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Revisiting Year 10 

▪ Natural selection 
o Idea originally came from Darwin’s grandfather 
o Explain evolution and the change over time of species  

➢ An adaptation is an outcome of evolution 
o Darwin’s boat trip on the Beagle in the 1830s 
o Darwin was from a very religious family that believed in the Creation Theory 
o Survival of the fittest – apply this below to your examples of resistance!  

➢ More organisms are born than can survive 
- Creates competition and pressure to survive between adaptations and 

genes 
➢ Variation in the population 

- What is the variation 
➢ Favorable variations 

- How is it favourable 
➢ Population 

- Favorable genes were reproduced in the next generation 
 
Examples of evolution 

▪ Elephant – tusks are used for digging and battling, before 1989 ban they were being hunted 
by poachers for their tusks. Elephants are evolving to be born without tusks, because those 
which survive poachers don’t have tusks!   

▪ Capuchin monkeys – sneak into homes in Rio, associate humans with food as tourists give 
them food, infiltrate city for food. Increase in times of reproduction 

▪ Babian ringens – ground flower, ‘rats rail’, pollinated by birds, firm branchless stalk 
▪ Polar bears – global warming and pollution, polar bear hybrids e.g. grolar bears, fertile!  
▪ Atlantic tomcod – Hudson river became heavily polluted in 1947. Mutated wildlife. Tomcod 

thrived – developed an immunity to poisons in water  
▪ Yellow bellied three toed skinks – mountain skinks are beginning to give birth to live young, in 

the cooler mountains a mother’s own body temperature is more realiable than the external 
environment in which coastal skinks house their eggs! 

▪ House mouse – cross bred with Algerian mouse, producing fertile young. Hybrids can’t be 
killed with pesticides 

▪ Crazy ants – attracted to electricity? Swarm to powerpoints causing it to short, kills some but 
allows others to build colonies inside  

▪ Moscow homeless dogs – scavenger dogs, guard dogs (learn that security guards will give 
food if they provide service), wild dogs (hunt rats and cats, taking a step back in the 
evolutionary step), beggar dogs (recognize people who are most likely to give scraps, learned 
how to take subway) 

▪ Indigenous groups in the Argentinian Andes for hundreds of years have been drinking 
groundwater with trace amounts of arsenic – sourced from surrounding bedrock with arsenic, 
and mining projects during the Spanish colonization era – which has resulted in a genetic 
tolerance. They possess the AS3MT gene, which helps them methylate and excrete a less-
toxic arsenic metabolite, flushing it out quicker than others. Those who survived the exposure 
to arsenic lived longer and had more children.    

 
1. Evidence of evolution suggests that the mechanisms of inheritance, accompanied by 

selection, allow change over many generations  
 

outline the impact on the evolution of plants and animals of:  



 

 

 changes in physical conditions in the environment 
 
ACTIVITY 2 
 

▪ Changes in physical conditions in the environment such as temperature or rainfall can have 
dramatic effects on the makeup of a population 

▪ Different traits become more advantageous and become, through natural selection, the 
predominant trait of species 

o A species has the same genetic numbers 
▪ Populations of the same species in different regions of Australia demonstrate this variation 

within a species; this variation is called a cline 
o EXAMPLE // snow gums exhibit a decrease in tree height and leaf length as altitude 

increases. Higher altitude clines also had thinner bark and larger fruit to be more 
frost resistant 

o EXAMPLE // mammals survive better in colder climates if they are larger, because 
they have less body surface compared to their volume and can conserve heat better 

o EXAMPLE // wombats, kangaroos and possums of Tasmania are larger than those 
found on the mainland 

o EXAMPLE // peppered moths! Research more 
  

 changes in chemical conditions in the environment  
 
EXAMPLE 1 // 

▪ The cattle tick is a major pest which carries the parasite that causes tick fever 
▪ Timeline of Resistance 

o First, ticks were controlled by arsenic-based cattle dips and reduced populations 
o By 1936, tick populations were resistant to arsenic  
o By 1946, DDT was introduced to control cattle ticks  
o By the 1960s, tick populations became resistant to DDT 
o This happened again with organo-phosphate pesticides in the 1980s 

▪ Before a particular pesticide was used, the frequency of resistant ticks was low. Once a 
pesticide became widely used, it acted as a selecting agent that produced an increase in the 
survival and reproduction of resistant ticks relative to non-resistant 

▪ The proportion of resistant ticks thus increased 
 
EXAMPLE 2 // 

▪ The south-western corner of WA, several species of native plants such as Gastrolobium 
produce sodium fluoroacetate, a poison 

▪ Populations of the common brush tail possum include some living in regions where these 
toxic plants grow. These possums are resistant to the poison 

▪ Other possums live outside the range of these plants  
▪ The presence of fluoroacetate in the diet of marsupials living within the range of toxic plants 

acts as an agent of selection so that over time resistant possums have a higher change of 
survival and reproduction 

▪ Resistant possums thus over several generations increase in frequency 
 

 competition for resources 
 

▪ Resources can be defined as 
o Food 
o Shelter  



 

 

o Mates 
▪ Species living in the same area may specialize to survive on different resources thereby 

avoiding direct competition 
o EXAMPLE // fruit flies have evolved into separate species which are each confined to 

a specific type of fruit tree. Fruit flies have also developed differing breeding cycles to 
coincide with differing fruiting times 

o EXAMPLE // DDT 
o EXAMPLE // AMR 
o EXAMPLE // giraffe 

 
not enough resources   
 
describe, using specific examples, how the theory of evolution is supported by the following areas of 
study:  

 palaeontology, including fossils that have been considered as transitional forms  

 biogeography  

 comparative embryology  

 comparative anatomy  

 biochemistry  
 

▪ The theory of evolution that all organisms which are present today arose from earlier forms 
due to changing earthly environments.  
 

▪ What evidence exists which supports the evolutionary theory? 
1. Fossils/paleontology: direct evidence e.g. footprints, faeces 

o Stromatolites broke up oxygen from the water and produced the Earth’s 
atmosphere 

2. Implied evidence: 
o Biogeography 
o Comparative embryology 
o Comparative anatomy 
o Biochemistry 

▪ Evolution is only a theory, as despite it having substantial evidence, a law needs definitive 
proof to be deemed wholly truly. No one was alive during evolution to attest to the validity of 
the theory of evolution  

 
Paleontology – the study of life in the geologic past, with a particular focus on the study of animal and 
plant fossils to determine previous structures and evolution 

▪ A fossil is any indication of a once-living organism 
o Even burrows 

▪ Transitional fossils are examples of organisms that indicate the development of one group of 
organisms from another 

o They are an intermediate form between two major types of organisms possessing 
characteristics of both groups.  

o EXAMPLE // Archaeopteryx 
- A small flying dinosaur with feathers shared features with both reptiles 

and birds 
- This showed an evolutionary pathway between dinosaurs and birds.  
- The first was discovered in 1861 and since then 10 more have been 

found.  
- They are estimated to have existed 150 million years ago. 



 

 

o EXAMPLE // Seed Ferns 
- A plant which has the features of both ferns and gymnosperms, (conifers).  
- They are now extinct but the fossil record shows that they had the 

appearance of a fern but reproduce seeds instead of spores like 
gymnosperms.  

- This suggests an evolutionary pathway from ferns to gymnosperms.  
▪ Similarities 

o All have gap between incisors and cheek teeth 
o Pointy bone on top of head 
o Triangular shape of head 
o Placement of eyes 

▪ Differences: as time passed…  
o Skull increased in size  
o Elongated space between incisors and cheek teeth 
o More pronounced lower jaw  
o Elongation of the leg bones 
o Disappearance of individual phalanges 
o Generally longer 

▪ Modern horse has a single toe foot, whilst earlier forms such as the mesohippus have single 
toe feet with two side bones.  

▪ Changes occurred due to environment changing from marsh to dry and hard grounds   
 

 

Biogeography – the study of the distribution of organisms 
 

▪ Distribution patterns provide evidence that species have originated from a common ancestor 
but when isolated, have evolved differently into new species.  

o The two populations would have experienced different selective pressures.  
▪ The Wallace line is used to describe the difference between Asian and Australian flora and 

fauna suggesting that they evolved independently to one another to differing environmental 
pressures.  

o EXAMPLE // Marsupial mammals 
➢ found in New Guinea, Australia and S. America, suggesting that they all came 

from a common ancestor when they formed part of Gondwana 



 

 

➢ As these populations became isolated they 
evolved differently and now are separate 
species due to differing environmental 
pressures.  

o EXAMPLE // Echidnas 
o Their spines have blood vessels within them; they 

can therefore lose heat through them and regulate 
their body temperature according to their 
environment. 

o Northern variants have little fur and lots of spines 
to lose heat regularly in tropical Australian and New 
Guinean environments. 

o Southern variants have more fur and little spines to 
ensure little heat is lost. Their fur is also darker to attract heat.  

 
Comparative embryology - the study of embryos of different organisms, looking for similarities and 
differences between them 

 
▪ The important thing to remember is that embryos are extremely similar in the early stages (as 

seen in the diagram), suggesting a common ancestor 
▪ All have  

o a major bump on head 
o Large eyes 
o Ear hole/sense organ 

▪ Similarities between the embryos of different vertebrate species suggests a common 
ancestor 

o All chordates (anything with a backbone) possess pharyngeal gill slits at some stage of 
their development  

➢ In fish and amphibians, they develop into gills 
➢ In terrestrial organisms, they become part of the lung structure  

o Other similarities include  
➢ enlarged eyes 
➢ development of the forebrain  
➢ six pairs of aortic arches, which become modified to support circulation     

 



 

 

Comparative anatomy – the study of similarities and differences in the anatomical body structures of 
different species of organisms to determine the adaptive changes they have undergone since the 
common ancestor  

▪ Refer to 1c for comparison and the pentadactyl limb 
▪ Homologous structures show individual functional variations on a common anatomical theme. 

These are seen in organisms that are closely related  
o EXAMPLE // the human arm, the wing of a bat, the flipper of a seal and the leg of a 

dog are all different in purpose but share traits 
▪ Analogous structures have very different anatomies but similar functions. These are seen in 

organisms that are not necessarily closely related, but live in similar environments and have 
similar adaptations  

o EXAMPLE // sweet potatoes and potatoes have the same function of food storage, 
wings of insects in comparison to birds for flying 

▪ Vestigial structures are anatomical remnants that were important in the organism’s ancestors, 
but are no longer used in the same way 

o EXAMPLE // the human appendix, the human tail bone or coccyx was a tail used to 
help balance us, but after we learned to walk the bone shrunk to fused vetebrae  

o EXAMPLE // pelvic bones of modern whales, bone girdle serves as an attachment 
point for the legs of terrestrial mammals and reptiles (common solution to the 
challenge of walking against gravity on land) Fish do not have pelvic bones, as their 
environment is governed by buoyancy rather than gravity. Whales live in the same 
environment as fish but they do retain a tetrapod-style pelvis in the same location as 
their land-dwelling ancestors, shares a common structure with the homologous 
bones in land-dwelling species. Evolutionists attribute this similarity to whales and 
other tetrapods having descended from a common ancestor that had a pelvis of its 
own. 

