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Teacher Guidelines: 

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource as a formal test. These teacher guidelines do not need to be submitted for moderation.
The standard requires students to be able to describe two biotechnological applications, two techniques used in each application and the human need or demand for each application. Teachers can choose to do this in a number of ways, such as a research task, a report, a test or a seminar. The applications can be assessed separately and by different methods. One application could be assessed by a research task that incorporates the criteria for AS 90714 (Biology 3.2 – see version B of this resource).  The second application could be assessed in a test or as part of internal school examinations. Alternatively, both applications could be assessed in one test at the end of the topic.

This activity has been written as a test that could be used to assess up to three applications. Teachers can also use the test for other applications and appropriate techniques to meet human needs/demands in specific contexts by modifying this “generic template”. In this situation, before using this activity teachers need to find suitable biotechnological contexts from a reputable source to use with this assessment, for example, from science journals or reliable internet sites. If the context is unique to the assessment it helps to ensure authenticity. These generic questions can then be applied to the chosen context, as demonstrated in the sample questions provided in the appendix. 

Context/setting:


This assessment activity is to be based on specific biotechnological applications that meet human needs and demands i.e. gene cloning, transgenesis, DNA profiling, genome analysis, stem cell research, xenotransplantation as listed in EN 3 of the standard. 

Techniques must be relevant to the application and may include: PCR, ligation, use of restriction enzymes, gel electrophoresis, DNA sequencing, DNA chips, and tissue culture.  Techniques will be considered in the context of a relevant application (see EN 2). Note that students must provide sufficient evidence in FOUR different techniques, two for each application.  

If a formal test is the method of assessment used, students will be expected to recall and apply the knowledge they have gained through teaching and learning of at least two applications in specific contexts.

NOTE: As students are required to show their understanding of the application, two techniques and the human need/demand for each of TWO applications, it is suggested that students be given an opportunity to answer the three questions from the following suite that relate to the topics covered in class AND cover a range of relevant, different techniques. 

Conditions: Students work individually in closed book exam conditions. This activity is recommended to take place in one teaching period.There are no special resource requirements for this assessment.
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Student Instructions Sheet

Instructions:
· You should answer ALL the questions in this booklet.

· Check that this booklet has pages 2 – 7 in the correct order and that none of these pages is blank.  <<insert correct number of pages>>

· If you need more space for any answer, use the page provided at the back of the booklet and clearly number the question.

· YOU MUST HAND THIS BOOKLET TO THE TEACHER AT THE END OF THIS TASK.

· You are advised to spend 50 - 60 minutes answering the questions in this booklet.

	For Assessors use only

Achievement Criteria:

	Achievement


	Achievement with Merit
	Achievement with Excellence

	Describe applications of biotechnological techniques to meet human needs and demands.


	
	Explain applications of biotechnological techniques to meet human needs and demands.
	
	Discuss applications of biotechnological techniques to meet human needs and demands.


	

	Overall Level of Performance:   


	


Question 1 

DNA profiling is being used as part of an international research project to identify twenty thousand marine fish species by the year 2010. Scientists will identify the sequence of bases in a specific region of mitochondrial DNA which does not show much variation within species, but between species is very different. The DNA is sourced from muscle tissue using standard DNA extraction techniques. 

(a)
Describe what DNA profiling is.
<<insert lines>>

(b)
PCR and gel electrophoresis are two of the techniques used in DNA profiling. For each of these two techniques discuss BOTH, how the technique is carried out and why the technique is used.

<<insert lines>>

(c)
Discuss the human need or demand for DNA profiling technology in relation to identifying marine fish species.
<<insert lines>>

Question 2

“Sheep genomics” is a trans-Tasman partnership involving Australian and NZ research organisations. The project will ultimately lead to sequencing of the sheep genome. This will allow a virtual sheep genome map to be created, according to Australian researcher Dr Brian Dalrymple. Around the world genome analysis is currently being carried out on several species.

