· Outline the impact of evolution of plants and animals of:
-Changes in the physical condition: certain characteristics may suit a change in the environment, which can include temperature, wind, drought etc.

-Changes in the chemical conditions: can cause change in vegetation which can lead to changes in a species, e.g. introduction of pesticides which some members of a species are immune to.

-Competition for resources: Changes to the amount available affects the struggle for survival in a species.  E.g. water, food, places to reproduce etc; survival of the fittest.

· Describe using specific examples how the theory of evolution is supported by the following:
Palaeontology- fossils show that some species have changed over time, some very little and others have become extinct.  Species that exist today possess similarities to some fossils.  Transitional forms such as the Archeopteryx is a link between birds and reptiles – possessing features of both – reptile teeth with bird like feathers.  Although it is not a direct ancestor of these, it may have stemmed from the same ancestor that both have come from.  Another example is the horse fossil record which shows early horses as small with 4 toes and modern horses as large with one toe.  Intermediary fossils are medium sized with three toes.

Biogeography – a different species of Baobab tree exists in each of Africa, Madagascar and Australia – all parts of the ancient Gondwana land.  It is thought that they all descended from a common ancestor and that they evolved in isolation after Gondwana broke up.  Because the evolved in different environments, there are differences between the species.
Comparative Embryology – the similarity between embryos of different vertebrae species – they all have tails and gill pouches at some stage of their development.

Comparative anatomy – similar anatomy is seen as evidence of ancestral relationship.  Common features are called homologous structures. E.g. limbs of vertebrae each possess one bone in the upper part of the limb, leading to two bones then to 5 digits.  Each version is modified for the environment – e.g. whales are flippers for swimming whereas bats have theirs as wings for flying.

Biochemistry- organisms from common ancestors also share the same basic chemical building blocks.  E.g. DNA is common to all organisms.  Closely related species (e.g. humans and apes) have very similar DNA – 99% the same in these two species.

· Explain how Darwin/Wallace’s theory of evolution by natural selection and isolation accounts for convergent and divergent evolution
Divergent Evolution – evolving to be different. One species is separated by for example a physical barrier and over time become different from each other due to different features suiting their different environment.  Eventually they can become so different that they can’t breed together anymore. E.g. Australian mammals

Convergent Evolution – evolving to be similar.  Organisms that aren’t related, but live in similar environments, end up having their environments select similar features which are beneficial to that environment.  E.g. cape golden mole and Australian marsupial mole.
· Analyse information from secondary sources to prepare a case study to show how an environmental change can lead to changes in a species.
TRICHOSURUS VULPECULA – Common Brush tail possum.

One group of the species (G1) lives in WA where the food they eat contains sodium Fluoroacetate – a poison the plants have developed as a defense against predation.  Another group of the species (G2) lives in Eastern Australia, where they are not exposed to the poison.  When both groups were exposed to the poison G1 did not show signs of poisoning i.e. they were resistant, where as G2 suffered from poisoning.  The conclusion is that the small amount of naturally resistant species originally present in G1 were able to survive and reproduce when the non resistant members died of poisoning.  Overtime, the entire population of G1 has developed from these naturally resistant species so that the entire population is resistant. Therefore, there are now two populations of the species, G1- resistant to sodium fluoroacetate and G2 not resistant.

· Use available evidence to analyse, using a named example, how advances in technology have changed scientific thinking about evolutionary relationships.
DNA Hybridisation:

· Mixing DNA from two species to form a Hybrid molecule that has one strand from each species

· DNA difference can thus be compared

· The degree of bonding between the bases reflects the degree of base pairing between the two strands

· The more hydrogen bonding, the more genetic similarity

· It showed that chimpanzees and humans are closely related, thus supports evolution.
· It has changed scientific thinking because scientists now know that chimps and humans have only 0.7% difference in DNA

· Analyse information from secondary sources on the historical development of theories of evolution and use available evidence to assess social and political influences on these theories.

Da Vinci (late 1400s) – suggested fossils indicate the history of the earth was far beyond human records
Buffon (early 1700s) – suggested life was much older than the 600 years the bible suggests.  Questions the church and proposes organisms change but does not know how.

