
        DNA   The Secret of Life

What is DNA?
Deoxyribonucleic acid is better known by its shorter name 
DNA. The determination of DNA’s structure in 1953 by 
Francis Crick and Jim Watson is hailed by many to be the 
most important discovery ever in human history.

DNA is life’s hereditary material, i.e. it holds and passes on the genetic 
information from parents to offspring. The information carried by DNA 
directs the construction of each organism, its maintenance, proper 
functioning and reproduction.

The information is carried in coded form as sequence of specific chemicals 
called nitrogenous bases. Just as a computer code is a unique sequence 
of 0s and 1s, so is life’s genetic code a unique sequence of bases. 

There are about 2.5 metres of DNA in the nuclear DNA of each human cell.  
Therefore, we each have about 250 billion kilometres of DNA in our body. 
Every second we make enough DNA to encircle the equator 3 times. We 
make about 50 million new cells every second. 

What is the structure of DNA?
DNA structure is described as a double helix. It is like a spiral ladder and 
is composed of two complementary polynucleotide strands held together 
by hydrogen bonds.

Nucleotides are the sub units of DNA. Each nucleotide is composed of a 
phosphate (P), a five carbon sugar (S) and a base.

In DNA the sugar is deoxyribose and because there are four different 
bases – adenine (A), guanine (G), thymine (T) and cytosine (C) - there are 
four different nucleotides. The nucleotides are PSA, PSG, PST, PSC.

Note that the phosphate and sugars alternate in each strand forming 
the uprights of the ladder. The steps are composed of hydrogen bonded 
complementary base pairs and bases are attached to the uprights at the 
sugar.

Each strand of the average human DNA molecule is a linear sequence of 
130 million nucleotides.

What is the genetic code?
A code is a system of ‘symbols’ used for the storage and the transmission 
of information. The system used in DNA is a linear sequence of bases. A 
particular unit of information is called a gene.

A gene is a sequence of bases that contains the information for a particular 
protein. There are about 32,000 different genes in human DNA – therefore 
on average there are 1,400 genes per chromosome. 

Remember that a specific protein is composed of amino acids in a 
particular sequence. The sequence of bases in the gene determines the 
sequence of amino acids and therefore the specific protein. 

The sequence of bases within a gene is subdivided into linear  
non-overlapping triplets. Each triplet of bases specifies a particular amino 
acid. 

Classically, the genetic code is the correspondence of each type of triplet 
with its specific amino acid. For example, GGG is the code for proline and 
ACG is the code for serine. 

Only about 3% of the DNA is composed of genes. If DNA is compared 
to a railway track then the gene loci are the stations and the side from 
which you get onto the train is the strand that contains the gene base 
sequence. 

The other 97% of the DNA is infamously known as junk DNA, but as 
research continues new roles for parts of this DNA are being discovered.

What is DNA replication?
Replication means the production of an exact copy of the original. DNA 
replication occurs in the late interphase of the cell cycle before mitosis 
and meiosis. Note that mitosis and meiosis are nuclear division not cell 
division.

How does DNA replicate?
During mitosis the DNA is allocated to each of the two daughter nuclei, 
such that each is genetically identical to the original and to each other. As 
a result, all the somatic cells of our body are genetically identical as they 
have all been produced from the zygote by cell cycles involving mitosis. 
Therefore, DNA replication is a vital process in the transfer of exact copies 
of genes into the next generation of nuclei, cells or organisms. 

Do we all have the same DNA?
Yes and no. Each of us has the same amount of DNA but no two people, 
except maybe identical twins, have exactly the same sequence of bases. 
We are individually unique.

Can our different base sequence be used 
for identification purposes?
Yes. The technique is called DNA profiling or genetic fingerprinting. DNA 
profiling is used in crime investigation, parenthood disputes, possible 
family relationships, genetic screening and tracing the origin of biological 
material such as quality control of food supply. A major application of this 
is in the meat industry. See the panel for information about the innovative 
Irish TraceBackTM  system.

