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Inheritance  
Keywords:  

• Genotype  all of the alleles that an organism carries on its chromosomes.  

• Phenotype  observable characteristics of an organism which the result of the genotype as 
well as environmental factors 

• Locus - the specific position of a gene on the chromosome. 

• Diploid  organisms that carry two alleles for each gene that they possess on each 
chromosome 

• Alleles  different forms of the same gene. These can either be:  
o Dominant  only a single allele is required for the characteristic to be expressed in the 

phenotype. If the organism only has one dominant allele (heterozygous dominant) or has 
two dominate alleles (homozygous dominant) the trait will be expressed.   

o Recessive  the characteristic is only expressed if there is no dominant allele present. It 
therefore means that there must be two recessive alleles (homozygous recessive) present in 
order for the phenotype to be expressed.   

o Co-dominant  both alleles are expressed equally and contribute to the phenotype, with 
there either being a blend of the two characteristic or both characteristics being seen 
together.   
The term pure breeding is often used in exams and textbooks. This means that the 
organism is homozygous and will be bred with another homozygous individuals. 

 
 

Monohybrid inheritance  
Monohybrid inheritance is when a phenotype or trait is controlled by a single gene.  

 
The diagram below gives the example of crossing different coloured flowers. In the first cross, 
there is a cross between a homozygous dominant purple flower and a homozygous recessive 
white flower. The colour of the flowers is a monohybrid trait, as it is controlled only by one gene. 
 
All the plants will have green pea pods because they all possess the dominant tree pod allele.   
 
In second cross (second picture) a 3:1 ratio would be observed as both of the parent plants were 
heterozygous. 
 

 P p 

P PP Pp 

p Pp pp 

https://d.docs.live.net/76c3cb7781b04fbc/Documents/Biology%20notes/www.mastermedicine.co.uk


 

For more notes, tutors who are qualified doctors and medical admissions webinars visit 

www.mastermedicine.co.uk 
 

First Cross 

Second Cross 
 
 

Dihybrid inheritance  
Dihybrid inheritance is when two characteristics are studied side by side. These two 
characteristics are determined by two different genes on two different chromosomes.  
 
The example details peas, which can be either yellow or green, controlled by one gene (Y = 
Yellow, dominant, y = Green, recessive) and either round (R = dominant) or wrinkled (r = 

recessive). To work out the projected frequencies of different phenotypes from a certain genetic 
cross, we need to draw a punnet square like the one below. Instead of 4 squares, like with 
monohybrid crosses, there are now 16 squares. Here is a step by step on how to perform these 
crosses: 
 

1. You write out the genotypes of each of the parents. In this example we are crossing two 
peas which are round, yellow peas which are heterozygous for both traits. On your exam 
you would write out the genotypes as follows: 

YyRr x YyRr 
 

2. Now you must work out all of the possible gametes from each of these peas. This is easier 

than it looks if you use the FOIL method. FOIL stands for First, Outside, Inside, Last. Here 
is what that means in practise:  
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3. Now we draw our punnet square. This will have 16 boxes instead of 4 you use in the 
monohybrid cross because this is a dihybrid cross involving 2 separate traits. Note the 
gametes at the top of each of the columns/rows correlate to the gametes shown in step 2 

4. Work out your phenotype ratios, which will involve a ratio of 4 different numbers, as there 
are 4 different possible genotypes: Round Yellow, Wrinkled Yellow, Round Green and 
Wrinkled Green. In this example the ratio will be 8:3:3:1 

o Note: whilst this example has a picture of each of the phenotypes which makes it 
easier to work out the ratios, your punnet squares in your exams will not  you will 
have to work out each phenotype yourself from the genotype and count them up! 
You need to practise this well! 

 
 

 
 
 

Co-dominance and multiple alleles  
Codominance is when two alleles are expressed equally in the phenotype when an individual is 
heterozygous.   
 

