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Delivery guides are designed to represent a body of knowledge about teaching a particular 
topic and contain:
• Content: A clear outline of the content covered by the delivery guide;

• Thinking Conceptually: Expert guidance on the key concepts involved, common difficulties 
students may have, approaches to teaching that can help students understand these 
concepts and how this topic links conceptually to other areas of the subject;

• Thinking Contextually: A range of suggested teaching activities using a variety of themes so 
that different activities can be selected which best suit particular classes, learning styles or 
teaching approaches.

If you have any feedback on this Delivery Guide or suggestions for other resources you 
would like OCR to develop, please email resources.feedback@ocr.org.uk.
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2.1.4 Nucleic acids

(a) The structure of a nucleotide as the 
monomer from which nucleic acids are 
made

To include the differences between RNA and DNA nucleotides, the 
identification of the purines and pyrimidines, the type of pentose sugar and 
the formation of phosphodiester bonds (the sugar phosphate‘ backbone’).

(b) The structure of adenosine di-
phosphate (ADP) and adenosine 
tri-phosphate (ATP) as phosphorylated 
nucleotides

(c) (i) The structure of the DNA molecule, 
including a review of the evidence for 
complementary base pairing (Chargaff’s 
rules)

M0.3

(ii) Practical investigation into the 
purification of DNA by precipitation

HSW3, HSW7

(d) Semi-conservative DNA replication To include the roles of the enzymes helicase and DNA polymerase, the 
importance of replication in conserving genetic information with accuracy 
and the occurrence of random, spontaneous mutations.

(e) The nature of the genetic code To include reference to the triplet, non-overlapping, degenerate and 
universal nature of the code and how a gene determines the structure of 
proteins including enzymes by ordering the sequence of amino acids in a 
polypeptide.

(f) The structure of RNA (ribonucleic acid) 
and how it differs from that of DNA

(g) Transcription and translation of 
genes resulting in the synthesis of 
polypeptides.

To include the role of RNA polymerase, messenger (m)RNA, transfer (t)RNA 
and ribosomal (r)RNA (details of post transcriptional modification are not 
required).
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“Both Francis and I had no doubts that DNA was the gene”.

James Watson. Nature, 302: 654. April 1983.

The DNA molecule intrigued scientists for generations and whilst the existence of the molecule became known during the 
19th Century, its structure, confirming it as the ‘molecule of life’ , was not determined until the 1950s.

This topic lends itself to the inclusion of the historical background associated with the discovery of nucleic acids. Students 
can immerse themselves in the innovation and scientific practices that were brought together by Watson and Crick which will 
provide them with the opportunity for background reading and research. Watching video clips and short films will also add to 
the student experience.

The Double Helix: A Personal Account of the Discovery of the Structure of DNA by James D. Watson Ph.D.
This book written by James Watson gives an account of how the discovery of the DNA structure was pieced together.

Rosalind Franklin: The Dark Lady of DNA by Brenda Maddox
This book gives an account of the life and works of Rosalind Franklin whose work in X-ray crystallography played a key role in 
determining the structure of DNA.

LIFE STORY: The Race for the Double Helix (short film)
http://www.dailymotion.com/video/xitlyu_life-story-the-race-for-the-double-helix-1-2_shortfilms for part 1

http://www.dailymotion.com/video/k2nZHxrri5zybs28EGL  for part 2

Information about the discovery and structure of DNA, DNAi.org
http://www.dnai.org/

This is a great website for independent learning. There is a timeline regarding the history of the DNA molecule and the 
scientists involved in the determination of its structure.

http://www.dailymotion.com/video/xitlyu_life-story-the-race-for-the-double-helix-1-2_shortfilms
http://www.dailymotion.com/video/k2nZHxrri5zybs28EGL
http://www.dnai.org/
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As in previous biochemical topics e.g. 2.1.3 Proteins and Enzymes, students will be encouraged to use modelling 
techniques. Constructing models to represent nucleotides (including phosphorylated nucleotides) and polynucleotides will 
enable students to demonstrate their knowledge of how nucleic acids are formed and understand the differences between 
RNA and DNA.