An innovative Irish Company
An innovative Irish company, IdentiGEN Limited, has 
developed TraceBack™ which is the world’s first DNA-based 
traceability system for meat. IdentiGEN’s technology was 
developed through research at the Department of Genetics 
in Trinity College Dublin and the company was the first to 
locate at Enterprise Ireland’s bioincubator (facility for biotech 
start-up companies) in Trinity College Dublin.

IdentiGEN’s TraceBack™ system is marketed internationally 
and is licensed to a number of food retailers and other 
organisations. Customers who see the TraceBack™ logo 
know that the meat they are buying can be traced right back 
to the farm where it was produced.

Suppliers also use the system to monitor the distribution of 
their food products. In this way they can ensure that only 
authorised products are sold under a particular brand name. 
In addition, companies using the system can easily comply 
with the EU Regulations for labelling meat. The TraceBack™  
technology has made shopping safer for everyone. Next time 
you go shopping, look for the TraceBack™ guarantee.

The Enterprise Ireland Biotechnology Directorate provides 
expertise, funding and support to bring biotechnology 
research in third-level institutions to commercial reality and 
helps to grow the Irish biotechnology sector. 

You can find out about news, events and  
career opportunities in this important sector at  
www.biotechnologyireland.com and   
www.enterprise-ireland.com. 
Also at www.sciencetechnologyaction.com
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with the EU Regulations for labelling meat. The TraceBack™  
technology has made shopping safer for everyone. Next time 
you go shopping, look for the TraceBack™ guarantee.

The Enterprise Ireland Biotechnology Directorate provides 
expertise, funding and support to bring biotechnology 
research in third-level institutions to commercial reality and 
helps to grow the Irish biotechnology sector. 

You can find out about news, events and  
career opportunities in this important sector at  
www.biotechnologyireland.com and   
www.enterprise-ireland.com. 
Also at www.sciencetechnologyaction.com
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Syllabus Reference

Leaving Certificate Biology:  
2.3.3 The Cell Cycle  
2.5.3 Genetic Code 
2.5.4 DNA Structure, Replication and Profiling 
H2.5.14 Nucleic Acid Structure and Function (Extended Study)

Learning Objectives

On completing this lesson the student should be able to:

 • Define DNA

 • Outline the components that make up DNA’s structure

 •  Give details about how the genetic code contains information to 
make proteins

 • Explain the significance of DNA replication

 • Relate how base sequences can be used for identification

 • Isolate DNA from plant tissue

 • Make a model of DNA

 

General Learning Points

•  The advancement of science greatly depends on advancement of 
technology and chemical technique e.g.  – the microscope to discover 
cells and chemical dyes to discover many of the different parts of cells.

•  Advancement in scientific knowledge can be very slow and require the 
work of thousands of scientists. 

•  DNA is the genetic material containing information in coded form as a 
sequence of particular chemicals called bases.

•  DNA is a huge molecule – the average human DNA molecule is over a 
130 million nucleotides.

•  Genes are the units of heredity.

•  DNA replication ensures that genes are copied and passed into the 
next generation.

•  RNA is the intermediate ‘workhorse’ between genes and protein.

•  Genes dictate the structure and metabolism of cells by regulating 
protein synthesis.

•  Each amino acid in the protein has been determined by a triplet of 
bases on the DNA and its transcribed copy on the mRNA.

•  Everyone is genetically unique.

•  DNA profiling (genetic fingerprinting) has many different applications.

Practical Activities   

•  Revise the mandatory practical activity to isolate DNA from a plant 
tissue.

•  Make a model of DNA (3 or 6 nucleotide pairs) using thin electric wire 
to hold the phosphate-sugar backbone of each strand; use plasticine 
of different colours – different colours for phosphate, sugar, adenine, 
guanine, cytosine and thyamine; use matchsticks as hydrogen 
bonds. 

•  When the model is complete make 6 or 12 nucleotides identical to 
those in the model and then make the DNA replicate.

•  Formation of messenger RNA from DNA can also be carried out, use a 
different colour for ribose sugar of RNA and also a different colour for 
uracil base of RNA.

  Note: Crick and Watson built physical models to help them 
unravel the structure of DNA.

Examination Questions   

2005 Higher Level

 (i) What is meant by genetic engineering?

