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Introduction:

This paper tested the knowledge, understanding and application of
material from Topic 3: Voice of the Genome and Topic 4: Biodiversity
and Natural Resources.

The range of questions provided opportunity for candidates to
demonstrate their grasp of these topics and apply their knowledge to
unfamiliar contexts.

The questions on this paper yielded a wide range of responses and some
very good answers were seen. The paper appears to have worked very
well with all questions achieving the full range of marks available. There
were some straightforward questions that were answered well in the
majority of cases and some more challenging questions that
discriminated well. Candidates in this year have shown a greater
appreciation for the need to address the context of the question instead
of producing generic responses, however a small number of candidates
were applying their generally extensive knowledge to the wrong context,
which shows they were not reading the question fully.

Questions that required recall of factual information were generally well
answered, as were the majority of the calculation questions, however a
number of candidates were not precise in using the correct terminology
and therefore lost marks.

Candidates still struggled with interpreting data from various graphs and
tables, with many candidates losing marks for simply stating data,
instead of manipulating the data. Furthermore, graph drawing was a
skill that many candidates still lost marks on, emphasising the need for
further practice on scientific drawings, drawing tables and graphs.

This year saw many more candidates than usual opt for using extra
paper. It should be noted that candidates can and should write on any of
the blank spaces around their answers, as all of that space is scanned
and visible to examiners. Candidates are encouraged to be more concise
and precise with their answers to extended writing questions, as those
who wrote on extra paper did not necessarily achieve more of the
marking points.

Candidates are encouraged to not cross out any answers unless they
can replace them with a better answer. This year has also seen a few
correct points being crossed out. For extended writing responses
involving the design of an experimental procedure, candidates are
advised to number their steps to allow a clearer order of events to be
more easily and logically sequenced.



Question 1ai

This question appeared to be unexpectedly challenging to many
candidates, with the majority failing to identify the organelle as a
chloroplast. Most candidates achived one mark for stating that
prokaryotic cells do not have membrane-bound organelles. The first
example below shows a 2 mark answer that identifies the organelle as
membrane-bound, and stating that prokaryotic cells do not have
membrane-bound organelles.

However, a high humber of candidates lost both marks for identifying
the organelle as a nucleus and then continuing along this line, stating
that prokaryotic cells do not store their DNA in the nucleus, but in the
cytoplasm. The second example shows such a response, which received
0 marks.

(i) This organelle is not found in prgk_agygtigcells.
Explain why this type of organelle is present only in eukaryotic cells and not
in prokaryotic cells.
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(i) This organelle is not found in prokaryotic cells.

Explain why this type of organelle is present only in eukaryotic cells and not
in prokaryotic cells.
(2)
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Question 1aii

This question required candidates to measure the image size and to use
the magnification equation to calculate the actual size of the image,
giving their final answer in micrometres. The majority of candidates
scored both marks, however many candidates lost a mark for incorrectly
converting the millimetres to micrometres, often as a consequence of
measuring in centimetre and not millimetres.



Question 1bi

This multiple choice question was well answered by candidates. Most
were able to identify the structures in the electron micrograph and
correctly selected option C.

Question 1bii

This multiple choice question was also very well answered. A few more
incorrect responses than 1bi, with B being the most common incorrect
response.

Question 2a

This multiple choice question was well answered by candidates, who
showed a good understanding of the word ‘endemic’ and the vast
majority selected option B. A small proportion selected other options,
with option D being the most common incorrect answer.

Question 2bi

Candidates performed well on this multiple choice question, showing a
good understanding of adaptations. The vast majority selected the
correct answer of C.

Question 2bii

This 5 mark question asked candidates to apply their knowledge of the
process of natural selection to an unfamiliar organism. Overall,
candidates performed well on this question, with most gaining at least 3
marks. The first example shows a 4 mark response, where the candidate
gained credit for mentioning genetic variation, and for stating that
individuals with the advantageous characteristics were more likely to
survive and reproduce and pass on those alleles to offspring, leading to
a change in allele frequency. The candidate missed a mark for not giving
a relevant example of the adaptation, or mentioning an example of a
selection pressure.



(i) The Pyrenean desman is thought to have evolved from a land-living animal
similar to a mole.

Explain how the Pyrenean desman could have evolved by natural selection

from a land-living animal similar to a mole.
(5)
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Candidates mainly failed to get marking point 1 due to not including the
word ‘genetic’ when describing variation. Others mentioned mutations,

but did not link this to new alleles being formed or to genetic variation,

and therefore missed out on that mark. An example of this is shown in

the answer below, which was awarded 3 marks.

