
 

 

Assumed Knowledge 
 

• Biochemistry is the study of molecules and how they react in organisms. 

• Adaptive Radiation is the spread of organisms to different environments 
where they take different environmental niches, and natural selection occurs. 

• A gene is a certain length of DNA (Deoxyribose nucleic acid) that has the 
code for one characteristic. Chromosomes are like the storage of DNA. 

• Phenotype (physical identity) and Genotype (genetic identity/genome). 

• Mutation –good for survival of species, but can reduce life of individual. 

• Both genes and environmental factors determine features of an organism. 

• Pedigree is a graphical way of picturing the ancestry of living things. It shows 
genetic history. 

• Biotechnological ethical issues – genetically modified food – health effect? - 
human cloning? – and use of animals in biotechnology testing. 

• Artificial pollination – humans transfer pollen of plant (from anthers) with 
desired characteristics onto stigma of another plant. 

9.3.1.1 Biological Evolution 
 

• Every organism has fundamental similarities such as: 

• Using DNA and RNA, the basic cellular structure, using enzymes to control 
chemical reactions, are filled with water, and create energy through 
respiration.  

• These similarities are due to the common origin in some form of life 
which every organism shares (common ancestor) and the divergence of 
variation from this life form. 

• Micro-evolution: Some characteristics are changing (no new species).  

• Macro-evolution: New species 

• Convergent evolution: species not closely related develop similar traits 
due to similar environments. 

• Biological evolution is when natural selection pressure lets a 
characteristic that is an advantage survive and be passed on, whereas 
cultural evolution is the behavioural and lifestyle changes in choice and 
ideas. 

• Divergent evolution: species diverge into two separate species, usually 
from isolation. 

9.3.1.2 Evolution and the Changing Environment 
 

• Changes and competition create pressure on species to evolve to develop 
favourable traits that will provide an advantage for them to survive to pass 
on their genes to the next generation and therefore a changing environment 
creates evolution 

9.3.1.2 Evolution and the Changing Environment 
 

Change Plant/Other 

Physical 
 

Cause: Australia drifting north from continental drift 
created arid, and hot conditions, with poor soils and 
common fires.  
 
Effect: The schlerophyllous plants were well adapted to the 
soils, and some were pre-adapted to the stress of fire 
which made schlerophyll plants more dominant as they 
had the advantage to survive in these changing conditions. 

Change Animal 

Chemical 
 

Eg. pH, 
Salinity 

Cause: Use of insecticide (pesticide) DDT to kill mosquitoes to stop 
malaria being spread by mosquito’s. 
 
Effect: Mosquito’s already resistant to DDT due to a mutation 
survived and reproduced to create a DDT resistant population. Chemical 



 

 

Physical 
 

Eg. Temp, 
Natural 

Disaster. 
 

Cause: The soot from pollution in polluted areas of England, 
created black tree trunks. 
Effect: Peppered moths who usually were grey coloured in 
dominance in unpolluted areas, weren’t able to camouflage from 
bird predators as effectively, so those moths who were darker 
became more dominant in polluted areas. 

Cause: In primitive earth; from organisms capable of 
photosynthesis the Oxygen levels in the atmosphere 
increased. 
 
Effect: Those who could obtain energy through aerobic 
respiration became more dominant. 
 

9.3.1.3 Case Study – Environmental Change 9.3.1.4 Competition for Resources and Evolution 

• Long Term competition usually results in a species extinction or the 
evolution of a species to enable them to occupy different niches. 

• Resource Partitioning: Species evolve to exploit microhabitats by 
occupying slightly different niches, or exploiting the same resources 
at different times of the day or year.  Example 

Physical 
(Climate 
Change) 

 
Cause: Australia drifting north, changed cool rainforests into dry, hot, 
eucalypt forests and grasslands. 
  
Effect: Kangaroos became larger in size, went from tree-dwellers to 
grazers, lost their fifth toe, and had molars adapted to grazing. They 
also varied from giant kangaroos to small types in the megafauna 
period and have continued to evolve to today’s types. 

Animal 

• Flycatchers have evolved into two species to avoid 
competition for insects. They now occupy different niches, 
with the Leaden Flycatcher catching flying insects or 
insects on trees, whereas the Restless Flycatcher emits a 
call that disturbs insects on the ground. 

Plant 

• Drifting north of Australia, changed conditions.  

• Making competition between southern beech (lush 
rainforests) and eucalypts (schlerophylls), as the eucalypts 
had an advantage, the environment therefore favoured 
eucalypts which were more successful in the competition 
and became more dominant. 



 

 

9.3.1.5 Natural Selection 
 

• Mutations (can be beneficial, disadvantageous or neither) are random but 
Natural Selection is not random. 

• Natural Selection is the mechanism that enables evolution. 
 

Only Oversupply of offspring. 

Very Variations exist in the population. 

Academically Advantage from characteristic 
Smart Selection of survivors 
Rats Reproduce to make next generation 
Improve Next generation Inherit favourable characteristic 

 
 

 Enables evolution 

9.3.1.5 Model of Natural Selection 

• Using toothpicks as a prey species which are in oversupply, with 
variation represented by having 3 different colours. Their 
environment is the grass and the selecting agent to show selection 
and survival is the predator (a human) using vision. 

• METHOD: (include natural selection steps) 
 

1. Randomly scatter 10 yellow, 10 red, 10 green toothpicks onto grass. 
2. Time 20 seconds, for the predator to pick up as many toothpicks as 

possible (picking only one up at a time). 
3. Count the number of toothpicks “eaten” and calculate the number and 

percentage that escaped predation for each colour (minus number eaten, 
and then divide by total number that escaped predation and times by 
100) and record results. 

4. Representing reproduction, double the number of each colour that 
escaped and record as next starting population. Then top up the number 
of each colour on the grass to equal this. 

5. Continue to record results as you go and repeat 4 times. 

6. Analyse results of population to see how the population has changed. 



 

 

9.3.1.5 Model of Natural Selection 
 

Risk 
Puncturing 
of skin, with 
toothpick. 

Precaution 
Handle with care and know number of 
toothpicks dropped in grass to ensure 
picking up the exact amount after 
experiment. 

Response 
-Clean and dress wound, 
put bandage on, and seek 
medical attention if 
needed. 

 

Discussion: The model is effective in showing the steps in natural selection 
(oversupply of offspring, variation, advantageous variation, reproduction, and 
inheritance.) Although, the model oversimplifies natural selection steps, by not 
showing any other environmental changes or selecting agents such as disease, 
or seasonal changes to grass changes etc. It also oversimplifies the variation by 
only having one variation, and also the reproduction stage which wouldn’t 
simply double the population, and offspring aren’t identical to parents in sexual 
reproduction. 
The validity of the experiment was compromised by using different predators, 
and accidental hiding of toothpicks. The accuracy was compromised by 
inaccurate timing, but the reliability was good due to repetition. 

9.3.1.6 Evidence for Evolution – FOSSILS 
 

• Palaeontology: Study of past life on Earth from fossils. 

