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QUESTION ONE: Chromosomes, genes, alleles, and DNA

The cystic fibrosis transmembrane conductance regulator (CFTR) gene in humans is responsible for
mucus production in the human body.

The normal allele (F) is dominant over the mutant allele (f) in humans. Individuals who are
homozygous recessive will develop cystic fibrosis, a condition where too much mucus is produced,
which can cause difficulty breathing.

Figure 1: Location of the CFTR gene on a pair of chromosomes

(a) Explain the relationship between chromosomes, genes, alleles, and DNA. Include examples in
your answer.

The relatonship befween Chramosomes, genes,
aleles  and DNK ave Very impsriant. DNA
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(b) (i) Define the term mutation.
NMUation &  a  Permaneny Chyinge 'n Jour

DNA Sequthic.

(i) Discuss how genetic variation has occurred in the CFTR gene.

In your answer, include:
the difference between phenotype and genotype
the difference between heritable and non-heritable variation.
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QUESTION TWO: Tracking the cystic fibrosis allele

Cystic fibrosis is a heritable genetic disease in humans. It is caused by a recessive allele (f).
The normal allele (F) is dominant over the mutant allele (f).

Figure 2 is a pedigree chart tracking the inheritance of cystic fibrosis in a family.

Figure 2: Inheritance of cystic fibrosis
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Affected  Affected Unaffected Unaffected
male female male female

Individual
number

(@) (i) What are the possible genotypes of an individual who does not have cystic fibrosis?

The pogsible genotgges wod  be FF and £f

(ii)  Fill in the table below with the genotype(s) of the numbered individuals from Figure 2.

Genotype :
Individual 4 FF or FE
Individual 5 €5
Individual 7 2%

Chemistry and Biology 92022, 2025 01134




(b)

(c)
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How are scientists able to confirm the genotype of individual 7 from Figure 27

Support your answer using evidence from both the parents of individual 7 and the children of
individuals 7 and 8.

Use Punnett squares to support your answer.

F % = e
E tE | k> T tE FE
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Discuss the purpose of identifying the genetic relationship for the genotype(s) of individual 4
from Figure 2.

06€ Spvings wWith the

In your answer, consider:

the possible genotype(s) of individual 4 by referring to individual 10
the purpose for tracking the cystic fibrosis allele in this family in relation to individual 4.

Kk is imPoxianty 10 \'Cieh\’\'&(j The Jdenexic ye\d Wy
€ov the Sem{-gpe gt individual 4. Bow we

can do this ¢ by \ooWng ar Yhe results of
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QUESTION THREE: Continuation in the population

The normal cystic fibrosis transmembrane conductance regulator (CFTR) allele (F) is dominant over
the mutant allele (f). Homozygous recessive individuals will develop cystic fibrosis. Homozygous
dominant and heterozygous individuals will not be affected.

Explain how meiosis, sexual reproduction, and non-random mating can contribute to the
continuation of the recessive allele (f) in the population.

he Yoceq of meiosis.as. where. o  cell
divides and Splits  up o ¢ different
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(b) Discuss how the CFTR mutant allele (f) remains in the population.

In your answer, consider:

if the occurrence of the recessive allele (f) will increase, decrease, or stay the same
over time

why an increase in the frequency of recessive alleles (f) in a population does not always
lead to an increase in the frequency of the cystic fibrosis phenotype.

The CFTR murant alicle wrll vemarn in this
populatien). The  occurence now  of  This yecesSive
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Extra space if required.
Write the question number(s) if applicable.

Question 2 b

Mutation. This means That individual T hag

Y0 Carry the mutdnr allele- \ndividua\ T doesnt |
exovess this  becade her genctype VS  helerozggags
domingnt, F€. We Know this by using the
nformation  of s pavents and Chldyen -
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Marker commentary

One

A4

The candidate described the difference between phenotype and
genotype, and heritable and non-heritable variation using
examples from the stimulus information.

The candidate described / defined the necessary key terms
(chromosomes, genes, alleles, and DNA).

Two

A3

The response described how genotypes of individuals from a
pedigree chart can be confirmed, using key individuals from
stimulus information.

The candidate described a purpose of tracking an identified
characteristic (cystic fibrosis) in individual 4, using a simple
example to support their response.

Three

A3

The response described how meiosis and sexual reproduction can
contribute to the continuation of the recessive allele in the
population. It also described why an increase in the frequency of
the mutant allele does not always lead to an increase in the
frequency of the cystic fibrosis phenotype.






