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Chapter 1: Cell structure  
[3.1]   Living organism are made out of living cells. There are main 3 domains of life: Archaea, Bacteria 
and Eukarya. 

[3.2]    

 
 
 
 
[3.3]   Organelles in Eukaryotic cells. 

i. Cell nucleus. 
Cell nucleus is the organelle of the cell that contains all the genetic material of the 
cell. This material is organised as DNA molecules.  
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ii. Cell membrane. 
Cell membrane of the cell is what controls substances in and out of the cell.  

iii. Cytoplasm. 
Cytoplasm is a liquid that fills up the cell and this provides a medium for chemical 
reactions to occur. 

iv. Rough endoplasmic reticulum (RER). 
Rough endoplasmic reticulum is an organelle found in eukaryotic cells. Its main 
function is to produce proteins. It is made up of cisternae, tubules and vesicles. The 
cisternae are made up of 
flattened membrane disks, 
which are involved in the 
modification of proteins. They 
are held together by the 
cytoskeleton. 
 
 
 
 
 

v. Smooth endoplasmic reticulum (SER). 
Its main functions are the synthesis of lipids, steroid hormones, the detoxification of 
harmful metabolic by- products and the storage and metabolism of calcium ions within 
the cell. 
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vi. Mitochondria. 
This is powerhouse of the cell. Mitochondria is where most of the chemical energy is 
generated to power the 
cell’s biochemical 
reaction. 
 
 
 
 
 
 
 
 

vii. Centrioles.  
Centrioles play a role in organizing 
microtubules that serve as the 
cell's skeletal system. They help 
determine the locations of the 
nucleus and other organelles within 
the cell. 
 
 

viii. Golgi apparatus. 
A Golgi body, also known as a Golgi apparatus, is a cell organelle that helps process 
and package proteins and lipid molecules, especially proteins destined to be exported 
from the cell.  
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ix. Ribosomes. 
Ribosomes are minute particles 
consisting of RNA and associated 
proteins that function to synthesize 
proteins. Ribosomes are made up of 
two sub- units: large subunit and small 
subunit. 
 
 
 

x. Lysosome. 
A lysosome is a membrane-bound cell organelle 
that contains digestive enzymes. Lysosomes are 
involved with various cell processes. They 
break down excess or  
worn-out cell parts. They may be used to 
destroy invading viruses and bacteria. 
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[3.4]   the transport of proteins through the cells occurs as follows: 

a. The protein is synthesised in the ribosomes. From the ribosomes, the protein moves to the 
Golgi apparatus through the cytoplasm in vesicles which have being pinched off from the RER 
where they were produced.  

b. Vesicles will enter the Golgi apparatus by first fusing with the membrane sac of the Golgi 
apparatus and the protein will enter the Golgi body. 

c. The proteins are modified in the Golgi apparatus. The Golgi apparatus is responsible for 
transporting, modifying, and packaging proteins and lipids into vesicles for delivery to 
targeted destinations. 

d. The modified proteins are then enclosed in vesicles. These are enclosed in vesicles to form 
an organelle known as a lysosome.  

e. Alternatively, enzyme may be transported through he Golgi body and then in vesicles to the 
cell surface membrane where the vesicles fuse with the membrane to release extracellular 

enzymes. 
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[3.5]   Structures in prokaryotic cells.  

i. Cell wall. 
This is a structural layer that surrounds the cell. It is tough and provides support 
and protection for the cell. The cell walls of a bacteria is peptidoglycan (called as 
murein) 

ii. Capsule. 
The capsule helps prokaryotes cling to each other and to various surfaces in their 
environment, and also helps prevent the cell from drying out. In the case of disease-
causing prokaryotes that have colonized the body of a host organism, the capsule or 
slime layer may also protect against the host's immune system. 

iii. Plasmid. 
A plasmid is a small, extrachromosomal DNA molecule within a cell that is physically 
separated from chromosomal DNA and can replicate independently. They are most 
commonly found as small circular, double-stranded DNA molecules in bacteria; 
however, plasmids are sometimes present in archaea and eukaryotic organisms. 

iv. Flagellum. 
Flagellum is primarily a motility organelle that enables movement. 

v. Pili. 
Pili are short, hair-like structures on the cell surface of prokaryotic cells. They can 
have a role in movement, but are more often involved in adherence to surfaces, 
which facilitates infection, and is a key virulence characteristic. 

vi. Ribosomes  
Usually prokaryotes have 70s ribosomes. They are involved in protein synthesis. 

vii. Circular DNA 
Most prokaryotes have a single circular chromosome, and thus a single copy of their 
genetic material. 
... Prokaryotes generally 
have a 
single circular chromosome 
that occupies a region of 
the cytoplasm called a 
nucleoid. They also may 
contain small rings of 
double-stranded extra-
chromosomal DNA called 
plasmids. 
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[3.6]    
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[3.7]   A microscope is a laboratory instrument used to examine objects that are too small to be seen by 
the naked eye. The more detailed structure of the cell can be seen through a microscope. There are two 
types of microscopes: 

a. Light microscope  
b. Electron microscope 
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Chapter 2: Mitosis, Meiosis and Reproduction  
[3.9]   A locus is the specific location of a gene or a DNA sequence on a chromosome. 
Genetic linkage describes the way in which two genes that are located close to each other on 
a chromosome are often inherited together. 