• Fossilisation occurs in many different ways. Most fossils form when 
bones, wood or shells are quickly covered by layers of sediment. 
The living material is then replaced with minerals which form the 
fossil trace of the dead organism. (preserved remain/trace of life) 

• Fossils are found in sedimentary rock. The fossil record provides a 
comparison in layers due to the law of superposition which means 
the lowest sediments are oldest and the higher sediments are the 
youngest (determines relative age).  

• Fossils show us that life has changed over time, there is a trend of 
life from simple to complex and from aquatic to terrestrial. 

• The use of radiometric dating of rocks (therefore fossils) allows us 
to understand the exact time frame of evolution, when new forms 
of species appear and disappear. Eg. Rocks containing bacteria were 
dated to be 3.5 bya, and this shows how life has evolved since 
bacteria. 



 

 

9.3.1.6 Evidence for Evolution – FOSSILS 
 

Fossil Eg: Jawless fish - bony fish – amphibians – reptiles – birds – mammals 
 
Transitional Forms: Organisms that have characteristics of two different groups 
of organisms, and show the development of one species to another. 

Species Similarities 

Aetiocetus -25mya 
 

(link between land-dwelling 
mammal Pakicetus and the 

grey whale) 

• Similar skull to Pakicetus, and Grey Whale.  

• Nostril is in middle of head in comparison to 
Pakicetus’ nostril near bottom of skull, and Grey 
Whale’s nostril near top of skull. This shows the 
transition clearly. 

Crossopterygian – 400mya 
(Lobe Finned Fish) 

 
 (link between fish and 

amphibians) 

• Lobe finned fish have skeletons similar to early 
tetrapod amphibians. The lobe finned fish had 
smaller ribs, pelvis, and limb bones compared to 
the amphibians showing the transition to 
supporting their weight on land. 

 

9.3.1.6 Evidence for Evolution – FOSSILS 
 

Species Similarities 

Archaeopteryx 
–late Jurassic 

Period 
 

• Similar to birds by having feathers and wish 
bone, and similar to reptiles through it’s teeth 
and and long tails. 

• Therefore supports theory that birds developed 
from reptiles. 

Index Fossil: organisms that lived over wide area, and for a relatively 
short period of time, and therefore are good reference points. 
 
9.3.1.6 Evidence for Evolution – BIOGEOGRAPHY 
 

• Biogeography provides evidence for divergent evolution and 
therefore supports evolution. 

• Eg. Ratites (large flightless birds) show evolutionary isolation as they 
are largely found on the southern continents and have further 
evidence for divergent evolution through the many species of 
Ratites. 



 

 

9.3.1.6 Evidence for Evolution – BIOGEOGRAPHY 
 

• Biogeography is the study of distribution patterns of living things. (past and 
present) 

• Distinctive types of organisms are found in different geographical regions. This 
suggests that these organisms came from ancestors within the region and have 
adapted to the conditions there. 

• Hence the pattern of distribution of organisms today, and its fossil distribution 
from the past create an evolutionary history.  

• There are six biogeographical zones, each with distinct flora and fauna. 

• Wallace’s line divides the Australian and the Oriental region (asia).  

• When looking at the families (classification) endemic (exclusive to) to each 
region and dividing by the number of shared families the biogeographic zone 
with the highest number is the least similar to other regions (most unique). 

• Australia is the most unique due to have being isolated for around 45 million 
years which means migration of vertebrates was impossible and therefore have 
evolved in isolation to suit the unique climate in Australia. 

9.3.1.6 Evidence for Evolution – COMPARATIVE EMBRYOLOGY 
 

• Embryos of different vertebrates are very similar when viewed in 
the early stages of their development. 

• Eg. Mammalian embryos have gill slits, which eventually regress, 
whereas fish gills fully develop. 

• The similarity of embryos is an example of homology. Homology is 
the similarities in organisms resulting from descent from a common 
ancestor.  

• The structures of vertebrate embryo’s appear very similar but the 
structures carry out different functions showing a descent from a 
common ancestor. 

• The Hox genes (determine the basic structure and orientation of an 
organism) are very similar in many living things again showing the 
inheritance of these genes from a common ancestor. 
 



 

 

 9.3.1.6 Evidence for Evolution – COMPARATIVE ANATOMY 
 

• Study of differences and similarities in structure between different 
organisms.  

• Eg. Pentadactyl limb of many vertebrates have the same basic 
skeletal structure that has been adapted for many uses such as 
swimming, flying, running etc due to natural selection. 

• The Pentadactyl limb is a homologous structure which provides 
evidence for evolution as the genes which code for limb 
development (eg. Pentadactyl limb development) have been 
inherited from a common ancestor.  

• Comparison of Pentadactyl limb structures: 
Whale: Think, short, strong bones to create paddle to help pull weight 
through high viscosity of water. 
Bat: Long and thin phalanges which are spread out to create a light 
weight wing with large surface area for flight and gliding. 
Human: highlight opposable (capable of touching other fingers) thumb 
allowing fine motor skills with tools. 



 

 

Experiment Notes/Design 
 

• Note:  

• If question says “in class you performed..”. Write method in “this was done”, 
“analysed results etc”. (Write rough results you got and how to get them etc.) 

• If question says “write experiment to test”. Write “pour water into beaker”. (And 
write how to get results.) 

 

• Design: 

• Aim 

• Hypothesis 

• Variables 

• Materials: be specific!! 

• Risk Assessment: risk, precaution, response. 

• Method 

• Results 

• Discussion (improvements, reliability, accuracy, validity) 

• Conclusion: what principle was demonstrated? 
 

9.3.1.6 Evidence for Evolution – Practical – Comparative Anatomy 
Observations 
 

• Eg. 2 whale’s posses a vestigial organ (structure from ancestor that 
is irrelevant now) of a pelvic bone which land animals would have 
needed to move lover limbs. Proving whales evolved from land-
dwelling animals. 

• Pentadactyl limb Observations: 



 

 

9.3.1.6 Evidence for Evolution – Biochemistry 
 

• All life forms have same basic genetic material of DNA and RNA, share the 
same genetic code and have similar cell function (production of enzymes) 
which all suggest a common ancestor.  

• Many organisms share many genes also providing evidence for evolution. 
 

DNA 

• DNA sequencing allows scientists to analyse and compare genes, 
chromosomes and genomes of organisms. Today this is done through 
computers. 

• Prior to DNA sequencing, DNA hybridisation was used to identify similarities 
between different species.  

• Two DNA strands are separated using heat, and the single strands are mixed 
with single strands of another species. When the two different strands cool 
they join and form a hybrid molecule. The degree of mismatches in base 
pairs determines the how closely related the two organisms are. 

• A small degree of mismatches means the two sequences are very similar and 
the species have diverged recently form a common ancestor. 

9.3.1.6 Evidence for Evolution – Biochemistry 
 

Comparing Proteins 
• The instructions within the DNA are used to bulid amino acid sequences 

to form a protein. Differences in the amino acid sequence between 
species indicate differences in the underlying code and therefore how 
similar two species are.  

• Cytochrome – C 

• Is a cellular respiratory protein used to make energy in most living things. 
The degree of similarity/differences of the amino acids in different 
organisms shows the divergence of species from a common ancestor and 
therefore and helps establish pathways along which evolutionary changes 
may have occurred. 

