3.8.3 & 3.8.4 Gene Technologies
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Recall Activities

These are activities to develop your recall of information you covered in the previous topics that are linked to gene technologies.  You should do this before you start the work on this topic.  Once you have done the recall activity quickly check your info/answers using your student booklets and notes from that topic.

Topics covered:   Biological molecules, cells and genetic information.

	Topic
	Recall activities
	Understanding
Please write down any questions you have when completing this activity.
	Completed

	Biological molecules
	On the MWB/scrap paper, draw the process of DNA replication and explain each stage.
	
	

	
	On the MWB/scrap paper, explain the differences between RNA & DNA.
	
	

	Cells
	On the MWB/scrap paper, draw and label a prokaryotic cell and draw a graph to show the growth curve of bacteria
	
	

	Genetic information
	On the MWB/scrap paper, draw a chromosome and label it to include, gene, exon, intron, histone, locus and non-coding sequences
	
	

	
	On the MWB/scrap paper, outline the differences between prokaryotic and eukaryotic DNA
	
	

	
	On the MWB/scrap paper, draw a diagram and annotate the process of protein synthesis
	
	

	
	On the MWB/scrap paper, define genome and proteome
	
	


Specification Content Checklist
	Key info
	Topic:  Gene Technologies
Synoptic Link: Biological molecules, cells and genetic information

	Step 1
	Use the tutorial (GOL), presentation (GOL), video links and textbook to complete the pack.

	Step 2

	Specification Content Checklist
	I understand this
	I can recall this
	I need to revisit this

	
	3.8.3 Using genome projects.
Understand that sequencing projects have read the genomes of a wide range of organisms, including humans.
	
	
	

	
	Understand that determining the genome of simpler organisms allows the sequences of the proteins that derive from the genetic code (the proteome) of the organism to be determined. This may have many applications, including the identification of potential antigens for use in vaccine production.
	
	
	

	
	Explain that in more complex organisms, the presence of non-coding DNA and of regulatory genes means that knowledge of the genome cannot easily be translated into the proteome. 
	
	
	

	
	Explain that sequencing methods are continuously updated and have become automated.
	
	
	

	
	3.8.4 Gene technologies
Explain that recombinant DNA technology involves the transfer of fragments of DNA from one organism, or species, to another.
	
	
	

	
	Explain that since the genetic code is universal, as are transcription and translation mechanisms, the transferred DNA can be translated within cells of the recipient (transgenic) organism.
	
	
	

	
	Understand that fragments of DNA can be produced by several methods, including: 
· conversion of mRNA to complementary DNA (cDNA), using reverse transcriptase 
· using restriction enzymes to cut a fragment containing the desired gene from DNA 
· creating the gene in a ‘gene machine’
	
	
	

	
	Explain how fragments of DNA can be amplified by in vitro and in vivo techniques.
	
	
	

	
	Explain how the principles of the polymerase chain reaction (PCR) as an in vitro method to amplify DNA fragments.
	
	
	

	
	Explain how the culture of transformed host cells as an in vivo method to amplify DNA fragments. 
· The addition of promoter and terminator regions to the fragments of DNA. 
· The use of restriction endonucleases and ligases to insert fragments of DNA into vectors. Transformation of host cells using these vectors. 
· The use of marker genes to detect genetically modified (GM) cells or organisms. 
(You will not be required to recall specific marker genes in a written paper.)
	
	
	

	
	Be able to:
· interpret information relating to the use of recombinant DNA technology 
· evaluate the ethical, financial and social issues associated with the use and ownership of recombinant DNA technology in agriculture, in industry and in medicine 
· balance the humanitarian aspects of recombinant DNA technology with the opposition from environmentalists and anti-globalisation activists 
· relate recombinant DNA technology to gene therapy.
	
	
	

	
	Understand how the use of labelled DNA probes and DNA hybridisation to locate specific alleles of genes.
	
