Unit 5.8
Gene cloning and transfer, gene therapy, medical diagnosis and genetic fingerprinting. 
	Know the three different ways by which DNA fragments can be produced i.e. by using reverse transcriptase, restriction endonuclease and PCR.
	

	Know how genes can be cloned using two different techniques i.e. in vivo and in vitro
	

	Understand how scientists using the in vivo technique can tell whether the bacteria they are using have been transformed.
	

	Understand the importance of PCR in the in vitro technique.
	

	Appreciate the relative advantages of in vivo and in vitro cloning.
	

	Be aware of how recombinant DNA technology can be used to produce transformed organisms which benefit humans.
	

	Evaluate the ethical, moral and social issues associated with using recombinant technology in industry, agriculture and medicine.
	

	Balance the humanitarian aspect of recombinant DNA technology with opposition from environmentalists and anti-globalisation activists.
	

	Appreciate the use of gene therapy to supplement defective genes and evaluate the effectiveness of this.
	

	Understand how labelled DNA probes and DNA hybridisation is used to locate specific genes.
	

	Understand how restriction mapping and DNA sequencing us used to determine the base sequence of gene.
	

	Appreciate that some genetic diseases may be useful in certain contexts e.g. sickle cell anaemia.
	

	Appreciate that DNA probes can be made which can be used to screen patients for certain genetic diseases.
	

	Appreciate how genetic counsellors use information from genetic screening, e.g. for parents who are both carriers of defective gene and in the case of oncogene, in deciding the best course of treatment for cancers.
	

	Understand that methods used by scientists to identify and locate genes is constantly being updated and automated.
	

	Understand that genetic fingerprinting relies on the fact that a person’s DNA contains repetitive, non-coding base sequences and the chances of two people having the same pattern is extremely low.
	

	Understand how genetic fingerprints are obtained and how these are used at crime scenes, as well as determining the genetic relationships between individuals and the genetic variability within a population.
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Producing DNA fragments
· The process of making a protein using the DNA technology of gee transfer and cloning involves a number of stages
· Isolation of the DNA fragments that have the gene for the desired protein
· Insertion of the DNA fragment into a vector
· Transformation, that is, the transfer of DNA into suitable host cells
· Identification of the host cells that have successfully taken up the gene by the use of gene markers.
· Growth/cloning of the population of host cells.
· Enzymes involved: reverse transcriptase and restriction endonuclease
· Reverse transcriptase
· Catalyses the production of DNA from RNA
· A cell that readily produces the protein is selected
· These cells have large quantities of the relevant mRNA, which is therefore extracted.
· Reverse transcriptase is then used to make DNA from RNA. This DNA is known as complementary DNA (cDNA) because it is made up of the nucleotides that are complementary to the mRNA
· To make the other strand of DNA, the enzyme DNA polymerase is used to build up the complementary nucleotides on the cDNA template. This double strand of DNA is the required gene.
· Restriction endonuclease
· Cut up viral DNA as a defence mechanism
· Cuts a DNA double strand at a specific sequence of bases called a recognition sequence. Sometimes, this cut occurs between two opposite base pairs. This leaves two straights edges known as blunt ends. 
· Other restriction endonucleases cut DNA in a staggered fashion. This leaves an uneven cut in which each strand of the DNA has exposed, unpaired bases. 
· Palindromic sequences on the sticky ends.