 
Biochemistry 

▪ Biochemistry – evolutionary similarities in the chemistry of organisms; the study of similarities 
and differences in the biochemical makeup of individuals   

▪ Cytochrome c is a protein found in mitochondria  
o Used in the study of evolutionary relationships because most animals (eucaryotes) 

have the protein 
o Made of 104 amino acids joined together 

▪ We went through a table of amino acids of animals such as the shark, turtle, monkey and 
chicken compared with the human amino acid sequence 

o It was found that the monkey was closest to us, with only 1 difference 
o The rabbit was the second closest, followed by the frog 
o The shark is the furthest from us 

▪ The degree of similarity reflects genetic closeness and suggests a common ancestor 
▪ HAEMOGLOBIN, RNA AND HORMONES can also be studied 

 
▪ DNA Hybridization study  



 

 

 

 
 
explain how Darwin/Wallace’s theory of evolution by natural selection and isolation accounts for 
divergent evolution and convergent evolution 
 

▪ Erasmus Darwin 
o Suggested that evolution occurred through sexual selection and competition 
o Introduced evolution via natural selection of most suited characteristics for an 

environment  
▪ Charles Darwin 

o In combination with Wallace, proposed the theory of evolution by natural selection 
o Wallace proposed the following steps to Darwin to explain the process of evolution 

by natural selection: 
1. In any population there are differences/variations between individuals; all the 

members of one species are not identical 
2. In any generation there are offspring that do not reach maturity and reproduce, 

the characteristics of these organisms are removed from the population 
3. Those organisms that survive and reproduce are well adapted to that 

environment; they have favorable variations (survival of the fittest) 
4. Favorable variations are passed on to offspring; they become more and more 

common in the population 
 
Divergent evolution 
 

▪ In divergent evolution, species evolve from 
a common ancestor 

▪ Isolated populations of the same species in 
differing environments evolve differently 
due to different selective pressures 

o Favorable/dominant characteristics 
are different from population to 
population 

▪ Eventually, there will be enough genetic 
variation that populations can no longer interbreed to produce fertile offspring 



 

 

o EXAMPLE // Darwin observed 14 species of finch on the Galapagos and Coco islands. 
Their basic structure was the same; however, due to different environments 
populations had different diets, body sizes and beak shape and size. 

 
Convergent evolution 
 

▪ Similar selective pressures produce similar 
evolutionary responses 
o That is, two unrelated species develop 

similar structural, physiological or 
behavioral characteristics to the same 
environment pressure 

o EXAMPLE // seals and dolphins live in 
open ocean. They have limbs modified as 
flippers, streamlined bodies, share a 
similar diet of fish, possess insulative fat layer, and can hold their breath for long 
periods of time. However, they belong to a different order of mammals  

o EXAMPLE // flying squirrels and flying phalangers/sugar gliders have many similarities, 
including big eyes, a white belly and a thin piece of skin stretched between their arms 
and legs to glide. However, sugar gliders, found in the northern and eastern parts of 
Australia, are marsupial mammals (young develops for short time inside body before 
being born and crawling into pouch), whereas flying squirrels, found in North 
America, are placental (young develops for long time inside body from placental 
nourishment). Their wings are analogous structures that serve the same purpose 
within the two animals; leaping from treetops to forage and move about. Australia 
separated from the other continents and the competition for marsupials posed by 
placental mammals was eliminated. Marsupial mammals have the advantage of being 
able to produce quickly, having one baby within, one on the teat, and another as a 
child. Marsupial mammals survive best in Australia due to the harsh cyclic climate 
that often involves environment desolation and then regrowth    

 
plan, choose equipment or resources and perform a first-hand investigation to model natural selection  
 

▪ Natural selection is a process that results in the alterations of characteristics of a population  
▪ Based on the assumption that individuals in a population are not all the same, i.e. variation 

exists 
▪ Natural selection selects the “most favorable” variation while eliminating from the population 

less favorable variations 
o Individuals with these variations are more likely to survive and reproduce, passing 

favorable genes to future generations 
 
COLOUR ADAPTATION PRAC FROM INVESTIGATIONS BOOK 
 

▪ Aim: to use a model to explain the effect of colour on the survival of organisms in difference 
habitats 

▪ Materials: 20 green toothpicks, 20 red, 20 yellow 
▪ Method:  

1. Scatter all toothpicks in 3 x 3 metre area. Predators must look away 
2. Give predators 15 seconds to find as many toothpics as possible  
3. Count number of each toothpicks found and record in data 

▪ Results: 



 

 

Surface Green Brown Yellow 

Linoleum 17 14 17 

Grass 4 5 15 

Concrete 8 6 15 

Carpet 12 11 18 

 
 

▪ Survival rates (%)… (calculated by the equation: number of not found/20 x 100) 

 Green survival rate Brown survival rate Yellow survival rate 

Linoleum  15% 30% 15% 

grass 80% 75% 25% 

concrete 60% 70% 25% 

carpet 40% 45% 10% 

 
 
ANOTHER EXAMPLE: PG 127 ACTIVITY MANUAL BOOK 
 
Sweet selection 

▪ Aim: to model the process of natural selection 
▪ Method: 

1. Count and record the number and color of a group of jellybeans  
2. Each group member in each round takes one bean 
3. Count and record the number and color of the beans that remain  

 
▪ Competition 
▪ Favorable variations will be those that aren’t eaten  
▪ Results 

 
TEST 1: Jellybeans before predatory activity: 30 
 

Predator 
taking 

Red taken 
in round 

Blue taken 
in round 

Black 
taken in 
round 

Green 
taken in 
round 

1 2 2   

2 1 1 1 1 

3 1  1 2 

4  2 2  

Total left at 
end 

6 5 6 7 

  
▪ Survival rates… 

o Red:  
o Blue: 
o Black: 
o Green:  

 
TEST 2: Total at start: 25 
 



 

 

Predator taking 
rounds 

Pink taken White taken Purple taken Orange taken Green 
taken  

1    3 1 

2  2 1 1  

3 1  2 1  

4 1  2   

Total left at end 2 3 0 0 4 

 
 
analyse information from secondary sources to prepare a case study to show how an environmental 
change can lead to changes in a species  
 
The Peppered Moth 
 

▪ Usually speckled with black and white to camouflage against lichen trees 
▪ During the industrial revolution, coal and air pollution blackened tree trunks and walls  
▪ This caused the pale form of the Peppered Moth to become more obvious to predators and the 

blackened moth was able to survive and produce offspring 
▪ As a result, over successive generations black moths outnumbered pale moths 

o The dark form of the moth was a result of a mutation in the DNA of pale moths  
▪ Moths have a short life span, reproduce rapidly and the allele for dark moths is dominant, causing the 

natural selection of the black wing over the pale to become abundant very quickly   
▪ After the industrial revolution, measures were taken to reduce air pollution and the trees turned pale 

again  
 
 
 

Tawny Owls 

▪ A common nocturnal predator in the temperate forests of Europe, tawny owls (Strix aluco) 
come in two basic shades: brown and pale brown/gray.  

▪ Though regular brown is the dominant trait (BB), the pale brown or grayish color (bb) helps 
owls blend in with snowy trees and hide from predators. More snow typically equals more 
gray owls. 

▪ With milder winters and therefor hotter conditions in Finland due to rising global 
temperatures/climate change/global warming, one population of tawny owls showed a 
significant uptick in brown-plumed owls over the last 28 years, according to a 2011 Nature 
Communications study.  

▪ The researchers also saw a nationwide increase in brown owls over the last 48 years.  
▪ It makes sense that natural selection might favor brown coloration: With less snow, brown 

owls are better at blending in with the surrounding forest, giving those birds a better chance 
to survive and reproduce. 

perform a first-hand investigation or gather information from secondary sources (including 
photographs/ diagrams/models) to observe, analyse and compare the structure of a range of vertebrate 
forelimbs  
 

▪ A forelimb is the front limb 
o On birds, it is the wings 
o On snakes 

▪ Birds with larger wings/forelimbs are often air dwelling, whilst birds with smaller wings 
usually have large legs and are ground dwelling 

http://animaldiversity.ummz.umich.edu/accounts/Strix_aluco/
http://www.nature.com/ncomms/journal/v2/n2/full/ncomms1213.html%3FWT.ec_id%3DMARKETING%26WT.mc_id%3DNC1107CE1YR0


 

 

▪ The pentadactly limb, exhibited below, is considered to be inherited from aquatic ancestors  
 

 

 

 

 

 

 

 

 

 

 

 

ORGANISM FUNCTION OF LIMB 

FROG Support, cleaning 
LIZARD Movement, support, attack 
BIRD Walk, fly 
CAT Movement, support, attack 
BAT Fly, protection, support 
WHALE Swim 
HUMAN Movement, attack, eat, clean 

  
 
use available evidence to analyse, using a named example, how advances in technology have changed 
scientific thinking about evolutionary relationships  
 

▪ Two new technologies exist which have allowed more thorough study of evolutionary 
relationships 

o DNA hybridization – comparing DNA 
o Comparative biochemistry – comparing proteins  

 
DNA Hybridization 

▪ Technique involves double-stranded DNA being heated so that nitrogenous base pairs are 
broken to produce single strands 

▪ Single strands from different species are mixed and join to form hybrid double-strands 
▪ The mixture if then heated and the higher the temperature of separation, the more similar 

the DNA and relatedness  
▪ In the DNA hybrid, there will be mismatches 

o The more closely related, the fewer mismatches 
▪ DNA hybridization shows that there are more similarities between chimps and humans than 

between chimps and gorillas 
o If classification were based on similarities, humans and chimps should be in the same 

genus, rather than the present classification where chimps and apes are in a family 
separate to humanity 

 
Comparative biochemistry 

▪ The study of molecules and how they react in organisms 



 

 

▪ The degree of similarity in the molecular make up of two organisms shows the closeness of 
their relationship and is therefor an indication of the time distance to a common ancestor 

o EXAMPLE // organisms with a high degree of biochemical similarities would have a 
recent common ancestor; those with the inverse would have diverged from their 
common ancestor long ago 

▪ Molecular clocks are constructed to express these time divergences  
▪ Examples of biochemistry include… 

o The study of blood proteins (haemoglobin, antibody/antigen reactions when different 
bloods are mixed) 

o Cell proteins (cytochrome c and 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 developments  

 
ACTIVITY 5 

 

▪ Leonardo Da Vinci (1452-1519) 
o Made geological and paleontological observations of rocks and fossils in north Italy 
o Fossils he found were Cenozoic mollusks 
o Hypothesized that these shell fossils had once been living things and that they were 

buried before the mountains were raised 
❖ Suggested that fossils indicate the history of the Earth beyond human records 

 
▪ Robert Hooke (1635-1703) 

o Observed fossils with microscope and concluded that shell-like fossils were the shells 
of past shell-fishes 

o Observed that many fossils represented extinct organisms 
o Went against present Christian doctrines, which stated that organisms which were 

present from creation are still present today  
❖ Concluded that paleontology could be used to help understand the history of the Earth 

 
▪ George-Louis Buffon (1707-1778) 

o Suggested that life was much older than the Bible’s prophesized 6’000 years 
o Developed the modern definition of the species 

- A group of organisms which can breed and produce fertile offspring 
o Proposed that organisms change; didn’t suggest how 
o Noted that environment directly affected organisms as the primary agent of change 

and not competition 
o Believed that all organisms were created by God and ordered in a hierarchy with 

mankind at the top   
o Questioned the Church’s doctrines 

 
▪ Carolus Linnaeus (1707-1778) 

o Founder of the binomial system 
o Suggested that species in a genus arise through hybridization via two different 

individuals producing a new (fertile) offspring 
- Inferred this about apes and humans  

o Originally fought this idea and believed God had created species as they existed 
today. Later, his ideas changed 

 
▪ Erasmus Darwin (1731-1802), Charles Darwin’s grandfather 

o Formulated the first modern theory of evolution in his book, The laws of organic life 



 

 

o Suggested that sexual selection and competition could cause transmutation/change 
in a species, “the strongest and most active animal should propagate the species 
which should thus improve.” 

o Introduced the concept of adaptation 
➢ Suggested organisms are fit for their environment, in that their structure 

reflects their functions they perform 
 

▪ Jean-Baptiste de Lamarck (1744-1829) 
o Believed that evolution was a process of striving towards perfection 
o Didn’t believe in extinction but rather that species involved into new ones 
o Supported the notion of inherited characteristics 
o Termed the words ‘invertebrates’ and ‘biology’  
o Proposed that an organism develops features by use/disuse 