 (ii)  State two applications of genetic engineering, one involving  
  micro-organism and one involving a plant. (9)

2005 Ordinary Level

 (i) Name the four bases that are found in DNA.

 (ii)  These bases form a triplet code. What is meant by a triplet code?

 (iii)   The triplet code is transcribed into mRNA. What does this  
statement mean?

 (iv) To which structures in the cell does the mRNA carry the code? (24)

2004 Higher Level   

“ Every cell in the body contains in its DNA all of the genetic material 
needed to  make an exact replica of the original body”. 

 Comment on this statement.

2004 Higher Level 

The genetic code incorporated into the DNA molecule finds its expression 
in part in the formation of protein. This formation requires the involvement 
of a number of RNA molecules. 

 List these RNA molecules and briefly describe the role of each of them. (24)

2004 Ordinary Level

 (i)  What is meant by DNA profiling?

 (ii)  Describe briefly how DNA profiling is carried out.

 (iii) Give two uses of DNA profiling. (24)

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

Rosalind Franklin 

was born in 1920 in London. Although never credited for her work, she 
discovered that the sugar-phosphate backbone of DNA lies on the outside 
of the molecule. She also elucidated the basic helical structure of the 
molecule. Her work was used by Watson and Crick to build a correct and 
detailed description of DNA.

James Dewey Watson 

was born in Chicago in 1928. He entered the University of Chicago when 
he was only 15. In 1951, when working in the Zoological Station in Naples 
he met the scientist Maurice Wilkins and took an interest in the structural 
chemistry of nucleic acids end proteins. He then met Francis Crick and 
together they correctly solved the structure of DNA in 1953.      
                   
Maurice Hugh Wilkins 

was born in New Zealand in 1916. His parents were Irish. His research in 
X-ray diffraction was critical to Crick and Watson’s work on DNA. 

Francis Harry Crick 

was born in 1916, at Northampton, England. He met Watson in 1951 and 
their work together led to the famous proposal of the double-helical structure 
for DNA and the replication scheme. Crick and Watson subsequently 
suggested a general theory for the structure of small viruses.

Discover more about these and other great scientists at 
www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Revising the 
terminology is a powerful aid for recall and retention. 

DNA; deoxyribonucleic acid; hereditary material; genetics; 
organism; reproduction; nitrogenous bases; nucleus; cell; 
double helix; polynucleotide; hydrogen bonds; nucleotide; 
phosphate; sugar; deoxyribose; adenine; guanine; thymine; 
cytosine; molecule; genetic code; gene; protein; chromosome; 
amino acids; triplet; amino acid; loci; ‘junk DNA’; DNA replication; 
interphase; cell cycle; mitosis; meiosis; nuclear division; cell 
division; nucleus; somatic cells; zygote; DNA profiling; genetic 
fingerprinting; genetic screening. 

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on  
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a) DNA stands for deoxyribonucleic acid.  

(b) Franklin and Wilkins discovered the structure of DNA. 

(c)  DNA is present in nuclei, mitochondria and 
chloroplasts. 

(d)  The genetic information is carried as a sequence of 
bases in DNA. 

(e) DNA is a single polynucleotide strand.  
   
(f) DNA and RNA are nucleic acids.   
   
(g)  The bases in DNA are adenine, uracil, guanine and 

cytosine.  

(h)  An alternating sugar phosphate sequence forms the 
backbone of each DNA strand.   
     

(i)  A gene carries the information for the production of a 
specific protein. 

(j) Mitosis and meiosis are different types of cell division. 
  
(k)  Meiosis is responsible for our somatic cells being 

genetically identical. 

(l) DNA profiling is also known as genetic fingerprinting.

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

Did You Know?

•  The nucleus of cells was first discovered by Robert Brown in 1831.

•  Chromatin was first observed in 1879 by using red dyes.

•  The threads of chromatin seen during mitosis were given the name 
chromosomes in 1888.

•  Originally, scientists thought that genes were carried in the protein part 
of the chromosome.

•  That DNA is the hereditary material was established in 1944.

•  In 1948 DNA was discovered in chloroplasts and in mitochondria in 1966.

