
BMS2042 Topics:  

• Autosomal inheritance 

• Sex-linked inheritance/chromosomal theory  

• Extensions to Mendelian inheritance 

• Mutation and gene function 

• Linkage, recombination and genetic mapping 

• DNA markers and molecular mapping 

• DNA finger-printing and profiling 

• Cytogenetics and aneuploidy  

• Population genetics 

• Quantitative genetics 

• Multifactorial disorders 

• Genetic risk assessment 

• Diagnostic genetic testing 

• Non-Mendelian inheritance 

• Mitochondrial DNA disorders 

• Human evolutionary genetics 

• Supermodels 

• Human genomic project 

• Developmental genetics 



Autosomal	Inheritance		
Genetics is the study of genes, at all levels, from molecules to populations. There are three broad fields of genetics:  

• Transmission genetics – how traits are passed from parents to offspring 

• Molecular genetics – how the hereditary material controls the expression of genes and thus, traits  

• Population genetics – genetic variation and its role in evolution  

Much of the knowledge of human genetics comes from the study of genetic model organisms. These model organisms 

are able to reproduce quickly, are cheap, there are lots of progeny which are able to be bred in the lab.  

Before Mendel discovered autosomal inheritance, there were several early theories resulted from selective breeding in 

agriculture. 

• Pangenesis is a developmental theory of heredity that states that genetic information 

comes from many different parts of the body which shed into minute particles, called 

gemmules, which are able to circulate throughout the body and move to the reproductive 

organs to pass to their offsprings 

• Homunculus is also known as the “little man”, referred to the theory that organisms 

develop from miniature versions of themselves which continue to grow.  

• Blending theory states that inheritance of traits from two parents produces offspring 

with characteristics that are intermediate between those of the parents.  

Mendel then discovered Mendelian inheritance, autosomal inheritance, a pattern of inheritance in which the 

transmission of traits depends on the presence or absence of certain alleles on the autosomes. The pattern may be 

dominant or recessive, with males and females affected with equal frequency.  

Mendel’s Law of Segregation (1st law) states that two alleles segregate from each other 

into the gametes, where each gamete has ½ chance of inheriting each allele, combining 

at random to form the next generation. This is known as a monohybrid cross, discovered 

when he crossed a purebred white flower and purple flower pea plants which results in 

a purple-flowered offspring. After self-fertilisation, he obtained a purple flower to white 

flower ratio of 3:1. A test cross was then used to cross a homozygous recessive to 

determine if the individual showing dominant phenotype is homozygous or 

heterozygous for dominant allele.  

Mandel also studied the inheritance of two traits, dihybrid cross, resulting in Mendel’s 

Law of Independent Assortment (2nd Law), which states that each pair of alleles 

segregate independently of other alleles during gamete formation. In F1, he saw two 

dominant phenotypes, whilst in F2, he saw 9:3:3:1 ratio.  

Autosomal inheritance in humans are much more difficult to study in humans and thus, 

they are reliant on collections of family data, called pedigrees.  

 

 



Autosomal recessive: 

• Males and females are equally affected 

• Skips generations  

• Common for parents to be related  

• Cystic fibrosis 

• Albinism is an autosomal, recessive, congenital disorder characterised by the absence 

of pigment in the skin, hair and eyes  

As seen in the diagram below, mutant variant a cannot produce tyrosinase enzyme, whilst 

normal variant a is able to produce tyrosinase and synthesise tyrosine, thus producing 

melanin. As one copy of the tyrosinase enzyme is enough to make melanin, heterozygous 

individuals are phenotypically normal, whilst those who have two copies of a result in 

albinism.  

 

Autosomal dominant  

• Males and females equally affected 

• Affected individuals in multiple generations  

• Transmission by both sexes to both sexes 

• Achondroplasia, Huntington Disease 

 

 

 

	
	 	



Sex-linked	Inheritance	and	Chromosome	Theory		

Sex-linked inheritance was discovered by Thomas Hunt Morgan, 40 years after Mendel, when 

he found a white-eyed mutant of Drosophila. This was amongst the different results from 

reciprocal crosses – crosses where phenotypes of male and female parents are reversed. It was 

hypothesized that the white gene was on the X chromosome in which females had two copies 

whilst males only one (hemizygous).  