Creating the gene from mRNA
· It is often easier to locate a specialised cell which is manufacturing large quantities of mRNA
· E.g. beta cells in the pancreas which produce insulin rather than to locate the gene that produces it.
· One of the reasons is because in many cells there maybe two copies of this gene and one of these may not be the functional allele. 
· This mRNA is purified and mixed with free DNA nucleotides and the enzyme reverse transcriptase. 
· This enzyme uses the mRNA as a template and causes the reverse of transcription to occur. 
· This results in a strand of cDNA being made. (c = complementary)
· This cDNA strand is removed and free DNA nucleotides are added with DNA polymerase. This then produces a double stranded cDNA.
Fragments of DNA can be used by using restriction endonucleases
· Restriction enzymes that make staggered or blunt ends
[image: http://explorebio.wikispaces.com/file/view/sticky_ends.jpg/204841238/sticky_ends.jpg][image: http://www.bio.miami.edu/dana/pix/chimericDNA.gif]
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Transferring the gene into a vector
· Plasmids and viruses can both be used as vectors (plasmids preferred) gene is transferred into plasmid as follows;
· Plasmid is cut open using restriction endonucleases; the same restriction endonucleases are used to cut out the DNA fragments from the donor cell. The sticky ends of the two types of DNA will contain complementary base sequences (if the gene was synthesised from mRNA, sticky ends are added.
· The DNA fragments are incubated with the plasmids. The plasmid DNA and the gene DNA anneal in the following way;
· Hydrogen bonds form between the bases in the sticky ends, weakly holding the gene DNA in place in the plasmid
· Catalysed by the enzyme ligase, covalent bonds form between the sugar-phosphate backbones of the plasmid DNA and gene DNA; the gene has now been firmly spliced into the plasmid. It is now recombinant DNA/recombinant plasmid.
· Transferring the plasmid into a bacterium
· The bacteria are treated with a solution of calcium chloride (CaCl), which makes the cell wall permeable to plasmids. The bacteria are then incubated with plasmids. However;
· The frequency of plasmid take-up by bacteria may be as low as 1 in 10000.
· Some bacteria will take up recombinant plasmids and others will take up the original, non-recombinant plasmids; those that take up the recombinant plasmids are called transformed bacteria.
· Checking which bacteria has taken up recombinant plasmids.
· Use antibiotic resistance in the gene – there will be the following types of bacteria;
· Those that have not taken up any plasmids and are not resistant to either antibiotic.
· Those that have taken up the original plasmids and are resistant to both antibiotics
· Those that have taken up the recombinant plasmids and are resistance to ampicillin only.








Gene cloning
· A process which makes multiple copies of the gene which has been produced by;
· In vitro – using the PCR (polymerase chain reaction)
· PCR mimics DNA replication and in 25 cycles over a million copies of DNA are made of the original template.
· The steps include loading the machine with template DNA, thermostable DNA polymerase, primers and free DNA nucleotides.
· The following steps are used
· The DNA is heated to 95oC and this causes the DNA strands to separate.
· The temperature is cooled to 55oC and an excess of primers (short sequences of DNA) which are complementary to the start of the region to be amplified are added. The primers anneal to their complementary set of bases on the DNA strand.
· DNA polymerase and free DNA nucleotides are added and the temperature is raised to 72oC
· The whole cycle is repeated many times.
[image: http://oceanexplorer.noaa.gov/explorations/04etta/background/dna/media/dna_1_600.jpg]
· In vivo – by transferring the fragments to a host cell using a vector
Transformed bacteria
· Scientists use a variety of techniques to identify which bacteria have taken up a plasmid and then more importantly which ones of these have the recombinant plasmid.


In vivo/in vitro
· In vivo gene cloning – the use of vectors
· Once the fragments of DNA have been obtained, the next stage is to clone them so that there is sufficient quantity for medical or commercial use. This can be achieved in two ways
· In vivo – by transferring the fragments to a host cell using a vector
· In vitro – using the polymerase chain reaction (PCR)
· Insertion of DNA fragment unto a vector
· Vector transports a gene from one organism to another (the host cell)
· Plasmids
· Circular lengths of DNA found in bacteria – which are separate from the main bacteria DNA.
· Plasmids almost always carry a gene for antibiotic resistance – the restriction endonucleases are used at one of these genes to break the plasmid loop.
· Same restriction endonuclease that cuts the DNA fragments – so the sticky ends of the plasmid are complementary to the sticky ends of the DNA fragment.
· DNA ligase forms bonds in the sugar phosphate backbone to join it into the plasmid.
· Introduction of DNA into host cells	
· Transformation – when a plasmid has taken up the genes.
· Involves the plasmid and bacterial cells being mixed together in a medium containing calcium ions.
· The calcium ions, and changes in temperature, make the bacteria permeable, allowing the plasmids to pass through the cell membrane into the cytoplasm. However, not all the bacterial cells will possess the DNA fragments.
· Only a few bacterial cells take up the plasmids when the two are mixed together (1%)
· Some plasmids will have closed up again without incorporating the DNA fragment.
· Identifying which bacteria have taken up the plasmid
· All the bacteria cells are grown on a medium that contains the antibiotic ampicillin
· Bacterial cells that have taken up the plasmid will have acquired the gene for ampicillin resistance.
· These bacterial cells are able to break down the ampicillin and therefore survive.
· The bacterial cells that have not taken up the plasmids will not be resistant to ampicillin and therefore die.
· This is an effective method of showing which of the bacterial cells have taken up the plasmid
· However some cells will have taken up the plasmids and then closed up without incorporating the new gene and these would have also survived.
· Therefore gene markers are used.
· Antibiotic resistance markers	
· Replica plating
· The gene is incorporated in the gene for resistance
· If gene has been successfully taken up then the plasmid/bacteria is no longer resistant. – no longer produces enzymes to hydrolyse the antibiotic.
· So the antibiotic will kill the cells with the desired new gene.
· Therefore replica plating is used.
· The bacterial cells that survived treatment with the first antibiotic (ampicillin) are known to have taken up the plasmid
· These cells are cultured by spreading them very thinly on nutrient agar plates.
· Each separate cell on the plate will grow into genetically identical colony.
· A tiny sample of each colony is transferred onto a second (replica) plate in exactly the same position of the colonies on the original plate.
· This replica plate contains the second antibiotic (tetracycline) against which the antibiotic-resistance gene will have been made useless if the new gene had been taken up. 
· The colonies killed by the antibiotic must be the ones that have taken up the required gene.
· The colonies in exactly the same position on the original plate are the ones that possess the required gene. These colonies are therefore made up of bacteria that have been genetically modified, that is, have been transformed.
· Fluorescent protein that is easily seen
· Transferring a gene from a jellyfish into a plasmid.
· The gene produces a green fluorescent protein.
· Any bacterial cell that has taken up the plasmid with the gne that is to be cloned will not be able to produce GFP
· The cells that have taken up the gene will not fluoresce 
· No need for replica plating
· Can be viewed under UV light to confirm results.
· May produce an enzyme whose action can be identified.
· Gene marker that produces the enzyme lactase
· Lactase will turn a particular colourless substrate blue
· If plasmid with gene is present in the bacteria then lactase won’t be produced therefore no blue. 