	
	

	
	Explain how the use of labelled DNA probes that can be used to screen patients for heritable conditions, drug responses or health risks and the use of this information in genetic counselling and personalised medicine.
	
	
	

	
	Understand that an organism’s genome contains many variable number tandem repeats (VNTRs). The probability of two individuals having the same VNTRs is very low.
	
	
	

	
	Explain the technique of genetic fingerprinting in analysing DNA fragments that have been cloned by PCR, and its use in determining genetic relationships and in determining the genetic variability within a population.
	
	
	

	
	Understand the use of genetic fingerprinting in the fields of forensic science, medical diagnosis, animal and plant breeding.
	
	
	

	Step 3
	In lesson:  you will be undertaking activities to develop your understanding of the specification content and able to add to your notes.
Revision:  make sure that you have resources available to re-learn and memorise the subject content above
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3.8.3 Genome projects
Projects to determine the entire DNA nucleotide base sequence of a wide range of organisms, including humans, have taken place over the past few decades. The idea is to be able to map the DNA which makes up the genes of an organism and to map these genes on the individual chromosomes of that organism.  The first bacterium to have its full genome sequenced was Haemophilus influenza in 1995.

A complete map of all the genetic material in an organism can be obtained. This is called the genome.  In the space below, make brief notes from the video on the race to sequence the human genome.
[bookmark: _Hlk127962824][image: A picture containing text, electronics

Description automatically generated]__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
What is the difference between a genome and a proteome?
[bookmark: _Hlk127962931]_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Genome Sequencing
What could the information gained from sequencing genomes of species be used for?
______________________________________________________________________________________________________________________________________________________________________
The sequencing of the human genome would not have been possible without the use of bioinformatics.

What is bioinformatics?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What can researchers use bioinformatics for?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sangar Sequencing
Using the presentation and the video (https://www.youtube.com/watch?v=ONGdehkB8jU) put the following statements into the correct order by numbering each statement.
	
	Sample DNA is broken into many fragments and inserted in bacteria
	
	DNA polymerase copies the sample DNA until a terminator nucleotide is added

	
	A mixture of fragments of many different sizes is produced
	
	DNA sample fragments are copied many times by bacteria

	
	Sample fragments are added to a mixture of primers, DNA polymerase and terminator nucleotides (labelled with one of 4 fluorescent dyes)
	
	Smaller fragments travel more quickly through the gel, and arrive at the end where they are hit with a laser beam.

	
	The colour of the emitted light is recorded by the sequencing machine.
	
	The fragments are separated according to size by gel-electrophoresis

	
	Based on the sequence of light colours emitted, the DNA base sequence can be worked out.
	
	



Whole-genome shotgun (WGS) sequencing
Explain what whole shotgun sequencing is.
______________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




 Can you find the complete sequence from these short sections of DNA?

TAGCCGATCGATATGCTAGCTGCATCAT		CATCATTTTGCATAA

		ATCGGCCTTTACGTTAACGTAGCCG			GCTAGCTGCATCATTT
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This is a very short sequence so fairly easy to determine. However, when trying to assembly 100s of millions of short sequences very powerful and fast software is needed to assemble the whole sequence.

Single Nucleotide Polymorphisms (SNPs)
A number of medical advances have been made as a result of sequencing the human genome.  !.4 million single nucleotide polymorphisms (SNPs) have been found in the human genome.
What are SNPs?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
Why is it easier to determine the proteome of a prokaryotic organism like bacteria than a eukaryotic organism?
______________________________________________________________________________________________________________________________________________________________________
What are the applications of knowing the proteome of a prokaryote?
______________________________________________________________________________________________________________________________________________________________________
Why is determining the genome and proteome of more complex organisms(eukaryotes) more difficult?
______________________________________________________________________________________________________________________________________________________________________
3.8.4 Gene Technologies
[image: Diagram
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DNA Hybridisation[image: A picture containing shape
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Using the presentation on GOL, text book or other A level specific sources, do the following the space below:
1. Draw a flow diagram to illustrate how a labelled DNA probe could be used to identify a specific allele in a DNA molecule. 
2. How is the probe created?
3. How is the probe able to bind to the patient’s DNA molecule? 
4. How can you see if the probe has hybridised with the patient’s DNA? 

















