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Section I
75 marks

Part A - 20 marks
Attempt Questions 1-20

Allow about 35 minutes for this part

Use the multiple-choice answer sheet for Questions 1-20.

1 Why do some ectotherms bask in the sun?

A. To absorb vitamin D

B. To increase their activity

C. To decrease their metabolic rate
D

To constrict blood vessels close to the skin

2 Which substance in the table is correctly matched to the main form in which it is carried
in mammalian blood?

Substance Main form in which it is carried in blood
A. Oxygen Dissolved gas
B. Salts Dissolved ions
C. Glucose Starch
D. Nitrogenous waste | Uric acid

3 Which defence adaptation in the table is correctly matched with one of its features?

Defence adaptation Feature
A. Inflammation Constriction of blood vessels
B. Phagocytosis Production of antibodies by white blood cells
C. Lymph system Transportation of blood to help fight pathogens
D. Cell death Formation of a barrier around the pathogen




Which of the following describes the daughter cells produced as a result of mitosis?

A. Two genetically different cells
Two genetically identical cells

Four genetically different cells

o 0w

Four genetically identical cells

Darwin and Wallace proposed the theory of evolution by natural selection.
Punctuated equilibrium differs from this theory in that punctuated equilibrium

occurs in relatively short bursts of rapid change.
requires genetic variation to exist in a population.

is driven by selection pressures in the environment.

o 0w »

discounts the idea that living organisms share a common ancestor.

The work of which of the following scientists demonstrated the mutagenic nature of
radiation?

A.  Mendel
B Sutton
C. Tatum
D. Watson



7 Students dissected a mammalian kidney and drew the following diagram.

Which row in the table shows the correct labels for X, Y and Z?

X Y Z
A. Cortex Medulla Ureter
B. Renal pyramid Bowman’s capsule Renal artery
C. Medulla Cortex Ureter
D. Bowman’s capsule Cortex Renal artery

8 An organism suspected of causing a disease is described as being unicellular, having a
cell wall and lacking a nucleus.

How is this organism classified?

A. A bacterium
B A fungus

C. A protozoan
D

A virus



9 Sunken stomata can be found in the leaves of some Australian plants. A section of such
a leaf is shown.

Sunken stomate

e | — ——— — Cuticle

TS s

G@%(\ﬁi\]o } Guard cells

How do sunken stomata assist the plant to conserve water in a dry environment?

A.  They trap moist air, reducing humidity.
They prevent entry of gases into the leaf.

They accumulate moist air, reducing transpiration.

O N w

They increase the surface area available for transpiration.

10  Both artificial insemination and cloning are reproductive techniques that can decrease the
genetic diversity of a population.

Which row of the table provides a correct reason for each technique’s contribution to this

decrease?

Artificial insemination Cloning
A. Random fertilisation takes place Large numbers of individuals are produced
B. One male has many offspring All gametes are genetically identical
C. All male gametes are identical All individuals have the same phenotype
D. Fewer males are used to reproduce | All individuals have the same genotype




11  The following plants were presented to a quarantine office in Australia as part of a
shipment of plants entering Australia for the plant nursery trade.

A photograph, ‘Spots
observed on the underside
of a cultivar Bartlett’,

photo by Jay Pscheidt,
Oregon State University,
2013 — taken from
https://pnwhandbooks.org/
plantdisease/host-disease/
pear-pyrus-spp-scab

https://orchardpeople.com/
wp-content/uploads/
2017/09/IMG_3168-2.jpg

‘Oak leaf blister
(Taphrina Caerulescens)’,
Joseph Obrien,

USDA Forest Service,
Bugwood.org

Which of the following is a decision that the quarantine office is likely to make?
A. Plant W can enter Australia as it looks like it has ‘black spot” which already occurs
in Australia.

B. Plant X can enter Australia as it is unlikely the disease it has will transfer to
Australian species.

C. Plant Y cannot enter Australia as it has a disease caused by shortage of soil
magnesium.

D. Plant Z cannot enter Australia because its appearance suggests it may be carrying
live insects.



12 The graph shows four possible relationships between ambient temperature and body
temperature.

Body
temperature
)

0 Ambient temperature 0
°O)

Which line on the graph represents the relationship between ambient temperature and
body temperature for an endotherm in a terrestrial environment?

AW
B. X
C. Y
D. Z

13 Red-bellied Black Snakes are a natural predator of frogs in Australia. With the
introduction of Cane Toads into northern Australia, those snakes with jaws large enough
to eat the large poisonous toads have died and those with smaller jaws have survived.
Today, Red-bellied Black Snakes in northern Australia have, on average, smaller jaws
than those in southern Australia.

Based on this information, which of the following statements is true?

A. Divergent evolution has occurred in the snake populations.

B.  Convergent evolution has occurred in the snake populations.

C.  Evolution has not occurred as the snakes are still all one species.
D

Evolution has occurred because snakes have developed resistance to the toxin.



14  The following pedigree shows the inheritance of a disorder.

15

KEY

|:| Unaffected male
Q Unaffected female
Affected male
Affected female

Which row of the table shows the genotypes of individuals 1 and 2?

Which row of the table is correct with respect to the substances that pass through the

o 0w p

Individual 1 Individual 2
Aa Aa
AA Aa
XAY XAX?
XY XAX?

nephron?

Bowman’s capsule

Proximal convoluted
tubule

Collecting duct

Chloride ions are at the

All chloride ions are

Water is reabsorbed

same concentration as in | reabsorbed in the presence of
plasma aldosterone

Plasma proteins are at Water is reabsorbed by | Water is reabsorbed in
the same concentration | osmosis the presence of ADH

as in plasma

Glucose is at the same
concentration as in
plasma

All glucose is reabsorbed

Water is reabsorbed
in the presence of
aldosterone

Sodium ions are at the
same concentration as in
plasma

Sodium ions are
reabsorbed

Water is reabsorbed in
the presence of ADH




16

How do helper T cells assist in raising a specific immune response to a pathogen?

o 0w

They mass produce specific antibodies.
They stimulate the cloning of specific T cells.
They are cloned and differentiate to become specific cytotoxic T cells.

They produce cytokines that stimulate the cloning of specific phagocytes.

Please turn over



17  The diagram shows the life cycle of the malaria parasite, Plasmodium sp. Five stages in
this life cycle are numbered on the diagram.

Cycle in Mosquito Cycle in Human

Sporozoites @ ,)fﬁ -

(to salivary gland)

7 = ( Liver cell
- AN
®
\  Livercell
& ruptures

By

\ _Red blood cell

©‘ Ring stage of

@ — parasite in
red blood cell

©-0

’ ‘Life cycle of the malaria parasite’ from
S ™ Epidemiology of Infectious Diseases.
@ Available at: http://ocw.jhsh.edu
© John Hopkins Bloomberg School of Public
Health. Creative Commons BY-NC-SA

To prevent malaria, the following four strategies have been used:
 taking anti-malarial drugs

* spraying swamps with insecticides

* using mosquito nets over beds

* administering a malaria vaccine.

Which row in the table shows the stage in the life cycle in which each of these strategies
would be most effective?

Taking Spraying swamps | Using mosquito | Administering a
anti-malarial drugs | with insecticides nets over beds | malaria vaccine
A. 5 1 3 2
B. 2 5 1 3
C. 1 4 2 5
D. 2 3 5 1

~ 10—



18

19

The micrograph shows normal-sized human red blood cells, three of which are infected

with the ring stage of Plasmodium falciparum.

Rings of P. falciparum in a thin blood smear.
© Division of Parasitic Diseases and Malaria,
Centers for Disease Control and Prevention (2017)

Which of the following is the best estimate of the diameter of the Plasmodium?

A. 0.002 mm
B. 0.8um

C. 2mm

D. 8um

Colour blindness in humans is determined by a sex-linked gene. Two family trees are

shown.