• Haemoglobin 

• Globins are binding/transporters of oxygen. Such as myoglobin and 
haemoglobin. 

• Haemoglobin is a protein that transports oxygen in the blood of 
vertebrates. The comparison of Haemoglobin amino acids also shows the 
evolutionary relationships, such as humans and different primates. 

• Molecular Clocks: The rate of mutation in a gene (Occur at a certain rate). 

9.3.1.7 Modern Technology and Evolution 
Differences in Structural Features: 

• The squat grebe is small, with non-webbed 
feet, dark colouring, short neck, and short legs 
built for diving. 

• Whereas the Flamingo has long legs built for 
wading, a long neck and pinkish in colour. 

9.3.1.7 Modern Technology and Evolution 
 

Revised Ideas/Methods: 

• The advancement in technology have allowed the change of 
understanding to the flamingo and squat Grebe being the closet 
relatives to each other, and structural features as not the essence in 
evolutionary relationships. 



 

 

Original Ideas/Methods:  

• Originally the close relative of the Squat Grebe was thought to be Loons, 
sandpiper’s and ducks. And the Flamingo’s as crane’s, spoonbills and Ibises. 

• i.e. the short legged, webbed feet were related, and long legged, webbed 
feet were related. 

• Originally methods to classify species included: 
-observations of external structural features such leg length, feet type, beak 
shape etc. 
-dissection and observation of internal features such as the digestive system. 
-observations of behaviour (courting), diet, methods of communication etc. 

• Technologies: 

• DNA sequencing methods using computers which have large data 
bases allowing the analyse and comparison of genes, and genomes. 

• DNA hybridisation creates hybrid strands to allow comparison of DNA.  

• Comparison of proteins such as the amino acids in haemoglobin also 
show the comparison of similarity. 

• The understanding from these techniques is that the Squat Grebe and 
Flamingo are each other’s closet relative due to similarities in DNA. 

• It is also now known that webbed feet in birds evolved independently 
many times in evolution. 

9.3.1.7 Divergent Evolution  
 

• Darwin was impressed by how closely organisms match their environments. 

• Divergent evolution is the process where one species evolves into different 
species over time due to migration, natural selection and isolation.  
(evolution of new species from a common ancestor due to adaptive radiation.) 

• Divergent Evolution STEPS: 
o Oversupply of offspring – not all will be able to survive. 
o Variation within a species from mutations (naturally or externally caused) 
o Migration/Dispersion into different environments. (from competition etc.) 
o Natural Selection acts on variations in different environments. (different 

selecting agents, and pressures in each environment) 
o Emergence of sub-species/races in each environment and gene flow 

(reproduction between sub-species) still occurring. 
o Isolation and restriction of gene flow which stops the dilution of the gene 

pools, and each population has a limited gene pool, that natural selection 
can act on, with no gene flow coming in, therefore populations become 
more different more quickly (evolution accelerates). 

o New species evolve (can’t interbreed) which are adapted to their 
environment. 

9.3.1.7 Divergent Evolution/ Adaptive Radiation 
 

• Isolation: for new species to evolve, the organisms need to become 
isolated (usually by a physical barrier eg. rivers, mountains, deserts).  

• Each population has different mutations occur (still at same rate) 
and therefore different variations are produced. 

• There are different environmental pressures on each group with 
different characteristics, so eventually they become so different 
they can’t interbreed. (new species) 

• Adaptive Radiation: the spreading of organisms into new habitats 
and niches over millions of years where they adapt to environments 
they inhabit and divergent evolution is a part of this process. 

 

• Adaptive Radiation Eg: The primitive marsupials in Australia spread 
throughout the island continent and adapted to the different 
environmental conditions, at some stages barriers isolated the 
different populations. The populations continued to evolve, 
adapting to their environment and eventually could no longer 
interbreed (new species had evolved). 



 

 

9.3.1.7 Divergent Evolution Examples 
 

Divergent Evolution:  
Evolution of finches from a common ancestor on the Galapagos island’s. 

• Finches would have migrated to new locations due to limited food sources or 
competition etc. At each location there would be an oversupply of offspring. 

• Each population would have different variations and different selecting 
agents such as different food sources. 

• Due to adaptive radiation each environment would select a trait that is an 
advantage to that particular environment (most likely different in each 
place). Who would survive to reproduce and over time generations would 
inherit this. 

• Isolation would stop the gene flow of sub-species which would have limited 
the gene pool’s in each location therefore accelerating evolution. 

• Eventually the sub-species evolve to adapt to their environment and are 
completely different that they can’t interbreed and are different species. 

9.3.1.7 Convergent Evolution 
 

• When unrelated organisms with no recent common ancestor evolve 
very similar characteristics if they live in similar environments. 

• Analogous Structures: different structurally but fulfil the same 
function and they are not due to common ancestry. 

• Convergent evolution is due to natural selection and isolation. Once 
each unrelated organism is isolated from their populations, evolution 
is accelerated and the organisms evolve to become better suited to 
their environment, and due to similar niches similar traits evolve. 

• Eg. Dolphin(mammal) and shark(fish) and Ichthyosaur(reptile) 

• Each are different vertebrate groups but all look superficially similar 
due to natural selection. Due to the similar aquatic environments and 
their predation roles this means the selecting agents chose similar 
traits. Therefore, those that had a streamlined body, tapered face, 
fins and tail flukes survived to reproduce and created populations that 
inherited these traits. Therefore these similar features all evolved 
separately but had similar selecting pressures. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.3.1.8 Social and Political Influences 
 

• The foundations of the western culture were the religious institutions who 
controlled politics and the views on nature. Society believed that God made 
‘man’ to rule over all living things, and that life did not change over time. 

• Alternative explanations and today’s scientific explanation for evolution and the 
nature of life on Earth were seen as threats and challenged the religious 
establishments. 

• Darwin’s theory was influenced by many things such as Thomas Malthus’s Essay 
on the Principle of Population which sparked the idea that life is a struggle and 
natural selection was why some species prospered and some didn’t. 

• The year Darwin put his book “The origin of the Species” away, his knowledge of 
societies views were confirmed when a book suggesting that humans might have 

9.3.1.8 Evolution Ideas have changed over time 
Leonardo Da Vinci 
14-1500’s 

Geological/paleontological observations of molluscs. 
Suggested fossils indicated history of life on earth 
beyond human records.  

George-Louis Buffon  
1700’s    

Published life was older than 6000 years and 
environment acts on organisms to change over time. 

Erasmus Darwin  
(1st modern evolution theory) 

Suggested one species could evolve into another, and 
selection and competition caused changes in species. 

Jean Baptiste Lamarck 
17-1800’s    

Thought features were acquired throughout one’s 
lifetime are inherited in offspring. Discredited except 
for idea of traits passing on to the next generation. 

Alfred Wallace 
18-1900’s 

Wallace’s line is named after him from his observations. 
He also created natural selection idea. 

Charles Darwin 
1800’s 

Created evolution idea as well and published “on the 
origin of species.” (more credit due to more evidence.) 

