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Q1.

(@) Whatis meant by a genome?

Chromatin immunoprecipitation is one method to determine where a transcription factor
binds to DNA. The principle behind this procedure is shown in the chart.

Add chemicals to bind
the transcription factor
to DNA.

Break down DNA into
small fragments and
add an antibody
specific to the
transcription factor.

Remove the
‘precipitated DNA’
and add chemical to
remove the antibody
with attached
transcription factor.

\
Amplify the DNA
which will correspond
to the site occupied
by the transcription
factor.

(b) Explain why the antibody binds to the transcription factor.
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(c) Use the chart to explain what ‘precipitated DNA' consists of.

Soybeans are used in a number of processed foods. However, soybeans contain a protein
known as P34 that causes an allergic response in some people. Scientists have created
transgenic soybeans that produce single-stranded cDNA, which prevents transcription of
the P34 gene. They used recombinant plasmids as vectors to transform soybean cells.
After they had screened these cells for production of the P34 protein, they cultured the
transformed cells to form soybean plants.

(d) Suggest how single-stranded cDNA could prevent transcription of the P34 gene.

(e) Describe the roles of two named types of enzymes used to insert DNA fragments
into plasmids.

Type of enzyme

Role

Type of enzyme

Role

(f)  The soybean cells were screened for the presence of the P34 protein. This process
involved the use of gel electrophoresis to separate proteins extracted from soybean
cells.

Suggest two features of the structure of different proteins that enable them to be
separated by gel electrophoresis.
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(2)
(Total 9 marks)

Q2.

Write an essay on using DNA in science and technology.
(Total 25 marks)
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Mark schemes

Q1.

(@)

(b)

(c)

(e)

(f)

(All) the DNA in a cell/organism;
Accept

‘(all) the ‘genes’/alleles’ ‘genetic material/code’in a
cell/organism/ person’

‘the total number of DNA bases in a cell/organism’
Reject all the DNA/ genes within a species

1. (Transcriptional factor/antibody) has a specific/tertiary structure/shape;

Accept (antibody) has a specific variable region

Accept (transcription factor/antibody) has a specific binding

site
Reject active site but only once.

2.  Complementary (shape/structure);
Reject active site but only once.

DNA, transcription factor and antibody;
Accept Nucleotides for DNA
Ignore ‘reference to chemicals’

Binds to P34 gene/DNA/mRNA

OR

Binds to transcription factor gene/DNA
OR

Binds to promoter;

Reject binds to transcription factor
1. Restriction (endonuclease/enzyme) to cut plasmid/vector;
2. Ligase joins gene/DNA to plasmid/vector;
1. Mass/number of amino acids/polypeptides;

Accept weight for mass

Ignore density/size

Accept length of polypeptide/amino acid chain

Accept primary structure /sequence of amino acids.
Accept tertiary structure

2.  Charge;

3. R groups (differ);
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Q2.

21-25

Extended
abstract

Generalised
beyond specific
context

Response shows holistic approach to the question with
a fully integrated answer which makes clear links
between several different topics and the theme of the
question.

Biology is detailed and comprehensive A-level content,
uses appropriate terminology, and is very well written
and always clearly explained.

No significant errors or irrelevant material.

For top marks in the band, the answer shows evidence
of reading beyond specification requirements.

16 — 20

Relational

Integrated into a
whole

Response links several topics to the main theme of the
question, to form a series of interrelated points which
are clearly explained.

Biology is fundamentally correct A-level content and
contains some points which are detailed, though there
may be some which are less well developed, with
appropriate use of terminology.

Perhaps one significant error and, or, one irrelevant
topic which detracts from the overall quality of the
answer.

1 -15

Multistructural

Several aspects
covered but they
are unrelated

Response mostly deals with suitable topics but they
are not interrelated and links are not made to the
theme of the question.

Biology is usually correct A-level content, though it
lacks detail. It is usually clearly explained and generally
uses appropriate terminology.

Some significant errors and, or, more than one
irrelevant topic.

6-10

Unistructural

Only one or few
aspects covered

Response predominantly deals with only one or two
topics that relate to the question.

Biology presented shows some superficial A-level
content that may be poorly explained, lacking in detail,
or show limited use of appropriate terminology.

May contain a number of significant errors and, or,
irrelevant topics.

Unfocused

Response only indirectly addresses the theme of the
question and merely presents a series of biological
facts which are usually descriptive in nature or poorly
explained and at times may be factually incorrect.

Content and terminology is generally below A-level.
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topics.

May contain a large number of errors and, or, irrelevant

0 Nothing of relevance or no response.

Commentary on terms and statements in the levels mark scheme

The levels mark scheme for the essay contains a number of words and statements
that are open to different interpretations. This commentary defines the meanings of
these words and statements in the context of marking the essay. Many words and
statements are used in the descriptions of more than one level of response. The
definitions of these remain the same throughout.

Levels mark scheme word/statement

Definition

Holistic

Synoptic, drawing from different topics
(usually sections of the specification)

A fully integrated answer which makes
clear links between several different
topics and the theme of the question

All topics relate to the title and theme of
the essay; for example, explaining the
biological importance of a process.

When considering, for example, the
importance of a process, the
explanation must be at A-level
standard.

‘Several’ here is defined as at least four
topic areas from the specification
covered. This means some sentences,
not just a word or two. It does not mean
using many examples from one topic
area.

