructure costs, and lower energy and staffing requirements
during operation.

A constructed wetland uses plants and microorganisms to treat the limited sewage volume of
asmall village, without the same mechanical aeration and equipment operation required by a
treatment plant. Distinguish construction costs from routine operating costs; the comparison
concerns the small-scale village in the question.

b(i); original allocation: 2 mark(s)

For example, soil erosion/soil degradation and destruction of natural vegetation and habi-
tats.

Figure I shows extensive bare ground. Without vegetation stabilising the soil, water can
erode it more readily. Conditions supporting the original plants and animal habitats are also
reduced. Heavy-metal pollution is excluded by the question, so provide two other ecological
consequences.

b(ii)(1); original allocation: 4 mark(s)

Fertilisation increases B’s biomass more strongly. Its root concentration of X is also higher
and increases further, allowing more X to accumulate in the plant.

Figure 1: A’s dry mass rises only from approximately 0.20 to 0.24 g, whereas B’s rises from
approximately 0.20 to 0.72 g. Figure 2: B’s initial root X concentration is approximately 70
mg kg™, exceeding A’s approximately 15. After fertilisation, B rises to approximately 120,
while A changes little. Both growth and root concentration favour B; use both graphs.
b(ii)(2); original allocation: 2 mark(s)

C can be chosen because harvesting its shoots removes accumulated X from the contami-
nated site.

C stores more heavy metal in above-ground shoots, making harvesting and removal easier
and meeting the aim of removing metal from the mining area. If reducing food-web exposure
is the main criterion, B is also defensible because its lower shoot X concentration reduces
intake by herbivores and subsequent consumers. The choice must match the explanation;
the question does not accept only one letter.

<
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b(ii)(3); original allocation: 2 mark(s)

Native species are already adapted to local conditions. They can better restore the original
community and reduce the risk of introducing invasive species.

Local adaptation improves establishment at the restoration site. Compatibility with the
original community provides food and habitats needed by local animals. Highly competitive
introduced plants could create another ecological pressure after the pollution is remediated.
Examiner’s comment (source page(s) 9)

Primary sewage treatment is physical separation and need not include chemical treatment.
Distinguish decomposition, nitrogen fixation and nitrification. Link minerals to the biolog-
ical molecules requested. Evidence for B must combine dry mass and root X concentration;
justify C through harvesting shoots to remove metal from the land.

Marking reference: HKDSE Biology 2019 Paper 2 Q2, official marking scheme, source page(s) 8.

@xamp/a [HKDSE Biology 2015 Paper 2 Q2]

(a) The atmospheric concentration of carbon dioxide has been increasing in the last 210 years. The increase
is believed to be the major cause of global climate change.

(i) Explain why the increase in carbon dioxide concentration leads to a change in the atmospheric
temperature. (2 marks)

(i) It has been suggested that the rate of increase in carbon dioxide concentration can be slowed down
by photosynthesis. What is the biological principle behind this suggestion? (3 marks)

(iii)  The graph below shows the changes in the average stomatal density of some plant species and the
atmospheric carbon dioxide concentration over the past 210 years:

5 A

14

Average stomatal density
(arbitrary unit)
[y}

0 " Atmospheric carbon dioxide
280 300 320 340 360 380 T400 concentration (ppm)

*
1800 A.D. 2010A.D.
(1)  How may the observation contradict the suggestion given in (ii)? (3 marks)
(2) It has been hypothesized that the decrease in the average stomatal density of plant species

may further affect the regional climate. With reference to the water cycle, explain the
rationale behind this hypothesis. (2 marks)
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2(b) A pig farm is located in the upper course of a freshwater stream. Sewage is discharged illegally into the
stream. To investigate the impact of the sewage discharge, water samples and aquatic animals were
collected from upstream near to the sewage discharge (Location 1) and 50 m downstream (Location 2).
The diagram below shows the position of the pig farm and the stream:

Pig farm

Location 1 Location 2 Location 3

The table below shows the data obtained at locations 1 and 2:

Location 1 Location 2
Dissolved oxygen (% saturation) 95 22
Animal community Fish species A Fish species C
Fish species B Larvae of insect species A
Snail species A
Crab species A

(i) (1) Explain the change in the level of dissolved oxygen as water flows from Location 1 to
Location 2. (4 marks)

(2)  With reference to the change in the level of dissolved oxygen, explain the differences in the
animal species at Location 2 as compared to Location 1. (2 marks)

(ii) It was found that the level of dissolved oxygen 1 km downstream (Location 3) from the sewage
discharge had been restored to 95%.

(1) Suggest how the level of dissolved oxygen was restored at Location 3. (2 marks)

(2)  Although the level of dissolved oxygen had recovered, the animal community found at

Location 3 was different from that at Location 1. Suggest why. (2 marks)
Solution (a)(i); original allocation: 2 mark(s)  Method: Read the
Carbon dioxide absorbs outgoing long-wave infrared radiation from the Earth’s surface, environmental variable, then
increasing atmospheric heat retention and raising temperature. use its mechanism to explain
ecological effects.

After absorbing solar energy, the ground emits thermal radiation. Greenhouse gases reduce
the direct loss of this energy to space. Specify absorption of heat radiation emitted by the
ground; do not simplify this to blocking all sunlight.

(a)(ii); original allocation: 3 mark(s)

Carbon dioxide is a raw material for photosynthesis. If it was initially limiting, increased
concentration can raise photosynthetic rate and plant carbon dioxide uptake, slowing the
increase in atmospheric concentration.

This is a possible negative feedback. Explain increased raw-material availability, potentially
increased carbon fixation, and finally partial opposition to the atmospheric increase. The
feedback is limited when other factors become limiting.

D
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(a)(iii)(1); original allocation: 3 mark(s)

The graph shows stomatal density decreasing as carbon dioxide concentration increases.
Fewer stomata can reduce leaf gas exchange and carbon dioxide entry, offsetting part of the
increased external supply so photosynthesis may not rise as much as expected.

The effects act in opposite directions: more external substrate may promote photosynthesis,
while fewer entry channels may restrict exchange. Considering both identifies the limitation
of the earlier prediction.

(a)(iii)(2); original allocation: 2 mark(s)

Lower stomatal density can reduce transpiration and water-vapour input to the atmosphere,
potentially changing condensation, rainfall amount or rainfall distribution.

Connect plant water loss to atmospheric moisture and rainfall rather than equating stomata
directly with rainfall. This is the regional water-cycle effect considered by the hypothesis.
(b)(i)(1); original allocation: 4 mark(s)

Dissolved oxygen falls from 95% to 22% saturation. Sewage introduces abundant organic
matter, which decomposing microorganisms use while carrying out aerobic respiration.
Their oxygen consumption lowers dissolved oxygen downstream.

Use both readings to establish the fall, then identify the organisms and oxygen-consuming
process. Organic matter does not make oxygen vanish on entering the water; increased
microbial decomposition creates greater oxygen demand.

(b)(i)(2); original allocation: 2 mark(s)

Low dissolved oxygen Kkills or displaces animals requiring higher oxygen levels. Low-
oxygen-tolerant fish species C and insect larvae remain, producing a community different
from upstream.

Animals differ in tolerance ranges. Link the species changes in the table to dissolved oxygen
rather than merely copying the two species lists.

(b)(ii)(1); original allocation: 2 mark(s)

As organic matter is gradually decomposed and exhausted, microbial oxygen demand falls.
Meanwhile, atmospheric oxygen continues dissolving into the water, and aquatic-plant
photosynthesis can replenish oxygen.

Recovery combines reduced consumption with continued replenishment. “Downstream is
cleaner” does not explain oxygen sources and losses.

(b)(ii)(2); original allocation: 2 mark(s)

Despite the same dissolved oxygen, site 3 may have slower flow, more shade or different
biological interactions, so its suitable species assemblage need not match site 1.

Dissolved oxygen is only one environmental factor. Differences in channel width and
bank vegetation shown in the figure support comparisons of other habitat conditions. One
identical reading does not establish identical habitats.

Examiner’s comment (source page(s) 4)

Organic matter in sewage increases decomposer oxygen demand; an algal bloom need not
be assumed first. Link upstream—downstream differences in flow, light, decomposers and
organic matter to the data. The greenhouse effect involves infrared radiation emitted by the
Earth’s surface.

Marking reference: HKDSE Biology 2015 Paper 2 Q2, official marking scheme, source page(s) 8.

VI.c Conservation of species and habitats

Read the explanations and diagrams in Concept VlI.c first, then work through the question types here. Each example retains
the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.
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)

Link conservation measures with testable ecological

Type 1 Degree of integration % Y& % & ¥

outcomes

Key ideas

@

A protected area can reduce local fishing and give fish more opportunities to survive and reproduce. Adult movement or
larval dispersal may benefit surrounding areas. Test this inference using data inside and outside the area and at different
distances; the name ‘protected area’ alone is insufficient. Wetland management, restrictions on clam collection and
indicator-species monitoring must connect the measure with the habitat, species or pollutant exposure actually affected.
Check how far recovery has progressed before comparing its speed

Suppose the photosynthetic rates of two plant groups are each set to 100 before disturbance. After disturbance, they fall
to 40 and 20. Both groups then return to their original, identical environmental conditions. The question is not merely
whether photosynthesis occurs, but how far each rate remains below its original value of 100.

On day 1, group A rises from 40 to 80 and group B from 20 to 45. On day 3, A reaches 100 while B reaches only 70.
A recovers faster and reaches its original baseline by day 3; B has not fully recovered within the observation period. A
substantial rise to 70 is still not a return to 100.

‘Not fully recovered by day 3’ does not mean ‘unable ever to recover’: no later data are supplied. Repeated disturbance
before recovery may keep photosynthesis low for a prolonged period, reducing organic-matter production and accumu-
lation. Include this intermediate process when inferring effects on survival.

Compare each group with its own original baseline after both return to the same conditions

Time Relative photosynthetic rate: A Relative photosynthetic rate: B
Before disturbance 100 100

After disturbance, at the start of recovery = 40 20

Recovery day 1 80 45

Recovery day 3 100 70

<
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O How to recogunice the problem State what the measure changes, then evaluate it using population, community or poflvtion data. If evidence

concerns only one species, keep the conclusion within that scope.

/A

Examﬁ/a [HKDSE Biology 2017 Paper 2 Q2]

(a) A marine protected area is established in open sea where fishing is prohibited to ensure the fishery
resources are sustainable. Outside the protected area, bottom trawling is allowed. A preliminary study
was conducted to estimate the animal biomass (kg km™) at six randomly chosen sites as shown in Diagram
[. The animal biomass of each site is shown in Diagram II.

Diagram I Diagram Il
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Study areas

(i)  Bottom trawling is a fishing method in which fish nets are laid on the sea bottom and towed by

fishing boats. Suggest fwo potential effects caused by bottom trawling on the physical
environment on the sea bottom. (2 marks)

(ii) (1) Comparing the biomass of the sites within and outside the protected area, what pattern do

you observe? : (2 marks)

(2)  Suggest a possible explanation for this pattern. (3 marks)

(iii) What is the limitation of this preliminary study? What measurement should be taken to increase
the validity of the study? (4 marks)

(iv)  State one marine protected area in Hong Kong. (1 mark)

g
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2(b) Corals appear colourful because they have mutualistic unicellular algae called zooxanthellae in their
bodies. The diagram below shows the exchange of materials between them:
’/; light
/ sunlig
/
corals
:I‘ ‘ b .
HZO CO, zooxanthellae  organic
Aar A matter
(i) When the seawater temperature increases, corals will expel zooxanthella. This is known as coral
bleaching. After bleaching, the corals may eventually die due to a deterioration in their health.
Based on the information from the diagram, suggest why the health of coral deteriorates. (1 mark)
(ii) Increased atmospheric carbon dioxide level is believed to be the cause of increased seawater
temperature. Explain why. (3 marks)
(ili) A transplantation experiment was conducted to study the effect of increased seawater temperature
on the health of the corals, as follows:
Site A Corals from site A were .| Site B

Temperature range: 27°C - 30°C

transplanted to site B Temperature range: 27°C - 35°C

Key: [Z] Healthy

After 14 months, native corals from Site A and transplanted coral from Site B were collected and
put into tanks of seawater with different temperature settings. The charts below show the health of
the corals after 6 months:

O Bleached B Dead

Tanks with seawater at 27°C Tanks with seawater at 32°C

Native corals
from

Transplanted corals
from site B

Native corals
from site A

Transplanted corals
from site B

site A

(1)  Compare the effect of increased seawater temperature on the health of the native corals and
transplanted corals. Support your answer with information from the above charts.

(3 marks)

(2)  Under the threat of global warming, what is the implication of this study for coral bleaching?

(1 mark)

VILe Conservation of species and habitats

Solution (a)(i); original allocation: 2 mark(s)

Bottom trawling disturbs seabed sediments, increasing turbidity or releasing pollutants. It
also destroys seabed habitats, shelters and breeding sites.

The question concerns physical environmental effects. Sediment disturbance and damage
to benthic habitat are more relevant than merely “catching many fish”. Distinguish effects

on water conditions from effects on habitat structure.

<

/ Method: Identify what the
measure changes, then
evalvate the outcome with
data.
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(a)(ii)(1); original allocation: 2 mark(s)

A and C inside the protected area have the highest biomass, nearby B and E intermediate
values, and more distant D and F the lowest. Animal biomass is higher closer to the protected
area.

A and C are approximately 1300 kg km™, B and E approximately 350, and D and F
approximately 150. Match map distances with bar heights to identify the spatial pattern.
Sites outside the reserve are not all equally low.

(a)(ii)(2); original allocation: 3 mark(s)

The no-fishing area allows animals to survive, reproduce and build up biomass. Some move
into neighbouring areas, making nearby biomass higher than that farther away.

Protection reduces capture and habitat disturbance and provides feeding and breeding con-
ditions. As populations grow, some individuals move outward, creating a spillover benefit
for nearby areas. This explains both high biomass inside and higher biomass near than far
outside.

(a)(iii); original allocation: 4 mark(s)

Total biomass does not show which species benefit or suffer and cannot represent diversity.
Add measurements such as species number to assess biodiversity effects of protection.

For example, an increase in one large fish species can raise total biomass even if other
species decline. Recording species richness and, where appropriate, each species’ abun-
dance addresses this limitation of measuring only the total. Explain which limitation the
proposed measurement corrects.

(a)(iv); original allocation: 1 mark(s)

Hoi Ha Wan Marine Park.

Name one established Hong Kong marine protected area. An ordinary bathing beach is not
necessarily a protected area.

(b)(i); original allocation: 1 mark(s)

Loss of symbiotic algae reduces the organic nutrients supplied to coral by photosynthesis.
The diagram shows zooxanthellae supplying photosynthetic organic matter to coral.
Expulsion of algae during bleaching interrupts this supply, reducing available energy and
impairing coral health.

(b)(ii); original allocation: 3 mark(s)

Additional CO, absorbs outgoing long-wave infrared radiation from the Earth’s surface,
retaining more heat in the surface—atmosphere system. Air temperatures rise and seawater
warms.

The greenhouse effect involves infrared radiation emitted after the surface absorbs sunlight,
not simply heat “reflected” by a mirror-like Earth. Connect CO, absorption to reduced
energy loss and then seawater temperature.

(b)(iii)(1); original allocation: 3 mark(s)

32°C affects native corals more severely. None remain healthy: 75% are bleached and 25%
dead. Transplanted corals are still 50% healthy, with 30% bleached and 20% dead.

At 27°C, most corals are healthy in both groups: 80% native and 78 % transplanted. At 32°C,
the healthy proportion falls more in the native group. Lower bleaching and mortality in
corals transplanted to warmer site B support greater heat tolerance. Support the comparison
with at least two data points, not one selected percentage.

(b)(iii)(2); original allocation: 1 mark(s)

Previous exposure to warmer conditions may increase tolerance of later warming, suggest-
ing some capacity for adaptation or adjustment in corals.

The experiment supports a relationship between exposure history and heat-tolerance
responses. It does not establish that genetic mutation necessarily occurred or that all corals

can completely withstand global warming.

<

VILe Conservation of species and habitats



[Part Il - VI] Applied ecology: question types and practice VILe Conservation of species and habitats

Examiner’s comment (source page(s) 5)
Comparisons inside and outside marine protected areas should consider distance from the
boundary. Total biomass does not substitute for species diversity. Corals are animals; loss

of their symbiotic algae affects food and oxygen supply.
Marking reference: HKDSE Biology 2017 Paper 2 Q2, official marking scheme, source page(s) 9.

Practice Vl.a Human impacts on the environment

Evaluate management through renewal, competition
éelated type) Degree ofr'htegrat/oh * * * ﬁ ﬁ

and diversity

Practice
7. [HKDSE Biology 2021 Paper 2 Q2]
— Hint: Set the comparison basis, then examine resource renewal and competition.
(a) Conventional farming engages the use of artificial chemicals such as herbicides and insecticides while
organic farming does not. A survey comparing a conventional farm and an organic farm was conducted.
The survey involved random sampling in areas within the farm and the areas around the farm at different
times of a year. The data are shown in the table below:

Conventional farm Organic farm

Around Within Around Within

the farm | the farm | the farm | the farm
T Plants other than crops 7 3 28 18

Species richness

(mmber f spiceles) Pollinators 1 0 10 6
ridimce Pest A 310 160 51 49
(number of individuals) P adnf R SRR 9 3 24 1

(Note: The numbers shown are the mean values rounded up to the nearest integer.)

(i) With reference to the data collected within the farms, discuss the effectiveness of the use of

herbicides. How can the use of herbicides bring about an increase in the yield of crop production?
(3 marks)

(ii)  According to the data collected within the farms, discuss the effectiveness of chemical control and
biological control on the population of pests. Explain your answer with supporting evidence from
the data. (4 marks)

(iiiy ~ With reference to species richness, explain why organic farming is beneficial to the sustainable
development of communities in the areas around the farm. (3 marks)
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2(b) Algal bloom commonly occurs when an aquatic ecosystem is polluted by domestic sewage. Lakes A and B
have similar environmental conditions while the frequency of occurrence of algal bloom in Lake B is lower
than that in Lake A. The major food chains of the two lakes are shown below:

Lake A: phytoplankton - zooplankton —> Fish Species 1
Lake B: phytoplankton -> zooplankton -» Fish Species 1 > Fish Species 2

It is hypothesised that the number of trophic levels of the food chain affects the frequency of occurrence of
algal bloom in the two lakes. To test this hypothesis, phosphate was added to the lakes and the population
sizes of the zooplankton were monitored. The bar chart below shows the population sizes of zooplankton in
Lakes A and B before and after the addition of phosphate:

32574

mmm before phosphate addition

iy [ after phosphate addition

2550
2:0=+

1:554

(arbitrary unit)

1.0 1

Population size of zooplankton

0.5 -

0.0

Lake A Lake B

(i) What would be the effect of phosphate addition on the population size of phytoplankton? Explain
your answer. (2 marks)

(i)  With reference to the bar chart, suggest why the frequency of occurrence of algal bloom in Lake B
is lower than that in Lake A. (3 marks)

(iii) Based on the food chain of Lake B, explain why there is a higher zooplankton biomass in Lake B
after phosphate addition. (3 marks)

(iv)  Explain why algal bloom leads to the reduction of dissolved oxygen in water at night. (2 marks)

LN

2. [HKDSE Biology 2025 Paper 2 Q2 (English translation)]

—— Hint: Set the comparison basis, then examine resource renewal and competition.

(@) Phauda flammans is a local moth species whose larvae feed on banyan leaves. The following
diagrams show its life cycle and photographs of the same banyan tree hefore and after attack
by Phauda flammans in 2021:
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Life cycle of Phauda flammans

Larvae

Practice VL.a Human impacte on the environment

The same banyan tree in 2021

Eggs

Adults

Pupae

(January)

w et |RAE
=WUEGE T wn

Before attack

After attack
(May)

The table below gives the estimated duration of development at different stages of Phauda
Sflammans at different temperatures:

Mean

temp

eratu | Eggs (days) Larvae (days) Pupae (days) Adults (days)
re

(°C)

20 16.0 105.6 29.0 11.0

24 12.6 72.0 19.0 7.7

28 9.3 38.4 8.9 4.4

(i) With reference to the tabulated data, describe the general pattern observed for the effect
of temperature on the duration of development of Phauda flammans, and explain the pattern. (3

marks)

(ii) The bar chart below shows the difference between the monthly mean temperature in Hong
Kong in 2021 and the monthly mean temperature for 1991-2020:

3.0
c_ 28
8 QL) 2 0 / 2
€3 d ?
£5 15 7 ; % 7
25 1.0 71—
58 B’ 7/ 7
ZE 05 24— 7Y 7
8% 9 /77 7 - Z_r=z
-0.5
2 3 4 5 6 7 8 9 10 11 12
Month

(1) What information does the bar chart provide about the mean temperatures in 2021
compared with the monthly mean temperatures for 1991-20207? (1 mark)

(2) Phauda flammans usually produces three to four generations each year. Using the preceding

diagrams and table and the bar chart above, explain why the outbreak of Phauda flammans in
2021 caused the changes in the banyan tree shown in the photographs. (4 marks)

<
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Practice VL.a Human impacte on the environment

(iii) Why is widespread use of chemical insecticides not recommended for controlling Phauda
flammans? Give two reasons. (2 marks)

(b) Early afforestation in Hong Kong mainly involved planting fast-growing exotic tree species
to control soil erosion and protect water catchments. However, forests formed by a single
exotic tree species have low biodiversity. In recent years, ecologists have adopted thinning, a
new strategy involving removal of exotic trees, to address this problem. The diagrams below
illustrate different methods of managing the trees:

Before

After

Method I (left)

Method II (centre)

Method III (right)

No thinning

Intensive thinning: remove
most exotic trees, retain
shrubs and plant native tree
seedlings.

Moderate thinning: remove

some exotic trees.

(i) After several years of growth, the exotic trees under Method I had a smaller mean trunk
diameter and crown cover than those under Method III. Suggest an explanation for this

observation. (4 marks)

(ii) Six plots (20 m x 20 m) were randomly selected in a local plantation for testing. The table
below shows the treatment applied to each plot and its species richness, absolute abundance
and biodiversity index initially and after one year of growth:

Metho Initiail Initial IIiitigl . Species Absolute Biodiversity

Plot d species absolute inodwersﬂ:y richness after | abundance index* after 1
richness abundance index* 1 year after 1 year year

1 I 4 174 1.086 8 133 1.326

2 I 5 297 1.120 6 171 1.258

3 11 4 247 0.824 9 195 1.417

4 11 7 201 1.197 10 128 1.671

5 III 5 224 0.958 9 147 1.372

6 III 4 255 1.095 5 142 1.251

* A higher value indicates greater biodiversity in the habitat.

(1) Based on the data in the table, which method would you recommend? Show how you use
the relevant data to reach your answer. (3 marks)

<>
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Practice VL.a Human impacte on the environment

(2) Although no native tree seedlings were planted in the plots receiving moderate thinning
under Method III, their species richness still increased. Suggest one explanation for this
result. (2 marks)

(3) Suggest one benefit to wildlife in the habitat when plant biodiversity increases. (1 mark)

3. [HKDSE Biology 2022 Paper 2 Q2]

—— Hint: Set the comparison basis, then examine resource renewal and competition.
The major purpose of deforestation in the tropical rainforest is to turn it into a grassland for cattle farming.

(a)

(D The table below shows the comparison of plant communities within a primary rainforest and a
grassland formed after deforestation:

Type of p!ant Average plant height Number of plant species *.Pe{Cfmt coverage (%) of

community (m) individual plant species
Species A 15
Species B 19
Primary rainforest 28 18 Species C 12
Species D 20
Species E 14
Grassland 0.3 3 Species H 95

* Only species with at least 10% of coverage are included.

(1) What would be the effect of converting a tropical rainforest to a grassland on the average plant
height and number of plant species?

(1 mark)

(2)  For estimating the relative abundance of plant species in the above case, why was percent

coverage a better measurement than the number of individual species?