In vitro gene cloning – the polymerase chain reaction
· A method of copying fragments of DNA. The process is automated, making it both rapid and efficient.
1. The DNA fragment to be copied
2. DNA polymerase – an enzyme capable of joining together tens of thousands of nucleotides in a matter of minutes. It is obtained from bacteria in hot springs and is therefore tolerant to heat (thermostable) and does not denature during the high temperatures of the process.
3. Primers – short sequences of nucleotides that have a set of bases complementary to those at one end of each of the two DNA fragments
4. Nucleotides – which contain each of the four bases found in DNA
5. Thermocycler – a computer-controlled machine that varies temperatures precisely over time
· The polymerase chain reaction
1. Separation of the DNA strand – the DNA fragments, primers and DNA polymerase are placed in a vessel in the Thermocycler. The temperature is increased to 95C, causing two strands of the DNA fragments to separate.
2. Addition (annealing) of the primers – the mixture is cooled to 55C causing the primers to join (anneal) to their complementary bases at the end of the DNA fragment. The primers provide the starting sequences for DNA polymerase to begin DNA copying because DNA polymerase can only attach nucleotides to the end of an existing chain. Primers also prevent the two separate strands from simply rejoining.
3. Synthesis of DNA – the temperature is increased to 72C. This is the optimum temperature for the DNA polymerase to add complementary nucleotides along each of the separate DNA strands. It begins at the primer on both strands and adds the nucleotides in sequence until it reaches the end of the chain. 
· Advantages of in vitro and in vivo gene cloning
· In vitro
· It is extremely rapid
· It does not require living cells
· In vivo
· It is particularly useful where we wish to introduce a gene into another organism
· It involves almost no risk of contamination
· It is very accurate
· It cuts out specific genes
· It produces transformed bacteria that can be used to produce large quantities of gene products. 
Use of recombinant technology
· Selective breeding of crop plants and domesticated animals have been carried out for thousands of years. 
· Today scientists can alter the genetic make-up of an organism far more quickly through recombinant DNA technology.
· Genetic modification
· Increasing the yield from animals or plant crops
· Improving the nutrient content foods introducing resistance to disease and pests
· Making crop plants tolerant to herbicides
· Developing tolerance to environmental conditions, e.g. extreme temperatures, drought.
· Making vaccines
· Producing medicines for treating disease. 
· Examples of genetically modified microorganisms
· Antibiotics
· Produced naturally by bacteria
· GM – increases yield and rate that they are produced.
· Hormones
· Insulin 
· Enzymes
· Examples of genetically modified plants
· Tomatoes
· Herbicide-resistant crops
· Disease-resistant crops
· Pest-resistant crops
· Plants that produce plastics

