
In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 

Biotechnology at Teagasc

Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie
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Advances       Biotechnologyin

What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 

Biotechnology at Teagasc

Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie
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What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 
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Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie
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What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 
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Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie
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Advances       Biotechnologyin

What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 

Biotechnology at Teagasc

Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 

Fig.2  Formation of proteins from DNA 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie
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What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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Syllabus Reference

Leaving Certifi cate Biology

Unit 2.5.2 - Heredity and Gene Expression
Unit 2.5.9 – Genetic Engineering

Learning Objectives

On completing this lesson students should be able to:

Outline the uses of biotechnology

Differentiate between genetic modifi cation and biotechnology

Recognise the international system for biotechnology classifi cation

Identify uses of genetic modifi cation and genetic fi ngerprinting

Summarise the process of DNA replication

Outline the transcription and translation stages in protein synthesis.

•

•

•

•

•

•

General Learning Points

•  Biotechnology is the collection of technologies that allow living 
organisms to be used in the development of products, processes 
and services. 

•  The discovery of DNA paved the way for all modern advances in 
biotechnology.

•  Biotechnology can be used in producing antibiotics, diagnosing 
and treating diseases, combating crime, removing pollution and 
improving the quantity and quality of agricultural crops and for many 
other purposes. 

•  Genes are the biochemical structures found on chromosomes and 
they carry the necessary information for protein synthesis.

•  Most species have similar mechanisms for converting DNA into 
protein and so it is possible to move genes between bacterial and 
plant species. 

•  There is an international classifi cation system for biotechnology to 
help scientists, the public and regulatory bodies understand the 
applications of biotechnology.

•  Non genetic modifi cation methods such as Marker Assisted 
Selection can be used to select crops containing certain genes for 
breeding. 

•  Regulatory bodies are set up to protect citizens’ health and the 
environment from unwarranted hazards. 

Practical Activities

Mandatory Practical Activity - 
Separate DNA from a plant tissue (Onion cell) 

Prepare a salt/detergent solution by dissolving 5 g of salt and 10 cm3 
of a detergent (such as washing up liquid) in 90 cm3 of distilled water. 
Separately prepare a protease solution by adding 5 g of meat tenderiser 
such as pineapple juice, trypsin or pepsin to 95 cm3 of distilled water.  
Cut a small onion into cubes. Add the onion into a beaker with the salt/
detergent solution. This breaks down the lipid cell membranes and 
releases the DNA. Place the beaker in a water bath preheated to 60°C for 
15 minutes. Then cool it by placing the beaker in an ice bath for 5 minutes 
while stirring continuously. Place the solution in a blender and blend for 
3 seconds. Filter the solution into another beaker. Take 10 cm3 of the 
fi ltered solution and place in a boiling tube. Add 3 drops of the protease to 
the solution. Gently add 10 cm3 of chilled ethanol so that the ethanol forms 
a layer on top of the solution. Leave to stand for a few minutes then gently 
draw the DNA from the alcohol using a glass rod. 

This experiment can be carried out using other fruits and vegetables such 
as kiwi fruit and tomato. 

Biographical Notes

Gregor Johann Mendel (July 1822- January 1884)

Mendel, an Augustinian abbot, is often called the ‘Father of Genetics’. 
While studying the inheritance of traits in pea plants, he devised two 
Laws of Inheritance – the Law of Segregation and the Law of Independent 
Assortment, both of which are named after him. 

Mendel carried out all his research on pea plants, mainly between 1856 
and 1863, when he grew and tested more than 28,000 of them. However, 
it wasn’t until the 1900’s that his theory was tested and confi rmed by many 
other scientists. 

Read about other famous scientists on www.sta.ie

Examination Questions

2005 Higher Level

What is meant by genetic engineering?

Give two applications of genetic engineering, one involving micro-
organisms and one involving a plant. 

2004 Higher Level

The genetic code incorporated into the DNA molecule fi nds 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 briefl y describe the role of each of them.

2004 - Higher Level Sample Paper

Outline the main events of transcription. 