[3.10]   The meiosis happens in two cell cycles. However, during metaphase ii, there is only one 
chromosome from each pair (instead of two) so the chromosomes line up on their own, and in anaphase ii 
the chromatids of each chromosome is separated. This results in 4 non- identical haploid daughter cells.  

 

 

 

 

 

 

 

 

 

 

 Growth 1- in the nucleus, some genes are switched on and their base sequence us 
transcribed to pre- mRNA molecules. The editing of the pre-mRNA to mature mRNA is also 
coming. The cytoplasm increases in volume (grows) by producing new proteins and cell 
organelles, including mitochondria and endoplasmic reticulum. 

 S phase- in the nucleus, the semi- conservative replication of DNA occurs. New histones are 
synthesised and attached to the replicated DNA in the nucleus. Each chromosome becomes 
two chromatids attached at the centromere. The growth of the cell continues. 

 Growth 2- in the nucleus, replicated DNA is double checked for errors and corrected if any 
errors are found. 

 Mitosis (PMAT) 
 Prophase- the chromatin begins to condense and shorten, forming 

chromosomes. The nuclear envelope surrounding the DNA breaks 
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down so the chromosome is free in the cytoplasm. Also, spindles are 
made by the centrioles. 

 Metaphase- the chromosomes are pushed to the centre of the cell by 
spindle fibres and line up on their own. 

 Anaphase- the spindle fibres contract and shorten and move the 
chromosomes to opposite poles of the cell so one chromosome from 
each pair is at either end. 

 Telophase- two nuclear envelopes form around each set of 
chromosomes. 

The stages of meiosis happen as follows: 

a. Prophase i 
b. Metaphase i 
c. Anaphase i 
d. Telophase i 
e. Cytokinesis  
f. Prophase ii 
g. Metaphase ii 
h. Anaphase ii 
i. Telophase ii 
j. Cytokinesis ii 
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[3.11]    

a. Female (ovaries) [Few, Fat, Fixed] 
 It contains a haploid nucleus and the set of chromosomes are full (46 

chromosomes) during fertilization. 
 Cortical granules are the organelles that release chemicals that cause the 

zona pellucida to be hard when the sperm enters. 
 The zone pellucida is the protective coating and this is where the sperm 

penetrates in order for fertilisation to occur. The main reason for the zona 
pellucida is to stop more than one sperm entering the egg. 

 Follicle cell forms a protective coating around the egg. 
 

b. Male (sperm) [Many, Mini, Mobile] 
 The sperm also contains a haploid nucleus and the set of chromosomes are 

full during fertilisation. 
 Sperm cell contains a head, middle piece and tail. The head contains the cell 

nucleus. The middle piece contains a lot of mitochondria, since the sperm 
needs a lot of energy to propel movement. The tail propels movement.  

 Acrosome contains digestive enzymes 
which breaks down the zona pellucida and 
allow sperm to penetrate the egg. 

[3.12]   Fertilisation occurs when a sperm 
fuses with the female act during 
intercourse and further forms an egg that 
gets implanted in uterus of the female. The 
sperm travels through the fallopian tube 
and penetrates the zona pellucida layer of 
the ovum (female egg) and fuses with it 
which forms zygote (fertilized egg). 
To prevent polyspermy, the zona pellucida, 

a structure that surrounds mammalian eggs, becomes 
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impermeable upon fertilization, preventing the entry of further sperm. The structural changes in the zona 
upon fertilization are driven by the exocytosis of cortical granules. 
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[3.13]   Gametogenesis is a biological process by which diploid or haploid cells undergo cell division and 
differentiation to form mature haploid gametes. 

 
 

i. The female part of the plant- carpel/ pistil 
ii. The male part of the plant- stamen  

Pollination is a method of transfer of the pollen from the anther of the same plant or different plant to the 
stigma. The main types of pollination are: 

 Self- pollination 
 Cross pollination [wind pollination and animal pollination] 

Double fertilization involves two sperm cells; one fertilizes the egg cell to form the zygote, while the other 
fuses with the two polar nuclei that form the endosperm. After fertilization, the fertilized ovule forms the 
seed while the tissues of the ovary become the fruit. The steps of double fertilisation is as follows: 

b. The pollen grain will land on the stigma due to pollination. 
c. Pollen grain will divide to produce a pollen tube cell and a generative cell adheres to the 

stigma, where it germinates to produce a pollen tube.  
d. The pollen grain will move through the pollen tube to the ovary. The way the pollen tube 

grows is by the secretion of digestive enzymes which digest the surrounding tissue and use 
it as source of nutrients. 

e. The generative cell of the pollen tube will divide to produce two sperm cells which will enter 
the embryo sac. 

f. One of the male gametes will fuse with the female ova to form the zygote. 
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g. The other male gamete will fuse with the two polar nuclei to form an endosperm nucleus 
which serves as a source of nutrients for the embryo. 

h. The fertilised ovule divides by mitosis to form the embryo. The ovule becomes the seed and 
the ovary becomes the fruit. 