[

KEY

I:l Normal vision male
Q Normal vision female

Colour-blind male

Colour-blind female

Which row of the table shows the probability of colour-blind offspring of each sex if

individuals 1 and 2 were to have children together?

Male offspring Female offspring
A. 0% 0%
B. 50% 0%
C. 50% 50%
D. 0% 50%

—11 -



20 Two organisms (X and Y) live in an estuary and maintain physiological function from the
freshwater end to the seawater end of the estuary. The graph shows the salt concentration
of the internal tissues of each organism at different locations along the estuary.

High
Y
Salt concentration
of internal tissues of X
organism
Low
Freshwater Seawater

Salinity of water

Based on this information, which of the following is true?

A. X exhibits enantiostasis and homeostasis.
Y exhibits enantiostasis and homeostasis.

X exhibits homeostasis but not enantiostasis.

O N w

Y exhibits homeostasis but not enantiostasis.

—12 —
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Question 21 (4 marks)

(a) Identify TWO responses of a named endotherm to a decrease in body 2
temperature.
(b) Outline the role of the nervous system of an endotherm in maintaining 2

homeostasis when its body temperature changes.

Question 22 (5 marks)

(a) Pasteur performed an experiment to identify the role of microbes in decay. 2

Justify a conclusion that can be drawn from his results.

(b) Describe the contribution of Robert Koch to our understanding of disease. 3

—14 -
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Do NOT write in this area.
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Question 23 (5 marks)

(a)

(b)

A student plans to investigate the effect of light intensity on transpiration in

plants.

Complete the table, identifying features that this student should include to

ensure valid experimental design.

Dependent variable .

Control .

Variables to be kept constant

Explain ONE mechanism for the movement of materials in xylem vessels.

— 15—
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Question 24 (6 marks)

A new flu vaccine is prepared each year to protect the population against the current
strains of influenza virus. The effectiveness of flu vaccines varies from year to year
and can be measured using the overall vaccination effectiveness (VE) index. A VE of
60% means that a vaccinated individual’s chance of getting the flu is reduced by 60%.

The following data show the VE over a 10-year period.

Influenza season VE (%)
20062007 52
2008-2009 41
2010-2011 60
2012-2013 49
2014-2015 19

(a) Draw an appropriate graph to represent the data on the following grid.

Question 24 continues on page 17
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Do NOT write in this area.
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Question 24 (continued)

(b)

Provide a possible explanation for the vaccination effectiveness (VE) index in

2014-2015.

End of Question 24

Please turn over
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Question 25 (4 marks)

The table shows information on blood composition obtained from a patient admitted
to hospital.

(a)

(b)

Blood test Patient’s results Normal range
pH 7.49 7.35-7.45
*pCO, 30mm Hg 35-45mm Hg
*pO, 95mm Hg 80-100mm Hg

*(pCO, and pO, indicate the amount of carbon dioxide and oxygen,

respectively, in the blood.)

Identify the technology used to collect these results.

Analyse the patient’s results.

— 18 —
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Do NOT write in this area.

Question 26 (6 marks)

(a)

(b)

Compare proteins and polypeptides.

Antidiuretic hormone (ADH) is a protein produced by cells in the hypothalamus.
The AVP gene codes for the production of ADH.

@

(ii)

Outline the steps to show how a mutation in the AVP gene could result

in changes in the ADH protein.

~19—
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Question 27 (4 marks)

With the breakdown of proteins, animals produce ammonia, a nitrogenous waste 4
product that must be removed. Direct removal of ammonia requires the excretion of

large amounts of water.

Explain how both terrestrial mammals and insects conserve water while excreting

nitrogenous wastes.

- 20 -
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Do NOT write in this area.
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Question 28 (6 marks)

(a)

(b)

Define the terms genotype and phenotype. 2

A population of mammals living in a very cold climate have long, thick 4
fur which assists their survival. At times, a widespread infestation of mites

causes their fur to become thin, and bald patches appear in their coats. In

this population some individuals are resistant to the mites. This is due to the
presence of a co-dominant allele (MY). Individuals that are homozygous for this

allele (MRMR) are infertile.

Explain how both genotype and phenotype influence the inheritance of genes
and natural selection in this population.

_21-—
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Question 29 (7 marks)

The diagram models the process of meiosis.

7

I ap\_— —
Qxll= -
S

Interphase First Division Second Division
Meiosis Meiosis

(a) Describe the process that accounts for the changes shown in the model during 2
interphase.
Question 29 continues on page 23
_22_
Office Use Only — Do NOT write anything, or make any marks below this line.
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Do NOT write in this area.
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Question 29 (continued)

(b)

Explain the structure and behaviour of chromosomes in the first division of

meiosis. Include detailed reference to the model.

End of Question 29
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Question 30 (8 marks)

The graph shows the expected life span (the age to which people are expected to live 8

in years) for people of different ages during the 20th century in one country.

Expected life span for people of different ages

Historical Statistics

— Colonial Times
to 1970 Part 1;
Bureau of the
Census, pp12, 56;
Vital Statistics of
the United States
1980, 1990, 1992;
Statistical Abstract

2001, 121st edition

Issued November
2001, p4
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There have been many biological developments that have contributed to our
understanding of the identification, treatment and prevention of disease.

Evaluate the impact of these developments on the expected life span. In your answer,
include reference to trends in the data provided.

Question 30 continues on page 25
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Do NOT write in this area.
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Question 30 (continued)

End of Question 30
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Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.

—26 —

Office Use Only — Do NOT write anything, or make any marks below this line.

8246310352

‘eaJe SIY} ul 91UM JON od



Do NOT write in this area.

Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.

- 27 —

Office Use Only — Do NOT write anything, or make any marks below this line.

9248310355




Section I Part B extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 31 — Communication (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) (i) Identify TWO structures that refract light as it passes through the eye.

(i) The diagram shows the human eye. The two lines labelled A and B
represent two beams of light passing through the eye and stimulating
different areas of the retina.

The visual perception will be different at the two stimulated areas.

Identify TWO of these differences.

(b)  Explain how the human larynx produces sounds of different pitch.

Question 31 continues on page 31
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Question 31 (continued)

(c) The human eye contains cone cells carrying one of three pigments, with each
pigment being particularly sensitive to light around a particular wavelength.
They are commonly referred to as blue, green and red cones.

The numbers of each type of cone were counted in two adults, A and B. The
results are graphed below.

Number

of cones
responding to
wavelength
of light

Number

of cones
responding to
wavelength
of light

Adult A

green cones

blue cones red cones

400 500 600 700
Wavelength of light (nm)

Adult B

blue cones green cones red cones

400 500 600 700
Wavelength of light (nm)

(1) Outline TWO differences in the data between adults A and B.

(ii) Explain how colour vision in adults A and B might differ.

Question 31 continues on page 32
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Question 31 (continued)

Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) A person with normal vision and a person with myopia are both looking at an
object in the distance.

Construct THREE labelled diagrams of an eye to show the light path through
the eye of the person with:

e normal vision
* myopia

* myopia corrected with a suitable lens.

(e

Extensive studies of how humans detect both visual and auditory stimuli
led to models that shaped our understanding of vision and hearing. These
models have needed to be modified when other animals were studied.

Justify this statement.

End of Question 31
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Question 32 — Biotechnology (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a)

(b)

(©)

(1) Identify TWO changes that have occurred in ONE species as a result of
artificial selection for agricultural purposes.

(i1) Outline the use of ONE biotechnology by Australian Aboriginal peoples
in ancient times.

Explain an advantage and a disadvantage of EITHER the product OR process of
a specific animal biotechnology.

(i) Outline how the polymerase chain reaction can be used to amplify DNA
sequences.

(i) DNA can be inserted into bacterial plasmids to produce recombinant
DNA.

The diagrams below show a bacterial plasmid in its original form and
the recombinant plasmid after a desired gene, X, has been spliced into a
particular position. Plasmids are incorporated into bacterial hosts.

