Q1.Some populations of flies are becoming resistant to insecticides intended to kill them.
Scientists developed a method for finding out whether a fly was carrying a recessive
allele, r, that gives resistance to an insecticide. The dominant allele, R, of this gene does
not give resistance.

The scientists:

. crossed flies with genotype RR with flies with genotype rr

. obtained DNA samples from the parents and offspring

. used the same restriction endonuclease enzymes on each sample, to obtain DNA
fragments.

(a) Explain why the scientists used the same restriction endonuclease enzymes on
each DNA sample.

)

The scientists added two different primers to each sample of DNA fragments for the
polymerase chain reaction (PCR).

. Primer A3 only binds to a 195 base-pair fragment from allele r.
. Primer A4 only binds to a 135 base-pair fragment from allele R.

The scientists separated the DNA fragments produced by the PCR on a gel where
shorter fragments move further in a given time.

Their results are shown in Figure 1.

Figure 1
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(b)  Explain why primer A3 and primer A4 only bind to specific DNA fragments.

(c) Use all the information given to explain the results in Figure 1.

(d)  The scientists wanted to know on which chromosome the gene with alleles R and r

was located. From the flies with genotype RR, they obtained cells that were in
mitosis and added a labelled DNA probe specific for allele R. They then looked at
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(e)

the cells under an optical microscope.

Explain why they used cells that were in mitosis.

)

Another group of scientists thought that pesticide resistance in some flies was
related to increased activity of an enzyme called P450 monooxygenase (PM).
This enzyme breaks down insecticides.

The scientists obtained large numbers of resistant and non-resistant flies. They then
set up the following experiments.

. Non-resistant flies exposed to insecticide.
. Resistant flies exposed to insecticide.
. Resistant flies treated with an inhibitor of PM and then exposed to insecticide.

They then determined the percentage of flies that were dead at different times after
being exposed to insecticide.

Figure 2 shows their results.

Figure 2
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(i)  Explain why the scientists carried out the control experiment with the
non-resistant flies.
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(i)  The scientists concluded that the resistance of the flies to the insecticide is
partly due to increased activity of PM but other factors are also involved.

Explain how these data support this conclusion.

4)
(Total 15 marks)

Q2.Scientists wanted to measure how much mRNA was transcribed from allele A of a gene in a
sample of cells. This gene exists in two forms, A and a.

The scientists isolated mMRNA from the cells. They added an enzyme to mRNA to produce
cDNA.

(@) Name the type of enzyme used to produce the cDNA.

@
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The scientists used the polymerase chain reaction (PCR) to produce copies of the cDNA.
They added a DNA probe for allele A to the cDNA copies. This DNA probe had a dye
attached to it. This dye glows with a green light only when the DNA probe is attached to
its target cDNA.

(b)  Explain why this DNA probe will only detect allele A.

)

(c) The scientists used this method with cells from two people, H and G.
One person was homozygous, AA, and the other was heterozygous, Aa.
The scientists used the PCR and the DNA probe specific for allele A on the cDNA
from both people.

The figure shows the scientists’ results.

(i)  Explain the curve for person H.
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Q3.

©)

(i)  Which person, H or G, was heterozygous, Aa? Explain your answer.

2
(Total 8 marks)

Huntington’s disease is a genetic condition that leads to a loss in brain function. The
gene involved contains a section of DNA with many repeats of the base sequence CAG.
The number of these repeats determines whether or not an allele of this gene will cause
Huntington’s disease.

. An allele with 40 or more CAG repeats will cause Huntington’s disease.
. An allele with 36 — 39 CAG repeats may cause Huntington’s disease.
. An allele with fewer than 36 CAG repeats will not cause Huntington’s disease.

The graph shows the age at which a sample of patients with Huntington’s disease first
developed symptoms and the number of CAG repeats in the allele causing Huntington’s
disease in each patient.

Page 7

PhysicsAndMathsTutor.com



70

- L]
-
60 el
HL
Age at which 50 b | .
patients with '
Huntington's 40+ - ' . l *
disease first s : ] ! .
developed a0 . l s,
symptoms ] ' . i s ®
fyears 20 : oy * .
L . ' .
101 ¢
D ] T 1 L L J
ao 35 40 45 50 55 60

Mumber of CAG repeals

@ (i) People can be tested to see whether they have an allele for this gene with
more than 36 CAG repeats. Some doctors suggest that the results can be
used to predict the age at which someone will develop Huntington’s disease.

Use information in the graph to evaluate this suggestion.

®)

(i)  Huntington’s disease is always fatal. Despite this, the allele is passed on in
human populations. Use information in the graph to suggest why.
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(b)  Scientists took DNA samples from three people, J, K and L. They used the
polymerase chain reaction (PCR) to produce many copies of the piece of DNA
containing the CAG repeats obtained from each person. They separated the DNA
fragments by gel electrophoresis. A radioactively labelled probe was then used to
detect the fragments. The diagram shows the appearance of part of the gel after an
X-ray was taken. The bands show the DNA fragments that contain the CAG repeats.
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(i)  Only one of these people tested positive for Huntington’s disease. Which
person was this? Explain your answer.

&)

(i)  The diagram only shows part of the gel. Suggest how the scientists found the

Page 9
PhysicsAndMathsTutor.com



number of CAG repeats in the bands shown on the gel.

1)

(i) Two bands are usually seen for each person tested. Suggest why only one
band was seen for Person L.

(1)
(Total 9 marks)

Q4. There are wolves in many European countries. Scientists investigated the genetic
diversity of these wolves. They collected samples of DNA from the mitochondria of wolves
from different countries. For each sample they identified which haplotypes were present in
the DNA. A haplotype is a particular sequence of bases on DNA. Mutations can produce
new haplotypes.

Number of different
Country Numggn%fk\;\:jolves “haplotypes in

mitochondrial DNA

Spain 84 3

Portugal 19 2

Italy 101 1

France 7 1

Bulgaria 29 6

Sweden 93 1

The scientists wanted to find out whether one of the haplotypes in the Portuguese wolves
was the same as one of those in the Spanish wolves. They used a restriction
endonuclease, electrophoresis and a labelled DNA probe.
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(@) For what purpose did they use
(i)  the restriction endonuclease

............................................................................................................. "

(i)  electrophoresis?

............................................................................................................. "

(b)  Explain why the labelled DNA probe could be used to find out whether the
haplotypes were the same.

...................................................................................................................... o

(c)  The scientists analysed the DNA on the Y chromosome and the DNA in the
mitochondria of the Swedish wolves. They concluded that the Swedish wolf
population descended from one male wolf from Finland and one female wolf from

Russia.

(i) Explain why DNA on the Y chromosome helped them to reach this conclusion.

............................................................................................................. "

(i)  Suggest why DNA in the mitochondria helped them to reach this conclusion.
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Wolves eat different mammals. An ecologist investigated factors that affect wolf numbers
in North America. He collected data from different field studies carried out in different
places. The graph shows his results.
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(d) (i)  The wolf numbers are given per unit area. Explain why.

&)

(i)  The ecologist calculated the total prey index for each of the places that had
been studied. In order to do this, he gave each prey species a value based on
how much food was available to wolves from the prey animal concerned. He
called this value the prey index.

The ecologist considered that the prey index gave a better idea of the food

available than the prey biomass in kg. Suggest why the prey index gives a
better idea of food available.
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(e)  The ecologist calculated the total prey index by combining the prey indices and the
total number of animals of each species present in 1000 kmz. He plotted this
information on the graph. What does the graph suggest about the factors that
determine wolf numbers in North America? Explain your answer.

&)
(Total 12 marks)
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