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Revising A-level Biology: Plants ‘r’ mint

Revision pack 3: Transport in plants and cellular control; meiosis and variation; cellular control; evolution. 

In this revision pack, you will revise information you’ve studied at AS and A2. You’ll look at one particular living organism, and see how this can be linked to the topics that you’ve already studied.
This is the third of five revision packs, covering the A2 syllabus. 
Aims

1. To develop your breadth of knowledge (including AS topics) and your ability to apply both AS and A2 knowledge in new contexts.
2. To help you make links between different topics and modules to encourage synoptic thinking.
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Transport in Plants (AS-1.2.3)
Cellular Control (A2-5.1.1)
In the early 20th Century, the sole source of peppermint oil in the USA was a cultivar of Mentha x piperita called ‘Black Mitcham’. However, the variety fell victim to a wilt disease caused by the fungus Verticillium. This fungus infects and blocks the xylem of plants, so causing mint leaves to turn brown, dry, curl and drop. Soil fumigation and crop burning were only partially successful in reducing the incidence of this disease.   
In the late 1950s, a number of disease-resistant mutants which maintained the original flavour of peppermint oil were created by irradiating peppermint plants with γ-radiation. These mutants along with some selections from the original gene pool are now in general use. The savings achieved through its introduction amount to millions of dollars yearly. 

With reference to water transport in plants, suggest how Verticillium infection leads to the withering of mint leaves.    (2 marks)
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Explain whether you would categorise disease-resistance in peppermint as:

 

 a spontaneous (random) mutation or an induced mutation?   (1 mark)
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a harmful, neutral or beneficial mutation?   (1 mark)
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Meiosis & Variation (A2-5.1.2)

Supposing, in a particular species of mint, a single gene, C, controls flower colour, and that this gene has 2 alleles: purple (CP) and white (CW). The two alleles are codominant, so that a heterozygous plant (CRCW) has pale lilac flowers. 

What is meant by the term “codominance”?    (1 mark)
Set out a full genetic diagram to work out the expected ratio of genotypes and phenotypes amongst the offspring produced by crossing two plants with pale lilac flowers.    (5 marks)
STEP 1

Write down the symbols representing the 



alleles using superscripts. 





STEP 2
Write down the phenotypes and genotypes

of the parents







STEP 3

Write down the gametes produced by each parent:

Circle them, and indicate that meiosis has occurred.

STEP 4

Use a Punnet Square to show how the 

gametes might combine

STEP 5

State phenotypes & genotypes of 
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offspring (including ratios & percentages).               


Cellular Control (A2-5.1.1)

Meiosis & Variation (A2-5.1.2)

Figure 8 shows the metabolic pathway for L-menthol synthesis. The key gives the names of the enzymes involved in converting precursor molecules into L-menthol, starting with an organic compound called IPP.
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Pennyroyal oil, produced by Mentha pulegium, is mainly made up of the ketone pulegone. 

Suggest which enzyme in the L-menthol synthesis pathway that this mint species is unable to produce. (1 mark)
Pregnant women are advised to avoid using products containing pennyroyal oil because pulegone is known to have teratogenic properties (it causes deformities in fetuses). With reference to homeobox genes, suggest how pulegone may cause deformity. (2 marks)
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A mutant species of Mentha canadensis has the genotype AaBb.

Gene A/a codes for the synthesis of the enzyme GPPS

Allele A codes for ability to synthesise enzyme GPPS

Allele a codes for inability to synthesise enzyme GPPS

Gene B/b codes for the synthesis of the enzyme MR

Allele B codes for ability to synthesise enzyme MR

Allele b codes for inability to synthesise enzyme MR 

Can a plant of genotype AaBb make L-menthol? Explain your answer.   (2 marks)
Two plants of genotype AaBb are crossed (AaBb X AaBb). Add numbers to the boxes to complete the following:

 
Expected ratio of genotypes of offspring: (2 marks)
 

9  A-B-  
  :    3  A-bb   
:    3  aaB-   :  
1  aabb

 
Expected ratio of phenotypes of offspring: (1 mark)
     9   can make L-menthol   :   7  can’t make L-menthol
Explain what type of gene interaction these results demonstrate.   (3 marks)
A third gene, C/c, codes for the synthesis of enzyme iPR. Allele C codes for ability to synthesise enzyme iPR whereas allele c codes for the inability to synthesis enzyme iPR.
Plants of genotype AaBbCc can make L-menthol, as can all other plants which carry at least one dominant allele of each of the three genes. 

Write down at least 6 genotypes of a plant which cannot make L-menthol (there are 19!)
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(3 marks)
Evolution (AS-2.3.3)
Cellular Control (A2-5.1.1)
Two different populations of the same species of mint may show considerable variation in phenotypes (continuous variation), even when the mint plants making up the two different populations are genetically identical.

State three abiotic factors which affect the height of two genetically identical mint plant populations growing in different places.  (3 marks)
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Mentha pulegium (pennyroyal mint) contains a high percentage of D-pulegone, a ketone with insecticidal properties. This chemical protects the plant from damage by many different insect pests, including weevils, aphids, bore beetles and crane flies.
Supposing a single pennyroyal mint plant spontaneously undergoes a point mutation in the gene which codes for the enzyme iPl. This results in the creation of a new allele of the gene, which codes for a slightly altered iPl enzyme with a single amino acid change. The altered enzyme converts the normal precursor of pulegone (cis-isopulegone) into a new compound which is 10X more toxic to insects than pulegone itself. 

What type of point mutation is most likely to lead to a single amino acid change in a protein?
(1 mark)
* 
Explain why change in even just one amino acid can drastically alter the function of a protein.

(3 marks)
With reference to the theory of evolution by natural selection, explain how, in time, a new allele arising in a single plant can spread through the whole pennyroyal population. 

(3 marks)
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Figure 8


L-menthol pathway � HYPERLINK "http://en.wikipedia.org/wiki/Menthol" �http://en.wikipedia.org/wiki/Menthol�
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