•  Crick and Watson calculated the double helix structure of DNA in 1953.

•  Crick, Watson and Wilkins were awarded the 1962 Nobel Prize in 
Medicine.

        DNA   The Secret of Life
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What is DNA?
Deoxyribonucleic acid is better known by its shorter name 
DNA. The determination of DNA’s structure in 1953 by 
Francis Crick and Jim Watson is hailed by many to be the 
most important discovery ever in human history.

DNA is life’s hereditary material, i.e. it holds and passes on the genetic 
information from parents to offspring. The information carried by DNA 
directs the construction of each organism, its maintenance, proper 
functioning and reproduction.

The information is carried in coded form as sequence of specific chemicals 
called nitrogenous bases. Just as a computer code is a unique sequence 
of 0s and 1s, so is life’s genetic code a unique sequence of bases. 

There are about 2.5 metres of DNA in the nuclear DNA of each human cell.  
Therefore, we each have about 250 billion kilometres of DNA in our body. 
Every second we make enough DNA to encircle the equator 3 times. We 
make about 50 million new cells every second. 

What is the structure of DNA?
DNA structure is described as a double helix. It is like a spiral ladder and 
is composed of two complementary polynucleotide strands held together 
by hydrogen bonds.

Nucleotides are the sub units of DNA. Each nucleotide is composed of a 
phosphate (P), a five carbon sugar (S) and a base.

In DNA the sugar is deoxyribose and because there are four different 
bases – adenine (A), guanine (G), thymine (T) and cytosine (C) - there are 
four different nucleotides. The nucleotides are PSA, PSG, PST, PSC.

Note that the phosphate and sugars alternate in each strand forming 
the uprights of the ladder. The steps are composed of hydrogen bonded 
complementary base pairs and bases are attached to the uprights at the 
sugar.

Each strand of the average human DNA molecule is a linear sequence of 
130 million nucleotides.

What is the genetic code?
A code is a system of ‘symbols’ used for the storage and the transmission 
of information. The system used in DNA is a linear sequence of bases. A 
particular unit of information is called a gene.

A gene is a sequence of bases that contains the information for a particular 
protein. There are about 32,000 different genes in human DNA – therefore 
on average there are 1,400 genes per chromosome. 

Remember that a specific protein is composed of amino acids in a 
particular sequence. The sequence of bases in the gene determines the 
sequence of amino acids and therefore the specific protein. 

The sequence of bases within a gene is subdivided into linear  
non-overlapping triplets. Each triplet of bases specifies a particular amino 
acid. 

Classically, the genetic code is the correspondence of each type of triplet 
with its specific amino acid. For example, GGG is the code for proline and 
ACG is the code for serine. 

Only about 3% of the DNA is composed of genes. If DNA is compared 
to a railway track then the gene loci are the stations and the side from 
which you get onto the train is the strand that contains the gene base 
sequence. 

The other 97% of the DNA is infamously known as junk DNA, but as 
research continues new roles for parts of this DNA are being discovered.

What is DNA replication?
Replication means the production of an exact copy of the original. DNA 
replication occurs in the late interphase of the cell cycle before mitosis 
and meiosis. Note that mitosis and meiosis are nuclear division not cell 
division.

How does DNA replicate?
During mitosis the DNA is allocated to each of the two daughter nuclei, 
such that each is genetically identical to the original and to each other. As 
a result, all the somatic cells of our body are genetically identical as they 
have all been produced from the zygote by cell cycles involving mitosis. 
Therefore, DNA replication is a vital process in the transfer of exact copies 
of genes into the next generation of nuclei, cells or organisms. 

Do we all have the same DNA?
Yes and no. Each of us has the same amount of DNA but no two people, 
except maybe identical twins, have exactly the same sequence of bases. 
We are individually unique.

Can our different base sequence be used 
for identification purposes?
Yes. The technique is called DNA profiling or genetic fingerprinting. DNA 
profiling is used in crime investigation, parenthood disputes, possible 
family relationships, genetic screening and tracing the origin of biological 
material such as quality control of food supply. A major application of this 
is in the meat industry. See the panel for information about the innovative 
Irish TraceBackTM  system.

