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You will have noticed that some species are given both their 

common and scientific names. When a new species is discovered, 

it is given a scientific name using the binomial system that was 

developed by the Swedish scientist Linnaeus in the 18th century. 

Over 1.5 million species of animals, a quarter of a million flowering plant 

species, and thousands of other plants are known. There are also fungi, 

bacteria, and single-celled organisms. However, there are still areas like 

oceans and tropical forests that have not been fully explored. Scientists often 

divide or group described species together, with estimates of the total 

number ranging up to 100 million. Species form communities that interact 

with each other and their environment. 

Ecosystems 

An ecosystem is a community of organisms and their environment, including 

soil, dead leaves, water, air, rocks, and other factors. It is not entirely self-

contained, as organisms from different ecosystems interact. Ecosystems can 

be categorized on different scales, from small ponds to large open oceans. 

Complex ecosystems like tropical rainforests and coral reefs, to simple ones 

like sandy deserts, are examples of ecosystems. 

 

Habitat refers to the place a species lives within an ecosystem, while a 

niche is an organism's role within the ecosystem. It describes its 

location, energy source, and interactions with its environment and 

other species. Organisms have special adaptations for obtaining 

resources from their surroundings. Similar niches may be occupied by 

the same species or different ones. A complete description of an 

organism's niche is difficult due to the numerous interactions within 

the ecosystem. 

Biodiversity 

Biodiversity can be defined as the degree of variation of life forms in an 

ecosystem. This is usually taken to include diversity at three levels:  

■ ■ the variation in ecosystems or habitats  

■ ■ the number of different species in the ecosystem and their relative abundance  

■ ■ the genetic variation within each species. 

Some areas of the world have very high biodiversity. These areas have many endemic species – that is, species that 

are only found in these areas and nowhere else (Figure 18.4). 
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Species diversity  

The number of species in a community is known as species richness. 

Species diversity is the ratio of species richness to the even distribution of 

organisms among different species. High diversity is crucial for ecosystem 

stability and resistance to change. Some ecosystems are dominated by one or 

two species, while others are rare. The tropics are important for biodiversity 

due to their low-elevation living conditions and high light intensity. For 

example, Central America has 1500 bird species, while Canada has 300. 

Genetic diversity 

Genetic diversity refers to the variation in alleles within a species' genes. It can 

be assessed by determining the proportion of different alleles and the number 

per gene. This diversity is evident in cultivated plants and domesticated 

animals, as well as in natural populations. It helps populations adapt to biotic 

and abiotic factors, such as competition, disease resistance, and temperature 

changes. 

Assessing species diversity  

Collecting organisms and making species lists  

Imagine you are in an ecosystem like that in Figure 18.6. The most obvious 

species are the large plants and maybe some of the larger animals, 

particularly bird species. 

Biologists use identification keys to name organisms they find, such as 

drawings or photographs. The most common is a dichotomous key, which 

requires good observation skills. To identify species, start with a timed search 

and then take photographs. For small animals, use a pooter to collect them, 

which can be studied and identified using a hand lens before returning them 

to their habitat. 

There are now two questions to ask: how are the different species spread 

throughout the ecosystem and how many individuals of each species are 

there? The answers to these two questions describe what we call distribution 

and abundance. 

Sampling 

We can sometimes do this if the area is very small, or the species are very 

large. But it is only rarely possible. Instead, we take samples from the area we 

are interested in, and use these to make an estimate of the total numbers in 

the area. 

Sampling can be random or systematic. If an area looks reasonably uniform, or 

if there is no clear pattern to the way species are distributed, then it is best to 

use random sampling. 

Random sampling using quadrats 

A quadrat is a square frame used to identify species and measure their 

abundance. To avoid bias, samples must be taken randomly from the area with 
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the fewest species. Marking the area with measuring tapes and using a 

random number generator, such as a mobile app, ensures randomness. The 

random numbers provide the sampling points' coordinates. 

You can use your results in two different ways: to calculate species 

frequency and species density. 

You can use your results in two different ways: to calculate species frequency 

and species density. 

To count individual plants and animals, estimate the percentage cover of 

each species within a quadrat on a lawn. Use a 100 cm x 100 cm quadrat with 

wires running 10 cm intervals in each direction, dividing it into 100 smaller 

squares. Estimate the percentage of the area occupied by each species, as 

percentages may not add up to 100% due to bare ground or plants overlying 

each other. An alternative is using an abundance scale like the Braun-

Blanquet scale. 

 

 

 

 

 

 

 

Estimating numbers of mobile animals 

Quadrats are not suitable for finding or counting mobile animals, so 

alternative methods are used. Small mammals can be caught in traps 

filled with hay and food, while insects and invertebrates can be 

captured using sweep netting. Pond nets are used for sampling aquatic 

organisms. Single birds can be counted easily, but flocks of birds are 

more difficult. The mark-release recapture technique is a good method 

for estimating the population size of mobile organisms. It involves 

catching and marking individuals, allowing them to mix with the rest of 

the population, and then calculating the proportion of marked to 

unmarked individuals. 

Simpson’s Index of Diversity  

When you have collected information about the abundance of the species in the area you are studying, you can 

use your results to calculate a value for the species diversity in that area. We can do this using Simpson’s Index of 

Diversity, D. One formula for this is: 
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Systematic sampling 

The line transect technique is a method of sampling organisms along a straight line to investigate changes in 

physical conditions like altitude, soil moisture content, soil type, pH, exposure, or light intensity. This method 

records the identity of organisms that touch the line at set distances, providing qualitative data. The belt transect 

technique involves placing a quadrat at regular intervals along the line, recording the abundance of each species 

within the quadrat. 

 

Correlation 

Observe plant species appearing together during random sampling or belt transects. Determine if there's an 

association between species distribution and abiotic factors like light, temperature, soil water content, or salinity. 

Plot scatter graphs or calculate a correlation coefficient to assess the strength of the relationship. 

 

The strongest correlation you can have is when all the points lie on a straight line: there is a linear correlation. 

