Option D.1 Origin of Life on Earth

D.1.1 Outline the conditions of pre-biotic Earth, including high temperature, lightning, UV light penetration and a reducing atmosphere. 

· There was little oxygen, so there was no oxygen to steal electrons away from other atoms. Such a reducing atmosphere would have enhanced the joining of simple molecules to form more complex ones. The energy for forming the molecules was provided by lightning, volcanic activity, meterorite bombardment and UV radiation. At first, the earth was cold and later melted from heat produced by compaction, radioactive decay and the impact of meteorites. The molten material sorted into layers of varying density with the least dense material solidified into a thin crust. The present continents are attached to plates of crust that float on the mantle. The first seas formed from torrential (stormy) rains that began when Earth had cooled enough for water in the atmosphere to condense. 

D.1.2 Outline the experiments of Miller and Urey into the origin of organic compounds. 

· They simulated conditions on early Earth by constructing an apparatus that contained a warmed flask of water simulating the primeval sea and an atmosphere of H20, H2, CH4 (methane), and NH3 (ammonia). Sparks were discharged in the synthetic atmosphere to mimic lightning. A condenser cooled the atmosphere, raining water and any dissolved compounds back to the miniature sea. The simulated environment produced an abundance of amino acids and other organic molecules. However, it is now known that the environment did not contain a large amount of methane, so the results of this experiment are not so reliable. 

D.1.3 Discuss the hypothesis that the first catalysts responsible for polymerization reactions were clay minerals and RNA. 

· Polymers are chains of similar building blcoks or monomers, synthesized by condensation reactions (H and OH are removed from polymers and H20 is produced). Early polymerization reactions must have occurred without the help of enzymes. 

Clay increases the rate of polymerization in these ways:

· Monomers bind to charged sites in clay, concentrating amino acids and other monomers 

· Metal ions at binding sites in clay catalyze dehydration reactions 

· These binding sites bring monomers close together. Thus the clay acts as a template with a specific structure. 



Functions of RNA in polymerization:

· There is a type of RNA called a ribozyme that can catalyze its own replication. This may be very crucial to the origin of RNA and DNA and therefore for the beginning of life.

D.1.4 Discuss the possible role of RNA as the first molecule capable of replicating. 

· Protobionts, or aggregates of abiotically produced molecules, accumulate organic materials from the environment. However, unless they possessed a mechanism for replicating their unique catalysts and other functional molevules, they could not replicate. A mechanism like RNA, however, would allow them to pass on their characteristics. RNA probably preceded DNA as DNA is too complex of a molecule to have formed in early protobionts. Short strands of RNA, perhaps most importantly the RNA called ribozymes, could have polymerized abiotically. They could then align nucleotides according to a certain pattern when bound to clay. Thus RNA could be replicated and passed on. 

D.1.5 Discuss a possible origin of membranes and prokaryotic cells. 

· Living cells may have been preceded by protobionts, aggregates (groups) of abiotically produced molecules. They are coated by a protein membrane and can maintain a fairly constant internal environment. Some protobionts in the presence of lipids form a molecular bilayer at the surface of the protobiont droplet. This resembles the lipid bilayer of modern cells. Lipid molelcules automatically assemble in a spherical bilayer, so if this formation caught some cell-stuff inside it, it could form a true life form. 

D.1.6 Discuss the endosymbiotic theory for the origin of eukaryotics. 

· Forerunners of eukaryotic cells were symbiotic consortiums of prokaryotic cells with certain species living within larger prokaryotes (cells that live within another cell, termed the host cell). The endosymbiotic theory focuses on the origins of chloroplasts and mitochondria. The ancestors of these organisms originally entered the host cell as undigested prey or internal parasites. The host cell would then exploit these organisms for nutrition. The evidence that supports this theory is as follows: 

· Mitochondria and chloroplasts have bacteria-like RNA and ribosomes that enable them to make thier own proteins. 

· Mitochondria and chloroplasts both have double bilayer, as if the bacteria ancestors of these organelles had picked up an extra layer when entering the cell. 

Option D.2 Origin of Species

D.2.1 Outline Lamarck's theory of evolution by the inheritance of acquired characteristics. 

· Inheritance of acquired characteristics - states that the modifications an organism acquired during its lifetime could be passed along to its offspring. 

D.2.2 Discuss the mechanism of, and lack of evidence for, the inheritance of acquired characteristics. 

· Use and disuse- those body organs used extensively to cope with the environment become larger and stronger while those that do not deteriorate. There is no evidence that acquired characteristics can be inherited. Characteristics that can be passed on are in your genes. If you are not born with genes programming for certain characteristics, you cannot pass down characteristics acquired during your lifetime. Example: a weighlifter will not pass down his/her larger, stronger muscles to children. 

D.2.3 Explain the Darwin-Wallace theory of evolution by natural selection. 