Describe the role of tRNA

2004 – Ordinary Level 

What is meant by DNA profi ling? 
Describe briefl y how DNA profi ling is carried out. 
Give two uses of DNA profi ling. 

For further examples of past paper questions
check www.sta.ie 

True or False

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

(a)  Biotechnology and genetic modifi cation are different terms
 for the same process. T F

(b) DNA fi ngerprinting is a form of biotechnology. T F

(c)  Adenine, cytosine, guanine and uracil are the bases found in RNA. T F

(d) The proces of forming mRNA from DNA is called translation. T F

(e) The process of forming protein in accordance with the 
 mRNA code is called translation. T F

(f) The purpose of classifying biotechnology is to make it easier 
 for the general public and scientists to understand. T F

(g) White biotechnology is applied to medical processes 
 such as the formation of antibiotics. T F

(h) Biotechnology is also known as genetic engineering. T F

(i) Marker assisted selection is used to identify regions in the
 chromosomes that control complex traits. T F

(j) Marine or aquatic biotechnonogy is known as 
 Green Biotechnology. T F

(k) Proteins can be converted into genes by a process 
 called translation. T F

Check your answers to these questions on www.sta.ie

Did you know?

•  The fi rst genetically modifi ed drug approved by the FDA was human 
insulin in 1982.

•  The fi rst genetically modifi ed vaccine for Hepatitis B was approved in 
1986 by the FDA.   

•  Foods such as meats and vegetables contain genes. One kilogram  
of broccoli contains about six grams of DNA.

•  A single human cell is a hundredth of a millimetre in diameter and 
contains 2 metres of DNA.

•  Size isn’t everything. The largest known genome belongs to a 
microscopic amoeba, closely followed in size by the lungfi sh and the 
Easter lily! 

•  Vegetarian cheese is made possible by the genetic manipulation of 
yeast.

•  Enzymes produced using biotechnological methods are use to treat 
fabric in your blue jeans.

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terms is a powerful recall and retention tool. 

Escherichia coli; DNA chips; gene expression analysis; genetic 
fi ngerprinting; marker assisted selection; genetic engineering; 
genes; proteins; red biotechnology; green biotechnology; 
blue biotechnology; white biotechnology; genetically modifi ed 
organisms.

Check the Glossary of Terms for this lesson on www.sta.ie
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In its different research centres, Teagasc conducts a national agri-
food biotechnology research programme aimed at providing the 
capacity necessary to monitor, evaluate and harness appropriate 
biotechnology developments in crops, livestock and food 
production. The programme refl ects Teagasc’s role in nationally 
important public interest research and concentrates on safe 
technology for improvement of crops, foods, animals and microbial 
strains.

Teagasc research scientists work at a national level, collaborating 
with local third-level institutions to ensure the competitiveness 
of the agri-food industry, one of Ireland’s largest industries. In 
addition, the researchers also collaborate with other researchers 
on a worldwide basis in innovative research. Results are circulated 
through a number of avenues, including publication within 
scientifi c books and journals, presentations at national and 
international conferences and articles for the popular press. Novel 
developments for agricultural uses are patented.

Biotechnology is a collection of technologies that uses living 
organisms and sub-cellular biological elements to develop 
products, processes and services. Early applications of 
biotechnology include the fermentation of milk to produce 
cheese and yogurt and the use of yeast in bread-making; these 
processes have been in use for at least 4500 years. Other 
examples of early biotechnologies include traditional animal 
and plant breeding techniques, such as the domestication of 
geese in Egypt and the development of corn from its ancestor, 
Teosinte, in Mexico. In this lesson we will look at the advances 
in biotechnology and the effects on our daily lives.

An ancient technology with 
a very modern twist
Many, though not all, industrial developments in biotechnology have 
involved the genetic modifi cation of organisms, such as the modifi cation 
of bacteria and yeast for the production of insulin and antibiotics. Insulin 
was one of the fi rst proteins to be genetically engineered. Taking the 
human gene for insulin and inserting it into a bacterium, Escherichia coli 
(E. coli), facilitated the production of large quantities of insulin for use by 
diabetics. Insulin was previously isolated from pig pancreas. 