 - The structure of RNA and how it differs from that of DNA

Chargaff’s research is revisited during one of the learner activities and will give students the opportunity to analyse data, 
embed mathematical skills in simple ratio calculations and understand how Chargaff’s base-pairing rules could be applied 
to all species. Students will also be expected to undertake practical investigations to extract DNA from a variety of different 
species e.g. onion or peas.

 - Practical investigation into the purification of DNA by precipitation

The concepts of replication, transcription and translation are key to the acknowledgement of DNA as the ‘genetic molecule’. 
Students will be encouraged to consider the different theories for replication and study the possibilities for mistakes leading to 
spontaneous, random mutations.

 - The importance of replication in conserving genetic information with accuracy

Students will then move from replication to the study of protein synthesis including the roles of enzymes (studied in 2.1.3) e.g. 
helicase and RNA polymerase and will gain enhanced knowledge of how different nucleic acids work together in transcribing 
and translating the genetic code to form a polypeptide.

Additionally, the nature of the code will be discussed in detail to ensure understanding of how genes determine protein 
structure.

 - To include reference to the triplet, non-overlapping, degenerate nature of the code
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Modelling, use of computerised animations and interactive sessions delivered early in 
this topic will aid understanding and allow students to immerse themselves in the ‘DNA 
molecule’. The replication of DNA is commonly misunderstood with ideas that whole new 
strands are formed and then joined through the base pairs. Use of animation will help dispel 
such misconceptions by showing how base-pairing occurs with the free nucleotides and 
then the sugar phosphate backbones are ‘sealed’ to form the new strand in the replicated 
molecule. See the next section ‘Thinking contextually’ for several examples of activities of this 
type.

The historical theme and background reading into the works of Linus Pauling, Maurice 
Wilkins, Rosalind Franklin, Erwin Chargaff, George Beadle and Edward Tatum delves into 
the information available to Watson and Crick and is a good way of introducing students 
to the sheer amount of research that can be done on just one aspect of science. It also 
allows students to gain confidence by acquiring additional knowledge which can aid 
understanding of the key concepts. 

A variety of links to information on these topics can be found below.

A firm grasp of the concepts at this stage is vital for progression to some of the units covered 
later in the course, particularly those found in modules 3 (AS and A Level) and 5 (A Level 
only). For example, an understanding of mutation at this stage will support the delivery of 
lessons regarding the development of cancer eg proto-oncogenes to oncogenes (3.3.1), and 
the occurrence of altered proteins e.g. haemoglobin in sickle cell anaemia in section 5.1.2, 
where students who continue to A level will be studying cell cycles, genetics and mutation. 

Practice with codons, anti-codons and amino acid sequences will also be required to 
consolidate student understanding of the nature of the genetic code which commonly holds 
a variety of misconceptions. Asking the question ‘could X-men really exist?’ (see the activity 
below) introduces a bit of humour into the topic and helps to dispel the myth regarding 
mutation as being a visual feature associated with science fiction. Providing examples of 
‘mistakes’ is a good way to spark interest and further knowledge of this topic e.g. sickle-cell 
anaemia and albinism. A discussion around the concept of ‘silent mutation’ can also help 
students to grasp the idea that ‘mistakes can sometimes go unnoticed’.
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The race for DNA, Oregon State University

http://scarc.library.oregonstate.edu/coll/pauling/dna/index.html

This webpage narrates the discovery of the structure of DNA from the perspective of Linus 
Pauling.

Linus Pauling’s triple DNA helix model, DNA Learning Center

https://dnalc.cshl.edu/view/15512-Linus-Pauling-s-triple-DNA-helix-model-3D-animation-
with-basic-narration.html

This animation shows Pauling’s suggested triple helix model of DNA. 

The DNA molecule, DNA From the Beginning

http://www.dnaftb.org/19/index.html

This website outlines the structure of DNA and includes profiles on the key scientists 
involved in its discovery. The ‘problem’ section is useful for students to reflect on their 
understanding. 

Maurice Wilkins: Behind the scenes of DNA, Scitable by nature Education

https://www.nature.com/scitable/topicpage/maurice-wilkins-behind-the-scenes-of-
dna-6540179/

This webpage outlines Maurice Wilkins’ contribution to the discovery of DNA.