3)

deforestation on the composition of the plant community?

(1 mark)

With reference to the percent coverage of individual plant species, what was the effect of

(3 marks)

(i)  Soil porosity (space between soil particles) was determined for soil samples collected from the
rainforest and grassland. The soil samples were then incubated in the laboratory for 7 days. After that,
the net changes in the amounts of ammonium content and inorganic nitrogen (i.e. nitrate and nitrite)
were calculated. The results are shown in the table below:

. . . Amount of ammonium | Amount of inorganic nitrogen
Soil sample Soil porosity (%) (g ke soil) . % sl &
Primary rainforest 80 13 14
Grassland 60 7.3 9.8

(1)  Based on the information in the table, deduce the effect of deforestation on the oxygen level
of the soil.

@

(2 marks)

With reference to the nitrogen cycle and the answer in (1), answer the following questions:

(I) Explain the difference in the amount of ammonium between the samples taken from the
primary rainforest and the grassland.

(2 marks)

(I) Explain the difference in the amount of inorganic nitrogen between the samples taken
from the primary rainforest and the grassland.

(2 marks)
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2(b) During World War II, much of the forests in Hong Kong had been cleared for firewood. After the war, the
Government began to build new reservoirs and restore the existing ones. At that time, imported tree species
were planted in areas around these reservoirs.

(i) Explain why planting trees in the area nearby is important to the functioning of reservoirs. (2 marks)
(if)  Tai Po Kau Nature Reserve comprises a secondary forest with native tree species and an afforestation

area with imported tree species. A survey about the bird community was conducted in these two areas.
The results are shown in the table below:

Secondary forest with Afforestation area with
native tree species imported tree species
Total number of bird species 44 46
Number of forest-dependent bird species 16 9
Number of migrating bird species 28 37
Number of species nested in the forest 12 2
Number of individual birds per hectare 44 12
(1)  What is meant by a secondary forest? (1 mark)
(2)  In what ways are forests important to bird communities? State fwo of them. (1 mark)
(3)  Suggest one way by which birds are beneficial to tree communities. (1 mark)

(4)  Based on the above results, deduce which type of tree, native tree species or imported tree
species, has a greater contribution to the local bird community. (4 marks)

LN

Practice Vi.b Pollution control and global environmental issues
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Explain ecological outcomes from pollution and
éelated type) Degree of integration % % &k Kk &

environmental variables

Practice
7. [HKDSE Biology 2013 Paper 2 Q2]
— Hint: Read the environmental variable, them uce its mechaniom to explain ecolsgical effects.

(a) An experiment was conducted to study the effect of acid rain on the growth of bean seedlings planted in
pots containing two different soils, either with or without heavy metal X. The same amount of water
with a pH of either 6 or 3 was used to water the seedlings every day and their average increase in fresh
weight was measured after 30 days. The results are shown in the table below:

Average increase in fresh weight of bean seedling (g)
pH6 pH 3
Soil without heavy metal X 13.0 7.7
Soil with heavy metal X 7.5 4.3

Note: Rainwater normally has a pH value of 6.
(i) What conclusion can you draw from the results of the experiment? (3 marks)

(i)  During the experiment, excess water that came out of the potted plants was collected and the
amount of heavy metal ion X in it was determined. The table below shows the results:

pH 6 pH3
5 10

Amount of heavy metal ion X
in excess water (arbitrary unit)

Based on this information, explain the effect of adding water of pH 3 to the seedlings in soil
containing heavy metal X. (3 marks)

(iii)  State the air pollutants that cause acid rain and state the human health problem associated with these
air pollutants. (3 marks)

2(b) Pollutant Y was found in sewage discharge from industry, leading to bioaccumulation in organisms.
(i) Give three properties of chemicals that make them liable to bioaccumulation. (3 marks)

(ii) Specimens were collected from a site where pollutant Y was known to be discharged. The levels of
pollutant Y in sea water, sediment and some organisms collected from the site are listed in the

following table:
Concentration of pollutant Y (arbitrary unit)
Seawater 2
Sediment 36
Clams 163
Birds 1557
Fish 519

Based on the information in the above table, which organism is most likely the top consumer of the
food chain in the site? Explain your answer. (3 marks)

(iii)  With reference to the functional role of organisms in an ecosystem, give one group of organisms not
included in the above table. State the ecological significance of this group of organisms. (3 marks)

(iv)  If humans consumed fish contaminated with pollutant Y, which human organ would have a high
concentration of this pollutant? Explain your answer. (2 marks)
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2. [HKDSE Biology 2023 Paper 2 Q2]
—— Hint: Read the environmental variable, thew use its mechanism to explain ecological effecte.

(@) In 2000, a survey was conducted in Hong Kong to assess the bioaccumulation of pollutant X in the human
body. In the survey, human breast milk samples were collected for analysis. A questionnaire was prepared to
obtain information of the participants such as age, dietary intake and health condition. The graphs below
show the concentration of pollutant X in the breast milk collected in relation to the age groups (Graph I) and
the frequency of sea food consumption per week (Graph II).

Graph I Graph 1T

Lol

2728 29-30 31-32 33-34 35-36 37-38 <3 3.5 69 >9
Age group Frequency of seafood consumption
(Times per week)

N
o
(=
(=)
N

Concentration of pollutant X
in breast milk (arbitrary unit)

3

<

%
Concentration of pollutant X
in breast milk (arbitrary unit)

6] With reference to the above graphs, give two pieces of evidence which support that pollutant X can
be accumulated in the human body. Explain your answer. (4 marks)

iy (@ List three common properties of the pollutants which will lead to bioaccumulation.
(3 marks)

) Suggest why milk could be used as one of the indicators for bioaccumulation. (2 marks)
(iif) ~ With reference to the above case, suggest fwo human activities which would lead to the release of

bioaccumulative pollutants to the environment. (2 marks)

2(b) Eco-engineered tiles were installed on a local seawall in an attempt to increase the biodiversity of the
shoreline. The photograph below shows a seawall where eco-engineered tiles are installed:

water level at high tide

eco-engineered tile region A

water level at low tide
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An experiment was conducted with the installation of different eco-engineered tiles on a local seawall. The
table below shows four treatments and the number of invertebrate species living on each surface after 12

months:
Treatment Surface View Side View Nt'lmber of invertebrate
species found on the surface
(1) Original seawall surface 4
(2) Tiles with flat surface
installed on the seawall 8
25cm FU&"
(3) Tiles with crevices of 2.5 cm :cre}r Ices
depth installed on the 13
seawall
S5cm
(4) Tiles with crevices of 5 cm _re\fges_,_=
depth installed on the | 17
seawall

(D) By comparing relevant treatments, deduce fwo effects of installing the eco-engineered tiles. Tabulate
your answer in the answer book according to the following format. (4 marks)

Comparison of the results of two treatments Deduction

(i)  Suggest how the crevices of the eco-engineered tiles could help organisms in Region A to cope with
threats posed by the following environmental conditions:

(1)  exposed seawall surface during low tide (1 mark)

(2)  wave action (1 mark)

(i) (1)  Suggest another group of data which should be collected to assess the effect of installing eco-
engineered tiles on the biodiversity in Region A. (1 mark)

(2)  To confirm if the installation of eco-engineered tiles has increased the biodiversity of Region
A, all the data collected should fulfil certain requirements. List these requirements. (2 marks)

[

<
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3. [HKDSE Biology 2014 Paper 2 Q2]

—— Hint: Read the environmental variable, thew use its mechanism to explain ecological effecte.
(a) The graph below shows the mortality of a species of freshwater shrimp after it has been exposed to various
concentrations of two fat-soluble pesticides, A and B, for 24 hours:
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(i) (1) Determine the concentrations of pesticides A and B at which 50% of the shrimps were killed.
(1 mark)

(2) Deduce which pesticide, A or B, was more toxic. (2 marks)

(ii)  To further study the toxicity of pesticides A and B, the shrimps were exposed to either pesticide A or
B at a concentration of 5 pg L™ for 4 days. At the end of the study, the concentrations of
pesticides in the body tissue of the shrimps were determined.

(1) 50 pgkg ' of pesticide A and 80 pg kg™ of pesticide B were found in the body tissue of the
shrimps. Suggest #hree possible reasons why there was a higher concentration of pesticide
B than pesticide A in the body tissue. (3 marks)

(2)  Why was a concentration of 5 pg L™ adopted for the pesticides used in the experiment?
(1 mark)

(iii) A field survey was conducted to investigate the concentration of pesticide A in the body tissue of
herbivorous fish and camivorous fish. What difference in the concentrations of pesticide A would
you expect to find between these two types of fish? Explain your answer. (3 marks)
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2(b) A field survey was conducted to determine the health status of the coral communities at three locations A,
B and C on the sea bottom along a coastline. At each location, the percentage cover of live corals, dead
corals and seaweed was determined. The results are shown in the graph below:

90 . Key: . Live corals

80 J Dead corals

70 Seaweed
60 |

50

40

Percentage cover

30
20
10 4

0

Location A Location B Location C

(i) At which location did the coral communities appear to be the healthiest? Support your answer with
data. (2 marks)

(ii) (1)  Suggest one human activity which may have led to the highest percentage cover of seaweed
in location C. Explain your answer. (3 marks)

(2)  Suggest one possible consequence of this human activity that may have resulted in the low
percentage cover of live corals at location C. (1 mark)

(iii) (1) Hoi Ha Wan was chosen to be a marine park for the richness of its coral community.
Explain the ecological importance of coral communities. (3 marks)

(2)  Suggest one human activity that should be prohibited in a marine park. (1 mark)

)
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4. [HKDSE Biology Practice Paper Paper 2 Q2]

—— Hint: Read the environmental variable, thew use its mechanism to explain ecological effecte.
(a) Many bird species living in Canada migrate southwards to the U.S.A. to spend the winter. The diagram
below shows the destinations of some of these bird species in the U.S.A. in the winters of 1966 and 2005:

Canada

N N ~ \ U.S.A.

\, A .
¢ *~ “¢ Sparrow \chh
Rail  ~~_
AN - Key: ¢ Winter destination in 1966
Ring—r:scked e Winter destination in 2005

duck — —» Change in winter destination

The average January temperatures in the U.S.A. from 1966 to 2005 are shown in the following graph:
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(i) Suggest one way which can be used to track the migration route of birds. (1 mark)
(i1) (D State the general trend shown in the average January temperature in the U.S.A. from
1966 to 2005. (1 mark)
(2) Relate the change in the winter destination of bird species in the U.S.A. with the change
in average January temperature in the U.S.A. from 1996 to 2005. Suggest, from an
ecological point of view, a reason for the change in the winter destination. (2 marks)
3) Suggest two possible effects caused by the change in the winter destination of these
migratory bird species on native bird species. (2 marks)
(4) It is believed that the trend in the average January temperature in the U.S.A. is due to

human activities. Explain how human activities may have caused this trend. (4 marks)

)
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2.(b)  Forests provide humans with valuable resources. Proper forest management is needed when exploring
new uses of forests to ensure sustainable forestry.

(1) The combustion of fossil fuel releases acidic gases which may cause acid rain.  State and explain
two environmental impacts of acid rain. (4 marks)
(i1) Some scientists are exploring the use of forest woody biomass to replace the fossil fuel used in

power plants. Trees are logged from two forests, A and B, for this research and other uses.
The table below shows the distribution of the inorganic nutrients nitrogen and magnesium in
these two forests:

Forest A Forest B
Nitrogen (%) | Magnesium (%) | Nitrogen (%) | Magnesium (%)
Biomass above forest floor 35 70 5 25
Biomass on forest floor 5 5 5 5
Biomass below forest floor 60 25 90 70
Total 100 100 100 100

Based on the difference in the distribution of inorganic nutrients of the two forests, explain which

forest will reestablish itself more quickly after logging. (3 marks)
(iii) Over-exploitation of forest resources leads to a decrease in biodiversity.

(1) Provide one reason why biodiversity is important. (1 mark)

(2) Reforestation is a way to restore a forest. In earlier years, reforestation depended

mainly on exotic tree species imported from other countries and most of the plantations
were formed by a single exotic tree species. State one criterion when choosing an
appropriate exotic tree species for reforestation. Give one disadvantage of forming a
plantation using a single tree species. (2 marks)

g
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5. [HKDSE Biology 2016 Paper 2 Q2]
—— Hint: Read the environmental variable, thew use its mechanism to explain ecological effecte.

(a) Water samples A and B are collected from an industrial area and residential area along a river respectively.
Their locations are shown in the map and the analysis of water samples is shown in the table below:

o

3k
i

industrial area

Practice VL6 Pollution control and global environmental icsues

Water sample A
(industrial area)

Water sample B
(residential area)

Biochemical oxygen demand, 20 100

(BOD, 5 days 20°C) (mg L™")

Heavy metal (ppm) 30 0.01
A residential area Antibiotic residues (pg L™") 0.1 50

(i)  Give the particular type of pollutant in water sample B that can contribute to the difference in BOD
between water samples A and B. Explain your answer. (4 marks)

(ii)  Some people like to go fishing in the river next to the industrial area and consume the fish.
Explain the health risks of consuming the fish. (4 marks)
(iii) (1)  Suggest why antibiotic residues are present in water sample B. (1 mark)
(2)  Suggest one possible effect of antibiotic residues on the ecosystem. (1 mark)

2(b) Arsenic is poisonous to humans. Contamination of soil with arsenic can occur as a result of using arsenical
pesticides and herbicides, mining activity and waste disposal. An experiment was conducted to study the
effect of phosphate addition on the growth of wheat and the accumulation of arsenic in different parts of
the wheat. 100 pots with uncontaminated soil and 100 pots with arsenic-contaminated soil were prepared
for growing wheat. Phosphate was added to 50 pots from each group. The dry masses of grain and
plant body (shoot and root), and the distribution of arsenic in different parts of the wheat after seven

months are shown in the table below:

Distribution of arsenic in the wheat
grown in arsenic-contaminated soil (%)

Dry mass of wheat (g pot ™)
Uncontaminated soil | Arsenic-contaminated soil

No phosphate added
¢ grain 8 2 10
+  plant body 14 5 ‘ 90
Phosphate added
*  grain 20 12 2

15

14

98

*  plant body

@

(i)

(iii)

(iv)

Compare the effects of arsenic on the growth of grain and plant body when no phosphate was

added.

(2 marks)

With regard to the growth of wheat in the two types of soils, what can you conclude about the effect
of phosphate addition on the growth of grain and plant body?
(Note: You should refer to the growth of wheat in uncontaminated soil as the control.)

(4 marks)

Comment on the effect of phosphate addition on the distribution of arsenic in different parts of the

wheat.

(2 marks)

With reference to the above results, what is the significance of phosphate addition to the agricultural

production of wheat in arsenic-contaminated land?

Practice VI.c Conservation of species and habitats

N

(2 marks)
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Link conservation measures with testable ecological

Degree of integration % % &k Kk &
outcomes

Practice

7. [HKDSE Biology 2020 Paper 2 Q2]
—— Hint: Iden tify what the measure changes, then evaluate the oufcome with dato.

(a)

A study was conducted on beaches A and B to investigate the effect of clam harvesting on the animal
community on sandy shores. On beach A, clam harvesting was forbidden all year round. On beach B, clam
harvesting was allowed from June to September. Field sampling was conducted on both beaches on May
31 and October 1. Animals in the sediment were identified and counted.

(i) The diagram below shows the number of clams collected from the two beaches on May 31 and
October 1:

Key:
h May 31
140 Y

7/ October 1

120 -

100 -

40 -

20 -

Total number of clams per 1 m® of sediment

Beach A

Describe the change in the density of clams on the two beaches. (2 marks)

(ii)  The table below shows the animal species composition of beaches A and B on May 31 and October
1 (the data on clams are excluded):

May 31 October 1
Animal No. of individuals per | Percentage of | No. of individuals per | Percentage of
species 1 m’ of sediment | total individuals 1 m’ of sediment total individuals
Species 1 20 313 19 30.2
< | Species 2 15 234 16 254
g | Species3 8 12.5 8 12.7
M Species 4 21 32.8 20 30.7
Species 1 19 30.6 7 20.6
2 | Species 2 16 258 5 14.7
¢ | Species3 7 113 21 61.8
M Species 4 20 32.3 1 2.9

Based on the results in (a) (i) and (a) (ii), deduce the effect of clam harvesting on the species
diversity of the animal community on sandy shores. (4 marks)
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(iii)  The World Wildlife Fund in Hong Kong has developed a Clam Gauge as a guideline for harvesting
clams. The gauge for a particular calm is shown below:

Gauge dia"’e,-
€,

Anomalocardia flexuosa

Find out the shell length

of the clam Compare the length with Release clams that

the gauge diameter pass through

Explain how we can help conserve the clam community by harvesting only clams which cannot
pass through the gauge. (3 marks)

LN
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2(b) Normal rainwater has a pH of around 5.6. Acid rain was first noted in the 17" century. At that time,
rainwater with pH readings below 2.5 were recorded in industrial areas.

(i) In 1986, an experiment was conducted to study the effect of acidity of rainwater on the
photosynthetic rate of a lichen species. The lichens were divided into three groups: Group A served
as the control, Wwhich was sprayed with rainwater sample of pH 5.6 every day; Groups B and C were
sprayed with rainwater samples of pH 3.5 and 2.5 respectively on Day 1 and then sprayed with
rainwater sample of pH 5.6 on Day 2 until Day 5.

= sprayed with
g rainwater samples sprayed with rainwater sample of pH 5.6
2 of different pH
£ 4 \4 \4 N
< 2.0 : 0 i ;
g ! ! ! : Key
o Bl . : = Group A
1.5 — - ——— ! ——_'_‘__.—
E > S~ TUme-t--T N it Group B
b 104 ; =~ ; : | ——GroupC
= - I T~ ' ' —
g | A O It
g 0.5 : : T ;
S | ' : !
= | ' ; '
A 0 : : : :
Day 1 Day 3 Day 5

(1)  Compare the effects of spraying rainwater samples of different pH on the photosynthetic rate
of the lichen. (4 marks)

(2)  The chart below shows the weather in city Y in a month during the rainy season. Based on
the results of the experiment, explain why the lichen is rarely found in the industrial area of

city Y. (3 marks)
Sunday Monday Tuesday Wednesday | Thursday Friday Saturday
1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 6 17 18
19 20 21 22 : 23 24 25
26 27 28 |29 30
(i)  State fwe major air pollutants and describe how they cause the formation of acid rain. (2 marks)
(iii) ~ State two effects of acid rain on soil minerals. (2 marks)
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2. [HKDSE Biology 2024 Paper 2 Q2]

— Hint: Identify what the measure changes, then evaluate the svtcome with data.
(a) Every year, migratory birds travel long distances between breeding grounds in the north and wintering
grounds in the south. During their long journeys, wetlands along the coastal areas are important stopovers.
Hong Kong is one of these stopovers.

(1) Yellow-breasted bunting, Emberiza aureola, is one of these migratory birds which visit Hong Kong
during the winter. The following table shows the change in the conservation status of yellow-breasted
bunting according to the International Union for Conservation of Nature:

Year Conservation status
2000 Least concern
2004 Near threatened
2008 Vulnerable
2013 Endangered
2017 Critically endangered
Explain one human activity that might have threatened the yellow-breasted bunting. (1 mark)

(ii)) In 2005, the government and local green groups worked together to implement habitat management
measures for the abandoned fresh water wetland in Long Valley (northern part of the New Territories).
The photographs below show the habitats before and after the measures:

Before the measures

After the measures

Abandoned farmland

Dried wetland

Lotus pond Fish pond

101

Practice Le Conservation of species and habitats



[Part Il - VI] Applied ecology: question types and practice Practice Le Conservation of species and habitats

The graphs below show the average number of birds recorded and the number of bird species recorded
annually from 2006 to 2015 in Long Valley:

320
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(1) Based on the data shown, what can you conclude about the effect of the habitat management on
the conservation for migratory birds? (4 marks)

(2) Explain why the habitat management is important in bringing about the changes shown in the
graphs. (4 marks)

2(b) Microplastics (MPs) are small plastic picces (less than five millimeters). They can be plastic debris resulting
from the breakdown of large plastic wastes or microbeads in cosmetic and cleansing products. They can be
harmful to aquatic environments. Scientists are looking for biological ways to monitor and solve MPs
pollution.

) Suggest why sessile (immovable) organisms are more suitable than movable organisms for use in
monitoring MPs pollution in aquatic environments. (2 marks)

(ii)  The table below shows the occurrence of four species of sessile organisms which are commonly found
in Hong Kong waters:

Site Habitat Species
Rocky shore A
Rocky shore
Rocky shore
Rocky shore
Mudflat
Mudflat
Mudflat
Mudflat
Pier
Pier
Pier
Pier

> > >
O|w|w

Y =S =S R RO R - S [V N (PER O P
lwliviiolioliviiviiolle]

Based on the data in the table, which species should be chosen for monitoring MPs pollution? Explain
your answer. (3 marks)
N
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(iii)

(iv)

The diagram below shows the relative portions of different sized MPs retained in the guts of four
species of sessile organisms:

Key:

MPs size (um)

100

o 751
10-99 &

=]
100-499 S 501

()
500-999 -

25 -

1000-5000

Species

Based on the data shown in the diagram, which species (P, Q, R or S) should be used for monitoring

MPs pollution? Explain your answer.

(3 marks)

The larvae of a certain species of wax moth (4chroia grisella) was found to be able to feed on and
degrade plastics. In an investigation, two groups of A. grisella larvae were fed with plastics and
natural food separately and their survival rates were recorded until the larvae formed pupae. The
results are shown below:

10 -\
S 90 - \‘\. natural food
g e
T; 80 - ““.
& S - plastics
& 70 1
0+ T T T T T ! :
0 4 8 12 16 20 24 28

Time (day)

~larval stage

formed pupae
(transforming to adult moth)

Practice Le Conservation of species and habitats

(1) With reference to the data shown, do the data support that the larvae can obtain nutrients from

plastics? Explain your answer with evidence.

(1 mark)

(2) To study the feasibility of a large-scale application of A. grisella in treating plastic pollution,

suggest another measurement for the investigation. Explain your answer.
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Microorganisms and humans: Chapter 1

question types and practice

Vil.a Microbiology

Read the explanations and diagrams in Concept VIl.a first, then work through the question types here. Each example retains
the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.

Estimate microorganisms using growth curves, optical

density and colonies

Degree of integration % % K & &

@
k-]
(1]
-

Key ideas
@®  An increase from 100 to 400 cells is a fourfold increase, or two doublings. If this takes two hours, the mean doubling

time is one hour. Optical density measures turbidity and may reflect living cells, dead cells and other particles. Colony
counts measure units capable of forming colonies; a cluster of cells can form one colony.

@  Before comparing the two kinds of result, state what each actually measures.

How to recognice the problem Read the time axic and check whether the vertical ccale is logarithmic. Dictinguish total cell amount, optical

= density and colony-forming vnits. Limit conclusions to the evidence actually cupplied.

@Amp/a [HKDSE Biology 2018 Paper 2 Q3]
3(a) Trillions of microorganisms live in the human intestine. Most of them are non-pathogenic and play an
important role in many functions in the human body, including food digestion, defence against pathogens
and vitamin production.

(i) What is the ecological relationship between humans and these microorganisms in the intestine?
Explain your answer. (2 marks)

(ii)  According to the World Health Organization, probiotics are microorganisms that confer health
benefits on humans. However, a large amount of probiotics has to be ingested so that a sufficient
number can survive gastric digestion and reach the intestine.

