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Genetics 

Genetics is a branch of biology that studies heredity (passing of traits/characteristics to the next 

generation) and variation in organisms in an effort to explain both the similarities and differences 

between parents and their offspring. 

Gregor Mendel, an Austrian monk, is often called the ‘Father of Genetics’ as he was responsible for 

the first major breakthrough in the study of heredity. He realised that something from both the 

mother and the father combine in the offspring, producing something unique. His research was used 

as the basis of many biologists’ studies, after it was accepted in about 1900. 

We know that the ‘somethings’ passed from parent to offspring are genes (which Mendel called 

factors), part of the DNA molecules in the chromosomes.  Each chromatid is made up of one DNA 

molecule, which is itself made up of a series of genes. A gene is defined as a section of DNA that 

controls a hereditary characteristic or trait. 

 Each chromosome has between several hundred and several thousand genes. The total 

number of genes in humans is thought to be between 20000 and 25000, though it was once 

thought to be between 30000 and 40000 

 Nearly all somatic cells have an exact copy of all the genes in the organism, the genome (the 

complete set of genetic instructions needed to create an organism). Red blood cells do not, 

however, as they have no nuclei 

 As there are two of each kind of chromosome (paternal and maternal) each cell contains two 

of each kind of gene. These versions of a gene are called alleles 

Even though every cell contains a full copy of the DNA in the organism, only the genes that are 

needed are activated, while the others are suppressed.  

 This means that different genes are active in different cells, creating the specific proteins 

that give that cell type its character (bone cells, brain cells, etc) 

 Some genes are active only during the early developmental stages of an embryo 

 Some genes are active in many types of cells. These ‘housekeeping genes’ make proteins 

required for basic functions 

 Only about 2% of our genes actually code for proteins. The rest of the genes are non-coding 

genes 

 

 Master control genes, which determine the way the body develops from a zygote, are called 

hox genes 

 The control of genes is called epigenetics. The Human Epigenetic Project hopes to discover 

what activates and deactivates genes 
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Alleles: 

Alleles are genes that control different version of a trait/characteristic found in the same locus 

(position) on homologous chromosomes. For example, for the gene determining coat colour in 

cattle, one allele could determine a black coat (B) and another a white coat (b). Alleles are 

represented using letters, as above, and the capital letter very often denotes the dominant allele 

while the lower-case letter denotes the recessive allele. Therefore, in the cattle in the example 

above, the allele for the black coat would be dominant. 

Alleles are passed from the parents to the offspring by the chromosomes in the gametes made 

during meiosis. The following diagram summarises the results of the two stages of meiosis, showing 

how alleles are separated: 
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A genotype is made up of all the genes carried by an organism’s chromosomes, which is has 

inherited from its parent. 

A phenotype is the physical appearance of an organism. It is partly programmed by the genotype, 

but also influenced by external factors. However, it can be regarded as the physical manifestations 

of the genotype. 

After fertilisation, the zygote and all the cells that develop from it will have two alleles for each gene, 

one from each parent. This will be in the same locus on each chromosome in a homologous pair. 

 If the pair of alleles at a locus are the same, the organism is homozygous for that trait 

 If the pair of alleles are different, the organism is heterozygous for that trait 

o In heterozygous pairing, one allele will be dominant and the other recessive. The 

dominant allele will ‘win’ and its characteristic will be expressed in the offspring, and 

the recessive allele will be suppressed and not expressed 

 

Here are the genotypes of three different cattle: 

1. BB 

2. Bb 

3. bb 

Label them as being either heterozygous or homozygous and which phenotype they will exhibit. We 

can see that there are 3 possible combinations of alleles for coat colour, but only 2 phenotypes. This 

is because: 

 as once allele is dominant over another, a homozygous dominant organism (BB) will have 

the same phenotype as a heterozygous organism (Bb) 

 the allele b is recessive, meaning that its characteristic is hidden by the dominant B allele 

and will only be exhibited if the dominant allele is not present, i.e. in homozygous recessive 

organism (bb) 

In case you didn’t get the answers to those three examples, here they are: 

1. BB – homozygous dominant – black coat 

2. Bb – heterozygous – black coat 

3. bb – homozygous recessive – white coat 

 

Not every trait is coded for by one pair of alleles. In polygenic inheritance, more than one pair of 

alleles is responsible for a single trait. These traits are determined by the interactions between 

different alleles, each of which has a small effect on the offspring. This gives a range of possible 

phenotypes. Each phenotype differs slightly from the next, forming a graduated series. This is called 

continuous variation. Some examples are: height, skin colour, metabolic rate 

 