(a) Describe what “genome analysis” is. 

<<insert lines>>

(b) Two techniques used in genome analysis are the development of a clone library and a chromosome map. Discuss how and why BOTH the clone library and a chromosome map are used in genome analysis.

<<insert lines>>

(c) Use the above example of genome analysis to discuss why people are spending huge amounts of time and money to carry out this application in sheep.

<<insert lines>>

Question 3

Chymosin is an enzyme that digests milk proteins and can be used to clot milk into curds. Traditionally Chymosin was obtained from the stomach secretions of suckling calves less than 10 days old but is now produced in an application of transgenesis by using  ‘transgenic bacteria’  - these are bacteria which have had the chymosin gene added to their DNA. 

(a) Describe what transgenesis is.
<<insert lines>>

(b) Discuss how restriction enzymes and DNA ligase are used to produce transgenic bacteria, such as the chymosin producing bacteria.

<<insert lines>>

(c)
Discuss why producing chymosin has changed from extraction from stomach secretions of suckling calves less than 10 days old to the use of transgenic bacteria. 
<<insert lines>>

Assessment Schedule: Bio/3/6_A3 - Sample Assessment and Generic Template for a formal test 

	Judgement for Achievement
	Judgement for Achievement with Merit
	Judgement for Achievement with Excellence

	DESCRIBE

For each of TWO applications, all of the following aspects must be described:

· Application - what is the application? What is done in the application? (EN 3)

· Use of Techniques - two relevant techniques used in each application. The techniques must be unique to each application. (EN2)

· How the application meets human needs or demands. (EN 3)


	EXPLAIN

As for achieved AND for ONE application, aspects of at least one of the following must be explained:

EITHER

· Relating to the application

(EN 3)

OR

· Use of a relevant technique - give a reason why or how a relevant technique is used in the application (EN2)

OR

· How the application meets human needs or demands. (EN 3)
	As for achieved AND for ONE application, aspects of any of the following must be discussed:
EITHER

· Relating to the application 


(EN 3)

OR

· Use of relevant techniques (EN2)
OR

· How the application meets human needs or demands (EN 3)



	Describe - discrete ideas, requires the student to define, use annotated diagrams, give characteristics of, or an account of. EN 4, bp 1.
	Explain - requires the student to provide a reason as to how or why something occurs. EN 4, bp 2.


	Discuss requires the student to show understanding by linking biological ideas.  The discussion will therefore include descriptions and explanations, and could involve students justifying, relating, evaluating, comparing and contrasting, and analysing. 

For example, justifying the use of one technique over another (in relation to the application and/or human need/demand), or evaluating the use of human organs and pig organs in xenotransplantation. EN 4, bp 3.


	
	Evidence for Achievement
Indicative excerpts from scripts as examples:
	Evidence for Achievement with Merit
Indicative excerpts from scripts as examples:
	Evidence for Achievement with Excellence
Indicative excerpts from scripts as examples:

	1 (a)
	E.g.

DNA profiling is a method that uses the length of the code in microsatellites or STRs in DNA to identify different species or individuals.
	
	

	1 (b)
	E.g.

PCR is used to increase the amount of DNA you have. PCR can change a very small sample of DNA into a large sample very quickly.

AND

Gel electrophoresis separates the DNA fragments by their size.
	E.g. 

Gel electrophoresis is used because the technique separates the DNA fragments by their size making it possible to analyse the pattern produced by different fish species. Thereby identifying differences between species and recognising the pattern produced by each species.

Could also answer with an explanation of PCR.

<<insert an example of an answer for PCR>>
	E.g. 

Gel electrophoresis is used because it can separate the DNA fragments by their size. DNA is negatively charged so the electric current causes the fragments to move towards the positive electrode. The smaller fragments are able to move faster because of their size so in a set time they move further from the starting point. The spread out pattern produced by each species is different because the length of the microsatellite is different so this gives a way of recognising each of the different fish species.