(1) Youare given a flask of cultured probiotic bacteria and a 37°C incubator. In order to design
an investigation to estimate the number of probiotic bacteria that can survive gastric
digestion, suggest fwo other pieces of information that are required to simulate, in a
laboratory setting, the physiological conditions in the stomach. (2 marks)

(2)  Describe how you can estimate the number of living probiotic bacteria at the end of the
experiment. (4 marks)

(3) It is believed that patients who have completed a course of antibiotic treatment should

consume food that contains probiotics. Suggest why this may protect patients from infection
(3 marks)
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VIL.a Microbislogy

3(b) An experiment was conducted to study the effects of compounds X and Y on the growth of a fungal colony.
Paper discs with different dosages of compound X or Y were placed on nutrient agar plates previously
incculated with a fungal colony. The appearance of the fungal colony at the beginning of the experiment

and after three days are shown in the diagrams below:

At the beginning

Plate I
paper disc
with water

fungal colony

paper disc -

paper disc
with 5 pg X

with 20 g X

paper disc
with 10 pg X

Plate IT

paper disc
with water

paper disc

paper disc
with 20 pg Y withSpgy S

paper disc
with 10 pg Y

(i) Describe the effects of compounds X and Y on the growth of this fungus.

After three days

(3 marks)

(i)

In another experiment, the fungus was incubated for 1 hour with compound X or Y. Afier that, a
green fluorescent dye which cannot pass through cell membranes was added. Green fluorescence
stained the nuclei of the fungal cells exposed to compound X while no fluorescence was detected in

fungal cells exposed to compound Y.

(1)  With reference to the results, suggest the possible action of compound X on the fungus.

(2 marks)

(2)  Based on your answer in (1), suggest why clear zones were present in plate [ after three days

as shown in the diagram above.

(2 marks)

(iii)  Aseptic technique should be used during the inoculation of the fungus on the agar plate. Explain

the importance of this.

(1 mark)

(iv)  This fungus occurs commonly in air and grows on our household goods. Suggest one possible daily

use of compound X in our houschold products.

Solution a(i); original allocation: 2 mark(s)
Mutualism: microorganisms obtain food and a habitat from the host, while the host benefits

through assistance with digestion, protection against pathogens or vitamin supply.
Identify a concrete benefit for each partner. The gut provides suitable conditions and

nutrients. The stated microorganisms help break down food, restrict pathogens or synthesise
vitamins, benefiting the host. “Symbiosis” describes living together; benefits to both explain

why the relationship is mutualistic.
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a(ii)(1); original allocation: 2 mark(s)

The stomach pH and the normal residence time of food or microorganisms in the stomach
are needed.

A microbial culture and 37°C incubator are already provided, so identify missing infor-
mation about stomach conditions. pH determines the acidity to simulate, while residence
time determines the duration of acid exposure. Both affect survival. Do not list the already
supplied 37°C as missing information.

a(ii)(2); original allocation: 4 mark(s)

Prepare suitable serial dilutions of the treated culture. Spread a known volume on culture
medium, incubate and count colonies. Use the dilution and plated volume to calculate viable
concentration.

Dilution separates colonies, preventing excessive merging that makes counting impossible.
Select a plate suitable for counting and estimate CFU on the assumption that one viable
colony-forming unit produces one colony.

Original viable concentration (CFU/mL) = colony count + dilution fraction + plated volume
(mL).

For the total in the culture, multiply by total culture volume. This method identifies viability
through colony formation. Turbidity measurement or direct counting of every cell may
include dead cells. A colony-forming unit is not necessarily one cell, since a cluster can
produce a single colony.

a(ii)(3); original allocation: 3 mark(s)

Antibiotics may also kill beneficial gut bacteria. Probiotic supplementation can help restore
beneficial populations that compete with pathogens for food and attachment sites, reducing
pathogen multiplication.

First explain the intestinal change caused by treatment. Structures or metabolic pathways
targeted by antibiotics are not necessarily exclusive to pathogenic bacteria, so beneficial
bacteria may also be affected. Fewer existing competitors allow pathogens greater access
to space and nutrients. Restoring beneficial bacteria aims to re-establish this competitive
barrier. “Boosting immunity” alone is insufficient, and probiotics do not neutralise every
antibiotic.

b(i); original allocation: 3 mark(s)

X inhibits fungal growth, and greater amounts of X on the paper discs produce larger
inhibition zones. Under these test conditions, Y shows no inhibitory effect.

X discs containing 5, 10 and 20 ug show progressively larger zones without fungal growth,
supporting a stronger effect at higher doses. The water control shows that the disc or added
water alone is not responsible. No corresponding clear zone appears at any tested Y dose.
Conclude only that no inhibition is observed at the doses and conditions tested, not that Y
is ineffective at every possible concentration.

b(ii)(1); original allocation: 2 mark(s)

X damages fungal cell membranes or increases their permeability, allowing dye normally
excluded by intact membranes to enter cells and produce green nuclear fluorescence.
Connect the stated detection principle with the observation. Intact membranes exclude the
dye, but nuclei fluoresce after X treatment, indicating passage across the original barrier. Y
provides a comparison without the same effect. “X stains the cells green” does not identify
membrane integrity or permeability as the property tested.

b(ii)(2); original allocation: 2 mark(s)

X diffuses from the paper disc into surrounding medium and damages fungal membranes.
Nearby fungi cannot grow or die, producing an inhibition zone.

The disc supplies X, which diffuses outward and damages membranes wherever its con-
centration is sufficient. Loss of normal selective permeability can allow cellular contents
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to leak, preventing sustained fungal growth and leaving an area without fungal colonies.

Explain diffusion = membrane damage — growth inhibition, not merely the appearance of
a clear circle.

b(iii); original allocation: 1 mark(s)

Prevent contamination of the culture and medium by other microorganisms so observed
growth responses can be attributed to the fungus being tested.

Introduced bacteria or fungi could form extra colonies or alter local conditions, interfering
with inhibition-zone interpretation. In this comparative experiment, aseptic technique
directly maintains culture purity and reliable results. “For safety” alone does not answer the
experimental purpose.

b(iv); original allocation: 1 mark(s)

An ingredient in mould-resistant paint.

For example, a substance with suitable antifungal activity can be incorporated into a coating

to limit mould on damp surfaces. This directly follows from the fungal-inhibition evidence.

A generic “germ-Kkilling product” does not specify mould as the target.
Marking reference: HKDSE Biology 2018 Paper 2 Q3, official marking scheme, source page(s) 8.
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@amp@ [HKDSE Biology 2023 Paper 2 Q3]

(@) Microbial contaminations happen during food processing if the food is not properly handled. The
photographs below show two meat products: minced beef and steak.

®

(i)

Minced beef Steak

Suggest why minced beef is more susceptible to microbial contamination than steak. (2 marks)

To assess the safety and quality of minced beef, four minced beef samples were collected for microbial
analysis. The samples were incubated at two different temperatures (5°C and 20°C). At regular time
intervals, samples were plated for colony count of bacterium X and bacterium Y respectively. The
time taken for the colony count to increase 10-fold were recorded. The results are shown in the table
below:

Time taken for the colony counts to increase 10-fold (hour)
Sample Bacterium X Bacterium Y
S 20°C e 20°C
1 8.93 7.28
2 7.74 8.47
3 11.60 9.65
4 14.03 17.66

(1) Calculate the mean time taken for the colony count to increase 10-fold for bacterium X and
bacterium Y at 5°C and 20°C. Tabulate your results in the answer book according to the

following format. (2 marks)
Bacterium X Bacterium Y
5°C 20°C 5°C 20°C
| Mean time (hour)
(2)  Compare the growth rates of bacteria X and Y at different temperatures. (2 marks)

(3)  According to the answer in (2), which bacterium is more likely to cause food spoilage of the
samples stored in the refrigerator? Explain your answer. (3 marks)

(4)  Bacterium Y is commonly found in the intestinal tract of animals. Explain why bacterium Y is
often used as an indicator of microbial contamination of meat during food processing.

(2 marks)
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3(b) The growth of a bacterial culture was monitored by measuring the turbidity of the culture in terms of optical
density. The results are shown in the Graph [ below:

Graph 1
= A
E
2
&
2
a
S
E
A B C D E
Time
(i) What are the characteristics of the statiohary phase of bacterial growth? (2 marks)

(i)  With reference to the principle of optical density measurement, explain why CD is the stationary
phase instead of DE with supporting evidence from the graph. (3 marks)

(iiiy  With reference to the principle of optical density measurement, explain why the bacterial culture
should be mixed well before measuring the optical density. (2 marks)

(iv)  Pseudomonas aeruginosa is a bacterial species with resistance to a number of antibiotics. It causes
serious infections in hospital patients with weak immune systems.

To assess the effectiveness of different antibiotics in treating patients infected with P aeruginosa,
P. aeruginosa was isolated from the patients to prepare a culture. A fixed amount of the culture was
added to mini-wells containing equal volume of antibiotics at different concentrations for incubation

VIL.a Microbislogy

as shown in Diagram IL. The results after incubation are shown in Diagram III:

Diagram II (3D view) Diagram III (top view)

mini-wells

(Control)
turliid clear

antibiotic P [
antibiotic Q [

antibiotic R [

0000000

antibiotic S [

00000068
~ 100000000

2 4 8 16 32 841282564512

antibiotics at different concentrations control without Concentration of antibiotics (ug H'ﬂ;l)

+ a fixed amount of bacterial culture bacterial culture

(1)  Arrange the antibiotics in ascending order of their effectiveness in treating patients infected

with P. aeruginosa. (1 m

ark)

(2)  What is the minimum concentration of antibiotic S required to treat the patients effectively?
(1 mark)

Solution a(i); original allocation: 2 mark(s)

Mincing increases exposed surface area and adds processing steps involving contact with

N

Method: Check the ccale;
distinguich optical density,

equipment, hands and the environment. cell number and coloniec.

Dividing the same meat volume into many small pieces exposes more surface to microor-
ganisms. Mixing also distributes surface contamination into the interior. Minced beef is
therefore more readily contaminated at multiple locations than an intact steak.
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a(ii)(1); original allocation: 2 mark(s)

Mean times: X takes 32.50 h at 5°C and 10.58 h at 20°C; Y takes 57.65 h and 10.77 h
respectively.

Add the four values in each column and divide by 4. For example, X at 5°C:
(34.95+41.51+32.86+20.69)+4 = 32.5025 h, or 32.50 h to two decimal places.

The other three unrounded means are 10.575, 57.65 and 10.765 h respectively.

a(ii)(2); original allocation: 2 mark(s)

X grows faster than Y at 5°C. At 20°C their growth rates are approximately equal.

A shorter time for the same tenfold increase means faster growth. At 5°C, X’s 32.50 h
is markedly shorter than Y’s 57.65 h. At 20°C, 10.58 and 10.77 h are very close. Do not
mistake a longer time for faster growth.

a(ii)(3); original allocation: 3 mark(s)

X is more likely to spoil refrigerated food sooner.

Refrigerator temperature is close to the experimental 5°C. X needs only 32.50 h for a
tenfold increase there, compared with Y’s 57.65 h. It reaches a large population sooner, so
metabolic effects and food decomposition accumulate earlier, causing faster spoilage from
equal starting conditions.

a(ii)(4); original allocation: 2 mark(s)

Y commonly lives in animal intestines, so its presence in food may indicate contamination
by intestinal contents or faeces during processing.

Intestinal contents can contact meat during slaughter or be transferred through contami-
nated equipment or hands. A bacterium normally associated with the intestine can indicate
processing hygiene and cross-contamination. This does not mean that every Y bacterium
necessarily causes disease directly.

b(i); original allocation: 2 mark(s)

During the stationary phase, the rate of viable-cell formation is approximately equal to the
death rate, keeping viable-cell number approximately constant.

As resources decline and metabolites accumulate, new cells may still form but are offset
by deaths. “Stationary” means no net increase in viable count, not that every cell stops
metabolising or dividing.

b(ii); original allocation: 3 mark(s)

Optical density is affected by living cells and still-intact dead cells. New cells continue
forming and light-scattering particles accumulate during CD, so optical density can rise
even though the viable population has reached the stationary phase.

In this question, dead cells still scatter light, so the optical-density curve is not a viable-
count curve. Even when births and deaths balance, total cellular particles may increase,
explaining the slow rise during CD. Do not automatically equate the DE optical plateau
with the viable population’s stationary phase.

b(iii); original allocation: 2 mark(s)

Mixing suspends cells evenly, preventing settling or clumping and making the optical
reading representative of the culture.

Optical density results from suspended particles scattering or blocking light. If many cells
settle, fewer lie in the light path and the reading is too low. Uniform distribution allows a
fixed sampling position to represent overall cell quantity more reliably.

b(iv)(1); original allocation: 1 mark(s)

From lowest to highest: P, R, S, Q.

In this test, an antibiotic that maintains clear wells at a lower concentration has greater
inhibitory activity. Q gives clear wells first, followed by S, then R, while P requires a higher
concentration. Thus the order from weakest to strongest is PKR<S<Q.
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b(iv)(2); original allocation: 1 mark(s)

64 pug/mL.

Both replicate rows for S remain cloudy at 32 ug/mL and become clear at 64 ug/mL. The
lowest concentration shown to inhibit visible growth is therefore 64 ug/mL. Include the
concentration unit.

Examiner’s comment (source page(s) 11, 12)

Less time for a tenfold increase means faster growth. Optical density includes scattering by
live and dead cells, so it cannot directly identify growth phases from viable counts. Find

clear wells to identify the lowest effective antibiotic concentration, and include units.
Marking reference: HKDSE Biology 2023 Paper 2 Q3, official marking scheme, source page(s) 12, 13.

VIl.b Uses of microorganisms

Read the explanations and diagrams in Concept VILD first, then work through the question types here. Each example retains
the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.

Track microbial substrates, products and population

Degree o(r‘hteyrat/‘oh * * * * ‘A’
changes

Key ideas

®  Stored starch in barley is not already glucose available to yeast. Hydrolytic enzymes during germination first break
stored materials into smaller usable molecules, which microorganisms then metabolise.

@ In alcoholic fermentation, sugar can form ethanol and carbon dioxide under anaerobic conditions. Dairy fermentation
involves different principal products and microorganisms. A population’s later failure to increase may result from

nutrient limitation, accumulated products or other environmental changes. The explanation must fit the stated conditions.
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How to recoguice the problem Connect raw material — ucable cubstrate — microbial activity — product. Match each interval of a growth

= curve with pf, cugar or other measurements made at the same time.

@amp@ [HKDSE Biology Sample Paper Paper 2 Q3]
3.(a) The diagram below outlines the sequence of processes involved in the brewing of beer:

barley

hops
soaking of barley grains > boiling of wort
for 2 days

1 |

germination of barley grains cooling

l yeast
drying and crushing J

of the grains

fermentation

hot water
TN l

beer

filtering —— sweet wort ‘

bottling and sterilization

(i) Explain the importance of soaking the barley grains in water for two days in the brewing of

beer. (4 marks)
(i) Give two reasons why it is necessary to boil the wort. (2 marks)
(iii))  Describe how yeast can help in beer production. (2 marks)

(iv)  Sketch a graph to show the change in the population of yeast from the time when it is added to
the wort to the time of bottling and sterilization of the beer. (3 marks)
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VILb Uses of microorganiome

3.(b) Mary bought two boxes of fresh milk from the supermarket and put them in the refrigerator. After
two weeks, she found that one box of milk had turned sour and curdled. The photograph below shows

the appearance of the spoiled milk:

(1) Fresh milk is usually pasteurized before it is sent to the supermarket for sale.

pasteurization help to preserve fresh milk?

How does
(1 mark)

(i1))  Briefly explain how the milk became sour and curdled after being left for two weeks.

(3 marks)

(ii1))  Mary found the other box of milk appeared normal and she drank the whole box. A few hours

later, she suffered from diarrhoea as a result of food-borne infection.

(1) Explain how drinking this box of milk may bring about the above food-borne infection.

(2) Name a pathogen that causes food-borne infections.

(2 marks)

(1 mark)

(iv)  Butter and cheese are products made from milk, but they can be kept unspoiled for a longer

period of time than milk. Why?

Solution a(i); original allocation: 4 mark(s)

Soaking allows barley to absorb water, soften its seed coat and begin germinating. Germi-
nation produces or activates hydrolytic enzymes such as amylase, converting stored starch
into fermentable sugars for subsequent yeast use.

Starch in dry grains is not directly available to yeast in large quantities in this process.
Water uptake initiates germination. The embryo and associated tissues provide enzymes
that hydrolyse starch to maltose, with further conversion to glucose and other sugars. These
soluble sugars enter the sweet wort and become fermentation substrates. Explain the two-
day soaking through water = germination = enzymes — sugars, not merely grain cleaning.
a(ii); original allocation: 2 mark(s)

Reduce microorganisms that could contaminate fermentation, and remove dissolved oxygen
to provide more oxygen-poor conditions for subsequent alcoholic fermentation.

Boiling kills most introduced microorganisms, reducing competition with yeast and
spoilage risk. Heating also expels dissolved gases. The wort must then cool before yeast
is added, otherwise the heat would damage the desired yeast too. Boiling should not
automatically be called complete sterilisation that destroys every heat-resistant spore; focus
on contamination control.

a(iii); original allocation: 2 mark(s)

Yeast carries out alcoholic fermentation, breaking down glucose to form ethanol, the alcohol
in beer.

Under oxygen-poor conditions, yeast still gains a little ATP through glycolysis. Subsequent
reactions convert pyruvate to ethanol and regenerate NAD, allowing the process to continue.
Glucose = ethanol + carbon dioxide + a small amount of energy.

Yeast converts available sugar into alcohol; this step does not turn barley directly into yeast.
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a(iv); original allocation: 3 mark(s)

Viable yeast numbers increase slowly, then rapidly, then approach a plateau. During bottling
and heat treatment they fall rapidly to very low levels or zero.

Plot time horizontally and viable cells per unit volume vertically. Newly added yeast
first adapts, then multiplies rapidly with plentiful nutrients. Depletion of sugar and other
resources and ethanol accumulation slow growth. Since the endpoint includes bottling and
heat treatment, the graph must end with a sharp decrease caused by yeast death, not an
indefinitely high plateau. This is a viable-population graph; total cellular debris does not
explain the post-treatment fall.

b(i); original allocation: 1 mark(s)

Pasteurisation uses controlled heating to kill many bacteria in fresh milk, reducing
pathogens and spoilage microorganisms.

It delays spoilage but usually does not eliminate all microorganisms and heat-resistant
spores. Appropriate refrigeration is still needed, and storage is not indefinite. Refrigeration
slows multiplication rather than killing every remaining microorganism.

b(ii); original allocation: 3 mark(s)

Surviving or subsequently introduced lactic acid bacteria multiply during storage and
ferment lactose to lactic acid, making milk sour. Greater acidity coagulates casein, forming
curds.

Explain both observations: lactic acid accumulation accounts for sourness; lower pH desta-
bilises dispersed milk proteins, producing curds. Curds are not merely accumulated bacteria,
and refrigeration does not stop all microbial activity.

b(iii)(1); original allocation: 2 mark(s)

Apparently normal milk may still contain pathogenic bacteria. After ingestion, living
pathogens enter and multiply in the digestive tract, causing food-borne infection and
diarrhoea.

Appearance, sourness and curdling reflect some spoilage processes but do not accompany
every pathogen. The question specifies food-borne infection, so include entry and multi-
plication of living pathogens rather than discussing only preformed toxins and omitting
infection.

b(iii)(2); original allocation: 1 mark(s)

Salmonella.

It is an example of a bacterium entering the digestive tract through contaminated food and
causing infection. “Bacteria” alone does not name a pathogen as requested.

b(iv); original allocation: 2 mark(s)

Butter and cheese generally contain less available water than fresh milk, slowing microbial
growth and metabolism and improving storage life.

Enzyme reactions, transport and multiplication require suitable water availability. Convert-
ing milk into lower-moisture products reduces water available to microorganisms. Salt in
some products lowers availability further. This explains longer storage, not an inability of
all butter or cheese to spoil.
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Yeast population from inoculation of wort to bottling and sterilisation
Bottling and sterilisation
Viable cell count falls rapidly

Rapid multiplication

Adaptation

Number of viable yeast cells
(viable cells per unit volume)

= e

Time

Yeast added

Viable yeast population from inoculation to bottling and heat treatment.
Marking reference: HKDSE Biology Sample Paper Paper 2 Q3, official marking scheme, source page(s) 10.
@xampl@ [HKDSE Biology 2014 Paper 2 Q3]

(a) In Hong Kong, Escherichia coli counts have been used to judge whether the water quality of beaches is
suitable for swimming. The bar chart below shows the levels of E. coli in the water samples taken from

four beaches in 2012:
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(i) Why can E. coli counts be used to reflect the water quality? (3 marks)
(ii)  Based on the above data, which beach would you prefer for swimming? Why? (3 marks)
(iii)  State twe limitations of using E. celi counts in estimating water quality. (2 marks)

(iv) To measure the number of E. coli in a water sample, a culturing step is needed and aseptic
techniques must be used.

(1)  What is the importance of using aseptic techniques in this process? (1 mark)

(2)  Describe one commonly used aseptic technique for the preparation of the culture media and
outline its principles. (3 marks)
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3(b) (i) In the past, cheese was made from milk by the action of environmental microorganisms. Its
flavour was mainly due to the metabolites of microorganisms. Different batches of cheese

produced during different seasons of a year might end up having different flavours.

phenomenon.

Explain this
(3 marks)

(ii) Nowadays, mass production of cheese is carried out in a controlled manner to ensure the quality and
consistency of the cheese. The following flowchart shows some major steps involving

microorganisms during the manufacture of cheese:

Collection of fresh milk

v

(I) Pasteurisation

v

(II) Fermentation / Curding:
Add a certain kind of bacteria,
fungal spores may also be added

v
v
v

(III) Maturation

(1)  Interms of quality and consistency, explain the importance of processes (I) and (II).

(2 marks)

(2)  In the production of blue cheese, a small number of the spores of a species of aerobic fungus
is added into the cheese curds during process (II). In process (III), tiny holes are punched in
the cheese using a needle. When a large number of spores appear in the cheese, the blue
colour of the spores becomes visible. The photographs below show the appearance of the

blue cheese before and after maturation:

Before maturation After maturation

Hole

Suggest how the step of punching holes in the cheese leads to the appearance of the blue

cheese after maturation.

Solution a(i); original allocation: 3 mark(s)

Escherichia coli normally lives in the intestines of humans and other warm-blooded animals
and is excreted in faeces. Higher E. coli counts in water can indicate faecal contamination
and the possible presence of other faecally transmitted pathogens.

It is an indicator of contamination; not every counted E. coli bacterium is necessarily
pathogenic.

a(ii); original allocation: 3 mark(s)

Deep Water Bay. It has the lowest E. coli reading, approximately 35 per 100 mL, indicating
the lowest faecal-contamination indicator level among the four samples.

<>

(3 marks)

Method: Explain each
interval through subctrate,

microorganicm and product.



[Part II - VII] Microorganisms and humans: question types and practice

This compares the question’s 2012 data. Historical samples are not a present-day beach-
safety notice.

a(iii); original allocation: 2 mark(s)

The indicator does not detect all other pollution, such as chemical contamination. E. coli
and different pathogens also survive and disappear at different rates, so their densities need
not remain in a fixed ratio.

These are distinct limitations: omission of other pollution types and an imperfect corre-
spondence between the indicator and actual hazards.

a(iv)(1); original allocation: 1 mark(s)

Prevent contamination by microorganisms not originating in the water sample, so the count
represents that sample.

For measurement, aseptic technique ensures the correct source of colonies. It also helps
protect the operator.

a(iv)(2); original allocation: 3 mark(s)

Sterilise the medium in an autoclave. Pressure allows steam to reach a higher temperature,
whose heat kills bacteria, fungi and their spores, reducing pre-existing microbial contami-
nation.

This concerns sterilising culture medium, a different treatment level from the subsequent
milk-pasteurisation example.

b(i); original allocation: 3 mark(s)

Seasonal differences in temperature and other conditions affect the microorganisms entering
milk and their metabolic activity. Different organisms or metabolic conditions produce
different mixtures of metabolites, changing cheese flavour.

Connect season = microorganisms —> metabolites rather than claiming that weather directly
changes flavour.

b(ii)(1); original allocation: 2 mark(s)

Step I, pasteurisation, reduces existing microorganisms and pathogens, limiting uncon-
trolled fermentation. Step II introduces selected strains, making major metabolites and
flavour more predictable and improving consistency.