Gregor Johann 
Mendel. 
1800’s 

Created law of segregation (genes pairs have one from 
each parent), Dominance (recessive traits may be 
passed on in genotype), Independent Assortment (Each 
gene trait are independent of one another). His work 
was seen as not valid as he was a monk.  

9.3.2 Mendelian Genetics 
 

• Genetics is the study of heredity (the transfer of traits from one 
generation to the next.) 

• Gregor Mendel wondered by related organisms had a tendency to 
resemble one another. 

• Mendel conducted breeding experiments with the pea plant (short 
reproductive cycle). Mendel crossed (X) certain plants to compare 
parent and offspring (progeny) features. 

• Mendel studied different traits, and each came in two factors.  
 
9.3.2.1 Mendel’s Experiment 
 



 

 

evolved from lesser primates was published anonymously and was reacted with 
an outcry from society. 

• Darwin was prompted to publish when Wallace was about to express the same 
idea so they published together at a time when society was changing.  

• Later on in 1859 Darwin then published his whole book, which was received with 
controversy and wasn’t widely accepted until the 1930/40’s. 

• Pure Breeding: Mendel created pure-bred populations for each 
characteristic. He let them self-fertilise over many generations 
taking out any contrasting characteristic. 

 

• Cross-Breeding the Pure-Breds: Mendel used the pure bred 
populations with contrasting characteristics for cross breeding.  



 

 

Mendel’s Experiment 
Continued 
 

• Eg. He hand pollinated 
and crossed the white 
flowered plants with the 
purple flowered plants 
and then grew the seeds 
that resulted. These were 
the first generation (F1) 
which all had purple 
flowers. (seen in diagram) 

 
Parent: PP x pp 
Offspring (F1):  All purple Pp 
 
Note: need to know Mendel’s 
dominant and recessive 
experiments. 

Characteristic and Cross First Generation 
F1 

Second Generation 
F1 x F1 = F2 

Ratio 

Tall x dwarf plants 
TT x tt 

All tall 
Tt 

787 tall: 277 dwarf 2.84:1 

Round x wrinkled seeds 
RR x rr 

All round 
Rr 
 

5474 round: 1850 
wrinkled 

2.96:1 

Yellow x green seed 
YY x yy 

All yellow 
Yy 

6022 yellow: 2001 
green 

3.01:1 

Purple x white flowers 
PP x pp 

All purple 
Pp 

705 purple: 224 
white 

3.15:1 

Inflated x constricted 
pods 
II x ii 

All inflated 
Ii 

882 inflated: 299 
constricted 

2.95:1 

Green x yellow pods 
GG x gg 

All green 
Gg 

428 green: 152 
yellow 

2.82:1 

Axial (at side) x terminal 
flower (at tip) 

AA x aa 

All axial 
Aa 

651 axial: 207 
terminal 

3.14:1 

 



 

 

Mendel’s Experiment Continued  
 

• Cross breeding the offspring: F1 x F1. This time the offspring were 75% 
purple and 25% white (3:1). Mendel repeated this with all seven 
characteristics and approximately came up with the same ratio. (diagram) 
 

• Results: Mendel stated there was a factor for purple flowers and a factor for 
white flowers. Parents had one type of factor, F1 had one factor for each (Pp) 
and the purple dominated.  
o Mendel stated that it was a matter of chance which cells fertilised with 

each other but in F2 ¼ would contain purple factor only (PP), ½ would 
be hybrid (Pp), and ¼ would contain white factor only (pp). 
 

• Conclusions: -Each characteristic is controlled by a pair of factors. 
- factors separate forming gametes and join in fertilisation. 
-The dominant factor masks the recessive factor when both are present. 
-Factors are unchanged from generation to generation. 

Mendel’s Experiment Continued  
 

• Conclusions Became the Laws of genetics: 
Law of segregation (separation) – two factors in plants (genes) that 
control each characteristic. During reproduction these two factors 
segregate (separate) randomly and independently of each other, one 
appearing in every gamete. Factors match (don’t blend) together in 
fertilisation. (One of the two gene copies appear in each gamete)  

- Each diploid individual contains a pair of alleles for each trait 
and each goes into a different gamete randomly. 

 
Law of independent assortment – The factors segregate independently 
of other factor pairs and are distributed into gametes independently of 
other pairs. The factors segregate randomly. We now know that the 
chromosomes are what separate (not the genes) and are distributed 
independently. (The allele a gamete receives for one gene does not 
influence the allele received for another gene.) 
 

Note: Always write capital allele first eg. Bb not bB. 



 

 

9.3.2.2 Reasons for Mendel’s Success 
 

• He chose pea plants that had easily observable variations. 

• He used pure breeding lines which created consistency, and carried out a 
large number of crosses. 

• He studied a large number of characteristics and only studied one at a time 
creating clear results. 

• He made exact counts which enabled statistical analysis showing patterns. 
 

9.3.2.3 Mendel’s Work Unrecognised for about 35 years after publishment. 
 

• Mendel’s findings were presented in two lectures in 1865 before the Brno 
Association. Only a limited number of people read the Brno Association’s 
records so Mendel’s work was unlikely to have been seen by many. 

• No one acknowledged Mendel, as he was an unsponsored amateur. Mendel was 
not a recognised, high profile member of the scientific community and 
therefore ignored. 

• At this time, little was known about chromosomes etc. so his concept was 
known little about and the significance was not seen. 

• Biologists were also not used to Mendel’s statistical analysis. 

9.3.2.4 Genetic Terms 
 

• Genes: Segments of DNA located along chromosomes which code for a trait.  

• Alleles: are genes that code for the same characteristic (not always identical 
but always code for same trait). They are different forms of a gene. 

• Genotype: Is the genetic composition of an organism. It is the pair of alleles 
eg. Tt. 

• Phenotype: The physical, observable characteristics that results from the 
genotype. 

• Note: -Genes are individual letters but don’t have to be for the same kind of 
trait eg. genes are B (for eye colour) and S (for skin colour).  
-Alleles are genes (individual letters) that code for the same kind of trait eg. T 
for tall or t for short.  

9.3.2.3 Mendel’s Work Rediscovery 
 

• In 1900, three botanist’s reported the same conclusions as Mendel 
which amounted to a rediscovery of Mendel’s inheritance research. 
They verified his work and gave Mendel full credit. This gave rise to 
a new branch called genetics which Mendel is recognised for. 

 

Mendel’s results – Dominant or Recessive 
 

• Mendel called the units of inheritance ‘factors’. Today we call them 
genes. 

• Mendel’s concluded that parental characteristics do not blend in 
the offspring.  

• There is a dominant allele (capital letter eg. T) and a recessive allele 
(lower case letter eg. t). 

• The possible pairs of factors for this genotype is: 
o TT pure dominant form  
o tt pure recessive form 
o Tt hybrid form (dominant allele masks recessive allele) 

 -Homologous pair of  
 chromosomes 

 
 
 
 
 
 
 

• A and a are genes and alleles as they code for the same 
characteristic (the gene may be represented as a band of a 
chromosome). The chromosomes duplicate to allow for division in 
mitosis. 



 

 

-Genotypes are the pairs of genes or alleles that determine the phenotype. 

• Heterozygous genotype: (Hybrid) The alleles are different 

• Homozygous genotype (pure bred): The alleles are the same. 