➢ EXAMPLE // suggested that giraffes develop a long neck by stretching to eat 
leaves 

o Although wrong, Lamarck’s ideas paved the way for the theory of natural selection  
 

▪ Alfred Russel Wallace (1923-1913) 
o North of Australia through the middle of Indonesia is the Wallace Line 

➢ Falls between Borneo and Sulawesi and between the islands of Bali and 
Lombok 
- These islands are inhabited by different families of mammals and birds 

o Biologists use this line to describe the separation of Australia flora/fauna from Asian 
flora/fauna that Wallace observed 

o Wallace concluded that species evolved by a process of natural selection  

 
▪ Charles Darwin (1809-1882) 

o Suggested that plants and animals in nature produce more offspring than can survive 
o Published The Origin of Species  
o There is a continual struggle for existence  
o Suggested that individuals with variations which increase their chance of survival (the 

fittest) reproduce more 
 
The Church 

▪ Evolution… 
o contradicted the Church’s doctrine of creationism 
o contradicted its teaching that life is 6’000 years’ old  
o contradicted that species had existed now have always been this way  



 

 

▪ However, during these times people were beginning to question the world around them, 
which allowed for an environment to be created in which evolution could be discussed, 
debated and analysed 

 

2. Gregor Mendel’s experiments helped advance our knowledge of the inheritance of 
characteristics  

 
outline the experiments carried out by Gregor Mendel  
 

▪ Mendel crossed homozygous true bred specimens  
 
Some definitions 

▪ Autosomal characteristics are those which are not sex 
linked   

▪ Genetics is the study of inheritance and genes, that is, the 
study of how characteristics are passed on from one 
generation to another 

▪ Heredity is the passing on of traits from parent to 
offspring 

▪ A chromosome is a thread-like structure in the nucleus of a cell which consist of DNA and RNA  
o Humans have 46 (23 pairs) in each body cell, except for gametes which have 23 

▪ Homologous chromosomes are pairs of chromosomes that have the same genes, but not 
necessarily the same alleles  

▪ When two individuals are bred together (crossed) their offspring are called hybrids 
▪ A phenotype is the physical outcome e.g. flower color 
▪ A genotype if expressed as a symbol 

 
▪ Gregor Mendel worked during the 1860s 
▪ Theory at the time was blending  

o Idea that mother and father’s genes blended to create offspring  
o Incorrect theory  

▪ Mendel suggested a dominant and recessive factor  
▪ Mendel’s father was farmer and peasant who taught him about plants 
▪ Mendel was a monk at a monastery  
▪ Interested in deformity in humanity  
▪ Mendel tested 30’000 experiments over a period of 8 years, creating reliability  

 
The Law of Segregation 

▪ Mendel completed the same experiment shown in the diagram with all 7 characteristics 
o He studied… D = dominant, R = recessive 

1. Shape of seeds; round (D) or wrinkled (R) 
2. Shape of pod; inflated (D) or pinched (R) 
3. Position of flowers; end of stem (D) or along stem (R) 
4. Color of cotyledons; yellow (D) or green (R) 
5. Color of pod; green (D) or yellow (R) 
6. Color of seed coats; grey (D) or white (R) 
7. Length of stem; tall (D) or short (R)  

o In each case, one value of the characteristic disappeared in the F1 plants and then 
showed again in the F2 plants 

o 75% of F2 plants had one value; 25% of F2 plants had the other 
o This law of inheritance is called The Law of Segregation  



 

 

➢ This law states that there are two factors controlling a characteristic, one of 
which is dominant  

➢ When a parent reproduces, these factors separate and go to different 
gametes  

➢ Homologous chromosomes segregate when lining up on the equator  
 
The Law of Independent Assortment 

▪ How pair #1 divides is independent of how another pair divides 
▪ They assort independently during gamete production, giving different traits an equal 

opportunity of occurring together  
 
Notes On Diagram 

▪ From F1 to F2, Mendel let the flowers self pollinate 
 

Mendel Explanation 

Investigated outcome of breeding experiments 
in peas.  

o Used true breeding parents (P group) 
➢ P generation was true breeding 

o Deliberately bred two variations of a 
particular characteristic e.g. Height 
(short or tall), flower color (white or 
purple) etc.  

➢ Important! He removed the 
stamens from the plants to 
prevent self pollination 

➢ Important! He used a brush to 
transfer pollen from one plant 
to another to control 
pollination 

o His results showed one characteristic 
dominated (F1) 

o He allowed the plants then to self 
pollinate (F2)  

His F2 ratio showed 3:1 ratio 
o Dominant:recessive 

 

▪ True breeding plant = homozygous 
o True breeding P = TT and tt 

▪ T= tall (dominant), t=short (recessive) 
▪ F1 outcome resulted in Tt  
▪ Then F1 x F1 resulted in…  

o Tt x Tt  
o [PUNNET SQUARE] 

▪ Therefor, this is a monohybrid ratio with 
two factors and no blending 

 



 

 

 
describe the aspects of the experimental techniques used by Mendel that led to his success  
 
▪ Studied a suitable organism 

o Used over 21’000 pea plants  
o Peas grow quickly and each generation takes one season to produce 
o Easy to cross-pollinate  
o Uphold a number of different characteristic variations  

▪ Repeated the experiment many times 
o 30’000 times over 8 years  

▪ Studied discontinuous variations only 
o Peas have either yellow or green cotyledons; no half shade 
o Made it easier for Mendel to record the clear results of a cross, disproving 

blending  
▪ Studied one characteristic at a time 

o Looked at one characteristic and ignored the rest 
➢ one independent variable  

▪ Began with pure lines 
o Mendel made sure the characteristic he was studying would normally appear 

generation after generation 
o In peas, this is done by letting them self-pollinate (asexual) year after year and 

checking that the offspring shows the desired feature 
➢ Organisms which do this are called pure lines  
➢ Said to be true breeding for that characteristic 
➢ One tall plant self pollinates and produces tall offspring; that offspring self 

pollinates and produces tall offspring, etc.   
 
describe outcomes of monohybrid crosses involving simple dominance using Mendel’s 
explanations  
 
▪ Mendel selected true breeding plants which differed in only one characteristic 

o Called a monohybrid cross 
▪ A monohybrid cross is the study of the inheritance of one characteristic 



 

 

o This involves mating pure-breeding parents to obtain F1, and then mating their offspring 
to obtain F2  

▪ A dihybrid cross is the study of the inheritance of two characteristics at once 
o EXAMPLE // studying color as well as texture/shape of pea pod  

 
distinguish between homozygous and heterozygous genotypes in monohybrid crosses 
 
▪ Homologous genotypes are a genotype with the same alleles for a particular trait 

o Individuals with such genotypes are called homozygotes  
▪ Heterozygous genotypes are a genotype with two different alleles for a particular trait  

o Known as heterozygotes 
  

▪ Discontinuous variation is the 3:1 ratio, there is no in-between you are either this or this. Two 
possible options; one or the other, cannot be in-between.  

o Height in humans has a continuous variation  
 

▪ Heritable characteristics are caused by two genes carried inside the nucleus of every cell 
▪ Each pair of genes is located on a pair of homologous chromosomes, one to each chromosome 

o For an organism to be true breeding, each gene must be identical 
➢ Such organisms are homozygous e.g. TT or tt 

o F1 hybrids get one of each type of gene 
➢ Such organisms are heterozygous e.g. Tt 

▪ When gametes are formed, homologous chromosomes are separated and so each gamete 
gets only one from each pair of genes  

  
distinguish between the terms allele and gene, using examples  
 
▪ Alleles are the alternate forms for a characteristic or the different version of the same gene. They 

occupy the same position on homologous chromosomes.  
o For example, P and p are different alleles for the gene that determines flower color 
o Green and brown eyes 

▪ The position of a gene on a chromosome is called its loci 
▪ Autosomal characteristics are those which are not sex linked   
▪ Genetics is the study of inheritance and genes, that is, the study of how characteristics are 

passed on from one generation to another 
▪ Heredity is the passing on of traits from parent to offspring 
▪ A chromosome is a thread-like structure in th nucleus of a cell which consist of DNA and RNA  

o Humans have 46 (23 pairs) in each body cell, except for gametes which have 23 



 

 

▪ Homologous chromosomes are pairs of chromosomes that have the same genes, but not 
necessarily the same alleles  

▪ When two genetically different homozygous individuals are bred together (crossed) their 
offspring are called hybrids 

▪ A phenotype is the physical outcome e.g. flower color; the observable expression of an 
organism’s genotype  

▪ A genotype if expressed as a symbol; the genetic makeup of an individual  
▪ A gene is a region of DNA that helps to determine an organism’s characteristics and which 

may be inherited by its offspring  

 
explain the relationship between dominant and recessive alleles and phenotype using 
examples  
 
▪ Mendel said that the appearance of heritable characteristics was caused by microscopic factors in 

the cells; we now call these factors genes 
o Genes are located inside the nuclei on the chromosome 

 
▪ The dominant allele is the expressed allele in a heterozygote  

o The dominant gene cancels out the recessive gene 
o Dominant genes are represented by a capital letter 

▪ The recessive allele is not expressed in a heterozygote 
o Recessive genes are represented by lowercase letters 

 
outline the reasons why the importance of Mendel’s work was not recognised until some time 
after it was published 
 

▪ Mendel’s research was dismissed because… 
o Audiences believed the rules that applied to peas didn’t apply to humanity 

➢ Later, in the 1900s when Mendel’s work was applied to mice and fruit flies it 
was realized that the rules which applied to peas applied to every living thing  

o Austrian monk and therefor not within the scientific community 
o Far beyond his time 
o Prevailing theory of blending  
o Presented to a small pool of botanists, when he should have presented to a large 

group of geneticists  
o His research was radical and there was nothing of the sort being completed 

elsewhere  

 

perform an investigation to construct pedigrees or family trees, trace the inheritance of 
selected characteristics and discuss their current use  
 
Legend 



 

 

 
 

▪ ACTIVITY 7 
▪ One form of expression of a characteristic may be predominant in certain families 
▪ Inheritance is often illustrated by using family trees or pedigrees 

o A pedigree is the study of the genetics 
o Pedigrees are a convenient and useful method of showing which individuals exhibit or 

carry characteristics in successive generations  
▪ Recessive genes often skip generations  
▪ Many diseases/conditions are inherited 

o Cystic fibrosis, hemophilia, Huntington’s disease etc.  
▪ Using the knowledge of a number of generations in a family, the probability of having a child 

with the disease or a family member being a carrier can be determined 
▪ On the basis of this information, couples can make a decision whether to terminate a 

pregnancy or prepare to bring up a child with a genetic disease 

 

 
 
solve problems involving monohybrid crosses using Punnett squares or other appropriate 
techniques  
 

▪ A Punnett square is chart which allows you to determine the expected parentage of different 
phenotypes in the offspring of two parents 

o NOTE: Punnett squares are used as an approximation of the possibilities. The actual 
percentage of genotypes may vary by chance  



 

 

▪ Activity Six: “Genetic problems” contains some worked examples of Punnett squares    
 
process information from secondary sources to describe an example of hybridisation within a 
species and explain the purpose of this hybridisation  

 
Hybridization and its purpose 

▪ The aim of hybridization is to create new and better combinations of characteristics 
▪ In wheat, breeding objectives are 

o High yield 
o Good quality 
o Disease and insect resistance 
o Toleration to abiotic stress 

➢ That is, mineral, moisture and heat tolerance 
▪ Plant breeders, through Mendel’s model, recognized that characters could without being 

changed be brought into new combinations in hybrid organisms 
o They carried out systematic crosses between different varieties of one species to 

form hybrids  
 

▪ The crossing of different varieties of one species to produce new varieties with different 
combinations of characteristics is one kind of hybridization  

▪ Another kind involves crossing different but closely related species 
 

▪ Hybrid organisms 
o Are more vigorous  
o Higher yielding, than true breeding plants  

