1. Explain what is meant by 'genetic mutation' (Paragraph 5 on page 2). (2)
- change to base sequence;
- as a result of an error in replication;
- e.g. deletion, insertion, substitution;
2. Explain what is meant by 'aerobic exercise' (Paragraph 5 on page 2). (2)
- exercise ensures sufficient oxygen supply to meet demand;
- of respiration that requires oxygen;
- which is a series of biochemical reactions releasing ATP / energy;
3. Suggest how erythropoietin (epo) might 'command the body to manufacture new red blood cells'. (5)
- protein;
- binds to receptors on;
- (multipotent) stem cells;
- triggers a series of biochemical reactions inside the cell;
- resulting in production of a substance that;
- attaches to operator region / interacts with or acts as a transcription factor;
- switches on gene(s) / activates gene(s);
- which trigger mitosis;
- or produce proteins which alter structure and / or function of cells;
- so that they become specialised / differentiated;
4. Suggest how epo receptors on Kidney cells might 'shut down epo production' (Paragraph 6 on page 2). (3)
- epo binds to receptors;
- triggers a biochemical pathway;
- producing a product that acts as a gene repressor / interacts with transcription;
- preventing transcription;
5. Outline the process by which epo might be manufactured by recombinant bacteria. (3)
- reference to transcription of the recombinant gene;
- reference to translation by ribosomes;
- reject reference to RER!
- appropriate detail e.g. RNA polymerase, role of tRNA;
6. Use information in the article to give a therapeutic application of epo production by recombinant bacteria. (1)
- a treatment for severe anaemia;
- a problem in patients with AIDS or kidney failure;
7. Explain how the structure of DNA makes it possible for the different examples of recombinant DNA technology to be used in medical therapies. (3)
- structure is the same in different organisms e.g. humans and bacteria;
- the triplet code (3 bases coding for an amino acid) is the same;
- DNA processing machinery in cells is therefore the same e.g. RNA polymerase;
8. - this is a differently worded questions about transcription and translation. Use the number of marks to help you decide in how much detail (e.g. steps or processes) you should include;
9. 
Use information in the article to compare the production and use of gene products produced by recombinant bacteria with gene therapy. Include benefits, any ethical issues and possible risks associated with the treatments. (7)

- both produce protein products;
- both involve same cell processes i.e. transcription and translation;
-both  process a gene inserted into cell e.g. by virus or plasmid;
- both produce gene products that can be used therapeutically;
- the product is extracted from the recombinant bacteria whereas it will be used in the producing cell after gene therapy;
- large quantities are produced using fermenters with carefully controlled environments (e.g. temperature) whereas cells produce quantities appropriate to cell’s activities;
- recombinant bacteria lack RER and Golgi apparatus and so cannot process the product and so cannot produce some gene products in a useable form, gene therapy can produce the “finished product”;
- gene therapy may cause mutations if the recombinant gene is inserted into the DNA e.g. cases of cancer caused by the process;
- recombinant bacteria may not produce as effective or safe (i.e. there may be more side-effects);
- using bacteria to produce gene products cheaply is less likely to cause ethical problems than the insertion of genes into human body cells; 
10. Explain what is meant by 'dismantling muscle' (Paragraph 6 on page 6). (3)
- loss of muscle myofilaments;
- actin and myosin;
- and reduction of size of muscle cells;
- resulting in the reduction in muscle mass / volume;
11. Suggest how the illegal use of gene therapy in sport could be detected. Use information from the article to illustrate your answer. (4)
- higher than ‘normal’ levels of gene product;
- e.g. high levels of epo in athletes with high red blood cell levels;
- detection of ‘foreign’ genes e.g. from the virus transporting the recombinant gene;
- e.g. taking a biopsy from muscle;
12. Suggest the meaning of the term 'a complex genetic pathway' (paragraph 4 on page 7). (2)
- involving several genes;
- producing products that interact with / activate / switch on other genes;
13. Explain how it is possible for the 5 or so forms of IGF-1 to be the product of a single gene (3).
- post-transcriptional processing;
- producing a range of mRNA strands;
- correct use of introns and exons;
- appropriate description of mRNA splicing;
14. Use information in the article to suggest reasons why scientists have developed techniques such as "knocking out" and "RNA interference". (3)
15. Using an example from the text, explain how a virus can introduce genes into specific cells. (4)
- e.g. adenoviruses / AAVs;
- receptors on surface attach to complementary proteins on cell membrane;
- endocytosis;
- viral capsid breaks down releasing DNA strand;
- strand enters nucleus through pores;
- strand may be incorporated into cell genome;
16. Compare the potential risks and advantages associated with the use of anabolic steroids and the illegal use of gene therapy in athletes to achieve increased muscle bulk. (5)
- steroids may produce side effects e.g. high blood pressure, liver damage;
- steroids may have a higher risk of detection;
- gene therapy may have risk of causing cancers;
- if method is not detectable, increased unfairness in sports affected;
- gene product may not be controlled e.g. producing unsafe levels of red blood cells;
- both may not increase numbers of mitochondria or capillary systems and so will not e ce strength as well as muscle bulk;nhan
17. Suggest how the 'antibody therapy' (paragraph 1 on page 9) might achieve an increase in muscle tissue. (2)
- antibody has complementary shape to e.g. a gene repressor;
- resulting in increased transcription and translation;
- producing a higher level of gene product that stimulates increase in cell or myofilament production;
18. Discuss ways in which the process by which the development of new therapies are reported may lead to misuse of new technologies in sport and  compare the advantages and risks of this scientific process. (6)
- methods and data reported in scientific journals;
- which are in the public domain;
- peer review process means that the evidence / work is available to others;
- this ensures that discoveries of new technologies are likely to be reliable;
- this allows replication of the studies to increase confidence in the findings;
- popular scientific and other media pick up stories and make them public;
- procedures can be used by less-ethical scientists for financial gain;
- athletes have access to thetreatments illegally;
19. Describe the stages that the new therapies mentioned in the article must go through before each new therapy becomes generally available to health services. (5)
- pre-clinical investigations using e.g. cell cultures to identify if substances have a therapeutic effect;
- for example on a biochemical pathway;
- trials on animals to establish safe dosage levels;
- third stage involves clinical trials on people;
- phase 1 clinical trials are on a small number of volunteers to establish safety;
- phase 2 clinical trials on patients to establish safety and effectiveness;
- phase 3, large-scale clinical trials on patients in control and test groups comparing with placebo or best alternative; 
20. Suggest how 'long QT' syndrome is likely to affect an individual and explain how a mutation in the erg1 gene could cause this effect. (6)
- QRST section of ECG trace shows the stimulation and repolarisation of the;
- ventricles;
- delayed repolarisation;
- reducing effectiveness of ventricular systole;
- reducing cardiac output;
- possibly leading to death;
- erg1 mutant produces faulty potassium channels
- reduce potassium permeability;
- less potassium can diffuse out of muscle cells after wave of excitation passes over muscle;
- muscle has not returned to resting potential before next wave passes; 
