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Answer all the questions.

Human erythrocytes (red blood cells) carry many different antigens on their cell surface
membranes. One class of these antigens determines a person’s ABO blood group. There are four
ABO blood group phenotypes.

(@) (i) Explain what is meant by the term phenotype.

(ii) Using one of the ABO blood groups as an example, explain how two different genotypes
can result in the same phenotype.
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(b) The gene which determines the ABO blood group of a person is located on chromosome 9.
The gene responsible for nail patella syndrome is also located on this chromosome.

Fig. 1.1 is a diagram showing an event which takes place during meiosis.

The letters D to H represent the loci of some of the genes present on chromosome 9.
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Fig. 1.1

(i) State precisely when in meiosis the event shown in Fig. 1.1 would take place.

(ii) Letter G represents the locus of the gene controlling the ABO blood groups.

Which letter is most likely to identify the locus of the gene responsible for nail patella
syndrome?

1= 1 (= [1]

(iii) Using the information in Fig. 1.1, explain what is meant by the term autosomal linkage.
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(c)

(d)

(e)
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The gene responsible for nail patella syndrome codes for a ‘transcription factor’.

A transcription factor binds to a region of DNA close to the beginning of a gene, allowing the
gene to be ‘switched on’.

Name two types of molecule that will be produced by the cell after the transcription factor
binds to the DNA.

In addition to abnormalities with nail and patella development, one further feature associated
with nail patella syndrome is a form of glaucoma.

Describe the symptoms of glaucoma and the changes in the eye that cause these symptoms.

Individuals with nail patella syndrome can also show symptoms of abnormal development
and functioning of the basement membrane in the glomerulus. These symptoms are detected
by analysis of urine samples.

Suggest and explain how the abnormal development and functioning of the basement
membrane might affect the composition of urine.

[Total: 19]
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2 One feature of homeostasis in humans is the maintenance of blood glucose concentration within a
relatively narrow range. The range is normally between 82 and 110mgdL™".

(a) Describe how blood glucose concentration is regulated in humans and explain why glucose
concentration needs to be maintained within a narrow range.

In your answer you should give a balanced account of the mechanism of blood glucose
regulation and the reasons for preventing glucose concentrations from becoming too
high or too low.

© OCR 2013
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(b) The United Kingdom’s Foresight Programme is operated by the Government Office for
Science. The aim of the programme is to model future trends so that effective strategies can
be developed and implemented.

One area that has been investigated is obesity. Some of the data used in the model to assess
the impact of future trends in obesity in males aged between 21 and 60 years is shown in
Table 2.1 and Fig. 2.1, on the insert.

Table 2.1, below, shows the relative risk of developing type 2 diabetes for a given BMI group.
The data are for males aged between 21 and 60 years.

Table 2.1
BMI Relative risk of developing
type 2 diabetes

0-23 1.0
23-24 1.0
24-25 1.5
25-27 2.2
27-29 12.0
29-31 30.0
31-33 40.0
33-35 55.0

35+ 90.0

Fig. 2.1, on the insert, shows how the proportion of the male population (aged between 21
and 60 years) in each BMI group is predicted to change.

In Fig. 2.1, the ‘zone’ on either side of the plotted lines represents the ‘confidence limits’ of the
data.

(i) In the period between 1993 and 2003, which BMI categories show the most reliable
data?

Give a reason for your suggestion.
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(ii) Describe what happens to the confidence limits between 2003 and 2050 for data in the
BMI category 25-30.

Suggest a reason for the pattern you have described.

(iii) What evidence is there in the data in Fig. 2.1 and Table 2.1 to support the prediction that
type 2 diabetes will become increasingly common?

(iv) Identify two problems with the presentation of the independent variable in Table 2.1 and
its use in Fig. 2.1.

©OCR 2013 Turn over
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(c) Certain types of food, when eaten regularly, can increase the risk of developing type 2
diabetes. To reduce this risk, health professionals recommend eating foods with a low
glycaemic index (Gl).

The Gl of a food is a measure of how much the blood glucose concentration is increased after
the food has been eaten. Glucose has a value of 100 and the Gl value of other foods is given
as a percentage of this.

