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Guidelines

This material has been developed by a national group of teachers and Science Advisers.  It is designed to provide teachers with supplementary material to help when preparing students for assessment for Level 3 Biology in animal behaviour and plant responses and gene expression.

These exemplars are intended to be a guide to teachers about the breadth and depth required in answers across achievement, merit and excellence. The questions are taken from NZQA examination papers. The excerpts from answers, in students’ words where possible, are an indication of good descriptions, explanations and discussions.

Most questions have an achieved, merit and excellence level answer. Annotations are provided to indicate judgements relating to the quality of each answer and to indicate where explanations and linkages have been made.

2005 AS90715 (3.3) Describe Gene Expression 

Annotated Excerpts from Actual Student Responses for Excellence Questions

Note - Full copies of questions and assessment schedules are available from NZQA (include web hyperlink).

QUESTION ONE 
1(d)
The cDNA shown on the right of the diagram can also be synthesised using the analysis of the amino acids of the protein formed by translation on the left. However, if scientists use this analysis of the protein to form cDNA, it may not have the same code sequence as cDNA formed using mRNA. Discuss why this situation occurs.

Achievement

To have a unique code for each amino acid requires three bases to code for each, this is called a triplet code.

Achievement with Merit  


There are 20 amino acids and 4 nucleotide bases A, T, C, G. To have a unique code for each amino acid requires three bases to code for each, this is called a triplet code. Two bases each only gives 16 combinations while three bases gives 64 combinations. Because there are more codes than amino acids there is more than one code for each amino acid. 

 Achievement with Excellence

There are 20 amino acids and 4 nucleotide bases A, T, C, G. To have a unique code for each amino acid requires three bases to code for each, this is called a triplet code. Two bases each only gives 16 combinations. However three bases gives 64 combinations. Because there are more possible codes than amino acids the system is degenerate. Also because these are more codes than amino acids, there is more than one code for each amino acid. So if you know the amino acid sequence of the protein produced there will be a variety of different sequences of DNA that may have produced it. However when cDNA is produced from an mRNA sequence there can only be one sequence the cDNA can have. This sequence may or may not be the same as the cDNA sequence produced from the protein.     

QUESTION TWO
(c) Discuss why a substitution point mutation at the position marked X will have very little effect on the polypeptide formed, whereas a deletion point mutation at position X would prevent production of the same protein.

Achievement

If the base was deleted the first base of the next codon would take its place. 

Achievement with Merit

Because the triplet code is degenerate there is more than one code for each amino acid. Due to this substitution of one base doesn’t always change the amino acid coded for. This occurs in particular for the third base of a codon. No matter which letter is substituted at position ‘x’ the codon will still code for ‘arg’. 

Achievement with Excellence

Because the triplet code is degenerate there is more than one code for each amino acid. Due to this substitution of one base doesn’t always change the amino acid coded for. This occurs in particular for the third base of a codon. No matter which letter is substituted at position ‘x’ the codon will still code for ‘arg’. However if the base were deleted the first base of the next codon would take its place and all the following codons would start one base further along causing a frame shift that would be likely to change the amino acid coded for by every codon from that point which would cause a major change in the protein coded for. 

QUESTION THREE

(b)
Discuss how this pathway shows epistasis. In your discussion include the effect on the phenotype if one of the genes was homozygous recessive. 

Achievement 

Epistasis is one genes dependence on another to be expressed in an organisms’  phenotype
Achievement with Merit

Epistasis is one gene’s dependence on another to be expressed in an organisms’ phenotype. A dominant O can’t be expressed without both a dominant C and B present to produce the eumelanin it acts on while a dominant B can’t be expressed without a dominant C to produce the intermediate substance it acts on. Both B and O genes depend on genes that act earlier in the metabolic pathway for expression to occur. 