A common example of codominance is shown in human ABO blood groups. There are three 
alleles. These lead to different antigens on their surface, these are:  
 

o Allele IA - leads to the production of antigen A, dominant to IO, co-dominant with IB 

o Allele IB - leads to the production of antigen B, dominant to IO, co-dominant with IA 
o Allele Io - leads to the production of neither antigen A or B. Recessive to both IA and IB 

  

IA and IB are codominant, whereas IO is recessive to both of these. The table shows the possible 
genotypes for each phenotype that can arise.   
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Sex linkage  
So far, all of the types of inheritance we have discussed occur on autosomes. This means that 

they all involve genes present on the first 22 pairs of chromosomes (autosomes). The 23rd pair of 
chromosomes in the human body are special, as they determine the sex of an individual. 
 
The sex chromosomes can either be X or Y. Males have one X and one Y chromosome, and it is 
this which makes them male. Females have two X chromosomes. It is important to remember 
here we get one chromosome in a pair from each parent. We must remember that males always 
get their X chromosomes from their mother, as they had to get their Y chromosome from their 
father   
 
Despite this, there are genes that are not to do with sex on these chromosomes. Sometimes, the 
expression of these genes is dependent on the sex of the individual, as some genes are present 

on the X chromosome, but not on the Y chromosome. For instance, there are genes involved in 
blood clotting that are present on the X chromosome, but on on the Y. 
 

 
As you can see from the picture above, the Y chromosome is much shorter than the X. This 
means that there are much less genes and genetic material on a Y chromosome than an X.  
 
Therefore females will carry two alleles of sex linked gene, but males will only carry a single allele 
for many of their genes (on their single X chromosome). This is because the Y chromosome will 
not have an equivalent section holding that chromosome (otherwise known as an equivalent 
locus  the location of an allele on a chromosome).  
 

only have one copy. Often, our genes only need one functioning copy to work.  
 
The problem arises when the one copy of the gene on the males X chromosome . 
They do not have an equivalent allele on their Y chromosome, so the gene is not expressed at 
all. This is where sex-linked diseases occur. An example of this is haemophilia 
 
 
Haemophilia  
As mentioned above, there are genes on the X chromosome that are responsible for things other 
than sex determination. One of these genes creates a factor in the blood which is responsible for 
helping blood to clot.  
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The gene for this blood clotting factor is on the X chromosome. In women, if a woman has a 
mutated, non-functional copy of this gene, her blood clotting factor will still be produced as she 
has another X chromosome 
 
However, if this lady has a son and he happens to inherit the X chromosome with the non-
functional allele on it from his mother (remember that all men get their X chromosome from their 
mother and their Y from their father), he will not produce the clotting factor as there is no 
equivalent locus on the Y chromosome. He will then have a disease known as haemophilia. 
 
Therefore, females can be carriers of this disease whereas males cannot. If a male has the 
mutated allele, he will have a haemophilic phenotype. 
 

NOTE  As shown in the diagram below, when you are drawing punnet squares or gametes for 

sex-linked genes, we write them as XH or Xh and simply Y. This is because there is no equivalent 

allele on the Y chromosome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Autosomal Linkage  
In an autosomal linkage two or more genes are on the same autosomal chromosome. In regular 
dihybrid crosses, the combination of alleles in a gamete can be anything. This is because of 

crossing over and the independent assortment of homologous chromosomes.  
 
However, if two genes are found on the same chromosome, it is difficult to separate them during 
meiosis.  
 
The diagram below illustrates that when A and B are on two different chromosomes then there 
are four possible combinations of alleles. However if they are on the same chromosomes then 
there are only two possible combinations of alleles.  
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Epistasis  
Epistasis is the process by which the expression of one gene will influence the expression of another 
ie. Allow it to be expressed or inhibit its expression.  

The gene that is doing the influencing is called the epistatic gene and the one that is being 
influenced is called the hypostatic gene. 

Example 
An example is two genes in mice that control fur colour.  

• Genotypes AA or Aa have black bands in their fur, while genotype aa has solid black fur 

• However, the expression of either of these phenotypes is dependent on gene B (the 
epistatic gene) 

• Genotypes BB or Bb will allow expression of gene A, but genotype bb will not. 
o In other words, a ONLY mouse who has the dominant phenotype (BB or Bb) for 

gene B will be able to express the genotype they have for gene A 
o If genotype B is homozygous recessive ie. bb, the mouse WILL NOT be able to 

express its phenotype determined by gene A at all! 
o Therefore, if the mouse is homozygous recessive for gene B, their fur comes out 

white and are therefore called albino mice 
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• This example is recessive epistasis  where the epistatic gene (gene B) must be recessive 
to prevent the expression of the hypostatic gene (gene A) 

• Another type of epistasis is dominant epistasis  where the epistatic gene must be 
dominant to prevent the expression of the hypostatic gene 

 

Chi-Squared test  
The chi squared test is a statistical test which can be used to establish whether the difference 
between observed and expected results is small enough to occur purely due to chance. 
 
