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Plant disease: fighting for survival
Teaching Notes
Introduction and Teaching Notes

This activity is directed at post-16 students studying A-level biology. It addresses the plant related learning outcomes in the OCR Biology A specification, section 4.1.1 ‘communicable diseases, disease prevention and the immune system’. 
Students work through the sheet answering questions. Some relate directly to the communicable disease content but some make synoptic links to other areas of the AS and/or A Level specifications. Questions relating to content not yet covered may be omitted and revisited later as a revision exercise.
The ash dieback case study is a good starting point for students to read before starting the questions: it provides a fascinating insight into the impact of plant disease. There are questions at various points through the activity sheet that require students to refer to this case study. 
A number of SAPS practical tasks and from other sources are signposted from the sheet. Full details of these activities can be found by following the links provided at the end of these teacher notes.  
Note that the OCR specification uses the term ‘protoctista’. However, as these are more widely known as ‘protista’, both terms are used on the sheet.


Answers to questions 
1a Viruses 1; fungi 2; protoctists 3; bacteria 4. 
1b A sketch diagram for a eukaryotic cell should show typical cell organelles including for example: cell membrane, nucleus, endoplasmic reticulum, ribosomes, mitochondria, Golgi apparatus, chloroplast (plant cell only) and cell wall (plant cell only) The sketch for prokaryotic cell should show cell wall, cell membrane, chromosome, and ribosomes.
1c A fungus on grapes; B bacterial colonies growing on Petri dish; C Tobacco Mosaic Virus (TMV) particles negative stained with heavy metal to make them visible with TEM. Magnified 160,000X; D Paramecium, a protoctist. 
1d A fungus (called Hymenoscyphus fraxineus).
2 Some of the ways ecosystems and humans rely on microorganisms: recycling nutrients in the carbon and nitrogen cycle; sewage treatment; as sources of medicines, enzymes and food.

3 The fourth step (final step) confirms the disease symptoms are caused by the pathogen and not another type of pathogen infecting the plant.
4 The steps are not achievable in cases where a disease is carried and transmitted by a host but the host does not show symptoms, and when microorganisms cannot be grown in pure culture removed from host tissue. 
Q5a Propagules produced by viruses – new virus particles; by fungi – spores (sexual and asexual); by bacteria – new bacterial cells; and by protoctista - spores, zoospores and oospores.  
Q6 Spores may be spread by wind or water. Bacteria and viruses spread by contact between infected plants, through handling infected plants or use of contaminated tools, and through infected seeds.
Q7 Pathogens can survive in dead plant material or in the soil. Bacteria can dry out and survive for years. The protoctist oospores have thick walls that allow them to survive. TMV can survive outside the host 

Q8a Sketch of the disease cycle of late potato blight
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Q8b Zoospores have two flagella that enable them to swim across the damp plant surface. Sporangia (packets of spores) form at the end of branched hyphae that grow out of stomata on the lower leaf surface.  
Q8c Each zoospore causes an infection, so 6 to 8 infections can occur per sporangia rather than just the one produced in warmer conditions.
Q9 Transport of infected trees between nurseries increases the speed of spread. It has been suggested that wind dispersal would transmit the pathogen about 30 miles a year. 
Q10 Bacterial flagella are made of flagellin; the molecule forms a hollow cylinder.
Q11a Both chitin and cellulose have β (1,4) bonds between the monosaccharides, and alternate monomers are rotated through 180°. The side groups on carbon two are different; cellulose has an –OH group, whereas chitin has an –NHCOCH3.

Q11b The polymer chain is folded so chains lie alongside each other; hydrogen bonding between chains; forming microfibrils; that are very strong which makes the cell wall fibrous and strong. 
Q12 Add phospholipid bilayer with the PR and kinase projecting on either side.
Q13 Due to the fluid mosaic model of membrane structure proteins can move around in the mobile phospholipid bilayer.
Q14 Signal proteins phosphorylated in sequence. 

Q15 An inactive transcription factor is converted to an active transcription factor switching on genes associated with the immune response.
Q16 The resistant ash trees may have R genes that produce receptor proteins (PRRs) able to detect PAMPs (pathogen associated molecular patterns) for ash dieback 
Q17 The pathogen will only infect some of the plants in a wild population, those without appropriate receptors for the pathogen. Individuals with the receptors will be resistant.