Original plasmid Recombinant plasmid
A A
B
B
X
B
KEY

Gene A: codes for resistance to the antibiotic Ampicillin
Gene B: codes for the production of a yellow substance
Gene X: codes for the production of a human hormone

Explain how gene A and gene B could be monitored to determine which
bacterial hosts have successfully incorporated the desired recombinant
DNA.

Question 32 continues on page 34
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Question 32 (continued)
Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(d) For a specific strain isolation method, construct a flow chart to summarise the
main steps and products.

(e) Explain the relationship between advances in scientific knowledge of cell
chemistry and modern uses of biotechnology.

End of Question 32
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Question 33 — Genetics: The Code Broken? (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a)

(b)

(1) Identify TWO differences in the chromosomes of haploid and diploid
cells.

(ii)) Contrast the inheritance patterns that occur in a dihybrid cross when
genes are linked, with when genes are unlinked.

The coding strand of some DNA is shown. It is part of a sequence that codes for
a polypeptide.

Contrast the effect of a frameshift mutation with the effect of a base substitution
mutation on the polypeptide produced from this sequence.

Question 33 continues on page 36
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Question 33 (continued)

(c) Lynch syndrome is a condition that is the result of a mutation.

(i) The graph shows data comparing the lifetime risk of cancer in people 2
with Lynch syndrome to that in the general population.

Outline TWO trends shown in the graph for people with Lynch
syndrome.

Question 33 continues on page 37
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Question 33 (continued)

(i1) Lynch syndrome is an autosomal dominant condition that is the result 3
of a mutation of a DNA repair gene. This mutation interferes with the
ability of DNA to repair itself.

The incidence of cancer in a family with Lynch syndrome is shown in
the pedigree.

Incidence of cancer in a family KEY
with Lynch syndrome
y v Female O

.__@ Female with cancer .
Colon, Deceased female
dx 59 @ ’

O 0 & m|"™ L

Endometrial, Colon, | Male with cancer

dx 53 dx 42 .
Deceased male JZ -
dx

Colon, . .
d)? 397n Age at diagnosis

‘Lynch Syndrome Pedigree’, 14 November 2014,

. . . from Genetics of Colorectal Cancers, 14 June 2018.
Analyse the disease pattern shown in the pedigree.  Available at https:/www.ncbi.nim.nih.gov/books/

NBK126744/figure/CDR0000062863_2756/
© National Cancer Institute

Answer parts (d) and (e) of the question on pages 6—8 of the Section II Writing
Booklet. Start each part of the question on a new page.

(d) Construct a flow chart to show how an animal with a diploid number of 5
32 chromosomes can be cloned and how the clone can be verified. Include
reference to chromosome number in each step.

(e) . . 7
Transgenic mice can be used as models to study human diseases such as

muscular dystrophy, a condition caused by sex-linked mutation. These mice
have been genetically modified and cloned, resulting in a population with
the disease.

Explain how developments in our understanding of genes and gene technologies
have led to the use of such models to study human disease.

End of Question 33
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Question 34 — The Human Story (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.
(a) (1) Identify ONE absolute and ONE relative dating method used in the study

of human evolution.

(i1) Using an example, outline a limitation of only using the fossil record to
interpret the past.

(b) Explain, using TWO examples, the evolutionary significance of polymorphism.

Question 34 continues on page 39
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Question 34 (continued)

(c) The following graphs show data from a scientific study on changes in body
weight and brain volume in some hominid species over the last three million

years.
(Australopithecus)  (H. habilis)  (H. erectus)  (H. sapiens)
80
X x >><<><
601 X T X
Estimated X x X
body 40 X ><X
weight (kg) X X
X
20 %
T T T T
3.0 2.0 1.0 0
Million years ago
(Australopithecus)  (H. habilis)  (H. erectus) (H. sapiens)
2000 X
X
~ X
1500 — X
Estimated X
brain 1000 — ><>><< XX X
volume (mL) % xx x
500 XXX
T T T T
3.0 2.0 1.0 0

Million years ago

(i) Describe ONE trend from each graph.

(ii) Discuss the validity of a conclusion that can be drawn from the graphs
about the relationships between body weight and brain volume.

Question 34 continues on page 40
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Question 34 (continued)
Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(d) Construct a dichotomous key to classify primates into four groups: prosimians,
new world monkeys, old world monkeys, apes.

(e

Models of human evolution continue to change as a result of work done by
individual scientists and advances in technology.

Justify this statement.

End of Question 34
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Question 35 — Biochemistry (25 marks)

Answer parts (a), (b) and (c) of the question on pages 2—4 of the Section II Writing
Booklet. Start each part of the question on a new page.

(a) (i) Identify TWO isotopes that have been useful in studying photosynthesis.

(i) Describe the location and structure of thylakoids.

(b) Photosystems I and II have different functions in photosynthesis.

Explain the significance of this difference.

(c) The graph shows results of investigations into the relationship between light
intensity and the rate of photosynthesis under different conditions.

(1) Outline ONE way in which the rate of photosynthesis could have been
measured.

(i1) Justify conclusions that can be drawn from the data shown in the graph.

Question 35 continues on page 42
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Question 35 (continued)
Answer parts (d) and (e) of the question on pages 6-8 of the Section II Writing

Booklet. Start each part of the question on a new page.

(d) Construct a flow chart to summarise the main steps and products of the
light-independent reactions of photosynthesis.

(e

Biological theories are always provisional in nature and change in the light
of new evidence.

Justify this statement with reference to the historical progression of our
understanding of photosynthesis. Use specific examples, including the work of
Engelmann, to support your answer.

End of paper
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NESA 2018 HSC Biology Marking Guidelines

Section |, Part B

Question 21 (a)

Criteria Marks

» lIdentifies TWO appropriate responses in a named endotherm to a 2
decrease in body temperature

» Provides some relevant information 1
Sample answer:
Shivering and vasoconstriction in humans.
Question 21 (b)

Criteria Marks
» Outlines the role of an endotherm’s nervous system in detecting and >

responding to temperature changes

Provides some relevant information

Sample answer:

Changing body temperature is detected using temperature receptors in the skin and brain. A
signal is sent via nerves from the receptors to the central nervous system. Nerve signals are
then sent from the CNS to effectors (muscles or glands).

Question 22 (a)

Criteria

Marks

Provides a conclusion and justification

Provides some relevant information

Sample answer:

Microbes come from pre-existing microbes since no growth occurred in the sterile swan-
necked flask.
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Question 22 (b)

Criteria Marks
» Describes the contribution of Koch to our understanding of infectious
disease, including reference to the systematic identification of causative 3
pathogens
» Outlines the contribution of Koch to our understanding of infectious >
disease
» Provides some relevant information 1

Sample answer:

Koch worked with microbes eg anthrax. He demonstrated the relationship between microbes
and infectious disease and showed that specific microbes cause specific diseases. He

developed a set of criteria to establish the cause of infectious diseases.

Question 23 (a)

Criteria Marks
» Correctly completes the table to design a valid experiment 3
» Provides most suitable features of experimental design 2
» Provides a suitable design feature 1
Sample answer:
Dependent variable Amount of water lost
Control Plant kept in the dark
Variables to be kept constant * Type of plant
* Temperature
Question 23 (b)
Criteria Marks
» Explains a mechanism for movement of material in xylem 2

* Provides some relevant information

Sample answer:

Water molecules are cohesive. As water molecules evaporate the next molecules are pulled
up the xylem vessel. This is one of the mechanisms that drives the movement of water from

roots to leaves.
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Question 24 (a)

Criteria Marks
* Draws a column graph with:
— axes labelled and scaled correctly 3
— data plotted accurately
» Draws a substantially correct graph 2
» Provides some relevant information

Sample answer:
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Question 24 (b)

Criteria Marks

» Explains the variation in VE including reference to:
— composition of vaccines 3
— effectiveness of immune response

» Outlines reason(s) for variation in VE trend 2

* Provides some relevant information

Sample answer:

In 2014-2015 the VE was much lower than in other years. This means that the vaccine was
less effective. Vaccines work by giving a person a harmless form of an antigen from a
pathogen and triggering the production of antibodies that are specific to the particular
antigen. If the pathogen should later mutate and its antigen change shape, then the
antibodies will no longer be effective. Hence the lower VE may have been due to mutation of
the virus, making the vaccine less effective.