Pearson’s correlation coefficient can only be used where you can see that there might be a linear correlation (a 

and c in Figure 18.13) and when you have collected quantitative data as measurements (for example, length, 

height, depth, light intensity, mass) or counts (for example, number of plant species in quadrats). 
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If so, then you can calculate Spearman’s rank correlation coefficient, which involves ranking the data recorded for 

each variable and assessing the difference between the ranks. 

To find out if there is a relationship between the percentage cover of these two species, the first task is to make a 

null hypothesis that there is no correlation between the percentage cover of the two species. 

 

Pearson’s linear correlation 

Pearson's correlation coefficient is used when data for two 

continuous variables shows a normal distribution. The test can 

be done using a spreadsheet and involves checking if the 

relationship between the two variables is linear. The strength 

of association between variables depends on the distance from 

the scatter of points. For correlation purposes, the data must 

show a normal distribution. A student measured the width of 

cracks in pine trees and found a correlation between tree size 

and crack width. She collected continuous data for tree 

circumference and crack width, and investigated the 

relationship using twelve randomly selected trees. 

The student plotted these results on a scatter graph and found 

that they look as if there might be a linear correlation between 

them. She then used the following formula to calculate 

Pearson’s correlation coefficient, r. 

 

Classification 

Huge number of different kinds of organisms living on Earth, biologists have always wanted to arrange them into 

groups, a process called classification.  

Taxonomy is the study and practice of classification, which involves placing organisms in a series of taxonomic 

units, or taxa (singular: taxon). In biological classification, these taxa form a hierarchy. Each kind of organism is 

assigned to its own species, and similar species are grouped into a genus (plural: genera). Similar genera are 

grouped into a family, families into an order, orders into a class, classes into a phylum (plural: phyla) and phyla 

into a kingdom. The domain is at the top of this hierarchical system. Table 18.4 shows how African bush elephants 

and hibiscus plants (Figure 18.14) are classified. 
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Three domains 

Biologists traditionally divided organisms into prokaryotes and 

eukaryotes based on cell structure. In the 1970s, prokaryotes 

were discovered in extreme environments, such as hot springs, 

and their genes coding for ribosome RNA were more similar to 

eukaryotes. This led to the introduction of a new taxon, the 

domain, to reflect the differences between these extremophiles 

and typical bacteria. Prokaryotes are divided into Bacteria and 

Archaea, while eukaryotes are placed in Eukarya. Archaea have 

more similarities with Eukarya than Bacteria, and it is believed 

that they separated early in life evolution. 

Domain Bacteria  

Bacteria are prokaryotic as their cells have no nucleus. They are all small 

organisms that vary in size between that of the largest virus and the 

smallest single-celled eukaryote. The characteristic features of bacteria 

are:  

■ ■ cells with no nucleus  

■ ■ DNA exists as a circular ‘chromosome’ and does not have histone 

proteins associated with it  

■ ■ smaller circular molecules of DNA called plasmids are often present  

■ ■ no membrane-bound organelles (such as mitochondria, endoplasmic 

reticulum, Golgi body, chloroplasts) are present  

■ ■ ribosomes (70 S) are smaller than in eukaryotic cells  

■ ■ cell wall is always present and contains peptidoglycans (not cellulose)  

■ ■ cells divide by binary fission, not by mitosis  

■ ■ usually exist as single cells or small groups of cells. 

Look at Figure 1.30 on page 21 to remind yourself of these features and to see how prokaryotic cell structure differs from that 

of eukaryotes. There are electron micrographs of two pathogenic species of bacteria in Chapter 10. Figure 18.16 shows the 

cyanobacterium Nostoc. 
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Domain Archaea  

Archaeans are also prokaryotic as their cells have no nucleus. Their range of size is similar to that of bacteria. Many inhabit 

extreme environments (Figure 18.17). The characteristic features of archaeans are:  

■ ■ cells with no membrane-bound organelles  

■ ■ DNA exists as a circular ‘chromosome’ and does have histone proteins associated with it  

■ ■ smaller circular molecules of DNA called plasmids are often present  

■ ■ ribosomes (70 S) are smaller than in eukaryotic cells, but they have features that are similar to those in eukaryotic 

ribosomes, not to bacterial ribosomes  

■ ■ cell wall always present, but does not contain peptidoglycans  

■ ■ cells divide by binary fission, not by mitosis  

■ ■ usually exist as single cells or small groups of cells. 

Domain Eukarya  

All the organisms classified into this domain have cells with nuclei and membrane-bound organelles. Their characteristic 

features are:  

■ ■ cells with a nucleus and membrane-bound organelles  

■ ■ DNA in the nucleus arranged as linear chromosomes with histone proteins  

■ ■ ribosomes (80 S) in the cytosol are larger than in prokaryotes; chloroplasts and mitochondria have 70S ribosomes, like 

those in prokaryotes.  

■ ■ chloroplast and mitochondrial DNA is circular as in prokaryotes  

■ ■ a great diversity of forms: there are unicellular (Figure 18.18), colonial (Figure 18.19) and multicellular organisms  

■ ■ cell division is by mitosis  

■ ■ many different ways of reproducing – asexually and sexually. 
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Kingdom Protoctista  

The Protoctista is made up of a very diverse range of eukaryotic 

organisms, which includes those that are often called protozoans 

(‘simple animals’) and algae, such as seaweeds. Any eukaryote 

that is not a fungus, plant or animal is classified as a protoctist 

(Figures 18.18 and 18.19). The characteristic features of 

protoctists are:  

■ ■ eukaryotic  

■ ■ mostly single-celled, or exist as groups of similar cells  

■ ■ some have animal-like cells (no cell wall) and are sometimes 

known as protozoa  

■ ■ others have plant-like cells (with cellulose cell walls and 

chloroplasts) and are sometimes known as algae. 

Kingdom Fungi  

Fungi have some similarities with plants, but none of them is able 

to photosynthesise. 