Genetic Testing
In the space below draw a diagram to show how the location for a specific mutated allele can be found using probes.  Annotate the diagram. 











DNA Microarrays
It is possible to fix hundreds of probes in an array on a glass slide. This means when donor DNA is added to the slide many different genetic disorders can be tested simultaneously. 
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What are the main applications of genetic testing?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
[image: Diagram
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What is personalised medicine?
 ___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
Explain what pharmacogenomics and give an example of where it is used?
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
Give 3 specific examples of using a personalised medicine approach.
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
Complete the table
	Advantages of genetic testing
	Limitations of genetic testing

	



	

	
	

	



	



Many in the medical establishment feel that uncertainties surrounding test interpretation, the current lack of available medical options for these diseases, the tests' potential for provoking anxiety, and risks for discrimination and social stigmatization could outweigh the benefits of testing.

What are the ethical concerns associated with genetic testing?
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
Genetic Counselling
If a family has a history of a genetic defect, unaffected members can consult a genetic counsellor for advice on the risk of bearing an affected child or advice to enable them to make personal decisions.

Describe the purpose and process of genetic counselling.
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

Gene Therapy
There are 4000 genetic diseases affecting the human population. 2% of the human population is affected by genetic disease.
The aim of gene therapy is to treat a genetic disease by replacing defective genes in the patient’s body with copies of a new DNA sequence.
Advances in gene technology and the success of the Human Genome Project in mapping the human chromosomes has enabled scientists to identify precisely many more genes responsible for genetic disease.
Name and describe the two techniques for gene therapy.
______________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
How can vectors be used in gene therapy?
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
What causes cystic fibrosis?  
___________________________________________________________________________________
___________________________________________________________________________________
What is the function of the CFTR protein?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Diagrams to show how mucus viscosity is controlled by the CFTR protein 

Diagram to show how a faulty CFTR protein causes excessive mucus production.
[image: ]








Describe how gene therapy technique works for Cystic fibrosis.
[image: Diagram

Description automatically generated]______________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________

[image: Diagram

Description automatically generated]Put the following statements in order by numbering them 1-6

	
	The CFTR gene becomes part of the viral DNA

	
	Adenoviruses are rendered harmless

	
	The modified viruses inject their DNA (and CFTR normal gene) into the epithelial cells of the lung

	
	The modified viruses are isolated and purified

	
	The attenuated viruses are grown in epithelial cells with plasmids that contain the normal CFTR gene in the lab

	
	The CFTR gene becomes part of the viral DNA




Treatment of severe combined immunodeficiency (SCID) using gene therapy
[image: Diagram

Description automatically generated]SCID is a rare inherited disease. People with this disorder are unable to mount a cell-mediated response. They cannot produce antibodies. The disorder arises when individuals inherit a defect in the gene that codes for the enzyme adenosine deaminase (ADA). This enzyme destroys toxins that would otherwise kill white blood cells. These sufferers need bone marrow transplants and/or injections of ADA.
Why is Gene therapy not always effective?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________


Polymerase Chain Reaction (PCR)
[image: http://www.molecularstation.com/molecular-biology-images/data/509/pcr-machine.jpg]
PCR makes millions of copies of DNA in a few hours in a thermocycler.
What are needed in the process of PCR?

1. _____________________________
2. _____________________________
3. _____________________________
4. _____________________________




[image: Diagram

Description automatically generated]Annotate each stage of the PCR process shown in the diagram below and add labels to the boxes in number 4.




1.



2.



3.





4.