(i) The Pyrenean desman is thought to have evolved from a land-living animal
similar to a mole.

Explain how the Pyrenean desman could have evolved by natural selection
from a land-living animal similar to a mole.
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The example below shows a good, 5 mark response.
(i) The Pyrenean desman is thought to have evolved from a land-living animal
similar to a mole,

Explain how the Pyrenean desman could have evolved by natural selection
from a land-living animal similar to a mole.
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Question 3a

This question was not well answered by the majority of candidates, with
many simply stating that organs are a group of tissues, without
specifying that they are made of different tissues, and therefore losing
the mark.

Question 3bi

This multiple choice question was answered well by candidates, although
a small proportion thought that only xylem contains lignin, with a
surprising number of candidates also selecting option A.

Question 3bii

Candidates performed well on this question, with many being awarded 3
or 4 marks. The first example below shows a good 4 mark response for
correctly linking the structure of xylem to its function.



(i) Explain how the features of xylem vessels are related to its functions.
(4)

shudwd
Yyl vossels. ore. 0600 hellro,, ol idnich  underwent  outtlyss eMuen Yar @theals

ul M\y & cll el
ot the  xylom ore digied by eazymes ,Liawing bohiad o halaw coll sk as ns

W wm&ma ook colls to e oer s & plent. The sylam
vesds_Gbe Lowa. lignia depoiated aa deenr call wallry vauderprichg i b preseat
The Ml Gesodiy e ok ouk alo incesting e sheeagi o fe dylim eashhy

Howuoo. s gers. o mx,muum oot \oten . hgnihed  ond ore coMed
P ancele e Moo ot ok nby oM Gl ead béksens yessels. Tha

ool wolls o Yao QM8 mains i Mo vendl e ase Wby pestocared by

e Hax powt ahes foe  ead. wm«%ﬁw gone anablny Hut dnnlenuglad
How o cigher,

Many candidates lost MP3 for simply stating that the xylem is lignified
but failing to specify that the lignin is in the xylem walls. Other
candidates wrote about the xylem being made up of dead cells and
providing descriptions of this, which gained no credit - the important
feature being the lack of cytoplasm. The example below shows a 2 mark
response where the candidate has made both of these mistakes.

@ Explain how the features of xylem vessels are related to its functions.
(4)
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Question 3c

This question was well answered by candidates, with the majority
gaining full marks. A significant proportion of candidates wrote about
leaves being biodegradable, not filling up landfill sites which did not gain
any credit in the context of sustainability. Furthermore, some candidates
went into detail about oil-based platics leading to global warming and
climate change, which was not the context of the question.

Question 4a

Most candidates achieved MP2 and recognised that members of the
same species interbreed to produce fertile offspring, but many
candidates did not appreciate that members of the same species also
have similar characteristics, and therefore did not achieve MP1. It
should also be noted that a few responses included the word
inbreeding instead of interbreeding, and therefore lost MP2.

Question 4bi

This question was overall well answered by candidates, with many
recognising that species richness is the number of different species in an
area, and that a higher species richness would indicate a higher
biodiversity. The example below shows such a 2 mark answer.
(b) The biodiversity of habitats can be measured and compared.
() One measure of biodiversity is species richness.
Describe how species richness can be used to compare the biodiversity of

two habitats.
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Very few candidates appreciated the need to count the number of
species in the same sized area of the two habitats, and therefore MP2
was rarely awarded.

Question 4bii

This calculation question assessed whether candidates can interpret and
use the index of biodiversity equation. Most candidates scored both
marks for the correct answer of 5.94. The most common mistakes were
candidates ignoring the Z sign and therefore calculating the incorrect
denominator, or failing to round their answer to 2 decimal places as
instructed.



Question 4biii

Generally, candidates did not perform well on this question, with many
answers lacking in detail. Many were unable to distinguish between the
information that index of diversity provides and how it differs from
species richness, with many candidates gaining 1 mark for stating that
index of diversity takes into account species evenness or abundance.
Many candidates lost MP1 for failing to be specific about why species
richness is limited, and some candidates lost marks for implying that
population refers to members of multiple species. The first example
below shows a response that gained no marks for lack of detail.

(iii) Explain why an index of diversity is more useful than species richness for
determining biodiversity.
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(iii) Explain why an index of diversity is more useful than species richness for
determining biodiversity.