· Examples of genetically modified animals
· Domesticated animals
· Protein in goat’s milk…
· Mature eggs are removed from female goats and fertilised by sperm.
· The normal gene for anti-thrombin production from a human is added to the fertilised eggs alongside the gene that codes for proteins in goats’ milk.
· These genetically transformed eggs are implanted into the female goats.
· Those resulting goats with the anti-thrombin gene are crossbred, to give a herd in which goats produce milk rich in the protein anti-thrombin.
· The ant-thrombin is extracted from the milk, purified and given to humans unable to manufacture their own anti-thrombin.
Gene therapy
· What is the link between gene therapy and transgenic humans?
· What is a transfected cell?
· Germ-line and somatic-cell are two types of gene therapy that can be used to treat cystic fibrosis. How and why are these different? (at this point you do not have to mention the use of vectors i.e. retroviruses or liposomes)
· Find out what symptoms a cystic fibrosis sufferer may experience
· A person suffering from cystic fibrosis has a recessive mutant allele in which 3 DNA bases are missing. This mutation is an example of a frameshift mutation. The mutated allele produces a non-functional CFTR (cystic fibrosis trans-membrane-conductance regulator) protein. This prevents chloride ions from leaving the epithelial cells. Therefore a cystic fibrosis sufferer had dry epithelial membranes. Explain how the non-functional CTRF protein causes this dryness to occur.
· Make some notes on how during somatic cell therapy retroviruses and liposomes are used and explain why this process is not always effective.
[image: http://4.bp.blogspot.com/-NypSdLKYx_0/T38RrbomnwI/AAAAAAAAABw/wZpOLyNcXz0/s1600/cf-1.jpg]Cystic Fibrosis
· Recessive
· Three DNA bases missing – AAA
· The normal gene called the cystic fibrosis trans-membrane-conductance regulator (CFTR) gene normally produces a protein of some 1480 amino acids. 
· The deletion results in a single amino acid being left out of the protein
· This however is enough to make the protein unable to perform its role of transporting chloride ions across epithelial membranes.
· CFTR is a chloride ion channel protein that transports chloride ions out of epithelial cells, and water naturally follows by the process of osmosis
· In this way epithelial cells are kept moist.
Symptoms of cystic fibrosis
· Mucus congestion – increased risk of infection
· Breathing difficulties
· Mucus in pancreatic ducts – forming pancreatic fibrous cysts.
· Mucus in sperm ducts – infertility.
Treatment of cystic fibrosis using gene therapy
· Gene replacement – defective gene is replaced by healthy gene
· Gene supplementation – one or more copies of the healthy gene are added alongside the defective gene. As the added genes have dominant alleles, the effects of the recessive alleles of the defective gene are masked.
· In addition
· Germ-line gene therapy
· Involves replacing or supplementing the defective gene in the fertilised egg. This ensures that all cells of the organism will develop normally, as will all the cells of their offspring. 
· This is therefore a much more permanent solution, affecting future generations.
· However the moral and ethical issues of manipulating such a long-term genetic change mean that the process is currently prohibited.
· Somatic-cell gene therapy
· Targets just the affected tissues, such as the lungs, and the additional gene is therefore not present in the sperm or egg cells, and so is not passed on to future generations
· As the cells of the lungs are continually dying and being replaced, the treatment needs to be repeated periodically – as often as every few days.
· At present, the treatment has limited success.
· The long-term aim is therefore to target undifferentiated stem cells that give rise to mature tissues.
· The treatment would then be effective for the lifespan of the individual.

Locating and sequencing genes
DNA probes
· DNA probe is a single strand of DNA that has some sort of label attached that makes it easily identifiable
· Radioactively labelled probes
· Fluorescently labelled probes
· Used to identify genes in the following way
· DNA probe has complementary bases to the portion of DNA that is in the gene that we want to find.
· DNA probe binds with one of the strands – hybridisation
· The site at which the probe binds can be identified by the radioactivity/fluorescence that the probe emits. 
Using DNA hybridisation to locate a gene
· First a sample of cells is taken from a patient. The DNA is extracted and amplified using the technique of PCR. The DNA molecules are too long and so are digested into smaller pieces using restriction endonucleases. These fragments are separated using the technique of gel electrophoresis. The DNA probes anneal (bind) to a complementary base sequence on the test DNA. This process is called DNA hybridisation. 
· Dideoxyribonucleotide (terminator nucleotide) is made up of dideoxyribose and is therefore a different shape to deoxyribose. This means that DNA polymerase cannot fit the dideoxyribose in the active site and so therefore terminates the gene sequence.
DNA sequencing
· Sanger method
· [image: http://www.zo.utexas.edu/faculty/sjasper/images/20.12.gif]This method uses modified nucleotides that cannot attach to the next base in the sequence when they are being joined together.
· They therefore act  as terminators, ending the synthesis of a DNA strand.
· Four terminator bases of A, C, T + G. process is as follows:
· 4 test tubes each containing
· Many single stranded fragments of the DNA to be sequenced. This acts as a template for the synthesis of its complementary strand
· A mixture of nucleotides with the bases A, C, T + G.
· A small quantity of one of the four terminator nucleotides
· A primer to start the process of DNA synthesis. This primer is radioactively labelled or labelled with a fluorescent dye
· DNA polymerase to catalyse DNA synthesis.
· Then gel electrophoresis.