The older official wording about eliminating all original microorganisms is too absolute:
pasteurisation is not complete sterilisation and does not guarantee destruction of every
spore. The correct mechanism is reduced background contamination followed by fermen-
tation controlled using a selected starter culture.

b(ii)(2); original allocation: 3 mark(s)

Piercing allows oxygen into the cheese. Penicillium can then carry out aerobic respiration
for energy, supporting hyphal growth and spore formation. Abundant spores produce the
visible blue markings.

The question states that the blue colour comes from numerous spores. Explain how oxygen
supplied by piercing promotes their formation; the holes themselves are not stained blue.
Examiner’s comment (source page(s) 5)

E. coli indicates faecal contamination; its presence does not guarantee disease. Link piercing
to oxygen, aerobic respiration, hyphae and spores. Distinguish pasteurisation from complete

sterilisation.
Marking reference: HKDSE Biology 2014 Paper 2 Q3, official marking scheme, source page(s) 9.
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@amf@ [HKDSE Biology 2022 Paper 2 Q3]
(a) During the Coronavirus Disease 2019 (COVID-19) pandemic, hand sanitiser was one of the most common
anti-pandemic products. The following lists the procedure of a test which assesses the antibacterial
effectiveness of hand sanitiser samples X, Y and Z:

1 A bacterial culture was spread evenly over the surface of a sterile agar plate using a sterile spreader.
2. A sterile filter paper disk soaked with 10 pL of hand sanitiser sample was placed on the agar plate.
3, The agar plate was incubated at 37°C for 24 hours.

4. The diameters of the clear zones were measured.

The diagrams below show the appearance of the agar plate before and after incubation:

Before incubation (top view) After incubation (top view) K
ey:

EI clear zone

(i)  Explain why there were cloudy and clear regions on the agar plate after incubation. (2 marks)
(i)  Assuming that the various hand sanitiser samples have the same diffusion rate on the agar plate,
arrange the hand sanitiser samples in ascending order of their antibacterial ability. Explain your

answer. (2 marks)

(iii) Do the results truly reflect the effectiveness of the hand sanitiser samples against COVID-19? Why?
(2 marks)

(iv)  State wo aseptic techniques that should be employed during the spreading of bacterial culture over
the agar plate. Explain your answer. (4 marks)

118



[Part II - VII] Microorganisms and humans: question types and practice

3(b) Biofuel can be produced in yeast fermentation.

(i) Write the word equation for the yeast fermentation.

VII.b Uses of microorqanisme

(2 marks)

(ii)  The graph below shows the impact of the production of biofuel on the yeast culture:
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(1)  With reference to the graph, what is the impact of biofuel production on the yeast?

(2 marks)

(2)  The percentage of dead cells can be estimated by using a cell counter (a hemocytometer). The
diagram below shows the appearance of a diluted yeast culture sample stained with a blue dye
which stains dead cells. Count the number and calculate the percentage of dead yeast cells as
shown in the diagram below:

cover slip grid

(2 marks)

Key:
@ stained cell

O unstained cell

(3)  The large square measures 1 mm x 1 mm and has a depth of 0.1 mm. The yeast sample has
been diluted with a dilution factor of 10*.

yeast culture.

(iii)

Calculate the total cell count per cm? of the original

(2 marks)

Traditionally, biofuel was produced from the edible part of corn or sugarcane. A genetically modified

{GM) yeast with the ability to convert cellulose to biofuel has been developed. State two advantages
of using this GM yeast over a traditional yeast strain for biofuel production.

Solution a(i); original allocation: 2 mark(s)

Bacteria grow in the cloudy area. The clear area indicates that hand rub has killed or

inhibited nearby bacteria.

Multiplying bacteria form a visible lawn or colonies, making the agar surface cloudy. Hand

rub diffuses from the paper disc, inhibiting growth wherever sufficient active ingredient is

present and leaving a clear inhibition zone.
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a(ii); original allocation: 2 mark(s)
From weakest to strongest: Y < X <Z.

Assuming equal diffusion rates, a larger clear zone indicates inhibition farther from the disc.

Y has no appreciable zone, X a smaller zone, and Z the largest, giving this order.

a(iii); original allocation: 2 mark(s)

No. The experiment tests antibacterial activity only, whereas COVID-19 is caused by a
virus.

Bacteria and viruses differ in structure and reproduction. Antibacterial effectiveness cannot
directly establish effectiveness against the relevant virus; testing that virus is needed.
a(iv); original allocation: 4 mark(s)

Open the Petri-dish lid only slightly to reduce entry of airborne microorganisms. Avoid
talking and wear a mask during handling to reduce droplet contamination.

Both measures prevent external microorganisms entering the culture. A smaller opening
and shorter exposure reduce airborne deposition; avoiding speech and covering the mouth
and nose reduce microorganism-containing droplets. Explain each contamination source
rather than only listing “keep clean”.

b(i); original allocation: 2 mark(s)

Glucose = ethanol + carbon dioxide.

Yeast fermentation partially breaks glucose down to ethanol and releases carbon dioxide.

Ethanol is the biofuel here. Include the starting material and both products in the word
equation.

b(ii)(1); original allocation: 2 mark(s)

As biofuel concentration increases, yeast growth rate generally decreases and the percentage
of dead cells increases.

Apart from a short initial low-concentration interval, the solid curve declines from its peak
to zero near 100 g/L. The broken curve rises with concentration, showing that accumulated
ethanol inhibits growth and increases cell death.

b(ii)(2); original allocation: 2 mark(s)

Including cells on the top and left boundaries but excluding those on the bottom and right
gives 11 dead cells out of 21, or approximately 52.4% mortality.

Dark cells are stained dead cells; white cells are living. Use one consistent boundary rule
to avoid double-counting adjacent squares. This gives 11 dark and 10 white cells:
Percentage dead = 11+(11+10)x100% = 52.38...%.

Do not include every boundary cell or exclude them all.

b(ii)(3); original allocation: 2 mark(s)

The original culture contains approximately 2.1x10° yeast cells/cm3.

Counting-square volume = 1 mmx1 mmx0.1 mm = 0.1 mm3.

Diluted-sample concentration = 21+0.1 = 210 cells/mm3.

Since 1 cm3 = 1000 mm?3, this is 2.1x105 cells/cm?3.

Multiply by the dilution factor of 10* to obtain 2.1x10° cells/cm3 in the original culture.
b(iii); original allocation: 2 mark(s)

Using inedible crop parts or non-food cellulose feedstocks reduces competition with food
production. A wider feedstock supply can also increase potential fuel output.
Conventional yeast cannot directly use cellulose and often requires edible sugar or starch
feedstocks. The stated GM yeast adds cellulose to the usable range, enabling use of
underused straw, bagasse and similar materials. Edible parts remain available for people or
livestock, while fuel sources expand.
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Examiner’s comment (source page(s) 10, 11)
Rank inhibition from weakest to strongest and connect the order to zone size. Use a
consistent adjacent-boundary rule with a haemocytometer. Concentration calculation then

requires chamber volume, unit conversion and dilution correction.
Marking reference: HKDSE Biology 2022 Paper 2 Q3, official marking scheme, source page(s) 11, 12.

VIl.c Microbial genetics
Read the explanations and diagrams in Concept VII.c first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the

demands of the whole question.

Interpret viruses and microbial communities using host
Type 1 Degree of integration * ok ok

specificity and controls

Key ideas

@® A virus multiplying in one bacterial species does not imply that it can complete the same process in every bacterium or
human cell. Host specificity depends on recognition of the host surface and the ability to use host systems after entry.

®  When comparing microbial communities or disease outcomes before and after treatment, check whether controls retain
the same background conditions. Only then can differences support the proposed factor. Simultaneous changes in

microbial composition and symptoms still require a distinction between correlation and causation.
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How to recognice the problem Identify the virus, host and freatments, then ack which alternative explanation each group exclude. Do not

= generalise one host's recults to all organicms.

@Am,b/a [HKDSE Biology 2012 Paper 2 Q3]

i.(a) Viruses that infect bacteria may be used to eliminate pathogenic bacteria in food production lines.
Figure 3A below indicates variations in the population size of a virus and its bacterial host:

Figure 34
Phase I Phase II Phase IIl
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(i)  What is the importance of the bacterial host to the virus? (1 mark)

(i)  With reference to the life cycle of viruses, explain the difference in the virus population in Phase I
and Phase II. (4 marks)

(i)  Explain the drop in the population size of the virus in Phase III. (1 mark)

(iv)  The results of scientific research have suggested that adopting such technology in food production
would be safe for humans. Why would it be safe? (2 marks)

(v)  Compared to conventional disinfection techniques, such as UV irradiation and steam sterilization,
viral disinfection has limitations. Suggest two limitations. (2 marks)
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3.(b) The wild type and mutant of a bacter
conditions. The mutants were unable to

ractice

uc Wi ¢

VIT.c Microbial genetice

amined for growth under different culture
Figure 3B below indicates the change in the

cell number of the wild type grown in an isotonic liquid medium (A), the mutant in an isotonic liquid

medium (B}, and the mutant in a hypotonic liquid medium (C):

Figure 3B

o

Population size (arbitrary unit)

-

gunmngsnss B

0 100 200 300 400 500

Time (min)

(i)  Suggest rwo methods of determining the population size of bacteria in a liquid culture.

(2 marks)

(if)  With reference to the function of cell walls, explain the different growth rates observed for the two

mutant cultures, B and C.

(4 marks)

(iii) What would happen to the population size of the wild type (A) if the culture at the 400™ minute was

mixed with an equal volume of the fresh culture medium?

Solution a(i); original allocation: 1 mark(s)

Bacteria are the hosts in which the viruses replicate.

Viruses cannot reproduce independently and must use appropriate host-cell machinery.
a(ii); original allocation: 4 mark(s)

In period I, after attachment and infection, viruses require time to replicate inside bacteria,
so the free-virus count remains low. In period II, infected bacteria lyse and release many
new viruses, causing the sharp population increase.

Intracellular replication precedes lysis and release, so the curve does not immediately peak
at initial infection. Explain both the process in each interval and its effect on the curve.
a(iii); original allocation: 1 mark(s)

As bacterial hosts decline, viruses have fewer suitable cells for replication. Viruses that do
not infect hosts gradually become inactive or degrade, so their number falls.

Do not say viruses “eat all the bacteria” and starve. The limitation is lack of hosts for
replication.

a(iv); original allocation: 2 mark(s)

Viruses are host-specific. These bacteriophages infect bacteria and cannot infect human
cells.

The safety rationale concerns differences in host recognition, not small viral size or a claim
that all viruses are beneficial.

a(v); original allocation: 2 mark(s)

A bacteriophage targets only bacteria it can infect, giving a narrower range than ultraviolet or
steam disinfection. Bacteria may also develop resistance preventing infection by that phage.

)

Explain your answer.

(4 marks)

S Method: Identify the host
and controls, then limit the

conclusion accordingly.
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Explain limitations relative to conventional disinfection. Effectiveness against some bacteria
does not mean removal of every pathogenic microorganism at once.

b(i); original allocation: 2 mark(s)

Direct microscopic cell counting; plating a suitably diluted culture and counting colonies
after incubation; or estimating density from turbidity.

Choose any two. Colony counts represent viable colony-forming units, while turbidity
requires calibration under comparable conditions. The methods do not measure exactly the
same quantity.

b(ii); original allocation: 4 mark(s)

C’s hypotonic medium has a higher water potential than the mutant cells, so water enters by
osmosis. Without cell walls, the mutants cannot withstand expansion and turgor pressure;
some lyse, limiting population growth. B’s isotonic medium has a water potential close to
that of the cells, preventing substantial net water entry and osmotic lysis, so the population
can increase normally.

Compare B and C for the same wall-deficient mutant. Their difference is medium water
potential, not sudden nutrient deficiency in C. Explain water movement, wall function and
why B avoids lysis.

b(iii); original allocation: 4 mark(s)

Adding fresh medium increases nutrients and dilutes accumulated harmful metabolites.
Bacteria resume reproduction and population size increases. Eventually nutrients are
depleted again or wastes accumulate, returning the population to the stationary phase.

The original question labels this b(iii); the official marking page misprints b(iv). The num-
bering here follows the question. The later supported population size increases. Adding an
equal medium volume initially dilutes concentration, so distinguish that immediate density
change from subsequent growth in total cell number.

Examiner’s comment (source page(s) 2)

The low-virus interval is not a bacterial-style acclimatisation lag phase. Wall-deficient
bacteria cannot resist swelling from water uptake. State a measurement method, not only an

instrument name.
Marking reference: HKDSE Biology 2012 Paper 2 Q3, official marking scheme, source page(s) 8.

VIl.d Harmful effects and control of microorganisms

VIT.c Microbial genetice

Read the explanations and diagrams in Concept VII.d first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the

demands of the whole question.

Draw bounded conclusions from inhibition, survival and food

data

Degree of integration * %k k k&

Key ideas

@®  With the same materials and comparable conditions, a larger clear inhibition zone supports greater inhibition of nearby

microbial growth. Zone size also depends on factors such as diffusion, so entirely different experiments cannot be

compared without checking conditions. Reheating food can reduce some viable microorganisms without guaranteeing

destruction of every existing toxin.

® Increasing drug resistance can result from existing variants surviving and reproducing more successfully under selection.

Bacteria do not deliberately produce a specified mutation because they need it.
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O How to recognice the problem Dictinguish measurements of growth inhibition, microbial survival and toxing. Keep conclusions within the scope

cupported by the controle and measurements.

@amp/a [HKDSE Biology 2016 Paper 2 Q3]

(a) Sushi is a high risk food item with regard to food poisoning. One of the causative agents for food
poisoning due to consumption of sushi is Bacillus cereus. The table below shows the growth conditions

for this pathogen:
Range Optimum
pH 5-8 6-7
Temperature 10°C - 49°C 30°C
(i) Give two reasons why sushi itself is a high risk food item. (2 marks)

(ii) During the preparation of sushi, vinegar is added for its palatability. In fact, this also helps
improve the safety of the food if enough vinegar is added. Explain why. (2 marks)

(iii) Briefly describe how the growth of B. cereus under various pH conditions can be measured
experimentally. (4 marks)

(iv)  Some sushi restaurants serve plates with sushi on a rotating conveyor belt that moves past every
table. Explain why this way of serving sushi increases the risk of food poisoning. (2 marks)

3(b) In natural ecosystems, bacteria and fungi decompose dead bodies and release minerals into the
environment for other organisms to use. Composting utilizes such biological activity to treat food waste.
The diagram below shows the change in the dry mass of food waste over time and the change in dry mass
of the microorganisms that grow on the food waste during the same period of time:
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(i)  Explain the overall changes in the dry mass of the food waste and the changes in the dry mass of the
microorganisms growing on the food waste. (4 marks)

(ii) (1) Determine the total dry mass of food waste and microorganisms on day 0 and day 50.

(1 mark)

(2) Explain the change in the total dry mass of food waste and microorganisms as determined in

(1). (4 marks)

(iii)  State one way that treated food waste can be utilised in daily life. (1 mark)

Solution (a)(i); original allocation: 2 mark(s) . Method: Distinguich grouth
Sushi often contains uncooked ingredients whose microorganisms have not been killed by inhibition, curvival and
heating. Direct hand contact during preparation also increases contamination opportunities. Loxine.

Give independent reasons. Nutrient richness favouring microbial multiplication is another

possibility. “Sushi tastes good” is not a microbiological explanation; specify how pathogens

remain or enter the food.

)
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(a)(ii); original allocation: 2 mark(s)

Enough vinegar lowers pH below the bacterium’s growth range, for example below 5,
inhibiting growth.

The table gives a growth range of pH 5-8 and an optimum of pH 6-7. Vinegar creates acidic
conditions; if final pH actually falls outside the range, multiplication becomes harder. A
change in flavour does not address the growth data.

(a)(iii); original allocation: 4 mark(s)

Compare the same medium at different pH values, inoculating equal initial bacterial
quantities. After equal incubation times at the same temperature, compare growth through
turbidity or cell counts.

pH is the sole independent variable. Keep medium composition and volume, initial bacte-
rial amount, temperature and incubation time constant. Optical density or counts provide
the dependent variable; replication improves reliability. Following the given conditions,
temperature and time can be fixed at 30°C and 24 hours. Answer through design principles
without expanding into additional culture details.

(a)(iv); original allocation: 2 mark(s)

Prolonged room-temperature display allows extensive bacterial multiplication or toxin
production, increasing food-poisoning risk.

The conveyor-belt issue is longer exposure to temperatures favourable for growth. Microbial
numbers and possible toxins accumulate over time, making infection or intoxication more
likely when eaten.

(b)(i); original allocation: 4 mark(s)

Food-waste dry mass decreases continuously while microbial dry mass increases. Microor-
ganisms decompose the waste, absorb breakdown products, synthesise their own materials
and reproduce.

From day O to day 50, waste falls from approximately 100 to 50 kg, while microorganisms
rise from approximately O to 5 kg. Decomposition converts large molecules into absorbable
smaller ones, some used in new cells, explaining one declining and one rising curve. Not
all lost waste becomes microbial biomass because the changes are unequal.

(b)(ii)(1); original allocation: 1 mark(s)

Approximately 100 kg on day 0 and 55 kg on day 50.

Add waste and microbial masses at each time: initially 100 + approximately 0; finally 50 +
approximately 5. Do not copy only the waste curve.

(b)(ii)(2); original allocation: 4 mark(s)

Total dry mass decreases because microbial respiration converts some organic carbon into
carbon dioxide, which escapes into the air.

Some food waste becomes microbial biomass; some is consumed in respiration. CO, leaves
the compost, reducing the dry material remaining to be weighed. Because dry mass is
measured, water evaporation cannot explain this 45 kg difference. Hydrogen sulphide and
sulphur dioxide contain no carbon and are not direct destinations of organic carbon.
(b)(iii); original allocation: 1 mark(s)

Use as compost or a soil conditioner.

Decomposed material supplies soil with organic matter and some mineral nutrients. One
use suffices without repeating the whole decomposition process.

Examiner’s comment (source page(s) 5)

Calculate total dry mass by adding all components, then explain loss of organic carbon as
respiratory carbon dioxide. Dry mass excludes water, so its decline cannot be attributed to

evaporation.
Marking reference: HKDSE Biology 2016 Paper 2 Q3, official marking scheme, source page(s) 10.
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Practice Vil.a Microbiology

Estimate microorganisms using growth curves, optical
éelated type) 9 99 » 0P Degree of integration % Y& & €&

density and colonies

Practice
7. [HKDSE Biology 2020 Paper 2 Q3]
— Hint: Check the ccale; distinguich optical density, cell number and colonies.
(a) Hand-foot-and-mouth disease (HFMD) is a viral infection which is transmitted through contact with the
stool or secretions of'an infected person. There was an outbreak of HFMD in Hong Kong in 2008. The
graph below shows the number of HFMD cases during the outbreak:
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Age group
(i) In age groups below 20, how does the number of HFMD cases vary with the age of patients?
(2 marks)
(i)  Suggest two explanations for the change described in (a) (i). (2 marks)
(iii)  Can antibiotics effectively treat HFMD? Explain your answer. (2 marks)

(iv)  One of the symptoms of HFMD is the formation of blisters in the mouth cavity, and on the palms
and soles of the feet. The fluid inside the blisters contains a large number of viral particles. The
photograph below shows some blisters on a finger:

o

blister

With reference to the life cycle of viruses, describe how a large number of viral particles forms
inside the blister. (4 marks)

[N

127



[Part Il - VII] Microorganisms and humans: question types and practice Practice VIL.a Microbislogy

3(b) The Centre for Food Safety has established guidelines for assessing the safety and quality of some
ready-to-eat food items. One of the assessments involves estimating the bacterial colonies formed per 1
gram of food sample. Table 1 shows the categories of food quality according to the guidelines and Table 2
presents the results of the colony count in sushi samples collected from local restaurants.

! Table 1
Colony count per 1 g of Category of food qualit Recommendations
food sample gory quatity
<1 000 000 Satisfactory No actions to take
1000 000 — <10 000 000 Borderline Still considered accept‘able for
human consumption
> 10 000 000 Unsatisfactory Consider mvle:stlgatmg causes for
high count
Table 2
Sushi samples Colony count per 1 g of food sample
A 610 000
B 11 240 000
Cc 9 800 000
D 16 000 000
E 140 000

(i) List the sushi samples which are unsatisfactory in terms of food quality according to the guidelines
from the Centre for Food Safety. (1 mark)

(i)  Even though the food quality of some sushi samples is unsatisfactory, consumption of these sushi
samples will not necessarily result in food poisoning or infection. What is the limitation of using
bacterial colony count as an indication of food safety? (1 mark)

(il)  Suggest one possible cause of a high bacterial colony count in the sushi samples. (1 mark)

(iv)  Below is a flowchart showing the major steps for conducting an aerobic bacterial colony count for a
sushi sample:

Blend 50 g sample to prepare a 500 mL stock solution

Perform a serial dilution of the stock solution (107, 107, 107, 107)

v

Spread each of the diluted solutions over a nutrient agar plate

J

Incubate at 30°C for 48 hours

J

Count the number of bacterial colonies formed

J

Calculate the aerobic bacterial colony count
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The photographs below show the bacterial colonies in four agar plates after incubation:

10~ plate 107 plate

(1)  Which agar plate should be selected to count the number of bacterial colonies formed?
Explain why other agar plates are not suitable for this counting process. (3 marks)

(2)  Count the number of bacterial colonies on the selected agar plate. Calculate the number of
bacterial colonies formed per gram of the sushi sample. (2 marks)

(3) In the above process, aseptic techniques should be used to avoid contamination. Describe
one aseptic technique for spreading the solution over the agar plate. Explain the principle

involved. (2 marks)

2. [HKDSE Biology 2025 Paper 2 Q3 (English translation)]
—— Hint: Check the scale; distinguich optical density, cell number and colonies.

(a) Infection by Salmonella can cause diarrhoea and even death. Current treatment usually
involves the use of antibiotics. To identify antibiotics that can act against Salmonella, one or
more antibiotics were added to Salmonella cultures. The cultures were then incubated at 37
°C and their optical density was monitored over 24 hours. The results are shown below:
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No antibiotic
[a)
o A T -l
= ntibiotic 1 (8 pgmL™")
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2 :
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©
©
R
o 2 _(4pgml?)
(@]
0 T 1
12 24

Time (hours)

(i) A plate containing several colonies of Salmonella is available. Describe the preparatory
steps needed for the above experiment to ensure that every culture has the same initial
optical density. (3 marks)

(ii) Compare the data shown. What can you conclude about the effectiveness of antibiotics 1
and 2 when each is used alone? (4 marks)

(iii) In terms of the actions of antibiotics, suggest why using antibiotics 1 and 2 together can
inhibit the growth of Salmonella more effectively. (1 mark)

(iv) An experiment was carried out to investigate the effects of probiotics in protecting mice
against Salmonella infection. The table below shows the three treatments used and the
results:

Eet—u Treatment Result

A Mice were fed Salmonella. The mice became ill.

B Mlc_e were_fed probiotics and, after a The mice remained healthy.
period of time, were fed Salmonella.
Mice were fed probiotics and, after a

C period of time, were fed antibiotics. After a The mice became ill
further period of time, they were fed ’
Salmonella.