Question 25 (a)

Criteria Marks

 ldentifies correct technology 1

Sample answer:
Arterial blood gas analysis (ABG, BGA)

Question 25 (b)

Criteria Marks

* Analyses the data to:
— identify results inside and outside the normal range 3
— explain the link between pH and CO,

» Identifies some trend(s) in the data
- States relationship between pH and CO,

* Provides some relevant information 1

Sample answer:

The patient’s pH levels are higher than normal meaning that the blood is less acidic. This can
be explained by the lower than normal levels of CO,. As CO, is dissolved in solution (blood
plasma) that solution becomes more acidic — so less CO, means lower acidity/higher pH.
The patient’s oxygen levels fall within the normal range.
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Question 26 (a)

» Provides a similarity of and a difference between proteins and
polypeptides

Criteria Marks
» Provides similarities of and/or differences between proteins and
polypeptides
OR 2

* Provides some relevant information

Sample answer:

Both proteins and polypeptides are composed of amino acids. Polypeptides, however, are
single amino acid chains, whereas proteins are made up of one or more polypeptides.

Question 26 (b) (i)

* Links mutation to change in ADH protein

Criteria Marks
* Uses sequential steps to outline polypeptide synthesis 3
» Relates mutation of AVP gene to change in ADH protein
» Outlines some aspects of polypeptide synthesis or mutation 5

* Provides some relevant information

Sample answer:

1. The base sequence of the AVP gene is altered.

o 0N

The ADH protein is altered.

Question 26 (b) (ii)

The mRNA strand produced during transcription would not be correct.

An incorrect/dysfunctional/different polypeptide chain is produced.

At translation, incorrect amino acids would be delivered to the ribosome by tRNA.

Criteria

Marks

» ldentifies an effect of AVP mutation on kidney function

Sample answer:

Less reabsorption of water (due to malfunction of ADH)
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Question 27

Criteria Marks

» Explains how the type of nitrogenous waste relates to the volume of water
excreted in terrestrial mammals and insects

» Includes reference to the toxicity of different nitrogenous wastes 4

* Provides a feature of excretion that allows for the conservation of water in
terrestrial mammals and insects

» Links the type of nitrogenous waste to the volume of water excreted in
terrestrial mammals and insects

» Includes reference to the toxicity of different nitrogenous wastes 3
» Provides a relevant feature of excretion
 Identifies the main nitrogenous waste in terrestrial mammals or insects 2
» Provides a relevant feature of excretion
» Provides some relevant information 1

Sample answer:

In order to conserve water, terrestrial mammals concentrate their urine. Because ammonia is
toxic, mammals convert ammonia to the less toxic urea which can be excreted in
concentrated form.

Insects go further by producing uric acid, a substance even less toxic than urea, which can
be excreted in very concentrated form with almost no water.

Terrestrial mammals may have structural adaptations such as elongated loops of Henle and
collecting ducts in the kidney which result in the ability to produce highly concentrated urine.

Answers could include:

Reference to energy requirements.

Question 28 (a)

Criteria Marks
» Defines the terms genotype and phenotype 2
* Provides some relevant information 1

Sample answer:

‘Genotype’ refers to the genes an organism inherits from its parents and ‘phenotype’ refers to
the observable characteristics of an organism: how it develops, looks, reacts and behaves.
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Question 28 (b)

Criteria

Marks

» Relates the interactions between survival/Darwinian fitness, genotype and
phenotype in the population

» Explains how the mite resistant allele is maintained in the population

» Relates some interactions between survival/Darwinian fitness, genotype
and phenotype in the population

» Outlines how the mite resistant allele is maintained in the population

» Provides some features of evolution in the population with reference to fur
thickness/length and/or mite resistance

* Provides some relevant information

Sample answer:

The selection pressure for long, thick fur is cold climate. Thus the majority of the population

carries the allele for long, thick fur.

Mite infestations change the phenotype of these individuals reducing their ‘fitness’ even
though they still have the genes for long fur. The ‘mite resistance gene’ should improve the
phenotype in times of mite infestations and be a survival advantage, but carrying two alleles
for ‘mite resistance’ renders the individual infertile. Therefore, although individuals exist in the
population with a phenotype suited to the environment, that is they can resist the cold with
long fur that is resistant to mites, they cannot pass these genes on as they are sterile.
However, the ‘mite resistance allele’ is co-dominant and heterozygotes will show some mite
resistance, increasing their ‘fithess’ over those without this allele. Heterozygotes can pass

the allele to their offspring and therefore keep the allele within the population.

Question 29 (a)

Criteria

Marks

» Provides main features of DNA replication

* Provides some relevant information

Sample answer:

DNA replication involves separating DNA strands and adding complementary nucleotides to

each strand.
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Question 29 (b)

Criteria Marks

» Demonstrates a thorough understanding of the structure and behaviour of
chromosomes in first division of meiosis and links a feature to the model 5

* Links features of meiosis | to variation

» Demonstrates a sound understanding of the structure and behaviour of
chromosomes in first division of meiosis and links a feature of the model 4

* Links a feature of meiosis | to variation

» Describes the structure and behaviour of chromosomes during first
division of meiosis 3

* Links information provided to features of the model

* Qutlines relevant information about structure and/or behaviour of
chromosomes during first division of meiosis

OR 2
* Links information about structure or behaviour of chromosomes to the

model
* Provides some relevant information 1

Sample answer:

The model represents homologous pairs of chromosomes as being the same size and
identifies the paternal or maternal origin with different shading.

In the first division of meiosis individual chromosomes form homologous pairs. These carry
the same genes but not identical alleles. When paired, crossing over occurs as genetic
material is exchanged between non-sister chromatids resulting in new combinations of
genetic material as shown by the shading.

The two daughter cells formed after this division have half the number of chromosomes
(haploid cells), one from each homologous pair assigned at random. This increases variation
in the daughter cells, as shown after the first division.
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Question 30
Criteria Marks
* Analyses the data to draw suitable conclusions
» Demonstrates an extensive understanding of the development of the
identification, treatment and prevention of disease
» Links trends in the data to specific developments in identifying, treating 8
and preventing disease
» Synthesises information to draw a suitable conclusion/judgement about
the impact of biological developments on life span
» Uses precise biological terms
* Analyses the data to provide key trends
» Demonstrates a thorough understanding of the development of the
identification, treatment and prevention of disease
» Links trends in the data to specific developments in identifying, treating 6—7
and preventing disease
» Provides a clear judgement about the impact of biological developments
on life span
» Uses suitable biological terms
* Provides a trend in the data
» Demonstrates a sound understanding of the development of our
understanding of disease 4-5
» Links the data to developments in understanding disease
» Uses some suitable biological terms
» Describes the data
« Demonstrates some understanding of the development of our 2_3
understanding of disease
» Links data to understanding disease
» Provides some relevant information 1

Sample answer:

The graph shows that life span has increased for all ages over the last century. The younger
the individual the greater the increase in life span. Life span at birth has increased
dramatically from 48 years to 75 years. At other ages it has increased less (12 years for 20-
year-olds, 10 years for 40-year-olds and the smallest increase of five years for 60-year-olds).

Being able to identify the cause of diseases such as measles, rubella and whooping cough is
the result of our developing an understanding of pathogens as the cause of infectious
disease through the work of Pasteur and Koch. They developed germ theory and a set of
rules/postulates and culture techniques to be followed in establishing the link between a
specific pathogen and disease. Knowledge of pathogens led to the development of vaccines
(incorporating harmless versions of pathogens) that can be used to prevent common
childhood diseases. Vaccines provide active immunity to specific pathogens. This has
significantly reduced the number of deaths in young children resulting in a dramatic increase
in their life expectancy.