Today, applications of biotechnology do not necessarily use entire living 
organisms. Technologies that manipulate proteins, peptides, DNA and 
RNA are all part of the toolkit of a working biotechnologist. These tools 
include gene expression analysis, genetic fi ngerprinting/marker assisted 
selection and genetic engineering, and they contribute to a better 
understanding of the genetic basis of important traits.  These techniques 
provide the potential to introduce signifi cant genetic improvement in 
crops and animals.

How does biotechnology affect me?
Biotechnology is increasingly employed in the production or processing 
of our food, water and medicine. Uses of modern biotechnology 
include: 

•  Improving the quantity and quality of agricultural crops and livestock 
products. 

• Improving the nutritional value of foods.

• Developing new biomarkers to help diagnose and treat disease.

•  Bulk manufacture of medicines such as antibiotics (e.g. penicillin) 
and human insulin for the treatment of diabetics. 

• Combating crime through DNA and other forensic testing.

• Removing pollution from soil and water (bioremediation). 

What is the difference between 
biotechnology and genetic modifi cation?
Although the terms biotechnology and genetic modifi cation are often 
used interchangeably, biotechnology is more general, and refers to 
using living organisms or their components. Genetic modifi cation is a 
biotechnology tool that can be used to investigate gene function as well 
as to produce modifi ed organisms. An example of such is golden rice, 

Biotechnology at Teagasc

Teagasc is undertaking research to exploit developments in 
biotechnology in order to increase innovation in the agricultural 
and food industry in Ireland. 

Fig.2  Formation of proteins from DNA 
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produced by splicing three foreign genes (two from the daffodil and one 
from a bacterium) into ordinary rice. This produces rice grains containing 
beta-carotene (pro-vitamin A) to prevent vitamin A defi ciency in children 
whose staple diet is rice. Vitamin A defi ciency can cause blindness and 
premature death. 

What biotechnological alternative is there to 
genetic modifi cation?
Genetic fi ngerprinting technology can be used to increase the effi ciency 
of plant and animal breeding, through a process called Marker Assisted 
Selection (MAS). MAS aims to identify regions in the chromosomes that 
control complex traits. A number of genes tend to contribute to these 
complex traits. In contrast, genetic modifi cation (GM) is more suited to 
dealing with single gene traits. A recent development in potato breeding 
is the use of MAS for improved detection rates of eelworm resistant 
potato plants. Eelworm causes millions of euro of damage to potato 
crops every year. 

The gel image below shows genetic fi ngerprints of DNA from 11 potato 
plants bred at Teagasc Oak Park, Carlow. Only those that have the 
band indicated by the red arrow are eelworm resistant. Potato breeders 
can use this information to select resistant plants for use in a potato 
breeding programme.

Fig.1  Gel image showing genetic fi ngerprinting

You can fi nd out more about the work of Teagasc at 
www.teagasc.ie or at www.sta.ie

��

�
�

�����������������������
������� ����������������

�
�

�����������������������
������� ��������������

Advances       Biotechnologyin

What is the basis of genetic modifi cation? 
Genetic modifi cation is made possible by the fact that even very different 
species have similar mechanisms for converting information from DNA 
into proteins. Genes are discrete segments of DNA that encode the 
information necessary for the assembly of a specifi c protein. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
units of a cell, and contribute to the expression of a plant trait such as red 
petals. Messenger RNA (mRNA) acts as a copy of the gene, carrying the 
information stored in the nucleus to the cytoplasm where it is translated 
by ribosomes into amino acids to form a protein sequence. The proteins 
function as enzymes to catalyse biochemical reactions, or as structural 
or storage units of a cell, and contribute to expression of a trait.

The use of mRNA as an intermediary between DNA and proteins 
preserves the DNA within the nucleus and allows gene information to 
be amplifi ed by making many mRNA copies or transcripts of the initial 
DNA strand. 