An innovative Irish Company
An innovative Irish company, IdentiGEN Limited, has 
developed TraceBack™ which is the world’s first DNA-based 
traceability system for meat. IdentiGEN’s technology was 
developed through research at the Department of Genetics 
in Trinity College Dublin and the company was the first to 
locate at Enterprise Ireland’s bioincubator (facility for biotech 
start-up companies) in Trinity College Dublin.

IdentiGEN’s TraceBack™ system is marketed internationally 
and is licensed to a number of food retailers and other 
organisations. Customers who see the TraceBack™ logo 
know that the meat they are buying can be traced right back 
to the farm where it was produced.

Suppliers also use the system to monitor the distribution of 
their food products. In this way they can ensure that only 
authorised products are sold under a particular brand name. 
In addition, companies using the system can easily comply 
with the EU Regulations for labelling meat. The TraceBack™  
technology has made shopping safer for everyone. Next time 
you go shopping, look for the TraceBack™ guarantee.

The Enterprise Ireland Biotechnology Directorate provides 
expertise, funding and support to bring biotechnology 
research in third-level institutions to commercial reality and 
helps to grow the Irish biotechnology sector. 

You can find out about news, events and  
career opportunities in this important sector at  
www.biotechnologyireland.com and   
www.enterprise-ireland.com. 
Also at www.sciencetechnologyaction.com
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Syllabus Reference

Leaving Certificate Biology:  
2.3.3 The Cell Cycle  
2.5.3 Genetic Code 
2.5.4 DNA Structure, Replication and Profiling 
H2.5.14 Nucleic Acid Structure and Function (Extended Study)

Learning Objectives

On completing this lesson the student should be able to:

 • Define DNA

 • Outline the components that make up DNA’s structure

 •  Give details about how the genetic code contains information to 
make proteins

 • Explain the significance of DNA replication

 • Relate how base sequences can be used for identification

 • Isolate DNA from plant tissue

 • Make a model of DNA

 

General Learning Points

•  The advancement of science greatly depends on advancement of 
technology and chemical technique e.g.  – the microscope to discover 
cells and chemical dyes to discover many of the different parts of cells.

•  Advancement in scientific knowledge can be very slow and require the 
work of thousands of scientists. 

•  DNA is the genetic material containing information in coded form as a 
sequence of particular chemicals called bases.

•  DNA is a huge molecule – the average human DNA molecule is over a 
130 million nucleotides.

•  Genes are the units of heredity.

•  DNA replication ensures that genes are copied and passed into the 
next generation.

•  RNA is the intermediate ‘workhorse’ between genes and protein.

•  Genes dictate the structure and metabolism of cells by regulating 
protein synthesis.

•  Each amino acid in the protein has been determined by a triplet of 
bases on the DNA and its transcribed copy on the mRNA.

•  Everyone is genetically unique.

•  DNA profiling (genetic fingerprinting) has many different applications.

Practical Activities   

•  Revise the mandatory practical activity to isolate DNA from a plant 
tissue.

•  Make a model of DNA (3 or 6 nucleotide pairs) using thin electric wire 
to hold the phosphate-sugar backbone of each strand; use plasticine 
of different colours – different colours for phosphate, sugar, adenine, 
guanine, cytosine and thyamine; use matchsticks as hydrogen 
bonds. 

•  When the model is complete make 6 or 12 nucleotides identical to 
those in the model and then make the DNA replicate.

•  Formation of messenger RNA from DNA can also be carried out, use a 
different colour for ribose sugar of RNA and also a different colour for 
uracil base of RNA.

  Note: Crick and Watson built physical models to help them 
unravel the structure of DNA.

Examination Questions   

2005 Higher Level

 (i) What is meant by genetic engineering?

 (ii)  State two applications of genetic engineering, one involving  
  micro-organism and one involving a plant. (9)

2005 Ordinary Level

 (i) Name the four bases that are found in DNA.

 (ii)  These bases form a triplet code. What is meant by a triplet code?

 (iii)   The triplet code is transcribed into mRNA. What does this  
statement mean?