For instance, after drawing your punnet square of a dihybrid cross of white or brown cats with 
long or short hair, you might calculate the chance of getting a white, fluffy haired cat is 1/8. So if 
the parents had 80 kittens, you would expect 10 of these kittens to be white and fluffy. This is the 
expected frequency of white long haired cats. 
 
In reality, the fusion of gametes is random, as is the independent assortment of homologous 
chromosomes and crossing over. Therefore, you might not ACTUALLY get 10 white long-haired 

cat if the parents had 80 kittens. Therefore to see if this difference between the expected and 
observed number of white, long haired cats is due to chance or actually due to a statistically 
significant difference, we must use the Chi Squared test. 
 
The fact that the difference is due to chance (ie. the difference is NOT statistically significant) is 
called the null hypothesis. The chi squared test is used to test the null hypothesis.  
 

white, long haired cats and the expected number of white long haired cats is due to chance and 
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To be able to run the chi-squared test, certain criteria must be met:  

• The sample size must be greater than 20 (ie. more than 20 kittens) 

• Used only for data that falls into discrete categories (ie. words, like number of kittens, 

not measurements which are numbers)  

• Only counts of whole numbers and not percentages etc can be used  

 
The formula for the Chi Squared test is below:  
 

 

You do not need to memorise this equation in the exam, it will be given to you, however you 
should practise doing this using the full table 

 
 
Once you have your value from this equation, you must compare it to a critical value. The critical 
value is in a table which will also be given to you. The table will have multiple columns and look 
like this: 

 
Using the table: 

1. First, identify your degrees of freedom. This is the number of categories you had, minus 
1. So if you were counting the frequencies of 5 different phenotypes in a population, your 
degrees of freedom will be 4. You then find the correct row using the column on the left 
hand side 

2. Then identify your p value. This is almost always p=0.05 (5%) at A level.  
3. Find the number on the table that corresponds to your degrees of freedom and p value. In 

this case it is circled in red 
4. If your chi square value is greater than the number in the table, the null hypothesis is 

accepted as true ie. the difference IS due to chance and is not statistically significant 
5. If your chi square value is less than the number on the table, the null hypothesis is rejected 

and the difference is statistically significant 
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On an exam, you need to word this as: 
 

The null hypothesis is accepted/rejected as there is a more than (if accepted)/less than (if 
rejected) 5% probability that the difference is due to chance 

 
Learn this definition!  

 

Populations  
 
Definitions 
 
Populations  a group of interbreeding organisms of the same species living in the same habitat 
at the same time 
Gene pool - total number of alleles that are present in a population  

Allelic frequency - the proportion of a certain allele in a gene pool (usually a decimal, sometimes 
a percentage) 
 
The Hardy-Weinberg Principle 
The Hardy-Weinberg Equation can be used to estimate the frequency of alleles in a population 
and to see whether a change in allele frequency is occurring in a population over time.  
 
In order to do this, certain assumptions are made:  

• no mutations occur to create new alleles.  

• every allele has an equal chance of being passed to the next generation (ie. there is no natural 
selection) 

• there is no migration into or out of the population 

• the population is large   

• mating is random 
 
There are 2 different formulae you need to apply the Hardy-Weinberg principle. The formulae for 
the Hardy-Weinburg principle are shown below:  

 

p + q = 1  AND  p² + 2pq + q² = 1 
 
 

p = the frequency of the dominant allele (represented by A)  

 

q = the frequency of the recessive allele (represented by a) 

p2  frequency of homozygous dominant (ie AA) 

q2  frequency of homozygous recessive (ie aa) 

2pq  frequency of heterozygous (Aa) 

 

Questions usually expect you to work out the frequency of a certain genotype (ie. homozygous 
dominant or heterozygous) from given information using the Hardy-Weinberg principle.  
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Variation in phenotype  

There are variations in the alleles of genes for members of the same species due to a number of 
factors such as:  

• Random fertilisation - the gametes that are carrying different alleles will join together 
randomly.  