(2)
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The second example above shows a response that gained 1 mark for
mentioning that index of difersity includes the proportion of individuals.

Question 5ai

This question proved challenging for candidates, with many struggling to
express in words what is meant by the term ‘continuous variation’. Most
candidates gained 1 mark for mentioning a good example of continuous
variation, with height being the most common. A significant proportion
of candidates wrote about continuous variation being caused by multiple
genes or being a combination of genetics and the environment, which
gained no credit.



Question S5aii

This question discriminated well between candidates, with many gaining
1 or 2 marks for mentioning multiple genes being involved from
different loci. Only a small nhumber of candidates went on to describe
how these multiple genes each have a small effect on the phenotype,
and even fewer stated that the effects are cumulative, so MP3 and MP4
were rarely seen. MP5 was more frequently awarded, with some gaining
credit for being specific about the different shades of eye colour being
caused by polygenic inheritance. Once again, candidates gained no
credit for mentioning the effects of the environment. Some candidates
used the word ‘alleles’ instead of genes. The first example below shows
a 2 mark response where the candidate gained MP1 and MP2, however
even though they mentioned eye colour, the lack of specificity meant
that MP5 could not be awarded. The second example shows a better, 3
mark response from a candidate.

(i) Explain how polygenic inheritance can give rise to continuous variation in
characteristics such as eye colour in humans.
(4)
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(i) Explain how polygenic inheritance can give rise to continuous variation in
characteristics such as eye colour in humans.
(4)
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Question 5b

This question discriminated well between candidates. Most candidates
were awarded MP1, though some had difficulties articulating this point.
Many candidates were also awarded MP5 for correctly interpreting the
data and stating that 58% of dogs had normal hip joints. The next most
commonly awarded marking point was MP2, especially in answers that
already had MP1. The first example shows a 2 mark answer that
includes MP1 and MP2. However, only the highest scoring candidates
were able to identify the recessive nature of the alleles, or that the
severity of the disorder is linked to the number of alleles present. A
small number of candidates included 42% in their data, but could not be
awarded MP4 because they did not link this to the commonality of the
allele in the gene pool. Few candidates gained full 4 marks for this
question. A 3 mark response is shown as the second example below.

Identify the evidence that canine hip dysplasia is a polygenic condition and not
one caused by environmental factors.

Use the information provided and your own knowledge to answer the question.
(4)
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Identify the evidence that canine hip dysplasia is a polygenic condition and not
one caused by environmental factors,

Use the information provided and your own knowledge to answer the question.
(4)
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Question 6ai

Most candidates were awarded the mark to this multiple choice
question, with A being the most common incorrect answer.

Question 6aii

Many candidates were awarded the mark here, but a small proportion
chose B instead of C, which showed some candidates had difficulties
interpreting the question or applying their knowledge of gene expression
to an unfamiliar context.



Question 6bi

This question proved deceptively difficult for candidates, as the options
had similar wording. This caught some candidates out, with all three
incorrect options seen.

Question 6bii

This question produced a range of responses from candidates, proving
challenging to many. Many candidates could not be awarded MP1
because they mentioned the armadillos being genetically identical, which
was already mentioned in the question stem, and therefore could gain
no credit. Most candidates only achieved 1 mark, with MP2 being far
more common than MP1. A small number of responses mentioned ethics
or the idea of armadillos being similar to humans, which were not
relevant comments.

Question 6¢

This question about the effects of DNA methylation on gene expression
was answered very well, with most candidates scoring at least 2 marks.
Most candidates showed a good understanding of DNA methylation and
its effects on deactivating a gene. The first example shows a good 3
mark response.

(c) Epigenetic factors, such as DNA methylation, can affect the phenotype of
an organism.

Explain how DNA methylation can affect the activation of a gene.
(3)
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Some responses lost marks due to candidares being unsure as to
whether DNA methylation activates or deactivates a gene. Other
responses lacked detail, with some candidates failing to mention where
the methyl groups attach, or which molecule is prevented from attaching
to the DNA/promoter. The least seen marking point was MP2, which
showed candidates were still unsure as to how methylation changes the

DNA arrangement around the histone proteins. The second example
below shows a 1 mark response, where only MP1 could be awarded.



(c) Epigenetic factors, such as DNA methylation, can affect the phenotype of
an organism.