(1) What can you conclude about the effects of probiotics? (1 mark)
(2) Suggest one way in which probiotics could produce the effect stated in (1). (1 mark)
(3) Suggest why the mice in set-up C became ill. (1 mark)

(b) The two bacteria Streptococcus thermophilus and Lactobacillus bulgaricus are commonly
used together in yoghurt fermentation. During fermentation, lactose in milk is converted into
lactic acid. In an experiment, the two bacteria were added to milk either separately (pure
cultures) or together (co-culture). The growth of each bacterial population was then measured
using the spread-plate method and expressed as colony-forming units per millilitre (CFU
mL-1). Figure I below shows the results:
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Figure |

10° Key:

—&— S. thermophilus (pure culture)

o 10% |-
I_l ----- S. thermophilus (co-culture)
£
T /"\I/‘ —a— L. bulgaricus (pure culture)
8 107 }b—————— —
e o _=eeritihdananetery 0 ====—== L. bulgaricus (co-culture)
o
S 7
©
] 106
Q
o
o

[05 T T [ ] T

0 1 2 3 4

Time (hours)

(i) With reference to Figure I, suggest the relationship between the two bacteria during
yoghurt fermentation. Give evidence to support your answer. (2 marks)

(ii) With reference to Figure I, compare the growth trends of the two bacterial populations in
the co-culture. (3 marks)

(iii) In the same experiment, changes in the pH of the cultures were recorded. Figure II and
the table below show the experimental results and the optimum pH for the growth of the two
bacteria:

Figure Il

7.0 Key:

-__K

—&— S. thermophilus (pure culture)

6.5

—— L. bulgaricus (pure culture)

6.0 e |
- Co-culture of both bacteria

pH

5.5

5.0

4.5 T

Time (hours)

Bacterium Optimum pH

S. thermophilus 6.5

L. bulgaricus 5.8-6.3

Using the information in Figure II and the table above, explain the growth of L. bulgaricus in
the co-culture shown in Figure I. (2 marks)

(iv) Apart from the spread-plate method used in this experiment, briefly describe one other
method that can be used to estimate the viable bacterial population in a culture. (2 marks)

Practice Vil.b Uses of microorganisms
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Track microbial substrates, products and population
éelated type)

Degree of integration * %k & Kk &
changes

Practice
7. [HKDSE Biology 2013 Paper 2 Q3]
—— Hint: Explain each interval throvgh substrate, microorganicm and product.

(a) Garden composting can effectively turn food waste into fertilizer. This is done by mixing the right amounts

of food waste with soil containing various types of active microorganisms. The graph below shows the
change in temperature inside a compost pile over 100 days:

80 - Phase 1 Phase II
O 60-
e
g
[}
(=8
£ 401
=

20 4

0 T T L) T 1
0 20 40 60 80 100
Time (day)

(i)  Describe and explain the changes in temperature inside the compost during Phase I and II. (5 marks)

(i) It was noted that the diversity of microorganisms decreased during Phase I of the composting. With
reference to the graph, suggest an explanation for this observation. (2 marks)

(iii) (1)  Food waste should be chopped into small pieces before they are mixed with soil. What is the
purpose of doing this? (1 mark)

(2)  Adequate and continuous stirring of the food waste-soil mixture is essential for effective
composting. Explain why this is important. (3 marks)

3(b)  Aspergillus niger is a fungus that spoils fruit. An enzyme called pectinase is secreted from the fungus
during its colonisation on the fruit surface. This enzyme can be used in fruit juice production.

(i)  With reference to the features of fungi, explain how Aspergillus niger makes use of pectinase to
obtain nutrients from the inside of the fruit. (4 marks)

(i)  With reference to the action of pectinase, suggest why fruit juice produced by using pectinase
(1) has a higher yield, and (1 mark)

(2)  is more nutritious. (2 marks)

(ili)  People consuming food contaminated with microorganisms may suffer from food borne infection or
food poisoning. Distinguish between food borne infection and food poisoning. (2 marks)
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2. [HKDSE Biology Practice Paper Paper 2 Q3]
— Hint: Explain each interval throvgh subctrate, microorganicm and product.

(a) Soy sauce is made by fermentation of a combination of soy beans, wheat grains, water and salt. The
production of soy sauce consists of three stages: incubating boiled soy beans and wheat grains with a
fungus to produce the feedstock, fermenting the feedstock in the brine added, and pasteurising the raw soy
sauce for bottling. An outline of the manufacturing process is given in the flow chart below:

(‘
Mixture of boiled soy beans and wheat grains
Stage 14
Inoculate with a fungus and incubate
v
,
Feedstock ready for fermentation
Stage 24 Add brine; inoculate with a salt-tolerant lactic acid
bacteria and yeasts for further fermentation

> Y
Raw soy sauce: a mixture of lactic acid, amino acids, water,
glucose and solid residue

Stage 3< Filter the raw soy sauce and sterilise the filtrate
by pasteurisation

A\ 4

Soy sauce ready for bottling

\
(1) Explain why Stage 1 is an essential preparatory step for Stage 2. (2 marks)
(ii) Explain the importance of adding brine to the mixture in Stage 2. (2 marks)
(ii1) Why is it necessary to use pasteurisation in Stage 3 to sterilise the raw soy sauce? (2 marks)
(iv) Aseptic techniques are used in food manufacturing processes involving microbes. State the
principles of aseptic techniques. (3 marks)
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3.(b)

The bacterium E. coli is a natural inhabitant of the human intestine.

(@)

(i)

Figure 1 shows an E. coli infected by microbe M. Figure 2 is the magnified image of a part of
Figure 1.

x 36000
x 28000
Figure 1 Figure 2
(1) Identify microbe M. With reference to the above figures, state one observable
difference between E. coli and microbe M. (2 marks)
(2) Describe briefly the events shown in Figure 2. (2 marks)
(3) In the mass production of human insulin, E. coli is genetically modified to carry the
human insulin gene. Explain why bacteria (e.g. E. coli) are suitable for use in
recombinant DNA technology. (2 marks)

E. coli is used as a water pollution indicating organism. A beach with an E. coli count exceeding
1600 per 100 cm® seawater is graded ‘Very Poor’ by the Environmental Protection Department.
A *Very Poor’ beach is not suitable for swimming.

(1) Suggest why there is a health risk to people swimming in a ‘Very Poor’ beach. (1 mark)

(2) A student collects a water sample from a beach to determine its E. coli count. He filters
50 cm’ of the water sample through a membrane filter, on which bacteria are retained.
The membrane filter is then placed on a nutrient agar plate suitable for the growth of
E. coli and incubated for 24 hours. This step and the result after incubation are shown
in the figure below:

Membrane filter

Incubate for 24 hours

»
>

Nutrient agar

(I) Explain how this method can be used to determine the E. coli count of the water
sample. (2 marks)

(I) Calculate the E. coli count per 100 cm’ of the water sample. Based on your
calculation, determine if this beach is ‘Very Poor’. (2 marks)
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3. [HKDSE Biology 2017 Paper 2 Q3]
— Hint: Explain each interval throvgh subctrate, microorganicm and product.

(a) Beer brewing includes some steps that involve biological activities, as follows:

Step Description

Malting Barley grains are soaked in water for 2 days and a sugar solution is collected at the
end of the process.

Yeast culturing A small amount of yeast is mixed with the sugar solution and air is continuously

pumped into the mixture for several hours.
Yeast fermentation | The pumping of air is stopped and the mixture is allowed to ferment for several
days.

(i)  Write a simple word equation of yeast fermentation. (2 marks)

(ii)  Describe what happens to barley grains during malting. Why is this process necessary for the later
fermentation? (4 marks)

(iii)  Explain the importance of continuously pumping air into the mixture during yeast culturing.
: (3 marks)

(iv)  How do the fermentation products contribute to the characteristics of beer? (2 marks)

3(b) An experiment was conducted to study the lethal effect of viruses X and Y on their host. Different
amounts of viruses were injected into different groups of mice. The graph below indicates the relationship
between the number of viruses injected per mouse and the death rate of mice in each group after 24 hours:

100

------ Key: W injected with virus X

80 1 . A injected with virus Y

60

40 RS B | DR oo

Death rate of mice in each group (%)

! i : 7
U | | D P A : 5 7

300 400
Number of viruses injected per mouse (arbitrary unit)

(i) With reference to the above graph, compare and contrast the lethal effect of viruses X and Y on the

mice. Deduce which virus was more lethal to the mice. (3 marks)
(il  Suggest why some viruses are more lethal than others. (2 marks)
(iii)  Briefly describe how viruses reproduce in the mice. (4 marks)

Practice VIl.c Microbial genetics

)
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Interpret viruses and microbial communities using
éEIated type) Degree of integration %k k& &

host specificity and controls

Practice
7. [HKDSE Biology 2021 Paper 2 Q3]
— Hint: Identify the host and controls, thew limit the conclusion accordingly.
(a) Listeria monocytogenes is a foodborne pathogen which is commonly found in various food products.
Ready-to-eat food products that require refrigeration such as fresh miik and yoghurt are at high risk of
spreading Listeria monocytogenes. The table below lists the temperature range for the growth of this
bacterium:

Lower limit Optimum Upper limit
Temperature (°C) -1.5 30-37 45

(i) With reference to the above information, explain why this bacterium is often spread via fresh milk
and yoghurt and causes infections to humans. (4 marks)

(ii)  Pasteurisation is a common method for preserving fresh milk.
(1) Describe the process of paste_urisation of fresh milk. (2 marks)
) Explain why pasteurisation can kill this bacterium. (1 mark)
(ili) To detect Listeria monocytogenes in food, agar plates with selective medium can be used. The
selective medium allows only the species of Listeria genus to grow on it. For Listeria

monocytogenes, an opaque area will be formed around the colony. The photograph below shows the
colonies formed on an agar plate with selective medium:

(1 Count the number of Listeria monocytogenes colonies. (1 mark)

2) Suggest one safety measure that should be taken to dispose of the agar plates after the
experiment in order to avoid contamination of the environment. (1 mark)
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3(b) Viruses are host-specific because they can only infect certain types of cells. The following diagram shows a
virus which infects epithelial cells in the upper but not the lower respiratory tract in human:

Key:

¥ protein on the viral surface
Y protein on the surface of epithelial cells in the upper respiratory tract
']" protein on the surface of epithelial cells in the lower respiratory tract

:|> epithelial cells

(i) With reference to the life cycle of viruses, describe what happens in stage X. (1 mark)

T
upper respiratory tract lower respiratory tract

(ii)  Using your understanding of protein structure, explain why this virus can only infect the epithelial
cells of the upper respiratory tract but not the lower respiratory tract. (2 marks)

(iii)  Fish and pigs may carry viruses of their own. Viruses of one host species can go through a series of
mutations and become infectious to other host species. Explain which viruses, from fish or pigs,
have a higher potential to infect humans when present in the food products. (3 marks)

(iv) Foodborne illnesses of microbial origin, especially bacterial infections, is a serious food safety
problem. Scientists have proposed the use of bacteriophages to eliminate bacterial pathogens

present in food.

(1 Describe how a bacteriophage could eliminate the whole population of a bacterial pathogen
in food even if only one bacterial pathogen is infected by the bacteriophage. (4 marks)

(2) With reference to the host-specificity of viral infection, state onme advantage of using
bacteriophages in this approach to eliminate bacterial pathogens in food. (1 mark)
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2. [HKDSE Biology 2024 Paper 2 Q3]
—— Hint: Identify the host and controls, then limit the conclvcion accordingly.

(a) An experiment was conducted to illustrate how bacteriophages can be used to fight against pathogenic
bacteria. This phage therapy may be an alternative way to combat bacteria with multiple anitbiotic resistance.
In the experiment, leaf surfaces of a plant were subjected to different treatments. After that, bacterial samples
were taken from the leaf surface and transferred to an agar plate for incubation. Colonies of bacterial
pathogen Y in the agar plate would stain red. Below are the four different treatments and the results obtained:

Key:
e red colony
©  white colony

Treatment I: A leaf was allowed to stand for one hour | Treatment II: A leaf was immersed in a mixture
without any treatment. containing different phages against pathogen Y for one
hour.

Treatment I1I: A leaf was exposed to pathogen Y for 10 | Treatment I'V: A leaf was exposed to pathogen Y for 10
minutes and then allowed to stand for one hour. minutes and then immersed in a mixture containing
different phages against pathogen Y for one hour.

(]
.

L]
o

. ®

.

lo.o.o .

800, ®
.

(i) By comparing the results of the following pairs of treatment, what can be deduced? Tabulate your

answer in the answer book according to the following format. (4 marks)
Treatments Comparison of results Deduction
Tand II
11T and IV

(i)  According to the results of the experiment, suggest the advantage of using phage therapy to treat
bacterial infection over traditional antibiotic treatment. (2 marks)

(iii) Describe how the bacterial sample from the surface of the leaf can be obtained. (2 marks)

(iv)  Describe #wo aseptic techniques that should be adopted during plate spreading in order to avoid

contamination from the environment. (2 marks)
N
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3(b) Recently, increasing evidence linking obesity to the gut bacterial community has been reported. To
investigate the interrelationship between diet, gut bacterial community and energy balance, a group of germ-
free mouse siblings received a transplant of gut bacterial community from a donor mouse, followed by a
specific diet for eight weeks. After that, their gut bacterial communities were examined. The diagram below
shows the workflow:

transplant gut bacteria

/’—\ feed with a specific
W AN diet for eight weeks

2~ : 'S @)
,.3?"'{ 4/:?? A }\.r ﬁ £ :;q \‘
e 2k - e, (= 3 =S
A s T coIlecF gut YT D . S 4 >
donor moucse =~ bacteria o examine gut*
ono germ-free mice bacterial community
(i) (1)  Suggest why mouse siblings were used in the investigation. (1 mark)

(2)  Suggest and explain fwe experimental procedures which are necessary for producing germ-
free mice. (2 marks)

(i)  The following table shows a summary of the treatments and the results obtained:

Experimental group Control group

Diet of the donor mouse Diet rich in plant polysaccharides

Diet .used to feed the recipient mice High-fat and high-sugar diet Diet rich in Plant
for eight weeks polysaccharides

Average body mass gained (g) 5.3 1.5

Average body fat (%) 3.7 1.7

Composition of gut bacterial
community

Key:

AN

=
[

v oW O

(1)  Which group of mice represented the obese group? (1 mark)

(2)  Describe how the high-fat and high-sugar diet has modified the composition of the gut bacterial
community of the experimental group. (2 marks)

(3)  Itis known that a certain group of the gut bacteria in the experimental group can convert some
indigestible materials into fatty acids which are then absorbed by the mice. Which group of
bacteria is likely to be capable of such conversion? Explain your answer. (2 marks)
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(iif)  To test if the gut bacterial community induced by the ‘high-fat high-sugar’ diet increases nutrient
absorption as stated in (ii)(3), another experiment was conducted as shown in the table below:

Experimental group Control group
Diet of the donor mouse High-fat and high-sugar diet Diet rich in plant
polysaccharides

Diet used to feed the recipient

mice for eight weeks Diet rich in plant polysaccharides

After eight weeks, the experimental group had an average body mass and body fat percentage which
were significantly higher than the control group. What conclusion can be drawn? Explain your answer.
(2 marks)

[N

Practice Vil.d Harmful effects and control of microorganisms

Draw bounded conclusions from inhibition, survival
éelated type) Degree of integration % % J F €8

and food data

Practice
1. [HKDSE Biology 2019 Paper 2 Q3]
—— Hint: Dictinguich growth inhibition, curvival and toxins.

(a) There is a diversity of foodborne pathogens which have different abilities in causing iliness in humans.
Investigations of their growth rate under different conditions can provide important information about the
disease-causing risks of the pathogens. Below are the results of a series of experiments testing the
doubling time of bacterial pathogens A, B and C under different conditions:

o Doubling time (hour)
i HEenperaturs () Pathogen A Pathogen B Pathogen C
4 4 100 5 10
37 20 20 1
g 4 50 1 30
37 1 10 10

(i)  The doubling time indicates the time that a bacterial population requires to double its population
size once under a particular growth condition. Using the data in the table, calculate the amount of
time required by bacterial pathogens A and B respectively to increase their population size by 4
times at 37°C and pH 8. (2 marks)

(i)  Gastric juice in the human stomach has a pH value of around 2. However, when there is food
inside the stomach, the pH value can be raised to 4-5. With reference to the above table, deduce
which bacterial pathogen is most likely to cause stomach infection. (4 marks)

(iii) Bacterial pathogen B would lead to food safety concerns to the food stored in the chilling
compartment of a refrigerator which is kept at around 4°C.  Even though the food has been cooked
thoroughly, people may still contract a foodborne illness after consuming food contaminated by
bacterial pathogen B.  With reference to the above table, explain if the illness is more likely to be
food poisoning or a foodborne infection. (3 marks)
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3(b) Athlete’s foot is a common skin infection caused by a fungus. The disease can be spread by contact with
infected skin or the fungus in the environment. The photomicrograph below shows the appearance of the
fungus on an agar plate:

Enlarged

(i) Identify structures X and Y, (2 marks)

(ii)  One of the common symptoms of athlete’s foot is itching. The itchy feeling comes from the
sensory nerve endings located in the skin. The diagram below shows a section of the skin:

- layers of dead cells

sensory nerve endings

- living tissues

With reference to the mode of nutrition of fungi, describe how structure X of the fungus can pass
through layers of dead cells to reach and stimulate the sensory nerve endings. (4 marks)

(iii)  Ken suffered from athlete’s foot. He was infected while he was walking barefoot in the shower
room of a fitness centre.

(1)  Suggest one environmental condition that enables the shower room to be a breeding ground
for the fungus. (1 mark)

{2)  Ken’s doctor instructed him to apply an antifungal cream to the infected area for two weeks.

After several days, Ken did not feel itchy any more and stopped the treatment. However,
be felt itchy again two days later. With reference to the life cycle of fungi, explain the
changes in symptoms mentioned above. (4 marks)

[N
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2. [HKDSE Biology 2015 Paper 2 Q3]
— Hint: Dictinguich growth inhibition, curvival and toxins.

(2) To investigate the effectiveness of antibiotics on inhibiting the growth of different microorganisms, four
agar plates, each with a different microorganism (1, 2, 3 and 4) were prepared. Circular paper discs
soalked with the same concentration of antibiotics A, B, C and D respectively were placed onto the plates.
Clear zones were formed on the agar plates after incubation as shown in the diagram below:

Agar plate with microorganism 1 Agar plate with microorganism 2

Agar plate with microorganism 3 Agar plate with microorganism 4

Key:

(O circular paper disc soaked with different antibiotics
region with the growth of microorganisms
[ clear zones formed around the paper discs

(i) In this investigation, how can you compare the effectiveness of different antibiotics on inhibiting
the growth of a microorganism? (1 mark)

(ii)  If a doctor has not yet confirmed which microorganism is responsible for an infection, which
antibiotics should he use? Explain your answer. (3 marks)

(iii)  To find out the type of microorganism responsible for a certain infection, a microbial sample taken
from a patient is cultured for identification.

(1)  State #wo steps in the aseptic technique that should be used during the inoculation of
microorganisms on the agar plate. (2 marks)

(2)  What is the advantage of identifying the microorganism responsible for a certain infection?
(2 marks)

(iv)  Give two properties of antibiotics which can be generalized from the above results. (2 marks)
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3(b)

Number of microbial cells (L)

An experiment was conducted to investigate the change in the population size of sewage microorganisms
by adding sewage to a beaker of unpolluted river water. The beaker was then placed outdoors under
natural light. The graph below shows the change in population size of three kinds of sewage
microorganisms A, B and C in the beaker during the course of the experiment:

200 —
150 4

100

w
(=1
1

[=}

f Number of days after addition of sewage (days)

sewage addition

(i) State fwe environmental factors that would cause the drop in the population of sewage
microorganisms observed above. Explain your answer. (4 marks)

(i)  Suggest why the microbial populations dropped at different rates as shown above. (1 mark)
(iii) Some microorganisms can be used as indicating organisms of sewage pollution in river water.
Discuss whether the microorganisms shown above are suitable for use as indicating organisms.

(3 marks)

(iv) In the above case, both biomass measurement and optical measurement are nof suitable for
monitoring the population size of the microorganisms effectively. Explain why not. (2 marks)

)
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Biotechnology: question types  Charfer 70

and practice

Vlil.a Modern biotechnology

Read the explanations and diagrams in Concept VIIL.a first, then work through the question types here. Each example retains
the complete original question and explanation. Later exercises progressively integrate more information according to the
demands of the whole question.

Type 1) Make testable deductions from DNA fragments and signals Degree of integration Y& ¥ J % ¥

Key ideas

® If one DNA band in an offspring is explained by the father, compare the other with the relevant maternal data. Every
offspring band need not match both parents simultaneously. After cutting linear DNA, fragment lengths sum to the
original length. Equal-length fragments may overlap as one band.

® DNA usually moves towards the positive electrode during electrophoresis, with shorter fragments travelling farther.
PCR, restriction digestion and electrophoresis address different steps: whether a target is present, which lengths are

produced, and how differences are observed.
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How to recogmice the problem (ict fragment numbers and lengths before predicting visible bands. Dictinguish ‘not detected’ from absent, and

= check for cuitable positive or negative controle.

@Amp/a [HKDSE Biology 2020 Paper 2 Q4]

(a) Study the diagrams below. Diagram X shows a DNA segment with a target gene. Diagram Y shows a
plasmid with a size of 4 300 base pairs (bp). The restriction sites for restriction enzymes EcoRI, Pstl and
HindIII are shown in both diagrams.

Diagram X ’ Diagram Y
V
AN
< 100bp Sy N
I oot conc I
A >A
S 700 bp - antibiotic P 4300bp

resistance gene
restriction site for EcoRI
restriction site for Pstl
restriction site for HindIII

Key:

1<

(i) A student plans to insert the target gene into the plasmid and screen the transformed bacteria with
antibiotic P.

(1) Which restriction enzyme should be used for the insertion? Explain your answer. (3 marks)
(2)  State another type of enzyme which is required to complete the insertion. (1 mark)
(ii)  After transformation, screening and culture, the plasmids from different colonies were harvested

and cut using enzyme HindIII. Gel electrophoresis was then conducted to check the size of the cut
plasmids. The diagram below shows two types of DNA band obtained:

DNA markers colony P colony Q colony R colony S
—/ — — —/ c—
6 000 bp =
5000 bp band B band B
band A band A
4000 bp — e ) o
1000bp ——

(1) Which band (A or B) represents the plasmids with the target gene? Explain your answer.
(3 marks)

(2)  Explain why two types of DNA band were detected in the cut plasmids after gel
electrophoresis. (3 marks)
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4(b)  Traditional diagnosis of Down Syndrome requires the collection of foetal tissue. The recent discovery of
cell-free foetal DNA in maternal blood has opened up new possibilities for diagnosis. Cell-free DNA are
fragments of DNA released into the plasma from the degradation of normal cells. The diagram below

shows a foetus and its associated structures inside the mother’s body:

|
maternal blood /7{" X
/
S A
e,
“,Cf“/,/‘
Key:
=y cell-free cell-free

e maternal DNA foetal DNA

(i) With reference to the above diagram, which labelled structure does the cell-free foetal DNA come
from? Explain your answer. (2 marks)
(i)  In the maternal plasma, cell-free foetal DNA is only a minor proportion of the total cell-free DNA.

(iii)

Suggest a technique for enhancing the detection of very small amounts of cell-free foetal DNA in
maternal plasma. Explain your answer. (2 marks)

Nowadays, the identity of the genes in the cell-free DNA can be found through DNA sequencing

and mapping against human genome databases.

(1) Scientists proposed that Down Syndrome could be diagnosed by comparing the frequency of
occurrence of the genes found on chromosome 21 and another autosome in the cell-free
foetal DNA. Based on your understanding about Down Syndrome, explain the biological

principle involved in this method. What would be the expected results?

(2 marks)

(2)  Suggest two other possible applications of the results obtained from DNA sequencing.

Explain the principle of each application.

Solution a(i)(1); original allocation: 3 mark(s)

EcoRlI. It cuts at both ends of the target DNA and in the plasmid, obtaining the target-gene
fragment while preserving the antibiotic P resistance gene.

Use both diagrams. EcoRI has sites flanking the target fragment in X and a corresponding
plasmid site in Y, producing compatible ends. Its plasmid site lies outside the resistance
gene. Pstl can release the fragment but disrupts the resistance gene needed for antibiotic P
selection. HindIII has no marked pair of sites flanking the target in X, so it is unsuitable for
this step.

a(i)(2); original allocation: 1 mark(s)

DNA ligase.

