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Introduction: 

 

This paper tested the knowledge, understanding and application of 

material from the topics ‘Cell structure, Reproduction and Development’ 

and ‘Plant Structure and Function, Biodiversity and Conservation. 

 

The range of questions provided ample opportunity for students to 

demonstrate their grasp of these topics and apply their knowledge to 

novel 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 spread of marks.  

  



 

Question 1 

 

(a) This question required students to draw and label a chloroplast, 

amyloplast and a tonoplast onto the supplied diagram of a plant cell. The 

students were assessed on the location, relative size and labelling of these 

three structures. 

 

A small number of students did not attempt this question and went straight 

onto part (b). Students need to read given information carefully to ensure 

they do not miss out questions without answer lines. 

 

Nearly all students knew that an amyloplast and a chloroplast would be 

smaller than the nucleus and that the tonoplast would be larger than the 

nucleus. A minority of students did not know either the amyloplast or 

tonoplast relative size to the given nucleus. 

 

Most students knew that the amyloplast and chloroplast would be found in 

the cytoplasm of the plant cell, however a small number of responses were 

seen which had structures drawn in the nucleus, vacuole or outside the cell 

membrane. 

 

Students need to be careful with their label lines to ensure they touch the 

structures that they are labelling. Some label lines ended up labelling the 

cytoplasm or the inside of the vacuole and were therefore not creditworthy. 

This response did not gain the tonoplast mark as they had labelled the 

vacuole. Although the chloroplast and amyloplast were of a suitable size they 

were in the wrong location: 



 

 
 

 

 

 

This is an example of a response which gained full marks 

 

 

 
 

 



 

 (b) This question gave the students a photograph of a Golgi apparatus taken 

using an electron microscope. 

 

Students were expected to identify the organelle from the photograph and 

state its function. 

 

Most candidates were able to identify the organelle and give a correct 

function. The most common answer was that it modifies proteins before 

packaging them. 

 

A small number of students misidentified the organelle as either rough or 

smooth endoplasmic reticulum. 

 

(c) These four multiple choice questions tested students’ knowledge of the 

three domains and were generally answered well by students. 

 

  



 

Question 2 

 

(a) This question gave students a photograph of xylem vessels that had been 

stained. The rings of lignin were clearly visible on the photograph. Students 

needed to use this to identify that staining helped to identify structures within 

the specimen. Identification of the ‘specimen’ through staining was not credit 

worthy. 

 

It was pleasing to see that students knew that DNA/chromosomes and 

organelles would be able to be identified more clearly if they were stained, 

as shown in this response: 

 

 
 

(b) Students were asked to explain how the arrangement of cellulose 

molecules and secondary thickening in xylem vessels contributes to the 

physical properties of the cell wall. 

 

This question was a very good differentiator, and the full range of marks was 

seen.  

 

It was clear that many had learned the structure of a cell wall thoroughly and 

many good descriptions were seen. However, students needed to take 

careful note of the command word ‘explain’ in order to gain marks. 

 

Most students could link one aspect of marking point 3 to the property of 

strength. A significant number of responses also gained marking points 1 and 

2 for describing the different orientations of the cellulose microfibril layers. 

Some students explained why xylem vessel cell walls were impermeable to 

water. 

 

The most detailed responses picked up on the rings of lignin in the 

photograph or described the role of pectate as shown in this 4-mark 

response: 



 

 
 

 

 

 

 

  



 

Question 3 

 

(a) This question asked students to use the given formula and diameter to 

calculate the volume of the liposome. The students were expected to give 

their answer in standard from. 

 

It was clear to see an improvement to past exam series in the number of 

students who took careful note of the requirement to give their answer in 

standard form.  

 

The most common mistakes made by students were to not take note of the 

standard form requirement, to insert the diameter into the equation or giving 

their answer to too many decimal places compared to the given data.  

This response calculated the volume correctly to gain one mark: 

 

 
 

 

This response was awarded two marks and demonstrates clear working and 

good exam technique by the student: 



 

 
 

(b) This question asked students to compare and contrast the structures of 

pre-mRNA and active mRNA. 

 

It was disappointing that significant numbers of students did not take notice 

of the command ‘compare and contrast’. Answers which gave a paragraph of 

information about pre-mRNA formation, structure or function followed by a 

paragraph of information about active RNA were not creditworthy. 