• Meiosis - meiosis is the nuclear division that creates gametes. Both independent 
assortment of homologous chromosomes and crossing over will create variations in 
chromosomes 

• Mutations - the mutation of an allele can go on to lead to the creation of another new 
allele which can then be passed to the next generation  

  

There may also be environmental influences on the distribution of alleles and variation within a 
population. Most populations will show a spread of frequency of traits in a distribution called a 

. This means that a majority of the population is distributed around the 

midpoint between the highest and lowest value. This means that exactly 50% of the population 
will be above the mean, and exactly 50% of the population will below the mean. 
If a large enough sample is taken, then a normal distribution will be shown as seen in the 
diagram showing this for height in adults.  
 

 

Evolution and natural selection  
Niche - the role of a species within its environment. If two species inhabit the same niche, they will 
have to compete with each other and the better adapted species will outcompete the other to 
survive 

Intraspecific Competition  Competition between individuals of the same species for resources 

such as food or water 

Interspecific Competition  Competition between individuals of different species (Different = 
Interspecific) 

Many organisms have a unsustainably large number of offspring. However Darwin suggested that 
the reason may offspring are produced is so that there is greater intraspecific competition and 
therefore the individuals with the alleles that make them best adapted to the environment survive 
long to reproduce and pass their beneficial alleles on to the next generation.   
 
The variation in genotypes and phenotypes within a population increases the chance than a 
species will survive in a habitat that is changing.  
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When answering a question explaining evolution, you must remember to say the points below:  

• There is variation in the phenotypes of the population 

• A change in the environment will lead to a selection pressure changes 

• The selection pressure will benefit those with advantageous alleles, which give them a 
selective advantage and allow them to survive and reproduce 

• The advantageous alleles are passed on to their offspring 

• Over time, the frequency of alleles in a population changes and this leads to evolution 
 
The last point especially is often missed  

 

Types of Selection  
Selection is the process by which individuals that are better adapted to their environment are 
more likely to survive and breed. This means that they can pass on their advantageous alleles.  
 

There are three types of selection you need to know about: 
  
Directional Selection - when the environmental conditions change and the phenotypes best 
suited to the new conditions are more likely to survive. As a result these individuals will breed and 
produce offspring. Overtime the mean (the top of the curve on the bell shaped curve) of the 
population will move in the direction of these individuals 
 
An example of this is bacteria being resistant to antibiotics. A single bacteria will have had a 
mutation that meant it was not killed by penicillin as it could produce the enzyme penicillinase. 
As a result it was able to grow and populate, and the frequency of the allele that enabled 
penicillinase production increased in the population. Therefore the population moved to have 

greater penicillin resistance 
 
Stabilising Selection - Phenotypes with successful characteristics are preserved and those of 
greater diversity are reduced. This selection occurs over time when the environment is stable and 
does not change. This means that the individuals closest to the mean are favoured because they 
have the alleles that have given them the survival advantage. Those who are the furthest from the 

mean (ie. the tail ends of the bell shaped curve) have a disadvantage and these alleles die off as 
they are less likely to survive and reproduce. This results in a narrower bell shaped curve.  
 
A example is of this is the weight of newborn babies. Those that have a birth weight of around 
3kg are more likely to survive than those at the extremes 

 
Disruptive Selection - this is the opposite of stabilising selection and in this case both extremes of 
the normal distribution are favoured over the mean. An example of this is where certain large 
mammals are adapted to surviving long period without food due to increase body fat, whilst 
small mammals of the same species survive due to their decreased need for food. As a result 
intermediate sized animals are selected against.  