Characteristic features of fungi are:  

■ ■ eukaryotic  

■ ■ do not have chlorophyll and do not photosynthesise   

■ ■ heterotrophic nutrition – they use organic compounds made by 

other organisms as their source of energy and source of molecules for 

metabolism  

■ ■ reproduce by means of spores (Figure 18.20)  

■ ■ simple body form, which may be unicellular or made up of long 

threads called hyphae (with or without cross walls) (Figure 18.21); large 

fungi such as mushrooms produce large compacted masses of hyphae 

known as ‘fruiting bodies’ to release spores  

■ ■ cells have cell walls made of chitin or other substances, not 

cellulose  

■ ■ never have cilia or flagella. 
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Kingdom Plantae  

Plantae (plants) are all multicellular photosynthetic organisms (Figures 

18.22 and 18.23). They have complex bodies that are often highly 

branched both above and below ground. Characteristic features of plants 

are:  

■ ■ multicellular eukaryotes with cells that are differentiated to form 

tissues and organs  

■ ■ few types of specialised cells  

■ ■ some cells have chloroplasts and photosynthesise (Figures 1.28 and 

1.29, pages 20 and 21)  

■ ■ cells have large, often permanent vacuoles for support  

■ ■ autotrophic nutrition  

■ ■ cell walls are always present and are made of cellulose  

■ ■ cells may occasionally have flagella – for example, male gametes in 

ferns. 

Kingdom Animalia  

The Animalia are multicellular organisms that are all heterotrophic with 

many ways of obtaining their food. There is a great diversity of forms 

within this kingdom (Figure 18.24). The nervous system is unique to the 

animal kingdom. Characteristic features of animals are:  

■ ■ multicellular eukaryotes with many different types of specialised 

cells  
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■ ■ cells that are differentiated to form tissues and organs  

■ ■ cells do not have chloroplasts and cannot photosynthesise (although 

some, such as coral polyps have photosynthetic protoctists living within 

their tissues)  

■ ■ cell vacuoles are small and temporary (for example, lysosomes and food 

vacuoles)  

■ ■ heterotrophic nutrition  

■ ■ cells do not have cell walls  

■ ■ communication is by the nervous system (Chapter 15)  

■ ■ cells sometimes have cilia or flagella 

Viruses 

Viruses are microorganisms with acellular structures, visible only with 

electron microscopes. They have proteins and nucleic acids found in all 

cellular organisms, but they are not considered living organisms. When 

infected, they use the host cell's biochemical machinery to copy nucleic acids 

and proteins, often leading to cell destruction. The taxonomic system for 

classifying viruses is based on diseases they cause, the type of nucleic acid 

they contain (DNA or RNA), and whether the nucleic acid is single-stranded 

or double-stranded. 

 

Threats to biodiversity  

Biodiversity is under threat in many aquatic and terrestrial ecosystems as the 

human population continues to increase and we take more resources from 

the environment and produce increasing quantities of waste. 

There are five major threats to biodiversity:  

■ ■ habitat loss and the degradation of the environment  

■ ■ climate change  

■ ■ excessive use of fertilisers and industrial and domestic forms of pollution 

■ ■ the overexploitation and unsustainable use of resources  

■ ■ the effects of invasive alien species on native species, especially endemics. 
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The destruction of the natural environment leads to habitat loss. 

Consequently, many species of plant and animal either lose their habitats 

completely or their habitats become divided into small areas; this is 

known as habitat fragmentation. 

Deforestation has had a devastating effect on the biodiversity of some 

countries. Madagascar, famed for its unique plant and animal life, has lost 

almost all of its natural forest. 

he response to the steep decrease in large, predatory species is to fish 

further down the food chain taking smaller fish that other animals, such 

as marine mammals and sea birds, depend upon. Fishing is just one 

example of the overexploitation of resources. 

 Pollution is a major threat to many ecosystems. In many countries, 

industrial and domestic waste is processed to reduce its impact on the 

environment. 

Animals like dolphins and turtles die from discarded fishing nets and 

plastic bags. Unabsorbed fertilizers from farmland drain into rivers and 

seas, leading to algae growth, toxic substances, and unbalanced food 

webs. Acid rain from high sulfur fuel combustion destroys vegetation and 

aquatic ecosystems, reducing biodiversity. Many ecosystems are still at 

risk from acid rain, as few animals can survive in low pH waters. 

Industrialisation and the extraction and combustion of fossil fuels 

have also led to an increase in the concentrations of carbon dioxide 

and methane in the atmosphere. These are both greenhouse gases. 

High emissions of methane are associated with cattle and rice 

farming and the breakdown, under anaerobic conditions, of organic 

waste in landfill sites. The build-up of greenhouse gases is leading to 

climate change. 

Why does biodiversity matter?  

Moral and ethical reasons  

For many people, the loss of biodiversity is a simple moral or ethical 

issue: we share our planet with a huge range of other organisms and 

we have no right to drive them to extinction. Some people believe 

that humans have custody of the Earth and should therefore value 

and protect the organisms that share the planet with us. 

Ecological reasons 

Biodiversity is crucial for ecosystems as it helps balance them and prevent unbalanced changes due to threats like 

pollution. Humans rely on ecosystems for various purposes, such as using drugs from living organisms like fungi 

and bacteria. For example, antibiotics are isolated from plants like the Madagascan periwinkle and the Pacific yew 

tree. However, over-harvesting and fuel collection threaten these plants. Currently, there is interest in cataloguing 

plants used in traditional Chinese and Indian medicines to develop mass-produced drugs. 
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Aesthetic reasons  

There is an aesthetic argument for maintaining biodiversity. Many people gain pleasure from studying or just 

appreciating the natural world, which continues to provide much inspiration for artists, photographers, poets, 

writers and other creative people 

Social and commercial reasons 

Our crop plants lack genetic diversity due to selective breeding for uniform, high-yielding crops. Wild relatives of 

maize, such as Oryza longistaminata, grow in Mexico and can provide genetic resources for cultivated maize. 

