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A possible teaching sequence
This suggests some issues that tutors might want to share with their trainee teacher, booth primary and secondary during their ‘college’ session.

(The discussion below is supported by the PowerPoint presentation of download 2)

Creationism vs. Evolution

The debate between science and religion has continued for decades and when we consider the reception Charles Darwin received when he first published ‘the Origin of Species by Natural Selection’ it is hardly surprising that he waited so long before he went to press.  His ideas however were grounded in sound science, and evidence to support them continues to arise, but there is still a strong field of believe around creationism and intelligent design.  Although the ‘debate’ continues it is impossible for scientists to argue their case against beliefs that cannot be tested scientifically. There is, however, one important feature recognised by both scientists and creationists: organisms do vary.  This variation is both between and within species.  To introduce the significance of this it is necessary to start at the beginning…  

Begin with simple observation, whether this is external characteristics amongst the trainee students or between fruits and vegetables. This serves to emphasise similarities and differences; gradually progress on to the significance of variation.  Why do retailers select some vegetables and reject others?  Introduce the different types of wheat that exist and what they are used for (see download 2 for ideas).  Darwin, knowledgeable about selective breeding in pigeons, noticed that organisms within a population varied and speculated on the reason for this variation.  He concluded that some variations were better suited to the environment than others and it was these variations that were passed on to the next generation.

Two ideas have been introduced here, the environment and heredity.  Both can affect selection.  The environmental can have an influence on an organism or a group of organisms but how is that influence manifest in the next generation?  The Lamarckian view is that external characteristics that are altered during a life time may be passed on to the next generation, for example the Olympic swimmer develops strong pectoral muscles through continuous training. This view is often held by children and is reinforced when we consider such examples as those cited through human evolution.  On examination of the evolution of the hominoid skull we can see a developmental change in the shape of the cranium that can be linked to a change in diet (see download 2 slide 8)

It was Gregor Mendel who recognised patterns in process of heredity and, using data from experiments with the garden pea Pisum satavum, he was able to formulate the laws of inheritance so often referred to today. Although early microscopy was developing in Mendel’s day he knew nothing at all about the internal make up of cell and referred to the factors that were being passed from one generation to the next as ‘elements’.  Owing to major advances in science and technology, we now know these as ‘genes’, derived from the Latin genere (= to produce or beget) hence generation, and genesis.

Genes

So what are genes and what is genetics?

We need to begin at the macro-level and work our way in; hence the ‘Chick and the Egg’ elicitation question (see download 2 slides 17 and 18)

The genes that are present inside the nucleus of cells make up the organism’s genome. This codes for all the proteins needed within the organism through out its lifetime, so there is a direct link between genes and proteins.

DNA 

So what makes the genes and how do they make proteins? Think about a job description for hereditary material.  What does it have to do and what does that tell you about its general characteristics? (see download 2 slides 22-24).  It must be capable of storing information. It has to be robust enough to pass that information from one generation to the next intact; yet it must also have the ability to change or vary.  Although other molecules have been thought to do this in the past, for at least the last 3 thousand million years DNA- Deoxyribonucleic Acid - has done it.  

Protein Synthesis

DNA stores the information but it needs to be transcribed and translated so that the message can be converted into proteins.  To understand this process a useful model is to consider all the factors involved in building a house from scratch. What would you need?  Now equate each of the factors with the components involved in making proteins and producing a new cell (cell division) (see download 2 slide 28).

Mutations

Like any construction process variations can take place at any stage.  The significance of that variation depends upon where in the genome and when in the lifecycle of the organism, it occurs.  A point mutation, such as an alteration in one of the bases along the DNA chain can have a devastating affect on the organism causing for example Cystic Fibrosis.  A complete inversion of one section of a chromosome (See Science Issues CD Rom: Genetics) may have little or no significant impact if the individual genes remain unaltered. Whole genes or a series of genes may be inserted into an organism’s genome enabling it to produce a protein that is alien to that organism e.g. Golden Rice (See Science Issues CD Rom) or a gene may be switched on or off depending upon the environmental conditions the organism is in: e.g. foetal haemoglobin production is stopped as soon as a baby is born and the gene coding for adult haemoglobin is switched on by the change of environment.  A similar process has been carried out artificially in tomatoes to prevent spoilage (See Science Issues CD Rom and download 2 slide 34).

Manipulating Genes

Humans have been manipulating genes since the early hunter gathers settled and began to cultivate or artificially manipulate crops.  These early manipulations would have been crude in comparison with today’s advances but were responsible for the ancestral stains of modern day varieties of wheat and barley.  Advances in science and technology have enabled scientists to reach deep into cells and manipulate the genes directly, thereby reducing the time period and increasing the certainty for mutations to manifest themselves in the organism (Download 2 slides 35-40). 

Genetic Engineering & Stem Cell technology

This manipulation of genes has reached an all time high in the process of genetic engineering and stem cell research.  The ability to switch on a whole genome of genes from an adult cell resulted in Dolly the Sheep and the ability to control and manipulate stem cells has the potential to take this process even further. Scientists have been accused of playing god and manipulating nature (See download 2 slides 35-40)

Footnote on Creationism and Evolution

Some students will want to discuss this issue that has taken hold in certain institutions in the USA. We need to point out that there are gaps in our scientific understanding, with many questions unanswered and even more yet to be asked.  This however, is what science is all about.  Darwin’s theory of evolution and the modern day modifications have withstood the test of time and the biggest test of all, other scientists. Scientific theories are never able to be absolutely true, but they must stand up to rigorous testing, something that cannot be done to explanations that depend on faith, such as Creationism and intelligent design.

So creationism and intelligent design are not scientific theories that lead to predictions and they therefore have no place in the science curriculum. It is impossible to argue rationally with those that hold these beliefs simply because they are just that: beliefs. Although scientific theories are also creations of our minds they have to lead to predictions that can be tested with our senses. Darwinism is at the heart of our understanding of how life evolved on this planet. Evolution seems mostly to have occurred in ‘bursts’ following a catastrophe, so that the fossil evidence of ‘intermediate’ forms tends to be very limited. But evidence is there in both the fossil record and the record of the genes (RNA & DNA)

Most theologians do not accept creationism in the literal limited sense in which it is usually presented and see evolution as compatible with their religious position. The problem lies in creationists who reject scientific evidence in favour of limited and literal interpretation of biblical text.
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