Biology is detailed and comprehensive
A-level content, uses appropriate
terminology, and is very well written
and always clearly explained.

Detailed and comprehensive A-level
content is the specification content.

Terminology is that used in the
specification.

Well written and clearly explained
refers mainly to biological content and
use of terminology. Prose, handwriting
and spelling are secondary
considerations. Phonetic spelling is
accepted, unless examiners are
instructed not to do so for particular
words; for example, glucagon, glucose
and glycogen.

No significant errors or irrelevant
material.

A significant error is one which
significantly detracts from the biological
accuracy or correctness of a described
example. This will usually involve more
than one word.
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Irrelevant material is several lines (or
more) that clearly fails to address the
title, or the theme of the title.

For top marks in the band, the answer |An example that is relevant to the title
shows evidence of reading beyond and is not required in the specification
specification requirements. content. The example must be used at
A-level standard.

Response mostly deals with suitable Not addressing the biological theme of
topics but they are not interrelated and |the essay (e.g. importance) at A-level
links are not made to the theme of the |standard.

question.

Please note that to obtain full credit, students must use information to show the
importance of Using DNA in science and technology.

Topics

DNA and classification

2.2 | Structure of DNA

2.3 | Differences in DNA lead to genetic diversity

2.9 |Comparison of DNA base sequences

Genetic engineering and making useful substances

2.5 |Plasmids

The use of recombinant DNA to produce transformed

58 organisms that benefit humans

Other uses of DNA

2.5 |Cell cycle and treatment of cancer

Gene therapy;

58 Medical diagnosis and the treatment of human disease;
The use of DNA probes to screen patients for clinically
important genes.

In order to fully address the question and reach the highest mark bands students must
also include at least four topics in their answer, to demonstrate a synoptic approach to the

essay.

Students may be able to show the relevance of other topics from the specification.

Note, other topics from beyond the specification can be used, providing they relate to the
title and contain factually correct material of at least an A-level standard. Credit should not

be given for topics beyond the specification which are below A-level standard.
[25]
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Examiner reports

Q1.

(@)

(e)

The mark scheme for this question reflected the considerable variation in acceptable
definitions for the term genome. Despite this, nearly 40% of students did not obtain
the mark. There some very detailed definitions which often included the DNA in
mitochondria and chloroplasts. The most common incorrect responses referred to
“all the genes in a chromosome” or “all the genes in a species”.

Almost 80% of students obtained at least one mark for this question, often for
referring to complementary structures. Almost half of these students gained a
second mark by referring to a specific tertiary structure, shape or binding site.
Weaker responses suggested that the term complementary is equivalent to ‘similar’
or referred to ‘active site’ rather than binding site.

This proved more difficult than expected with only 26% of students obtaining the
mark. Incorrect responses included (unbound) DNA fragments, nucleotides, exons,
introns, DNA without an antibody or transcription factor bound to it, and any
combination of two of the three parts required to gain the mark. The constituent
parts of a DNA molecule were also listed.

Again, relatively few students (30%) obtained the mark for this question. The most
frequent correct responses referred to cDNA binding to the P34 gene, preventing its
transcription, or binding to mRNA, preventing its translation. The binding of the
cDNA to mRNA, resulting in the destruction of mMRNA, was also described. Binding
to the promoter region was less frequently awarded. A significant minority of
students mentioned that cDNA prevented RNA polymerase binding to the P34 gene
or just prevented its transcription, but with no suggestion of how. Incorrect
responses often referred to cDNA increasing/decreasing methylation of the P34
gene or simply that cDNA could not be transcribed into mRNA and translated to form
the P34 protein.

Considering that this question was relatively straightforward, it proved to be a very
effective discriminator. Surprisingly, many students could not name both enzymes
correctly. Consequently, only 35% of students obtained both marks for this question
and 28% obtained a single mark. DNA helicase, reverse transcriptase and DNA
polymerase were frequent incorrect responses. Even when the correct enzymes
were named, students did not always describe the precise roles of the enzymes in
the formation of recombinant plasmids. These descriptions were often too vague,
e.g. “produces sticky ends” or “joins DNA together”, without any mention of the
plasmid/vector. A significant minority referred to incorrect types of bonds when
outlining the role of correctly named enzymes.

A significant number of students had difficulty applying their knowledge of
electrophoresis to separating proteins. Only 14% of students gained both marks for
this question, however 50% did at least obtain a single mark. Many students simply
reverted to discussing DNA, especially VNTRs, or referred to DNA and protein, often
suggesting that proteins consist of bases. Common responses which were not
credited often referred to ‘size’ and ‘mass’, with no reference to the structure of
proteins. However, better answers did obtain a mark when mass/size was linked to
the number of amino acids or polypeptides. Difference in charge was the most
frequently awarded marking point. Far fewer students mentioned different ‘R groups’
or ‘variable groups’.
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Q2.

Using DNA in science and technology

The very best essays from candidates who selected this option were outstanding. They
reviewed, often in great detail, the relevant aspects of the specification although not
always incorporating the role of DNA in the classification of organisms. Considering that
much of the content of this essay could be drawn from this unit, it was surprising how poor
many answers were. Understanding of techniques was often extremely limited, particularly
in vivo gene cloning and the use of markers. Many essays presented no more than a
broad overview either emphasising ethical issues at the expense of biological detail or
failing to distinguish established practice from wishful thinking.
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