Q18a If the crop is susceptible to a particular pathogen, i.e. it does not carry R genes that produce receptors that can recognise the pathogen, all the plants in the crop will be susceptible. Alternatively, if they have the appropriate receptors for a pathogen and are resistance the whole crop will be resistant. b If there was genetic diversity in the type of receptors it increases the likelihood that some of the plants will be resistant to disease. 
Researchers are now looking at the ‘durability’ of new crop varieties against disease, and they are considering whether supplying genetically diverse seed ‘mixes’ would help the longevity of new resistant varieties. However, seed companies claim this would be too costly! It provides an interesting example of how research recommendations and commercial interest can sometimes be at odds. 
Q19 Within cells signal proteins could be transported by diffusion. Over longer distances they could be transported in the xylem and phloem vascular tissue. 
Q20 Spray with chemicals from pathogens or spray with signal protein such as salicylic acid to induce systemic acquired resistance (SAR) in all cells. 
Q21a Where plants are susceptible to a pathogen, insert genes for receptor proteins (PRRs) that will recognise the invading pathogen. Genetically modify so that the immune response is produced all the time by incorporating genes that are continually expressed producing the signal that induces the immune response. 

Q21b Plant growth may be reduced if producing chemicals for defence, reducing the size of harvest, however the no loss of crop due to infection.
Q22 Both humans and plants can detect and respond to pathogens. However, in humans only white blood cells can detect pathogen antigens, whereas in plants every cell can detect pathogen associated molecular patterns. Although individual plants can only detect those pathogens for which they have the pathogen receptor (PRRs).  Both plants and animals produce a long-term response to pathogens, although the methods of response differ. In human clones of T and B memory cells are produced which remain in the blood and can respond quickly to any infection by the same pathogen. In plants cells produce anti-microbial chemicals such as alkaloids and flavonoids, and wall strengthening molecules such as lignin. 
Q23a Potato plants are more susceptible to ring rot in cooler conditions with temperatures around 20° C, these are the favourable conditions for bacterial growth, b In humid and rainy conditions the incidence of black sigatoka in bananas increases, the film of water on the surface and droplet splashes spread the spores of the fungus between plants. 
Q24 More humid conditions in the shade will favour the spread of fungal spores between plants. 
Q25 Reducing the distances between the plants will increase the chance of the tomato blight spores spreading between adjacent plants. If Ms Y’s tomatoes have more blight compared to Ms X, her tomato yield will be smaller than Ms X’s yield. 
Q26 
Pathogen 

Presence of pathogen

Pathogen virulence

Pathogen adaptability

Dispersal efficiency 

Survival efficiency
Reproductive fitness

Host 

Susceptibility – resistance and plant health

Growth stage 

Population density 

Q27 The species that caused the second epidemic is a new species which has evolved from the species that caused the first epidemic, hence the addition of new to the name of the first species. 

Q28 As mutations arise in pathogens some individuals will be more able to infect plants, overcoming the immune response of the plants. This provides a selection pressure. Plants that have acquired characteristics that defend them against infection are selected, they survive and pass on the characteristics to their offspring. The plants evolve and as they change they provide a selection pressure on the pathogens. 
Q29a Students may conclude that a sudden oak death epidemic may not occur in the UK, as the strain of Phytophthora ramorum that causes problems in the USA is not the same strain as occurring in the UK. Therefore, although there are suitable hosts and environmental conditions, a virulent pathogen of the correct strain is not present. However, they should conclude that although UK native oak trees are not a susceptible host for the UK strain of P. ramorum, larch, douglas fir, Sitka spruce, sweet chestnut and other trees are susceptible. At the time of writing, large numbers of larch have been affected and the disease has occurred in a range of other species. In the US P. ramorum can be spread over several miles in mists, air currents, watercourses and rain splash. It can also be spread on contaminated tools and by human contact. Movement of infected plants will spread the pathogen over long distances. 

The UK pathogen strain threatens a very large number of UK trees so action needs to be taken before it is too late. 
Q29b At the time of writing there are no treatments for the disease so precautions to prevent spread have already been put in place. Owners of woodlands must fell infected trees and the infected wood can only be transported with a movement licence to a licenced mill or processing plant. Where outbreaks occur, cleaning footwear, tools, vehicles and clothing are strongly advised to prevent further spread.