Achievement with Excellence


Epistasis is one genes dependence on another to be expressed in an organisms’s  phenotype. A dominant O can’t be expressed without both a dominant C and B present to produce the eumelanin it acts on while a dominant B can’t be expressed without a dominant C to produce the intermediate substance it acts on. Both B and O genes depend on genes that act earlier in the metabolic pathway for expression to occur. A cat will not be orange or have phaeomelanin if it is homozygous recessive for any gene. 

(e)(ii) Occasionally a male cat with tortoiseshell features is born. Such male  cats are sterile. Discuss how male tortoiseshell cats can occur and why they are sterile. You may use Punnett diagrams in your answer.

Achievement 

Non-disjunction, where the sex chromosomes aren’t separated properly during meiosis results in aneuploidy where in this case there is an extra chromosome.
Achievement with Merit

This is only possible by a mutation occurring such as a block translocation of the X chromosome to another or by non-disjunction resulting in aneuploidy. The translocation affects the cat’s sex chromosomes and is likely to have an adverse effect on its sexual development.  Non-disjunction, where the sex chromosomes aren’t separated properly during meiosis results in aneuploidy where in this case there is an extra chromosome eg two X chromosomes and one Y. This cat will be male due to the presence of the Y but will be sterile as the homologous chromosomes can’t pair properly for meiosis.
Achievement with Excellence

This is only possible by a mutation occurring such as a block translocation of the X chromosome to another or by non-disjunction resulting in aneuploidy. The translocation affects the cat’s sex chromosomes and is likely to have an adverse effect on its sexual development.  Non-disjunction, where the sex chromosomes aren’t separated properly during meiosis results in aneuploidy where in this case there is an extra chromosome eg two X chromosomes and one Y. This cat will be male due to the presence of the Y but will be sterile as the homologous chromosomes can’t pair properly for meiosis. If one of that cat’s X chromosomes carries the dominant allele and the other X carries the recessive allele for the O gene, it will produce a tortoise shell male. 

2005 AS 90716   (3.4)  Describe animal behaviour and plant responses.

Annotated Excerpts from Actual Student Responses for Excellence Questions

Note: full copies of questions and Assessment Schedules are available from NZQA
Question 1. 

(c)
Discuss the effects the egg-laying behaviour of the cuckoo has on the cuckoo and the host birds.

Achievement


This behaviour is a form of parasitism. The cuckoo benefits as it doesn’t have to spend the large amount of energy require to raise and protect its young
Achievement with Merit

This behaviour is a form of parasitism. The cuckoo benefits as it doesn’t have to spend the large amount of energy require to raise and protect its young. The host bird is disadvantaged as it spends time and energy raising and protecting young of another species and also may not produce or care for its own young as well.

To achieve excellence this student needed to also explain the effect on the cuckoo i.e. ‘The cuckoo does not have to spend much energy in reproduction of large numbers of offspring because it does not have to feed and protect its young so it can put more energy into laying eggs.

Achievement with Excellence

In this relationship the cuckoo is better off because it does not have to use a lot of energy rearing its young,  so it can use this energy to produce more eggs.  The host bird uses a lot of energy raising cuckoos instead of its own chicks so it is less likely to raise its own successfully because the host chicks will get less food. 

Question 2
(b) Compare the results of the two sets of experiments (A and B with C and D), and use your comparison to justify the survival advantage that the responses shown give to the plant.

Achievement

Auxin is a plant hormone which is produced in growing tips. It is IAA (Indolacetic acid). High concentrations of auxin do not stimulate cell elongation whereas low concentrations do. Experiment A shows that when half of the growing tip is removed the side with the high concentration of auxin has cells which do not lengthen as fast as those on the removed side. Expt B the metal foil stops the diffusion of auxin to this part of the plant giving low concentration of auxin. Expt C shows the root tip is affected by low concentration of auxins, however Expt D shows that a horizontally metal foil will not affect the root.

