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Use of DNA probes and DNA hybridization

In order to locate a specific gene DNA probes and DNA hybridisation can be used. 
DNA Probes

A DNA probe is a short, single-stranded section of DNA that has some sort of label attached that makes it identifiable.

1.  What are the two most commonly used probes?

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.  How are DNA probes used to identify particular genes?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Before we can make a specific probe we need to know the sequence of nucleotides in the particular gene that we are trying to locate.

DNA Sequencing

A number of different methods are used to sequence the exact order of nucleotides in a section of DNA, one of which is the Sanger method.  
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 different terminator nucleotides are used, each with one of the four bases adenine, thymine, guanine or cytosine.

In four separate tubes the following mixture is added
· Single stranded DNA template (DNA to be sequenced)

· DNA polymerase (to join DNA nucleotides together)

· DNA primer – short pieces of DNA radioactively labelled or with a fluorescent dye.

· Free nucleotides – lots of A, T, C and G nucleotides

· Small quantity on one of the four terminator nucleotides – A terminator nucleotide in one, C terminator nucleotide in the second, G terminator nucleotide in 3 and T terminator nucleotide in 4)


[image: image2]
The binding on nucleotides to DNA template is random so changes of normal or terminator nucleotide binding is equal. 

Depending on where the terminator nucleotide binds to DNA template will determine what length the DNA strand synthesised is.

All the fragments of new DNA in any of the test tubes will end with a nucleotide that has the same base i.e. whatever the  terminator nucleotide was.

The fragments can be identified by the radioactive primer that was attached to the other end of the DNA section.
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The next stage is to separate out these lengths of DNA fragments – gel electrophoresis
Gel electrophoresis
Each nucleotide in a molecule of DNA contains a negatively-charged phosphate group, so DNA is attracted to the anode (the positive electrode).
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.

Describe how these different length fragments of DNA are separated out using gel electrophoresis

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________[image: image3.png]film after developing
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This method is only good for short base sequences (up to 500 bases long) but larger genes and whole genomes must be cut into smaller fragments using the enzyme _____________________________________________________ and each fragment sequenced. 
Problem:  piecing these fragments back together to make up the gene.  To overcome this problem Restriction Mapping can be conducted.
Restriction Mapping
A restriction map is simply a diagram of a piece of DNA marked with the locations of sites where it is cut by restriction enzymes.

1. Different restriction endonucelase enzymes cut labelled DNA into fragments.

2. the DNA fragments are then separated by gel electrophoresis

3. Distance between recognition sites can be determined by the patterns of fragments produced.

4. A restriction map of the original DNA is made.  

For example

A piece of DNA is cut with two different restriction enzymes, both on their own, and together. This gives three different mixtures of restriction fragments, which are run on an electrophoresis gel (labelled E1, E2 and E1+E2 on the gel below). The first lane on this gel contains a “DNA ladder” – a mixture of DNA fragments of known sizes – which is used to calibrate the gel. 
By comparison with the ladder bands, the length of each restriction fragment can be measured (marked in kilobases, kb on this diagram).
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From this information alone we have to deduce the restriction map. Firstly, the fragment lengths in each lane add up to 17, so we know the original DNA was 17kb long. There must be two recognition sites for restriction enzyme 1 (E1), since it gave three bands, while there must be just one recognition site for restriction enzyme 2 (E2), since it gave two bands. By a process of logic, we can construct the following restriction map to account for the banding pattern.
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HOW?

The DNA sequence is 17 bases long

E1 cuts at 2 places – leaving segments 8 bases long, 6 bases long and 3 bases long

E2 cuts at 1 place leaving segments 10 bases long and 7 bases long.

Where can the Enzymes have made these cuts?

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Only write up if fully understand (otherwise ensure you understand the process of Restriction mapping)
This map is useful in itself, as it can be used to choose restriction enzymes to generate known-sized fragments. But it is even more useful as an aid to DNA sequencing. A long piece of DNA can be cut into shorter restriction fragments, which are easy to sequence. A computer then uses the restriction map to “stitch together” the individual sequences in the correct order and orientation, to generate the complete sequence. The human genome was sequenced in this way.
.

Nowadays sequencing is done in one tube in an automated DNA sequencer.  The tube contains all the modified nucleotides each with a different coloured fluorescent label, an a machine reads the sequence for you.
Do application page 270

Screening for clinically important genes

Genetic screening uses genetic techniques to determine if an unborn child might be affected by a genetic disorder.
Genetic disorders, like sickle cell anemia are due to a gene mutation.  Why is it important to screen individuals who may carry the mutant allele?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What role does a genetic counsellor play?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

For example:

• Sickle-cell anaemia is single-gene disorder, caused by a recessive mutation the haemoglobin gene. 