 (iv) To which structures in the cell does the mRNA carry the code? (24)

2004 Higher Level   

“ Every cell in the body contains in its DNA all of the genetic material 
needed to  make an exact replica of the original body”. 

 Comment on this statement.

2004 Higher Level 

The genetic code incorporated into the DNA molecule finds its expression 
in part in the formation of protein. This formation requires the involvement 
of a number of RNA molecules. 

 List these RNA molecules and briefly describe the role of each of them. (24)

2004 Ordinary Level

 (i)  What is meant by DNA profiling?

 (ii)  Describe briefly how DNA profiling is carried out.

 (iii) Give two uses of DNA profiling. (24)

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com

Biographical Notes

Rosalind Franklin 

was born in 1920 in London. Although never credited for her work, she 
discovered that the sugar-phosphate backbone of DNA lies on the outside 
of the molecule. She also elucidated the basic helical structure of the 
molecule. Her work was used by Watson and Crick to build a correct and 
detailed description of DNA.

James Dewey Watson 

was born in Chicago in 1928. He entered the University of Chicago when 
he was only 15. In 1951, when working in the Zoological Station in Naples 
he met the scientist Maurice Wilkins and took an interest in the structural 
chemistry of nucleic acids end proteins. He then met Francis Crick and 
together they correctly solved the structure of DNA in 1953.      
                   
Maurice Hugh Wilkins 

was born in New Zealand in 1916. His parents were Irish. His research in 
X-ray diffraction was critical to Crick and Watson’s work on DNA. 

Francis Harry Crick 

was born in 1916, at Northampton, England. He met Watson in 1951 and 
their work together led to the famous proposal of the double-helical structure 
for DNA and the replication scheme. Crick and Watson subsequently 
suggested a general theory for the structure of small viruses.

Discover more about these and other great scientists at 
www.sciencetechnologyaction.com

Revise the Terms

Can you recall the meaning of these terms? Revising the 
terminology is a powerful aid for recall and retention. 

DNA; deoxyribonucleic acid; hereditary material; genetics; 
organism; reproduction; nitrogenous bases; nucleus; cell; 
double helix; polynucleotide; hydrogen bonds; nucleotide; 
phosphate; sugar; deoxyribose; adenine; guanine; thymine; 
cytosine; molecule; genetic code; gene; protein; chromosome; 
amino acids; triplet; amino acid; loci; ‘junk DNA’; DNA replication; 
interphase; cell cycle; mitosis; meiosis; nuclear division; cell 
division; nucleus; somatic cells; zygote; DNA profiling; genetic 
fingerprinting; genetic screening. 

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on  
www.sciencetechnologyaction.com

True or False

Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a) DNA stands for deoxyribonucleic acid.  

(b) Franklin and Wilkins discovered the structure of DNA. 

(c)  DNA is present in nuclei, mitochondria and 
chloroplasts. 

(d)  The genetic information is carried as a sequence of 
bases in DNA. 

(e) DNA is a single polynucleotide strand.  
   
(f) DNA and RNA are nucleic acids.   
   
(g)  The bases in DNA are adenine, uracil, guanine and 

cytosine.  

(h)  An alternating sugar phosphate sequence forms the 
backbone of each DNA strand.   
     

(i)  A gene carries the information for the production of a 
specific protein. 

(j) Mitosis and meiosis are different types of cell division. 
  
(k)  Meiosis is responsible for our somatic cells being 

genetically identical. 

(l) DNA profiling is also known as genetic fingerprinting.
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Did You Know?

•  The nucleus of cells was first discovered by Robert Brown in 1831.

•  Chromatin was first observed in 1879 by using red dyes.

•  The threads of chromatin seen during mitosis were given the name 
chromosomes in 1888.

•  Originally, scientists thought that genes were carried in the protein part 
of the chromosome.

•  That DNA is the hereditary material was established in 1944.

•  In 1948 DNA was discovered in chloroplasts and in mitochondria in 1966.

•  Crick and Watson calculated the double helix structure of DNA in 1953.

•  Crick, Watson and Wilkins were awarded the 1962 Nobel Prize in 
Medicine.
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