• Each characteristic is coded for by at least one genotype (pair of alleles). 
 

• In body cells (not reproduction), chromosomes occur in pairs (one 
chromosome from each parent). These corresponding pairs of 
chromosomes are known as homologous chromosomes. (note: to 
make gametes, the pairs of chromosomes have been separated so 
that each gamete only has one gene for each trait.) 



 

 

9.3.2.5 Monohybrid Crosses 
 

• A monohybrid crosses refer to breeding experiments of the two forms of one 
feature being studied.  

• There are only five kinds of monohybrid crosses: 
 

o Crosses of two of homozygous genotypes 

Eg. TT x TT    or  tt x tt 
 

o Crosses of a pure breeding dominant with a pure breeding recessive 

Eg.  TT x tt 
 

o Crosses of a pure breeding dominant with the hybrid form 
Eg. TT x Tt 
 

o Crossing a pure breeding recessive with the hybrid form 
Eg. tt x Tt 
 

o Crossing a hybrid form with a hybrid form 
Eg. Tt x Tt 

9.3.2.6 Pedigree 
 

• Pedigrees are useful in finding information about specific diseases and in 
genetic counselling. They allow the probability of a 
couple having an affected child to be determined 
helping decisions, as you can work out the genotype 
of the people by looking at the phenotypes. 

• The trait is shaded. Square is male, Circle is female. 

• Making Predictions:  
Affected trait is Dominant if:  
-If a trait never skips a generation it is 
dominant. 
-heterozygous individuals are affected 

9.3.2.5 Punnet Squares 
 

• Reginald Punnet devised the ‘Punnet Square’ to summarise the 
fusion of gametes in genetic crosses.  

• Note: always write the cross above punnet square. 
LOOK AT EG. 

• Mendel’s 3:1 ratio shows there are two phenotype possibilities and 
three genotype (Ss, SS, ss) possibilities. This is due to the 
relationship between dominant and recessive genes: 

• Dominant genes are always expressed. There is no blending or 
averaging in the heterozygous genotype Ss. The recessive gene s is 
masked. The recessive phenotype can only be produced if both 
recessive alleles are present (ss).  
 

• Note: relatives share a high proportion of their genes compared to 
unrelated parents. Therefore, marriages between close relatives is 
discouraged as it is more likely that related parents will both be 
carriers of the same recessive allele, creating a higher chance of 
inheritance of recessive genetic conditions in offspring. 

9.3.2.7 Hybridisation within a species 
 

• Hybrid form of a trait results from the inheritance of two different 
alleles. 

• In horticulture and agriculture, a hybrid is an offspring produced 
from parents with very different characteristics.  

• Many hybrids have ‘hybrid vigour’ with increased vitality and better 
chance of survival as the parents are chosen to obtain more 
desirable features. 

• Although, sometimes the offspring may not have desired features 
or may be infertile. (chromosomes can’t correctly pair in meiosis, if 
different number of chromosomes in parents.) 

• Hybridisation is used to create new commercial plants and animals. 



 

 

 
Affected trait is Recessive if: 
-daughter is affected but neither parent is 
-Two affected parents always have an affected child 
-The trait seems to skip generations. 

• Examples:  

• A mule has desirable characteristics from both the horse and 
donkey (different species), but is infertile. 

• A Triticale is a hybrid of wheat and rye, and is high yielding and 
disease/drought resistant. 



 

 

9.3.3 Chromosomal Structure provides the key to inheritance 
9.3.3.1 Sutton and Boveri – importance of chromosomes 
 

• Sutton and Boveri were one of the first scientists to recognise the link of 
chromosomes with Mendel’s law’s. 

• Sutton and Boveri are know as the founders of the chromosomal theory of 
inheritance (Sutton-Boveri theory). They showed that chromosomes carry the 
units of inheritance (Mendel’s factors) and occur in distinct pairs. 

• Sutton: Observed meiosis in grasshopper Testes cells.  Concluded: 
-During meiosis chromosomes lined up in pairs of same size and shape (one from 
each parent). (orientation of lining up is random) (Law of segregation) 
-Homologous pairs segregate, one going into each gamete. (Law of segregation) 
-Genes segregate independently if on different homologous chromosomes. (not 
linked genes) (law of independent assortment) 
-zygotes have full set of homologous chromosomes. 

• Boveri: Observed meiosis in sea urchin and nematode. Concluded: 
-Chromosomes are means of inheritance, can carry many genes and are 
transferred down generations through cell division. 
Gametes/Sex cells 
 

• (body cells are somatic cells (46 chromosomes) Sperm and Pollen are male, 
Ova (singular ovum) are female. Have haploid (23 chromosomes) number of 
chromosomes. They fuse to create a zygote. 

• The male determines the sex of the child as it is whether the zygote receives 
the X or Y chromosome that determines it’s sex. 

• In some species other conditions (temperature) determine sex. Or in 
honeybees etc an egg can develop without fertilisation (parthenogenesis). 
 

Meiosis 

Homologous Chromosomes 
 

• Homologous chromosomes contain equivalent sets of genes. Single 
stranded chromosomes replicate prior to cell division. (usually 
represented like this.) Note that alleles are obtained in the same 
position. 

• Karyogram (photo) 
shows the homologous pairs, 
where the order and kind of 

genes is the same because of the homologous pairs. 
• All chromosomes are the same (autosomes) except pair 23. These 

are sex chromosomes which determine the sexual identity of the 
individual. Male – XY (look different), Female – XX (look similar). 

Meiosis 1: Initial segregation of duplicated chromosomes 

• Homologous pairs randomly arrange into a line.  

• Random segregation then occurs so that the two daughter cells 
each contains a Haploid number of double stranded chromosomes.  

• For 4 chromosomes there are 4 possibilities. (many more in diploid 
set). 

 

Into two daughter cells. 
(one both maternal, one 
both paternal.) 



 

 

• Stages: Meiosis I (segregation into 2 cells) & Meiosis II (segregation into 4 
cells)          -Red is Maternal  -Blue is Paternal 

• Steps: Prior to cell division 
the chromosome duplicates its 
DNA to form two identical sister 
chromatids (long bits) joined at 
the centromere (joining point). 
  

 OR 
 
 
 
 

  
 

Starts to 
split.  



 

 

Meiosis II: Final Separation of Chromatids 

• The two cells then have the duplicated chromosomes line up again and then 
the centromeres split and the chromatids separate, forming four sex cells 
with a haploid number of chromosomes.  

• This has 8 possible different combinations when starting with the 4 original 
chromosomes.  

• Law of Independent assortment occurs here as the homologous pairs move 
independently and randomly.  

 
 
 
 
 
 
 

 
 
 
 

• Linked traits (genes on same chromosome like a and b) may be separated 
and reshuffled in crossing over which makes a new gene linkage. 

• Crossing over produces double the amount of combinations than above. 

 

In Meiosis I: Increasing Variation – Crossing Over  

• Crossing over occurs when homologous chromosomes pair up.  

• Chromatids may tangle together, and parts that are crossed over 
can swap so that genes change positions. 