Electrophoresis
· DNA can be cut up using restriction endonuclease enzymes. The pieces produced in this way are called fragments. These pieces are of different lengths which can be separated accordingly by the process of electrophoresis. (or fragments from the sanger method!!)
· The technique uses a slab of agarose gel with a row of shallow wells at one end and an electrode at each end. The DNA fragments are loaded into the wells and a current passed through. The phosphate groups in DNA carry a negative charge so the pieces move towards the positive electrode.
· The smallest fragments are able to travel faster through the pores in the gel than the larger fragments. A suitable stain has to be added to the DNA fragments to make them visible; this is called a dye. An alternative is to label the DNA with a radioactive marker before it is cut up. A photographic film is then placed over the gel at the end of the separation. When the film is developed it is called an autoradiograph. Any radioactivity will have produced a series of bands.
Restriction mapping
· Restriction mapping involves cutting DNA with a series of different restriction endonucleases. The fragments produced are then separated by gel electrophoresis. The distance between the recognition sites can be determined by the patterns of fragments that are produced.

Using DNA probes to diagnose disease
· This technique only works if we know some of the specific base sequences found in defective gene we wish to identify in the human chromosomes. Once we know this; we can make single-stranded complementary DNA (cDNA) that matches this base sequence.
· To find disease causing genes, we must first obtain a sample of DNA. We can obtain this sample from most human cells. In one technique, a small sample of tissue is shaken in the lab with a mixture of water saturated phenol and chloroform. This causes proteins to precipitate out, leaving DNA in the water layer. This DNA is then extracted from the water layer and purified.
· DNA fragmentation
· The DNA in our sample is then cut into fragment, using restriction endonucleases that cut DNA at specific base sequences, called recognition sequences. These enzymes are used to cut DNA in our sample, producing a complex mixture of DNA fragments of different lengths.
· Separation of DNA fragments
· Electrophoresis is used to separate the DNA fragments according to their electrical charge and their size. This involves placing the DNA mixture in a well at one end of a block of agarose gel. 

Medical screening and genetic counselling
· Many diseases in humans are due to having a mutation of genes. Sometimes these mutations can benefit a person in some contexts but not others.
Genetic counselling looks at family history of disease and advises and helps those who may be at risk. 

Genetic fingerprinting
· STRs – short tandem repeats (repeated base sequences) – the length of the STR will vary from person to person.
· Problems with classical DNA fingerprinting
· Large amounts of DNA was required – didn’t use many bands which therefore made it difficult to interpret.
· DNA profiling uses more bands which is more accurate.

Extraction
· Extract some DNA – can be amplified by PCR.
Digestion
· DNA is cut into fragments with restriction endonucleases.
· The endonucleases are chosen for their ability to cut close to, but not within groups of core sequences
Separation
· Fragments of DNA are next separated according to size in gel electrophoresis.
· The gel is then immersed in alkali in order to separate the double strands into single strands.
· The single strands are then transferred onto a nylon membrane by a technique called southern blotting, which involves a series of stages
· A thin nylon membrane is laid over the gel
· The membrane is covered with several sheets of absorbent paper, which draws up the liquid containing the DNA by capillary action.
· This transfers the DNA fragments to the nylon membrane in precisely the same relative positions that they occupied on the gel.
· The DNA fragments are then fixed to the membrane using UV light. 
Hybridisation
· [bookmark: _GoBack]Radioactive/fluorescent DNA probes are now used to bind with the core sequences. The probes have base sequences which are complementary to the core sequences, and bind to them under specific conditions, such as temp and pH.
Development
· X-rays (if radioactive)
· Already visible in fluorescent.
· Bars are revealed which are unique to every individual.


Isolation
production of DNA fragments that have the required gene using reverse transcriptase or restriction endonucleases


Insertion
insertion of DNA fragment into a vector, e.g. plasmid, using DNA ligase


Transformation
introduction of DNA fragment into suitable host cell


Identification
Identification of host cells that have take up the DNA using gene markers


Growth/Cloning
Culturing of host cells containing the DNA to produce the protein on a large scale.
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