Understanding bacterial pathogens and differences between prokaryotic and eukaryotic cells
has led to the development of antibiotic treatments for pathogens such as Staphylococcus
aureus. This means many infections can be treated instead of being life threatening. This has
resulted in improved life span at all ages. However, the overuse of antibiotic treatment

Page 10 of 37



NESA 2018 HSC Biology Marking Guidelines

resulted in bacterial resistance to many drugs and these gains may not be sustainable in the
future.

The study of non-infectious diseases such as lung cancer though systematic epidemiology
has resulted in being able to find the delayed link between lung cancer and smoking.
Epidemiology involves careful planning and design, control groups, and the large-scale
collection and analysis of data. This has led to public health campaigns that have reduced
smoking rates and as a result are leading to increased life span for adults.

It is clear that biological developments have led to huge gains in expected life span in many
countries. These gains are highest for the very young. However, life span around the world is
variable as access to prevention and treatment is limited to those who can afford it.
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Section |l

Question 31 (a) (i)

Criteria Marks
» Identifies TWO structures that refract light in the eye 2
» Identifies ONE structure that refracts light in the eye 1
Sample answer:
Cornea, lens.
Question 31 (a) (ii)
Criteria Marks
» Provides TWO differences in visual perception 2
» Provides some relevant information 1
Sample answer:
Visual perception at A Visual perception at B
High visual acuity (detail perceived) | Low visual acuity
Colour perceived Less colour perception, mostly monochromatic
vision

Question 31 (b)

Criteria Marks

» Describes how sound is produced by the larynx
» Describes the relationship between frequency of vibration and pitch 4
* Relates changes in vocal cords to change in pitch

* Outlines how sound is produced by the larynx

» Outlines pitch and/or frequency with reference to changes in the vocal 3
cords

» Outlines pitch and/or frequency with reference to changes in the vocal
cords

OR 2

» Outlines the relationship between frequency of vibration and pitch with
reference to the larynx

* Provides some relevant information 1

Sample answer:

Sounds are produced by airflow from the lungs through the larynx. Because the length and
tension of the vocal cords can be altered by the muscles of the larynx, the frequency of the
vocal cord vibration can be altered and the frequency determines the pitch of the sound. High
pitch, which equates to high frequency of vibration, is achieved by vocal folds that are longer,
thinner, stiffer and therefore vibrate faster. Low pitch, which equates to low frequency of
vibration, is achieved by vocal cords that are shorter, thicker, less stiff and therefore vibrate
more slowly.
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Question 31 (c) (i)

Criteria Marks
¢ Outlines TWO differences in the TWO adults from the data 2
* Provides some relevant information 1

Sample answer:

Adult B has fewer red and green cones than adult A. There is much less overlap in the range
of wavelengths detected by different cones in adult B.

Question 31 (c) (ii)

Criteria Marks
» Explains possible differences in colour vision in the two adults 3
» Makes reference to the data provided
» Outlines a difference in colour vision in the two adults with reference to >
the data
» Provides some relevant information 1

Sample answer:

Because adult B has fewer red and green cones than adult A perception of colours in the
500-700 nm spectrum may be less vivid and less easily detected by adult B. This is because
information from cones is carried to the brain with one nerve fibre coding for one cone, so
reduced numbers of cones may produce fewer signals.

Adult B shows much less overlap in the range of wavelengths detected by different cones.
Red and blue cones do not overlap at all, suggesting that certain hues such as purple may
not be well interpreted. Above 600 nm wavelength only red cones are responding to light
which would suggest that yellow and orange colours would not be detected.
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Question 31 (d)

Criteria Marks

* Provides THREE correct clearly labelled diagrams that compare the
vision of a distant object by a normal eye and a myopic eye and 5
correction by a concave lens

* Provides THREE substantially correct, labelled diagrams that show vision
of a distant object by a normal and a myopic eye as well as correction by 4
a concave lens

» Provides a series of diagrams to illustrate vision in a normal eye and a

; . 3

myopic eye and/or correction
» Provides a relevant series of diagrams to illustrate aspects of vision 2
» Provides some relevant information 1

Sample answer:

Normal vision

Lens
_ Retina
Rays of light Focus on retina
from distant

object

o,

Myopia

Lens
_ Retina
Rays of light Focus in front of retina
from distant
object \ J

Correction of myopia

Concave lens

Rays of light Retina
from distant Focus on retina
object

N
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Question 31 (e)

Criteria Marks

» Demonstrates a thorough understanding of differences in detecting stimuli
between humans and other animals

» Justifies how models change in the light of new evidence 7
* Relates animal examples to models of human sight and hearing
» Demonstrates coherent and logical progression of ideas

» Demonstrates an understanding of the differences in detecting stimuli
between humans and other animals

* Makes reference to how models change in the light of new evidence
» Compares animal examples to models of human sight and hearing

» Demonstrates an understanding of the differences between vision and
hearing in humans and other animals 4-5

* Relates examples to our knowledge/models of human sight and hearing

» Outlines difference(s) in sight and/or hearing between humans and other

. 2-3
animals

* Provides some relevant information 1

Sample answer:

Our understanding of vision and hearing has been shaped by studies in humans.

A study of human vision includes detection of a limited range of the electromagnetic
spectrum, ‘visible light’. After recognition that birds and insects can detect UV light this range
has been extended and the model of detection of light in the eye modified to include more
cone types and passage of UV light into the eye in other species. Study of snakes that
incorporated detection of infrared rays via heat sensitive pits into visual maps in the brain has
led to revision of our understanding of how different stimuli are interpreted.

Similarly in detection of sound, humans can usually hear sounds in the range 20—20 000 Hz.
Study of animals that use echolocation, such as bats and dolphins, has extended this range
of detection up to more than 100 000 Hz, leading to extension of our models of hearing. Our
understanding of hearing in humans includes the function of the eardrum and movement of
hair cells. Study of other animals has led to extension of the use of such structures in other
contexts. For example, in insects tympana on the leg or abdomen may vibrate to both detect
and make sound and fish use hair cells to detect changes in surrounding water pressure.

Although vertebrate eyes are all similar in structure and function to the human eye, study of
the insect eye has led to a revision of a model of animal vision. Insect eyes are made of
many individual light receptors called ommatidia, all arranged with individual lens, cornea,
light-collecting apparatus and photoreceptor neurons.

In conclusion, the study of humans has informed our models of sight and hearing in animals,
but these models have been constantly revised as new information from other animals has
come to light.
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Question 32 (a) (i)

Criteria

Marks

Identifies TWO changes occurring in an agricultural species as a result of
artificial selection

Provides some relevant information

Sample answer:

As a result of artificial selection for more productive livestock over thousands of years,
modern sheep now exhibit more desirable characteristics such as reduced horns and a more
muscular build compared to ancestral sheep.

Question 32 (a) (ii)

Criteria

Marks

Outlines ONE ancient Australian Aboriginal use of biotechnology

Provides some relevant information

Sample answer:

Eel farming and selective breeding were used by the Gunditjmara people of Victoria to
ensure a consistent food supply. Artificial selection of the biggest fish for breeding further
allowed a constant and reliable supply of food.
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Question 32 (b)

Criteria Marks

» Identifies and describes a specific example of animal biotechnology

» Explains an advantage and a disadvantage of EITHER the product OR 4
process associated with the animal biotechnology

» ldentifies a specific example of animal biotechnology

» Attempts to explain an advantage and a disadvantage of EITHER the 3
product OR process associated with the animal biotechnology

» Identifies a biotechnology

« Outlines an advantage OR disadvantage of the product OR process 2
associated with the biotechnology

* Provides some relevant information 1

Sample answer:

A vaccine for Infectious Bursal Disease (IBD) in chickens has been developed using
recombinant DNA technology.