Linnaeus (1700s) – suggests a species in a genus have arisen through hybridization where two different species produce a new offspring.

Erasmus Darwin (late 1700s)- species could evolve into another species, and sexual selection and competition can change a species concept of adaptation.

Lamark – proposed organisms acquired features by use or disuse.

Wallace (mid-late 1800s) – concluded species evolve through natural selection

Darwin – survival of the fittest.  Explains evolution by natural selection.

Social and Political Influences – many people were unwilling to understand these new concepts because it directly defies the ‘creationism’ that developed from the bible.  It threatened the power of the religious institutions and Darwin was thus ridiculed to the point that he didn’t publish his work for 25 years due to social and political upheaval.  Famous cartoons show Darwin as an ape, teachers were prosecuted for teaching his concept. (John Scopes 1925).
· Outline the experiments carried out by Gregor Mendel.

Mendel studied pea plants for 8 years with nearly 30 000 plants.  He studied seven features which ‘bred true’ e.g. plant height, seed shape, but only looked at one feature at a time.  He was studying heredity and the inheritance of what he called ‘factors’ which are now known as genes.  He used artificial pollination of these plants to control the parental gene pools.

What they found:

· inheritance is not a blending of characteristics
· inheritance is controlled by a pair of ‘factors’

· two factors segregate when sex cells are formed

· characteristics (i.e. alleles) are either dominant or recessive

· Describe aspects of his experimental technique that led to his success

· he studied traits that had a clearly distinguishable pair of factors – e.g. tall and short for height

· use of garden peas that ‘bred true’ and could self pollinate allowing artificial pollination

· used mathematical and statistical analysis

· used a large number of pea plants (nearly 30 000)

· describe outcomes of monohybrid crosses involving simple dominance using Mendel’s experiments
Mendel uses capitol letters for dominant and lower case letters for recessive.  If the product is heterozygous, then it will display the phenotype of the dominant allele.

· Distinguish between Homozygous and Heterozygous genotypes in monohybrid crosses
Homozygous – RR or rr

Heterozygous – Rr

· Distinguish between the terms allele and gene using examples

Alleles are the alternate form of a gene.   Genes are carriers of genetic factors which determine one particular feature.  They are part of chromosomes, which are part of DNA. E.g. the gene for blood type has the alleles O, A and B.

· Explain the relationship between dominant and recessive alleles and phenotype using examples

The appearance of a trait is its phenotype.  If you have pea plants for seed type and round is dominant over wrinkles, then round would be represented as RR and Wrinkled would be rr.  If you get Rr (heterozygous) then the phenotype would be round.  When you breed two homozygous plants of opposite alleles, the phenotype of the offspring determines which is dominant.

· Outline the reasons why the importance of Mendel’s work was not recognized until some time after it was published.

In 1866 – little was known about cells

· inheritance was thought to be the blending of characteristics

· biologists in his era did not have the background to understand the mathematical and statistical data that he had used.

· He was an unsponsered amateur.

· Perform an investigation to construct pedigree diagrams to trace the inheritance of selected characteristics and their current use.
Pedigrees are used to record breeding programs of animals to trace inheritance of diseases.  They are simple ways of describing how characteristics are inherited.  Can be used to assess phenotypes and genotypes.  

· Process information from secondary sources to describe an example of hybridization within a species and explain the purpose of this hybridization.
Mule – hybrid between a female donkey and a male horse.  It is advantageous because they are stronger and more robust than their parents but they are infertile.  Thus they can be used in areas where they are required to carry heavy loads etc, so they are useful, but they can’t breed.
· Outline the Roles of Sutton and Boveri in identifying the importance of chromosomes
Sutton observed Grasshopper chromosomes, which are large, during meiosis.  This led him to suggest that chromosomes were responsible for inheritance and that mendels ‘factors’ (i.e. genes) are located on chromosomes.  He also demonstrated through the grass hoppers the process of segregation and random assortment during meiosis.  Chromosomes occur as homologous pairs.