Could also answer with a discussion of PCR.

<<insert an example of an answer for PCR>>


	1 (c)
	E.g. 

This use of DNA profiling enables fish species to be accurately identified. OR This allows biodiversity / conservation issues to be addressed, OR Evolutionary links to be identified.

OR Data on fish species will also enable fish quotas/stocks to be ascertained.
	E.g. 

DNA profiling is faster and more accurate than any other method of identification so that data on fish species can enable fish quotas/stocks to be ascertained to ensure they are sustainable.
	E.g. 

This use of DNA profiling is justified as it enables fish species to be identified faster and more accurately than any other method. This allows biodiversity and conservation issues to be addressed more accurately, as data on each fish species is more accurate. Without the use of DNA profiling different species of fish that look similar may have been misidentified and this would have made it appear that there were more of a species present than was actually the case. 

When the stocks of a fish species are able to be quickly and accurately determined it helps to ensure that appropriate management strategies are implemented to maintain a sustainable catch. 

	2 (a)
	E.g. 

Genome analysis is about finding out the order of the bases in the DNA as well as finding the location of genes and the parts of the DNA that controls the activity of the genes.
	
	

	2 (b)
	E.g.

Clone library – The large chunks of chromosome produced by the action of restriction enzymes are inserted into bacterial plasmids. The plasmids containing the different fragments are cultured to produce many copies.

Chromosome map – PCR and gel electrophoresis are used on each fragment of the chromosome and the positions of DNA markers is able to be determined. Once this has been done for all the fragments the overlaps in the DNA markers can be used to determine the sequence of markers on the chromosome and a low resolution chromosome map is made.
	E.g. 

Clone library - The large chunks of chromosome produced by the action of restriction enzymes are inserted into bacterial plasmids. The plasmids containing the different fragments are cultured to produce many copies. The production of a clone library is necessary as the amount of material in a genome is so large it is impossible to deal with all at once. 

<<insert an example of an answer for a chromosome map >>
	E.g. 

Clone library - The large chunks of chromosome produced by the action of restriction enzymes are inserted into bacterial plasmids. The use of plasmids from E coli has been found to be better that using yeast as the E coli based clone libraries are much more stable which is important when you are trying to accurately identify the sequence of bases in the inserted fragment.

The plasmids containing the different fragments are cultured to produce many copies. The production of a clone library is necessary, as the amount of material in a genome is so large it is impossible to deal with all at once. Using a clone library also means that each of the cultures containing a fragment can be reproduced many times over and then some given to other groups of people to work on. 

<<insert an example of an answer for a chromosome map >>

	2 (c)
	E.g. 

Sheep genome analysis enables scientists to identify sheep with the genes for greater productivity.
	E.g.

Sheep genome analysis enables scientists to identify sheep with the genes for greater productivity. This information can then be used in breeding programmes to produce whole flocks that are carrying the genes for greater productivity.
	E.g.

Sheep genome analysis enables scientists to identify sheep with the genes for greater productivity. This information can then be used in breeding programmes to produce whole flocks that are carrying the genes for greater productivity. 

The identification of specific genes allows the improved features to be established much more quickly in a breeding programme than would be possible without the genome analysis information.

	3 (a)
	E.g.

Transgenesis is when genetic material (DNA) is transferred from one organism to another of a different species. It allows for direct modification of an organisms genome. 
	
	

	3 (b)
	E.g. 

Restriction enzymes are used to cut the chymosin gene and the plasmid and then the ligation technique is used to join the chymosin gene and the plasmid.
	E.g.

Restriction enzymes are used to cut the chymosin gene and the plasmid. The same restriction enzyme must be used to cut both the gene and the plasmid as this will produce the same sticky ends that can then be joined together by the DNA ligase.
	E.g.