Traditional vaccines have problems including the ability to regain disease-causing capacity.
They are also expensive to produce and keep active. The recombinant vaccine is cheaper to
produce because the cloning of recombinant bacterial cells allows the proteins’ mass
production. Because they are protein-based, rather than live/attenuated, they do not mutate
and regain virulence.

However, recombinant vaccines may not be as effective as live vaccines at inducing
immunity in chickens when compared with live vaccines and often require booster
immunisations to maintain the chickens’ antibody production. Recombinant vaccines based
only on one viral protein may not offer full immune protection from the more virulent strains of
viral IBD.

Answers could include:

* Monoclonal antibodies
» Cloning

* Aquaculture

» Transgenics
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Question 32 (c) (i)

Criteria Marks
» Outlines the polymerase chain reaction and links to amplifying DNA 2
» Provides some relevant information 1

Sample answer:

The three steps of PCR are: denaturation, annealing and extension. During denaturation
DNA is heated and the complementary strands separated. After this, the mixture is cooled.
During annealing, primers bind to sections of each separate DNA strand. Polymerase
catalyses the complementary bonding of free nucleotides along the template DNA strands.
The process is then repeated multiple times to reproduce (amplify) DNA.

Question 32 (c) (ii)

Criteria Marks

* Relates plasmid genes being intact or cut to expression/non-expression

» Explains how a non-recombinant bacterial host could be distinguished 3
from a recombinant-carrying bacterial host using the stimulus provided

» Outlines how a non-recombinant host could be distinguished from a
recombinant host

* Provides some relevant information 1

Sample answer:

Genes produce necessary proteins when they are fully intact. If a gene has been ‘broken’ to
allow for the insertion of another gene, it will not be functional. To identify which bacteria
have been transformed with recombinant plasmids (as opposed to normal plasmids), the
bacteria should be grown on nutrient agar plates, which also contain the antibiotic Ampicillin.
Both bacteria containing a non-recombinant plasmid will grow because gene A is intact and
expresses resistance to Ampicillin. If gene B is intact (non-recombinant) they will also appear
yellow in colour. But bacteria containing the desired recombinant plasmid will not be yellow in
colour because the desired gene X has been spliced into the middle of gene B which is
unable to be expressed to produce the yellow substance.

Page 18 of 37



NESA 2018 HSC Biology Marking Guidelines

Question 32 (d)

Criteria Marks

» Constructs a clear flow chart demonstrating sequential steps to form a
product

» Identifies a specific example of strain isolation
* Includes major steps in a strain isolation method

» Constructs a clear flow chart demonstrating sequential steps to form a
product

* Includes a specific example of strain isolation
* Includes most steps in the strain isolation method

» Constructs a flow chart to summarise some of the steps in a strain
isolation method

* Provides a feature of strain isolation method 2

* Provides some relevant information

Sample answer:

Strain isolation to identify high yielding Penicillium sp

Innoculate agar plates with pathogenic bacteria

3

Place filter paper disks innoculated with Penicillium mould strains on
the agar plates

3

Incubate agar plates

3

Observe Penicillium strains for ‘penicillin’ secretion capacity by
measuring diameter of bacterial inhibition (clear zone)

3

Isolate highest yielding Penicillium mould strain

3

Culture isolated strain

3

Isolate and purify the product — penicillin antibiotic
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Question 32 (e)

Criteria Marks

» Describes advances in cell chemistry

* Relates advances in cell chemistry to modern applications in
biotechnology

* Provides relevant examples that illustrate the relationship between cell
chemistry and modern uses of biotechnology

» Demonstrates coherence and logical progression of ideas

» Outlines advances in cell chemistry

* Relates advances in cell chemistry to modern applications in
biotechnology 6

* Provides relevant examples to illustrate links between cell chemistry and
modern uses of biotechnology

» Outlines advances in cell chemistry
» Links advances in cell chemistry to modern applications in biotechnology

4-5
* Provides a relevant example to illustrate the link between cell chemistry
and modern uses of biotechnology
» Outlines advances in cell chemistry AND/OR a modern use of 2_3
biotechnology
» Provides relevant information 1

Sample answer:

Developments in the understanding of enzyme activity and polypeptide synthesis have
significantly modernised uses of biotechnology throughout the 20™ century.

Increased knowledge of enzyme function and their role as biological catalysts in metabolic
reactions has enabled microbes to be exploited for industrial fermentation purposes. The
knowledge that individual enzymes are sensitive with respect to conditions such as
temperature and pH has made it possible to identify, culture and mass-produce microbes
with desirable enzyme function under certain conditions. For example, during modern beer
production, different yeast strains are used for top (14—23°C) and bottom (6—12°C)
fermentation, according to the optimum temperature for the activity of their enzymes.

An increased scientific understanding of DNA structure, polypeptide synthesis and gene
expression has enabled the production of complementary DNA through reverse transcription.
An example of the use of such knowledge is the synthesis of insulin genes for use in
recombinant DNA technology. The mRNA produced in pancreas cells has already been
edited to remove ‘junk DNA’ (introns). The mRNA can be separated from the cells and
reverse transcriptase can be used to produce cDNA. This can then be amplified through
PCR to produce many copies of insulin cDNA. This is then spliced into bacterial plasmids to
allow mass cloning of the gene for either insulin production or gene cloning purposes.

Modern uses of biotechnology have emerged due to an increased understanding of cell
chemistry. This knowledge has revolutionised many areas of society including medicine and
food production.

Answers could include:

Industrial fermentation — expansion of production of glycerol, lactic acid, citric acid and/or
yeast biomass; biotransformation technologies to produce cortisone and/or sex hormones.
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Question 33 (a) (i)

Criteria Marks
* Provides TWO differences in the chromosomes of haploid and diploid o
cells
» Provides a difference in the chromosome of haploid and diploid cells 1
Sample answer:
Haploid cells have half the chromosome number of diploid cells.
Haploid cells have one of each pair of chromosomes found in diploid cells.
Question 33 (a) (ii)
Criteria Marks
» Provides differences in the inheritance patterns 2
» Provides some relevant information 1
Sample answer:
Linked Unlinked
Close / inherited together Independent assortment
Offspring phenotypic ratio 3 : 1 Offspring phenotypic ratio 9 : 3:3 : 1
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Question 33 (b)

Criteria Marks

» Demonstrates an understanding of both types of mutation using the
sequence provided 4

» Contrasts the effect of each mutation on the polypeptide produced

» Demonstrates an understanding of both types of mutation using a specific
sequence 3

» Refers to polypeptide produced

» Outlines both types of mutation
OR

2
» Demonstrates an understanding of one type of mutation and its effect on
the polypeptide produced
* Provides some relevant information 1

Sample answer:

A TCAGTCGTACGATCGCATA
Codons initially read as ATC, AGT, CGT, ACG, ATC, GCA.

A frameshift mutation could remove or insert one or more bases, leading to all codons after
this point being altered.

Eg delete T (2" from left)
Will now read ACA, GTC, GTA, CGA, TCG, CAT.

This would result in all amino acids being incorrectly coded for, resulting in a different
polypeptide.

In contrast, a base mutation replaces just one base in 1 codon. One amino acid may be
coded incorrectly. However, the rest of the amino acids in the polypeptide will remain correct.

Question 33 (c) (i)

Criteria Marks
e OQutlines TWO trends 2
* Provides some relevant information 1

Sample answer:
People with Lynch syndrome have an increased risk of developing every type of cancer
compared to the general population.