· While on his Beagle voyages, Darwin became intrigued with the different types of finches found in the Galapagos. All the species of birds differed in size and beak shape and Darwin found that the birds fed on different types of food. Their beaks are adapted to eat different types of leaves, worms and seeds and other types of diets. Darwin explained all his observations and thoughts about the origin of species by the concept of "Natural Selection". This theory states that great diversity in a species ensures that some members of a population will be more suited for their environment than others. These individuals will be more likely to live long enough to reproduce and pass on their well-suited genes. Therefore, because those that are best suited are the ones who have the most children, a population will, over time, become very well suited to its evironment. A change in population is evolution. 

D.2.4 Discuss other theories for the origin of species including special creation and panspermia. 

· Panspermia is the theory concerned with the arrival of material from outer space. Panspermia theory suggests that life was sent to earth from comets or meteors, and was not formed on earth. Special creation is mentioned by several religions; a study of all of them is not required. This theory states that creator(s) formed life directly. 

D.2.5 Discuss the evidence for all these theories and the applicability of the scientific method for further investigation. 

Panspermia - organic compounds and amino acids have been recovered from modern meteorites. This theory is appealling to those who find little evidence for an environment on earth that could spontaneously produce life. Special Creation- most of the "evidence" for this "theory" is found in religious faith. There is no real 
Option D.3 Evidence for Evolution

D.3.1 Describe the evidence for evolution as shown by the geographical distribution of living organisms, including the distribution of placental, marsupial and monotreme animals. 

· Australia separated from the other continents, so animals there could no longer mate with animals from other continents, and Australian animals could not travel elsewhere. This is why marsupials and monotremes are found only on Australia. They evolved there and could not spread elsewhere. Australia has very few placental mammals, but this is because of geography, not because Australia is unfit for placental mammals.

D.3.2 Outline how remains of past living organisms have been preserved. 

· Sand eroded from the land is first carried by rivers, seas, swamps where the particles settle to the bottom. These deposits pile up and compress the older sediments into rock. Organisms swept into seas and swamps then settle to the bottom with the sediments when they die. The hard parts of the animal may remain as fossils because they are rich in minerals (bones and teeth).

D.3.3 Outline the method for dating rocks and fossils using radioisotopes, with reference to 14C and 40K. 

· Fossils contain isotopes of elements that accumulated in the living organisms . If the isotopes are unstable, they will loss protons and break down over time. Since each radioactive isotope has a fixed half-life it can be used to date fossils. Half life is the amount of time it take for half of a sample of a certain substance to break down. Carbon-14 = dating fossils less than 50,000 years old. Potassium-40 = 1.3 billions year. Error of less 10%.

D.3.4 Define half-life. 

· Half-life - The number of years it takes for 50% of the original sample to decay.

D.3.5 Deduce the approximate age of materials based on a simple decay curve for a radioisotope. 

· Look in the book. Sorry.

D.3.6 Outline the palaeontogical evidence for evolution using one example. 

· In the horse, the number of toes they have has been reduced from four to one. A succession from the horse ancestor with four toes to a modern horse with one toe shows a trend towards reduced number of toes. 

D.3.7 Explain the biochemical evidence provided by the universality of DNA and protein structures for the common ancestry of living organisms. 

· All living organisms have DNA, which suggests that all life forms had a common ancestor with DNA. To determine further relationships between organisms, comparing DNA and protein structure can be helpful. DNA - match two single stranded DNA from different species and see how tightly the DNA from one species can bind to DNA from another species. More links the species are more closely related.
Protein strucure - proteins are genetically determined. Thus a close match in amino acid sequence of two proteins from different species indicates that the genes in those proteins evolved from a common gene present in a shared ancestor. For example, the hemoglonin of gorillas only differs by one one amino acid from human hemoglobin.

D.3.8 Explain how variations in specific molecules can indicate phylogeny. 

· Check the protein and DNA of the organism - if they are similar then that means there is a close relationship. If they are dissimilar, they are distant relations.

D.3.9 Discuss how biochemical variations can be used as an evolutionary clock. 

· First, check a specific protein and know that mutations occur at a certain rate. Count how many mutations there are in that specific protein and then calculate how many years the organism has evolved. For example, if there are 10 mutations and mutations occur every 1,000 years in this protein - 10 times 1,000 = 10,000 years.

D.3.10 Explain the evidence for evolution provided by homologous anatomical structures, including vertebrate embryos and the pentadactyl limb. 

· Evolutionary transistions leave signs in fossil records in terms of descent with modifications. Homologous anatomical structure is a test for common ancestry. Descent with modification is evidence in anatomical similarities between species grouped in the same taxonomica category. For example, the forelimbs of mammals have been modified to fit their function. Homologous structures are structures derived from the same part of a common ancestor. Pentadactyl limb describes the same skeletal elements make up the forelimbs of humans, cats, whales, bats and all other mammals. Closely related organisms go through similar stages in their embryonic development. All vertebrate embryos go through a stage in which they have gill pouches on the sides of their throats.