▪ However, the outcome of hybridization is not always an improvement 
▪ SIDE NOTE: Hybrid offspring which was artificially produced are done so under controlled 

conditions and may not be suited for the wild 
 
An example of hybridization: wheat hybridization in Australia  

▪ Late 1800s – flour produced from Australia-grown wheat was poor 
o The first wheat to be grown here were  

➢ old English varieties  
➢ ripened too late to survive the hot summer 
➢ produced poor flour 
➢ affected by many fungal diseases  

▪ Late 19th century, 1886 – William Farrer pioneered Australian wheat research 
o Began in Queanbeyan, NSW 
o Used cross breeding/hybridization to improve bread wheat (Triticum asetivum) 
o He prevented self-fertilization like Mendel and carried out artificial experimental 

crosses of wheat varieties  
o Also used pasta wheat (T. turgidum) 
o Bred varieties with  

➢ narrow leaves to reduce water loss 
➢ earlier ripening to suit short growing season in Australia 
➢ improved baking quality 
➢ improved yield (grains per head) 
➢ resistance to fungal disease known as bunt 

o However, Farrer failed to breed a wheat variety resistant to rust (fungal disease) 
➢ This was because he did not have access to breeds with a rust resistant 

characteristic (such as the Italian wheat)  



 

 

➢ However, rust, which thrives in moist conditions, became less of a problem, 
when he engineered varieties which thrived in dry conditions  

o In one experiment, Farrer crossed an early-ripening Indian variety Etauch with a 
Canadian variety Fife with good baking properties 

➢ From this, Yandilla was produced  
- He then crossed Yandilla with a high yielding variety known as Purple 

Straw 
- What resulted was a new variety called Federation 

o Federation was released for commercial use in 1901 
o Had strong straw, good baking properties, high yield, and 

ripened early  
o By 1910, was the most widely grown Australian wheat 

o Work begun by Farrer continues today at the Plant Breeding Institute of USYD, 
working to develop better and better wheat 

 
▪ Around 1892 – Frederick Guthrie developed methods to test small samples of grains 

o Measured the amount of wheat samples yielded  
o Determined milling and baking quality  
o His experiments helped Farrer select the best varieties  

 
▪ Norman Borlaug spent 2 decades breeding high-yield dwarf wheat 

o This was high yield and resisted many pests 
➢ Today 80% of wheat worldwide is derived from this wheat 

 

3. Chromosomal structure provides the key to inheritance  
 
outline the roles of Sutton and Boveri in identifying the importance of chromosomes  
 

▪ 1902 – Walter Sutton proposed a chromosomal theory of inheritance  
o He suggested that Mendel’s inheritance factors (to be called ‘genes’) were carried on 

something – they discovered chromosomes  
o Sutton formulated his theory by observing meiosis in grasshoppers testes.  

➢ He noted that during meiosis the chromosomes lined up in pairs and each 
pair had same size and shape.  

➢ These homologous chromosomes segregated during meiosis so that each 
gamete received one chromosome from each pair.  

➢ After fertilization, the resulting zygote had a full set of homologous 
chromosomes  

▪ At the same time, Theodor Boveri was demonstrating the connection between chromosomes 
and inheritance.  

o Boveri was working with sea urchin testes 
o He demonstrated that the chromosomes were found within the nucleus, not the 

cytoplasm 
▪ Sutton and Boveri realized that characteristics were carried on these things called 

chromosomes, all organisms had chromosomes and each chromosome must carry hundreds 
of inheritance factors/genes  

▪ Their work was confirmed by Morgan’s work  
▪ The term ‘gene’ was coined in 1909 by Wilhelm Johannsen  
▪ This is known as the Sutton-Boveri chromosomal theory of inheritance   

 
describe the chemical nature of chromosomes and genes 



 

 

 
▪ Mendel established genes as the basic units of heredity 
▪ The primary genetic information is carried by DNA (deoxyribose nucleic acid) 

o In the nucleus of eukaryotic cells, DNA is complex with protein to form chromosomes  
▪ DNA is a large molecule which contains its information in the specific sequence or order of 

subunits which are not identical 
o The basic subunits of the DNA molecule are the nucleotides, each of which consists of  

➢ a sugar (deoxyribose) 
- similar to 

ribose, 
except that 
it lacks one 
oxygen 
atom 

- covalently 
(strong 
bond) 
bonded to 
phosphate   

➢ a phosphate group 
➢ a nitrogen contained 

organic base 
 
Chromosomes 

▪ Comprised of 40% DNA and 60% 
protein (histone) 

▪ Chromosomes are compact coils of 
DNA organized/wrapped around 
proteins called histones  

▪ Chromosomes are often in the 
unwound form, as seen in the nucleus 
of a working (non-dividing) cell 

▪ Chromatin is made up of DNA and protein (histone)  
▪ A nucleosome is made up of DNA wound in sequence around 8 histone protein cores   
▪ In essence, chromatin is made of lots of nucleosomes, with DNA threading them all together  
▪ When cells divide, the chromatin material coils into short, rod-shaped chromosomes for easy 

transfer 

Genes 
▪ Code for protein production  
▪ Genes are made up of a portion of DNA that stores information as a coded sequence 
▪ Each gene is located at a particular locus on the chromosome 

 



 

 

identify that DNA is a double-stranded molecule twisted into a helix with each strand 
comprised of a sugar-phosphate backbone and attached bases – adenine (A), thymine (T), 
cytosine (C) and guanine (G) – connected to a complementary strand by pairing the bases, A-T 
and G-C  
 

▪ The structure of DNA is alike a ladder which has 
been twisted into a spiral 

o The rungs of the ladder are formed by 
hydrogen bonds linking two organic 
bases with  

➢ A (adenine) always linked with 
T (thymine) 

➢ C (cytosine) always linked with 
G (guanine)  

o The sides of the ladder are formed by 
alternative sugar and phosphate 
groups  

▪ The average length of DNA in a human chromosome is about 140 million base pairs (which 
represent 14 million turns of the spiral; if laid out, it would be less than 5 centimetres) 

o The human genome is made up of 3 billion base pairs  
▪ DNA is found… 

o In the cytoplasm of prokaryotes 
o In the nucleus (as well as mitochondria and cytoplasm) of eurkaryotes 

 
Brief history 

▪ 1869 – Frederic Mieschner chemically analyzed the nucleus and discovered nuclein 
▪ 1889 – R. Altmann purified nucleic acid and identified the sugar and bases 
▪ 1950 – Erwin Chargaff showed that the amount of thymine is equal to adenine; the amout og 

cytosine equals guanine  
▪ 1953 – James Watson and Francis Crick proposed the double helix, a proposition based on X-

ray diffraction of purified DNA which Maurice Wilkins STOLE from Rosalind Franklin. Fuck 
Watson and Crick  

 
explain the relationship between the structure and behaviour of chromosomes during meiosis 
and the inheritance of genes  
 

▪ The heritable characteristics of an organism depend on the types of genes which it has 
o These genes are found in the nuclei of cells on threads called ‘chromosomes’ 

➢ Chromosomes come in similar pairs called ‘homologous’ chromosomes  
▪ The cells of each species contain a particular number of 

chromosomes known as the diploid number 
o Written as 2n 
o In humans, there are 46 chromosomes. 2n = 

46, and thus there are 23 pairs 
▪ When gametes (sex cells) are made, each gamete gets 

one out of each homologous pair and so ends up with 
half as many chromosomes as a normal cell 

o This is called the haploid number of chromosomes 
➢ Written as n  

▪ Gametes are formed in the sex organs of plants (pollen) and animals by meiosis 



 

 

o During meiosis, the chromosome number is reduced and thus is often called 
reduction division 

o Cells which undergo meiosis are called gamete parent cells 
 

▪ Things to note about meiosis: 
o In meiosis, similar looking or homologous 

chromosomes line up. This is not done in mitosis 
o A pair of homologous chromosomes are called a 

bivalent pair 
o The centrioles duplicate when two cells have been 

formed to complete the second division 
o Refer to the textbook diagram of meiosis for better diagram 

  

 
explain the role of gamete formation and sexual reproduction in variability of offspring 
 
Reproduction and variability 

▪ Sexual reproduction  
o The production of offspring via the combining of genetic information from two 

different individual 
o Each parent contributes half the material in the DNA of the offspring  
o Involves fertilization and meiosis 
o Produces an offspring which is genetically distinct 
o Room for much variation 
o the joining together of two sex cells (fertilisation) - one female (ovum) and one male 

(sperm)  



 

 

➢ Which of the sex cells join together during fertilisation is a random process - 
this produces genetic variation  

▪ Asexual reproduction 
o The production of offspring from a single parent’s genetic information 
o Involves mitosis  
o Produces an identical copy 
o No sharing of genes therefor no variation  

 
▪ Variability in a species is essential for survival and to adapt to 

changing conditions 
▪ 2 gametes fuse to form a zygote  

 
Chance 

▪ Every gamete receives one chromosome from every 
homologous pair of chromosomes   

o It is a matter of pure chance which one of each pair 
the gamete gets  

o The more chromosomes an organism has, the greater 
number of combinations 

 
Random assortment 

▪ Whilst each pair of homologous chromosomes carry genes which affect the same 
characteristics, they are not the same and will contain different alleles 

o Thus, the random assortment of chromosomes is a sort of shuffling of the genes 
o This creates further variation 

▪ When daughter cells are formed, chromosomes are shuffled randomly. There is no set 
chromosome to each? Idk  

▪ From our 24 chromosomes, more than 8 million different combinations of chromosomes can 
be shuffled out to gametes  

o 223 = 8’388’608 variations in humans (23 pairs) 
o if you had just Aa and Bb genes, you can get AB Ab Ba ab, 22 = 4 variations  

 
  Crossing over 

▪ Crossing over 
o Sometimes when there isn’t enough 

room on the equator, chromosomes 
touch and crossing over of bits of 
chromosomes swap!  

o Skin pigment and eye color are linked, 
but through crossing over they can be 
swapped 

o Only occurs on the homologous 
chromosome 

o If it occurs not between homologous 
chromosomes, mutations such as down syndrome can occur  

o This results in more variation!!!  
o This is quite common  
o Can occur 10 times per meiotic division 
o People, working from Morgan’s ideas  
o Alleles can swap in sex linkage   



 

 

o Adjacent chromatids twist around each other, split where they touch and join up with 
different pieces 

 
Linked genes 

▪ Every chromosome carries a variety of 
different genes. Genes which are on 
the same chromosomes are said to be 
linked  

o Linked genes, unlike others, 
tend to not separate when 
chromosomes are shuffled  

o Since they are on the same chromosomes, they tend to show up together through 
the generations  

 
▪ All gametes vary genetically. This is a result of the random assortment or shuffling of 

chromosomes during meiosis 
▪ Crossing over also occurs between homologous chromosomes. This results in variation in 

gametes the chromosomes in each gamete  
▪ In sexual reproduction, two gametes are brought together to form a diploid zygote. This 

usually involves two genetically different parents  
▪ During fertilization there is a significantly minor chance of a specific gamete being involved in 

fertilization     

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

▪ A sex linked trait is a characteristic that is determined by genes on the sex chromosomes (X 
and Y) rather than on any of the other chromosomes  

o All other chromosomes are called autosomes 
 

▪ Scenario #1: Co-dominance 
o A situation where two different alleles for a trait are 

both expressed in an unblended way in the 
phenotype of heterozygous individuals  

o Example 1: Roan or patched cows 
➢ Let R1 = red 
➢ Let R2 = white 
➢ R1R1 = Red 
➢ R1R2 = Roan 
➢ R2R2 = White  
➢ Cross two roan cows: 

 R1 R2 

R1 R1R1 R1R2 

R2 R1R2 R2R2 

➢ 3:1 – Roan:White 
o Example 2: Blood groups 

➢ Co-dominant and have multiple alleles  
- Where a characteristic has more than two alleles in the population. Each 

individual will only have two alleles  
➢ 3 Alleles – A and B are dominant; O is recessive  

- A  



 

 

- B 
- O 

Genotype Phenotype 

AB (IAIB) AB 

AO (IAi) A 

BO (IBi) B 

AA (IAIA) A 

BB (IBIB) B 

OO (ii) O 

 
- Another example… 

Heterozygous A 
Heterozygous B 

 A O 

B AB BO 

O AO OO 

➢ In the HSC, it is written as IA, IB and the recessive is written as i!!! 
 