 

Speciation  
Speciation is the process by which new species arise after a population becomes separated and 
cannot interbreed.   
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There are two types of speciation you need to know about for your syllabus: 
 
Allopatric speciation is caused by a physical barrier such as a flood separating a piece of land into 
two islands. As the two groups become separated, they become reproductively isolated, 
resulting in a reduced gene flow between the two populations. This means that alleles in one 

 other. As they live in two different envronments, each group 
experiences a different selection pressure and therefore experiences directional selection or 
stabilising selection.  Over time, the frequency of alleles in each population will change through 
natural selection and the two parts of the population can no longer interbreed and become 
separate species 
 
Sympatric speciation is when new species evolve from a single ancestral species when inhabiting 
the same geographic region. This may happen as a result of a chromosomal error during cell 
division which leads to reproductive isolation. Other reasons include mutations that mean 

courtsh by a certain part of the population or anatomical changes 
mean the penis cannot enter the vagina in certain mammals 
 

Populations in ecosystems  
Biotic Factor  any living component that affects another organism or shapes the ecosystem   

 
Abiotic Factor  any non-living component that affects another organism or shapes the ecosystem 
 
Ecosystem - all the organisms of different species living in a particular area and how they interact 
with the abiotic and biotic factors in that particular environment.  
 

Population  a group of organisms all of the same species living in the same habitat 
 
Habitat  The natural home of a living organism 
 
Niche - the role of a species within its environment
interactions with its ecosystem. If two species inhabit the same niche, they will have to compete 
with each other and the better adapted species will outcompete the other to survive 

Carrying Capacity  The size of population of one species that an ecosystem is able to support  
 

 
The distribution and abundance of organisms in a habitat is controlled by both biotic factors e.g. 
predators, disease and abiotic factors such as light levels and temperature.  
 
Variation in population size  

There are a number of factors that determine the size of a population. Initially a population may 
grow quickly due to there being no limiting factors, however there are many abiotic and biotic 
factors that can affect the size and rate of population growth.  
 
An example of some abiotic factors that affect population growth are:  
 

• Temperature - each species has an optimum temperature at which it is best able to 
survive. This is due to the optimum temperature for the enzymes in the body 
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• Light - the rate of photosynthesis increasing as light intensity increases. For animals, this 
means more food 

• pH -  affects the action of enzymes with each enzyme having an optimum pH that it can 

work at. Where the appropriate pH exists there is a larger proportion of organisms.  

• Water and humidity  if water is difficult to find, only small populations of adapted species 
will exist. Humidity affects transportation of water in plants and therefore only those that 
are adapted to environments where transpiration is fast will survive, such as xerophytes 

 

Competition  
There are a number of different factors that members of the same species compete for. This type 
of competition is called intraspecific competition with factors affecting it being as follows: 
 

- Food  

- Water  

- Mates  

- Shelter  

- Minerals  

- Light 

 
 
Intraspecific Competition  Competition between individuals of the same species for resources 
such as food or water 

Interspecific Competition  Competition between individuals of different species (Different = 
Interspecific) 

 

Predation  
Predation is when one species (the prey) is caught and eaten by another species (the predator). 
The populations of the predator and prey will both affect one another. This is called a predator-
prey relationship and occurs as follows: 
  

1. When the prey is eaten by the predator the population of the prey falls 
2. This results in the predator population growing due to excess food, however means that 

more prey is consumed 
3. Therefore the population of prey reduces and there is increased competition for the the 

prey between the predators 
4. The lack of food for the predators means leading to the population of the predator 

decreasing, meaning that less prey is eaten 

5. This allows the population of the prey to recover and therefore the cycle occurs over in a 
oscillating manner 

 
Here is the typical graph of the predator-prey relationship: 
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Estimation of Population Size 
The size of a population can be estimated using two ways, depending on whether the population 
is a mobile population, such as moving animals like birds or insects, or stationary organisms such 

as plants.  
 
Quadrats 
As mentioned above, you can use quadrats to estimate the population size of organisms that do 
not move or move very slowly. A quadrat is simply a square frame of any size. The size quadrat 
depends on the size of the organism and its distribution. For instance, if you are counting daisies 
in a field, a quadrat of 5m2 may be too large as there may be too many daisies to count. A 
quadrat of 50cm2 might be too small as there might not be enough daisies in this quadrat. 
Therefore you want to choose the size of the quadrat depending on the species you are 
sampling. 
 