[3.14], [3.16]   Mitosis is a type of cell division, where two identical diploid daughter cells are being 
produced from a diploid parent cell. The daughter cells are identical to the parent cell too. It undergoes 
only one cell cycle. Mitosis occurs in multicellular organisms mainly for growth and repair of somatic cells. 
There are three types of growth: cell division, assimilation and cell expansion. Cell division also happens to 
replace old and damaged cells providing repair. The steps of cell cycle and mitosis happens as follows: 

 Growth 1- in the nucleus, some genes are switched on and their base sequence us 
transcribed to pre- mRNA molecules. The editing of the pre-mRNA to mature mRNA is also 
coming. The cytoplasm increases in volume (grows) by producing new proteins and cell 
organelles, including mitochondria and endoplasmic reticulum. 

 S phase- in the nucleus, the semi- conservative replication of DNA occurs. New histones are 
synthesised and attached to the replicated DNA in the nucleus. Each chromosome becomes 
two chromatids attached at the centromere. The growth of the cell continues. 

 Growth 2- in the nucleus, replicated DNA is double checked for errors and corrected if any 
errors are found. 

 Mitosis (PMAT) 
 Prophase- the chromatin begins to condense and shorten, forming 

chromosomes. The nuclear envelope surrounding the DNA breaks 
down so the chromosome is free in the cytoplasm. Also, spindles are 
made by the centrioles. 

 Metaphase- the chromosomes are pushed to the centre of the cell by 
spindle fibres and line up on their own. 

 Anaphase- the spindle fibres contract and shorten and move the 
chromosomes to opposite poles of the cell so one chromosome from 
each pair is at either end. 

 Telophase- two nuclear envelopes form around each set of 
chromosomes. 

 Cytokinesis- Cytokinesis is the physical process of cell division, which divides the cytoplasm 
of a parental cell into two daughter cells. It occurs concurrently with two types of nuclear 
division called mitosis and meiosis, which occur in animal cells. 
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The equation to calculate mitotic index is: 
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Chapter 3: Development of organisms 
[3.17]   Terms to relating to this specification point: 

i. Stem cell 
Stem cells are undifferentiated cell that keeps dividing to give rise to other cell 
types. 

ii. Pluripotent stem cells  
These are the type of stem cells that can differentiate to any type of cell type 
expect for extra- embryonic tissues like the placenta. 

iii. Totipotent stem cells 
This type of stem cell can differentiate to any cell type even the extra- embryonic 
tissues like the placenta. 

iv. Multipotent stem cells 
Multipotent stem cells are cells that have the capacity to self-renew by dividing and 
to develop into multiple specialised cell types present in a specific tissue or organ. 
Most adult stem cells are multipotent stem cells. 

v. Unipotent stem cells 
Unipotent stem cells give rise to cells of their own type along a single lineage. As 
such, unipotent stem cells have the lowest differentiation potential compared to 
other types of stem cells. Skin cells are a good example of unipotent stem cells. 

vi. Morula 
This is the early stage of the embryo where only 16 cells are present. This is a solid 
which contains inside the zona pellucida.  

Uses of stem cells: 

a. Repair organs that don’t function properly.  
b. Research the causes of genetic defects in cells or diseases occur or why certain cells 

develop into cancer cells. 
c. Testing new drugs for its effectiveness or their safety. 
d. Grows into new cells, which can help to replace damaged organs or tissues. 

[3.18]   Cell specialisation happens as follows: 
a. Some genes within the genome are activated due to certain conditions like chemicals or 

environmental factors. 
b. The other genes are not activated so they are switched off.  
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c. The genes, that are switched on, will be transcribed in the cell nucleus. The transcription of 
the DNA will produce the mRNA. This mRNA will move through the cytoplasm to the 
ribosomes and tRNA will bring amino acids to form the polypeptide chain. 

d. The proteins produce will change the cell by either changing the structure of the cell or the 
function of the cell. 

e. These changes and protein production are what makes the cell specialised. Cell 
specialisation is an irreversible and this means the specialised cell cannot convert back to 
the stem cell. 

[3.19]   During Post Transcription, one gene can give rise to more than one protein.  
Transcription 
This is the stage, where the formation of the mRNA occurs by using the sequence of the 
DNA nitrogenous base. This will a pre-mRNA which is made up of exons and introns. Exons 
are the coding regions and introns are the non- coding regions. Before sending the pre- 
mRNA into the cytoplasm, a modification takes place called ‘POST TRANSCRIPTION’. During 
this, the introns are removed and the exons are linked together. The introns are removed by 
the enzyme Spliceosome. This process called DNA splicing. After the DNA splicing, the 
secondary mRNA is formed.  
Translation 
Formation of the polypeptide chain occurs here. This happens in the cytoplasm. First the 
secondary mRNA binds to the small subunit of the ribosome. Activated tRNA will bring the 
amino acid according to the complementary base pairing rule of the sequence if mRNA. 
Active tRNA along with the amino acid will bind with the small subunit, then only the large 
subunit. 