 

A compare and contrast question requires both similarities and differences. 

Therefore, full marks could only be awarded if the answer contained both 

similarities and differences. More candidates identified differences than 

similarities. 

 

Centres are advised to teach students the importance of comparative 

language in these types of questions, for example the use of the conjunctives 

‘whereas’ or ‘but’. 

 

The most common similarities given by students were that the two molecules 

were both single-stranded and that they both contain the base uracil. Few 

students made a clear statement that they both contained exons. 

 

The most common difference marking point awarded was marking point 4. A 

number of excellent responses considered the different order of exons in 

active mRNA than pre-mRNA. 

 

This response shows good exam technique by clearly identifying similarities 

and differences in the structure of the two molecules. Here the student 

gained marking points 2,3,4 and 5.  



 

 
 

 

This response also scored full marks and demonstrates how to use 

comparative language in these types of questions: 



 

 
  



 

Question 4 

 

(b)(i) This question asked students to name the stage of mitosis when the 

spindle fibres begin to form. 

 

Most students knew that this would occur in prophase, however a small 

number of students did not take note of the context of mitosis in the 

question. Answers that identified a stage in meiosis were not creditworthy. 

A minority of students though that spindle fibres begin to form in metaphase. 

 

(b)(ii) This question asked students to explain the role of the spindle in 

mitosis. 

 

It was clear to see that students understood the role of the spindle in mitosis 

and many excellent responses were seen which gained marking points 1 and 

2. 

 

Fewer candidates explicitly identified marking point 3, that the spindle would 

result in identical genetic material for the two daughter cells. 

 

(b)(iii) This question asked students to draw a plant cell undergoing cell 

division, after mitosis had just finished. 

 

Unfortunately, similar to Q1(a), there were a number of students who did not 

attempt this question. 

 

It was clear to see that many students understood that at this point in the cell 

cycle, there would be one cell with two nuclei. However, a significant number 

of students did not understand that the cell that they were drawing needed 

to be a plant cell and therefore a cell wall needed to be present. 

 

Students needed to recall that plant cells divide after a cell plate has formed, 

and it was pleasing to see many responses showing a part formed cell plate.  

This is an example of a response which gained full marks: 



 

 
 

(c) This question gave the students a photograph of cells in a root tip. The 

specimen had been stained.  

 

Students needed to describe that they would need to count both the 

numbers of cells in mitosis and the total number of cells visible on the 

photograph.  

 

It was pleasing to see that most students knew how to calculate the mitotic 

index and could give the correct equation. However, some students did not 

describe how they would use the photograph in order to get the numbers of 

cells for the calculation, for example: 



 

  
 

This is an example of a response which gained full marks: 

 

 
  



 

Question 5 

 

(a)(i) This question required students to calculate the magnification of the 

image.  

 

They were told that the bacterium labelled X is 0.5µm in length and it was 

pleasing to see that students recognised that they needed to measure its 

length. 

 

The most common mistake was an incorrect unit conversion, which often 

resulted in an answer which should have alerted the student as to an error 

in their working.  

 

(a)(ii) This question required students to recognise their calculated 

magnification from (i) would not be achievable using a light microscope. 

Most students answered this question correctly. A small number of students 

gained ecf for a correct answer based on their incorrect magnification. 

However, it was surprising that a number of students who had calculated a 

magnification in (i) that would be achievable by a light microscope, gave a 

standard response that a light microscope would not have a high enough 

magnification. This inconsistency should have stimulated the student to 

check their answer to (i). 

 

(b) This question required the application of knowledge of the advantages of 

plant-based products to the given context. One mark was available for a rote-

learned response, and this was the most common mark awarded.  

 

Higher level answers also addressed the advantages of the antimicrobial 

properties of the oregano oil, for example: 



 

  
 

(c)(i) Most students could interpret the provided data correctly to gain the 

mark. 

 

(c)(ii) This question required students to calculate the maximum difference 

in the diameter of the largest and smallest zones of inhibition. 

This required students to recognise the importance of the word ‘maximum’ 

in the question and use both the range and mean data provided in the table. 

Few students did this. 