However, these wild relatives are threatened by climate change, habitat destruction, and genetically modified 

crops. For example, Oryza longistaminata, a rice species in Mali, is resistant to bacterial blight but not suitable for 

cultivation. Potatoes, a potato crop, are vulnerable to diseases like potato blight, but the International Potato 

Center has used Andean potato species for resistance. Microorganisms, such as Taq polymerase, are also 

important for antibiotics and other useful products. 

Other services  

Ecosystems provide services for us. Forests and peat bogs absorb carbon dioxide and may help to reduce the effect 

of increases in carbon dioxide in the atmosphere. Organic waste material added to waters is broken down by 

microorganisms. The transpiration of plants contributes to the water cycle providing us with drinking and irrigation 

water. 

Protecting endangered species 

Endangered species are threatened with extinction and can be 

protected by maintaining their natural habitat and providing life 

support systems. Public awareness often focuses on individual species 

or groups, but conservation is crucial for whole ecosystems 

threatened by development, such as tropical rainforests and rare 

ecosystems like karst limestone. 

National parks  

Most countries now set aside areas where wildlife and the 

environment have some form of protection, and where the activities 

of humans are limited. For example, conservation areas may be set 

up where there are strict limits on building, grazing farm animals, 

hunting or other activities that might adversely affect animals and 

plants that live there. 

Zoos 

Zoos offer visitors the opportunity to study and observe endangered 

and vulnerable species, and have successfully implemented captive 

breeding programs to reintroduce animals to their natural habitats. 

However, inbreeding is a challenge in breeding small populations, as 

seen with the cheetah, a vulnerable species with low genetic 

diversity. Maintaining genetic diversity is crucial for species 

conservation, such as the cheetah. 

Zoos play a crucial role in research, particularly in understanding breeding habits, habitat requirements, and 

genetic diversity. The Zoological Society of London (ZSL) has a significant research program. Captive breeding aims 

to reintroduce animals to their natural habitats, but this can be challenging due to various factors. For example, 

the Emperor Valley Zoo in Trinidad successfully reintroduced blue-and-gold macaws to the Nariva Swamp. 
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However, some animals refuse to breed in captivity, and some, like the giant panda, struggle to adapt to their new 

environment. Despite a captive breeding program starting in 1963, no panda has been successfully returned to the 

wild. 

 

 

Assisted reproduction  

Assisted reproduction is a solution to the problem of inbreeding. Zoos used to 

transport large mammals between them as part of their captive breeding 

programmes. Movement of large mammals is difficult and expensive and 

breeding did not always happen. A much cheaper option is to collect semen and 

keep it frozen in a sperm bank.  

A ‘frozen zoo’, such as the one at the San Diego Zoo, holds genetic resources in 

the form of sperm, eggs and embryos from many endangered and vulnerable 

species until they might be needed. Frozen zoos can hold much more genetic 

diversity than a normal zoo and the material can be kept for very long periods 

of time  

Problems of successful conservation 

Culling is a controversial practice used to control population growth, 

particularly in elephants. Between 1966 and 1994, over 16,000 elephants were 

culled in Kruger National Park, South Africa. Alternative methods include birth 

control, such as sedating male wild mammals and cutting sperm ducts. 

Chemical contraceptives, like a vaccine targeting the zona pellucida, stimulate 

an immune response, blocking sperm from fertilizing eggs, with a 90% success rate in mammals. 

Botanic gardens  

Botanic gardens play similar roles to zoos for endangered plants. Seeds or cuttings are collected from species 

in the wild and then used to build up a population of plants from which, one day, some plants may be reintroduced 

to their natural habitats. 
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The roles of botanic gardens are to:  

■ ■ protect endangered plant species; the world’s botanic gardens already 

cultivate around one-third of the world’s known plant species, many of which 

are increasingly threatened in the wild by environmental degradation and 

climate change  

■ ■ research methods of reproduction and growth so that species cultivated in 

botanic gardens can be grown in appropriate conditions and be propagated  

■ ■ research conservation methods so plants can be introduced to new 

habitats if their original habitat has been destroyed  

■ ■ reintroduce species to habitats where they have become very rare or 

extinct  

■ ■ educate the public in the many roles of plants in ecosystems and their 

economic value 

The Svalbard Global Seed Vault is a seed bank in Norway, located in the Arctic 

Circle. It holds over 770,000 seed samples from various crop varieties 

worldwide. The vault is open only in winter, and if seeds are lost due to 

environmental disasters, duplicate samples will remain available. The 

depositing seed bank owns its seeds, and research organizations must apply to 

the original seed bank for use. The storage of seeds is free of charge, with costs 

covered by the Norwegian government and the Global Crop Diversity Trust. 

Recalcitrant seeds, such as rubber, coconut palm, coffee, and cocoa, are 

difficult to store due to their large seeds and embryos. The vault 

helps maintain genetic diversity in crop plants. 
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Controlling alien species  

Alien or invasive species have moved from one ecosystem to another, often 

introduced by humans through trade or unknowingly carried on ships. Some 

species have been introduced as biological control agents, such as the Indian 

mongoose Herpestes auropunctatus, which was introduced to Jamaica in 1872. 

However, it has since become a predator of other animals. The cane toad, 

introduced to Queensland, Australia, has become a pest due to its rapid 

breeding and spread across the country. Other alien species are escapees or 

animals introduced for sport, such as rabbits, Burmese pythons, and the red 

lionfish. These species have caused significant loss of biodiversity, making it 

difficult to conserve endangered species in these areas. Efforts to remove 

pythons have failed, and efforts to stop their population increasing have failed. 

International conservation organisations  

CITES  

In 1973, 145 countries signed an agreement to control the trade in endangered 

species and any products from them, such as furs, skins and ivory. More 

countries have joined since. This agreement is called the Convention on 

International Trade in Endangered Species of Wild Flora and Fauna, CITES for 

short.  