D.3.11 Outline two modern examples of observed evolution. One example must be the changes to the size and shape of the beaks of Galapagos finches. 
· The Galapagos Islands have dry years that alternate with wet years. In the wet years, large seeds are abundant. In dry years, small seeds are abundant. As the beaks of the fiinches increase, they are more able to eat larger and larger seeds. Because of natural selection, birds with larger beaks are more prominent in wet years, and smaller beaks are more prominent in dry years. 

· scientific justification, other than lack of justification for alternate theories. 
Option D.4 Human Evolution

D.4.1 State the full classification of human beings from kingdom to sub-species. 

· Kingdom - Animal
Phylum - Chordata
Class - Mammal
Order - Primate
Family - Hominid
Genus - Homo
Species - sapiens
subspecies - sapiens

D.4.2 Describe the major physical features, such as the adaptations for tree life, that define humans as primates. 

· Limber shoulder joints, dexterous hands, sensitive fingers with nails, eyes closer together in front of the face for enhanced depth perception, excellent eye-hand coordination, and parental care with usually single births and long nurturings of offspring.

D.4.3 Discuss the anatomical and biochemical evidence which suggests that humans are a bipedal and neotenous species of African ape that spread to colonize new areas. 

· Humans, like apes, care for their young for a long time. Offspring also have delayed puberty. Humans and apes have dexterous hands and similar hips and muscles. 98% of human and ape DNA is exactly the same. Also, fossils have been found of intermediate species in the evolution of humans from apes.

D.4.4 Outline the trends illustrated by the fossils of Australopithecus including A. afarensis, A. africanus and A. robustis and Homo including H. habilis, H. erectus, H. neanderthalensis and H. sapiens. 

· Enlargement of brain and taller and more erect structure are trends.

D.4.5 Discuss the possible ecology of these species and the ecological changes that may have prompted their origin. 

· The climate of Africa became drier with savanas instead of forests. The depletion of forests encouraged a ground-adapted species that could move on land for long distances and who could carry scattered food. Thus, the adaption of a bipedal human.

D.4.6 Discuss the incompleteness of the fossil record and the resulting uncertainties with respect to human evolution. 

· The fossil record of human ancestry is incomplete and thus we cannot certainly determine when certain species originated and became extinct.
A. afarensis: 3 - 3.9 million years
A. africanus: 2.3 - 3 million years
A. robustus: 1.4 - 2.2 million years
H. habilis: 1.6 - 2.4 million years
H. erectus: .4 - 1.8 million years
H. sapiens: .1 million years

D.4.7 Discuss the origin and consequences of bipedalism and increase in brain size. 

· Bipedalism - had to adapt to living on the ground and be able to look for food over longer distances. The increase in brain size allowed for the need to learn to use tools. We learned to limit the environment's influence (e.g. clothing and housing).

D.4.8 Outline the difference between genetic and cultural evolution. 

· Cultural evolution is seen in the behavior's of a population, as well as where they live, and things they eat etc.

Genetic evolution is changes in genetic makeup

  The cultural evoltion has spanned millions of years in three major stages: the nomadic (hunting), agricultural (settled), and industrial ages. However, we have not changed biologically in any significant way. We are probably not any more intelligent that the cave men. Our increased ability is due to heritage of human experience. 
D.4.9 Discuss the relative importance of genetic and cultural evolution in the evolution of humans. 

· They have enabled us to change our environment instead of having to adapt to our environment.

Option D.5 Neo-Darwinism

D.5.1 State that mutations are changed to genes or chromosomes due to chance, but with predictable frequencies. 

· Mutations are changed to genes or chromosomes due to chance, but with predictable frequencies.

D.5.2 Outline phenylketonuria (PKU) and cystic fibrosis as examples of gene mutation, and Klinefelter's syndrome as an example of chromosome mutation. 

· PKU is caused by a gene mutation that makes those with the disorder unable to break down the amino acid phenylalanine. This causes toxic levels of this amino acid in the blood, which causes mental retardation. Cystic fibrosis is caused by a recessive allele. The gene causes a lot of mucus inside a body, which leads to infection. Untreated, children will die by age 5. Klinefelter's syndrome results from an extra X chromosome. Thus a person suffering from Klinefelter's syndrome has XXY pattern of sex chromosomes. Such a person has male sex organs and abnormally small testes - sterile. 

D.5.3 Explain that variation in a population results from the recombination of alleles during meiosis and fertilization. 

· Meiosis includes independent assortment of different alleles, and also crossing over. These two processes make the total possible gene combinations infintely large. Therefore, sexual reproduction causes variation by recombing genes in many different ways. 