Restriction enzymes cut DNA. Once fragment and opened-plasmid ends match, DNA ligase
covalently joins their sugar—phosphate backbones. DNA polymerase mainly extends a new
strand along a template and cannot replace this joining step.

a(ii)(1); original allocation: 3 mark(s)

Band B.

First calculate the post-insertion length:

Recombinant plasmid length = 4,300 + 700 = 5,000 bp.

196

(4 marks)

Method: Lict fragments and
ciguals, then use controls to

check the inference.
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After HindlIII opens the plasmid, compare linear-DNA size with the marker. B lies near
5,000 bp, matching the 700 bp insertion, whereas A is near the smaller original 4,300 bp
plasmid. “B is higher” alone is insufficient; connect the length calculation and marker.
a(ii)(2); original allocation: 3 mark(s)

Some opened plasmids join to the target fragment, while others recircularise without it,
producing two plasmid sizes.

Insertion does not always succeed. An unmodified plasmid retaining antibiotic P resistance
can still enter bacteria and allow survival during selection. Resistance supports possession
of a plasmid expressing that trait, not guaranteed presence of the target gene. After HindIII
cutting, approximately 5,000 bp plasmids form B and smaller original plasmids form A.
Transformation is bacterial uptake of foreign DNA, distinct from recombinant-plasmid
ligation.

b(i); original allocation: 2 mark(s)

B, the placenta.

The placenta contains fetal-derived cells and forms the maternal—fetal exchange interface.
Normal breakdown of fetal-derived cells releases DNA fragments that may enter maternal
plasma, making B most suitable. Maternal and fetal blood normally do not mix extensively;
detection of small quantities of fetal-derived DNA does not imply complete continuity of
the circulations.

b(ii); original allocation: 2 mark(s)

Polymerase chain reaction (PCR).

PCR uses suitable primers to copy selected DNA fragments repeatedly, increasing copy
number from a very small sample and improving subsequent detection. It increases fragment
numbers, not fragment length or fetal-cell size. The whole DNA-fingerprinting procedure
is unnecessary here.

b(iii)(1); original allocation: 2 mark(s)

A fetus with Down syndrome usually has three chromosome 21 copies, so chromosome-21
sequences occur more frequently relative to sequences from another normal autosome.
Normal diploid chromosomes have two copies each, providing a relative copy-number
baseline. An extra chromosome 21 increases the relative proportion of its DNA. The blood
sample mixes maternal and fetal cell-free DNA, so do not assign an exact 3:2 ratio to the
entire sample. The main prediction is increased relative frequency.

b(iii)(2); original allocation: 4 mark(s)

Y-chromosome-specific sequences can help identify fetal chromosomal sex. Comparing
sequences with known pathogenic variants can also screen for some inherited-disease risks.
First, align sequencing reads to the human genome. Reliable Y-specific sequences support
the presence of Y-derived DNA. Second, inspect a disease-associated position for the rele-
vant pathogenic allele and connect its presence to disease risk. For each, link the application
to the sequence evidence being compared. Disease names alone are insufficient, and generic
species-evolution analysis is not a direct application of these human fetal data. Screening

and diagnosis still have different evidential requirements.
Marking reference: HKDSE Biology 2020 Paper 2 Q4, official marking scheme, source page(s) 12.
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@amp@ [HKDSE Biology 2024 Paper 2 Q4]
(a) Fish oil contains specific types of polyunsaturated fatty acids (PUFAs) which are beneficial to human health.
A biotechnology company successfully isolated a key gene encoding the enzyme responsible for the

production of PUFAs. Using agrobacterium, the foreign gene was transferred to three different seed crops
(A, B and C).

(i) The schematic diagram below shows the structures of an agrobacterium:

circular DNA

What is structure X? Describe the role of this structure in the transformation process. (2 marks)

(i)  In a greenhouse trial, the following data were obtained for the three different types of genetically

modified (GM) crops.
GM crop Seed yield Content of PUFAs Time required to reach seed
(g per crop) (arbitrary unit per g of seed) harvest stage (month)
GM-A 50 9 6
GM-B 150 3 3
GM-C 100 4 o

(1)  The three GM crops grow equally well. Based on the data shown, which one would you select
for PUFAs production in the greenhouse? Show how you arrived at your answer. (3 marks)

(2)  Some people firmly believe that GM crops are not safe for consumption because they contain
foreign genes which may have harmful effects on humans. How would you convince them that
it is safe to consume PUFAs extracted from the GM seeds? (2 marks)

(ili) The biotechnology company selected a suitable GM crop for PUFAs production in the field.

However, an environmental group strongly opposed to the cultivation in the field because there was

a wild relative of such GM crop near the proposed area.

(1)  What may be the major argument underlying the objection? (1 mark)

(2)  Briefly describe an experiment to test whether the argument mentioned above is correct.
(3 marks)
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4(b) A gene fragment in the human genome is shown in the diagram below. A mutation at position 285 (nucleotide
number) of this gene fragment has been found in 0.05% Asians. This mutation destroys the cut site of a
restriction enzyme. Individuals with two copies of such mutation have an increased risk of developing a
certain lung cancer.

1 168 185 253 272 867 885

—» DNA extension

DNA extension <——-

You were given three primers (P, Q and R) for polymerase chain reaction (PCR). The positions where they
anneal are shown in the above diagram. With the help of gel electrophoresis, DNA samples obtained from
individuals can be used to identify their genotypes for this gene.

) Using the above information, briefly describe how you can identify their genotypes and state clearly
the purposes of methods used. (3 marks)

(i)  Considering the annealing positions of the primers and the position of the mutation, explain which
primer should not be used for this purpose. (1 mark)

(iii)  Copy the following diagram of agarose gel onto your answer book. Draw the DNA bands that would

be produced by samples from the three types of individuals. (3 marks)
normal carrier of individual
individual the mutation with high risk

—] (— 3 sample wel

(iv)  The diagram below shows the equipment used to produce the results in (ii):

gel tank
- d power supply

anode cathode

When the agarose gel is placed, on which side should the sample wells rest? Explain your answer.

(2 marks)
Solution a(i); original allocation: 2 mark(s)  Method: List fragmente and
X is a plasmid acting as a vector to carry the foreign gene into plant cells. cignals, then use controfc to.
Agrobacterium transfers an appropriate plasmid-DNA segment into plant cells. Placing the check the inference.

gene for a PUFA-producing enzyme in this vector allows transformed plants to express it.
The small ring in the diagram is separate from the main circular chromosomal DNA.
a(ii)(1); original allocation: 3 mark(s)

Choose GM-B. PUFA yields per plant per month are A: 75, B: 150 and C: 50 arbitrary units.
Calculate total yield per harvest, then divide by months required:

GM-A: 50x9+6 = 75.
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GM-B: 150x3+3 = 150.

GM-C: 100x4+8 = 50.

B gives the greatest yield per plant over equal time. Comparing content per gram alone
would incorrectly select A by ignoring seed yield and harvest time.

a(ii)(2); original allocation: 2 mark(s)

The consumed product is purified PUFAs, not seed DNA containing the foreign gene. These
PUFAs have the same molecular structures as the corresponding PUFAs in fish.

Genes are nucleic acids and PUFAs are fatty acids: different types of molecules. The
extracted, purified fatty acids do not become “foreign genes” because their producer was
genetically modified. Address this particular concern using the product’s composition and
molecular structure.

a(iii)(1); original allocation: 1 mark(s)

The foreign gene may pass to nearby wild relatives through cross-pollination.

If the GM crop can hybridise with wild relatives, pollen may introduce the gene into wild
offspring and alter the population. Gene flow, not mere proximity, is the main concern.
a(iii)(2); original allocation: 3 mark(s)

Grow the GM crop and wild relatives together in a controlled environment with an oppor-
tunity for pollination. Collect seeds produced by the wild plants or grow their offspring,
then test for the foreign gene or its expression product.

Include both conditions permitting gene exchange and a measurement verifying its outcome.
Testing nearby soil does not establish hereditary transfer. Testing newly produced wild-
parent seeds/offspring determines whether the gene entered the next generation.

b(i); original allocation: 3 mark(s)

First amplify the gene region containing the mutation by PCR, then digest it with the
relevant restriction enzyme. Finally, separate fragments by size using gel electrophoresis
and compare banding patterns.

PCR supplies enough DNA. The normal sequence retains the restriction site and yields
shorter fragments, while the mutant sequence remains uncut. Electrophoresis converts this
sequence difference into a visible size difference. Explain the purpose of all three steps.
b(ii); original allocation: 1 mark(s)

Primer Q is unsuitable.

Q occupies positions 253-272, too close to the mutation/restriction site near 285. Ampli-
fying with Q and R would produce a very short fragment after digestion, which might run
off the gel or be difficult to see. P is farther away and, with R, retains two more readily
visible fragments.

b(iii); original allocation: 3 mark(s)

Normal individual: two lower digested-fragment bands. Carrier: one upper uncut band plus
two digested bands. High-risk individual: only the upper uncut band.

Both normal alleles have the cutting site and produce two shorter fragment sizes. A carrier
has normal and mutant alleles, producing three sizes. Both alleles in the high-risk individual
are mutant, leaving only the uncut long fragment. Longer fragments remain nearer the wells;
shorter ones travel farther, as illustrated. The precise cleaved bond is not given, so exact
fragment base counts need not be invented.

b(iv); original allocation: 2 mark(s)

The wells are near the cathode/negative electrode, on the right of the diagram.

DNA’s phosphate backbone is negatively charged, so DNA moves towards the anode/
positive electrode. Wells belong at the negative end so fragments separate through the gel
towards the positive end. Reversing the orientation may send DNA directly out of the gel.
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Normal : High-risk
individual ~ ©"Mer individual
— — [—1——Sample wells
— s ————Uncut fragment
| ] Longer cut
fragment
— — Shorter cut
fragment

Shorter fragments migrate farther; positions show
relative sizes.

Electrophoretic patterns for a normal individual, a carrier, and an individual with two mutant alleles.
Examiner’s comment (source page(s) 77, 78, 79)

PUFAs are fatty acids, not proteins, DNA or genes. Standardise yield per plant per month.
Test seeds/offspring of wild relatives for gene flow. Diagnosis proceeds through PCR, diges-
tion and electrophoresis; Q’s short fragment may run off the gel. Distinguish hollow wells

from solid DNA bands. Negatively charged DNA migrates towards the positive electrode.
Marking reference: HKDSE Biology 2024 Paper 2 Q4, official marking scheme, source page(s) 64, 65.

Infer insertion, expression and selection from vector
’ p Degree of integration * %k & Kk &
structure

Key ideas
® A schematic circular vector of 4300 bp becomes 5000 bp after insertion of a 700 bp fragment. Correct length supports

only part of the structural interpretation; it does not guarantee expression in every specified cell, location or period. First
check that the target and regulatory regions are intact, then determine which candidates the markers can distinguish.
®  When comparing modified lines, separate evidence for DNA presence, mRNA level and actual phenotype. A better

value for one indicator does not mean that every trait is better.

151



[Part Il - VIII] Biotechnology: question types and practice VIILa Modern bistechnolsgy

How to recognise the problem (Jse the diagram and ctated conditions to follow integrity = marker differences — exprecsion — phenstype.

= Give evidence at every ctage; ‘cuccecsful modification’ does wot replace all thece checks.

@amp@ [HKDSE Biology Sample Paper Paper 2 Q4]

t.(a) In some people, a gene mutation results in a failure to produce a blood clotting protein and this leads
to the disease haemophilia. One way to treat this disease is by introducing an external source of the
clotting protein into these people’s blood. The clotting protein can be produced by recombinant DNA
technology. The flow chart below outlines the major steps of producing the recombinant DNA:

bacterial plasmid containing an the target gene that codes for the clotting
antibiotic-resistance gene is cut protein is cut from a human DNA by
by restriction enzyme E restriction enzyme E

S~

y

the target gene is inserted into the
plasmid forming a recombinant DNA

() (1) What is a bacterial plasmid? (1 mark)
(2) Give two reasons why plasmids are commonly used as vectors in recombinant DNA
technology. (2 marks)

(ii))  In most cases, the restriction enzyme used to cut the target gene from the human DNA should
be the same as that used for cutting the plasmid. Explain the importance of this in the
formation of the recombinant DNA. (2 marks)

(iii)  Outline how the clotting protein is produced on a large scale after obtaining the recombinant
DNA. (4 marks)

(iv)  Traditionally, the clotting protein is obtained by extraction from donated blood. Give twe

advantages of using the clotting proteins produced by recombinant DNA technology over that
obtained from the traditional source. (2 marks)
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4.(b) One application of DNA fingerprinting is to identify the relationship among members in a family.
The diagram below shows the DNA fingerprints of four members in a family, which consists of a
couple and their two children. One of the children is the couple’s biological child, while the other

child is adopted.
P Q R S
(male) (female) (female) (male)
|
] |
| ——
|
I
| |
|
| —
]
|
I |
| ——
] |
I
| I
] ——
| I
|
I
] |
|
| —
| |
I
|
|
L]

(1) Outline the DNA fingerprinting technique and state how it can be used to identify the

relationship among members in a family.

(i) Based on the information above, deduce, with reasons,
(1) the relationship of R with P.
(2) which one is the adopted child.

(iii)  Suggest one other application of DNA fingerprinting.

Solution a(i)(1); original allocation: 1 mark(s)

A plasmid is a small circular DNA molecule separate from the main bacterial chromosome.
It is genetic material, not a protein, organelle or another bacterium. Many plasmids replicate
independently of the main chromosome within the host and carry additional genes.
a(i)(2); original allocation: 2 mark(s)

Plasmids are small and relatively readily taken up by bacteria. They can carry selectable
markers such as antibiotic resistance, allowing identification of transformed cells.

After placing target DNA in a vector, it must enter the host and successfully transformed
cells must be found. Small DNA is easier to handle and introduce; resistance markers allow
transformants to survive selective culture conditions. These address delivery and identifi-
cation respectively, rather than vaguely saying plasmids are convenient.

a(ii); original allocation: 2 mark(s)

The same restriction enzyme usually produces complementary sticky ends in the target
fragment and plasmid, enabling pairing and recombinant-DNA formation.

(4 marks)

(2 marks)
(2 marks)

(1 mark)

e Method: (Jee vector structure
to verify incertion, expreccion.
and phenotype in order.
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Restriction enzymes recognise specific sequences and cut DNA. The same cutting pattern
can provide compatible ends. Complementary bases first pair, bringing fragment and plas-
mid together; DNA ligase then joins the sugar—phosphate backbones. Restriction enzymes
cut and ligase seals: do not reverse these roles.

a(iii); original allocation: 4 mark(s)

Introduce the recombinant plasmid into suitable host cells and select transformants using
the resistance marker. Culture cells that express the target gene in large quantities, then
extract, purify and test the clotting protein produced.

The plasmid-based scheme can be explained using bacteria for transformation, selection and
large-scale multiplication. Antibiotic selection removes cells lacking the resistance marker,
but selected cells must still be confirmed to contain the target gene and produce the required
protein. Transcription and translation express the gene; protein collection and purification
then yield the product. Do not inject living transgenic bacteria directly into a patient’s blood.
Practical production of functional clotting proteins also requires hosts capable of necessary
protein processing and verification of activity. This simplified scheme does not imply that
arbitrary bacteria can produce every human protein in functional form.

a(iv); original allocation: 2 mark(s)

The required protein can be produced more consistently at scale, reducing dependence on
donated blood. It can also reduce introduction of blood-borne pathogens from human blood
sources.

Cultured production cells allow output to expand with demand instead of repeatedly
extracting protein from large donations. Avoiding donated plasma as the protein source
removes part of the pathogen risk associated with human blood. Purification and quality
testing remain necessary; recombinant products are not automatically risk-free or exempt
from testing.

b(i); original allocation: 4 mark(s)

Extract each person’s DNA, cut it into fragments with restriction enzymes, separate by size
through gel electrophoresis and visualise comparable banding patterns. Each child’s band
should have a corresponding source in one parent, allowing assessment of parentage.
Band position reflects fragment size. Appropriate probes can reveal fragments containing
selected variable sequences after separation, producing each fingerprint. Trace every child’s
band: some originate from the mother and others from the father. The child’s entire lane
need not match the father’s, and equal total band counts do not establish parentage.
b(ii)(1); original allocation: 2 mark(s)

R is P’s biological daughter; P and Q are her parents.

Every R band matches P or Q at the same height. For example, R’s highest band matches
Q and the next matches P; the rest are also explained by their combined patterns. R is
labelled female, making her specific relationship to P daughter. A few shared P/R bands are
insufficient; check every R band.

b(ii)(2); original allocation: 2 mark(s)

S is the adopted child.

Several S bands are absent from both P and Q. For example, S’s highest band lies above
the corresponding upper bands in both prospective parents. Their combined patterns cannot
explain these bands. Under the stated condition of one biological and one adopted child, S
is adopted.

b(iii); original allocation: 1 mark(s)

Compare DNA fingerprints from biological traces at a crime scene with suspects’ finger-
prints to assist identification.
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For example, obtain a pattern from a bloodstain and compare it with candidate samples.
This uses variation in DNA sequences between individuals, not visual examination of actual
finger-ridge patterns.

Marking reference: HKDSE Biology Sample Paper Paper 2 Q4, official marking scheme, source page(s) 11.
@amp@ [HKDSE Biology 2023 Paper 2 Q4]

(@) GFP gene encodes a protein known as Green Fluorescent Protein (GFP) which naturally occurs in some
jellyfish. This GFP emits green fluorescence when exposed to ultra-violet (UV) light. The diagram below
shows the workflow of the insertion of the GFP gene into plasmid A and its transformation of bacterial cells:

Restriction enzyme Q cuts at:

CTTAAG

Restriction enzyme P cuts at: Restriction enzyme R cuts at:

TTCGAR CCTAGE
Y ¥ ¥
i lasmid A
DNA fragment with GFP gene P 1 Step I

GCT

CTAG

gene for ampicillin resistance

GFP gene

Step II

gene for ampicillin resistance

bacterial cell

@ Step 111

Step 1V

agar plate with ampicillin
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(i)  State the restriction enzymes to be used for the insertion of the GFP gene into plasmid A. Explain

your answer. (3 marks)

(i)  What is the purpose of Step IV? How can this step achieve its purpose? (2 marks)

(iiiy The diagrams below show the appearance of bacterial colonies on the agar plate under normal light

and UV light:
Under normal light Under UV light
o e REETS
T 3
.;//F’ .
/;/ . X
f .
;“. ° e E
! . .
‘\.\ * . ) 3 ' . ° .
(1)  Explain why only some bacterial colonies glow under UV light. (3 marks)
(2)  Suggest one application of GFP gene. (1 mark)

N

)
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4(b) A company developed genetically modified (GM) rice plants with a herbicide resistant (HR) gene using the
method shown below:

gene gun

transfer HR gene to callus of rice plant.

callus

= (i) step A

plantlet

(ii) extract DNA samples for (iif) spray with herbicide and
PCR detection check for leaf injury
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(i) State the technique used in step A. (1 mark)

(i)  PCR was performed on DNA samples of the rice lines W, X, Y and Z to detect the presence of the
ACTIN gene which is found in all rice plants and the inserted HR gene. After completion, the PCR
products were subject to gel electrophoresis. For the control, an equal volume of water was used in
place of the DNA products. Results of the gel electrophoresis are shown below:

Gel I: PCR detection for ACTIN gene Gel IT: PCR detection for HR gene
w X Y Z Control W X Y Z  Control
| A [ IR B | ] [ ] 1 [ 1 1 ] H
—— I R

(1)  Determine which rice line samples contain the HR gene. (1 mark)

(2)  Ifthe DNA band in sample Y is absent in Gel I, how would you interpret the result for sample
Y in Gel II? (2 marks)

(iii)  Four groups (1 to 4) of rice plants were sprayed with a large amount of herbicide. Afterwards, the
plants were grown under constant environmental conditions. After two weeks, the number of leaves
with different degree of visible injury were recorded by scoring a total of 100 leaves in each group.
A summary of herbicide induced injury in the GM rice lines is shown below.

Leaf area with visible Number of leaves

injury (%) Group 1 Group 2 Group 3 Group 4
0 20 90 36 82
1-20 16 10 28 10
21-50 24 0 15 8
51-80 25 0 8 0
81-100 15 0 13 0

(1)  Which group of rice plants shows the highest herbicide resistance? Explain your answer.
(2 marks)

(2)  Which rice line sample(s), W, X, Y or Z, is most likely to be represented by Group 17 Explain
your answer. (3 marks)

(3)  Despite the fact that there is more than one rice line with successful insertion of the HR gene,
the results of herbicide induced injury still vary a lot. Suggest why this is so. (2 marks)

Solution a(i); original allocation: 3 mark(s) ' Method: Uce vector structure
Restriction enzymes P and R. to verify incertion, exprecsion
The insert has different sticky ends. P produces a plasmid end complementary to the insert’s and phenotype in order.

left AGCT end, while R produces the corresponding right-end match. Complementary bases

pair, then ligase seals the backbone. Q’s AATT end does not match the illustrated insert.

a(ii); original allocation: 2 mark(s)

Select bacteria carrying plasmid A. Its ampicillin-resistance gene allows plasmid-bearing

bacteria to grow on ampicillin-containing plates.

Cells without the plasmid lack resistance and cannot form equivalent colonies. This selects

the resistance marker but does not by itself establish that every plasmid contains GFP.

a(iii)(1); original allocation: 3 mark(s)

Not every resistance plasmid contains GFP. Only bacteria that successfully acquire and

express GFP produce the protein that fluoresces under UV.
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Ampicillin selection permits growth of bacteria carrying resistance plasmids even if GFP
insertion failed. Colonies containing and expressing GFP produce green fluorescent protein
and become visible by fluorescence under UV, explaining different visible colony counts in
the two photographs.

a(iii)(2); original allocation: 1 mark(s)

Use GFP as a reporter gene to indicate whether a gene is expressed in cells.

Linking GFP expression to the gene or regulatory region under study allows fluorescence to
reveal which cells express it and where. Fluorescence provides a directly observable signal.
b(i); original allocation: 1 mark(s)

Plant tissue culture or micropropagation.

Small plant-tissue pieces divide and differentiate under suitable conditions, forming shoots,
roots and plantlets before complete plants. This uses plant cells’ potential to generate whole
plants.

b(ii)(1); original allocation: 1 mark(s)

W, X and Z.

The HR PCR gel shows matching product bands in W, X and Z, but none in Y. The water
negative control is also blank, supporting presence of the target HR sequence in those three
samples.

b(ii)(2); original allocation: 2 mark(s)

If ACTIN also has no band, Y’s negative HR result cannot establish absence of HR.
ACTIN is a positive internal reference expected in every rice sample. Its failure may indicate
unsuccessful DNA extraction, insufficient rice DNA or PCR failure. The missing HR band
could therefore be a false negative caused by the same technical problem.

b(iii)(1); original allocation: 2 mark(s)

Group 2: 90 leaves are undamaged, and only 10 have mild damage affecting 1-20%.

Each group contains 100 measured leaves, allowing direct comparison. Group 2 has the
highest undamaged proportion and no leaves with more than 20% damage, indicating the
least overall damage and greatest resistance.

b(iii)(2); original allocation: 3 mark(s)

Most likely Y.

Group 1 is most severely damaged: only 20 leaves are undamaged and 40 have 51-100%
damage. With the original ACTIN control functioning normally, Y’s absent HR band
indicates lack of the resistance gene. It is therefore expected to have the lowest resistance,
matching group 1.

b(iii)(3); original allocation: 2 mark(s)

Lines may contain different numbers of inserted HR copies or different insertion sites that
alter expression.

PCR establishes sequence presence, not equal transcription or functional protein produc-
tion. Gene dosage, insertion position or gene silencing may alter resistance-protein quantity,
so HR-positive lines can still differ in damage.