▪ Scenario #2: Incomplete dominance 
o A situation where two different alleles for a trait are both expressed in a “blended” 

form in the phenotype of heterozygous individuals 
o When answering questions about incomplete dominants, the phenotype must be 

discussed (not necessarily the genotype)  
o Example 1: Snap dragon flower color  

➢ R = red 
➢ r = white 
➢ Rr = pink  
➢ 2 pink flowers 

 R r 

R RR Rr 

r Rr rr 

- 50% chance of pink 
- 25% chance of white 
- 25% chance of red  
- 1:1:2 – white:red:pink 

 
describe the work of Morgan that led to the understanding of sex linkage  
 

▪ Genes or characteristics carried on the X chromosomes of pair 23 (the sex chromosomes) 
o XX is female and Xy is male 

▪ Genetically indicate sex linked by showing the genotype carried on the X  
o EXAMPLE // Let H = normal, h = hemophilic then: 

➢ XHXH = normal, XHHh = normal, XhXh = hemophilic female 
➢ XHy = normal, Xhy = hemophilic male 

- Sex linked males inherit conditions from their mums! 
- Diseases cannot be carried on the y 

➢ EXAMPLE // heterozygous female and a hemophilic male 

 XH Xh 

Xh XHXh XhXh 



 

 

y XHy Xhy 

▪ ACTIVITY 10 
▪ Color blindedness is sex linked and recessive  
▪ To have an understanding of Morgan’s experiments, we need to have an understanding of 

Mendel’s experiment 
▪ In the early 1900s, Thomas Hunt Morgan was replicating Mendel’s work using the fruit fly 

Drosophila. He intended to repeat Mendel’s experiments, but got an even bigger 
breakthrough – sex linkage!  

▪ Morgan hypothesized that the gene for eye color in drosophila must be carried on the X 
chromosome and that the Y chromosome had no gene for eye color   

▪ Further tests showed Morgan’s hypothesis to be correct and geneticists became aware that 
genes could be sex-linked   

▪ Drosophila are  
o small flies 
o suitable for genetic research because a new generation is produced every few hours 
o hold many characteristics that can be tested 

▪ Sex linked characters do not follow Mendelian ratios because these characters are inherited 
differently in males and females as a result of the gene being located on the X chromosome 

▪ In the case of drosophila… 
o White eyes are recessive; red eyes are dominant 
o A male either has a red eye or does not; the Y chromosome cannot carry the white 

eyed characteristic, or anything for that matter. Within males, there is nothing to 
‘mask’ the white eye in the males, unlike in females with, for example, a genotype of 
XRXr. Males cannot ‘carry’ 

➢ It is a small gene, and can carry only a small pool of genes  
▪ The terms ‘homozygous’ and ‘heterozygous’ cannot be used to refer to males in sex-linkage; 

instead, for genotypes XRy = dominant, for genotypes Xry = recessive 
  

explain the relationship between homozygous and heterozygous genotypes and the resulting 
phenotypes in examples of co-dominance  
 
outline ways in which the environment may affect the expression of a gene in an individual 
 

▪ Environment may affect phenotype 
▪ Phenotypic variation acquired due to environmental change is not passed from parent to 

offspring   
o Environment includes any factor which act upon an organism and include 

➢ Temperature 
➢ pH 
➢ Nutrition 
➢ Food supply 
➢ Water availability 
➢ Light  
➢ Climate 
➢ Disease 
➢ Population density 

o It can affect the expression of a gene and thus identical specimens produced through 
asexual reproduction do not always result in identical organisms 



 

 

o EXAMPLE // identical hydrangea plants flower colors depend on soil pH they are 
grown in. In highly acidic soils, blue flowers are produced; in other pHs (alkaline 
environments), pink/off-white/pale pink flowers grow.  

o EXAMPLE // breast cancer can arise from high fat and low fiber diets when coupled 
with a gene for breast cancer 

o EXAMPLE // temperature affects the fur color of Himalayan 
rabbits. They normally have white body fur and on the 
extremities (feet, nose, ears) darker fur. If hair on the body 
is shaved and and ice pack is placed over the shaved area, 
the fur will grow back dark. This effect is caused by an 
enzyme whose production is triggered by temperatures 
below 33 degrees. This enzyme is coded for by an allele 
that will not be expressed above certain temperatures, 
hence why the body fur is white.   

 

 

process information from secondary sources to construct a model that demonstrates meiosis 
and the processes of crossing over, segregation of chromosomes and the production of haploid 
gametes  
 

▪ Demonstrates meiosis  
▪ Crossing over  
▪ Segregation 
▪ Production of haploid gametes  

 
▪ Constructed a model using pegs and plasticine  
▪ Arranged in each phase of meiosis  
▪ In slide 5, crossing over is observed via the use of plasticine to represent genes  
▪ In slide 10, segregation of chromosomes is seen 
▪ In slide 11, the production of haploid gametes is seen 

o In this example, n = 2 and 2n = 4 

 



 

 

solve problems involving codominance and sex linkage  
 
identify data sources and perform a first-hand investigation to demonstrate the effect of 
environment on phenotype  
 
Experiment 1 

▪ Aim: to determine the effect of soil pH on flower color of hydrangeas  
▪ Method: 

1. Place within 14 pots soils which are 4 different pH’s, ranging from 0-14 
2. Place 14 hydrangea plants, one in each pot 
3. Expose hydrangeas to same conditions of temperature, sunlight, water etc. 
4. Observe flower color over 14 day 

 
Experiment 2 

▪ Aim: to demonstrate the effect of environment of phenotype in lettuce seeds 
▪ Hypothesis: plants grown in the shade will exhibit etiolation (elongated stems, pale yellow leaves due 

to lack of chlorophyll and stems, leaves reduced in size) whereas those grown in light will be green, 
sturdier and shorter 

▪ Note: seeds were germinated together to ensure exposure to the same environment conditions prior 
to separation, and ensuring they were genotypically identical  

▪ Variables: 
o Independent – presence of light 
o Dependent – rate of growth 

▪ Method 
1. Let lettuce seeds self-pollinate in large pot containing seed potting mix until they sprout 
2. Separate germinated seeds upon germination into 8 pots containing equal amounts of seedling 

mix 
3. Place 4 pots in shade and 4 in light  
4. Observe over the course of 8 days, watering each pot with identical amounts of water  

▪ Safety: potting mix could contain fungal spores so gloves were worn when handling plants and hands 
were washed before and after 

▪ Results: 
o Day 2  

➢ all plants grown in shade became pale and elongated with small leaves 
➢ all plants grown in sun were greener with shorter and thicker stems, and green 

robust leaves 
➢ Growth rate was, however, only marginally greater in the light 

o Day 4 
➢ Growth rate of shaded plants began to slow by day 4 

 
OUR INVESTIGATION WE DID IN CLASS  
 
Aim: to observe the affect of pH on the growth of germinated cress plantlings, and in turn observe the affect of 
environment on phenotype   
Method 

1. Fill 3 test tubes with 5 mL of distilled water each 
2. Fill one test tube with 5mL of sulfuric acid; fill one with 5mL of sodium hydroxide 
3. Fill the third with another 5mL of distilled water, so each test tube has a total of 10mL of liquid 

substrate (?) idk lol  
4. Place one small piece of cotton wool the size of a fingerprint in each test tube 
5. Place one baby plant germinated on the the same medium as everything else in each 
6. Place test tube rack in environment of stable light, humidity, temperature etc.  
7. Observe 

Results: the plant in the basic environment grew best, whilst in the acidic environment the stem became red 
and the leaves withered. In the neutral environment the plant grew well but had slight withering.    

 



 

 

4. The structure of DNA can be changed and such changes may be reflected in the 
phenotype of the affected organism  

 
describe the process of DNA replication and explain its significance  
 

▪ DNA replication occurs during mitosis and meiosis (towards the beginning)  
▪ DNA replication is the production of 2 identical double stranded molecules of DNA from 1 

original 
▪ As the complete genetic message is contained within the sequence of nucleotides, there must 

be a mechanism for precisely duplicating the molecular structure 
o This is known as replication 

▪ The parent molecule is known as the template 
▪ As a consequence of replication, the cell can undergo cell division, and each new cell has a 

complete copy of the genetic material from the original cell 
 

Process of DNA replication 
1. DNA double helix unwinds  

o Triggered by helicase 
2. The two strands of DNA separate in much the same way as unzipping a zip 

o Hydrogen bonds break 
3. The new nucleotides are added from the surrounding cytoplasm  

o This requires the help of polymerase 
4. Since adenine can only pair with thymine, and guanine only with cytosine, the newly formed 

strand will be exactly complementary to the parental strand and therefor is an exact replicate 
o in DNA replication, Thymine is replaced in the mRNA by uracil  

 
Significance 

▪ DNA has two main functions: heredity and gene expression  
▪ Ensures genetic material is copied exactly 

o Occurs before the cell divides so each cell receives a full and exact copy of DNA  
▪ Genetic material must be transmitted between cells during mitosis for growth, repair and 

maintenance of organism  
▪ During meiosis it’s necessary for DNA to make exact copies of itself to ensure the genetic 

code of a cell is passed on to each daughter cell  
▪ If gamete production did not involve replication and the formation of chromatids, there could 

not be crossing over or the high level of variation in gametes formed  
▪ Incorrect pairing results in a mutation  

 



 

 

A revision of Mitosis 
▪ The nucleus of every cell contains a complete ‘plan’ for 

making and operating the entirety of the organism 
▪ Each gene is an instruction which tells a cell how to 

carry out a particular task 
o Each cell contains a complete set of genes, but 

only calls on a fraction of them 
➢ When it accidentally switches on 

unnecessary genes, things like teeth in 
cervixes happen 

▪ Mitosis is the process by which a parent cell 
splits into two identical daughter cells  

o Each daughter cell has a complete 
set of genes identical to its parent’s  

▪ During division, DNA becomes obvious as 
small threads called chromosomes  

▪ Before division, the parent cell doubles its 
DNA to give each daughter cell a set  

Mitosis Meiosis 

Growth and repair inheritance 

2 identical daughter cells 4 non identical cells 

Diploid  diploid Diploid  haploid 

Copies DNA Copies DNA 

Divides once Divides twice  

2n  2n 2n  n  

 1 of each chromosome 
pairs 

Homologous chromosomes 
do not pair up 

Homologous chromosomes 
pair 

 
perform a first-hand investigation or process information from secondary sources to develop a simple 
model for polypeptide synthesis  
 

▪ Less than 5% of DNA contains genes that codes for proteins 
o Over 95% are non-coding regions (junk DNA)  

➢ These non-coding regions are called introns  
➢ Recent research has established that there are patterns present within introns and 

some suggest that these regions form the complex operating system that controls 
gene activity 

o Regions coding for proteins are known as exons 
 

▪ Production of a protein involves the following materials 
o DNA, a gene on the DNA strand provides information in the form of base sequences which will 

generate polypeptides 
➢ A polypeptide is a chain of amino acids  

o mRNA, single stranded ribonucleic acid in which thymine is replaced with uracil  



 

 

o tRNA, brings amino acids to the ribosome to be linked together to build the polypeptide 
➢ 22 types of tRNA, a different type for each amino acid 
➢ contains an anticodon which recognizes and is complementary to a codon on the 

mRNA 
o Ribosomes, act as sites for polypeptide synthesis, contains three active binding sites which 

hold the mRNA strand and two tRNA molecules together temporarily during the linking of 
amino acids to make the polypeptide chain  

o Enzymes 
 
Are you ready to synthesize some proteins?! 