The graph shows Lynch syndrome sufferers have the greatest difference in risk for colon and
endometrial cancer compared to the general population.
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Question 33 (c) (ii)

Criteria Marks
» Analyses information to provide a detailed explanation of the disease 3
pattern in the family
» Explains the disease pattern in the family 2
» Provides some relevant information 1

Sample answer:

People with Lynch syndrome have faulty DNA repair enzymes. Therefore they may not be
able to repair random mutations leading to increased risk of cancer. The faulty allele is
dominant, however, cancer may not develop. People inherit the allele that increases the risk
of cancer eg individual colon dx 37 is likely to have the dominant allele and even though her
mother does not show evidence for it, the allele may be present.
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Question 33 (d)

Criteria Marks

» Constructs a clear flow chart that includes the key steps in animal cloning

and suitable method of verification 5
* Includes chromosome number at each step
» Constructs a clear flow chart that includes most of the steps in animal

cloning
* Includes chromosome number at each step 4
» Provides a suitable method of verification
» Constructs a clear flow chart that includes some suitable steps in animal

cloning 3
» Attempt to provide a suitable method of verification
* Provides some steps in animal cloning 2

* Provides relevant information

Sample answer:

32 Skin cell nucleus transferred

25
h Implanted into surrogate mother

Growth

28
32 <:| ﬁ Clone is born
|

DNA fingerprinting
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Question 33 (e)

Criteria Marks

» Demonstrates a thorough knowledge of genes and genetic manipulation
* Relates an understanding of genes, mutations and developments in gene

technologies to the production and use of mouse models 7
» Demonstrates coherence and logical progression of ideas
» Demonstrates a sound knowledge of genes and genetic manipulation
» Links an understanding of genes, mutations and developments in gene 6
technologies to the production and use of mouse models
» Demonstrates a sound knowledge of genes and genetic manipulation
» Links an understanding of developments in gene technologies to the 4-5

production and/or use of mouse models

» Demonstrates some knowledge of genes and gene technologies
AND/OR 2-3
» Links an understanding of gene technologies to the use of mouse models

* Provides some relevant information 1

Sample answer:

Our knowledge of mutations and their effect on cell function was developed by Beadle and
Tatum with experiments on bread mould showing that particular genes code for particular
polypeptides. This has led to an increased understanding of the effect of mutation eg
muscular dystrophy (MD) on human health.

The search for mutations that caused diseases led to the development of the HGP. It aimed
to establish the sequence of the human genome and the identification and the location of all
of the genes. Thus scientists could identify the MD gene and cut it out of the human genome
and insert it into bacterial plasmids using DNA recombinant technology and thus producing
multiple copies. Without identifying the location and size of the genes in the HGP this
process of genetic engineering to produce transgenic species would not be possible.

Transgenic mice are created by inserting the MD gene into the mouse genome. This allows
the crossing of the species barrier incorporating the human gene into the mouse genome.
The mouse can then be cloned and the population will contain this MD gene. This allows the
MD mutation to be expressed in the mouse which provides a useful model for the study of
characteristics and potential treatments of the disease.

By using the mouse model, scientists could see the effect of the gene for MD in mice and
then look for potential ways of treating the disease by such measures as gene therapy or
medical research. This may allow scientists to insert a gene into a patient’s cells instead of
using drugs or surgery.
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Question 34 (a) (i)

Criteria Marks
 lIdentifies both dating methods 2
» Identifies a dating method 1

Sample answer:

Absolute dating method — radiometric dating.
Relative dating method — superposition.

Question 34 (a) (ii)

Criteria Marks
» Outlines a limitation using an appropriate example 2
» Provides some relevant information 1

Sample answer:

The use of different technologies might give different dates eg radioactive dating of material
from campsites gives the date for colonisation of Australia at 40 000 years ago, while
thermoluminescence data puts the date at 50-60 000 years.
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Question 34 (b)

Criteria Marks
» Demonstrates an understanding of polymorphism using TWO examples
» Explains the evolutionary significance of polymorphism in relation to the 4
examples

» Describes TWO examples of polymorphism
» Describes an evolutionary advantage of an example

» Identifies TWO examples of polymorphism and identifies an evolutionary
advantage of each

OR 2

» Describes ONE example of polymorphism and describes an evolutionary
advantage

* Provides some relevant information 1

Sample answer:

Polymorphism refers to a discrete variation (genetic) in a population living in a particular
environment.

Humans can possess one of three types of haemoglobin (Hb) -HbA, HbS, or HbA+S. In
malarial regions, having HbA+S is a survival advantage as it offers greater resistance to
malaria. This results in higher rates of sickle cell alleles HbA+S in these populations.

Lactose-tolerance and lactose intolerance is another example of polymorphism. In
populations where the diet might consist of high levels of dairy foods, having the lactose-
tolerance allele would be an advantage as it allows for these foods to be consumed without
suffering symptoms, providing a survival advantage.

The significance of both examples is that gene frequencies are changed as a result of
environmental pressures.

Question 34 (c) (i)

Criteria Marks
» Describes a trend from each graph 2
* Provides some relevant information 1

Sample answer:

There has been a slight upward trend in body weight over three million years with a bigger
range of body weights in Australopithecus compared to H.sapiens. Brain capacity has
increased much more rapidly and especially in the last 1 million years, with H.habilis having a
1000 mL capacity compared to the 1500-2000 mL capacity in H.sapiens
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Question 34 (c) (ii)

Criteria Marks
» States a conclusion about the relationships between the data and
) . , L . 3
provides points for and/or against the validity of the conclusion
» States a conclusion about the relationships between the data 5
» Provides a point for/or against the validity of the conclusion
» Provides some relevant information 1

Sample answer:

A conclusion could be that brain volume has increased rapidly in the last million years while
body weight has remained relatively constant. This conclusion is valid as it is supported by
the data as body weight 1 mya was around 60 kgs as it is now, while brain volume has
increased from 1000 mL to 2000 mL. However, the conclusion is not valid as it is not clear if
the body weight and brain volume are from the same individuals as the points on the graph

do not match up.

Question 34 (d)

Criteria

Marks

» Constructs a correct dichotomous key that demonstrates a logical
sequence of steps that can be used to classify and distinguish the four
groups using appropriate criteria

» Constructs a dichotomous key that demonstrates a clear sequence of
steps that can be used to classify most groups using appropriate criteria

» Constructs a dichotomous key using some appropriate distinguishing
features

» Attempts to construct a dichotomous key using some relevant
distinguishing features

OR
» Provides some distinguishing features of the groups

* Provides some relevant information

Sample answer:

1a  Moist rhinarium Prosimians

1b  No moist rhinarium Goto 2

2a  Nostrils wide apart/face out New-world monkeys
2b  Nostrils close/face down Goto3

3a  Brachiate or knuckle-walk Apes

3b  Quadrupedal Old-world monkeys
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Question 34 (e)

Criteria Marks
» Provides a justification through analysis of changing models of human
evolution
» Relates work of ONE named scientist to changing models 7

» Relates advances in technology to changing models
» Demonstrates coherence and logical progression of ideas

» Provides a sound analysis of changing models of human evolution
» Relates work of ONE named scientist to changing models 6
» Relates advances in technology to changing models

» Demonstrates an understanding of human evolution

» Relates examples of scientist(s) and technology to our knowledge/models 4-5
of human evolution

« Outlines the work of a scientist in relation to human evolution
AND/OR 2-3
* Outlines an advance in a technology in relation to human evolution

* Provides some relevant information 1

Sample answer:

One scientist whose work has been significant in helping show possible pathways of human
evolution is Raymond Dart who worked on a fossil skull (the Taung child) in the 1920s. By
identifying both ape-like features (tooth size and cranial capacity) and human-like features
(position of foramen magnum suggesting upright, bipedal posture), this led to the idea that
this new species — Australopithecus afarensis — could be an intermediate species, showing
an evolutionary link between apes and humans. It also challenged the prevailing evolutionary
view at the time — that intelligence developed in apes who then later walked upright.
A.afarensis appears to have walked upright while increased intelligence came later.

Technological advances have allowed scientists to access more information to help
understand human evolution. The use of mitochondrial DNA (mtDNA) as a molecular clock
has been important in providing scientists with information about relationships between
humans and other related species such as the Neanderthals. The technology is based on the
idea that DNA mutates at a relatively constant rate and so by comparing differences in
mtDNA it is possible to establish similarities and differences between species. The greater
the similarity the more closely related the species are. This technology has revealed that
Neanderthals and modern humans did not interbreed, as was previously believed by many
scientists, but co-existed until Neanderthals became extinct.