Achievement with Merit


The plant hormone inhibiting cell growth is produced in root tip and spreads back through the root as shown by experiments A and B where half the tip is removed or inhibited from acting on the root causing directional growth resulting from the uneven inhibition of cell growth. Expts C and D show that the hormone moves down towards gravity causing a positive gravitropism. This is shown by the response only showing when the hormone is allowed to move vertically in the tip. This tropism or directional growth response means roots will grow down where they are more likely to find nutrients, water and give secure anchorage.

Achievement with Excellence

Experiments A and B show that the hormone responsible for this response is produced in the root cap and transported back where it inhibits cell elongation.

If the root cap is damaged or if the transport backwards is restricted then cell elongation on that side of the root will not be inhibited and the root will bend.

In experiment D the downward movement of auxin is inhibited, but this does not happen in Expt C. In Expt D the root bends downwards because the auxin is  transported downwards across the root meaning the auxin concentration in the lower half is greater and this inhibits elongation.

The advantage of both these responses is that the plant root grows downwards so that it will get more water, mineral and better anchorage

Question 3.

(b)
Explain how a linear hierarchy could benefit the group of pükeko within a territory.

Achievement with Merit


A hierarchy initially takes energy to set up. The strongest or most dominant bird will get first choice of food and resources, will make decisions for the group. Once in place hierarchies keep peace within the group as any less dominant birds challenging the dominant male will quickly be put in their place. This relationship means more time can be spent looking for food rather than competing for it.

(c)
Young pükeko are similar in colouring to the adults but lack the bright red beak of the adult birds. Analyse how the colouring of the young bird could benefit the young bird itself.

Achievement


Without the colour the young birds cannot show aggression. 

Achievement with Merit


Not having a bright red beak means a young bird can’t look challenging and invoke an attack from a ‘superior’ pukeko instead it is likely to invoke care, protection and tolerance from adult birds helping survival of the young and therefore the species.

Achievement with Excellence


Young cannot show aggression because the do not have the red colour on their beaks. This means they are less likely to be attacked and will survive.

They can show submission because they do have the white feathers below their tail and not be attacked.

Question 4.

(b)
Explain how the plants benefit by flowering only in certain photoperiods.

Achievement


The plants will flower when the conditions will be desirable for pollination i.e. bees will be in a higher frequency during summer.

Achievement with Merit


Flowering at the correct time ensures pollination by making sure other plants of the same species flower at the same time and making sure the plants method of pollination is available eg. a bee only active in summer.

(c)
Discuss these results with respect to the phytochrome system of plants and the flowering of short-day plants.

Achievement


Flowering only happens when branch B has some leaves.

or

The messages about flowering are passed from branch A to branch B.

or

Branch A is in continuous light so the flowering cannot be started there.
Achievement with Merit


Flowering only happens when branch B has leaves because the phytochromes are present in leaves. With no leaves then the plant cannot respond to the short days and get the flowering signal.

Achievement with Excellence


In group 1 the pytochromes in the leaves of branch B detect the short days. Groups 2 and 3 show that even a small bit of leaf is enough and the flowering signal is sent to branch A.

When a short day plant is in short days there is no build up of PFR in the leaves because it is changed back to PR during the long night which lets it flower. PFR is the active form and inhibits flowering in Short Day plants.

The flowering signal is transported to all parts of the plant even if they are not exposed to short days.

Question 5. 
(c)  
If the timing response is endogenous, describe and give reasons for what the researchers would observe if they kept the box jellyfish in constant light, temperature and saline conditions. 

Achievement

An endogenous rhythm is controlled by internal factors and they then will continue even in constant environmental conditions. If the jelly fish continues to have the same rhythm as they would in the wild the timing response is endogenous. The jelly fish will be observed to spend about 14 hours active followed by a period of ‘sleep’ of about 12 hours. These times will correspond to a circadian rhythm in the wild.

 Achievement with Merit

It would continue its cycle at a period close to 24 hours called the free running period. Endogenous means internally controlled by a biological clock therefore with no external cues to reset the clock it would continue ‘free running’.
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