For example:   A healthy woman with a history of sickle-cell anaemia in the family may be a carrier (i.e.heterozygous for the sickle-cell allele). This won’t affect her, but there is a 25% risk that her children may suffer from sickle-cell anaemia if her partner is also a carrier. So before starting a family a couple with a family history of sickle-cell anaemia may decide to be tested for the sickle-cell allele to see if they are both carriers. If they are the genetic counsellor could discuss the options of pre-natal or preimplantation screening.

Huntington’s disease is a single-gene disorder caused by a dominant mutation in the huntington gene.  Huntington’s disease causes muscle spasms and death, but there are no symptoms until middle age, and there is no cure. Someone with a history of Huntington’s disease in the family may choose to be tested for the mutated allele. Since this is a dominant allele, a positive test result means that they will develop the disease in their forties, and there is a 50% chance that they will pass the disease on to any children they may have. The test can also indicate the likely severity of the disease. Genetic counselling and support is very important in this case since the impact on the individual and their family are so severe.

95% of individuals at risk choose not to under genetic testing, since there is no cure. The uncertainly of not knowing whether they will develop Huntington’s disease must be weighed against the stress of knowing that they eventually will, or even the “survivor guilt” of knowing that they don’t have the disease.

Another area of genetic screening is the detection of mutations of proto-oncogenes  and mutations in tumour suppressor genes which cause cancer. 

How does genetic screening help?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
For example the drug herceptin is only effective at treating a certain type of breast cancer, caused by mutation in the HER2 gene.
There can be other issues with genetic screening. Mistakes in procedures or interpretation can result in false-positive or false-negative results. Results of genetic tests must remain confidential since they may reveal information about the subject’s family and their future health prospects. This could lead to genetic discrimination, where people are denied jobs or insurance because of their genes. In the USA it is illegal for a company to discriminate for employment or health insurance on the basis of genetic test results.
FORENSICS -  Genetic Fingerprinting 
This relies on the non-coding regions of DNA – the _________________________ which contain repetitive sequences of DNA called core sequences.  
The repeated sequences occur in lots of places in the genome.  The number of times a sequence is repeated at different places in the genome can be compared between individuals – this is genetic fingerprinting.  The probability of 2 individuals having the same genetic fingerprint si very low because the chance of 2 individuals having the same number of sequence repeats at each place they’re found in DNA is low.
Making of a genetic fingerprint involves 5 steps 
1. Extraction

__________________________________________________________________________________________________________________________________________________________

2. Digestion

__________________________________________________________________________________________________________________________________________________________

3 Separation

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The gel is immersed in alkali – why _________________________________________________

Single strands are transferred to nylon membrane by a technique called Southern Blotting – describe

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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4 Hybridisation

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5 Development

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What are the uses of DNA fingerprinting?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Exam Questions
1.  A scientist determined the sequences of nucleotides in small samples of DNA obtained from

the dried muscle of an extinct mammal. The scientist then compared these DNA sequences

with the corresponding DNA sequences in samples obtained from other extinct mammals.

(a) The scientist compared the DNA samples obtained from the muscle of one mammal

with DNA samples obtained from the bone of another mammal. Explain why this is a valid comparison.

.....................................................................................................................................................

.....................................................................................................................................................

(1 mark)

(b) The scientist required a large quantity of each DNA to make comparisons. Name the reaction used to amplify a small amount of DNA into a larger quantity.

......................................................................................................................................................
(1 mark)

(c) Explain why the following would be required in the process of producing a large

quantity of DNA.

(c) (i) Primers

.....................................................................................................................................................

.....................................................................................................................................................

(1 mark)

(c) (ii) DNA polymerase

.....................................................................................................................................................

.....................................................................................................................................................

 (1 mark)

(d) As part of the process of sequencing, each DNA sample was broken into fragments.
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These fragments were separated using gel electrophoresis. The diagram shows the banding pattern produced with one DNA sample consisting of eight nucleotides.

(d) (i) Explain why the DNA fragments move different distances in the gel. (1 mark)

.....................................................................................................................................................

.....................................................................................................................................................

 (d) (ii) The DNA fragments were radioactively labelled. Describe one method used to make radioactively labelled fragments visible following electrophoresis.

.....................................................................................................................................................

.....................................................................................................................................................

 .....................................................................................................................................................

.....................................................................................................................................................

 (2 marks)

(d) (iii) Which of the bands, a to h contains seven nucleotides?

……………....................................................................................................................................

(1 mark)   Jan 09 mod 2
2 A gene was broken into fragments using enzyme Z. The mixture of fragments produced was then separated by electrophoresis.