D.5.6 State that a species is a potentially interbreeding population having a common gene pool. 

· A species is a potentially interbreeding population having a common gene pool. 

D.5.7 Discuss the definition of the term species. 

· Species- a particular kind of organism; members posess similar anatomical characteristics and have the ability to interbreed and produce fertile offspring. This definition is somewhat ambiguous, but the main defining factor is the ability to produce fertile offspring. This is why donkeys and horses are different species. They produce mules when they breed, but because thier chromosomes don't match completely, mules can not produce more mules. 

D.5.8 Discuss the process of speciation in terms of migration, geographical or ecological isolation and adaptation, leading to reproductive or genetic isolation of gene pools. 

· As organisms become separated and cannot breed (their gene pools do not mix), these organisms will become different enough to be unable to breed. Such organisms have become different species. Such speciation usually occurs because of genetic mutation. Differences between two populations that have been geographically or ecologically isolated are caused by natural selection. They have different habitats to evolve to, so they evolve differently, and eventually become so different that they cannot breed. Then, even if they are not geographically isolated, they are reproductively or genetically isolated. 

D.5.9 Discuss ideas on the pace of evolution including gradualism and punctuated equilibrium. 

· Gradualism is the slow change from one form to another. Punctuated equilibrium, however, implies long periods with no change and short periods with rapid evolution. The latter is gaining popularity as being more important than once thought. Volcanic erruptions and meteor impacts rapidly affect evolution as they create rapid changes in the environment in which only certain species will survive and evolve. For example, after the Dinosaurs died, there came a puctuation in the evolutionary path of all other organisms becuase they were able to adapt to newly available niches. 

Option D.6 The Hardy-Weinberg Principle

D.6.1 Describe an adaptation in terms of the change in frequency of a gene's alleles. 

· If an allele increases the chances of survival and reproduction of individuals that possess it, the frequency of the allele in the gene pool will tend to increase. If a moth inherits a gene that would make it bright pink in a dark brown environment - it would stand out in its environment and be eaten. This would cause the bright pink allele to decline in frequency. 

D.6.2 Explain how the Hardy-Weinberg equation (p squared + 2pq +q squared = 1) is derived. 

· In a population where two alleles occur, p represents the frequency of an allele and q the frequency of another allele. Thus the combined frequency of the alleles must account for 100% of the genes for that particular locus in the population.
p + q = 1
When gametes combine their alleles to form zygotes, the probability of AA (A being the dominant allele) is p squared. The probability of aa is q squared. There are two ways in which an Aa genotype can arise, depending on which parent contributes the dominant allele. Thus, the frequency of heterozygous individuals is 2pq. The frequency of genotypes must add to 1. Thus, 
p squared + 2pq + q squared = 1 
AA Aa+aA aa 

D.6.3 Calculate allele, genotype and phenotype frequencies for two alleles of a gene, using the Hardy-Weinberg equation. 

· If a population is known to be the following Hardy-Weinberg Principle, the Hardy-Weinberg can be used to calculate unknown frequencies. An example of this is a gene with two alleles that controls the ability to taste phenylthiocarbamide (PTC). The ability to taste PTC is due to the dominant allele (T) and nontasting is due to the recessive allele (t).

1600 people were tested in a survey. 461 were non-tasters - a frequency of 0.288. Their genotype was homozygous recessive (t t).
If q = frequency of t allele, q squared = .288 so q = .537
If p = frequency of T allele, p = (1 - q) = .463
The frequency of homozygous dominants (TT) and heterozygotes (Tt) can be calculated.
p squared = frequency of homozygous dominants
p squared = (.463)(.463) = .214
2pq = frequency of heterozygotes
2pq = 2 (.463)(.537) = .497 

D.6.4 State that the Hardy-Weinberg principle can also be used to calculate allele, genotyope and phenotype frequencies for genes with two alleles. 

· The Hardy-Weinberg principle can also be used to calculate allele, genotyope and phenotype frequencies for genes with two alleles. 

D.6.5 State the Hardy-Weinberg principle and the conditions under which it applies. 

· If there are two alleles of a gene in a population, there are three possible genotypes - homozygous for each of the two alleles and heterozygous. The frequency of the two alleles in the population is usually represented by the letters p and q. The total frequency of the alleles in the population is 1.0, so 
p + q = 1
If there is random mating in a population, the chance of inheriting two copies of the first of the two alleles is (p)(p). The chance of inheriting two copies of the second of the two alleles is (q)(q). The expected frequency of the heterozygous genotype is 2pq. The sum of 
p squared + 2pq + q squared = 1 

· D.6.6 Describe one example of transient polymorphism and sickle cell anemia as an example of balanced polymorphism. 

· Polymorphism is when two or more forms of a Mendelian character are represented in high enough frequencies to be readily noticeable. Balanced polymorphism is the ability of natural selection to maintain diversity. 