[3.20], [3.21]   Phenotype is an individual’s observable characteristics. The genetic contribution to the 
phenotype is called the genotype. Examples of phenotypes are height, hair colour, eye colour, blood type or 
feet size. The following factors affect phenotype: 

o Genotype  
A genotype is an organism’s complete set of genetic material. The genetic make- up plays a 
vital role in determining the phenotype or appearance of an individual 
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o Environment  
Environmental factors such as diet, temperature, oxygen levels, humidity, light cycles, and 
the presence of mutagens can all impact which of an animal's genes are expressed, which 
ultimately affects the animal's 
phenotype. 

Some terms:  
i. Polygenic inheritance 

Polygenic inheritance occurs 
when one characteristic is 
controlled by two or more 
genes. Often the genes are 
large in quantity but small in effect. Examples of human polygenic inheritance are 
height, skin colour, eye colour and weight. Polygenes exist in other organisms. 

ii. Epistasis 
Epistasis is a circumstance where the expression of one gene is affected by the 
expression of one or more independently inherited genes. 

iii. Dominance 
Dominance occurs between two alleles of the same gene. Dominance is greater 
influence by one of a pair of genes (alleles) that affect the same inherited character. 

Variation is any difference between individual organisms caused by either by genetic difference or by 
environmental difference. Genetic differences is known as genotypic variation and effect of environmental 
factors is phenotypic variation. There are two types of variation: 

o Continuous variation  
Some phenotypes are affected by alleles at many loci (polygenic inheritance) as well as the 
environment and this can give rise to phenotypes that show continuous variation. 
Characteristics that show continuous variation include weight and height in an animal 
species.  

o Discontinuous variation  
It is shown by features that are either present or not such as eye colour. these are 
generally determined by one or at most a very few genes and the environment does not 
usually have an effect. 
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When studying continuous variation in a population, a large sample is needed. You also need to collect your 
large sample randomly form as much of the organism’s habitat as possible. By doing these, you can get an 
accurate picture of the whole species. Data like these can be displayed using a graph or histogram to show 
the frequency distribution of the characteristics. There are several difficulties in studying the interaction 
of genotype and environment in human beings. It is very important during any experiment that all the 
organisms are subjected to some conditions. Any difference between them can be seen as the results of 
genetic difference alone. But in human beings, imposing conditions like these is impossible. 
 

o Nature is the influence of genetic inheritance and other biological factors. 
o Nurture is the influence of environmental influence. 

Identical twin studies and non- identical twin studies are used to study the concept of nature and nurture. 
If the same experiment is present in identical twins and if there is a difference in the finding, it probably is 
because of an environmental factor. The opposite is for non- identical twins. This is because identical twins 
are known have about 90% of similar genes.  

o Nature concept of cancer [Genetic factors] 
The mutations that result in cancer affect the control of the cell cycle, usually by disrupting 
the chemical system that control the stages of the cycle. Mutations can affect the DNA 
strand. Proto oncogenes mutate to give oncogene which produces uncontrolled amounts of 
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proteins which stimulate the cell cycle so the cell cycle is constantly stimulated, causing 
cancer. Tumour suppressor genes give breaks to the stages of cell cycle. 

o Nurture concept of cancer [Environmental factors]  
Environmental factors play an important part in cancer by increasing the likelihood of these 
cancer- causing mutations occurring. So factors such as the tar in cigarette smoke, the 
chemicals in alcoholic drinks, asbestos and ionising radiation all increase the likelihood of a 
mutation in your DNA which in turn causes cancer. Example: Melanoma is cancer caused by 
UV rays from the SUN. 

Epigenetics is the study of changes of gene expression due to the environment, without a change in the 
bases of DNA, but by the addition of chemical groups that affect how easy it is to transcribe genes. 
 

i. Methylation of DNA 
DNA methylation is a biological process by which methyl groups are added to 
the DNA molecule. Methylation can change the activity of a DNA segment without 
changing the sequence. When located in a gene promoter, DNA methylation typically 
acts to repress gene transcription. 

ii. Acetylation of histones 
Acetylation is the process where an acetyl functional group is transferred from one 
molecule to another. Acetylation removes the positive charge on the histones, 
thereby decreasing the interaction of the N termini of histones with the negatively 
charged phosphate groups of DNA. 

Epigenetics changes can be passed onto offspring. Most epigenetic markers are removed during meiosis, 
but some remain, meaning environmental changes in grandparent’s lives can affect their offspring’s 
expression of genes. Reprogramming refers to erasure and remodelling of epigenetic marks, such as DNA 
methylation, during mammalian development or in cell culture. 
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Chapter 4: Plant Structure and Function 
[4.1]    

 

 

 

 

 

 

 

 

i. Cell wall 
The main function of 
the cell wall is to give 
strength and support 
to the plant cell. It is 
made out of cellulose. 
 
 
 
 

 
 
 

ii. Cell membrane 
Cell membrane controls 
what enters and leaves 
the cell. 
 
 



  

25 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

iii. Amyloplast  
They are colourless organelles that develop form leucoplasts. Their main function is 
to store amylopectin in the form of starch. 
 
 
 
 
 
 

 
iv. Cell vacuole  

Vacuole is filled with a cell sap that helps to maintain the osmotic gradient. Their 
other functions are to maintain cell shape and they are the storage of a number of 
different substances such as pigments and proteins.  

v. Tonoplast  
This is the membrane surrounding the plant 
vacuole and it controls the substances 
moving in and out of the vacuole. 
 