 

The most common mistake was to calculate the difference between the mean 

data, which was not credit worthy. 

 

(d) This question informed students that three-phase testing can be used to 

check for the safety and effectiveness of these chemicals. 

The students were then asked to describe the roles of phase I and phase II.  

A small number of students repeated the given information about checking 

for safety and effectiveness without giving further detail and gained no credit. 

A significant minority of students gave a standard answer describing three-

phase testing without addressing the context of the question. For example, 

testing on animals / human cells, sample size, double-blind trials and use of 

placebos.  

 

The most commonly awarded mark was for testing for side effects.  

It was clear that many students had seen the paper on the previous series, 

which required students to suggest how a suitable dose for cancer treatment 

would be determined in human trials, as a large number of responses 

included the information about the role in determining the ideal dose. 



 

The highest-level responses explained how the effectiveness of the chemicals 

could be determined, for example this response: 

 

  
  



 

Question 6 

 

(a) This was the first of the level-based questions on the paper. 

 

Students were supplied with both quantitative and qualitative information 

and were expected to use this information, and their own knowledge, to 

support their answer.  

 

Students were expected to analyse the graph and the table of data to help 

them explain why there is such a large variation in the skin colour of the 

offspring produced from this cross. 

 

Most students achieved level one by describing some information from the 

question/table and the graph, for example this response which scored level 

1 and 2 marks:  

 



 

 
 

 

Level two was usually achieved by students building on this to consider some 

of the genetic causes of variation, for example crossing over and 

independent assortment in meiosis. 

 

This response gained a higher level two, four marks as they fulfilled the level 

one criteria and considered how the variation could be caused by crossing 

over and independent assortment: 

 

 
  



 

Level three was usually achieved by students extending their answers to 

consider random fertilisation of gametes and how the 

environment/mutations affect variation in skin colour, for example: 

 

 
 

  



 

(b) This question asked students to suggest two reasons why some 

individuals may have darker skin than others with the same genotype. 

It was clear to see which students had read the question carefully and taken 

note of the words ‘same genotype’. There were a significant number of 

students who did not do this and suggested the difference was down to a 

different genotype which was not creditworthy. 

 

Many students did realise that exposure to sunlight might have been a factor, 

but did not explain whether it was more or less exposure to sunlight that 

would cause a darker skin colour for example: 

 

  
 

Credit worthy suggestions relating to diets interacting with the melanin 

pigment synthesis, mutation, gene expression and skin disease were also 

seen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

This response gained marking points 1 and 2 to gain full marks: 

 

  
 

  



 

Question 7 

 

(a) This question asked students to state what is meant by the term species 

richness. 

 

Many correct definitions were seen, demonstrating students understanding 

of this area of the specification.  

 

This response did not gain the mark as they did not fully define the term: 

 

 
 

Whereas this is an example of a credit worthy response: 

 

 

 
 

(b) This question asked students to explain the advantages of drying seeds 

before storage. 

 

This question was very well answered by the majority of students, 

demonstrating their knowledge of this aspect of the specification. 

 

All marking points seemed to be equally awarded, with students using the 

question total as a guide to how many points should be made. 

 

 

 

 

 

 

 

 



 

(c)(i) This question asked students to recall the heterozygosity index equation 

and many did so correctly. Students who read (ii) carefully may have picked 

up aspects to help their answer.  

 

Some students were confused as to which equation they needed to give. A 

range of equation were seen, including index of diversity and Hardy-

Weinberg. 

 

(c)(ii) This question gave the students the number of individuals in the 

population and the heterozygosity index. 

Students were required to use this data and calculate the number of 

heterozygotes in this population. 

It was clear that many students knew how to rearrange the equation to make 

‘number of heterozygotes’ the subject of the equation. Therefore, they gave 

the correct answer and gained the mark. 

 

  



 

(c)(iii) This was the second of the level-based questions on the paper. 

Students were given pertinent information about the titan arum as well 

as four conservation suggestions. They were expected to use this 

information in their response.  

 

Students seemed to find this question more challenging than Q6(a), although 

there was still a full spread of marks seen. 

 

Students needed to address all four suggestions in order to access the higher 

marks on this question and it was surprising that a high proportion of 

students did not. 