1. Transcription 
o Double helix DNA strand in nucleus unzips in the area of the gene containing the information 

for the protein the cell desires to be made 
➢ Polymerase pries/unzip the DNA apart  

o Polymerase moves along the strand, linking complementary RNA nucleotides (free bases 
hanging out in the nucleus) to form an mRNA strand 

o The m RNA detaches/terminates from the DNA   
o The mRNA strand is modified so that it consists only of the base sequence that will code for 

the desired protein. The introns are spliced/cut out from the strand and exons are joined 
together 

➢ Start and stop codons are added to the modified strand 
o The mRNA then moves into the cytoplasm to find a ribosome  

 
2. Activation of amino acids 

o Time to get ready, ribosomes! 
o In the cytoplasm, an enzyme (aminoacyl-t RNA synthetase) attaches amino acids to t RNA 

molecules  



 

 

➢ Each type of amino acid is attached to specific t RNA  

 

DNA m RNA 

AT AU 

Double strand Single strand 

Nucleus Nucleus  
cytoplasm 

DNA – whole 
sequence 

m RNA  section 
of DNA only 

 
3. Translation 

o A ribosome binds to the m RNA strand at the end with the ‘start’ codon (AUG) 
➢ The ribosome acts as a ‘landing strip’ for the t RNA 
➢ The ribosome is a protein factory 

o An ‘initiator’ t RNA carrying the amino acid methionine (START) binds to the ‘start’ codon on 
the m RNA within the ribosome 

o The ribosome reads the code, informing the t RNA on what codons they’ll need, and thus 
what amino acids they will carry 

o t RNA carries the amino acid (covalently) and anti-codon into the ribosome 
➢ two t RNA can be in the ribosome at a time 

o The anti-codon and codon link up and the amino acid is released/detaches from the taxi into 
the ribosome 

o The next t RNA comes along and detaches its amino acid. The amino acid becomes covalently 
linked via a peptide bond with the previous amino acid 

o The ribosome moves along the m RNA one codon at a time  
➢ two t RNAs at a time are temporarily bound within the ribosome, and their amino 

acids link together 
o A polypeptide chain forms 
o When a ‘stop’ codon is reached, the polypeptide chain is released into the cytoplasm  

 



 

 

WATCH FOR GREAT EXPLAINATION: https://www.youtube.com/watch?v=bKIpDtJdK8Q  

 
outline, using a simple model, the process by which DNA controls the production of polypeptides 
 
See above dot point 

 
explain the relationship between proteins and polypeptides  
 

▪ A polypeptide is similar to a protein 
▪ A polypeptide is folded and modified to create a protein in the Golgi apparatus 

 
Polypeptides 

▪ Short length of monomers strung together by a peptide bond  
▪ Polypeptides are often useless on their own and need to be strung together, often into protein  
▪ Polypeptides are made in the ribosome, travel through the endoplasmic reticulum (then the to the 

Golgi Apparatus for protein synthesis)  
▪ DNA codes for the manufacture of a polypeptide, 1 gene codes for 1 polypeptide 

 
Proteins 

▪ Long molecules made out of amino acids (nitrogen based subunits) strung in a linear sequence 
specified by by the base sequence of the m RNA generated for that protein 

o There are 20 different amino acids, making for a lot of possible combinations 
▪ The term protein describes molecules with more than 50 amino acids  

o Sequences with less than 50 amino acids are called peptides 
▪ Each protein consists of one or more polypeptides 
▪ Proteins are the primary components of muscle, connective tissue, feathers, nails and hair 
▪ Proteins are involved in… 

o Metabolic regulation 
o Defense  
o Transport 
o Catalysis  

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

▪ Genes are mutable or liable to change 
▪ Mutation is brought about by 

o Error in copying the code 
o Various environmental factors 

▪ A mutation is defined as a change in the amount or structure of genetic material in an organism which 
results in a change in the characteristics of the organism 

o ‘mutation’ was first used by botanist de Vries in 1902 
▪ Mutations can be changes in  

https://www.youtube.com/watch?v=bKIpDtJdK8Q


 

 

1. a single gene (genic/point mutation)   
2. chromosomal aberrations 

▪ A genic mutation is a change in the sequence of nucleotides in the nucleic acid of a cell  
o If such a change were to take place in gametes it would be inherited  

▪ A mutant is an organism carrying a gene which has undergone mutation 
▪ A mutagen is a chemical or physical agent that increases the mutation rate 
▪ DNA must be replicated many times. There are mechanisms to avoid errors during replication, but 

there is a low rate of spontaneous change 
o Rates are estimated to be between 1-1000 and 1-1 000 000 gametes per generation 

▪ Usually mutant genes are recessive 
 
Genic/point mutation 

▪ Genic/point mutation may result from physical or chemical damage to the DNA or by spontaneous 
errors during replication of DNA  

▪ Two examples are base substitution and frame shift mutations 
 
Base substitution 

o Many mutations involve the substitution of a single 
nucleotide/codon only 

o The single new codon may code for a different amino 
acid during synthesis of a protein 

➢ That particular AA may be of little 
consequence 

➢ We have 3 billion base pairs, so usually very 
little consequence   

➢ However, if the amino acid is important e.g. 
being at the active sight of the enzyme. Then 
the resulting protein may not function properly 

o If a substitution… 
➢ changes the amino acid it is called a missense 

mutation 
➢ does not change the amino acid it is called a 

silent mutation 
➢ changes the amino acid to a “stop” it is called a 

nonsense mutation  
o EXAMPLE // sickle cell anemia results from a single nucleotide substitution and is expressed in 

the protein. Only two amino acids are wrong out of 574 in the haemoglobin of sickle cell. If a 
person has this mutation on both genes coding for haemoglobin i.e. homozygous recessive, 
the molecules can crystallize and cause RBC to change shape 

 
Frame shift mutations 

o Frame shift mutations involve the deletion or 
addition of nucleotides within a gene 

o If one nucleotide pair is deleted, the entire 
message changes 

o Frame shift occurs because the nucleotides are 
read in sets of three 

➢ Sets of three are called codons 
o Can lead to non-functional or inactive proteins 
o Can change codon to a chain termination codon 

(UAG, UAA or UGA) 
o EXAMPLE //   

 
▪ Trisomy of chromosome 21, this is genetic mutation because it is a change in the number 
▪ Chromosome 15 connected to 21, translocation 
▪ Duplication occurs when the sequence is duplicated twice 
▪ Translocation occurs when genes move from one area to another 



 

 

▪ Inversion 

 
discuss evidence for the mutagenic nature of radiation  
 
Increased mutation rates 

▪ Many point mutations result from chemical or physical damage to the DNA 
▪ The capacity of environmental factors to alter mutation rate is especially relevant in an industrialized 

society where they are multiple mutagenic substances released into the environment 
▪ Two examples are ionizing radiation and ultraviolet radiation 

 
Ionizing radiation 

o High energy radiation (X-rays and gamma rays) is highly mutagenic 
o Such radiation can penetrate cells and tissues, and atoms absorb it 
o Electrons can be knocked out of orbit, called free radicals; neutral atoms can be granted 

energy    
o Ionized atoms react violently with other molecules, including DNA 
o The mutation rate caused by ionizing radiation increases with the dosage rather than the 

wave length or intensity of the type 
o Damage to DNA includes… 

➢ Deletions or translocations  
➢ Rupture of bonds 
➢ Base substitution  
➢ Altering of proteins or amino acids, causing them to act as mutagens 

o Rosalind Franklin and the Curies died from X-ray radiation, thalidomide, nuclear bombs in 
Japan, nuclear reactor went off in Russia 

o EVIDENCE // evidence to support the mutagenic effects of radiation include 
1. Survivors of the Hiroshima bomb in 1945 recorded high rates of mutations. Studies of 

their descendants shows increases in DNA damage and high rates of leukemia. Through 
DNA they passed theses effects onto their offspring!  

2. Nuclear accident at Chernobyl, Russia in 1986, identified a half life of the radiation within 
the nuclear reactor which will effect up to 9 million people until the half life has worn out. 
It is estimated that half a million people died prematurely from radiation induced cancers  

3. There is a correlation between increased exposure to UV through tanning and increase in 
melanomas.  

4. There is a correlation between radiologists in the 50s and 60s and increased rates of 
cancer   

 
Ultraviolet radiation 

o UV is the component of sunlight that causes sunburn 
o It is an effective mutagen  
o Causes chromosomes breakage 
o Does not cause free radicals to form  
o One of the feared consequences of the ozone layer disappearing is that we will be exposed 

to high amounts of UV 
o UV is absorbed in DNA by the pyrimidines (the thymine, cytosine and uracil bases) 

➢ When the bases absorb UV 
- the outer shells become reactive 
- if the adjacent nucleotide of an effected base is the same, a bond can form 

called a dimer (commonly found between thymine bases). Bonds get cut 
between the AT and CG’s etc. across the DNA  

- the bonds SHIFT 
- The formation of dimers blocks or disrupts normal functional duplication of 

DNA 
o Often, repairs can cleave the bond or cut the dimer and replace bases  

➢ Humans with the disorder xeroderma pigmentosum lack an enzyme involved in the 
repair of UV-induced damage  



 

 

o EVIDENCE // UV radiation has been recorded to increase the incidence of skin cancer 

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

▪ Previously there was no known mechanisms for variation in a species which was pivotal for Darwin’s 
theory 

▪ Darwin’s theory requires two aspects 
o Variation in a species 
o Environmental pressure 

▪ Whilst environmental pressure could be explained and observed easily and phenotypically, the genetic 
mechanisms by which variation occurred where unknown and relatively unreachable with such weak 
technology 

▪ The mechanisms we understand now to support Darwin’s theory of variation include 
o Random joining of gametes to form a zygote 
o Crossing over during meiosis 
o Random segregation of chromosomes 
o Mutations of chromosomes and genes 

 
Other notes (I don’t know if this relates to this dot point very well) 

▪ Darwin’s theory of evolution by natural selection can be explained and expanded by the genetic 
information we now have.  

▪ Genetic variation is expressed in the phenotype of an organism.  
o In any population, some phenotypes survive and reproduce better than others. 
o Over time, natural selection will operate to change the proportions of certain genes within the 

pop. 
▪ If one species is distributed in two separate areas and change by natural selection continues, the 

genotypes may become so different that the populations cannot breed anymore 
o This development of a new species is called isolation and induces variation in organisms 

▪ The mechanisms that isolate two groups and their gene pools may be… 
o Geographic isolation: a mountain range or large body of water separates two groups 
o Behavioral isolation: organisms do not breed even when occupying the same region 

➢ They may come into mating season at different times, have different courtship 
patterns or mating calls 

▪ Ultimately, when groups no longer share a pool of common genes they are likely to become separate 
species overtime 

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

▪ Darwin’s theory of evolution by natural selection proposes that populations change slowly and 
gradually over time 

▪ In the fossil record, we should therefor expect to see a history of a long sequence including 
intermediate forms, recording the gradual change from ancestor to descendant 

o EXAMPLE // the horse has gradually developed over 40 million years 
▪ There are however very few instances of this, and the fossil record does not document a slow change 

of organisms over time.  
 
