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Question 1

In this assessment I will be discussing Homo sapiens 
and Cystic fibrosis. You either have Cystic fibrosis or 
normal mucus. Cystic fibrosis is thick mucus. Cystic 
fibrosis is caused when you have a different allele which 
makes you a thick mucus characteristic. Cystic fibrosis 
is really bad because your mucus is so thick it clogs up 
your airways sometimes. You get Cystic fibrosis if you 
inherit 2 recessive Cystic fibrosis alleles.

 Genetic variation makes a species survive because if 
everyone was the same and had the same genes then 
the species would probably get wiped out fast. Because 
if a disease or something kills the species then there 
would be nothing to counter the disease. 

Genetic variation comes about sexual reproduction and 
mutation. Sexual reproduction is when a sperm meets 
an egg and then they fertilize. This makes genetic 
variation because the offspring inherits different genes 
from the mum and dad. And they get 23 chromosomes 
from mum and 23 chromosomes from the dad. This 
causes genetic variation because the mum and  dads 
genes mix to make a new combination of genes.

 A mutation is when there is a change in the DNA 
sequence causing genetic variation. 

Task (a) Write your report on Part A here Tags Marking Required



Phenotype is when someone has the specific gene, and 
you can see that they have that gene. And a genotype 
is when you can't see you have the specific gene, but 
you have it and could be a carrier. So, the Cystic 
fibrosis phenotype would be that you can see someone 
with Cystic fibrosis. You will be able to see if they have 
thick mucus. While if someone has the Cystic fibrosis 
genotype you wouldn't be able to see if they had the 
Cystic fibrosis gene. They could just be a carrier of that 
gene.

Genetic variation is important to the population of homo 
sapiens because if everyone had the same genetics it 
wouldn't be good because if something like a disease 
were to spread around the Homo sapiens species we 
wouldn't be able to study what gene could be immune 
to it. And genetic variation is important to Homo sapiens 
because these different genes allow us to tell each 
other apart which makes it unique. 

Question 2

I think it was important for the scientist to have genetic 
information on the Kakapo because the kakapo were 
endangered, so then they could use that information on 
their genetics to see how to get them to breed and 
create genetic variation within the endangered species 
so they could repopulate. I think Richard Henry had a 
big impact on the genetic variation since his genes were 
different to the Kakapo. So when he was breeding with 
another Kakapo him and the other Kakapo were 
creating an offspring with a new combination of genes.

 

 

 



Achievement 

Subject:  Chemistry and Biology 

Standard:  92022 

Total score: 04 

Q 
Grade 
score 

Marker commentary 

(a) 

A4 

Overall, this script sits at the Achievement level as it contains accurate 
definitions and descriptions. For example, the candidate has identified that 
genetic variation is important for survival of a population in relation to 
disease. 

The candidate has defined sexual reproduction, describing a sperm fertilising 
an egg, i.e. genetic material from each parent. 

The candidate has defined mutation. 

(b) 
The candidate has identified that breeding kākāpō that are as genetically 
different as possible is important for conservation of the species. 
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Part A: 

Sexual reproduction is when a female gamete (egg) is fertilized by a male gamete (sperm) and 

become a zygote, this process combines genetic material from two different individuals (23 

chromosomes form father and 23 from mother), leading to siblings with a unique combination of 

alleles. Mutation is when the DNA sequence is changed, it can happen by errors in DNA replication, 

viral infection and chemical or radioactive substances or other things and they are the source of new 

genetic information. 

Mutation introduces new genetic variations through changes in DNA sequence, such as point 

mutations, insertions, deletions, and gene duplications. Sexual reproduction combines genetic 

material from two parents through processes like cell division, and random fertilization, resulting in 

unique combinations of alleles in offspring. Both mutation and sexual reproduction contribute to 

genetic diversity within populations, contributing to evolution and adaptation. 

The genotype in humans refers to the genetic information an individual inherits from their parents. It 

consists of the specific alleles (versions of genes) present in an individual's DNA. These alleles 

determine the potential traits an individual can express, genotype is not directly observable. The 

phenotype in humans is the observable physical and functional traits of an individual, resulting from 

the interaction between their genotype and environmental factors, in the genotype we can have 

dominant genes or recessive genes, when you have recessive gene and one dominant your 

phenotype will be of this dominant gene, you only would have a recessive gene in your phenotype if 

your genotype genes were two recessives. Phenotypes can include traits such as hair colour, height, 

and susceptibility to certain diseases. An example of this variation is my father because his mother 

has green eyes (represented as “bb”), but his father has brown eyes (could be represented as “Bb” or 

“BB”, but in his case my grand grandparents’ had brown eyes, so it is “BB”), as the genes of brown 

are dominant and the genes of green eyes are recessive his phenotype is for brown eyes, but in his 

genotype we will find the genes of green eyes (represented as “Bb”), so if his father had green eyes 

too, he would have green eyes because would be two recessive genes. 