• (it can happen at 
both ends) The 
point at which the 
chromosomes cross 
and break is called 
the chiasma. 

• Crossing over 
produces more 
combinations 
(variation) which is 
essential for a 
species in a 
changing 
environment. 

9.3.3.2 Model Meiosis  
 

• Modelled meiosis steps with playdough and drawing nuclear 
membranes. We showed the main steps, and then repeated with 
crossing over. (look at photo diagrams above). 

 
9.3.3.3 Meiosis and Sexual reproduction lead to variation 
 

• Chromosomes sort into gametes in a random way in meiosis. This 
occurs through random segregation (side of pair that they line up 
and then segregate is random) and independent assortment (side 
they go to into gamete is random).  



 

 

 • Crossing over increases possible number of combinations 
(variation) 

• Gametes join randomly at fertilisation. 



 

 

9.3.3.4 Structure and 
Behaviour of 
Chromosomes 
 

• Behaviour is 
explained above.  

• Chromosomes are 
present as single 
chromatids when 
cell is not dividing.  

• A section of DNA is a 
gene. DNA is 
spooled around 
Histone proteins 
which are packed 
into sausage-like 
structures called 
chromosomes. 

9.3.3.5/6 Chemical nature of chromosomes and Genes/DNA structure 
 

• Chromosomes are 40% DNA and 60% protein (histone) 

• Histones are highly alkaline proteins that package, spool and order the DNA 
so that DNA is not too long. 

• DNA (deoxyribonucleic acid) is a double helix molecule and is composed of 
nucleotides (monomers). Nucleotides are composed of a pentose sugar (5 
carbon) called deoxyribose, a phosphate (the acidic nature makes up the acid 
part of the name), and a nitrogenous base.  

• The nucleotides are linked to create a ladder of alternating sugar and 
phosphate as the sides and the bases are the rungs which join in 
complementary bases of Purines: adenine and thymine, (A to T) and 
Pyrimidines: guanine and cytosine. (G to C) 

• Chromosomes have two telomeres (protective end caps) 

• 9.3.3.4 Inheritance of Genes 
Crossing Over – Each gamete has a different combination of genes. 

Not 

crossing over – only two different combinations of genes. 
 
 
 
 
 
 
 



 

 

• Genes are short lengths of DNA so they have the same structure as DNA. 

 

 

• DNA is a suitable 
genetic medium 
as it can encode 
lots of 
information 
(sequence of 
bases).  It can 
replicate itself, 
repair minor 
mistakes, control 
and direct 
synthesis of 
proteins, unzip 
small sections at 
a time and is 
chemically 
stable. 



 

 

9.3.3.7 Adjusting Mendel’s Rules 
 

• Not all traits follow Mendel’s rules that alleles are either dominant or 
recessive, and that F2 generation has a ratio of 3:1. 
 

9.3.3.8/9/10 Co-Dominance 
 

• When Two alleles are expressed as separate unblended phenotypes, they are 
co-dominant. 

• Example:  

• Roan Cattle: Let R represent red coat, Let W represent white coat. A Roan 
cattle expresses both red and white. Genotype: RW 

• The ratio of offspring in F2 generation is 1:2:1 (Red:Roan:White) NOT 
Mendelian 
ratio. 

Example: 
• Blood Type AB: There are 3 alleles or versions of the blood type 

gene: A,B and O. Everyone has two copies of these genes. These 
genes cause immunoglobulin to exist on surface of red blood cells. 
Allele O results in no antigen. 

• When allele A or B occurs with allele O only A or B is expressed. But 
AB are co-dominant meaning both are expressed.   

 The F2 generation is 1:2:1 (A:AB:B) 



 

 

9.3.3.8/9/10 Sex Linked Genes 
 

• The sex chromosome X carries the Female information, and the Y 
chromosome carries the male information.  

• The X chromosome is quite large so it also carries non-sexual characteristics 
(sex-linked genes). 

• This means that if there is a deficiency in a non-sexual gene females(XX), 
have a second normal gene to “fall back on” unless if both X chromosomes 
have the deficient allele, their phenotype won’t be affected. 

• For males(XY) because they only have one X chromosome if that gene is 
deficient, their phenotype will be affected. 

•  

Haemophilia: is a sex linked disease where insufficient amount of 
blood-clotting factor is made. The vast majority of haemophiliacs are 
male. Females are usually more carriers of the defective gene. 
 

Colour Blindness: Red-colour blindness occurs in 8% of males, but less 
than 1% of females. The recessive allele (c) results in no pigment in the 
eye so they can’t distinguish the colour. 
 

• Mendel did not meet sex-linked genes, this would have made 
interpretation difficult.  

• This pedigree shows the trait only occurring in males. 
 
 
 
 
 
 
 



 

 

9.3.3.11 Morgan and Sex Linkage 
 

• Morgan studied the genetics of fruit flies, trying to replicate Mendel’s work.  
• He observed the colour of the eyes and very few had white eyes. He inferred 

this as a mutation.  
• His F1 generation were all red eyed as expected and his F2 generation were 

3:1 ration as expected but he noted that white-eyed offspring were always 
male.  

• He then crossed white-eyed 
male, with heterozygous red-eye 
female, showing that females could be 
white eyed too.  
 
• He then crossed a red male with 

a white eyed female and all male offspring had white eyes, but female red.  
 
• He then concluded that the allele for eye colour was only carried on the X 

chromosome. (It was sex-linked) 

9.3.3.12 First-hand investigation to demonstrate the effect of 
environment on phenotype  
 

• We used radish seeds with different doses of cobalt-60. We cared for the 
seeds and observed their growths and phenotypes. 

• The increased dose of cobalt-60 resulted in increased changes of phenotype 
of height reduction.  

• We performed this experiment by sowing the seeds in trays, watering every 
day, and covering with cling-wrap.  

• We then took the sprouts out and observed the phenotypes with magnifying 
glasses. 

• We researched the possible explanations for this such as affects to the 
hormone Auxin and Cytokinins. 

• Morgan used the fruit fly as it had easily observable characteristics, 
was easily bred and only had 4 pairs of chromosomes. 
 

9.3.3.12 Environment and Genetic expression 
• The environment affects the expression of a gene as it may not 

allow a gene to be fully revealed or expressed. 
• Mendel ensured the genotype of the pea plant was not affected by 

the environment by giving enough and equal water, light and soil 
(controlled variables). Otherwise some homozygous dominant 
plants might have been undersized even though they were 
supposed to be tall. 

• The environment may cause a genetic mutation.  
• Identical twins with the same genetic make up have different 

phenotypes as they are in different positions in the uterus creating 
different birth weights.  

 
 
 

9.3.4 Structure of DNA can be changed and such changes may be 
reflected in the phenotype of the Organism 

9.3.4.1 DNA replication significance 
 

• DNA replication must occur prior to mitosis so that each daughter 
cell has a full set of identical DNA and therefore genes. Mitosis 
needs to occur to ensure growth and replication of damaged cells, 
and Meiosis ensures the continuity of the species. 

• DNA contains the entire code for an organism so it needs to copy 
itself exactly to sustain life processes.  
 