Restriction enzymes are used to cut the chymosin gene and the plasmid. The same restriction enzyme must be used to cut both the gene and the plasmid as this will produce the same sticky ends that can then be joined together by the DNA ligase. Use of specific restriction enzymes has enabled the cutting of DNA at a recognition site specific to that enzyme. For example the restriction enzyme EcoRl from E coli has the recognition site GAATTC. It will produce a DNA fragment with the sticky end AATT at one end and TTAA at the other. During ligation of the DNA into a plasmid the AATT end will be joined to the TTAA end of the open plasmid. When both ends are joined in again a molecule of recombinant DNA is produced.


	3 (c)
	E.g.

Chymosin can be produced on demand in the quantities required. 


	E.g.

Chymosin can be produced on demand in the quantities required at any time of the year instead of having to wait until you have calves that are less than 10 days old. This means that it is more readily available throughout the year

	E.g.

Chymosin can be produced on demand in the quantities required at any time of the year instead of having to wait until you have calves that are less than 10 days old. 

When compared to calves transgenic bacteria are easily housed and the culture easily maintained in vats that have the right conditions for bacterial growth and reproduction. All the materials the bacteria need to produce chymosin are supplied and the temperature can be held at the optimum level so that chymosin production is very efficient. 

	
	<< Include an annotated script showing descriptions as an example of evidence for achievement>>
	<< Include an annotated script showing explanations as an example of evidence for achievement with merit>>
	<< Include an annotated script showing discussion as an example of evidence for achievement with excellence>>


APPENDIX

Some examples of how this sample assessment can be modified with these and other applications 

Question <<insert question number>>
<<insert an example of information about genome analysis>>

(a) Describe what the application “genome analysis” is.

(b) Two techniques used in genome analysis are <<insert two techniques used in genome analysis>>. Discuss how and why BOTH these techniques are used in genome analysis.

(c) Discuss why people are spending huge amounts of time and money to complete the genome analysis of <<insert species name>>.
Question <<insert question number>>
<<Insert an example of information about DNA profiling>>

(a)
What is “DNA Profiling”?

(b)
<<insert two techniques used in DNA profiling>> are two of the techniques used in DNA profiling. For each of these two techniques, discuss BOTH, how the technique is carried out and why the technique is used.

(c)
Discuss the human need or demand for DNA profiling technology. 

Question <<insert question number>>
<<Insert an example of information about transgenesis >>

(a) Describe a use of “transgenic organisms”. 

(b) Two techniques used in producing transgenic organisms are <<insert two techniques used in transgenesis>>. Discuss how and why BOTH these techniques are used in transgenesis.

(c) Use the example of <<insert example here. For example: production of human insulin using transgenic E coli >> to discuss why people are increasingly relying on materials produced by transgenic organisms.

Question <<insert question number>>
<<Insert an example of information about gene cloning >>

(a) What is “gene cloning”? 

(b) Two techniques used in gene cloning are <<insert two techniques used in gene cloning. For example use of marker genes>>. Discuss how and why BOTH these techniques are used in gene cloning.

(c) Discuss the human need or demand for gene cloning.
Question <<insert question number>>
<<Insert an example of information about stem cell research >>

(a) What is “stem cell research”? 

(b) Two techniques used in stem cell research are <<insert two techniques used in stem cell research. For example maintenance of a stem cell line>>. Discuss how and why BOTH these techniques are used in stem cell research.

(c) Discuss why a number of Governments, organisations and individual people are investing in stem cell research.

Question <<insert question number>>
<<Insert an example of information about xenotransplantation >>

(a)
Describe what the application “xenotransplantation” is. 

(b) Two techniques used in xenotransplantation are <<insert two techniques used in xenotranplantation, For example maintenance of blood flow during a heart transplant, use of immunosuppressant drugs, use of transgenic ‘knock out’ pigs>>. Discuss how and why BOTH these techniques are used in xenotransplantation.

(c) Discuss why doctors involved in transplant surgery are turning to xenotransplantation.
PAGE  
2
© Crown 2009