Genetic variation helps populations survive and flourish. When environments change, some 

individuals with certain traits can have better chances of surviving and reproducing. This ensures that 

the population can adapt over time. Additionally, genetic diversity helps in the fight against diseases. 

If everyone had the same genetic makeup, a single disease could affect everyone the same way. But 

with variation, some individuals might be naturally resistant, which helps prevent widespread 

outbreaks. This could be seen in the Pandemic of Coronavirus where some people were 

asymptomatic, and others died or had severe health problems. 

 

Part B: 

The genetic information obtained from the kakapo population is highly significant for several critical 

reasons. By studying their genetic makeup, scientists can gain a deep understanding of the extent of 

genetic diversity within the population. This knowledge is essential for designing effective 

conservation strategies that aim to prevent inbreeding and ensure the long-term survival of a healthy 

population. Understanding the genetic composition not only helps to prevent inbreeding, which 

occurs when closely related individuals reproduce, but also reduces the risk of decreased genetic 

diversity and the resulting emergence of genetic disorders. This data is crucial for developing 

breeding programs that often play a key role in boosting the populations of endangered species. 

These programs are guided by genetic information, assisting in the selection of suitable breeding 



pairs to maximize genetic diversity while avoiding the mating of closely related individuals. Moreover, 

by examining the DNA of kakapos, it becomes possible to identify increased vulnerability to specific 

pathogens, empowering conservationists to take proactive measures against disease threats. 

The genetic relationships highlighted by this data are pivotal in shaping the breeding program. By 

assessing the level of inherent genetic diversity within the species, steps can be taken to prevent 

health problems and diminished fitness resulting from inbreeding. This involves purposeful breeding 

of kakapos like Richard Henry, who exhibited genetic variations distinct from other individuals. This 

approach ensures reduced relatedness and enhances genetic diversity, which are critical for 

maintaining the species' resilience. Additionally, individuals well-suited for breeding may possess 

genetic markers associated with disease resistance and other favourable traits. This guides the 

selection of mating pairs, strengthening the overall health of the population while avoiding the 

transmission of harmful genetic traits. 

For the next steps of kakapo conservation, I would recommend regularly monitoring the species' 

genetic diversity and overall health remains crucial. This enables conservationists to make informed 

decisions based on updated genetic insights. The ongoing execution of the breeding program, 

utilizing the wealth of genetic data, should consistently prioritize breeding pairs that optimize genetic 

diversity and minimize the risks of inbreeding. Public awareness initiatives are pivotal, emphasizing 

the importance of kakapo conservation in broader communities. Furthermore, conservation 

strategies should remain adaptable, evolving alongside emerging genetic information. It's important 

to recognize that the genetic diversity fostered through the breeding program enhances the species' 

ability to adapt, helping against extinction. The most important goal is to reintroduce the species to 

its natural habitat for sustained and self-sufficient survival. 



Merit 

Subject:  Chemistry and Biology 

Standard:  92022 

Total score: 06 

Q 
Grade 
score 

Marker commentary 

(a) 

M6 

This response sits at Merit level because the candidate accurately defines key 
ideas (e.g. sexual reproduction, mutation, genotype / phenotype), and has 
explained how genetic variation occurs and the implications of this. 

(b) 

The candidate has explained how information from genetic relationships can 
inform the breeding programme. They explain that information about 
relatedness can inform the breeding of individuals that are less closely 
related, with the intention of reducing in-breeding in this small population. 
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ANSWER DOCUMENT

Write your answers below:

Genetic variation is the difference between individuals within a population. It has different
sources, which include sexual reproduction and mutation. Genetic variation is important for a
species's survival, as differences among individuals means an increased chance that the
species will survive through environmental change.