• The hydrogen bonds break between each base pair, so that two 
DNA sides unzip to form the replication fork. (caused by Helicase)  

• Binding proteins prevent the strands from re-joining. 



 

 

 
Look at investigation study notes. 
 
 

• A complementary copy of each exposed strand is constructed from 
free nucleotides. 

• The process is catalysed by the enzyme DNA Polymerase (catalyses 
bases joining together). The polymerase “reads” the template 
strand to synthesis the new complementary strand. 



 

 

 
Template Strand 

 
Complementary strand 

 

9.3.4.2 Production of Polypeptides 
 

 

 

DNA unzips at required gene 
(instructions for building 
polypeptide). 

In NUCELUS –  
Transcription: Gene is transcribed 
(copied) as messenger RNA. (a gene 
codes for a polypeptide) (mRNA is 
made). Enzyme RNA polymerase 
moves along DNA linking 
complementary RNA nucleotides to 
form mRNA. 

Translation: The mRNA moves into the cytoplasm. The mRNA 
moves to a ribosome. Groups of three nitrogen bases (a 
codon or triplet code) on the mRNA match with groups of 
three nitrogen bases (an anticodon) on transfer RNA (tRNA). 

Each tRNA (anticodon) 
brings one amino acid to 
the mRNA at the 
ribosome. Ribosome 
releases the first tRNA and 
moves along so the mRNA 
continues to be “read” in 
codons, and the amino 
acids slowly build up. 

The amino acids link 
together by peptide bonds 
to form a polypeptide. 

The stop codon terminates the process. 
The Polypeptide chain is made. 
(a codon is unit that codes for an amino acid.) 



 

 

• RNA is a single 
strand sequence of 
nucleotide bases.  

• RNA contains a 
ribose sugar (with 
oxygen) instead of 
a deoxyribose 
sugar and has 
nitrogen base 
uracil (U) instead 
of thymine to pair 
with adenine. 

• There are 20 types 
of tRNA and each 
carry one of the 20 
different amino 
acids. 

9.3.4.3 Polypeptides and Proteins 
 

• Gene             Amino Acids            Polypeptide          Protein  

• (one or more polypeptides may be coiled, folded or cross-linked to 
form a protein) 

• Levels of protein structure: 

• Primary – amino acid sequence in polypeptide 

• Secondary – pleats and spirals caused by H-bonds 

• Tertiary – folding caused by interaction between spirals and pleated 
sheets 

• Quaternary – two or more polypeptides fit together. 
 

• Proteins have 
important structural 
and functional roles. 

 

• Enzymes are proteins 
that catalyse 
biological reactions. 



 

 

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

• We drew DNA sequence and corresponding mRNA sequences. 

• Then using the amino acid naming table we identified the amino acid that 
would be created. 

• We placed the amino acid with it’s corresponding tRNA anticodons 
underneath, checked the tRNA corresponded with the mRNA, and was the 
same as the DNA except with U instead of T.  

• We linked the amino acids as they came and stopped to form the 
polypeptide when the stop codon came. 

• We then repeated this with mutations (substitution, deletion, addition) some 
had no affect, some stopped too early and some didn’t have a stop 
instruction.   

• Look at image in booklet. 

9.3.4.5 Beadle and Tatum’s ‘one gene – one protein’ altered to ‘one 
gene – one polypeptide’ 
 

• Beadle and Tatum (1941) experimented with x-rays to induce 
mutations in bread mould (Neurospora). 

• Evidence: Some mutated spores could not grow on the ordinary 
medium (ordinary medium contained nutrients for growth).  

• The mutation stopped the mould from producing an enzyme 
(protein) which was essential in synthesising a specific amino acid 
from the mediums nutrients, and therefore it couldn’t grow. 

• Evidence: Normal mould grew even on a minimal medium. They 
narrowed it down to the amino acid arginine, by growing mould in 
mediums with various amino acids. 

• They suggested that the enzyme which catalysed one of the 
reactions needed to make arginine was not being formed, leading 
to support of their hypothesis and theory “one gene – one protein”. 
 



 

 

• This later became “one gene – one polypeptide theory” as many proteins are 
made of multiple polypeptides and each gene codes for a single polypeptide. 

 

9.3.4.6 Mutations leading to new alleles 
9.3.4.7 Flowchart of mutations leading to changed cell activity. 
 

• Mutation: A point mutation is a change in a gene (base sequence). A 
chromosomal mutation is a change in the number of chromosomes or a 
rearrangement in the structure of a chromosome. 

• Mutations changes a gene, creating altered polypeptide with a likely 
changed function (phenotype), creating a new allele.  

• The mutation can be substitution, deletion or insertion. If insertions or 
deletions not divisible by 3 occur, they will result in a frame shift mutation (all 
codons from there will be wrong). 

• Example: Substitution of one base causes sickle-cell disease. (sickle-shaped 
blood cells don’t move easily through blood vessels stopping sufficient 
oxygen to cells.) Therefore, the mutation changes the cell activity. 

• Many gene mutations arise spontaneously when DNA is replicated. There are 
mechanisms to repair DNA, but most result in cell death. 

Flowchart 

 
 

9.3.4.8 Radiation causes mutation 
 

• Mutations that aren’t spontaneous occur after exposure to 
mutagens (environmental factors which increase the rate of 
changes in DNA.) 

• Mutagens include chemicals(alcohol), biological (HIV) or Physical 
(radiation) etc. 



 

 

• Radiation causes the DNA to absorb wavelengths which can break DNA 
strands, create cross-links between the bases cytosine and thymine or create 
deletion. 

• Cancer can be a result if changes from mutations occur in genes that control 
cell division. 

• Examples: -UV radiation when exposed in high doses to skin cells creates 
increased incidence of skin cancer. 

• -Nuclear Radiation can break DNA strands of whole chromosomes, this has 
been seen to cause many cancers such as Maire Curie, and the survivors of 
Chernobyl and Hiroshima. 

• -X-rays also produce mutations as seen in Beadle and Tatum’s experiment. 
 
 

9.3.4.9 Mutation- source for variation support Darwin 
9.3.4.10 Modern example 
 

• Variation arises from meiosis, sexual reproduction and also 
mutation. 

• Mutations cause new alleles, so if the mutated cells stay alive they 
create variation in sexual and asexual (main source for variation) 
organisms. If occurring in somatic cell the mutation only affects that 
organism, but if in a gamete it will be passed to offspring. 

• Favourable mutations (not disadvantageous or neutral) produce 
variations that may be naturally selected for, resulting in evolution. 

 

Example: A population of bacteria may contain a few mutants that 
have gene resistant to a particular antibiotic. The general population 
and the mutants remain unchanged until the antibiotic is introduced. 
Then due to natural selection the mutant numbers increase, and 
regular population decrease, over time creating a population entirely 
antibiotic resistant.  



 

 

9.3.4.11 Punctuated Equilibrium and Darwin’s gradual evolution. 
 

• According to Darwin-Wallace theory of evolution populations are expected to 
change slowly over time suggesting that there should be a gradual change in 
the fossil record. But there are fewer transition fossils than expected, 
suggesting this is less common than Darwin predicted. 