Further investigations 

Practical opportunities signposted within the activity sheet:

· Using the hanging drop technique to observe protoctista  http://www.nuffieldfoundation.org/practical-biology/observing-protoctista-water-using-hanging-drop-technique  
· Demonstrating Koch postulates using the SAPS resource ‘Koch’s postulates’. http://www.saps.org.uk/secondary/teaching-resources/302   

· Looking for evidence of disease using the SAPS resource ‘How healthy are your trees’ http://www.saps.org.uk/secondary/teaching-resources/1277-how-healthy-are-your-trees 
· Investigate how plants can be infected by pathogens using the SAPS resource ‘Plant pathogens and pests’. http://www.saps.org.uk/secondary/science-club-activities/1214-deadly-diseases-and-plant-pathology 
· In addition, see: ‘A protocol to test whether wounding increases hair production in bean leaves’ in Wright, P.J. & Bonser, R. (1999) An investigation into induced plant defences. Journal of Biological Education vol. 33, pp. 217-219.

· OPAL tree health survey - https://www.opalexplorenature.org/treesurvey 

· Ash tree tagging project - https://www.ashtag.org 

· Project to map all British trees - www.treezilla.org 
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For further information on specific plant diseases, see: 
· Forestry commission top tree pests and diseases http://www.forestry.gov.uk/pestsanddiseases
· Ash dieback https://www.forestresearch.gov.uk/tools-and-resources/pest-and-disease-resources/ash-dieback-hymenoscyphus-fraxineus/ 
· The American Phytopathological Society www.apsnet.org disease lessons https://www.apsnet.org/edcenter/foreducators/Pages/Plant-Disease-Lessons.aspx
· Black sigatoka https://www.apsnet.org/edcenter/disandpath/fungalasco/pdlessons/Pages/BlackSigatoka.aspx
· Tobacco mosaic virus https://www.apsnet.org/edcenter/disandpath/viral/pdlessons/Pages/TobaccoMosaic.aspx
· Late blight potato https://www.apsnet.org/edcenter/disandpath/
oomycete/pdlessons/Pages/LateBlight.aspx
Useful organisations and resources

· The British Society of Plant Pathology http://www.bspp.org.uk/ 
· BSPP information sheets https://www.bspp.org.uk/education/gcse-a-levels/
· FERA pest and disease factsheets https://www.fera.co.uk/crop-health/plant-clinic#factsheets
· The Royal Horticultural Society advice pages https://www.rhs.org.uk/advice/plant-problems/diseases-disorders 

· The UK Plant Health Risk Register https://secure.fera.defra.gov.uk/phiw/riskRegister/  

Sources of images 

· Figure 1 A grapes with mould https://pixabay.com/en/age-bacteria-bio-biology-bug-1238304/
· Figure 1B Petri dish with bacteria  https://pixabay.com/en/bacteria-black-health-microbiology-359956/
· Figure 1C Tobacco mosaic virus https://commons.wikimedia.org/wiki/File:TobaccoMosaicVirus.jpg 
· Figure 1D Group of Paramecium https://commons.wikimedia.org/wiki/File:Grupo_de_Paramecium_caudatum.jpg?uselang=en-gb
· Figures 2, 3 and 4 drawn by Anne Scott
· Potato Blight https://commons.wikimedia.org/wiki/File:Phytophthora_infestans_5610.JPG
· Potato ring rot https://commons.wikimedia.org/wiki/File:Fl%C3%A9trissure_bact%C3%A9reinne_Clavibacter_michiganensis_ssp_sepedonicus_5357042.jpg?uselang=en-gb
· Tobacco mosaic virus on orchid leaves https://commons.wikimedia.org/wiki/File:Tobacco_mosaic_virus_symptoms_orchid.jpg?uselang=en-gb
· Black sigatoka https://commons.wikimedia.org/wiki/File:Platano_Colombia2_(4875322005).jpg?uselang=en-gb
· Ash dieback case study: Figures 1 A, C and D generously supplied by Fera Science Ltd  

· Ash dieback case study: Figure 1 B taken by Anne Scott

· Ash dieback case study: Figure 2 Ash dieback warning notice taken by Anne Scott 
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