The concept of punctuated equilibrium 



 

 

▪ Punctuated equilibrium proposes that short rapid periods of evolutionary change (occurring due to 
exertion of environmental change) are followed 
by long periods of stability and equilibrium 
where there is little change to organisms   

▪ If an environment remains stable for many 
years we would expect there to be no change in 
the inhabiting organisms  

▪ It is only when conditions change that natural 
selection occurs 

o The fossil record shows episodes of stability followed by mass extinction and rapid change 
▪ The fossil record suggests that most species appear suddenly, show little change for millions of years 

and then become extinct 
▪ 1972 – Eldredge and Gould put forward the theory of punctuated equilibrium 

o proposes that instead of gradual transition, there have been periods of rapid evolutionary 
change followed by long periods of equilibrium 

o EXAMPLE // Many soft-bodied organisms dominated the seas for hundreds of millions of 
years, they disappeared and were replaced by organisms with shells and skeletons 

o EXAMPLE // Italian scientists transplanted a small population of the Italian wall lizard to a 
small island off the coast of Croatia in the 1970s. 30 years later, the lizard population had 
grown largely, and evolved to the selective pressures of the sudden new environment – the 
lizards, once insect eaters, developed an elongated gut with cecal valves to cater to the lack of 
insects but abundance of plants and to slow down digestion to absorb nutrients from the 
cellulose more effectively. They also developed larger heads and harder bites to munch on 
leaves. The lizards were genetically tested and identified to be descendants of the original 
population   

o EXAMPLE // Horseshoe crabs have remained almost unchanged for 200 million years  
o EXAMPLE // trilobites  

 
How they differ 
 

Punctuated equilibrium Darwin’s theory 

Backed by fossil record Not backed by fossil record 

Punctuated and sudden, rapid change Gradual 

Evolution is based on environmental 
change 

Evolution is based on environmental 
change 

 

analyse information from secondary sources to outline the evidence that led to Beadle and Tatum’s 
‘one gene – one protein’ hypothesis and to explain why this was altered to the ‘one gene – one 
polypeptide’ hypothesis  
 
Evidence that led to Beadle and Tatum’s ‘one gene-one protein’ hypothesis  

▪ Beadle and Tatum grasped for the first time an understanding of how genes express themselves, and 
what genes are actually for/what they do 

▪ 1941 – Beadle and Tatum began carrying out experiments with red bread mold (Neurospara crassa) 
o mold could be made to grown on a medium of sugar and inorganic salts which supported its 

growth  
▪ The normal variety of this mold can manufacture substances that it requires for living, including B1, B2, 

B4 and B12  
o Normal variety possesses specific enzymes that catalyze the different reactions that produce 

these vitamins 
▪ Beadle and Tatum produced several varieties of the bread mold, each which had a change in one of its 

genes 
▪ They subjected spores of mold to X-rays to induce mutations  
▪ As a result 

o some had lost the ability to produce B2 while others could no longer make B4 



 

 

o x-ray radiation changed the mold’s nutritional requirements and therefor the mold stopped 
growing  

o basically, the bread couldn't grow on a basic medium anymore and required the addition of an 
amino acid 

o the mutated mold could not synthesize a specific amino acid 
➢ Beadle and Tatum identified it as being arginine  
➢ The enzyme which catalyzed a reaction required to make arginine was not being 

formed  
➢ The gene responsible for the enzyme was damaged by the X-rays 

▪ Showed that… 
o a change in various genes of the bread mold resulted in the loss of different enzymes and thus 

a failure to produce a product 
o one gene controlled vitamin B2 production and a different gene controlled B4 production and 

so on 
changed gene  no enzyme  no reaction  no vitamin  
➢ Concluded that different genes are involved in making different enzymes that 

catalyze different reactions in a cell   
▪ Beadle and Tatum stated that there was a one-to-one relationship between a gene and a specific 

enzyme reaction: 
one specific gene  one protein (enzyme) that catalyzes a particular reaction 

▪ Beadle and Tatum shared the Nobel in medicine and physiology in 1958 
 

▪ EXAMPLE // in vertebrates, a protein called ryrosinase catalyzes production of skin and hair pigment. 
Production of this protein is controlled by a specific gene. If this gene is changed, the protein is altered 
and cannot catalyze the reaction for pigment production. The result is an albino phenotype  

 
why this was altered to the ‘one gene – one polypeptide’ hypothesis 

▪ A protein molecule is made up of a series of amino acids joined together to form a polypeptide 
o A chain of polypeptides becomes a protein  

▪ The enzymes Beadle and Tatum studied were made up of only one polypeptide 
▪ Later research showed that, where an enzyme is made up of more than one polypeptide, a separate 

gene is involved for each  

 
process information to construct a flow chart that shows that changes in DNA sequences can result in 
changes in cell activity  
 

▪ Exercises were completed, identifying where bases were deleted or substituted 
▪ The above dot point can also be reference   
▪ Changes to the DNA sequence of a gene through mutations can alter the generated amino acid and 

thus alter the polypeptide chain produced, and then the protein 
▪ Because almost all process within the human body are motivated by a protein, mutations and changes 

to sequences can disrupt or change cell activity greatly, resulting in either dysfunctional proteins or 
proteins which do something they are not required to do 

 
An example of a flowchart 



 

 

 
process and analyse information from secondary sources to explain a modern example of ‘natural’ 
selection  
 
ACTIVITY 15 FROM INVESTIGATIONS 
 

▪ Drug resistant infectious agents – those that are not killed or inhibited by antimicrobial 
compounds – are an increasingly important public health concerns. 

o EXAMPLE // tuberculosis, gonorrhea, malaria, childhood ear infections 
o EXAMPLE // streptomycin is an antibiotic used to treat bacterial infections such as 

tuberculosis, pneumonia and UTI’s. UTI’s are caused by E.coli. Initially, the antibiotic 
was effective and thus used widely. Now there are several strains of E.coli resistant to 
streptomycin  

▪ The emergence of drug-resistant pathogens  
o Contributes to higher health care costs 
o Treatment often requires more expensive and more toxic drugs and can result in 

longer hospital stays 
o The Institute of Medicine has estimated that the annual cost of treating antibiotic 

resistant infections may be as high as $30 billion 
▪ A key factor in the development of ABR is the ability for organisms to adapt to new 

environment conditions 
o EXAMPLE // microbes have a small number of genes, meaning that a single random 

mutation can have a large impact on their disease-causing properties. They also 
replicate rapidly, thus a mutation which helps a microbe survive will quickly become 
predominant throughout the population. They also acquire genes via direct transfer 

▪ Ideal conditions for the emergence of drug-resistant microbes result when… 
o Drugs are prescribed for the common cold  
o A patient doesn’t complete their treatment regime 
o Hospitals provide a fertile environment  
o Close contact amongst sick patients  
o Extensive or inappropriate use of antimicrobials 

 
▪ Joshua Ledberg’s 1952 experiment was performed to determine whether exposure to 

Streptomycin causes E. coli to become resistant 
▪ Results: 

Label Plate 1 Plate 1s Plate 2 Plate 2s Plate 3 Plate 3s 

Culture 
medium 

Nutrient 
only 

Nutrient plus 
streptomycin 

Nutrient 
only 

Nutrient plus 
streptomycin 

Nutrient 
only 

Nutrient plus 
streptomycin 



 

 

Resulting 
bacterial 
growth 

Numerous 
colonies 

Very few 
colonies 

Many 
colonies 

Many 
colonies 

Many 
colonies 

Many 
colonies 

 
Antimicrobial Resistance 
 

• Antimicrobial resistance (AMR) occurs when microorganisms change when they are exposed to 
antibiotics, antifungals, antivirals, antimalarials or anthelmintics.  

➢ Organisms (bacteria) that do this are called, ‘superbugs’, strains resistant to antibiotics.  
➢ Threatens the effective prevention and treatment of infections, and the success of major 

surgeries (organ transplants, caesarean sections, hip replacements) and chemotherapy.  
 

• AMR can occur naturally over time through genetic changes, but the misuse/overuse of antimicrobials 
can accelerate this.  

• Poor infection control, inadequate sanitary conditions and inappropriate food-handling encourage the 
spread of AMR.  

• Examples of misuse include… 
➢ People take antimicrobials for viral infections like colds and flus 
➢ People consume growth promoters through animals.  
➢ Not completing antibiotic course (a single dose destroys some bacteria, leaving resistant ones 

in body).  
 

• Examples of microorganisms that have developed resistance… 
➢ Klebsiella pneumonia – common intestinal bacteria that can cause life-threatening infections. 

It is a major cause of hospital-acquired infections such as pneumonia and blood stream 
infections. It is resistant to carbapenem antibiotucs.  

➢ E. coli – resistant to fluoroquinolone antibiotics, used to treat UTI’s.  
➢ Gonorrohea – resistant to last resort antibiotics in 10 countries (Australia being one).  
➢ Staphylococcus aureus – resistant to vancomycin.  
➢ MRSA – multi resistance staph. aureus 

Elephants 
 

▪ An increasing number of African elephants are now born tuskless because poachers have consistently 
targetted animals with the best ivory over decades, fundamentally altering the gene pool. 

▪ In some areas 98 per cent of female elephants now have no tusks, researchers have said, compared to 
between two and six per cent born tuskless on average in the past.  

▪ Almost a third of Africa’s elephants have been illegally slaughtered by poachers in the past ten years to 
meet demand for ivory in Asia, where there is still a booming trade in the material, particularly in 
China. 

▪ In 2008, scientists found that even among elephants that remained tusked, the tusks were smaller than 
in elephants' a century before – roughly half their previous size. 

▪ Although not having tusks may protect elephants from poaching, it not ideal 

o “Tusks are used to dig for food and water, to dig up trees and branches and move them 
around, for self-defence and for sexual display," the BBC reported. 

process information from secondary sources to describe and analyse the relative importance of the 
work of:  
– James Watson  
– Francis Crick  
– Rosalind Franklin  
– Maurice Wilkins  
in determining the structure of DNA and the impact of the quality of collaboration and communication 
on their scientific research  

http://www.independent.co.uk/topic/Africa
http://www.independent.co.uk/topic/Elephants
http://www.independent.co.uk/topic/ivory


 

 

 
▪ Discovering structure of DNA is considered the biggest biological breakthrough of the 20th century  

 
James Watson 

▪ COLLABORATION: Together with Crick, Watson suggested the helical structure of DNA 
▪ Also suggested that the purine bases (adenine and guanine) paired with the pyridimine bases (thymine 

and cytosine) 
▪ They came to this conclusion  

o The amount of cytosine bases always equaled guanine 
o The amount of thymine bases always equaled adenine 

▪ COMMUNICATION: They obtained this information from chromatographic separation techniques 
performed by Chargaff 

 
Francis Crick 

▪ Went on to study how DNA functioned in cells  
o Researched how the information contained within DNA is translated into action in the cell 

 
Rosalind Franklin 

▪ The information Watson and Crick used to create their 
hypothesized model of DNA came from the work of 
Franklin 

▪ Applied the techniques of X-ray crystallography onto 
fibers of DNA obtained by Wilkins  

▪ Her image Photo 51 was the clearest image of DNA to 
date 

o Watson and Crick used this photo to create 
their model 

▪ In her findings she found the exact parameters and dimensions of the DNA molecule, and the X shape 
in the photo gave the scientific evidence that DNA was in the form of a helix. 