 
 
 

vi. Plasmodesmata 
Plasmodesmata are small channels between plant cells which are importance 
for transport, communication and signalling between cells. These nano-channels are 
responsible for the 
integrated action of 
cells within tissues 
and for the subdivision 
of the plant body into 
working simplest 
units.  
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vii. Pits 
Pits are relatively thinner portions of the cell wall of plant cells. They act as the 
channels for the transport of water and minerals between adjacent cells. Pits of two 
neighbouring cells are usually located opposite to each other and these opposite pits 
together are called pit pair. 

viii. Middle lamella  
The middle lamella is a layer which cements the primary cell walls of two adjoining 
plant cells together. It is the first formed layer which is deposited at the time of 
cytokinesis. The middle lamella serves as a cementing layer between the primary 
walls of adjacent cells. The primary wall is the cellulose-containing layer laid down by 
cells that are dividing and growing. To allow for cell wall expansion during growth, 
primary walls are thinner and less rigid. 

 
 
 
 
 
 
 
 
 
 

ix. Cell nucleus  
Cell nucleus is the organelle of the cell that contains all the genetic material of the 
cell. This material is 
organised as DNA 
molecules.  
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x. Cytoplasm  
Cytoplasm is a liquid that fills up the cell and this provides a medium for chemical 
reactions to occur. 

xi. Mitochondria  
This is powerhouse of the cell. Mitochondria is where most of the chemical energy is 
generated to power the cell’s biochemical reaction. 
 
 
 
 
 
 
 
 

xii. Ribosome  
Ribosomes are minute particles consisting of RNA and associated proteins 
that function to synthesize proteins. Ribosomes are made up of two sub- units: large 
subunit and small subunit. In 
eukaryotic cell, 80s ribosomes are 
present. 
 
 
 
 
 

xiii. Chloroplast  
They are known as the site 
of photosynthesis. They 
contain chlorophyll, which is 
a green pigment, 
responsible to trap energy 
from sunlight and conduct 
the process of 
photosynthesis. They also 
contain thylakoids [folded 
inner membrane of a 
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chloroplast], granum [the stacks of thylakoids embedded in the stroma of a 
chloroplast] and stroma [the matrix of a chloroplast]. 
 

xiv. Rough endoplasmic reticulum  
Rough endoplasmic reticulum is an organelle found in eukaryotic cells. Its main 
function is to produce proteins. It is made up of cisternae, tubules and vesicles. The 
cisternae are made up of flattened 
membrane disks, which are 
involved in the modification of 
proteins. They are held together by 
the cytoskeleton. 

 

 

 

 

[4.2]   
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[4.3]   Plant cell wall is composed of cellulose. Plants store carbohydrates as starch in plants. 
i. Starch 

Starch is a storage component in plant cell. It is made of two polysaccharides called 
amylose and amylopectin. Amylose is an unbranched chain of glucose joined by only 
1,4- glycosidic bonds. They are very compact and it can store a lot of energy in a 
small space. Amylopectin is a branched molecule which contains glucose molecules 
joined by both 1,4 
and 1,6- glycosidic 
bonds. Since this a 
branched molecule, 
there are side chain 
and this is the 
reason why 
amylopectin is easily 
digested by enzymes 
therefore energy is 
released quickly.  
 
 
 
 
 

ii. Cellulose 
This is a component that composes the cell walls in plants. Cellulose is long, 
unbranched chains of the β- glucose which are joined by glycosidic bonds. Cellulose 
microfibrils are laid down in the inner surface of the primary cell wall. As the cell 
absorbs water, its volume increases and the existing microfibrils separate and new 
ones are formed to help increase cell strength. They also provide structural support 
in plant cells. 
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[4.4], [4.5]   Cellulose microfibrils are arranged into primary cell wall, secondary cell wall and middle 
lamella. 

 
 
 
 
 
 

 
 
 

 
1. Primary cell wall 

i. Primary cell wall- 
microfibrils are laid in criss- 
cross structure, embedded 
in a glue of hemicellulose 
and pectin. Lignin is not or 
never present in the cell 
walls. 

ii.  Secondary cell wall- 
microfibrils are laid as 
sheets with each sheet 
having the cellulose 
microfibrils running in one 
direction only. These are 
embedded in hemicellulose 
and pectin. Lignin is present in this wall. 

2. The main function of the stem is to provide support or to hold the plan upright. This is also 
responsible to hold the plant in the position where it receives most of sunlight for photosynthesis. 
Another function of the stem is to transport materials like mineral ions and water to all parts of the 
plant.  
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The tissues that make up the plant stem are as follows: 

a. Epidermis  
The outer layer of the stem is the epidermis. This protects the cells beneath it. 
The epidermis serves several functions: it protects against water loss, regulate gas 
exchange, secretes metabolic compounds, and (especially in roots) absorbs water and 
mineral nutrients. 

b. Parenchyma  
The parenchyma cells form a majority of the living cells in the plant. They carry out most of 
the metabolism reactions, and conduct most of the activities which constitute life, such as 
growth and photosynthesis. Their function in storage, photosynthesis, and as the bulk of 
ground and vascular tissues. 

c. Collenchyma  
Collenchyma is a mechanical tissue in young dicotyledonous stems and provides mechanical 
support and it provides elasticity to the plant. It allows easy bending in various parts of the 
plant (leaf, stem) without actually breaking it. 

d. Sclerenchyma  
Sclerenchyma tissue, when mature, is composed of dead cells that have heavily thickened 
walls containing lignin and a high cellulose content, and serves the function of providing 
structural support in plants. 