  

 

 

 

 

 

 

 

 

CITES assigns endangered and vulnerable species to one of three 

Appendices, reviewed by expert committees. The list is growing, but 

there's concern that listing doesn't always benefit a species. Illegal 

trade can increase product prices, making it worthwhile to break the 

law. Problems arise when species are announced in advance. 
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Worldwide Fund for Nature  

The Worldwide Fund for Nature (WWF) is one of the best known 

campaigning groups for wildlife. Established in 1961, WWF is the largest 

international non-governmental organisation (NGO) specialising in 

conservation. Its mission statement is ‘to stop the degradation of the 

planet’s natural environment and to build a future in which humans live in 

harmony with nature’ 

Restoring degraded habitats  

Conservation involves restoring areas that have been degraded by human 

activity or by natural catastrophes, such as flood, fire, hurricane, typhoon 

and earthquake. This can be done on a small scale when a farmer decides 

to plant trees on land that is no longer needed for food production or has 

become degraded by overuse. 

Haiti is restoring forests after centuries of deforestation and 

land degradation, with 70% of the land unsuitable for agriculture 

and a shortage of firewood. NGOs and community groups are 

working on tree planting projects. The Eden Project in Cornwall, 

UK, educates people about plant biodiversity and conservation, 

highlighting the importance of conserving plants for their 

ecological and economic benefits. 
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Chapter 19: Genetic technology 
Genetic engineering  

The aim of genetic engineering is to remove a gene (or genes) from one organism and transfer it into another so 

that the gene is expressed in its new host. The DNA that has been altered by this process and which now contains 

lengths of nucleotides from two different organisms is called recombinant DNA (rDNA). 

 

An overview of gene transfer There are many different ways in which a GMO may be produced, but these steps are 

essential.  

1 The gene that is required is identified. It may be cut from a chromosome, made from mRNA by reverse 

transcription or synthesised from nucleotides.  

2 Multiple copies of the gene are made using the technique known as the polymerase chain reaction (PCR).  

3 The gene is inserted into a vector which delivers the gene to the cells of the organism. Examples of vectors are 

plasmids, viruses and liposomes.  

4 The vector takes the gene into the cells.  

5 The cells that have the new gene are identified and cloned. 

To perform these steps, the genetic engineer needs a ‘toolkit’ consisting of:  

■ ■ enzymes, such as restriction endonucleases, ligase and reverse transcriptase  

■ ■ vectors, including plasmids and viruses  

■ ■ genes coding for easily identifiable substances that can be used as markers. 

Tools for the gene technologist  

Restriction enzymes  

Restriction endonucleases are a class of enzymes from bacteria which recognise and break down the DNA of 

invading viruses known as bacteriophages (phages for short). Bacteria make 

enzymes that cut phage DNA into smaller pieces. These enzymes cut the 

sugar–phosphate backbone of DNA at specific places within the molecule. This 

is why they are known as endonucleases (‘endo’ means within). Their role in 

bacteria is to restrict a viral infection, hence the name restriction 

endonuclease or restriction enzyme. 

Restriction enzymes cut specific sequences of bases on DNA, protecting it 

from attack by chemical markers or not having the target sites. These sites are 

specific sequences of bases, such as GGATCC on one strand and CCTAGG on 

the other. Restriction enzymes can cut straight across the sugar-phosphate 

backbone or staggered for sticky ends. To find the specific piece of DNA 

required, gel electrophoresis and gene probes are used, and polymerase chain 

reaction (PCR) can be used for multiple copies. 
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Vectors  

Inserting a gene into a plasmid vector In order to get a new gene into a 

recipient cell, a go between called a vector often has to be used. One 

type of vector is a plasmid (Figure 19.3). Th ese are small, circular pieces 

of double-stranded DNA (page 114). Plasmids occur naturally in bacteria 

and often contain genes for antibiotic resistance. 

Th e circular DNA of the plasmid is cut open using a restriction enzyme 

(Figure 19.4). Th e same enzyme as the one used to cut out the gene 

should be used, so that the sticky ends are complementary. 

 

 

 

 

http://www.focuscollege.lk/


www.focuscollege.lk +94 74 213 6666
   

20 
 

Bacterial plasmids can be modified to produce good vectors. Plasmids can also be made artificially. For example, 

the pUC group of plasmids have:  

■ ■ a low molecular mass, so they are readily taken up by bacteria  

■ ■ an origin of replication so they can be copied  

■ ■ several single target sites for different restriction enzymes in a short length of DNA called a polylinker  

■ ■ one or more marker genes, allowing identification of cells that have taken up the plasmid. 

Getting the plasmids into bacteria  

The next step in the process is to get bacteria to take up the plasmids. The bacteria are treated by putting them 

into a solution with a high concentration of calcium ions, then cooled and given a heat shock to increase the 

chances of plasmids passing through the cell surface membrane. 

Identifying bacteria with recombinant DNA  

It is important to identify which bacteria have been successfully transformed so that they can be used to make the 

gene product. This used to be done by spreading the bacteria on agar plates each containing an antibiotic. 

Insulin production  

One form of diabetes mellitus is caused by the inability of the pancreas to produce insulin (Chapter 14). Before insulin 

from GM bacteria became available, people with this form of diabetes were treated with insulin extracted from the 

pancreases of pigs or cattle. In the 1970s, biotechnology companies began to work on the idea of inserting the gene 

for human insulin into a bacterium and then using this bacterium to make insulin.  

They tried several different approaches, finally succeeding in the early 1980s. This form of human insulin became 

available in 1983. The procedure involved in the production of insulin is shown in Figure 19.5. 

There were problems in locating and isolating the gene coding for human insulin from all of the rest of the DNA in a 

human cell. Instead of cutting out the gene from the DNA in the relevant chromosome, researchers extracted mRNA 

for insulin from pancreatic β cells, which are the only cells to express the insulin gene. These cells contain large 

quantities of mRNA for insulin as they are its only source in the body.  