Historical resources:

http://scarc.library.oregonstate.edu/coll/pauling/dna/index.html
https://dnalc.cshl.edu/view/15512-Linus-Pauling-s-triple-DNA-helix-model-3D-animation-with-basic-narration.html
https://dnalc.cshl.edu/view/15512-Linus-Pauling-s-triple-DNA-helix-model-3D-animation-with-basic-narration.html
http://www.dnaftb.org/19/index.html
https://www.nature.com/scitable/topicpage/maurice-wilkins-behind-the-scenes-of-dna-6540179/
https://www.nature.com/scitable/topicpage/maurice-wilkins-behind-the-scenes-of-dna-6540179/
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The activities used for delivering this topic allow students to extend their knowledge of DNA 
structure from GCSE level and develop an understanding of the importance of nucleic acids 
to the wide variation found in living organisms. It is likely that students will already be familiar 
with DNA models and these can be produced in the first activity on the following page, 
from molecular modelling kits, paper, pasta shapes, pipe cleaners or jelly sweets and cocktail 
sticks. However, at this stage more detail should be included (see Learner Resource 1). The 
significance of the double helix, anti-parallel strands and complementary base-pairing to 
the functioning of DNA can all be explored using models throughout the entirety of this unit 
(it may therefore be unwise to use jelly sweet models on this occasion!). Modelling should 
include some reference to the structure of the phosphorylated nucleotides, ADP and ATP.

The second activity allows students to ponder over Chargaff’s research and its importance to 
the hypothesis suggested by Watson and Crick for the structure of the DNA molecule. Simple 
mathematical calculations involving ratio (M0.3) are embedded within the activity (Learner 
Resource 2). 

The precipitation of DNA is described in the ‘Get your DNA here!’ activity and can be 
completed using a variety of different organic materials, such as onions or fish eggs (roe).

The modelling theme continues in the activities ‘Doubling Up!’ and ‘Transcription and 
Translation’ giving depth to understanding the key concepts of semi-conservative replication, 
transcription and translation. Consolidation of knowledge acquired can be tested using 
Learner Resource 3.
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Activities

Building DNA - advanced version!
An activity designed to consolidate student knowledge of the structure of DNA. There is 
now a plethora of different ways of producing DNA models (see the two links below), but 
students are expected to show increasing understanding of the way in which components 
fit together (Learner Resource 1). Consider spending some time with the nucleotide 
‘molecule’ containing Adenine to show how this is precursor to ADP and ATP.

The activity is best completed in small groups of 3-4 to enable students to construct a 
double helix using criteria shown in Learner Resource 1.

• Using chosen materials eg molecular modelling kits or paper, build at least four 
nucleotides per student, representing A, T, C and G. They must choose a suitable colour 
key for different components and maintain this key throughout the activity. 

• Once the nucleotides are made, join these to form a single-stranded polynucleotide. 
(The strand should contain at least 10 nucleotides which can be joined in random 
sequence to provide some interest in later activities involving translation and 
transcription).

• Using this strand as a template, single nucleotides can now be added (refer to Learner 
Resource 1 for criteria). These are then joined to form the second strand once the 
‘complementary base-pairing rule’ has been observed. More nucleotides may need to 
be made at this stage dependent on the sequence chosen. 

• Finally twist the molecule-how many nucleotides per twist are found in the double 
helix?

Save this molecule for use in further activities.

Worksheets for different DNA modelling ideas

Origami DNA, Your Genome

https://www.yourgenome.org/activities/origami-dna

An origami model of DNA.

Making a model of DNA

http://musettishonorsbiology.weebly.com/uploads/4/6/4/5/46455639/building_dna_
student_copy.pdf

Shapes to cut out to use to model DNA.

Chargaff’s Ratios
Before completing this activity, students should have prior knowledge of the history of 
DNA and some of the key individuals involved in its discovery.

See resources above in the Thinking Conceptually section.

Having constructed a model DNA molecule in Learner Activity 1, students now have the 
opportunity to look at the evidence that was available to Watson and Crick in their quest 
to discover the secrets of the DNA molecule.

Using some of the data from Chargaff’s research, students are encouraged to complete 
simple mathematical calculations involving ratio (M0.3) and formulate their own 
conclusions (Learner Resource 2).