Genetic variation is the result of sexual reproduction and mutations. The physical appearance,
phenotype, of an individual is determined by their genotype, their genetic information. A
segment of DNA is called a gene, which codes for certain proteins. There can be variations of
genes, alleles, which result in different phenotypes. An individual's alleles depend on their
parents. Chromosomes, packages of DNA, are inherited. This means that an individual will
inherit two versions of every allele, one paternal and one maternal. Fertilisation, where the
egg and sperm cell fuse, results in randomly paired gametes with unique alleles. Before this,
there is another source of variation. Meiosis involves a single cell dividing to create four
unique gametes. They are unique because of three processes. Crossing over is a process
where homologous chromosomes- of the same type- exchange information so that every
chromosome will have a unique combination of alleles. On top of this, independent
assortment aligns chromosomes randomly, and segregation ensures they are randomly
separated into two nucleuses. These processes result in individuals having unique allele
combinations.

On top of this, mutations can cause variation. These are changes in the base sequences within
a genetic code, which alter protein production. They can be silent and not change anything, or
they can be nonsense mutations, and cause change. Just one base pair change can cause a
mutation. Mutations vary in their effect on the species. They can be harmful, neutral, or
beneficial. As well as this, mutations can only be passed if they affect sex cells. Any changes
to somatic - body - cells, will not be inherited by offspring.

Genetic variation is seen everywhere around the world. An example is Sickle Cell Anaemia.
Within humans, there is a mutation, the sickle cell mutation, which leads to variation within
the protein haemoglobin. Haemoglobin is a protein that carries oxygen around the body. The
mutation causes misshapen proteins which impacts oxygen absorption. This disease reduces
life expectancy. This allele has three phenotypes depending on the genotype. Homozygous
dominant has no disease, homozygous recessive has the disease, and heterozygous genotypes
have the sickle cell trait, which has no symptoms but allows that person to pass on the gene.
This is why the mutated allele is continuing in the population, despite those with the disease
not reaching child bearing age. Punnett squares are a good method of predicting the
genotypes of offspring. While these are probability based, therefore not completely accurate,
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they still provide an idea of the chances. For example, two carriers have a 50% chance of
having carrier offspring, and 25% chance of both disease and no disease offspring.

Carrier/carrier Carrier/No disease Carrier/disease

R r R r R r

R RR Rr R RR Rr r Rr rr

r Rr rr R RR Rr r Rr rr

The sickle cell carrier has been found to provide resistance to malaria. This advantage against
malaria has led to the favourable trait (Sickle cell carrier) being found in high percentages in
high malaria risk zones. This was found using gene tracking studies, such as DNA
fingerprinting. This is because the people who carried the sickle cell allele were more likely
to survive malaria, and continue to reproduce and pass on the mutation. This has led to the
heterozygous genotype being common among people with an African background, but less so
in other cultures. This shows the importance of genetic variation. By having diversity in the
genotypes and phenotypes of people, the overall species responded well to malaria, a threat
the environment posed.

The kakapo is another example. At one point, kakapo were incredibly endangered. Scientists
used genetic information to decide how to save the species. It was important to have the
kakapo’s genetic information. This was because the information revealed that there was little
variation between individuals. There was only one individual who showed genetic diversity.
Scientists started a breeding program with the unique individual, because the lack of variation
was hindering their survival. It was important to introduce variation to the population because
diversity would better prepare them for environmental change, as the favourable trait would
survive and reproduce, allowing for adaptation over time rather than extinction. Genetic data
could inform scientists to breed individuals who would introduce more variety and help the
species thrive. To maximise variety within kakapo and continue with their conservation,
scientists should keep regular records of kakapo genetic information, so any variation or lack
thereof can be noted. Genetic information should remain an important tool in the decision of
which individuals to breed to promote more variation. By using punnett squares and pedigree
charts, genotypes could be predicted and recorded, allowing for a better understanding of
how future breeding programmes should be approached.

In conclusion, genetic variation is the differences within a population. It is a result of sexual
reproduction and mutations. Variation allows individuals with favourable traits to survive and
reproduce, aiding in long term survival. Therefore, genetic diversity is important for the
survival of species. Two examples that show how genetic variation can be important are
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sickle cell mutation, as the heterozygous allele provides malaria resistance, and kakapo, who
almost died out from a lack of variation.



Excellence 

Subject:  Chemistry and Biology 

Standard:  92022 

Total score: 08 

Q 
Grade 
score 

Marker commentary 

(a) 

E8 

This response sits at Excellence level because the candidate has evaluated 
findings when genetic variation has been identified and tracked for the 
purpose of identifying genetic relationships. The candidate has also defined 
key biological terms, explained how mutation can be inherited, and has then 
applied this to the example of sickle cell anemia. They have used Punnet 
squares to show how genes can be tracked and particular alleles inherited. 
They have evaluated the usefulness of this information, and identified ways in 
which people may use it. 