Boveri showed that chromosomes are separate continuous entities that within the nucleus of a cell and that the correct number of chromosomes is required for correct development.  He used sea urchins.  More than one hereditary factor is carried on each chromosome.
· Describe the chemical nature of chromosomes and genes
Chromosomes are strands of DNA- Deoxyribonucleic acid.  Genes are short lengths of chromosomes.
· Identify that DNA is a double stranded molecule twisted into a helix with each strand composed of a sugar phosphate backbone and attached bases – A, T, C and G and how they are connected.
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Comprised of Sugar (S) Phosphate (P) and a nitrogenous base.  The bases can either be:
A  - Adenine
T – Thymine
C – Cytosine
G – Guanine

A pairs with T and C pairs with G

· Explain the relationship between structure and behaviour of chromosomes during meiosis and the inheritance of genes.

Genes are carried on chromosomes.  As homologous pairs of chromosomes segregate and assort during meiosis, so do the genes they carry.  Chromosomes are passed on as unchanged entities (except for crossing over) as are the genes that are carried on them; therefore the structure of chromosomes and genes assists in genetic inheritance.  

Genes are copied when chromosomes are copied, then they separate during second division. Crossing over increases genetic variation.

· Explain the role of gamete formation and sexual reproduction in variability of offspring.

- gamete formation occurs in meiosis, and meiosis includes random segregation (the process by which pairs of homologous chromosomes are divided between separate gametes during meiosis) and crossing over (where a pair of chromosomes cross over and swap some genetic material in meiosis).  

- Gamete fertalisation occurs randomly in sexual reproduction – i.e. there are millions of sperm cells fertalising a randomly created egg cell.

· Describe the inheritance of sex-linked genes, and alleles that exhibit co-dominance and explain why these do not produce simple Mendelian ratios.

-There are 23 pairs of chromosomes.  1-22 are identical but pair 23 is the sex chromosomes.  Women have two X chromosomes and men have one X and one Y chromosome.

Inheritance of sex-linked genes (i.e. those carried on the sex chromosomes) do not follow the mendelian law because there is not always an identical pair of chromosomes, with alleles of the same genes, present.

For example, red green colour blindness: (gene is carried on X chromosome thus said to be sex linked)

XC Y and XC XC = normal


XCY and XC Xc (carrier) = normal

Xc Y and XcXc = red green colour blind

- Co-dominance occurs when neither allele is dominant nor recessive (i.e. both alleles are expressed)

for example, in human blood type, O is recessive and A and B are together dominant, therefore an A parent and a B parent produce AB blood type.  Another example is when red shorthorn cattle and Brown shorthorn cattle are bred together the result is roan – a mixture of the two colours.

· Describe the work of Morgan that led to an understanding of sex linkage

Morgan (1866-1945) studied inheritance of eye colour in drosophilia (fruit fly).

He bred a White eyed male with a red eyed female and the result:
All Red eyed thus he determined that red eyes were dominant over white eyes.

The next generation, however, when he bred what he thought was the heterozygous offspring and expected to get the Mendelian 3:1 ratio, he got some red eyed males (1001) and females (2459), no white eyed females and some white eyed males (782).

He then mated the original white eyed male (XwY) and the second generation female (XWXw) and got:
Approx 130 Red-eyed Females


Approx 90 White eyed females

Approx 130 Red-eyed Males



Approx 90 White eyed males

He therefore hypothesized that the X chromosome carries the gene for eye colour and thus concluded genes carried on the X chromosome are sex linked.

· Explain the relationship between homozygous and heterozygous genotypes and the resulting phenotypes in examples of co dominance
Normally heterozygous alleles express the dominant allele, hiding the recessive.

Homozygous genes express the allele (either recessive or dominant) that they have

Co-dominant genes express both alleles in their phenotype because neither is dominant or recessive. For example, snapdragons – a homozygous white flowering plant with a homozygous red flowering plant produces pink flowering plants.
· Outline ways in which environment affects the expression of a gene in an individual

Hydrangeas – flowers become different colours according to the PH of the soil – blue flowers in Ph below 5 and pink flowers in Ph in 7 and above.