The mRNA was then incubated with the enzyme reverse transcriptase which comes from the group of viruses called 

retroviruses (Chapter 10, page 206). As its name suggests, this enzyme reverses transcription, using mRNA as a 

template to make single stranded DNA. These single-stranded DNA molecules were then converted to double-

stranded DNA molecules using DNA polymerase to assemble nucleotides to make the complementary strand.  
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Other genetic markers 

Antibiotic resistance genes are being used as markers to identify bacteria that could spread to other bacteria, 

potentially leading to untreatable diseases. This is due to the risk of creating pathogenic bacteria. Instead, enzymes 

that produce fluorescent substances, such as GFP from jellyfish, can be used to identify the bacteria that have taken 
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up the plasmid. Another marker is the enzyme β-glucuronidase (GUS), which can 

transform cells into colored or fluorescent products when incubated with specific 

colorless or non-fluorescent substrates. This method is particularly useful in detecting 

the activity of inserted genes in plants. 

Promoters 

Bacteria contain numerous genes that produce various proteins, but not all are 

activated simultaneously. They only produce proteins required in their growing 

conditions. The expression of genes is controlled by a promoter, a region of DNA 

where RNA polymerase binds. The insulin gene was inserted next to the β-

galactosidase gene, and switched on when the bacterium needed to metabolize 

lactose. The promoter allows RNA polymerase to bind to DNA and recognizes the 

template strand. In eukaryotes, transcription factors are required to bind to the 

promoter region or RNA polymerase before transcription begins. 

Gel electrophoresis  

Gel electrophoresis is a technique that is used to separate different molecules. It is 

used extensively in the analysis of proteins and DNA. 

The movement of charged molecules within the gel in response to the electric field 

depends on a number of factors. The most important are:  

■ ■ net (overall) charge – negatively charged molecules move towards the anode (+) 

and positively charged molecules move towards the cathode (–); highly charged 

molecules move faster than those with less overall charge  

■ ■ size – smaller molecules move through the gel faster than larger molecules  

■ ■ composition of the gel – common gels are polyacrylamide for proteins and 

agarose for DNA; the size of the ‘pores’ within the gel determines the speed with 

which proteins and fragments of DNA move. 

Electrophoresis of proteins  

The charge on proteins is dependent on the ionisation of the R groups on the 

amino acid residues. You will remember from Chapter 2 that some amino 

acids have R groups that can be positively charged (−NH3+) and some have R 

groups that can be negatively charged (−COO−). Whether these R groups are 

charged or not depends on the pH. 

Electrophoresis of DNA  

DNA fragments carry a small charge thanks to the negatively charged 

phosphate groups. In DNA electrophoresis, these fragments move through 

the gel towards the anode. Th e smaller the fragments, the faster they move. 

We will look at an example: the use of genetic profi ling (fi ngerprinting) in 

forensic science. Figure 19.10 shows how genetic profi ling is carried out. 
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Polymerase chain reaction  

The polymerase chain reaction, generally known as PCR, is used in almost 

every application of gene technology. It is a method for rapid production of a very large number of copies of a 

particular fragment of DNA. Virtually unlimited quantities of a length of DNA 

can be produced from the smallest quantity of DNA (even one molecule).  
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Th e three stages in each round of copying need different temperatures.  

■ ■ Denaturing the double-stranded DNA molecules to make single-stranded ones requires 

a high temperature, around 95 °C.  

■ ■ Attaching the primers to the ends of the single stranded DNA molecules (known as 

annealing) requires a temperature of about 65 °C.  

■ ■ Building up complete new DNA strands using DNA polymerase (known as elongation) 

requires a temperature of around 72 °C. Th e DNA polymerases used for this process come 

from microorganisms that have evolved to live in hot environments. 

Microarrays 

Microarrays are a valuable tool for studying genes in an organism's genome and identifying 

their expression within cells. They are based on a small piece of glass or plastic with short 

single-stranded DNA attached in a two-dimensional pattern. Researchers can search 

databases to find DNA probes for a wide range of genes. Automated processes apply probes 

to positions on the microarray, allowing for the analysis of genomic DNA. Microarrays can 

also be used to compare genes in two different species by collecting DNA fragments, 

denatured, and labeled with fluorescent tags. Hybridization occurs when DNA fragments are 

complementary to the probes, with green and red fluorescent spots indicating 

that one species has hybridized with the probes. 

Microarrays detect genes expressed at specific times in cells, allowing for 

comparison of active genes. They convert mRNA into cDNA using reverse 

transcriptase, labeled with fluorescent tags, and hybridized with probes on the 

microarray. Spots on the microarray indicate genes being transcribed, and the 

intensity of light emitted indicates the activity level of each gene. This 

information is changing the way cancer treatments are treated, revealing the 

differences between cancer cells and non-cancerous ones. 

Bioinformatics  

Research into the genes that are present in diff erent organisms and the 

genes that are expressed at any one time in an organism’s life generates 

huge quantities of data. As we have seen, one DNA chip alone may give 10 

000 pieces of information about the presence and absence of genes in 

genomes or the activity of genes within cells.  

Bioinformatics is a field that merges biological data with computer 

technology and statistics, creating databases that store gene sequences, 

complete genomes, amino acid sequences of proteins, and protein 

structures. These databases facilitate the collection and analysis of this 

vast amount of information, allowing access via the internet. Databases 

that specialize in specific types of information, such as DNA sequences and 

protein structures, are essential for this process. In 2014, these databases 

held over 6 × 1011 base pairs, equivalent to 200 human genome 

equivalents. Databases like Ensembl, UniProt, and BLAST help researchers 

compare primary biological sequence information and find similarities 

between sequences. Comparing genomes with other organisms, such as 

fruit flies, nematodes, and malarial parasites, allows researchers to explore 

the effects of genes and proteins on development. 
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Genetic technology and medicine  

Genetic technology allows products specific to humans to be 

made. We have already looked at the advantages of producing 

human insulin by recombinant DNA techniques (page 466). Other 

human proteins are produced by similar techniques – for example:  

■ ■ human growth hormone  

■ ■ thyroid stimulating hormone  

■ ■ factor VIII – a blood clotting protein.  