(b) 
The candidate has evaluated the effectiveness of genetic tracking by linking 
the purpose of genetic tracking of kākāpō (the conservation effort) to the 
findings (the genetic differences between birds). 
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Subject:  Chemistry and Biology 

Standard:  92023 

Total score: A4 

Q Marker commentary 

(a) 

Gold, copper, and tin are identified as metallic chemical. Metals have free-moving 
particles. 

The structure of metal allowing conduction and is malleable has been omitted. 

(b) 

Copper is identified as the most suitable metal for a heat sink, with reference to 
copper’s high melting point and high thermal conductivity. 

An explanation of how heat energy is related to the melting point or what high 
thermal conductivity means in relation to a heat sink may have led to a higher grade. 
Electrical conductivity was not mentioned. 

(c) 
Comparison of the melting points of gold, copper, and tin and stating that tin has the 
highest conductivity may have led to a higher grade. 

(d) 

Correct chemical type stated. Candidate states that “diamond is incapable of 
conducting electricity … no free moving charged particles”. 

Graphite description included “electrons and ions” plus explanation of both 
structures in relation to particles and forces but there was no link to use. 

(e) 

The correct chemical type is identified. Well written response as to why an ionic 
solid cannot conduct. The candidate added that ions are “fixed” so unable to 
conduct charge. 

While the response as to why a solution can conduct is good, it is not linked to use in 
a battery. 

(f) 
The definition is incomplete. There is no link stated between density and use in a 
battery cover for alloy 1. 
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Subject:  Chemistry and Biology 

Standard:  92023 

Total score: M6 

Q Marker commentary 

(a) 

The response about the structure of metals and particles is well explained and is 
linked to the conductivity of metals. 

The response about the malleability of metals mentions “without compromise” but 
does not explain what this means in terms of, for example, electrons – positive 
nuclei / atoms / cations attractions being non-directional, allowing the atoms to roll 
over each other without breaking the electrostatic forces. Malleability and electrical 
conductivity are linked to use. 

(b) 

The candidate recognises copper as a better thermal (heat) conductor compared to 
gold and links the heat sink to smartphone use. 

Melting point is not linked to the heat energy that metals can absorb due to the 
large amount of energy required to break metallic bonds. The candidate states 
“electrical conductivity has nothing to do with usefulness as a heat sink”. Heat sink is 
an electrical component, so a requirement is to conduct electricity. Copper is a 
better conductor of electricity than gold. 

(c) 

The candidate recognises that tin’s electrical conductivity is low but is still able to 
conduct reasonably well. Candidate links use of joining other metals rather than 
components of the smartphone, and the low melting point of tin is related to not 
being able to melt gold and copper. The link to use in smartphones is missing (i.e. 
components in smartphones can be damaged by high heat). 

(d) 

The type of chemical is identified. 

The candidate discusses the structure of diamond (“atoms and electrons locked into 
place”) but provides no link between the structure allowing (or not) electrical 
conduction. Graphite structure misses where the delocalised electrons come from 
for electrical conduction. No link to use, nor that graphite is a solid. 

(e) 
Statement for dissolved ions could be strengthened by deleting comment that 
“[dissolved ions] aren’t attracted to other ions” as this is incorrect.  

(f) 

The definition of an alloy incomplete. Malleability and density of alloy 2 are 
identified as properties that are desirable as easier to form and are lighter. 

To gain excellence, both points need to be linked to use (e.g. lighter means easier to 
carry).  
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Subject:  Chemistry and Biology 

Standard:  92023 

Total score: E8 

Q Marker commentary 

(a) 
Complete discussion of the two key physical properties required for a 
smartphone.  

(b) 
Copper selected but gold discussed as why it is a good heat sink. The purpose of a 
heat sink in a smartphone has been misunderstood.  

(c) 

The candidate explains why tin has a low melting point to join electrical 
components and tin can conduct electricity allowing electric to pass through the 
solder joins connecting components. 

A statement that the low melting point resulted in other electrical components not 
being damaged by heat was omitted. 

(d) Complete discussion of diamond and graphite linked to use.  

(e) Complete discussion of ionic solid and solution linked to use.  

(f) 
Complete discussion of three physical properties of alloy 2 linked to use. Only two 
physical properties required for excellence criteria. 
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