Chargaff’s ratio, BioInteractive

https://www.stem.org.uk/resources/elibrary/resource/120898/chargaffs-ratio

This short video summarises Chargaff’s ratio.

https://www.yourgenome.org/activities/origami-dna
http://musettishonorsbiology.weebly.com/uploads/4/6/4/5/46455639/building_dna_student_copy.pdf
http://musettishonorsbiology.weebly.com/uploads/4/6/4/5/46455639/building_dna_student_copy.pdf
https://www.stem.org.uk/resources/elibrary/resource/120898/chargaffs-ratio
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Get your DNA here!
Students will probably need to complete this activity in pairs or small groups. Onion is used 
in the following instructions.

1) Chop a small onion and place in a blender with 1g sodium chloride and a little cold 
water. Blend for 15 seconds. 

2)  Pour the mixture through a fine sieve or filter and collect the filtrate.

3) Add 30cm3 of washing up liquid to the filtrate in a beaker and stir thoroughly.

4) Place in a 60°C water bath for 10 minutes.

5) Divide the mixture between several boiling tubes –fill each to approximately third 
full.

6) Add a few drops of a protease enzyme (contact lens solution can be used).

7) Tilt one of the tubes to 45°C and pour ice cold ethanol slowly down the side of the 
tube to form a layer.

8) Look for white clumps developing where the two layers meet (ethanol should be 
floating on top of the mixture).

9) Dip a glass rod into the layer of white clumps and twist it to ‘twirl’ the DNA around 
the rod. DNA strands can thus be pulled from the interface.

Students should be encouraged to consider the biochemistry involved, suggest reasons 
for each stage in the procedure and evaluate the end product for purity (ie check to see 
whether the product is possibly pectin instead of DNA).

Practical details for the extraction of DNA, Nuffield Foundation

https://practicalbiology.org/bio-molecules/dna/extracting-dna-from-living-things

Good website for teacher and technician notes for setting up this practical. Also 
information for students on the importance of some of the stages during the extraction.

Doubling up!
Using computer-generated animations and models produced in Learner Activity 
1, students can recreate the replication process and strengthen knowledge and 
understanding of :

• free nucleotides;

• coding and non-coding strand(s);

• complementary base-pairing;

• different hypotheses for replication i.e. semi-conservative and conservative;

• the role of enzymes.

DNA replication animation, John Kyrk

http://www.johnkyrk.com/DNAreplication.html

This animation shows the process of semi-conservative replication of DNA.

Transcription and Translation
In this activity, the whole classroom can be used to demonstrate what takes place as the 
genetic code is transcribed in the nucleus and translated in the cytoplasm. However it 
depends on student numbers.

Students are assigned a nucleotide and align to form a double helix. Holding coloured 
cards or nucleotide models made in the ‘Building DNA - the advanced version’ activity will 
aid identification. A row of desks can be used as the nuclear membrane with gaps between 
to represent nuclear pores thereby separating the classroom into nuclear and cytoplasmic 
sections.

Starting in the nucleus, the student ‘double helix’ can be encouraged to split down the 
middle. Students from the non-coding strand can now be reassigned to mRNA nucleotides 
(needing a change from thymine to uracil for some).

The activity ends once the mRNA has moved into the ‘cytoplasm’.

‘Translation’ can then begin following reassignment of student roles eg students 
representing tRNA molecules holding named amino acids will be needed to ‘translate’ the 
mRNA and an area of the classroom can be assigned as a ribosome.

Computerised animations and supporting questions (Learner Resource 3) will also aid 
student understanding.

https://practicalbiology.org/bio-molecules/dna/extracting-dna-from-living-things
http://www.johnkyrk.com/DNAreplication.html
https://practicalbiology.org/bio-molecules/dna/extracting-dna-from-living-things
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Websites for animations showing details of transcription and translation.

DNA transcription, John Kyrk

http://www.johnkyrk.com/DNAtranscription.html

RNA translation, John Kyrk

http://www.johnkyrk.com/DNAtranslation.html

The John Kyrk website is good for extending knowledge and animated processes. It is 
also a good resource for international students as there is an option for different language 
settings.