Examiner’s comment (source page(s) 12, 13)

Ampicillin selects resistance-plasmid carriers but does not guarantee GFP. The GFP protein
fluoresces, not the gene itself. ACTIN checks sample and PCR function; if it fails, an HR-

negative result cannot be accepted directly.
Marking reference: HKDSE Biology 2023 Paper 2 Q4, official marking scheme, source page(s) 14, 15.

VIll.b Applications of biotechnology

VIILa Modere. bistechnolsgy

Read the explanations and diagrams in Concept VIILD first, then work through the question types here. Each example retains

the complete original question and explanation. Later exercises progressively integrate more information according to the

demands of the whole question.
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Relate gene and cell therapies to effectiveness, inheritance
@ Degree of integration *hkhkk&

and risk

Key ideas

® Adding a normal gene to a particular somatic cell type aims to make those cells produce the required product. It does
not correct the DNA of every cell in the body or automatically pass the change to the next generation. Match stem cells’
differentiation potential to the specific function required for treatment.

@  Evaluate effectiveness, duration, immune responses, uncontrolled proliferation and environmental effects separately.

Ethical judgement also considers beneficiaries, those bearing risks and acceptable alternatives.
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How to recoguice the problem Identify whether the intervention changes a gene, a cell type or a whole organism. Explain its physiological effect
= and limitations. Support ethical positions with specific affected groups and trade-offc.

@Amp/@ [HKDSE Biology 2015 Paper 2 Q4]

(a) Read the following passage and answer the questions that follow it.

‘Bubble kid’ success puts gene therapy back on track

When Nina was a 5-week-old baby, she had a condition called severe combined immunodeficiency (SCID) which
is caused by a faulty 4DA gene. This gene originally encodes the enzyme adenosine deaminase. The absence
of this enzyme will lead to the accumulation of toxins in white blood cells and finally kill the cells. Affected kids
have to live in a sterile environment and they are often called ‘bubble kids’.

Today, Nina is a happy girl with a functioning immune system. She has gene therapy — and its latest
improvements — to thank for this. In the therapy, cells were harvested from Nina’s bone marrow and given a
working version of the 4DA gene, before being injected back into her bone marrow. After 5 months, her white

blood cell count had nearly doubled, and today her immune system is fully functional.

(i) With reference to the roles of white blood cells, explain why children suffering from SCID have to -
live in a sterile environment. (2 marks)

(i)  Why are cells from the bone marrow instead of white blood cells used in the gene therapy for SCID

patients?

(4 marks)

(iii)  With reference to Nina’s case, briefly describe how recombinant DNA technology is applied in gene

therapy. (3 marks)
(iv)  Suggest the potential hazards of gene therapy. (2 marks)
4(b) () Briefly describe the three major stages involved in a PCR cycle. (3 marks)

(i)  To test heat resistance of DNA polymerases A and B, the polymerases were incubated at different
temperatures for 30 minutes. Their relative enzyme activities as compared to the maximum
activity of the enzyme were measured. The results are shown in the graph below:

100

W
[}

Relative activity (%)

50 60 70 80 90 100
Incubation temperature (°C)

(1)  Of'the three stages mentioned in (i), which stage requires the action of DNA polymerase?
(1 mark)

(2)  Which DNA polymerase is more suitable for use in PCR? Explain your answer. (4 marks)

(iii)  State one application of PCR. (1 mark)
Solution (a)(i); original allocation: 2 mark(s) ' Method: Iientify the gene or
White blood cells recognise, resist and eliminate pathogens. Children with SCID lack celle changed, then discues

normal defensive function and are more susceptible to infection, so environmental pathogen effects and ricks.

exposure must be reduced.
The stem states impaired white blood cells. Connect their missing immune function to

infection risk rather than merely repeating the disease name.

)
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(a)(ii); original allocation: 4 mark(s)

Bone-marrow haematopoietic stem cells continually divide and produce white blood cells.

Introducing a functional gene into these stem cells can give their later white-cell descendants
the function, producing longer-lasting effects. Mature white cells have limited lifespans, so
directly correcting them loses effect as they die.

The key comparison is long-term self-renewal and production of descendants. Bone-marrow
cells are not preferable because they lie deeper; stem-cell proliferation and differentiation
sustain function.

(a)(iii); original allocation: 3 mark(s)

Place a normal ADA gene in a suitable vector and deliver it into the patient’s bone-marrow
cells. Integrate it or retain it as expressible DNA so the cells produce functional ADA
enzyme, compensating for the original defect.

Trace gene delivery through to restored function. DNA entry alone is not the endpoint;
expression must produce a functioning enzyme. The original marking scheme’s approach
inserts the functional gene into the patient’s genome.

(a)(iv); original allocation: 2 mark(s)

Insertion may disrupt a normal gene or activate a nearby cancer-related gene. The patient
may also mount an immune response to the vector or new product.

These arise at different stages: altered gene regulation after insertion versus the body’s
response to introduced materials or products. The therapeutic aim does not eliminate these
possibilities.

(b)(i); original allocation: 3 mark(s)

Denaturation: heat separates double-stranded DNA. Annealing: cooling allows primers to
pair with complementary sequences at the ends of the target. Extension: DNA polymerase
adds complementary nucleotides from the primers to form new strands.

These form one cycle. Newly formed DNA becomes template in later cycles, allowing
extensive amplification. Primers supply the starting points for extension.

(b)(ii)(1); original allocation: 1 mark(s)

The extension stage.

DNA polymerase joins free nucleotides to a growing new strand, so it acts directly during
extension.

(b)(ii)(2); original allocation: 4 mark(s)

Choose DNA polymerase B. PCR repeatedly uses high temperatures to separate DNA
strands. B retains high relative activity after high-temperature treatment, whereas A loses
almost all activity above approximately 65°C. B can therefore continue catalysing extension
over repeated cycles.

The curves measure residual activity after prior temperature treatment, so the issue is heat

stability. Do not interpret every peak as an instantaneous optimum reaction temperature.

Compare PCR’s high-temperature requirement with both actual curves to justify B.
(b)(iii); original allocation: 1 mark(s)

Amplify small DNA samples for parentage testing, forensic analysis or detection of specific
gene sequences; one application suffices.

PCR supplies more target DNA for subsequent analysis. It does not itself directly reveal a
complete identity; it is the amplification step within a testing procedure.

Examiner’s comment (source page(s) 5)

Long-term gene therapy requires cells that can continually generate functional descendants.

PCR polymerase must withstand high-temperature denaturation in every cycle, not merely

function at the extension temperature.
Marking reference: HKDSE Biology 2015 Paper 2 Q4, official marking scheme, source page(s) 10.
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@am,b@ [HKDSE Biology 2016 Paper 2 Q4]

Parkinson’s disease is a disorder of the central nervous system resulting from the degeneration of neurones
and deficiency of a certain type of neurotransmitter in a particular area of the brain. Symptoms of this
disease include tremor and muscular rigidity.

(a)

With reference to the roles of neurones and neurotransmitters, suggest why patients with

®
Parkinson’s disease demonstrate the above symptoms. (2 marks)
(i) In 1906, a drug was developed to relieve the symptoms of Parkinson’s disease. This drug has a
similar molecular structure to the neurotransmitter.  Suggest how this drug works. (2 marks)
(iiiy  The benefits of this drug diminish after prolonged medication. In 2001, scientists attempted to use
stem cell therapy to treat these patients by transplanting stem cells derived from aborted foetal
tissues into their brains. Explain the principle behind this treatment. (2 marks)
(iv) A conceptual breakthrough came in 2007, when a team of biologists in Japan created stem cells

from an adult’s own tissue. They have ‘reprogrammed’ skin cells to a state like that of stem cells.
Explain why this breakthrough will help overcome the problems associated with the use of stem

VIILb Applications of biotechnology

cells from aborted foetuses for transplants.

(3 marks)

4(b) Bt crops were one of the early transgenic plants produced to fight against pests. They contain a Bf gene

that produces a chemical (Bt toxin) which is toxic to the larvae (caterpillars) of the pest.

(i)  In the production of Bt crops, soil bacteria are used to infect and transform the original crops.
Outline the steps that should be taken to modify the soil bacterium in preparation for the infection.

(4 marks)

(i) Many scientists are concerned that the overuse of Bt crops will produce pests resistant to the Bt
toxin. Bf resistance is a result of a mutation in the pests. The mutated allele (b) is recessive to
the wild type allele (B). Afier feeding on Br crops, only the homozygous recessive (bb)
caterpillars can survive. To minimise the emergence of B resistance, scientists divided farmland
into small areas, some growing Bt crops and others growing normal crops, as shown in the diagram

below:

Key: BB Brareas growing Bf crops
C— Non- Br areas growing normal crops

(1) It was found that the mutated allele is very rare in the pest population.

(I) Compare the population size of the adult pests found in the Bt areas and non-Bt areas.

(II) State the genotype(s) of the adult pests found in the Br areas.

(1 mark)

(1 mark)

(I1l) State the genotype(s) of the adult pests that make up the largest proportion in the

non-Bt areas.

(1 mark)

(2) () Explain how this strategy (growing crops in the above pattern) works in minimising

the emergence of B resistance in the offspring of adult pests.

(I) What is the assumption behind this strategy?

Solution (a)(i); original allocation: 2 mark(s)
Degeneration of specific neurones reduces the relevant neurotransmitter, impairing volun-
tary movement and muscular coordination and causing tremor, stiffness and related

symptoms.

)

(3 marks)

(1 mark)

Method: Identify the gene or
celle changed, then discuss
effects and ricks.
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Connect the damaged cells to their signalling molecule and then neural-network function.
“Brain damage” is too vague; neurotransmitter shortage is the key link supplied.

(a)(ii); original allocation: 2 mark(s)

A structurally similar drug can bind the corresponding receptors on the next neurone and
mimic the neurotransmitter’s action.

Receptors recognise molecular shape. A similar molecule that activates them triggers the
appropriate postsynaptic response and partly compensates for the missing transmitter. The
drug does not first become a neurone.

(a)(iii); original allocation: 2 mark(s)

Transplanted stem cells can differentiate into the required neurones and restore production
of the relevant neurotransmitter.

Stem cells offer self-renewal and differentiation potential. If they form suitable functional
nerve cells, they may replace the secretory capacity lost through degeneration. This is a
treatment principle, not a guarantee that any transplantation succeeds.

(a)(iv); original allocation: 3 mark(s)

Using the patient’s own cells lowers immune rejection. Skin cells are readily obtained and
cultured, providing a more available source. The approach also reduces ethical concerns
over fetal-tissue use.

The three aspects are compatibility, availability and ethics. Adult skin cells acquire differen-
tiation potential through reprogramming; ordinary skin cells are not all naturally totipotent
stem cells. Lower rejection does not remove every treatment risk.

(b)(i); original allocation: 4 mark(s)

Use restriction enzymes to obtain the Bt gene and open a plasmid. Join them with DNA
ligase to form a recombinant plasmid, then introduce it into the soil bacterium.

Each step has a distinct role: restriction enzymes produce compatible ends, the plasmid
carries the gene, ligase joins sugar—phosphate backbones, and the modified soil bacterium
becomes the vector transferring the gene to plants. First modify the bacterium, then use it
to transform plants; do not place the entire crop genome inside the bacterium.
(b)(ii)(1)(I); original allocation: 1 mark(s)

There are more adult pests in the non-Bt area.

Non-Bt plants lack the toxin, allowing sensitive pests to survive. In the Bt area, most
sensitive larvae die and only a few resistant individuals reach adulthood.

(b)(ii)(1)(IT); original allocation: 1 mark(s)

bb, the recessive homozygote.

The stem specifies b as the resistance mutation and resistance as recessive. Only bb therefore
survives on Bt crops. Do not assume resistance is normally dominant.

(b)(ii)(1)(IID); original allocation: 1 mark(s)

BB, the dominant homozygote.

b is rare in the original population, and non-Bt areas do not eliminate sensitive individuals,
so most adults remain BB.

(b)(ii)(2)(I); original allocation: 3 mark(s)

The few surviving bb adults from Bt fields are more likely to mate with abundant BB
adults from non-Bt fields, producing Bb offspring. Bb remains Bt-sensitive, reducing the
proportion of resistant offspring.

The key cross is bbxBB — all Bb.

Refuges maintain many sensitive alleles, reducing the chance that resistant survivors mate
with other bb individuals. This delays resistance accumulation; it does not eliminate every
b allele.
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(b)(ii)(2)(IT); original allocation: 1 mark(s)

VIILb Applications of biotechnology

Adults from both areas must mix and mate, rather than Bt-field bb survivors mating only

with one another.

If bb mates only with bb, all offspring remain resistant bb, and refuge BB cannot reduce

their proportion. Cross-area mixing and suitable mating are therefore required.

Examiner’s comment (source page(s) 5)

Distinguish receptors on brain neurones from neuromuscular junctions. Stem-cell properties

arise after somatic-cell reprogramming; skin cells are not already pluripotent stem cells.

Pest movement between fields affects changes in resistance alleles.

Marking reference: HKDSE Biology 2016 Paper 2 Q4, official marking scheme, source page(s) 11.

@amp@ [HKDSE Biology 2018 Paper 2 Q4]

Ha) (D) John suffers from a genetic disorder that leads to difficulty in blood clotting. One way to treat John
is infusing blood. Give twe disadvantages of this treatment. (2 marks)

(it) It was found that John’s problem is caused by a defective gene that fails to produce a certain liver
protein for blood clotting. Scientists have proposed gene therapy to treat this genetic disorder. The
diagram below shows two possible gene therapy approaches:

Approach I

introduce a viral vector into
the body to transfer the normal
gene into liver cells

\

Approach IT

viral vectors transfer the
normal gene into liver stem
obtain liver cells outside the body
stem cells

QO
QO

culture and select liver stem cells
containing the normal gene, then
transplant them back to the patient

(1)  Explain why stem cells should be used for the gene therapy in Approach II. (2 marks)

(2)  With reference to the information in the diagram, explain why Approach I is a better option
in terms of the potential hazards of gene therapy to John. (4 marks)
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4(b) The diagram below shows the change in temperature during a polymerase chain reaction (PCR) cycle:

100 " Stagel
90 }— ! &
- : N

80— !
S 70 ! \ Stage I11
H 60 [
g N . Stagell /
& 50
5
= L

10 f

0 >

Time (min)
(i) Which stage corresponds to DNA denaturation? Explain your answer. (3 marks)

(i)  Mary planned to amplify a fragment of DNA using PCR. The following diagram shows the
annealing ef primers during PCR. The sequence of DNA strand X is shown below and the
corresponding sequences of regions I and II are highlighted:

region 1 region II

~DNA strand X
RN

DNA extension primer 11

AN

rimer [ .
ém& DNA extension >

DN A strand Y |

Sequence of DNA strand X: no. of

bases

> TGGCGCTGGG CGCAATGCGC GCCATTACCG AGTCCGGGCT GCGCGTTGGT 50
resion |

GCGGATATCT | CGGTAGTGGG ATACGACGAT ] ACCGAAGACA GCTCATGTTA 100

TATCCCGCCG TTAACCACCA TCAAACAGGA TTTTCGCCTG CTGGGGCAAA 150
CCAGCGTGGA CCGCTTGCTG CAACTCTCTC AGGGCCAGGC GGTGAAGGGC 200
AATCAGCTGT TGCCCGTCTC ACTGGTGAAA AGAAAACCA CCCTGGCGCC 250
CAATACGCAA ACCGCCTCTC CCCGCGCGTT GGCCGATTCA TTAATGCAGC 300

TGGCACGACA GGTTTCCCGA CTGGAAAGCG GGCAGTGAGC GCAACGCAAT 350

TAATGTGAGT TAGCTCACTC ATTAGGCACC CCAGGCTTTA CACTTTATGC 400
region II
TTCGGCTCG TATGTTGTGT LGGAATTGTGA GCGGATAACA J ATTTCACACA 450
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Mary designed the following primers for the PCR:

A extensi
CGGUAGUGGG AUACGACGAU —atXiension

Primer I:

Primer I CCTTAACACT CGCCTATTGT DNAextension

(1) There is one type of mistake in each primer. Write the correct primers to be used.

(2)  What is the predicted size (in terms of number of base pairs) of the PCR product?

VIILb Applications of biotechnology

(2 marks)

(1 mark)

(ili)  Mary used the following plasmid as a vector to carry the PCR product to transform bacteria. The

plasmid contained:

(I an ampicillin resistance gene;

(1) a Z gene encoding an enzyme that converts substance X to blue compounds;

(II)  some restriction sites within the Z gene.

Gy
7 L

, AN

ampicillinresistance gene

restriction sites

After the transformation of the bacteria, Mary grew the bacteria on agar plates containing both

ampicillin and substance X. Blue and white bacterial colonies were formed.

(I)  What is the purpose of adding ampicillin to the agar plates? Explain your answer. (2 marks)

(2)  Explain which type of colony (blue or white) contains non-recombinant plasmids, i.e.

without DNA insert.

Solution a(i); original allocation: 2 mark(s)

Repeated transfusions are required regularly. Long-term repeated transfusion may cause
iron accumulation and damage organs such as the liver.

Transfused normal blood components do not permanently correct the patient’s own defec-
tive gene, so benefit is time-limited and treatment must recur. Repeated transfusions also add
iron, whose accumulation can damage organs. Give limitations inherent to the treatment, not
procedural errors such as transfusing the wrong blood group as though they were inevitable.
a(ii)(1); original allocation: 2 mark(s)

Liver stem cells can divide, self-renew and differentiate into normally functioning liver cells,
forming a population able to produce the clotting protein.

Delivering a normal gene to one short-lived cell may not sustain treatment. Stem-cell
division increases cell numbers; differentiation produces descendants capable of liver
function. Expression in suitable liver cells can then maintain clotting-protein production.
“Can divide” alone omits differentiation and protein function.

a(ii)(2); original allocation: 4 mark(s)

Method II transfers the gene using a viral vector outside the body, reducing risks of immune
reactions from direct vector administration. During culture, transformed cells producing
clotting protein without obvious abnormalities can be selected before return to the patient.
Compare the genuinely different steps. Method I delivers the viral vector directly; method
IT removes cells first and performs transfer, culture and selection externally, giving greater
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control over returned cells. Checking expression and abnormalities can reduce risks of
ineffective insertion, disruption of other genes or tumour formation. Method II still uses a
virus, so it is not “completely virus-free”. External processing and selection reduce some
risks, not necessarily all.

b(i); original allocation: 3 mark(s)

Stage I. Its highest temperature breaks hydrogen bonds between complementary DNA
strands, separating them.

PCR first separates template strands so primers can access their sequences in the next stage. [
is each cycle’s high-temperature stage and therefore corresponds to denaturation. Hydrogen
bonds between base pairs break while the sugar—phosphate backbone remains intact. DNA
is not cut into many small fragments, and protein-denaturation descriptions do not replace
DNA-strand separation here.

b(ii)(1); original allocation: 2 mark(s)

Primer I: 5'-CGGTAGTGGGATACGACGAT-3'.

Primer II: 5'-TGTTATCCGCTCACAATTCC-3'.

The proposed primer I uses U, but PCR uses DNA primers, so those positions require T.
Primer I pairs with strand Y and has the same sequence as positions 61-80 of X, with its
3" end directed into the target region.

Primer II pairs with X positions 421-440, with its 3" end directed leftwards into the target.
Complement X’s GGAATTGTGAGCGGATAACA, then read the primer in its own 53’
direction to obtain TGTTATCCGCTCACAATTCC. The original proposed answer comple-
ments without reversing written direction. New strands extend only from each primer’s 3’
end, so both extension arrows point towards the fragment centre.

b(ii)(2); original allocation: 1 mark(s)

380 base pairs.

The left endpoint includes position 61 corresponding to primer I, and the right includes
position 440 corresponding to primer II.

Fragment length = 440 — 61 + 1 =380 bp.

PCR products include both primer sequences, not only the intervening gap. Do not subtract
the two primers’ 20 bases each.

b(iii)(1); original allocation: 2 mark(s)

Select bacteria that have taken up plasmids. The plasmid’s ampicillin-resistance gene allows
transformed bacteria to survive on antibiotic-containing medium.

Bacteria without plasmids have not acquired resistance and are inhibited or killed by
ampicillin. Plasmid uptake plus resistance-gene expression permits colony formation.
This selects plasmid presence, not necessarily target-DNA insertion. Bacteria grow; free
plasmids do not form colonies themselves.

b(iii)(2); original allocation: 4 mark(s)

Blue colonies. Plasmids without the DNA insert retain an intact Z gene, allowing bacteria
to make functional enzyme that converts X into a blue compound.

Follow plasmid structure — gene expression — enzyme action = colour. Without insertion,
intact Z produces enzyme that converts X, giving blue colonies. An insert within Z disrupts
it, preventing normal enzyme production and giving white colonies. Both bacterial types
can retain intact resistance genes and survive the plate, so blue—white colour distinguishes
insertion after antibiotic selection.
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PCR: check base pairing and the direction of each primer's 3" end
Positions run left to right along strand X. The middle sequence is omitted; distances are not to scale.
Positions 61-80 Positions 421-440

Strand X 57 CGGTAGTGGGATACGACGAT GGAATTGTGAGCGGATAACA 37

Primer Il pairs with strand X
3" CCTTAACACTCGCCTATTGT 5’

Primer I pairs with Stran@qension to the left from the 3" end

5 CGGTAGTGGGATACGACGAT §>’<tension to the right f;!m the 3" end

StrandY 3’ GCCATCACCCTATGCTGCTA CCTTAACACTCGCCTATTGT 57

The product includes both primers: 440 — 61 + 1 = 380 bp

Write each primer in its own 5-3" direction:
| CGGTAGTGGGATACGACGAT Il TGTTATCCGCTCACAATTCC

Primers written in their own 53’ directions, extending towards one another; positions 61-440 comprise
380 bp.
Marking reference: HKDSE Biology 2018 Paper 2 Q4, official marking scheme, source page(s) 9.

Practice Vlll.a Modern biotechnology
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é Make testable deductions from DNA fragments and
elated type )

. Degree of integration 1 B B &l
signals

Practice
7. [HKDSE Biology 2019 Paper 2 Q4]
— Hint: Lict fragments and signale, then uce controlc to check the inference.
(a) Samples of body fluids or cells collected from crime scenes can be examined with VNTR-based DNA
fingerprinting. The diagram below shows the DNA fingerprints of body fluid samples collected from a
crime scene, and those of the victim and three suspects:

Victim Body fluid  Suspect 1 Suspect 2 Suspect 3

= B C1 B R
== 12—
= —=
==
—-_—_—
— I
— _-
| —
___—
[ =]  r—]
-__—
A #$~ E== = ==
[ ]
- = = = =

(i) Based on the above results, deduce who is most likely the criminal among the three suspects.
(1 mark)

(i)  Explain why the DNA fingerprints of these suspects showed different patterns. (3 marks)

(iii) Semen and blood stains are body fluid samples which can be collected from crime scenes. Kelly
and Ryan disagree about the suitability of using these body fluid samples for DNA fingerprinting.
Below is their conversation:

@ No problem, blood stains can

@ Impossible! Red blood be used in DNA fingerprinting!

cells have no nucleus. How
can blood stains be used in
DNA fingerprinting?

® However, I think semen is not
suitable for DNA fingerprinting because
sperm cells are haploid cells. Their
DNA fingerprints will be different from
those produced from diploid cells.