DNA-DNA Hybridisation is a technique where the double-stranded DNA from different
species is heated to separate the strands and the single strands then recombine as the
temperature is lowered. The amount of recombining can be measured as a percentage — the
greater the amount of recombination, the greater the similarity in the DNA, suggesting a
closer evolutionary relationship. Recombination levels of 96% or more are usual in
organisms from the same species. Data for chimpanzees shows a 97.6% similarity with
human DNA which would suggest that chimpanzees, which are currently placed in a different
genus to humans, may be incorrectly classified and are much more closely related to
humans in evolution than their classification might indicate. Future classification systems
might need to be changed to reflect this data.

The information above shows that models of human evolution and classification have been
constantly undergoing change as new information comes to light. These changes will
continue to occur to accommodate new discoveries, both through new technologies and as
more fossil discoveries are made.
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Question 35 (a) (i)

Criteria Marks
» ldentifies TWO relevant isotopes 2
» |dentifies a relevant isotope 1
Sample answer:
Carbon 14 ('#C), Oxygen 18 ('80)
Question 35 (a) (ii)

Criteria Marks
» Describes the location and main structural features of thylakoids 2
» Provides TWO features of thylakoids 1

Sample answer:

Thylakoids are located inside chloroplasts arranged in layers called grana. Thylakoids are
flattened hollow disks made up of membranes that have chlorophyll dissolved in the lipid
bilayers.

Question 35 (b)

Criteria Marks

» Describes the functions of photosystems | and |l
» Describes a difference in the functions 4
» Relates functions to light-independent reactions

» Outlines functions of photosystems | and I
» Outlines a difference in functions of photosystems | and |l 3
» Attempts to relate functions to light-independent reactions

» Outlines functions of photosystems | and 1|
OR 2
» Outlines a difference in functions of photosystems | and |l

* Provides relevant information 1

Sample answer:

Photosystem Il traps light energy to cause the oxidation of water (photolysis results in
electrons, protons and oxygen). As electrons are excited and then passed down the electron
transport chain this provides the energy for pumping protons into thylakoid disk spaces and
the synthesis of ATP through chemiosmosis.

The electrons are passed to photosystem | where they are raised to a much higher energy
level by the absorption of light. Photosystem | generates a strong reducing agent, reducing
NADP+ to NADPH.

The function of photosystem Il is to provide electrons and trap energy to generate ATP while
photosystem | is responsible for producing NADPH that transports electrons to the Calvin
cycle. Both ATP and NADPH are essential for the Calvin cycle and therefore both PSI and
PSII are needed.
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Question 35 (c) (i)

Criteria Marks
» Outlines a suitable method for measuring the rate of photosynthesis 2
* Provides some relevant information 1

Sample answer:

Oxygen produced by photosynthesis in pondweed can be collected and measured. The rate
can be determined by measuring the amount of oxygen produced in a period of time.

Question 35 (c) (ii)

Criteria Marks
» Analyses the data to draw suitable conclusions about the effect of light,
temperature and CO, concentration on the rate of photosynthesis shown
in the data 3
» Justifies conclusions using data from the graph
» Analyses the data to draw two suitable conclusions about the effect of
light, temperature or CO, concentration on the rate of photosynthesis
» Refers to data from the graph 5
OR
» Analyses the data to draw suitable conclusions about the effect of light,
temperature and CO, concentration on the rate of photosynthesis
» Provides some relevant information 1

Sample answer:

As light intensity increases so does the rate of photosynthesis until a maximum rate is
reached and a stable rate/plateau follows after which increasing light does not increase the
rate of photosynthesis. This general trend still occurs when CO,, or temperature are

increased.

Increasing the temperature from 15°C to 25°C results in an increase in the rate of
photosynthesis at all light intensities. The plateau is reached at a similar light intensity for
both temperatures.

Increasing CO,, concentration from 0.04 to 0.4% increases the rate of photosynthesis

dramatically and it is higher at all light intensities. A plateau, indicating the maximum rate, is
still reached, however, this occurs at much higher light intensities. The increased CO,, has a

much larger effect than the increase in temperature shown.
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Question 35 (d)

Criteria Marks

» Constructs a flow chart that includes a cycle
* Includes main steps, intermediates and relationship between ATP and

NADPH 5
» Products include regeneration of carbon dioxide acceptor and

carbohydrate
» Constructs a clear flow chart
* Provides key processes and products 4
* Includes reference to ATP and NADPH
» Constructs a suitable flow chart that includes three relevant features 3
» Provides two features of light-independent reactions 2

* Provides relevant information

Sample answer:

Co,
Carbon dioxide acceptor Phosphoglycerate ATP
(RUBP) NADPH
ADP
NADP+
Glyceraldehyde
phosphate
Glucose
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Question 35 (e)

Criteria Marks

» Demonstrates an understanding of the provisional nature of science

» Demonstrates a thorough understanding of the historical progression of
theories about photosynthesis

» Provides suitable examples, including evidence provided by the work of
Engelmann

» Relates progression of ideas of photosynthesis to the development of
new technologies/methods and evidence

» Demonstrates coherence and logical progression of ideas

» Demonstrates an understanding of the provisional nature of science

» Demonstrates an understanding of the historical progression of theories
about photosynthesis

» Provides suitable examples, including evidence provided by the work of 6
Engelmann

» Relates progression of ideas of photosynthesis to the development of
new technologies/methods and evidence

» Demonstrates an understanding of changing theories about
photosynthesis

* Provides suitable examples, including some evidence provided by the
work of Engelmann

» Relates progression of ideas of photosynthesis to the development of
new technologies/methods and evidence

» Demonstrates an understanding of changing theories about
photosynthesis

* Provides suitable examples, including some evidence provided by the
work of a specific scientist

» Links progression of ideas of photosynthesis to the development of new
technologies/methods and evidence

» Describes some aspects of the historical progression of our theories
about photosynthesis 3

» Outlines the work/evidence produced by a relevant scientist/technology

» Outlines some aspects of the development of theories about
photosynthesis

* Provides relevant information 1

Sample answer:

Scientific explanations are provisional in nature; they are based on current evidence and
accepted for a time but may be changed as new evidence becomes available. New evidence
often arises as a result of new methods and technologies.

Early evidence for photosynthesis gathered by von Helmut showed that soil was not primarily
responsible for a plant’s mass change as it grows. Later observations by Hale showed
changes in the air when plants were grown in a closed environment. Priestly then provided
specific evidence that plants ‘restore air’ when growing them in enclosed environments for a
few weeks as a candle was able to be relit. This theory was refined by Ingen-Housz in the
late 19th century when performed over controlled experiments with plants to demonstrate
that the ‘purification of air’ (photosynthesis) took only hours, not days and required the
presence of both light and green parts of plants. This refined the theory significantly.
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The development of high quality microscopes in the 19th century led to new evidence about
which specific organelles and what type of light were involved in photosynthesis. Engelman
used a specially modified microscope to shine light of different wavelengths onto Spirogyra
and then observed the growth of aerobic bacteria. He was able to demonstrate that the
bacteria grew best near the chloroplast in the presence of red or blue light (due to oxygen
being produced there). This led to the modification of photosynthetic theory in terms of which
wavelengths of light were involved and also showed that chloroplasts were responsible for
photosynthesis.

In the 20th century the capacity to use and trace radioisotopes allowed for experiments that
gathered much new evidence about the process of photosynthesis. This included the work of
Ruben that confirmed that the source of oxygen produced by photosynthesis was water and
that radioactive carbon could be used to track chemical transformations of CO,. This led to

Calvin’s experiments using his ‘lollipop’ apparatus and chromatography that resulted in
evidence for the steps involved in the light-independent reactions, now known as the Calvin
Cycle.

The history of our understanding of photosynthesis clearly demonstrates that scientific
theories are provisional in nature and constantly challenged and modified as new evidence
becomes available.
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