The transcription (Step 1) and translation (Step 2) processes are controlled 
by a complex set of regulatory mechanisms so that a particular protein is 
produced only when and where it is needed. Thus, a DNA segment from 
almost any organism can be interpreted and translated into a functional 

protein when inserted into a plant. The resulting modifi ed plant receives 
the characteristics held within the genetic code of the transferred gene. 
For example, a bacterial gene encoding a pest-resistant protein can be 
used in a plant to make it more pest tolerant.

In contrast to animal cells, plant cells are totipotent. Each plant cell has 
the ability to regenerate into a fully formed plant, for example, a plant 
cutting can be used to grow an entire plant. This capacity makes genetic 
engineering of plant cells possible.

What is the international system for 
biotechnology classifi cations? 
The European Associations of Bioindustries have used colours to 
categorise biotechnology processes and products. Red biotechnology 
is applied to medical processes such as the production of antibiotics 
and research into genetic disorders. Green biotechnology deals with 
agricultural processes such as the improvement of crops and animals. 
Blue biotechnology refers to marine or aquatic biotechnology while white 
biotechnology is applied to industrial and environmental processes and 
include the formation of enzymes (used in products such as biological 
washing powder) and biofuels. These processes are generally much 
friendlier to our environment than traditional chemical processes. 

What role is fulfi lled by the regulatory 
authorities in the regulation of GMOs?
The primary governing bodies in Ireland that oversee activities in the 
production and distribution of genetically modifi ed organisms (GMOs) 
are the Food Safety Authority of Ireland (FSAI), the Environmental 
Protection Agency (EPA) and the Department of Agriculture and Food. 
These authorities are run by various government departments and their 
objective is to ensure implementation of EU directives regarding the 
approval process and risk assessment for the creation and industrial 
use of GMOs and the release of GM crops into the environment. Other 
directives exist to regulate the co-existence of GM crops with conventional 
and organic crops as well as the labelling and traceability of GM crops. 
The technologies used for genetic manipulation are precise. The 
resulting products are scrutinised more than those products produced 
by conventional methods.
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Syllabus Reference

Leaving Certifi cate Biology

Unit 2.5.2 - Heredity and Gene Expression
Unit 2.5.9 – Genetic Engineering

Learning Objectives

On completing this lesson students should be able to:

Outline the uses of biotechnology

Differentiate between genetic modifi cation and biotechnology

Recognise the international system for biotechnology classifi cation

Identify uses of genetic modifi cation and genetic fi ngerprinting

Summarise the process of DNA replication

Outline the transcription and translation stages in protein synthesis.

•

•

•

•

•

•

General Learning Points

•  Biotechnology is the collection of technologies that allow living 
organisms to be used in the development of products, processes 
and services. 

•  The discovery of DNA paved the way for all modern advances in 
biotechnology.

•  Biotechnology can be used in producing antibiotics, diagnosing 
and treating diseases, combating crime, removing pollution and 
improving the quantity and quality of agricultural crops and for many 
other purposes. 

•  Genes are the biochemical structures found on chromosomes and 
they carry the necessary information for protein synthesis.

•  Most species have similar mechanisms for converting DNA into 
protein and so it is possible to move genes between bacterial and 
plant species. 

•  There is an international classifi cation system for biotechnology to 
help scientists, the public and regulatory bodies understand the 
applications of biotechnology.

•  Non genetic modifi cation methods such as Marker Assisted 
Selection can be used to select crops containing certain genes for 
breeding. 

•  Regulatory bodies are set up to protect citizens’ health and the 
environment from unwarranted hazards. 