▪ Franklin died due to ovarian cancer at 37, possibly due to her work with radiation and X-rays 
▪ Sexism during this time prevented her work from gaining the recognition it deserved 

 
Wilkins 

▪ Researched the structure of large molecules 
▪ Provided Franklin with DNA fibers 
▪ Obtained Photo 51 from Franklin without her permission and gave it to Watson and Crick 

 
Collaboration and communication 

▪ Watson and Crick closely collaborated 
▪ Wilkins and Franklin had a poor relationship 

o They lacked communication 
o Wilkins and other lab workers’ patronizing attitudes towards Franklin slowed progress 

▪ Crick, Watson and Wilkins were given the Nobel Prize 
 
--- 
 

MUST KNOW A FEMALE AND MALE AUSTRALIAN SCIENTIST  

Elizabeth Helen Blackburn 
▪ Born 26 Nov 1948 
▪ Australian-American 
▪ Only Tasmanian-born Nobel winner 
▪ Currently president of the Salt Institute for Biological Studies 
▪ Previously a biological researcher at the University of California 

o There, she studied the telomere, a structure at the end of chromosomes that 
protects the chromosome 

➢ Co-discovered telomerase, the enzyme that replenishes the telomere 



 

 

▪ A telomere is a repetitive nucleotide sequence at the end of a chromosome which protects 
the chromosome from 

o Fusion with neighbors 
o Deterioration 

➢ For vertebrates, the sequence is TTAGGG and is repeated 2’500 times in 
humans 

▪ During chromosome replication, enzymes that duplicate DNA can’t continue all the way to 
the end of the chromosome, so in each duplication the chromosome is shortened 

▪ The telomeres are disposable buffers which are truncated during cell division, protecting the 
genes from being truncated 

▪ Telomere shortening can block cell division 
o Prevents gene instability and development of cancer in aging cells 
o Many age related diseases are linked to shortened telomeres  

➢ Organs deteriorate as more of their cells die off or self destruct  
o However, shortened telomeres can impair immune function or unfold 

➢ The cell detects this unfolding as damage and stop growing, enter cellular 
old age (senescence), or self destruct (apoptosis)  

 
Ian Frazier 

▪ HPV vaccines are used to prevent HPV infection and ensuring cervical cancer 
▪ Women 9-25 years old are recommended the vaccine, as it is unlikely they have encountered 

all four viruses and HPV is sexually transmitted 
▪ Further cervical cancer screenings are recommended, and a routine pap smear should be 

undertaken starting at age 21 
▪ The vaccine was developed by the University of Queensland, Georgetown University, 

University of Rochester and the U.S. National Cancer Institute 
o Ian Frazer (UOQ) is credited with the invention of the HPV vaccine’s basis, the VLPs. 

▪ Vaccine was approved… 
o by the FDA in 2006, called Gardasil 
o by the Us in 2007, called Cervavix 
o by Australia in June 2007 
o by the EU in September 2007  

 
▪ Harald zur Hausen proved that genital HPV infection can lead to cervical cancer and was 

awarded the Nobel Prize  
▪ Zur Hausen’s observations provided impetus to develop a better understanding of 

mechanisms of  HPV-induced carcinogenesis.  

 
5. Current reproductive technologies and genetic engineering have the potential to alter 

the path of evolution  
 
identify how the following current reproductive techniques may alter the genetic composition of a 
population:  
– artificial insemination  
– artificial pollination  
– cloning  
 

▪ Genetic manipulation refers to  
o the variety of techniques man deliberately uses to influence, manipulate or interfere with  
o the naturally occurring genetic material or inheritance found in organisms  
o to obtain a more desirable outcome in a short time 

▪ Examples of this include artificial pollination, artificial insemination and cloning 



 

 

 
Artificial selection (insemination and pollination) 

▪ Applying artificial selection techniques to improve existing stock has resulting in the development of 
many different varieties of domestic animals and plants 

▪ Useful characteristics bred are 
o Higher yield in crops 
o Greater milk production 
o Resistance to disease 

▪ In selective breeding human breeders select individual organisms that possess characteristics desired 
and use these as breeding stock 

o Offspring with desired features will be used for breeding 
o Within a few generations the genetic material of a species can be deliberately manipulated 

▪ Two examples of artificial selection are artificial insemination and artificial pollination 
 
Artificial insemination 

o Involves collecting sperm from a male that has desirable features and inserting this into the 
vagina of a suitable female 

o Widely used by cow, sheep and horse breeders  
o Sperm can be frozen and transported internationally, a much more cost efficient technique 

than transported large animals (quarantine laws) 
 

Artificial pollination 
o Used by plant breeders when they wish to cross plants with selected characteristics  
o Pollen grains from the anther of a plant are deliberately placed on the stigma of a flower of 

another plant of the same species 
o The flowers are then covered to prevent pollination by other agents 
o Mendel! 
o Deliberate control  

 
▪ Accidental outcomes may result in harmful recessive genes being expressed or useful genes being lost 

from the gene pool 
o Make a population less genetically diverse 
o More vulnerable to a new pathogen 
o Less adaptable in changing physical or chemical environmental conditions or in the face of 

increased competition  
▪ When organisms become homozygous for many genes they lose the advantage of hybrid vigor (which 

comes about when organisms are heterozygous for many genes) 
 
Cloning 

▪ Early cloning techniques involved embryo splitting 
o Splits an embryo at an early stage of development and mimics the process of producing twins 

▪ In recent years clones have been produced using nuclear transfer techniques (DOLLY) 
▪ Cloning techniques are used in plants by taking cuttings from the parent plant and striking these 

cuttings 
o A uniform crop can then be grown which makes management and harvesting much easier 

and more economical 
▪ However as with other asexual techniques, all plants are 

genotypically identical and if a pathogen should be 
introduced, or an environmental change should occur, 
all plants in the crop will be equally susceptible  

▪ Although clones are genotypically identical, they may 
not be phenotypically identical if environments are 
different 

o Phenotype is a product of the genotype AND 
the environment  

▪ In 1998, a Scottish veterinary team led by Wilmot produced Dolly the sheep after a successful nuclear 
transfer 



 

 

o Donor cells were taken from the udder of a Finn Dorset ewe 
o They removed a nucleus from a cell of the mammary gland of a donor ewe 
o This was then inserted into an egg cell that had had its nucleus destroyed  
o Fertilization was stimulated with an electric shock and the resultant zygote began to divide 

into an embryo 
o Embryo was implanted into a mother and developed into a sheep that was genetically 

identically identical to the ewe that donated the nucleus  
 
Potential applications of Cloning 

▪ To build up populations of endangered, or possibly even extinct, species of animals. Wow! 
o ISSUE // experts argue cloning produces a genetically identical population that lack variability 

necessary to survive   
▪ Having deceased pets cloned :’(  
▪ Cloning could help sterile individuals to pass their genes on to 

the next generation 
o For humans, this may fulfil a sterile person’s desire to 

have a baby 
 
Problems with Cloning 

▪ Expensive and an inefficient process 
▪ Most cloned embryos do not develop into health individuals 

o EXAMPLE // Dolly was the only clone to be born live out 
of a total 277 clone embyros 

o Adverse health affects have been observed in cloned sheep/mammals, e.g. they die young 
due to organ failure/defects 

▪ If cloning were to occur on a large scale, it would result in less genetic diversity 
▪ Human cloning may conflict with long standing religious and societal values about human dignity, 

individual freedom, identity and autonomy. Science fiction! 

  
outline the processes used to produce transgenic species and include examples of this process and 
reasons for its use  
 

▪ Recombinant DNA technology is a form of genetic engineering or manipulation that enables genes or 
DNA from one species to be introduced into another organism, which is then referred to as a 
transgenic species  

▪ Recombinant DNA is put into the cells of the vector organism that divide rapidly and thus multiply the 
amount of recombinant DNA that has been inserted 

▪ Some proteins made in this way include… 
o Human insulin 
o Human growth hormone 
o Factor VIII for blood clotting 

 
▪ EXAMPLE // Transgenic bacteria are now being used to produce human insulin for use by diabetics 

o In the past, patients using insulin extracted from the pancreas of pigs, cows or horses became 
allergic to the use of these foreign proteins 

o To avoid allergies, the human insulin gene was isolated from its locus on a human 
chromosome and inserted into the DNA of E. coli 

o These transgenic bacteria are then able to produce the human protein, insulin, coded for by 
the inserted gene.  

o This protein is then isolated for use 
 

▪ EXAMPLE // Hemophiliacs lack factor VIII 
o While this factor has been isolated from blood donations, there is a risk still of blood borne 

diseases such as HIV being passed on 
o A strain of transgenic sheep has now been developed by inserting genes for production of 

factor VIII into the sheep’s genome 



 

 

o Factor VIII is then extracted from the sheep’s milk and purified for use  
 

▪ EXAMPLE // Cotton crops used to be protected from pests by heavy spraying with chemical pesticides 
o These sprays are harmful to the environment (not selective and harm useful insects) 
o A transgenic species of cotton called Bt cotton has been developed that contains a gene from 

the bacterium called Bacillus thuringiensis (Bt) which codes for a protein that is toxic to 
caterpillars that feed on the cotton crop 

o Introduction of this gene has conferred resistance to these pests (but non-toxic to us) 
➢ BUT, all plants in these crops are the same and the reduction of diversity makes 

them more vulnerable if there is environmental change 
 
MORE EXAMPLES 

▪ GMO Corn contains a gene for herbicide resistance to RoundUp 
▪ Salmon are grown with bovine growth hormone which causes the salmon to grow larger and quicker 
▪ Blue strawberries have a gene from Arctic Flounder Fish inserted into them which, in the fish, enables 

protection in freezing waters, and in the berry, produces an anti-freeze feature 

 

discuss the potential impact of the use of reproduction technologies on the genetic diversity of species 
using a named plant and animal example that have been genetically altered 
 

▪ Biodiversity refers to genetic variety to the millions of different life forms on earth, their ecological 
roles and the interrelatedness of living things 

▪ The introduction of foreign genes from genetically modified organisms into the environment is linked 
strongly to concerns about loss of biodiversity  

▪ Distribution and abundance of native flora and fauna is threatened by GMO’s 
▪ What are we doing about this? 

o Zoos have breeding programs to conserve endangered species 
o National parks, world heritage areas, reserves covered by legislation  
o Volunteers monitor distribution and abundance 
o Aerial surveys 
o Australian Museum monitors abundance of bird populations  

Plant example 
▪ EXAMPLE // Cotton crops used to be protected from pests by heavy spraying with chemical pesticides 

o These sprays are harmful to the environment (not selective and harm useful insects) 
o A transgenic species of cotton called Bt cotton has been developed that contains a gene from 

the bacterium called Bacillus thuringiensis (Bt) which codes for a protein that is toxic to 
caterpillars that feed on the cotton crop 

o Introduction of this gene has conferred resistance to these pests (but non-toxic to us) 
➢ BUT, all plants in these crops are the same and the reduction of diversity makes 

them more vulnerable if there is environmental change 
➢ Simultaneously, natural varieties of cotton and their genes are lost in the gene pool  

 
Animal example 

▪ EXAMPLE // Holstein dairy cow (cloning – somatic cell nuclear transfer)  
▪ Highest producing dairy animal  
▪ black and white cow bred by Dutch breeders  
▪ All members of a species are identical  
▪ Population less likely to survive sudden environmental changes and is vulnerable to foreign 

pathogens  
▪ Clones may out-compete natural population, there will be a loss of genetic diversity  
▪ Alleles which may be of benefit in the future (e.g. resisting pathogens) may be lost  
▪ Increase in genetic diversity as genes can be stored for future use – more options in future  

process information from secondary sources to describe a methodology used in cloning 
 



 

 

▪ In 1998, a Scottish veterinary team led by Wilmot produced Dolly the sheep after a successful nuclear 
transfer 

o They removed a diploid nucleus from a cell of the mammary gland of a donor ewe 
➢ This was then called an enucleated cell 

o This was then inserted into an egg cell that had had its haploid nucleus destroyed  
o Fertilization was stimulated with an electric shock and the resultant zygote began to divide 

into an embryo 
o Embryo was implanted into a mother and developed into a sheep that was genetically 

identically identical to the ewe that donated the nucleus    

 
analyse information from secondary sources to identify examples of the use of transgenic species and 
use available evidence to debate the ethical issues arising from the development and use of transgenic 
species  
 

▪ EXAMPLES seen in 5.2 
▪ There are many ethical issues that arise from the use of 

transgenic species 
o People avoid particular foods for medical/religious 

reasons; such people have concerns about eating 
foods that contain genes derived from organisms they 
do not eat 

o GMO’s may be used as food or added to other foods. 
People with allergies may be unaware of the presence 
of such trace substances if no label is present   

o Critics are concerned that herbicide resistance bred 
into plants may pass onto weeds. Oh no! They could become INDESTRUCTIBLE! They could 
become invulnerable to herbicides  

o Genetic variation decreases and thus makes species more vulnerable to epidemics of disease 
o Once released into environment, GMO’s cannot be retrieved and may establish themselves 

and present long-term problems (as with any other introduced species) 

 

  