(a) What type of enzyme is enzyme Z?

..........................................................................................................................................

(1 mark)

The table shows the number of base pairs present in the fragments.
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The diagram shows the electrophoresis gel used. The mixture of fragments was placed at the start point marked S and the process started. The boxes indicate the positions reached by the different fragments.

[image: image14.emf]The ‘Sanger Method results in many DNA fragments. In the ‘A 

tube’ the DNA polymerase will form DNA strands with the 

DNA nucleotides but at some point will pick up an ‘A 

terminator’ nucleotide which will block further nucleotides from 

forming the strand.

In the ‘A tube’ at 

the end there will 

be...

In the ‘T tube’ at 

the end there will 

be...

In the ‘C tube’ at 

the end there will 

be...

In the ‘G tube’ at 

the end there will 

be...

The sequence can then be worked out from the position of the fragments on 

the agar plate. 


(b) Explain why base pairs are a suitable way of measuring the length of a piece of DNA.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

(2 marks)

(c) (i) Write 6 above the appropriate box on the diagram to show the position you would expect fragment 6 to have reached.     (1 mark)

(ii) Explain how you arrived at your answer.

..........................................................................................................................................

..........................................................................................................................................

(1 mark)

(d) Enzyme Z recognises a particular sequence of bases in the gene. How many times does this sequence appear in the DNA of this gene?

..........................................................................................................................................

(1 mark)
0105

3.  There are wolves in many European countries. Scientists investigated the genetic diversity of these wolves. They collected samples of DNA from the mitochondria of wolves from different countries. For each sample they identified which haplotypes were present in the DNA. A haplotype is a particular sequence of bases on DNA. Mutations can produce new haplotypes.
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The scientists wanted to find out whether one of the haplotypes in the Portuguese wolves was the same as one of those in the Spanish wolves. They used a restriction endonuclease, electrophoresis and a labelled DNA probe.

(a) For what purpose did they use 

 (a) (i) the restriction endonuclease




(1 mark)

………….............................................................................................................................................

............................................................................................................................................................

 (a) (ii) electrophoresis?





(1 mark)

……….............................................................................................................................................

............................................................................................................................................................

 (b) Explain why the labelled DNA probe could be used to find out whether the haplotypes were the same.






 (2 marks)

………….............................................................................................................................................

............................................................................................................................................................

………….............................................................................................................................................
............................................................................................................................................................

 (c) Two hundred years ago there were many wolves in Italy. By the 1970s there were fewer than 100 wolves left. Since 1980, wolves have increased in number and have spread to France.

(c) (i) Use this information to explain the number of haplotypes in the Italian wolves.

………….............................................................................................................................................

............................................................................................................................................................

………….............................................................................................................................................
............................................................................................................................................................

 (2 marks)

(c) (ii) Suggest an explanation for the number of haplotypes in the wolves that have spread to

France.



 (1 mark)

………….............................................................................................................................................

............................................................................................................................................................

 (d) The scientists analysed the DNA on the Y chromosome and the DNA in the mitochondria of the Swedish wolves. They concluded that the Swedish wolf population descended from one male wolf from Finland and one female wolf from Russia.

(d) (i) Explain why DNA on the Y chromosome helped them to reach this conclusion. ………….............................................................................................................................................

............................................................................................................................................................

(1 mark)

(d) (ii) Suggest why DNA in the mitochondria helped them to reach this conclusion. (1 mark)

………….............................................................................................................................................

............................................................................................................................................................

Wolves eat different mammals. An ecologist investigated factors that affect wolf numbers in North America. He collected data from different field studies carried out in different places. The graph shows his results.
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(e) (i) The wolf numbers are given per unit area. Explain why.

………….............................................................................................................................................

............................................................................................................................................................

………….............................................................................................................................................

............................................................................................................................................................

 (2 marks)

(e) (ii) The ecologist calculated the total prey index for each of the places that had been studied. In order to do this, he gave each prey species a value based on how much food was available to wolves from the prey animal concerned. He called this value the prey index.

The ecologist considered that the prey index gave a better idea of the food available than the prey biomass in kg. Suggest why the prey index gives a better idea of food available. (2 marks)

………….............................................................................................................................................

............................................................................................................................................................

 ……….............................................................................................................................................

............................................................................................................................................................

 (f) The ecologist calculated the total prey index by combining the prey indices and the total number of animals of each species present in 1000km2. He plotted this information on the graph.

What does the graph suggest about the factors that determine wolf numbers in North America? Explain your answer.

………….............................................................................................................................................

............................................................................................................................................................

 ……….............................................................................................................................................

............................................................................................................................................................

 (2 marksJun 10mod 5
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