  
 
 
 
 
 
 
 
 

i. Xylem [main function is support and transport of water and mineral ion] 
Xylem vessels are made out of dead cells. Xylem vessels forms hollow tubes if dead 
cells. The xylem transports water and soluble mineral nutrients from the roots 
throughout the plant. It is also used to replace water lost during transpiration and 
photosynthesis. 

ii. Phloem [translocation of organic solutes] 
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Phloem is a living tissue. Phloem is the vascular tissue in charge 
of transport and distribution of the organic nutrients. The phloem is also a pathway 
to signalling molecules and has a structural function in the plant body. Phloem carries 
the food prepared by the leaves to different parts of the plant. 

iii. Sclerenchyma [main function is providing support] 
Sclerenchyma tissue, when mature, is composed of dead cells that have heavily 
thickened walls containing lignin and a high cellulose content, and serves 
the function of providing structural support in plants. 

iv. Cambium is a layer of unspecialised cells which differentiate to cells that forms both 
the xylem and the phloem. 

[4.7]   Plant material is known renewable and sustainable. A renewable material is a material made of 
natural resources that can be replenished, generation after generation. Sustainability means meeting our 
own needs without compromising the ability of future generations to meet their own needs. Another 
substitute for burning fossil fuel or crude oil is using bio diesel or plant based products. This is because 
they are known to be carbon- neutral. Carbon neutral means the products burnt to produce fuel release 
carbon dioxide is again absorbed by the newly grown crops. 
Bioplastics are plastic materials produced from renewable biomass sources, such as vegetable fats and oils, 
corn starch, straw, woodchips, sawdust, recycled food waste. Bioplastics do produce significantly fewer 
greenhouse gas emissions than traditional plastics over their lifetime. There is no net increase in carbon 
dioxide when they break down because the plants that bioplastics are made from absorbed that same 
amount of carbon dioxide as they grew. 
Plants produce a vast range of chemicals, and these chemicals can be extracted and used in the production 
of drugs. One advantage is that extraction and purification the beneficial drugs found in plants is that it is 
possible to give known, repeatable does of active ingredient. Once that particular ingredient is detected in 
plants, they are then produced in mass numbers. 
The use of plant fibres for humans: 

a. Production of plant fibre product have a less cost that oil- based ones. 
b. Starch is used to produce bioplastics and bioethanol. 
c. Some parts of the plant such as garlic and cinnamon sticks have antimicrobial and 

therapeutic properties. 
d. They can make ropes or fabrics from materials of plant fibres as they are very strong. 
e. Bio fuel is an alternative way for crude oil. 

[4.8]  
i. Nitrogen  

Nitrogen ions are used mainly for the production of amino acids, proteins. Nitrates 
are needed for the production of DNA and many hormones.  
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Lack of nitrogen will cause older leaves turn yellow and die and growth is stunted. 
ii. Magnesium  

Magnesium ions are essential to produce the green pigment chlorophyll. Magnesium 
is also needed for the activation of some plant enzymes and the synthesis of nucleic 
acids. 
Lack of magnesium will call yellow areas develop on the older leaves and growth will 
slow down. 

iii. Calcium  
Calcium (Ca) plays an extremely important role in producing plant tissues and it 
enables plants to grow better. Calcium is responsible for holding together the cell 
walls of plants. It is also crucial in activating certain enzymes and to send signals 
that coordinate certain cellular activities. 
Lack of 
Calcium 
ions will 
cause 
young 
leaves to 
be yellow 
and 
crinkly. 
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Chapter 5: Classification  
[4.10]   Main ideal conditions that promote bacterial growth: 

a. Nutrients- bacteria needs glucose for respiration and various ion like phosphate for ATP, 
and these are usually obtained from the external environment. 

b. Oxygen- mainly for bacteria that respire aerobically. 
c. Optimum pH 
d. Optimum temperature  
e. Moisture  

[4.11]   Some plants have antimicrobial and therapeutic properties which means they have the ability to kill 
microorganism or stop their growth. This is very important in the development of drugs and medicines. For 
example: extracts of various herbs and spices (for example sage, thyme, clove, garlic) have been shown to 
have antimicrobial activity. 
[4.13]   The scientist William Withering use the extracts of 
foxglove to treat dropsy. The medical term for dropsy is edema. 
Edema is a medical condition where body parts swell from injury or 
inflammation. They mainly happen when small blood vessels leak fluid 
into nearby tissue. During his experiments, he found out that 
extracts from foxglove treated dropsy. He observed how a patient 
diagnosed with dropsy, made a good recovery from using the extract 
of foxglove. As he knew foxglove is poisonous so he used patients to 
find out the proper and correct concentration that will avoid side 
effects and will also treat dropsy. It was through trial and error, 
William Withering found the optimum dosage to treat dropsy and 
nowadays they conduct 3 main stage of drug testing before make 
the drug for public use.  
 