Explain how DNA methylation can affect the activation of a gene.
R . (3)
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Question 6di

This question proved more difficult than intended, with very few
candidates achieving full marks. MP1 was awarded most often, showing
that candidates understood the data and the experiment, with fewer
scoring MP2 for correctly deducing that methyl groups must have
deactivated the agouti gene, resulting in offspring with brown fur. A high
number of candidates did not score MP2, or more than 1 mark, because
they referred to the brown gene being activated or deactivated. It was
clearly stated in the question that the brown gene is always switched on,
therefore candidates must appreciate the details within the experiment
and must ensure that they carefully read all parts of the question to
avoid losing marks unneccesarily. The example below shows a 1 mark
response, which contained the aforementioned misconceptions.

() Deduce the effect of methyl groups in the diet on the features of the offspring
of these mice.
(3)
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Some candidates were able to deduce the effects of the methylation of
the agouti gene on the health of the mice. Some attempts were made
and candidates did suggest that methyl groups affect the health, but the
mark was not awarded for omitting to state that it is the methylation of

the agouti gene that affects health. The example below shows a good 3
mark response.

(i) Deduce the effect of methyl groups in the diet on the features of the offspring
of these mice.

(3)
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Question 6dii

Overall candidates found this question conceptually difficult, although it
was assessing an aspect of the specification. The most frequent mark
awarded was for MP2, with MP1 rarely being awarded. This showed
candidates did not take into account the fact they had been previously
informed that the mothers all had the same starting phenotype, and
therefore the only change was the diet they were being fed. The
example below shows a response which was awarded MP1.

(i) Epigenetic changes to the DNA of the offspring happen during their
development inside the mather.

Explain how the results of this investigation support this statement.
(2)
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Question 7a

This question produced good responses from most candidates, with
many being awarded full marks. Candidates mainly lost MP2, for
suggesting that mitochondria ‘produce energy’ rather than ‘produce ATP’
or ‘release energy’. MP3 was not awarded to some candidates for failing
to specify that enzymes from the acrosome break down the zona
pellucida. A 3 mark response is shown below. Ideally, candidates should
refer to the energy being used to move the flagellum.

(a) Describe how the structure of the sperm cell allows it to reach the surface
membrane of an egg cell.
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Question 7b

The investigation, coupled with the graph, was not well understood by
candidates. This was evident with many candidates second guessing
themselves, many wrote the correct conclusion only to cross it out and
replace it with an incorrect deduction. The majority of candidates
scored MP2, for correctly identifying that the drug increases the number
of sperm cells with fully reacted acrosomes, but assumed that would
increase fertility and not decrease it as they interpreted the data
incorrectly, not realising that if the acrosome had already reacted there
would be no enzyme to break down the zona pellucida, hence
decreasing fertility. This misunderstanding prevented candidates from
achieving some of the marks.

Below is a 2 mark example that was awarded MP2 and MP3, but
contained the common misconception concerning fertility.
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The example below shows one of the few instances where a candidate
has understood the effect of sildenafil on sperm cells, and therefore
scored 3 marks.

Deduce how siidenafil could affect fertility.
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Question Zci

(3

This question required candidates to draw a suitable graph on the grid
provided, plotting data from a table. Selecting the correct graph for the
data, drawing suitable, linear scales, including correct labels with units,
having correct lines drawn and including labels, continues to be a
challenging combination of skills for candidates to master. A surprisingly
small proportion of candidates were awarded the full 4 marks for the
correct line graph, and an example is shown below.
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Many candidates were capped at a maximum of 3 marks because they
chose to draw a bar graph instead, despite being provided with
numerical data best displayed in a line graph. This prevented them from
achieving the mark for linear scales. An example is shown below.
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Other mistakes included incorrect scales, or labels without units. The
example below shows a graph that lost a mark due to an incorrectly
labelled x axis.
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Question Zcii

This question produced a wide range of responses, with many
candidates being awarded 1 or 2 marks. MP2 and MP4 were by far the
most frequent marks awarded, showing that most candidates were able
to compare the results with the control and provide a link to the function
of the mitochondria. Fewer candidates were then able to link the
function of the mitochondria to an improved function of the flagellum
leading to a higher velocity. It should be noted that candidates must be
specific when interpreting data, and they should give specific values
rather than generic responses. MP1 was a straightforward mark that
could not always be given for this very reason, with many candidates
suggesting that sildenafil increased velocity of sperm cells, without
referring to the relevant time range - from 0 to 30 minutes. The
example below shows a concise, 4 mark response that achieved what
most failed, in discussing the results of the investigation in relation to
mitochondrial function.