5


Why is the DNA heated to 95ºC?
______________________________________________________________________________________________________________________________________________________________________
What is the importance of the primers?
______________________________________________________________________________________________________________________________________________________________________
What is unusual about the temperature when DNA polymerase is added? ______________________________________________________________________________________________________________________________________________________________________
Genetic Fingerprinting
A person’s DNA is known as their genetic fingerprint and is unique to each individual.  Genetic fingerprinting can be used for forensic evidence and paternity cases.  All cells contain same DNA so can use blood, hair, skin cells or semen.

What are variable number tandem repeats (VNTRs)?

[bookmark: _Hlk127978493][bookmark: _Hlk127978305]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
How can VNTRs show differences between individuals?
___________________________________________________________________________________
___________________________________________________________________________________
· [image: Diagram

Description automatically generated]The probability of two individuals having the same VNTRs is very low.
· The technique of genetic fingerprinting in analysing DNA fragments that have been cloned by PCR, and its use in determining genetic relationships and in determining the genetic variability within a population.
· The use of genetic fingerprinting in the fields of forensic science, medical diagnosis, animal and plant breeding.


Describe the processes of genetic fingerprinting below 
1.





2.





3.

[image: DSC00568.JPG]









4.



5.



6.





Interpreting the results
· DNA fingerprints from two different samples are examined visually. If they match the patterns of bands of each fingerprint is passed through a scanning machine which calculates the length of the DNA fragments
· Different sized bands travel different distances through the electrophoresis gel
· The odds are calculated of someone having an identical fingerprint
· The greater the match between the bands the higher the chance the DNA has come from the same person.







Uses of DNA fingerprinting
1. [image: Diagram

Description automatically generated with medium confidence]Describe how DNA fingerprinting can be used to determine genetic relationships and variability within a population
[bookmark: _Hlk127978357]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

2. [image: Diagram

Description automatically generated]Describe how DNA fingerprinting can be used in Forensic science
[bookmark: _Hlk127978421]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________


3. Medical diagnosis
[image: Diagram

Description automatically generated]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________


4.  How can DNA fingerprinting be used in animal and plant breeding?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________



Recombinant DNA technology

[image: image008]Genetic engineering already has many commercial applications. Products such as insulin, enzymes and hormones can be produced on a large scale. In the near future it is hoped that the manipulation of genes will lead to the means to treat, or even cure, genetic disorders. There are, however, many concerns about the long-term effects of artificially altering DNA in organisms. These organisms are referred to as genetically modified organisms.




What are the uses of genetic engineering?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

List the five stages in the process of producing a protein using the DNA technology of gene transfer and cloning.

[bookmark: _Hlk128033111]1.  ________________________________________________________________________
      ________________________________________________________________________
2.  ________________________________________________________________________
     ________________________________________________________________________
3.  ________________________________________________________________________
     ________________________________________________________________________
4. ________________________________________________________________________
     ________________________________________________________________________
5.  ________________________________________________________________________
     ________________________________________________________________________



Step one: Locate and isolate the gene

How can the gene be identified and isolated?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

Conversion of mRNA into copy DNA (cDNA) using reverse transcriptase

· Finding correct piece of DNA containing the desired gene is difficult and a cell only has 2 strands of DNA.
· In cytoplasm of cells there can be large numbers of mRNA molecules e.g. in pancreatic cells the functional mRNA for insulin is in large quantities in cytoplasm.
· This mRNA can be extracted.
· A group of viruses called retroviruses (e.g. HIV) contain an enzyme called reverse transcriptase.
[image: ]
How does reverse transcriptase work?
· Once  mRNA is extracted.
· Reverse transcriptase, is used to make a DNA copy of the mRNA. 
· This single strand of DNA is called copy DNA or cDNA. Many copies of cDNA are made.
· The addition of DNA polymerase converts this to a double strand for insertion into a plasmid 

Use the words below to complete of the passage.
	reverse transcriptase            mRNA             DNA polymerase                single                 complementary



1.  Use a cell which is producing lots of the protein you wish to produce and in the cell there will be lots of ________(to be translated).  If the mRNA is extracted it can be made to produce cDNA by using a ____________________ enzyme and DNA nucleotides. This DNA is known as __________ DNA because it is made up of nucleotides that are complementary to the mRNA


[image: ]
The cDNA is ________ stranded as the mRNA was the template, so the cDNA is made double stranded by using ______________.  cDNA is complementary DNA and will only contain exons so can be transcribed and translated by prokaryotic cells.