Kelly Ryan

(1} Is Kelly or Ryan right about whether blood stains can be used for DNA fingerprinting?
Explain your answer. (2 marks)

(2) Do you agree with Ryan’s comment about the suitability of using semen for DNA
fingerprinting? Explain your answer. (4 marks)
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4(b) A scientist discovered a bacterial species capable of secreting a protein. This protein is toxic to insects
that damage the roots of a certain crop. The protein is encoded by gene K. The scientist used
polymerase chain reaction (PCR) to amplify gene K.  The diagram below shows some PCR processes:

gene K
Double-stranded
DNA
Process I:
.
Process II: primer primer
. e —
Process I1I: primer primer
|, —
(i) What is Process 11?7 (1 mark)
(ii)  Draw a simple labelled diagram to show the expected PCR product. (2 marks)

(iii)  Primers often contain about 18—22 bases. If primers with fewer bases are used, PCR products of
different sizes are obtained. Explain this phenomenon. (2 marks)

(iv)  The scientist wanted to transfer gene K into the crop by using Agrobacterium (a soil bacterium).
Explain why Agrobacterium is suitable for transferring the target gene into the crop. (2 marks)

(v)  The cultivation of this transgenic crop was found to produce higher yields than its non-transgenic
counterpart. Suggest an explanation for this. (3 marks)
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2. [HKDSE Biology 2022 Paper 2 Q4]
— Hint: Lict fragments and signals, then use controlc to check the inference.

(a) Sickle cell anemia is an autosomal genetic disorder caused by a recessive mutation in the gene coding for a
polypeptide chain of haemoglobin. With this mutation, the seventh amino acid of the polypeptide is changed
to another amino acid. Part of the DNA sequence of the mutated allele is shown below:

AGTCAGGGCA
TTCACTAGCA
AAGTCTGCCG
TGGTGAGGCC
AGACCAATAG
GATAGGCACT
TGCTGGTGGT
CTGTCCACTC

primer 1

GAGCCATCTA
ACCTCAAACA
TTACTGCCCT
CTGGGCAGGT
AAACTGGGCA
GACTCTCTCT
CTACCCTTGG
CTGATGCTGT
CTCGGTGCCT

TTGCTTACAT
GACACCATGG
GTGGGGCAAG
TGGTATCAAG
TGTGGAGACA
GCCTATTGGT
ACCCAGAGGT
TATGGGCAAC
TTAGTGATGG

TTGCTTCTGA
TGCATCTGAC
GTGAACGTGG
GTTACAAGAC
GAGAAGACTC
CTATTTTCCC
TCTTTGAGTC
CCTAAGGTGA
CCTGGCTC

Practice VIILa Moderna bistechnology

CACAACTGTG
TCCTGTGGAG
ATGAAGTTGG
AGGTTTAAGG
TTGGGTTTCT
ACCCTTAGGC
CTTTGGGGAT
AGGCTCATGG

number of bases
50

100

150

200

250

300

350

400

438

CAAGAAAGTG

<

primer 2

@) The start of the polypeptide is encoded by genetic code ATG underlined in the above diagram. Write
down the genetic code in which the mutation has occurred. (1 mark)

With reference to the above diagram, what is the expected size of the PCR product when primers 1
and 2 are used to amplify the mutated allele? Give the unit for the size of the PCR product.
(2 marks)

(in)

It is known that the recognition site of restriction enzyme X is present in the normal allele but has
been destroyed in the mutated allele. A DNA sample was obtained from an individual who is a carrier
of sickle cell anemia for the following analysis:

(iii)

DNA sample @ undigested @ digested
PCR products PCR products
PCR with primers 1 and 2 C ] [ ]
PCR products
gel electrophoresis digegt ‘,Vith hand A
restriction enzyme X P s band B
@ .
gel electrophoresis
— band C
@
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Practice VIILa Moderna bistechnology

(1) Explain why three DNA bands were detected in the gel electrophoresis of digested PCR

products.

(3 marks)

(2)  Which band(s) correspond(s) to the mutated allele? Explain your answer. (3 marks)

(iv) Based on a DNA sequencing project, the table below shows the frequencies of this mutation in two
human populations:

Population Number of people Number of mutations R S prod i
are homozygotes
African 12 482 1121 4
East Asian 9961 0
From which population was the DNA sample in (iii) most likely taken from? (1 mark)

4(b) Bt corn is a transgenic crop which contains a B gene obtained from a certain bacterium. This Bt gene can
produce a protein which is toxic to certain insect pests.

(iy  Agrobacterium transformation is commonly used in the production of transgenic plants. State two
limitations of this method.

» (2 marks)

(ii)  The graphs below show the adoption rate of Br corn and the use of pesticides in the farms of the

United States:

0.3 7

0.257

0.27

0.157

0.17

Pesticide used (kg ha™)

0.05 1

Bt corn

[ 100

80

60

40

-20

Percentage of area where B¢ corn is grown

1995

(1)  Explain the relationship between the adoption

T

o
[
(=)
—_—

1997 A
1998 4
1999
2000 A
2001

2003 A
2004

Year

2005 A

2) State one advantage for farmers on adopting Bt corn.
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(1 mark)
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(iii) A rapid decline in the population of a butterfly species M was noted after Bt corn was introduced to
the field. Bt corn was blamed for the decline.

(1)  Inalaboratory study, caterpillars of M were divided into three groups, each fed with a different
type of leaves. The survival rates of the three groups of caterpillars are shown below:

Key:
- leaves without any pollen
D leaves covered with pollen from untransformed com

(R] .
[XX¥] leaves covered with pollen from Bt corn

100

~
w
1

o A s A
(UK

L
(=]
]
A
K

SR&KS

[\

W
1
NS

55

Survival rate of caterpillars (%)
SREBEE

1 2 3 4
Time (day)

Based on the results of this study, suggest a possible explanation for the decline of the
population of M. (2 marks)

(2) Later, large-scale field studies were conducted by placing caterpillars of M at different
distances away from the edge of Bt corn fields and untransformed corn fields. It was discovered
that there was no significant difference in the survival rates of these caterpillars.

Scientists cast doubt on the validity of the laboratory findings in (1). Suggest twe conditions
in the fields which may affect the validity of the laboratory findings. (2 marks)

)
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Infer insertion, expression and selection from vector
éelated type? Degree of integration % % &k Kk &

structure

Practice

7. [HKDSE Biology 2013 Paper 2 Q4]
—— Hint: Uce vector structure fo verify insertion, expression and phenotype in order.

(a) Inthe past, diabetic patients were treated with insulin obtained from animal pancreases. With advances in
recombinant DNA technology, insulin is now derived from genetically modified (GM) bacteria. Below
shows a possible scheme for developing such a GM bacterium:

Step 2: Insert the amplified Step 3: Screen and culture
Step 1: Isolate the human gene into  bacterial the GM bacteria that
insulin gene and amplify it plasmids which are then produce human insulin.
by PCR. introduced into bacteria.

() Give fwo raw materials which are necessary in Step 1 for the amplification of the human insulin
gene from a DNA template. (2 marks)

(i)  With reference to the immune response, explain why insulin from GM bacteria is used instead of
that extracted from animal pancreas. (4 marks)

(iii)  Explain why producing insulin from GM bacteria is cheaper than extracting it from animal
pancreas. (2 marks)

(iv)  To further cut the cost of insulin production, a GM crop which produces human insulin has recently
been developed. However, an environmental group is worried that growing such GM crops may
cause genetic pollution. Explain why growing the GM crops may cause genetic pollution.

(2 marks)
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4(b) The diagram below shows the DNA fingerprints of five members of a family, which consists of a couple
and three children. One of the children is from the mother’s previous marriage.

Mother Father Child1 Child2 Child 3

- e n

(i) Based on the information above, deduce which child is from the mother’s previous marriage.
(3 marks)

(i)  Although the other two children are the biological children of the parents shown, their DNA
fingerprints display different patterns. Explain why this is so. (3 marks)

(iii)  The different patterns shown in the DNA fingerprinting are due to the presence of variable number
tandem repeats (VNTRs) on human chromosomes. VNTRs are short sequences of repeated DNA
on the non-coding region of chromosomes and the number of VNTRs varies greatly from person to
person. Explain why a large number of variations can exist in VNTRs but fewer variations are
found in functional genes. (4 marks)

2. [HKDSE Biology 2025 Paper 2 Q4 (English translation)]

— Hint: Uce vector structure fo verify insertion, expression and phenotype in order.

(a) Pathogen Z poses a serious threat to a cereal crop grown on farmland. A research institute
investigated different biotechnology strategies to improve the resistance of the crop to
pathogen Z. A bacterial gene, BR, encoding a protein highly toxic to pathogen Z was isolated.
The institute produced two types of genetically modified plants, GM-A and GM-B. Two DNA
fragments of different lengths, each carrying the BR gene, were inserted into GM-A and GM-B
respectively, as shown below:

DNA fragment inserted into GM-A: Sequence P BR Sequence Q

DNA fragment inserted into GM-B: Sequence X BR Sequence Y

(i) A student has mixed up the two types of GM plants and cannot distinguish between them.
Briefly describe how polymerase chain reaction (PCR) can be used to identify a particular type
of GM plant. (3 marks)

(ii) The amounts of BR mRNA in wild-type plants and GM plants were measured over a period
of time. The plants were inoculated with pathogen Z at week 8. The graph below shows the
results of the experiment:

176



[Part Il - VIII] Biotechnology: question types and practice Practice VIILa Modera biotechnology

100 - Key:

Plant age (weeks)
2 4 6 8 10 12 14 16 18 20 22 24

! —

Pathogen inoculated Seed formation

BR mRNA level (arbitrary units)

In the above experiment, the seed yields before and after infection by pathogen Z, and the
severity of disease after infection, were recorded as follows:

Seed yield before Seed yield after Disease severity
Plant type infection (arbitrary infection (arbitrary (percentage leaf
units) units) damage)
wild type 120 50 75
GM-A 60 60 5
GM-B 120 100 20

(1) In terms of energy expenditure, suggest one reason for the difference in seed yield
between GM-A and GM-B. (2 marks)

(2) With reference to the graph and table above, explain the difference in disease severity
between GM-A and GM-B. (5 marks)

(b) Gene therapy can treat, or potentially cure, certain diseases.
(i) Suggest one approach by which gene therapy can be used to treat a disease. (1 mark)

(ii) A lack of certain proteins can cause different diseases. Three such diseases are shown
below:

Disea Toroe off Twoeim lneEing Num]?er of amino acids making up the
se protein

P I 533

Q II 230

R 111 2479

(1) Based on the numbers of amino acids in these proteins, calculate the numbers of
nitrogenous bases in the mRNA molecules encoding these proteins. (2 marks)

(2) A genetically modified virus has been constructed to deliver single-stranded DNA into
target cells. This virus can carry only DNA that is less than 4700 bases long. Which disease(s)
in the table above could be treated by gene therapy using this genetically modified virus?
Explain your answer. (3 marks)

)
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(iii) In another study, a target gene X and a plasmid are to be joined to produce a recombinant
plasmid. The diagram below shows a plasmid and a DNA fragment carrying gene X. The
numbers indicate the recognition sites of the corresponding restriction enzymes (1-5), which
produce sticky ends:

Region A 29 — Region B Transcription
> . direction
—
Kra;scription 12 4 4 5
direction XY

To produce the desired recombinant plasmid, the beginning and end of gene X must be joined
to any part of regions A and B of the plasmid respectively.

(1) Which restriction enzymes should be used to cut the plasmid and the DNA fragment
carrying gene X to obtain the highest yield of the desired recombinant plasmid? (1 mark)

(2) Explain why the other restriction enzymes cannot be used to prepare the desired
recombinant plasmid. (3 marks)

)
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3. [HKDSE Biology 2017 Paper 2 Q4]
— Hint: Use vector structure fo verify insertion, expression and phenotype in order.

(a) A genetically modified (GM) salmon was approved for consumption in the United States in 2015. The
flowchart below shows some simplified steps involved in the production of the GM salmon:

Step 1 | Preparation of recombinant DNA with a growth hormone gene from salmon species A

¥

Step 2 | Microinjection of recombinant DNA into fertilised eggs of salmon species B

¥

Step 3 | Selection of homozygous transgenic salmon for breeding over several generations

v

Step4 | Collection of diploid fertilised eggs from the selected transgenic salmon

¥

Step 5 | Production of triploid fertilised eggs by certain treatments

v

Step 6 | Culturing of sterile GM salmon developed from triploid fertilised eggs in isolated tanks

(i)  What is the advantage of culturing this type of GM salmon over non-GM salmon? Explain your
answer. : (2 marks)

(ii)  Microinjection method is used in step 2.

(1) Give one advantage of using the microinjection method instead of viral vectors for
producing the GM salmon. (1 mark)

(2)  Give one disadvantage of using the microinjection method. (1 mark)

(iii)  With reference to step 3, suggest two reasons why the selection was made over several generations
rather than one generation. (2 marks)

(iv) Instep 5, the triploid fertilised eggs produced contain three sets of chromosomes.

(1)  With reference to the process of gamete formation, explain why the GM salmon developed
from triploid eggs are sterile. ‘ (2 marks)

(2)  Explain why this can act as a safety precaution for protection of wild lifes. (2 marks)

)
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4(b)  The diagram below shows a plasmid with two antibiotic resistance genes and three cut sites for restriction
enzymes P, Q and R:

Restriction enzyme Q cuts at:

Restriction enzyme R cuts at:

GIGATCC
gene for ampicillin resistance

Restriction enzyme P cuts at: gene for tetracycline resistance

A student wanted to insert the following DNA fragment into this plasmid which was then used to transform
bacteria. Only part of the nucleotide sequence of the two ends of the DNA fragment is shown:

gene of interest

(i)  Based on the information above, choose one restriction enzyme to cut both the plasmid and the
DNA fragment so that they can be successfully recombined together. Explain your answer.
(4 marks)

(i)  After transformation, the bacteria were transferred to an agar plate containing ampicillin for
selection. Explain the importance of this step. (3 marks)

(iii) For the bacterial colonies formed on the agar plate containing ampicillin, some of them have
tetracycline resistance while some do not.  Explain this phenomenon. (3 marks)

Practice Vlll.b Applications of biotechnology

)
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Relate gene and cell therapies to effectiveness,
éelated type) Degree of integration *hkhkk&

inheritance and risk

Practice

7. [HKDSE Biology 2014 Paper 2 Q4]
—— Hint: Identify the gene or cells changed, then discucs effects and ricks.

(a) In the past, animals with certain desirable traits were selected to breed for several generations and the
offspring produced would be domesticated. This technique is known as selective breeding. Nowadays,
animals with desirable traits can be produced by animal cloning or transgenic technology.

(i)  With reference to the principles involved in selective breeding and animal cloning, explain why
animal cloning is a better method of preserving the desirable traits of an animal than selective
breeding. (5 marks)

(ii)  Both selective breeding and transgenic technology affect the gene pool of a species.  Transgenic
technology is more controversial than selective breeding.

(1) How would selective breeding affect the gene pool of a species? (2 marks)

(2)  Production of transgenic organisms is more controversial due to its effect on the gene pool of
a species. Explain why. (3 marks)

4(b) DNA fingerprinting is used in the screening of a genetic disease known as sickle-cell anaemia. The
disease is a result of a gene mutation which leads to the production of defective haemoglobin. To prepare
the DNA fingerprint, copies of DNA fragments containing the gene associated with sickle cell anaemia are
first produced by a polymerase chain reaction (PCR). The fragments are then treated by a restriction
enzyme which cuts DNA at the middle of CCTNAGG where N can be any nucleotide. The diagram below
shows some nucleotide sequences of the DNA fragment containing the normal allele and the mutated allele
for sickle-cell anaemia:

5 ~14kb .
DNA fragment with part o
Ofthe l'lOlTIlal allele' CCTTAGG Sessessssese e ERERERRRERERS CCTGAGGAG crevesr CCTTAGG
DNA fragment with part
Oflhe mutated a]lele: CC'[TAGG SRS NININTRNRINBRRRENRRRERERS CCTGIGGAG IQDIIDCCTTAGG
Mutation

(i) How many restriction sites are found in the DNA fragment with the normal allele and that with the
mutated allele respectively? (1 mark)

(ii)  Based on the principle of gel electrophoresis, explain how the cutting of the two DNA fragments
shown above would produce different DNA fingerprint patterns in a gel. (4 marks)

(iii) How many DNA bands would be observed in the DNA fingerprint of a carrier of sickle-cell
anaemia? Explain your answer. (2 marks)

(iv)  Explain why the gene mutation will result in the production of defective haemoglobin. (3 marks)
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2. [HKDSE Biology 2021 Paper 2 Q4]
—— Hint: Identify the gene or cells changed, then discucs effects and ricks.

(a)

X-linked severe combined immunodeficiency (X-SCID) is a recessive genetic disorder which is due to a
defective gene located on the X chromosome. X-SCID infants fail to produce T-lymphocytes. As a result,
infections become life-threatening to X-SCID infants. In recent years, a new gene therapy has been
developed for treating X-SCID patients. A simplified flowchart of the gene therapy is shown below:

(1) Extract bone marrow cells of the X-SCID infant with the defective gene

l

(2) Insert a corrected version of the gene into the extracted bone marrow cells

l

(3) Transplant bone marrow cells with the corrected gene into the X-SCID infant

l

(4) Recovered X-SCID infant produces T-lymphocytes

(i) In gene therapy, a specific type of cells will be selected depending on the defective gene to be
corrected. In the above case, bone marrow cells fulfill the criteria for the gene therapy. State fwo
general criteria for selecting a suitable type of cells in gene therapy. (2 marks)

(ii)  Suggest a suitable method for inserting the corrected version of the gene into the extracted bone
marrow cells. State one advantage and one disadvantage of this method. (3 marks)

(iii) An X-SCID boy has recovered after receiving the gene therapy. If, after 20 years, he marries a
healthy woman, will he pass the defective gene to his offspring in the future? Explain your answer.
(3 marks)

(iv) Both gene therapy and production of transgenic animals involve recombinant DNA technology.

Discuss why the gene therapy shown above is generally less controversial than the production of
transgenic animals. (2 marks)
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4(b)

In the production of genetically modified organisms (GMO), antibiotic resistance genes are often used for
the screening of successful transformation. A student collected some food products and wanted to
determine if these food products are made from GMO. With primers corresponding to these antibiotic
resistance genes, the student performed a polymerase chain reaction (PCR) on the food samples to check
for the presence of the genes.

(i) The graph below shows the change in temperature during PCR cycles:

A
N

Temperature

v

Time
@) Which stage (M, N or O) represents annealing? With reference to the events in a PCR cycle,
explain your answer. (3 marks)

2) Draw a simple labelled diagram to show what happens in the annealing stage. (2 marks)

(i)  The diagram below shows part of the DNA sequence of an antibiotic resistance gene X. The
sequences shown are the corresponding regions for primer annealing:

Direction of primer extension

3
>

... GGATCAGCTG ACTCGCCTGG.............c........ CACGCGGAGG AGCGTGCGCG ...

J‘
600 base pairs

Which of the following primers (I, II, I1I or IV) should be used for amplifying gene X? (2 marks)

PrimerI: GGTCCGCTCA GTCGACTAGG
Primer II: CCTAGTCGAC TGAGCGGACC
Primer [1I: GTGCGCCTCC TCGCACGCGC
Primer IV: GCGCGTGCGA GGAGGCGCAC

(ili)  Describe how you can use the principle of gel electrophoresis to confirm if the PCR product is gene
X. (3 marks)
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3. [HKDSE Biology 2012 Paper 2 Q4]
—— Hint: Identify the gene or cells changed, then discucs effects and ricks.

4.(a) Chemical X inhibits enzyme Y in photosynthesis and kills all plants. A scientist identified a mutant form
of enzyme Y that works properly in photosynthesis and is not inhibited by chemical X. He cloned the
gene encoding the mutant form of enzyme Y and put it into a plasmid so that the gene can be transferred
into some cells of a crop species. Figure 4A below is a diagrammatic representation of the process:

Figure 44

DNA fragment Plasmid

Gene encoding the mutant
form of enzyme Y ©

Antibiotic resistance gene

@ @ Agrobacterium

Infect crop cells and incorporate the
DNA fragment into the crop’s genome

(i) Describe fwo steps taken to put the DNA fragment into the plasmid. (2 marks)

(i)  The scientist then transferred the plasmid into the cells of a crop plant using Agrobacterium. After
the treatment, only some crop cells have incorporated with the DNA fragment.

(1)  Explain why only some of the treated crop cells have incorporated with the DNA fragment.
(2 marks)

(2)  How can the scientist identify those crop cells that carried the DNA fragment? (3 marks)
(iii))  The scientist suggests that growing this genetically modified crop together with chemical X applied

to the field can greatly increase the crop yield. Explain the reasoning for this suggestion.
(4 marks)

)
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4,(b) A 25-year-old athlete, Keith, had nerve damage and became paralyzed. In view of the difficulties
asgociated with tissue transplants, he proposed cloning himself, using the method used for Dolly the sheep,
so as to get a nerve for transplantation. He discussed his idea with a scientist.

(1) Give two problems associated with conventional tissue transplants. (2 marks)

(ii)  Keith’s idea could not be put into practice. State one ethical reason to explain why not. (1 mark)

(iii)  The scientist suggested that stem cell therapy may be a way of obtaining some nerve cells.

(1)  State one place in Keith’s body where stem cells can be obtained. (1 mark)
(2)  Describe how stem cells may be used to cure Keith. (3 marks)
(3)  Describe swo limitations of using stem cell therapy in this case. (2 marks)

4. [HKDSE Biology Practice Paper Paper 2 Q4]
—— Hint: Identify the gene or cells changed, then discues effects and ricks.

(a) Severe combined immune deficiency (SCID) is an inherited disease. One form of SCID is caused by a
gene mutation which renders the person unable to produce lymphocytes.  Thus, people with this disease
are susceptible to infections and, if untreated, rarely live past the age of two. To cure the disease, patients
are transplanted with stem cells from the bone marrow of a healthy person. In 2000, it was first
demonstrated that the disease could be cured by somatic gene therapy. In this therapy, a virus is used as a
vector to incorporate the normal gene into the bone marrow cells of the patient.

(1) Why can transplanting bone marrow stem cells to SCID patients be used for treating the disease?
(1 mark)

(ii) What is the basis of using somatic gene therapy for treating SCID? Give one advantage of
treating SCID patients with somatic gene therapy over transplanting normal bone marrow stem
cells to the patients. (2 marks)

(iii) There is another type of gene therapy called ‘germ line gene therapy’. State two differences in
the biological consequences of using germ line gene therapy and using somatic gene therapy for
treating SCID. (2 marks)

(iv) In 2002, three out of eleven SCID children who received this somatic gene therapy treatment got
leukemia (a type of blood cancer). Some scientists believe that the occurrence of the blood
cancer is related to the incorporation of the normal gene into the bone marrow cells using a virus
as the vector. Suggest an explanation for this belief. (2 marks)

)
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4.(b)  Polymerase chain reaction (PCR) is a technique in modern biotechnology. A cycle of PCR consists of
three principal steps, which operate at 95°C, 55°C and 72°C in sequence.

(i) Outline what happens in the three principal steps in a cycle of PCR. (3 marks)

(ii) One application of PCR is Polymerase Chain Reaction—Short Tandem Repeat Analysis
(PCR-STR analysis) which can be used in forensics. In a crime scene, a piece of hair suspected
to be the criminal’s is found. A suspect is arrested one week later.

(1) With reference to the above case, state the significance of PCR in PCR-STR analysis.
(1 mark)

(2) Describe how the products of PCR are used in PCR-STR analysis to produce evidence
for verifying whether the suspect has committed the crime. (3 marks)

(1ii) Another application of PCR is for identifying GM organisms. The following shows the analysis
of the DNA of a GM maize and a non-GM maize:
[Note: The number above each peak in the figure indicates the number of base pairs (bp).]

S o wn
oo (] e} e~
v~ — — — —
(W - DNA ladder
151
101
GM-maize
151
Non GM-maize
1 I I I
5 15 25 35 45
Time (s)
(1) A marker (a polynucleotide chain) with 101 bp is introduced to the maize in producing

the GM maize. With reference to the above analysis, suggest the purpose of
introducing a marker to the maize in the process of producing the GM maize.

(2 marks)

(2) Illustrate with an example how GM plants can help promote people’s health. (2 marks)
(3) What are the possible impacts on the ecosystem of growing GM plants that produce a
toxin to kill insects? Describe two possible impacts. (2 marks)

)
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