From DNA to protein, Wellcome Trust

https://www.yourgenome.org/video/from-dna-to-protein-flash

This animation shows the whole process of DNA coding for proteins.

Translation: DNA to mRNA to Protein, Scitable, Nature Education

https://www.nature.com/scitable/topicpage/translation-dna-to-mrna-to-protein-393/

This webpage outlines the whole of DNA coding for proteins using diagrams to give detail.

Gene expression essentials, PhET

https://phet.colorado.edu/sims/html/gene-expression-essentials/latest/gene-expression-
essentials_en.html

This is a brilliant interactive model which allows students to explore DNA transcription. 

http://www.johnkyrk.com/DNAtranscription.html
http://www.johnkyrk.com/DNAtranslation.html
https://www.yourgenome.org/video/from-dna-to-protein-flash
https://www.nature.com/scitable/topicpage/translation-dna-to-mrna-to-protein-393/
https://phet.colorado.edu/sims/html/gene-expression-essentials/latest/gene-expression-essentials_en.html
https://phet.colorado.edu/sims/html/gene-expression-essentials/latest/gene-expression-essentials_en.html
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Remember for an advanced model:

• Your model must show the ribose sugar, the phosphate group and a nitrogenous base in the nucleotide

• Your model must show representative size/shape differences for purines and pyrimidines

• Your model must have two antiparallel strands

• Your model must be held by an appropriate number of ‘bonds’ between complementary base pairs

• Your model must be able to twist into a double helix (check how many nucleotides per twist).

Learner resource 1 Advanced DNA models
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Background Information

Despite the fact that DNA had been discovered in the 19th century early researchers struggled to determine the 
structure of the molecule. It was already known that DNA was comprised of repeated units called nucleotides and 
that each nucleotide contained a part called a nitrogenous base, but how they were put together eluded them. 

Could DNA be the genetic material scientists had been looking for? If, as was commonly believed, these 
nitrogenous bases occurred in all living things in the same repeated pattern, eg TAGC/TAGC then DNA could 
not be the genetic material. Chargaff’s research revealed the percentage of each base (A, T, G, and C) found in 
an organism’s DNA which aided Watson and Crick in their quest to determine its structure and prove it to be the 
‘molecule of life’.

Organism % Nitrogenous base content

A T G C

M. tuberculosis (bacterium) 15.1 14.6 34.9 35.4

yeast 31.3 32.9 18.7 17.1

wheat (not part of original data) 27.3 27.1 22.7 22.8

sea urchin 32.8 32.1 17.7 17.3

herring 27.8 27.5 22.2 22.6

rat 28.6 28.4 21.4 21.5

human 30.9 29.4 19.9 19.8

Table 1 shows the percentage content of each nitrogenous base found in the DNA of different organisms

The four nitrogenous bases found in DNA can be classified into two groups, purines and pyrimidines. These are 
shown in the diagrams below: adenine and guanine are purines; cytosine and thymine are pyrimidines.
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17

1. Analyse the data in Table 1 noting any patterns you see.

2. Using Table 1, calculate the ratios of purines to pyrimidines for five different organisms. 

  Present your calculations in an appropriate table.

3. What does the data and your calculations reveal about DNA in different species?

4. Explain how this research enabled Watson and Crick to suggest a structure for DNA (shown below).

The discoverers of the structure of DNA. James Watson (b. 1928) at left and Francis Crick (1916-2004), with their 
model of part of a DNA molecule in 1953. Crick & Watson met at the Cavendish Laboratory, Cambridge, in 1951. 
Their work on the structure of DNA was performed with a knowledge of Chargaff’s ratios of the bases in DNA and 
some access to the X-ray crystallography data of Maurice Wilkins and Rosalind Franklin at King’s College London. 
Combining all of this work led to the deduction that DNA exists as a double helix. Crick, Watson and Wilkins 
shared the 1962 Nobel Prize for Physiology or Medicine, Franklin having died of cancer in 1958. 

Photographed in the Cavendish Laboratory, University of Cambridge, UK, in May 1953.

1. Analyse the data in Table 1 noting any patterns you see.

2. Using Table 1, calculate the ratios of purines to pyrimidines for five different organisms. 

  Present your calculations in an appropriate table.