The gene for tallness may not be expressed fully if there is poor nutrition in a human.

Temperature can affect fur colour in Himalayan Rabbits – they generally have a white torso and black extremities but if you shave its white fur off, then place a cold pack on the patch, the fur grows back black
· Describe the process of DNA replication and explain its significance
DNA replication – The double helix strand unwinds and separates so that each side is exposed and binding proteins prevent the two sides from rejoining.  While unwound, a new sugar-phosphate base makes a replication of the unique nucleotide sequences of each side – as though the DNA is a template for the new strands.  Once the replication is made the binding protein is no longer active and the original strand can rejoin.
The significance of DNA replication is that identical copies of genes can be made and thus passed on to the next cell so it is important in growth and repair i.e. In mitosis. 
· Outline using a simple model the process by which DNA controls the production of polypeptides

DNA unwinds ( mRNA makes a replication of the base sequences, replacing Thymine with Uracil ( mRNA then goes from the nucleus to the ribosome where the base sequences are translated and each set of three (e.g. AAA) represent an amino acid ( tRNA goes out to the cytoplasm and collects each corresponding amino acid and a chain of amino acids are created i.e. a polypeptide.

· Explain the relationship between proteins and polypeptides

Polypeptides are made up of a series of amino acids
Polypeptides bond together to form polypeptide chains which are proteins

· Explain how mutations in DNA may lead to the generation of new alleles

Mutations can arise from changes to the base pairs or their sequencing on DNA.  These may be permanent changes. Changes to the DNA can result therefore in a new allele, which produces a variation in offspring which then can pass on this new allele to their offspring and hence a new generation of alleles is born.

· Discuss evidence for the mutagenic nature of radiation
Marie Curie and her daughter worked with radioactive substances and were not properly prevented from exposure.  The radiation they were exposed to was Gamma radiation.  They subsequently died of leukemia.

Muller discovered that when genes are exposed to X-rays, they mutate.

The Chernobyl nuclear accident has seen generations with a 100x increase in mutations.

· Explain how an understanding of the source of variation in organisms has provided support for Darwin’s theory of evolution by natural selection.

Variation by mutagens can lead to new alleles which may or may not be beneficial to the environment.  

This variation amongst a species means that if an environment were to change, as it has in previous years, then certain members of a species could have characteristics best suited to that environment and subsequently have a better chance at reproducing and surviving – leading to a change in a species, supporting Darwin’s theory of evolution by natural selection.

· Describe the concept of punctuated equilibrium in evolution and describe how it differs from the gradual process proposed by Darwin.

Punctuated equilibrium involves evolution in a series of sequential bursts or episodes of rapid change between long periods of stability or little change.  This is supported by the lack of transitional forms found as well as at a molecular level – i.e. mutations occur rapidly 

It differs from Darwin, because he proposed that evolution occurred over an extended period of time where changes occurred gradually.  After a long period of time the species will be very different and more complex than those from which they originated.  Punctuated equilibrium on the other hand may have similar results but occurs in a series of bursts followed by periods of stability as opposed to the long period of gradual change.

· Analyse information to outline the evidence that led to Beadle and Tatum’s ‘one gene-one protein’ hypothesis and explain why it was later changed to the ‘one gene one polypeptide’ hypothesis 

Beadle and Tatum exposed spores of the fungus Neurospora Crassa (bread mould) to X-rays, which induced mutations.

They observed that the mutations could not live without the addition of a particular vitamin or amino acid.  

The mould could not synthesise the enzyme (protein) needed to survive.

It led them to explain that a particular gene must be responsible for the synthesis of a molecule needed to make the protein, hence protein relied on a single gene and so ‘one gene one protein’ was born
This was later changed to ‘one gene one polypeptide’ because protein is a series of polypeptide chains and one gene controls the production of one polypeptide synthesis.  
· Construct a flow chart that shows how changes is DNA sequence can result in changes in cell activity
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· Process and analyse information from secondary sources to explain a modern example of natural selection.

Antibiotic resistance in bacteria:

· ‘normal’ strains were killed whereas resistant strains flourished.