(i) It has been stated that sildenafil improves the functioning of mitochondria.

Discuss how these results support this statement.
with Sdenak) (4)
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Question 8ai

This question was very well answered by candidates, with many scoring
full marks for correctly identifying germination and microbial growh as
being stopped by the drying of seeds. MP1 was rarely mentioned, but
MP2 and MP3 were very common. A small number of candidates made
generic references, such as drying prevents seed growth rather than
germination.

Question 8aii

This question assessed the effect of temperature on bacteria and many
responses gained credit for the basic point that increasing temperature
increases bacterial growth. MP4 was slightly less common, with few
relating enzyme acitivty to kinetic energy, with more picking up on the
denaturation of enzymes at high temperatures for MP5. A surprising
number of candidates thought that enzymes denature at low
temperatures and therefore gained no credit. A worrying number of
responses did not even refer to enzyme activity, with many stating that
bacteria denature or that bacteria themselves gain more kinetic energy,
rather than enzymes and substrates. The first example shows a 1 mark
response while the second example shows a 3 mark response.



(i) The seeds of many plants are stored at very low temperatures.
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Explain the effect of temperature on bacterial growth,
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(i) The seeds of many plants are stored at very low temperatures,
Explain the effect of temperature on bacterial growth.
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Question 8b

This question produced a wide range of responses, but generally it was
well answered, with the modal mark being 2. Most candidates
recognised that the leaves had the highest antimicrobial properties due
to having the largest zone of inhibition. Those responses that were not
awarded the first 2 marks had MP2 but did not link it to the antimicrobial
properties or they had MP1, but did not phrase correctly the idea of the
largest zone of inhibition. The example shown below is a typical 2 mark
response, where MP1 and MP2 were both awarded.



Comment on the antimicrobial properties of the parts of the coffee plant tested.
(3)
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A significant number of candidates spotted that there was no significant

difference between the fruit and the seeds, because their ranges
overlapped. Below is an example of a 3 mark response.

Comment on the antimicrobial properties of the parts of the coffee plant tested.
(3)
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Question 8c

This question asked candidates to design an investigation to measure
the impact of the storage time for coffee seeds on their antimicrobial
properties. The candidates had to include a valid method, describing in
detail how the independent variable should be changed, how the
dependent variable would be measured and standardised, and how
controlled variables would be kept constant.

This 6 mark question discriminated well between candidates, with a
range of responses from Level 1 to Level 3. The majority of responses
were Level 1 and Level 2 in almost equal proportions. However many




were unable to reach a Level 3 response due to a lack in detail regarding
the preparation of an extract from the seeds (many putting whole seeds
on the agar), or how to use aseptic techniques when handling bacterial
cultures. Those responses that were awarded Level 3, were, for the
most part, given 5 marks and not 6. Some responses were lacking in
detail regarding how the variables should be changed, measured or
controlled. Many candidates simply stated variables, without giving
detail on how these variables are manipulated (techniques,
measurements, equipment).

The example below shows a Level 1, 2 mark response. The reason this
response was awarded Level 1 is that it lacked sufficient detail of the
method, but it included points about the variables, especially around
measuring the antimicrobial properties.
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The responses that were awarded Level 2, had a good level of detail on
either the preparation of the extract or demonstrated a sound
understanding of aseptic techniques in order to inoculate bacteria on the
agar plates. Their method had a few missing details, such as valid
comparisons and details on the zones of inhibition, but overall the
method could potentially lead to valid outcomes. The examples below
show two Level 2 responses. The first was awarded 4 marks, and the
second was awarded 3 marks.




Devise an investigation to determine the effect of storage time on the
antimicrobial properties of coffee seeds stored in a seed bank.
(6)
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Devise an investigation to determine the effect of storage time on the
antimicrobial properties of coffee seeds stored in a seed bank. o
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The highest scoring candidates were able to access Level 3 by
demonstrating a wide array of knowledge regarding the preparation of
the extract and placing it on a paper disc, the inoculation of bacteria
onto the agar jelly (many referred to either agar or bacteria and not
both), with detailed presentation of how aseptic techniques would
prevent contamination of the agar plates, as well as further details on
how validity of results would be assured, such as using statistical tests.
Almost no candidates mentioned statistical tests, which would be very
useful in an investigation such as this. Below is a Level 3 answer that
was awarded 5 marks.



Devise an investigation to determine the effect of storage time on the
antimicrobial properties of coffee seeds stored in a seed bank.
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