Genetically modified hamster cells are used to produce factor VIII, a 

protein essential for blood clotting. The human gene for factor VIII is 

inserted into hamster kidney and ovary cells, which produce factor VIII. 

This protein is extracted and purified for treating haemophilia patients. 

The cabbage looper moth caterpillar also produces high yields of ADA, 

used to treat SCID. 

Some proteins are even produced by transgenic animals. Sheep and goats 

have been genetically modified to produce human proteins in their milk:  

■ ■ human antithrombin is produced by goats – this protein is used to stop 

blood clotting  

■ ■ human alpha-antitrypsin is produced by sheep – this is used to treat 

people with emphysema 

Genetic screening 

Genetic screening is the analysis of a person's DNA to check for a specific 

allele, which can be done in adults, fetuses, or embryos. For example, an 

adult woman with a family history of breast cancer may be screened for faulty alleles of genes Brca-1 and Brca-2, 

increasing her risk of developing breast cancer. In 1989, pre-implantation genetic diagnosis (PGD) was created. 

Gene therapy  

Gene technology and our rapidly increasing knowledge of the positions of particular genes on our chromosomes 

have given us the opportunity to identify many genes that are responsible for genetic disorders such as sickle cell 

anaemia and cystic fibrosis. 

SCID is a genetic defect that prevents the immune system from producing the essential enzyme adenosine 

deaminase (ADA). To treat this, T-lymphocytes were removed and normal ADA gene alleles were introduced into 

them using a virus as a vector. However, this was not a permanent cure and regular transfusions were necessary. 

In 2000, four children with X-linked SCID developed leukemia due to using a retrovirus as a vector. Researchers 

have since used lentiviruses and the adeno-associated virus (AAV) as vectors, but these methods have limitations. 

This work on vectors has led to increasingly successful gene therapies in the last few years, including the following.  

■ ■ The eyesight of young men with a form of hereditary blindness, Leber congenital amaurosis, in which retinal 

cells die off gradually from an early age, has been improved.  

■ ■ The normal allele of the β-globin gene has been successfully inserted into blood stem cells to correct the 

disorder, β-thalassaemia. 
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■ Six people with haemophilia B (in which factor IX is missing) have at least seen 

their symptoms reduced.  

■ ■ Five children were successfully treated for SCID in 2013. We will look in 

more detail at the genetic disorder, cystic fibrosis, to illustrate some of the 

problems facing gene therapy.  

Cystic fibrosis  

Cystic fibrosis is a genetic disorder in which abnormally thick mucus is produced 

in the lungs and other parts of the body.  

A person with cystic fibrosis is very prone to bacterial infections in the lungs 

because it is difficult for the mucus to be removed, allowing bacteria to breed in 

it. 

This reduces the water potential below that of the cytoplasm of the cells. So 

water moves out of the cells by osmosis, down the water potential gradient. It 

mixes with the mucus there, making it thin enough for easy removal by the 

sweeping movements of cilia (Figure 19.19). However, in someone with cystic 

fibrosis, much less water moves out of the cells, so the mucus on 

their surfaces stays thick and sticky. The cilia, or even coughing, 

can’t remove it all.  

The CFTR gene  

The CFTR gene is found on chromosome 7 and consists of about 

250 000 bases. Mutations in this gene have produced several 

different defective alleles. The commonest of these is the result 

of a deletion of three bases. The CFTR protein made using the 

code on this allele is therefore missing one amino acid. The 

machinery in the cell recognises that this is not the right protein 

and does not place it in the cell surface membrane.  

Somatic and germ cell gene therapy  

Gene therapy involves introducing a ‘correct’ allele into a 

person’s cells as a treatment for a genetic disease. So far, all attempts to do this in humans have involved placing 

the allele in body cells, otherwise known as somatic cells. 

Genetic technology and agriculture  

Genetically modified plants  

Proteins for use in medicine can be produced from genetically modified plants, so avoiding any problem of 

contamination by animal proteins. Examples include vaccines, albumin and the proteins found in breast milk that 

are used to treat diarrhoea in infants. However, the vast bulk of genetically modified plants grown around the 

world are crop plants modified to be resistant to herbicides, such as glufosinate and glyphosate, or crops that are 

resistant to insect pests. 

Herbicide-resistant crops 

Oil seed rape, Brassica napus, is used in vegetable oil production, biodiesel fuel, lubricants, and animal food. A 

hybrid called canola is bred in Canada to produce low concentrations of undesirable substances. Gene technology 

has been used to produce herbicide-resistant strains, allowing fields to be sprayed after germination. Glyphosate, 
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an herbicide, inhibits an enzyme involved in amino acid synthesis, causing plant 

death. Tobacco has also been made resistant to herbicides like sulfonylurea and 

dinitroaniline, using genes from other plant species. 

The most likely detrimental effects on the environment of growing a herbicide-

resistant crop are that:  

■ ■ the genetically modified plant will become an agricultural weed  

■ ■ pollen will transfer the gene to wild relatives, producing hybrid offspring 

that are invasive weeds  

■ ■ herbicide-resistant weeds will evolve because so much of the same 

herbicide is used. 

Insect-resistant crops  

Another important agricultural development is that of genetically modified plants 

protected against attack by insect pests. 

Insect-resistant tobacco also exists, and is protected against the tobacco bud 

worm, but as yet it has not been grown commercially.  

The most likely detrimental effects on the environment of growing an insect-

resistant crop are:  

■ ■ the evolution of resistance by the insect pests  

■ ■ a damaging effect on other species of insects  

■ ■ the transfer of the added gene to other species of plant. 