3. What does the data and your calculations reveal about DNA in different species?

4. Explain how this research enabled Watson and Crick to suggest a structure for DNA (shown below).

The discoverers of the structure of DNA. James Watson (b. 1928) at left and Francis Crick (1916-2004), with their 
model of part of a DNA molecule in 1953. Crick & Watson met at the Cavendish Laboratory, Cambridge, in 1951. 
Their work on the structure of DNA was performed with a knowledge of Chargaff’s ratios of the bases in DNA and 
some access to the X-ray crystallography data of Maurice Wilkins and Rosalind Franklin at King’s College London. 
Combining all of this work led to the deduction that DNA exists as a double helix. Crick, Watson and Wilkins 
shared the 1962 Nobel Prize for Physiology or Medicine, Franklin having died of cancer in 1958. 

Photographed in the Cavendish Laboratory, University of Cambridge, UK, in May 1953.
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How does DNA influence characteristics?  

Segments of DNA, i.e. genes, provide the instructions for making a protein and proteins then influence 
characteristics. 

DNA



Protein



Characteristic

Version of the gene that 
provides instructions to make 
normal protein


Normal protein produces the 
pigment molecule for skin 
and hair

 
Usual skin and hair colour

Version of the gene that 
provides instructions to make 
defective protein


Defective protein does not 
make this pigment molecule 

Albinism

A gene directs the synthesis of a protein by the processes of transcription and translation. 

Transcription 
The sequence of nucleotides in the gene in the DNA is copied into a corresponding sequence of nucleotides in 
mRNA.

Translation 
The sequence of nucleotides in the mRNA determines the sequence of amino acids in the protein.

DNA replication transcription and translation

Learner resource 3  
Transcription and Translation of Genes
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Using your knowledge of transcription and translation answer the following questions:

1. Complete the following table to show the base-pairing rules during transcription.

Base-Pairing Rules for Complementary Nucleotides:

Between two strands of DNA Between DNA and mRNA

G pairs with C. G pairs with ____.

T pairs with A.
T in DNA pairs with ____ in mRNA.

A in DNA pairs with ____ in mRNA.

2. Complete the table to summarise the differences between DNA replication and transcription. 

DNA replication Transcription

Whole chromosome is replicated. ___________________is transcribed.

DNA is made. DNA is double-stranded. _________is made.  It is _____________ -stranded.

DNA polymerase is the enzyme in DNA replication. _______________ is the enzyme in transcription.

T = thymine is used in DNA              

 A pairs with T in DNA.

T = thymine is replaced by _______in RNA,       

A in DNA pairs with ________ in mRNA.

3. Using the following key terms: complementary base-pairing, nucleotides, DNA, gene, mRNA, nucleus, 
and RNA polymerase, summarise the formation of mRNA during transcription.

4. Translation of the mRNA requires a different type of RNA molecule, tRNA. Describe how the structure of tRNA 
relates to its function during transcription.
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5. Explain why a cell needs both mRNA and tRNA in order to synthesize a protein. Explain how mRNA and tRNA 
work together to put the right amino acids in the right sequence as the protein is synthesized.

6. The table below shows the codons in mRNA and the corresponding amino acids.  Use the base-pairing rule to 
show the corresponding tRNA anti-codons.

Amino acid Threonine 
(Thr)

Histidine (His) Proline (Pro) Leucine (Leu) Glutamic acid 
(Glu)

Valine (Val)

mRNA codon ACU CAU CCU CUG GAG GUG

Anti-codon 
in tRNA 
molecule 

UGA

7. There are twenty different kinds of amino acids found in living organisms.  What is the minimum number of 
different types of tRNA molecules that must exist in the cell? Explain your answer.

8. Explain why a cell needs to transcribe the DNA before translation into a protein
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9. Using the following key terms: amino acid, anti-codon, codon, mRNA, protein, ribosome, tRNA, and 
translation, summarise the synthesis of a protein during translation.

10. Considering the fact that organisms contain the same four nucleotides in DNA, the same four nucleotides in 
RNA, and only twenty different amino acids found in proteins, why is there such variation between and within 
species? Le
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