· Resistant strains have an ability to produce an enzyme which destroys antibiotics

· Resistant strains eventually become the whole population as the ‘normal’ strains die

· Resistant strains can multiply quickly and transfer their resistance to their offspring.

· Describe and analyse the relative importance of the work of:

- Watson 

-Crick


-Franklin

-Wilkins

in determining the structure of DNA and the impact of the quality of collaboration and communication on their scientific research

Franklin- provided scientific evidence, using X-ray diffraction on DNA fibres obtained by Wilkins, upon which Watson and crick based their double helix model on
Watson – with Crick, suggested double helix structure of DNA; pairing of bases; suggested pairing made it possible for replication to take place.  

Crick – as above; studied the genetic code later from the info. they found.  

Wilkins – supplied X-ray diffraction patterns from Franklin to Watson and Crick.

Prior to their work, no one could understand how genes or DNA worked. Understanding DNA structure and how DNA worked has led to things such as genetic engineering, transgenic species, advances in medical science (improved treatment of cystic fibrosis), DNA fingerprinting, but the negative is it can reduce genetic diversity long term.

Quality of collaboration has slowed them down.  Franklin could have achieved the results earlier.

· Identify how the current reproductive techniques may alter the genetic composition of a population:

Artificial Insemination – reduction in genetic diversity; genes being passed on from men who were infertile – defying natural selection; possibly a large amount of similar genes in a population (sperm banks)
Artificial Pollination – can create new hybrid species so there can be an increase in genetic variation

Cloning – reduction in biodiversity, these are less likely to survive an environment change.

· Outline the processes used to create a transgenic species and include examples of this process and reasons for its use.

Recombinant DNA technology: 

DNA is cut to produce ‘sticky ends’

Plasmid is also cut producing ‘sticky ends’

DNA ligase joins the two strands to form recombinant plasmid

This is transferred to host cell.

Cell division causes clones to be produced of the new DNA combination

E.g. BT Cotton has the gene from Bacillus Thuringiensis inserted into its DNA which protects it from destruction from some caterpillars.  

‘Gene Gun’ method or agrobacterium method:

A desired gene from one species is removed and injected into the egg of another species to become part of the eggs DNA. The egg develops into an organism that has the injected DNA within its nucleus.  E.g. the transgenic strawberry has the salmon gene in it to grow better in the cold conditions of Scandinavian countries.
· Discuss the potential impact of the use of reproductive technologies on the genetic diversity of species using a named plant and animal example that have been genetically altered.

Bt Cotton – genetic diversity in the species has the potential to decline as the Bt cotton has favourable characteristics which allow it to reproduce and hence increase the numbers of it within a population.  In the short term, it increases genetic diversity because it is a new form of the crop; however the long term is a reduction in genetic diversity.  It also has the potential to affect the caterpillars which can no longer consume the crop due to the presence of genes from the bacteria Bacillus thuringiensis.

Genetically modified Fish – rapid growth means that they attract female mates easier, and therefore if they escape into the wild, they have the potential to rapidly increase the number of their species in the wild.  This could potentially wipeout other populations of the fish.
· Process information to describe methodology in cloning

Nuclear transfer:

An embryo of a cow is split up into 32 identical cells.  Using microsurgery, the nucleus of each cell is removed and inserted into unfertalised eggs of 32 carrier cows (outside the body).  The eggs are then inserted into the carrier cows, where they fully develop, and 32 identical cows are born.

· Analyse information from secondary sources to identify examples and the use of transgenic species and use available evidence to debate the ethical issues surrounding their use.

- BT cotton
-Super pig
-GM fish
-Bt corn
-Bt tomatoes
Ethical issues – 

Concerns of the long term effect on the animal 

Concerns that it has the capacity to reduce biodiversity and disrupts evolution

Concerns it may cause new diseases

Concerns of pollination of gene pools i.e. pollinate a GM crop and a non-engineered crop
Fears it could produce cancer

Health risks – e.g. cancers etc.

Some groups find it offensive to use animals in such a way.

Animal rights activists’ e.g. Super pig can grow faster but has problems with arthritis
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