When constructing medicine, scientists research and develop that 
particular medicine for many years before putting out for use. This 
is to make sure the drug is very effective for the medical condition and also it avoids harsh short term and 
long term side effects. A new drug should be: 

 Effective  
 Drug’s benefits should outweigh its risk 
 Safe 
 Stable  
 Capable of being used on a large scale. 
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[1] Researchers use computer models to fit new structure into the active site of enzymes or 
receptors that are thought to play a significant role in diseases process. A compound is produced. 
[2] Then this new compound is tested on cell structure or tissue cultures in a lab. 
[3] if the compound passes the 2nd stage without any issue, the drug is tested on animals. many 
mammals are used. This is because mammals are said to be more similar to humans. Animal testing 
brings out about of ethical issues. But it is illegal to test cosmetics and tobacco products on 
animals. A typical test involves giving a known amount of the substance to the animals, then 
monitoring them carefully for any side-effects. 
[4] Then it follows the trials drug testing done on humans known as the clinical stage. 

STAGES OF DRUG TESTING. 
 Drugs tested on human cells, or tissues or organs in the 

lab. This is done to predict the effect of the drug and 
initial effect on organisms. 

 Drugs are then tested on animals. This is done to view the 
side effects of the drugs. 

 Final stage is known as the clinical stage. This involves 3 
main phases: 

 Phase 1- this involves testing the drug on a 
small group of healthy volunteers. This is to 
check the side effects of the drug and to 
see how the body reacts to the drug and the 
time it remains in the body. 

 Phase 2- this involved testing the drug on a 
small group of volunteers who have that 
medical condition. This checks for the side 
effects of the drug and the effectiveness in 
both treating and preventing the disease. It 
also helps to find the optimum dosage. 

 Phase 3- this involves in testing on a large 
number of participants. This is done to 
confirm the effectiveness, dosage, short 
term side-effect, long term side effects 
and whether the drug is used for all the 
people in the population  
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a. Placebo group 
A placebo is an inert treatment or substance that has no known effects. Researchers might 
utilize a placebo control group, which is a group of participants who are exposed to 
the placebo or fake independent variable. Placebos are an important part of clinical studies 
as they provide researchers with a comparison point for new therapies, so they can prove 
they are safe and effective. They can provide them with the evidence required to apply to 
regulatory bodies for approval of a new drug.  

b. Double- blind trial  
A double-blind study is one in which neither the participants nor the experimenters know 
who is receiving a particular treatment. This procedure is utilized to prevent bias in 
research results. Double-blind studies are particularly useful for preventing bias due to 
demand characteristics or the placebo effect. 

c. Peer review 
This is where studies such as a drug testing are reviewed by other professional to be sure 
they’re accurate, will carried out and significant. Peer review is designed to assess the 
validity, quality and often the originality of articles for publication. Its ultimate purpose is to 
maintain the integrity of science by filtering out invalid or poor quality articles. 

[4.14]   Classification is the establishment of a hierarchical system of categories on the basis of 
presumed natural relationships among organisms. The science of biological classification is commonly called 
taxonomy. Taxon is a group of real organisms while category is a rank or level in a hierarchy. The binomial 
naming system is the system used to name species. Each species is given a name that consists of two 
parts. The first part is the Genus to which the species belongs and the second part is the species name. 
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[4.15]   Main ways humans can disrupt the biodiversity: 

a. Pollution- there are many type of pollution like water pollution, wind pollution, noise 
pollution, etc.  

b. Climate change  
c. Over- exploitation- Overexploitation means harvesting species from the wild at rates faster 

than natural populations can recover. Overfishing and overhunting are both types 
of overexploitation. Currently, about a third of the world's endangered vertebrates are 
threatened by overexploitation. 

d. Deforestation  
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Chapter 6: Biodiversity and Conservation  
[4.16]    

i. Biodiversity 
Biodiversity is a term used to describe the enormous variety of life on Earth. 

ii. Endemism 
Endemism is an ecological word meaning that a plant or animal lives only in a 
particular location, such as a specific island, habitat type, nation or other defined 
zone. 

[4.17], [4.18]    Calculating the heterozygosity index can measure the biodiversity within a habitat using 
species richness and within a species using genetic diversity. Species richness is the number of different 
species in a given area. Genetic diversity is the number of different alleles of genes in a population.  

 
 
 
 

Biodiversity can be compared in different habitats using the formula to calculate an index of diversity. 
 

 

 

 

[4.19]   Niche is the role of an organism in that ecosystem. Adaptation of an organism can be divided into 
3 types: 

a. Anatomical adaptation  
Physical or structural adaptation of the organism. It may be external or internal. 

b. Behavioural adaptation  
A change in the behaviours of an organism to increases its survival chances. 

c. Physiological adaptation  
These tend to be the changes in the internal biochemical functioning of the organism in 
response to an altered environmental stimulus. 

Example is as follows: 

N= total number of organisms of all species. 
n= total number of organisms of each 
particular species. 