Another useful measure is the glycaemic load (GL) of a food. This takes into account both the
Gl and the portion size (mass) of the food eaten. The GL can be calculated using the formula
given below.

GL = 1GTIO x mass of digestible carbohydrate per serving

(i) Use the formula for GL to complete Table 2.2 below.
Give each answer to the nearest whole number.

Table 2.2
Food type Gl Mass of Mass of GL
(glycaemic | carbohydrate digestible (glycaemic load)
index) per serving carbohydrate

(9) (9)

Basmati rice 58 150 38
Brown rice 66 150 21

[2]

(ii) Foods with a low glycaemic load (GL) may also reduce the risk of developing cancer of
the colon.

Using the information in Table 2.2, suggest why foods with a low GL may reduce the risk
of developing cancer.

[Total: 23]
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pupil controls the amount of light which enters the eye. The size of the pupil can be adjusted

in response to changes in light intensity or as a result of emotions such as excitement or fear.

(a)

© OCR 2013

Complete the following passage concerning the structure of the eye, and the nerves
controlling the size of the pupil.
The pupil is a circular hole in a sheet of muscle knownasthe .....................l .

Light entering the pupil passes through the lens and then through the

The muscle fibres around the pupil are arranged as circular muscles and radial muscles.
Both of these are involuntary muscles and are controlled by the ...l
nervous system. In dim light or in response to excitement, the radial muscles contract in
response to nerve impulses from a ............coiiiiin, motor neurone and the
pupil dilates. In bright light, the circular muscles contract in response to nerve impulses from a

....................................... motor neurone so the pupil constricts.

The pupil response is rapid and automatic and isknownas a ...........ccccoeeviiiiiiiiiennnnn. .

[8]
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(b) If the brain and optic nerves are functioning correctly, a light shone into one eye should
produce the same pupil constriction in both eyes.

To assess the pupil response it is recommended that
* the lighting in the room is dim

e the light source is shone first on one eye, and then on the other eye. This is repeated
several times.

(i) Suggest a reason for these recommendations when carrying out the pupil response
test.

(ii) Fig. 3.1(a) shows pupils at the beginning of a pupil response test.

right eye left eye
Fig. 3.1(a)
Fig. 3.1(b)

Draw on Fig. 3.1(b) above, the appearance of both pupils if a light is shone on the left
eye when there is a normal pupil response. [11

© OCR 2013
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(c) The diagrams in Fig. 3.2 below show an abnormal pupil response observed in a patient.
Fig. 3.2(a) shows the appearance of both pupils when light is shone in the right eye.

Fig. 3.2(b) shows the appearance of both pupils when light is shone in the left eye.

T D

right eye left eye
Fig. 3.2(a)
Fig. 3.2(b)

The consultant ophthalmologist concluded that, rather than having brain damage, the patient
had a detached retina in their left eye. A detached retina occurs when the retina is no longer
in contact with the underlying layer in the eye.

Suggest why a detached retina may lead to the pupil reflex no longer happening.

(d) Observing the pupil response is one way in which a person’s level of consciousness can be

assessed. State one further test, other than the pupil response test, that could be used to
assess the level of consciousness.

[Total: 14]
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4 One way of treating a patient with kidney failure is to use haemodialysis.

Fig. 4.1 is a simplified diagram of a haemodialysis machine.

B
C
D
Key:
=P arrow indicates
direction of
blood flow
A

Fig. 4.1

(@) Describe and explain how the haemodialysis machine is used in the treatment of kidney
failure.

/ In your answer you should make clear the roles of the structures labelled A, B, C and
D in Fig. 4.1.
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(b) Patients on haemodialysis are advised to limit their intake of foods that are high in phosphate.

e  Phosphate ions can combine with calcium ions to form mineral deposits which can build
up in blood vessel walls.

*  High levels of phosphate in the diet can lead to high blood pressure.

Suggest why high levels of phosphate in the diet can lead to high blood pressure.

(c) Clinical trials have been carried out in which sodium citrate is added to blood while a patient
is undergoing haemodialysis.

Suggest one advantage of adding sodium citrate to the blood of a patient on haemodialysis.
Explain the reason for your suggestion.