Practical Activities

Mandatory Practical Activity - 
Separate DNA from a plant tissue (Onion cell) 

Prepare a salt/detergent solution by dissolving 5 g of salt and 10 cm3 
of a detergent (such as washing up liquid) in 90 cm3 of distilled water. 
Separately prepare a protease solution by adding 5 g of meat tenderiser 
such as pineapple juice, trypsin or pepsin to 95 cm3 of distilled water.  
Cut a small onion into cubes. Add the onion into a beaker with the salt/
detergent solution. This breaks down the lipid cell membranes and 
releases the DNA. Place the beaker in a water bath preheated to 60°C for 
15 minutes. Then cool it by placing the beaker in an ice bath for 5 minutes 
while stirring continuously. Place the solution in a blender and blend for 
3 seconds. Filter the solution into another beaker. Take 10 cm3 of the 
fi ltered solution and place in a boiling tube. Add 3 drops of the protease to 
the solution. Gently add 10 cm3 of chilled ethanol so that the ethanol forms 
a layer on top of the solution. Leave to stand for a few minutes then gently 
draw the DNA from the alcohol using a glass rod. 

This experiment can be carried out using other fruits and vegetables such 
as kiwi fruit and tomato. 

Biographical Notes

Gregor Johann Mendel (July 1822- January 1884)

Mendel, an Augustinian abbot, is often called the ‘Father of Genetics’. 
While studying the inheritance of traits in pea plants, he devised two 
Laws of Inheritance – the Law of Segregation and the Law of Independent 
Assortment, both of which are named after him. 

Mendel carried out all his research on pea plants, mainly between 1856 
and 1863, when he grew and tested more than 28,000 of them. However, 
it wasn’t until the 1900’s that his theory was tested and confi rmed by many 
other scientists. 

Read about other famous scientists on www.sta.ie

Examination Questions

2005 Higher Level

What is meant by genetic engineering?

Give two applications of genetic engineering, one involving micro-
organisms and one involving a plant. 

2004 Higher Level

The genetic code incorporated into the DNA molecule fi nds 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 briefl y describe the role of each of them.

2004 - Higher Level Sample Paper

Outline the main events of transcription. 

Describe the role of tRNA

2004 – Ordinary Level 

What is meant by DNA profi ling? 
Describe briefl y how DNA profi ling is carried out. 
Give two uses of DNA profi ling. 

For further examples of past paper questions
check www.sta.ie 

True or False

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

(a)  Biotechnology and genetic modifi cation are different terms
 for the same process. T F

(b) DNA fi ngerprinting is a form of biotechnology. T F

(c)  Adenine, cytosine, guanine and uracil are the bases found in RNA. T F

(d) The proces of forming mRNA from DNA is called translation. T F

(e) The process of forming protein in accordance with the 
 mRNA code is called translation. T F

(f) The purpose of classifying biotechnology is to make it easier 
 for the general public and scientists to understand. T F

(g) White biotechnology is applied to medical processes 
 such as the formation of antibiotics. T F

(h) Biotechnology is also known as genetic engineering. T F

(i) Marker assisted selection is used to identify regions in the
 chromosomes that control complex traits. T F

(j) Marine or aquatic biotechnonogy is known as 
 Green Biotechnology. T F

(k) Proteins can be converted into genes by a process 
 called translation. T F

Check your answers to these questions on www.sta.ie

Did you know?

•  The fi rst genetically modifi ed drug approved by the FDA was human 
insulin in 1982.

•  The fi rst genetically modifi ed vaccine for Hepatitis B was approved in 
1986 by the FDA.   

•  Foods such as meats and vegetables contain genes. One kilogram  
of broccoli contains about six grams of DNA.

•  A single human cell is a hundredth of a millimetre in diameter and 
contains 2 metres of DNA.

•  Size isn’t everything. The largest known genome belongs to a 
microscopic amoeba, closely followed in size by the lungfi sh and the 
Easter lily! 

•  Vegetarian cheese is made possible by the genetic manipulation of 
yeast.

•  Enzymes produced using biotechnological methods are use to treat 
fabric in your blue jeans.

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terms is a powerful recall and retention tool. 

Escherichia coli; DNA chips; gene expression analysis; genetic 
fi ngerprinting; marker assisted selection; genetic engineering; 
genes; proteins; red biotechnology; green biotechnology; 
blue biotechnology; white biotechnology; genetically modifi ed 
organisms.

Check the Glossary of Terms for this lesson on www.sta.ie
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