• Most species appear suddenly, survive for around 5-10 million years and 
then disappear, suggesting that evolution occurs rapidly followed by an 
extended period of stasis. As the environment is stable for some time and 
then changes rapidly. This is Punctuated Equilibrium.   

• One explanation is that when rapid change occurs in the environment 
organisms move away or die out. Organisms on the edge of an area may live 
in isolated pockets and change at a faster rate. Then these new forms 
migrate and appear as sudden new species in different locations. 

 

9.3.4.11 Discovery of Structure of DNA – impact of quality of collaboration and 
communication on their scientific research 
 

• The discovery of the structure of DNA in 1953, highlights how scientific 
discoveries tend to result from teams of people.  

• Often scientists acknowledge and use the work of other scientists to 
further their research. Therefore, collaboration and communication 
is very important and significantly influences scientific research. 

• James Watson and Francis Crick had an excellent working 
relationship. They were stuck on their model, so they continued to 
refer to the work of others. Rosalind Franklin and Maurice Wilkins 
did not get along. He assumed she was his assistant, and she 
assumed she would be working alone. 

• Rosalind Franklin figured out the key structures of DNA (ladder-like 
helix etc.). Although, she wanted to make sure she had sufficient 
evidence before releasing this. Wilkins was frustrated and showed 
her results to Watson without her knowing. This led to Watson and 
Crick’s paper which showed the ultimate discovery of DNA, and 
acknowledged Wilkins and Franklin.  

• 4 years after Franklin died, Watson, Crick and Wilkins were awarded 
the Nobel Prize. 



 

 

9.3.5 Reproductive and Genetic Technologies 
9.3.5.1 Current Reproductive Techniques alter Genetic Composition 
 

• Humans have bred organisms with desirable characteristics through artificial 
selection. This changes the gene pool of a population. This can be done 
through: 

• Artificial Insemination: Occurs in animals, where the semen is collected from 
a male and inserted into the vagina of a female. This means a superior male 
can inseminate many more females, and the semen can be frozen and 
transported cheaply. This reduces the gene pool and chance of random 
crosses in population. Therefore, reduces the genetic variability in the 
population. 

• Artificial Pollination: occurs in flowering plants when pollen is transferred 
from the anther to the stigma. This is used to breed plants with selected 
characteristics or hybrids. Usually the male anther is brushed onto the 
female stigma, and the pollinated flower is covered to prevent pollination 
from other plants. This also reduces genetic diversity if used breed a 
population of plants with the same set of desirable traits. 

• Artificial selection also increases the risk of undesirable 
characteristics being passed on making recessive genetic diseases 
becoming more common. 

 
9.3.5.2 Cloning 
 

• Produces genetically identical genes, cells or whole organisms. One 
disadvantage is that what kills one, kills all. 
 

• Plants: For many years’ plants have been cloned by cuttings and 
grafting techniques. Today, cloning plants through tissue culture is 
much easier than animals, as plant cells have the ability to 
differentiate into different cell types.  

• This is done through using plant hormones to rapidly divide the 
cells, and then to differentiate the cells (leaf, root.. cells). Then the 
cells are grown in sterile conditions to prevent infections. 
 

• Animals: Somatic cell nuclear transfer is used. 



 

 

 

9.3.5.3 Transgenic Species 
 

• Transgenic species are created by taking a gene from one species 
and inserting it into another species. The desired gene is chosen 
because it will enable the transgenic organism to produce a 
different protein and thus a desirable phenotype. 

• Processes: Recombinant DNA technology use special enzymes 
called restriction endonucleases (gene scissors) to cut DNA in 
specific parts, the annealing is done through matching sticky ends of 
two cut strands together, and Ligases repair and strengthen DNA 
(after it has been cut).  

• Polymerase chain reaction (enzyme) is then used to produce 
multiple copies of the extracted gene. The gene is then inserted into 
the DNA of the host species by: 

• Plasmids: are rings of DNA taken out from bacteria which can insert 
themselves into the DNA of eukaryotic cells (mostly used for plants). 
A section of the plasmid is cut, then the desired gene (previously 
cut) is inserted into the plasmid by enzyme ligase.  

Stimulate the egg to divide, then 
culture the cells into a ball of 
cells (embryo). Then implant ball 
of cells into uterus of surrogate 
mother. 



 

 

• The plasmid goes 
back into the 
bacterium which is 
used to insert the 
gene into the 
chromosome of a 
cultured organism. 

• Microinjection: is 
for both animals 
and plants. DNA is 
absorbed into 
liposomes (hollow 
fatty molecules) 
and then injected 
into a cell, where 
some may be 
incorporated into 
the cell’s genome. 

9.3.5.3 Transgenic 
Species – Ethical issues  
 

Benefits: produce more food (help feed starving people) 

• Fewer pesticides 

• Vegetables can survive transport better 

• Plants modified to grow in degraded soils 

• There is potential to treat diseases. 
 

Issues: Should this money be used in other more essential areas such as health 
or education? 

• Is it right to change living organisms for commercial gain? 

• Animal Example: Transgenic species of Sheep have been produced 
to improve the quality of their wool.  

• This is achieved through inserting a gene responsible for producing 
the amino acid cytesine into the sheep. This gene is introduced into 
the Sheep’s egg (to affect the whole organism) so that the offspring 
will grow being able to produce cytesine which improves the quality 
of wool.  

• This increases and promotes the production of sheep wool. 
 

• Plant Example: Bt crops are crops that are resistant to insect attack. 
This helps the environment as less pesticides are needed to keep 
the insects away.  

• These transgenic Bt crops are created by using Bt bacterium which 
produces chemicals that kill a few species of insects only.  

• This Bt gene is inserted into plants such as cotton and tomatoes etc. 
which produce the toxin continuously so are therefore more 
resistant to insect attack.  

• Although target insects have started to become resistant to the Bt 
toxins which is a concern. 

9.3.5.3 Genetic Engineering’s impact on Genetic Diversity 
 

• Genetic Engineering has the potential to introduce new genes into a 
population, and increase the genetic diversity.  Although a decrease 
can happen too. 
 

• Plant Example: Tomatoes have been genetically engineered to have 
a long shelf-life and excellent taste. These ‘superior’ tomatoes 
which are more successful will be grown more and more at the 
expense of other varieties. This will create a loss of genetic 
diversity. 

 

• Animal Example: Transgenic sheep have been genetically modified 
by the insertion of an extra copy of growth hormone gene. These 



 

 

• Are there any long term affects of consumption of these transgenic products 
and the long term affects on the ecosystem. 

• Is there danger in relying on just a few varieties? 

• Could biotechnology companies eventually control world food production? 

• Our use of Genetic engineering often decreases genetic diversity 
(biodiversity), which we need for our survival, and quality of life. So should 
we be destroying it? 

 

Eg. In Scandinavia transgenic strawberries have been made with a salmon gene 
to survive the cold. This could be an issue for a strict vegan/vegetarian.  

sheep usually grow larger, are leaner, and produce more milk and 
wool. This means these sheep are being made more popular and 
resulting in a loss of natural variation. 

 

• These techniques speed up the introduction of favourable traits, but 
at the expense of variation. This means what kills one, kills all. 



 

 

   
 
 
 

 

 