  

39 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

 
 

 

 

 

 

 

 

 

[4.20]   Natural selection is the process through which populations of living organisms adapt and change. 
Individuals in a population are naturally variable, meaning that they are all different in some ways. This 
variation means that some individuals have traits better suited to the environment than others. Natural 
selection leads to adaption and evolution. Gene pool is the collection of different genes within an 
interbreeding population. Genetic diversity and a gene pool rise because of: 
  

 Independent assortment- this is when the chromosomes from each parent are distributed 
into the gametes randomly. In each new gamete, any number from none to all 23 
chromosomes could come from either your mother’s or father’s chromosomes. This also 
means there are millions of combinations and this guarantees genetic variation. 

 Crossing over- this mainly happens in the prophase i. the homologous chromosomes swap 
portions of their chromatids, which results in mixing of the parental genetic information in 
offspring chromosomes and new allele combinations. The structure formed by the 
homologous chromosomes formed during crossing over is known as a bivulent. 

Evolution is change in the heritable characteristics of biological populations over successive generations. 
These characteristics are the expressions of genes that are passed on from parent to offspring during 
reproduction. Evolution happens as follows: 

 A gene mutation can occur in the alleles of a species due to the change in the environment, 
which means change in selection pressure. 

 New alleles will arise and this can lead to the formation of ne characteristics of the species 
that will help to adapt to the new selection pressure. 
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 The species with the fittest allele to survive the new environment will mate and produce 
offspring and pass the allele to the next generation and increase in number.  

 The species without the fittest allele will die and extinct. 
 Due to the arrival of a new allele, the allele frequency will change too. 

SUMMARY OF EVOLUTION  

 Genetic variation in population  
 Mutation  
 Selection pressure due to changing conditions 
 Fittest allele 
 Survival of the individual with the fittest allele 
 Fittest allele is passed on to the offspring 
 Change in allele frequency over population  
 Development of a new species (speciation) 

Main isolating mechanisms that restrict the gene flow between species 

 Geographical isolation  
 Behavioural isolation  
 Mechanical isolation  
 Ecological isolation  
 Seasonal isolation  

i. Allopatric speciation- This is an evolutionary process that occurs when population 
becomes physically or geographically isolated. 

ii. Sympatric speciation-  This is an evolutionary process that occurs when organism 
becomes reproductively isolated by mechanical, behavioural or seasonal changes. 

[4.21]   Mains way zoos conserve endangered species: 

a. Scientific research  
Zoo and universities can work together on projects that are of benefit to the conservation 
of animals, including: 
 Control of disease that are reducing populations. 
 Behavioural studies to further appreciate the needs of animals in captivity. 
 Development of techniques to further improve breeding success. 

b. Captive- breeding  
Captive-breeding programs breed endangered species in zoos and other facilities to build a 
healthy population of the animals. Species-survival plans coordinate with zoos around the 
world to bring species together for breeding that ensures genetic diversity. 
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c. Re- introduction programs  
Reintroduction programs, by which animals raised or rehabilitated in zoos or aquariums are 
released into their natural habitats, are powerful tools used for stabilizing, re-establishing, 
or increasing in-situ animal populations that have suffered significant declines. 

d. Education  
Informing all age groups who visit zoos of various conservation issues including: 
 The illegal trade in certain animal products. 
 The need to maintain biodiversity. 

Captive- breeding programmes including their success stories. 
 Illegal poaching of animals or excessive hunting. 

Captive conservation programs aim to retain the diversity found in the captive populations' genomes and 
increase the number of individuals in the population. Maintaining genetic diversity is important, 
as diversity is lost at every generation due to random genetic drift as well as inbreeding. Sme techniques 
used to reduce interbreeding and maintain biodiversity: 

 Do not allow the organisms to repeatedly breed with the same partner, possibly by isolating 
partners. 

 Select the partner, possibly by adding a potential partner to a cage, IVF and inter- zoo 
swapping. 

 Keep a record/ database of individual in captivity and their breeding history, so that choice 
of partner is controlled. 
 

Seed banks have played the largest role in the conservation of endangered wild plant species in the world. 
The stored seeds can be used to reinstate species into existing, suitable habitats where they were once 
present, or to augment the diversity of small, genetically depleted populations. Seeds rather than living 
plants are stored because: 

 Less space is required so more species can be held in the available space. 
 Most plants produce large numbers of seeds so collecting small samples is unlikely to 

damage the wild population. 
 Easier to store because dormant. 
 More cost effective. 

How does a seed bank conserve a rare plant species? 

 Seeds are collected from a number of individual plants. [seeds from several plants are likely 
to have a higher genetic diversity than seeds from a single plant.] 
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 Seeds x- rayed to check for fully formed embryos. [this allows only viable seeds lone that 
could germinate to be selected for storage] 

 Seeds dried to remove water. [reducing water content increases the length of time a seed 
can be stored and remain viable.] 

 Seeds stored in the cold like for example -20°C. [reducing temperature also increases the 
length of time, a seed can be stored and remain viable] 

 Some seeds periodically germinated to check viability. [some seeds are planted to check 
that they will still germinate and grow] 

 If less than 75% germinate, those that did germinate are allowed to grow into mature plants 
that produce their own seeds which are then stored. If 75% or more germinate, the 
remaining seeds are retained in cold storage and will be checked again for viability. 

  