 

The first and fourth suggestions were discussed at a greater depth than the 

others. Many responses were seen that related asexual and sexual 

reproduction to the effect on genetic diversity. Points relating this genetic 

diversity to survival of the individuals were also frequently seen, possibly due 

to the level-based question on the previous series. 

 

Of the four suggestions, the one that was least understood by students was 

creating a studbook for the species. Many students did not know what a 

studbook was, with descriptions of magazines and educational leaflets often 

given. Where the concept of studbooks was understood, the common point 

made was that one would prevent inbreeding. 

 

There was confusion in some answers about storing pollen in a seedbank. 

Some answers referred to seeds instead of pollen which was not credit 

worthy.  Few candidates were able to identify that collecting pollen would 

enable artificial pollination to take place during the short periods of time that 

flowers were open. Where candidates did talk about collecting pollen as an 

option, the most commonly given response related to pollen viability or 

storage costs of this. 

 

The most common way students accessed level one was to make a basic 

comment about the effect of both asexual and sexual reproduction on the 

genetic diversity of the titan arum population, for example this response 

which gained two marks: 



 

 
 

The most commonly awarded mark on this question was level 2, three marks. 

This was awarded in two different ways. 

 

Either for a basic discussion of three suggestions, or for a more detailed 

discussion of two sections. 

 

This response was awarded three marks for a more detailed consideration of 

the 1st and 4th suggestion.  Their reference to seeds was not creditworthy for 

the 2nd suggestion and they didn’t make a relevant point about studbooks. 



 

 
  



 

Level 3 could only be awarded if creditworthy points had been made about 

all four suggestions. 

 

The highest scoring responses used their own knowledge to discuss 

advantages and disadvantages of suggestions 1,2&4 and advantages of 

suggestion 3 as shown by the following 6-mark response. 

 

 
 

 

 

 



 

Students are advised to spend some time planning their answers. It was clear 

to see that students who made notes next to each suggestion on the question 

paper addressed each suggestion in their answer and generally scored 

higher marks as a result. 

 

  



 

Question 8 

 

(a) This question asked students to suggest how the sticky proteins 

holding the sperm bundle together would have been secreted.  

 

This question was generally very well answered with the majority of 

candidates obtaining marks by talking about the packaging of the proteins by 

the Golgi apparatus into vesicles and the subsequent exocytosis from the cell.  

 

(b) This question gave the students a graph showing the speed of individual 

sperm compared with bundles of sperm in liquids of different resistance. 

Many weaker candidates who answered this question obtained just 1 mark 

for talking about any trend that was taken from the graph with comparative 

quantitative references. Marking point 1, that the individual sperms have 

slower speeds than the bundle sperms in all resistances, was most common 

second mark.  

 

Fewer candidates noticed that there was an overlap in the error bars for 0.5 

resistance. 

 

The highest-level responses used their knowledge in order to make a 

judgement as to the reason why bundles of sperm would be able to maintain 

these greater speeds as shown by this response which gained full marks:  



 

 
 

  



 

(c)(i) This question asked candidates to plot the result for the 200 × 103 on 

the graph. Students were expected to use the key in order to decide the 

correct plotting location for the bar and that shading of the bar would be 

required.  

 

Recognition of time constraints meant that any attempt of shading was 

accepted, for example: 

 

 

 
 

The most common mistakes made by students were incorrect plotting, 

leaving the bar unshaded or plotting the bar in an incorrect location, for 

example: 

 
 

  



 

(c)(ii) This question asked students to explain the results of the investigation. 

Students were expected to analyse the graph and identify two conclusions. 

Nearly all students were able to conclude that there was a higher percentage 

of polyspermy if the egg cells had a damaged zona pellucida. Comparative 

language was often important here. 

 

It was clear that many students had a good understanding of the cortical 

reaction and could successfully apply this knowledge to this question. 

Fewer students were able to conclude that that there was a higher 

percentage of polyspermy with a higher sperm cell concentration. Very few 

students were able to give an explanation as to why. This is an example of a 

4-mark response which did explain why there was a higher percentage of 

polyspermy with a higher sperm cell concentration: 

 

 
  



 

Question 9 

 

(a) This question was answered correctly by most students. 

 

(b)(i) This question asked students to complete the table to show the type of 

adaptations shown by the Hood Island tortoise. 