 

X-linked recessive  

X-linked recessive inheritance is a mode of inheritance in which a mutation 

in a gene on the X chromosome causes the phenotype to be expressed in males 

(hemizygous) and in females who are homozygous for the gene mutation. 

• Males usually mostly affected  

• Transmitted through unaffected females (carriers)  

• No male to male transmission  

• e.g. Haemophilia, red-green colour blindness (8% male, 0.5% female) 

 

X-linked dominant 

X-linked dominant inheritance is a mode of inheritance by which a dominant gene is carried on the chromosome.  

• Both sexes are affected, but often excess of females  

• Females less severely affected than males due to X inactivation 

which occurs to balance it out  

• Affected males can transmit to daughters but not sons, therefore, 

no male to male transmission 

• Affects every generation  

• e.g. hypophosphatemia (type of vitamin D resistant rickets), Rett Syndrome (neurodevelopmental disorder), 

incontinentia pigmenti (skin abnormality)  

 

Y-linked inheritance  

Y-linked traits never occur in females, and occur in all male descendants of an affected male. The concepts of dominant 

and recessive do not apply to Y-linked traits, as only one allele is ever present in any one individual.  

• e.g. Hair earlobes  

 

Chromosome theory  



The chromosome theory is a theory of genetics which identifies chromosomes as the carriers of genetic material. It 

correctly explains the mechanism underlying the laws of Mendelian inheritance by identifying chromosomes with the 

paired factors (particles) required by Mendel’s laws. Additionally, it states that chromosomes are linear structures with 

genes located at specific sites called loci along them.  

This is supported by: 

• Behaviour of chromosomes at meiosis – parallels Mendel’s Law 

Meiosis explains Mendel’s laws at a cellular level, stating that two alleles for a gene are carried on the two different 

homologous chromosomes.  

Mendel’s first law states that the alleles of a gene segregate equally into gametes as chromosomes separate as well. 

Furthermore, Mendel’s second law states that the arrangement of genes are independent of one another as different 

chromosomes pair together.  

• Sex-linked genes – inheritance of a trait follows inheritance of a particular chromosome  

Specific traits are transmitted with specific chromosomes. This can be seen in reciprocal crosses where 

phenotypically parents result in phenotypically different offsprings. As seen in the diagram below, Doncaster and 

Raynor showed inheritance of wing colour in magpie moths gave different results in reciprocal crosses. Similarly, 

Bateson found the same for a feather phenotype in chickens. 

 

 

Rules of probability  

Product Rule: The probability of independent events occurring together is the product of the probabilities of the 

individual events: 



!"#$%$&'&() = Pr -.-/(	1 ×	Pr	(-.-/(	2) 

 

Sum Rule: The probability of either of two mutually exclusive events occurring is the sum of their individual 

probabilities. 

!"#$%$&'&() = Pr -.-/(	1 + 	Pr	(-.-/(	2) 

 

Examples: *Note: if other individuals are not mentioned in the question, assume that they are phenotypically normal.  

Cystic fibrosis is an autosomal recessive disorder. Two heterozygous parents are expecting a baby.  

1. What is the probability that the baby is affected? 

Let C = normal, c= cystic fibrosis 

Use product rule: 7	8 ×
7
8 =

7
9 

 

 

2. What is the probability that the baby is a homozygote? 

Use sum rule: 79 +
7
9 =

7
8 

3. What is the probability that his baby is affected and they then have a second baby who is unaffected? 

Use product rule: 79 ×
:
9 =

:
7;  

Duchenne muscular dystrophy is an X-linked recessive disorder. 

1. If a woman who is a carrier of the disease gene has a normal partner, what is the probability of having an affected 

child? 

Use product rule: 7	8 ×
7
8 =

7
9 

2. In the same situation as (1), if they have two children, what is the probability of both being affected? 

Use product rule: 79 ×
7
9 =

7
7;  

3. What is the probability that a different woman whose mother’s brother had the disease will have received the 

disease allele? 

Use product rule: 7	8 ×
7
8 =

7
9 as there is ½ chance that the mother is a carrier and ½ that the daughter receives the 

allele. 
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