Explain the procedure of using reverse transcriptase to make the human gene for insulin.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

Using Restriction Endonuclease enzymes
What are Restriction endonucleases?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

[image: Diagram

Description automatically generated]Explain the difference between blunt and sticky ends.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
[image: ]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
[image: Text, table

Description automatically generated]The gene machine
It is now possible to manufacture genes in a laboratory.
1. The amino acid sequence of a desired protein is determined
2. The mRNA sequence can then be worked out by looking up the mRNA codons and the DNA triplets are worked out
3. This sequence is fed into a computer
4. The sequence is checked for biosafety and biosecurity to ensure it meets international standards 
5. The computer designs a series of small, overlapping strands of nucleotides, called oligonucleotides, which can be assembled into the desired gene
6. In an automated process, each of the oligonucleotides is assembled by adding one nucleotide at a time in the required sequence
7. [image: Diagram

Description automatically generated]The oligonucleotides are joined together to make a gene containing only exons
8. The gene is replicated using PCR (polymerase chain reaction)
9. The complementary strand is synthesised using PCR to make a double stranded gene. This is then multiplied
10. Using sticky ends the gene can be inserted into a bacterial plasmid.
11. The genes are checked using standard sequencing techniques and those with errors are rejected
These artificial genes can be produced in a short period of time and only contain exons so can be transcribed and translated by prokaryotic cells

Once DNA has been cut into fragments it is necessary to find the fragment.  How can this be done? ___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
What 2 ways can the fragments be cloned by?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________




Step two: Insert the DNA into a Vector
What is a vector and which one is commonly used in recombinant DNA technology?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

[image: Diagram, logo, company name

Description automatically generated]The plasmid is cut with the same restriction enzyme that cut out the gene from the donor DNA.  Why is this necessary?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
How can DNA from two very different organisms can be joined together?
___________________________________________________________________________________
___________________________________________________________________________________
Which enzyme will join sticky the sugar phosphate backbone of sticky ends together?
[image: ]________________________________________

A diagram to show the formation of recombinant DNA
The different colours represent different species.
[image: Fg15_02]













Preparing the DNA fragment for insertion into a vector
· [image: Graphical user interface, application

Description automatically generated]Extra lengths of DNA are added to the fragment.
· These lengths of DNA contain a promoter sequence which is the binding site for RNA polymerase.
· The nucleotide sequence of the promoter attach both RNA polymerase and transcription factors.
· If we want the DNA fragment to be transcribed and then translated into a protein it is essential to attach the promoter region.
· A length of DNA is also added at the end of the gene.
· This is the terminator sequence which releases RNA polymerase and ends transcription.


What combinations of plasmid could form? Draw the possible plasmids that could be made in the box
[image: Diagram

Description automatically generated]








Step three: Transfer of DNA into suitable host cells - Transformation

Host bacteria must be treated specially to take up genetically modified plasmids.  
Outline the procedure that is used in the transformation process.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

Bacteria that take up the donor gene are said to have been TRANSFORMED.




Step four: Identification of the host cells that have taken up the gene
About 1% of bacteria will be transformed and so those that have been transformed must be identified for further work.
If the donor gene (to code for a desired characteristic) is added to a sequence of plasmid DNA that has another gene to code for antibiotic resistance, then, if the host bacterial cell has the plasmid with the donor gene inserted, the host cell will have resistance to that antibiotic and so it will not be killed if flooded with the antibiotic.
Some plasmids carry genes for resistance to more than one antibiotic.  The donor gene is treated with a restriction enzyme that will also cut one of the antibiotic resistance genes in the plasmid.
[image: ]Some plasmids will rejoin without taking up the donor gene and yet be taken up by host cells.  We must be able to identify these.  If a plasmid has two genes 1. Ampicillin resistance and 2. Tetracycline resistance and the donor gene is added to tetracycline gene, then the cell will lose its resistance to tetracycline.  