 

It was clear that many students understood the difference between 

anatomical, physiological and behavioural adaptations and were able to gain 

two or more marks on this question. 

 

Where students lost a mark, it tended to be for the shell that arches above 

the neck. 

 

(b)(ii) This question asked students to suggest one selection pressure that 

results in the development of one of the features in the table in Q9(b)(i). 

Generally, this question was very well answered with the vast majority of 

candidates being able to identify a selection pressure that was suitable to the 

example given. 

 

One of the most common answers was that long neck would enable the 

tortoise to reach food sources that were higher up. Other credit-worthy 

suggestions related to competition for mates or territory. 

It is important that students take note of how many suggestions they are 

required to give. Further suggestions would not be marked and are not an 

effective use of time in an exam. 

 

(c)(i) This question required students to extract data from the graph in order 

to calculate the percentage of female 10’s offspring that were fathered by 

male B. 

 

Unfortunately, a significant number of students calculated the percentage of 

female 10’s offspring that were fathered by male A instead, which was not 

credit worthy as shown by this response: 



 

 
 

Students need to double check their working on these types of questions to 

ensure they have the correct data. 

 

Another common error was incorrect rounding. A number of students 

rounded incorrectly to give the answer of 66.6%.  

 

This is an example of how the correct answer would be achieved: 

 
 

 

 



 

(c)(ii) This question asked students to calculate the percentage increase in 

the wild population of C. hoodensis tortoises. Students had been told that 

there were only three males and 12 females left in the wild at the start of the 

breeding programme and this had risen to 1800 individuals. 

 

There has been a gradual improvement in student performance in calculating 

percentage increases over the lifetime of this new specification.  

 

(c)(iii) This question told students that a zoo tested its captive‑bred giant 

tortoise and determined that it was a C. hoodensis tortoise. The students were 

asked to explain how the zoo determined that its giant tortoise was a C. 

hoodensis tortoise. 

 

It was clear that many students understood that molecular phylogeny could 

be used to look for similarities (and differences) in molecular evidence, with 

many students describing analysis of DNA. Some students successfully 

explained how the zoo could have compared physical features to a C. 

hoodensis tortoise. Few responses were seen that addressed marking point 

4. 

 

Some excellent answers were seen which clearly understood how the zoo 

could determine the tortoise was C. hoodensis tortoise. Some students 

misread the question and explained how the zoo would determine it was a 

different species to C. hoodensis, which lost them marks. 

 

The most common mistake made by students was to refer to analysing some 

form of molecular or physical evidence, but not fully explaining that this 

would need to be compared to a C. hoodensis tortoise. 

 

This is an example of a response which gained marking points 1,2,and 3. 



 

 
 

(d) This question asked students to explain how a change in the frequency of 

a recessive allele in the tortoise population could be determined. 

 

The majority of students found this question very challenging. 

 

Generally weaker candidates simply talked about DNA analysis/ genetic 

screening/ gene mapping without specific reference to finding or comparing 

alleles.  

 

Many students referred to calculations other than Hardy-Weinberg, for 

example heterozygosity index and index of diversity, which were not credit-

worthy. 

 

A significant number of students knew that the Hardy-Weinberg equation 

would be involved and this the most commonly awarded marking point. 

The highest scoring answers successfully explained how the results from this 

calculation from different generations could be compared, for example: 



 

 
 

 

  

 

 

 

 

 

 

 

  



 

Paper summary 

 

Based on their performance on this paper, students are offered the 

following advice: 

 

• Read the whole question carefully to ensure you do not miss 

questions.  

• You should take into account the command words as well as the 

context given. Answers which do not match the command words 

or do not relate to the given context will not gain high marks. 

• Information provided in the introduction to questions is provided 

for a specific reason. Read it carefully and analyse what 

information will be needed to provide a high-level response to the 

question being asked.   

• Do not try and make a mark scheme you have learnt from a 

previous paper fit a different question with different context and 

command words. 

• Study all of the mathematical skills that are non emboldened in the 

specification.  

• Make sure you include your working with all calculations. If 

rounding is necessary, make sure that this is done correctly. Check 

to see what format you are expected to present your answer in, 

e.g., standard form. 
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