[Total: 14]
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One of the senses in the body which changes with increasing age is that of hearing. A hearing test
is carried out as follows

e aset of headphones is placed over the patient’s ears

e the audiologist selects the frequency of the noise to be generated (frequency is how high-
pitched or low-pitched the sound is)

e the sound is played into one ear, starting with a very quiet level (a low decibel level) and
gradually increasing the level until the patient indicates they can hear the sound

* the testis repeated over a range of frequencies
e the test is repeated on the other ear

* the results are plotted on an audiogram.

Fig. 5.1, on the insert, shows the audiogram from a hearing test carried out on a 65 year-old
male.

(a) Using the information in Fig. 5.1, describe the pattern of hearing shown by this 65 year-old
male.

©OCR 2013 Turn over
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(c)
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Outline two possible social consequences of hearing loss for an elderly person.

When the results from an audiology test show significantly more hearing loss in one ear than
the other, one possible explanation is a tumour.

One type of tumour which produces this effect develops on the balance nerve and is called a
Schwannoma.

Suggest the precise location of a Schwannoma tumour in a neurone and outline how the
presence of such a tumour could be confirmed.

[Total: 9]
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Endorphins are important in cell signalling and are thought to act by binding to receptors on
neurones.

e Endorphins stimulate the release of a neurotransmitter called dopamine from neurones in the
brain.

* Dopamine is responsible for feelings of happiness and wellbeing.

(a) Explain how neurotransmitters carry out their role in the nervous system.

.............................................................................................................................................. [3]
(b) Diamorphine (heroin) is known to bind to the endorphin receptors on neurones.
(i) Suggest why diamorphine can bind to endorphin receptors.
...................................................................................................................................... [1]
(i) Suggest why a person taking heroin may develop a psychological dependency.
...................................................................................................................................... [2]
Turn over
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(c) Dopamine has an important role as a neurotransmitter in an area of the brain which
coordinates movement.

If the neurones which normally synthesise dopamine fail to function, the drug levodopa can
be given. Levodopa can be taken up by neurones and converted to dopamine.

The word equation below summarises how levodopa is converted into dopamine.

levodopa > dopamine + substance X
levodopa decarboxylase

(i) State what type of protein levodopa decarboxylase is and suggest what substance
Xis.

177 0 T30 o] o) (=1 o ISP
SUDSTANCE X e [2]

(ii) State the name and outline the symptoms of a condition which levodopa could be used
to treat.
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(d) Endorphins are small polypeptide molecules consisting of short chains of amino acids.

Sequencing the human genome has led to the identification of the sequences of some of the
genes coding for small polypeptides.

(i) Explain why a gene coding for a small polypeptide of 9 amino acids would be predicted
to contain 27 nucleotides.

(ii) It was found that the actual length of the gene which codes for the endorphin molecule
was considerably longer than 27 nucleotides.

Suggest two reasons why the gene coding for the endorphin molecule is longer than
27 nucleotides.

[Total: 15]
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In January 2011, a transplant of embryonic stem cells was carried out on Nina, a child born with a
rare, life threatening genetic condition. The source of the stem cells was her brother.

Fig. 7.1 summarises the stages which occurred before the stem cell transplant.

Step1 Nina’s parents discussed the options available for treatment with
health professionals

Step 2 Nina’s parents underwent IVF treatment resulting in the production of
several embryos

Step 3 embryos were screened
Step 4 a suitable embryo was identified and implanted into Nina’s mother

Step 5 the baby, a boy, was born and embryonic stem cells were harvested
from his umbilical cord

Step 6 embryonic stem cells were transplanted from the baby to his sister
Nina.

Fig. 7.1
(a) InStep 1, one of the health professionals involved in the discussions was a genetic counsellor.

Ouitline the role of the genetic counsellor in the discussions with Nina’s parents.

(b) In addition to the embryos being screened for genetic diseases, suggest one further
genetically controlled feature which may have been screened for in Step 3.
Explain the reason for your suggestion.
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(c) The embryonic stem cells used in this case were not obtained by therapeutic cloning.

Suggest what is meant by ‘therapeutic cloning’.

[Total: 6]

END OF QUESTION PAPER

© OCR 2013



24
ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page. The question number(s) must
be clearly shown in the margin.

OCR¥

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a
department of the University of Cambridge.

© OCR 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