You can use quadrats in a grid, best used in a field, or along a belt transect. A belt transect is a 
strip of land which is fairly narrow compared to its length. This is often used in areas where you 
might expect a gradual transition in the distribution of species along the transect eg. the 
distribution of plant species on the beach near the sea, with the belt transect moving back 
towards the land. 
 
Step-by-step of quadrats: 

1. Use a grid/belt transect in the area you want to sample 
2. Use a random number generator (this phrase is ALWAYS on mark schemes!) to generate 

co-ordinates 
3. Place the quadrat at the co-ordinate 
4. Estimate the percentage cover (if the species is very abundant or difficult to count eg. 

moss) or frequency (easier to count like number of dandelions) 
5. Take multiple samples so you have a representative sample and calculate a mean 

percentage cover or frequency based on your results 
 
Using randomly placed quadrats, or quadrats along a belt transect, for slow moving or non-motile 
organisms. The abundance of different species can be measured in two main ways these are:  
 

• Percentage cover - suitable for plants or algae whose individuals numbers are difficult to 
count.  

• Frequency - expressed as a decimal or percentage, and is the number of times an organism 

appears in the sampling area.  
 
Mark-Release Recapture 
Fast moving or hidden animals a mark-release-recapture method can be used. The process of 
mark-release recapture occurs are follows:  

 
Step-by-Step of Mark Release Recapture 
1. Identify the place in which you want to estimate the size of population. Traps are set in order 

to capture individuals of the species. 
2. The number captured and counted 
3. They are then marked in a way that will not reduce their chance of survival or make them 

more likely to be captured again 

4. These marked organisms are then released again into the same area they were caught 
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5. Leave a sufficient amount of time for these individuals to re-integrate and redistribute 
themselves evenly back into the population 

6. Go back and capture more members of the population. Note how many have been caught a 
second time (ie. the ones that are marked from the first time round) and how many have 
been caught for the first time (ie. not marked) 

7. Use the below equation to estimate the population size 
 
 

The population can then be estimated using the following equation:  
 

 

The exam often ask what assumptions are made by using this method. Try to remember 3 or 4: 

• The marked individuals released from the first sample distribute evenly amongst the 
remainder of the population and have sufficient time to do so 

• No immigration into or emigration out of the population.  

• There are few, if any, births and deaths within the population.  

• The method of making is not toxic and does not reduce the chance of survival for the 
population 

• The marks or labels do not rub off during the investigation 

• The marking does not increase chance of being caught the second time round 
  

Succession  

Succession is the process of change in the species in an ecological community (ecosystem) over 

time. This often happens after a mass extinction event such as a volcanic eruption, or more 
commonly, can be seen in the change of plant species and biodiversity starting near the 
coastline and travelling inland. 
 
It occurs in the following steps: 

1. First, the area is only colonised by very hardy plant species which are adapted to survive in 
arid, harsh conditions. An example of this is marram grass or lichen which is seen to live 
in the sand at the coast. This plant is called the pioneer species. 

2. Some of these plants naturally die for various reasons and are replaced by new seedlings. 
As they die and are decomposed by microorganisms, creating humus, it creates leaves 
behind more minerals and ions in the ground makes the conditions less difficult to live in. 

They will create conditions more resembling soil 
3. Soil has more minerals and traps more water than sand 
4. As a result, more plant species that could not survive the harsh conditions before can now 

survive, such as shrubs 
5. Over time, as conditions become less harsh and the conditions become more favourable 

for more and more species to live in, the biodiversity of the area increases and larger 
plants can survive 

6. Eventually, a climax community is established which is the final stage of succession, a self-
sustaining and stable community of organisms, usually a forest. This climax community 
usually is so tall that it blocks light to the forest floor, meaning no more succession takes 
place. 
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Secondary succession occurs in a previously colonised area in which an existing community has 
been cleared. This type of succession can occur after events such as forest fires. As a soil layer is 
already present, succession begins at a later stage.   
 
Conservation  

managing of succession. In order to prevent the formation of a climax community, therefore 
losing smaller plants that may be valuable for agriculture, we use certain mechanisms to stop 
larger plants from growing. One example of this is controlled burning of land is in order to stop 
the formation of a climax community by destroying any seeds before planting crops. 
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