Bttoxin, a toxin lethal to insects but harmless to other animals, has been taken 

from Bacillus thuringiensis. Crop plants with the Bt toxin gene produce 

insecticides, but insect populations can evolve resistance. In the USA, corn borers 

are resistant to Bttoxin, leading growers to plant up to 50% of their maize as non-genetically modified maize in 

"refuges." Bttoxin's pollen expresses the gene and disperses at least 60 meters by wind. Milkweed, a food source 

for monarch butterflies, is found in maize-growing areas. An experiment showed caterpillar survival after four days 

of pollen from Bt maize was 56%. However, further studies show this does not reflect the situation in the field. Bt 

maize may also pollinate its wild parent species, teosinte, transferring genes to it. 

Golden Rice  

Rice is a staple food in many parts of the world. Where people are poor and rice forms the major part of their diet, 

deficiency of vitamin A is a common and serious problem. Vitamin A deficiency can cause blindness. The World 

Health Organization estimates that as many as 500 000 children go blind each year as a result of vitamin A 

deficiency. Even more importantly, lack of vitamin A can cause an immune deficiency syndrome, and this is a 

significant cause of mortality in some parts of the world, particularly in children.  
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Genetically modified rice is being bred into other varieties to produce 

varieties with the same yield, pest resistance, and eating qualities as 

the original varieties. The International Rice Research Institute (IRRI) 

has collaborated with Bangladesh to create a pro-vitamin A enhanced 

('Golden') variety of Bangladesh's most popular rice variety. Research 

in China has shown that Golden Rice may be useful as a source of 

vitamin A to overcome vitamin A deficiency in rice-consuming 

populations. Despite the research, Golden Rice is not yet available to 

farmers and consumers due to national authorities approval. With 

funding from the Bill and Melinda Gates Foundation, Golden Rice 

seed will be made available in developing countries at no greater cost 

than white rice seed. 

Genetically modified animals  

Genetically modified animals for food production are  much rarer than crop plants. An example is the GM  Atlantic 

salmon, developed in the USA and Canada  (Figure 19.24). A growth-hormone regulating gene from  a Pacific 

Chinook salmon and a promoter from another  species of fish, an ocean pout, were injected into a  fertilised egg of 

an Atlantic salmon. By producing growth  hormone throughout the year, the salmon are able to  grow all year, 

instead of just in spring and summer. 

Social implications of using genetically modified organisms in food production  

Some genetically modified plants are grown in strict containment in glasshouses, but a totally different set of 

problems emerges when genetically engineered organisms such as crop plants and organisms for the biological 

control of pests are intended for use in the general environment. 

However, most objections are raised against the growth of herbicide-resistant or insect-resistant crops. The 

concerns about these genetically modified crops are as follows.  

■ ■ The modified crop plants may become agricultural weeds or invade natural habitats.  

■ ■ The introduced gene(s) may be transferred by pollen to wild relatives whose hybrid offspring may become 

more invasive.  

■ ■ The introduced gene(s) may be transferred by pollen to unmodified plants growing on a farm with organic 

certification. 
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 ■ ■ The modified plants may be a direct hazard to humans, domestic animals or other beneficial animals, by being 

toxic or producing allergies.  

■ ■ The herbicide that can now be used on the crop will leave toxic residues in the crop. 

■ ■ Genetically modified seeds are expensive, as is herbicide, and their cost may remove any advantage of growing 

a resistant crop.  

■ ■ Growers mostly need to buy seed each season, keeping costs high, unlike for traditional varieties, where the 

grower kept seed from one crop to sow for the next. 

 

■ In parts of the world where a lot of genetically modified crops are grown, there is a danger of losing traditional 

varieties with their desirable background genes for particular localities and their possibly unknown traits that 

might be useful in a world where the climate is changing. This requires a programme of growing and harvesting 

traditional varieties and setting up a seed bank to preserve them. 

Despite concerns, millions of hectares of genetically modified crops and 

trees are growing worldwide. In the USA, half of cotton, maize, and 

soya crops were genetically modified in 2011. China, Brazil, and India 

are also using these crops. However, Europe has strict controls, and 

protesters have organized. There is little evidence of genes escaping 

into the wild, superweeds reducing crop growth, or toxic or allergenic 

foods. The effect on human societies may be small but positive. 
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Revision questions 

1. The drawings illustrate the structure of six insects. 

 

Make a simple dichotomous key which could be used to identify the six insects. Use only the following features in 

your key: number of abdominal segments, wing number, wing size and shape, body shape, antennae, leg length. It 

may not be necessary to use all these features in your key. 
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2. Leaves consist of a leaf base which joins the stem near an axillary bud, a petiole and a leaf blade or lamina. 

Leaves may be simple or compound, when they are divided into leaflets. Devise a dichotomous key which would 

distinguish the following leaves. Only use features that are visible in the drawings in your key. 
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3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. 
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5. 

 

(b) Devise a dichotomous key which would distinguish the six species of tapeworms shown above. Only use 

features which you can see in the drawings 

6. (a)List two features shown by a bacterium such as Escherischia coli and a cyanobacterium, such as Nostoc, which 

place them both in the kingdom Prokaryotae. 

(b)List two features shown by Mucor (pin mould) and a mushroom which place them both in the kingdom Fungi. 

(c) List two features shown by a moss and a pine tree which place them both in the kingdom Plantae 

(d) Suggest two features which distinguish monocotyledonous plants from dicotyledonous plants. 

(e) Why are fishes, frogs and elephants classed together in the phylum Chordata? 

(f) Why are dolphins, bats, weasels, seals and humans placed together in the class Mammalia? 
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7. 

 

8. Recombinant DNA products can be made either from genetically modified cloned cells such as bacteria or from 

genetically modified mammalian cells in tissue culture.  

(a)Name three recombinant DNA products that are manufactured for medical use 

(b)Suggest three advantages of producing genetically modified products from cloned bacterial cells rather than 

from tissue cultures of mammalian cells. 

c)Recombinant DNA products can also be produced in transgenic animals. For instance, alpha-1 antitrypsin can be 

produced by transgenic sheep. Suggest an advantage of producing a recombinant DNA product from a sheep 

rather than from a bacterial culture. 
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