[image: Diagram

Description automatically generated with low confidence]Explain how replica plating works to identify the bacteria containing the plasmid with the recombinant DNA.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
[image: ]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Fluorescent markers
· [image: ]A more recent marker gene
· Jellyfish have a gene which codes for a green fluorescent protein (GFP)
· The gene to be cloned is inserted in the middle of the GFP gene
· Any bacteria which takes up the plasmid with the gene in will not produce GFP and will not fluoresce
· Cells which have not taken up the gene will fluoresce

Why is the use of this marker gene a more rapid method of identifying the uptake of a gene into a plasmid?
___________________________________________________________________________________
___________________________________________________________________________________
	Advantages of in vitro gene cloning
	Advantages of in vivo gene cloning

	Extremely rapid
	Useful if want to introduce a gene into another species via a plasmid

	Does not require living cells
	No risk of contamination


	
	Very accurate


	
	Cuts out specific gene


	
	Produces transformed bacteria


[image: insulin0001.jpg]
Step five: Cloning of the host cells
· Following successful identification of the bacteria containing the plasmid AND the DNA fragment, the bacteria are cloned in suitable containers with suitable conditions. (fermenter)
· As the bacteria are cloned, so is the plasmid containing the DNA fragment.








Complete the table of key terms
	Donor DNA
	

	Plasmids
	

	Restriction endonucleases
	

	DNA ligases
	

	Sticky ends
	

	Recombinant DNA
	

	Reverse transcriptases
	

	Clone
	



Applications of DNA technology

Benefits
Microorganisms can be modified to produce a range of substances. Give examples below.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Outline how microorganisms can be used to control pollution.
[image: Diagram

Description automatically generated]___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________



[image: A picture containing timeline

Description automatically generated]Pharming
Genetically modified plants can be transformed to produce a specific substance in a particular organ of the plant. These organs can then be harvested and the desired substance extracted. If a drug is involved this is called plant pharming.






Genetically modified crops
[image: http://classes.midlandstech.edu/carterp/Courses/bio225/chap09/09-18_TiPlasmid_1.jpg]













Bacteria are readily introduced into plants. Certain species naturally attack damaged plants and cause the plant cells to multiply and form a tumour. The bacteria do this by inserting genes from their own plasmids into one of the plant’s chromosomes. The plasmid gene links with the DNA of the plant but stimulates the growth of a tumour. Scientists can replace the tumour-forming genes in the bacterial plasmids with useful genes such as those that make a plant more tolerant to environmental extremes e.g. survive drought, cold, heat, salt or polluted soils.




[image: A picture containing indoor, vegetable

Description automatically generated]Tomatoes
How have tomatoes been genetically modified?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
What is golden rice?
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

Risks of genetic engineering

· Impossible to predict the ecological impacts of releasing genetically engineered organisms into the environment.
· A recombinant gene may pass from the organism it was placed in, to a completely different one.
· Manipulation to DNA will affect the metabolic pathways within that cell. Could these metabolic malfunctions cause cancer or create a new form of disease.
· Genetically modified bacteria often have antibiotic resistance marker genes which could be spread to harmful bacteria. 
· What if an engineered gene mutated?
· What are the long term consequences of introducing new gene combinations?
· What are the financial consequences developing plants and animals to grow in new regions?  
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Oligonucleotide Array: a "DNA Chip"
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An oligonucleotide array consists of a series of short (typically
20~30 bases) single-stranded DNA sequences (oligonucleotides,
or "oligos") attached to a glass chip about the size of a
microscope cover slip. In the arrangement shown here, each
adjacent oligo differs from its neighbor only at the last base. In
the example, the first four oligos in block 1 begin with
GAGCCAAGCTG and end with A, G, C, or T, respectively.
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