
WHAT IS MEDICAL GENETICS? 

Medical genetics is a field of study that focuses on genetic and techniques to diagnose and 
manage genetic disorders and diseases in individual. As a result of rapid progress in molecular 
genetics, DNA-based diagnosis has been accessible for numerous inherited conditions, and  gene  
therapy the insertion of normal genes into patients in order to correct  genetic  disease is  
showing  promise  for  some  conditions.  

 Medical genetics encompasses the practice of genetic counseling, wherein pertinent information 
pertaining to risks, prognoses, and treatments is effectively conveyed to patients and their 
families. 

 

Basic Cell Biology: Structure and Function of Genes and Chromosomes. 

All genetic diseases are characterized by cell-level defects. For this reason, one must understand 
basic cell biology to under- stand genetic disease. Errors can occur in the replication of genetic 
material and translation of DNA into proteins.  Such errors frequently result in single-gene 
disorders.  Errors that occur during cell division can also result in chromosomal disorders. 

Chromosome.  

A chromosome is an organized structure of rod-shaped filamentous bodies present in the nucleus, 
which become visible during cell division. It is composed of DNA and proteins that are found in 
cells. Contains many genes, regulatory elements, and other nucleotide sequences. 

STRUCTURE OF CHROMOSOME 

The size of the chromosome is normally measured at mitotic metaphase in the continuous 
process of cell growth and cell division. Chromosomes occur in the form of thin, coiled, and 
contractile, thread-like stainable structures of two symmetrical structures called chromatids that 
are attached to each other. 

Eukaryotic  
Genomes are composed of multiple chromosomes each containing a linear molecule of DNA  
 Histones are unique features of eukaryotic cells.  The packaging of DNA is due to histones. 
 
Number of Chromosomes 
All the individuals of species have a specific number of chromosomes which distinguishes it 
from other species. Presence of a whole set of chromosomes is called euploidy, Gametes 
normally contain only one set of chromosomes this number is called haploid 

 
Somatic cells usually contain two sets of chromosomes-2n: Diploid 3n- called triploid while 4n- 
called tetraploid.  The conditions in which the chromosomes set are present in a multiple of “n” 
is called polyploidy 



Variation in chromosome number. 
Aneuploidy, monoploidy, and euploidy are all ways in which the number of chromosomes can 
change. Change can occur by the addition of all or part of a chromosome (aneuploidy), the loss 
of an entire set of chromosomes (monoploidy) or the gain of one or more complete sets of 
chromosomes (euploidy). Each one of these disorders deviates from the typical diploid number 
of chromosomes. Each of these conditions is a variation on the normal diploid number of 
chromosomes can have a significant impact on phenotypic expression. 

The different conditions of aneuploidy are: 

1. Nullisomy - the loss of both pairs of homologous chromosomes; individuals are called 
nullisomics and their chromosomal composition is (2n-2) 

2. Monosomy - the loss of a single chromosome; individuals are called monosomics and 
their chromosomal composition is (2n-1) 

3. Trisomy - the gain of an extra copy of a chromosome; individuals are called trisomics 
and their chromosomal composition is (2n+1) 

4. Tetrasomic - the gain of an extra pair of homologous chromosomes; individuals are 
called tetrasomics and their chromosomal composition is (2n+2) 

 
Karyotype analysis 

 
Somatic cells in human have 46 chromosomes, cells studied before division where chromosomes 
arrange in pairs, the member of each pair have the same size, shape and constriction (location of 
kinetochore) also had the same banding pattern. This is called karyotype analysis.  
Chromosomes are classified according to the location of the centromere. Human chromosomes 
include both metacentric and acrocentric. Chromosomes can be identified by their size and shape 
(the position of the centromere).  

 
 Human chromosome  

 
Regions of chromosomes 
 

• Several different chemical techniques are used to identify certain chromosomal regions 
by staining them to form chromosomal bands. 

 
          There are 2 types of regions in the chromosomes. 
 
  Euchromatin 

• Light staining regions 
•  Lightly packed form of chromatin and is often under active transcription. 

  



 
                Heterochromatin 

• Darkly staining and tightly coiled throughout the cell cycle and that is for the most part, 
genetically inactive  

 
                Constitutive heterochromatin 

• It is fixed and irreversible in form and function 
•  Chromosomes 1, 9, 16 and the Y chromosomes contain regions of constitutive 

heterochromatin. 
  

            Facultative heterochromatin 
• It has the faculty to return to the normal euchromatic state 
• Consists of euchromatin that takes on the staining and compactness characteristics of 

heterochromatin during some phase of development. 
• The inactive X chromosomes is made up of facultative heterochromatin  

 
  

Genes 

A gene is a segment of DNA that provides the cell with instructions for making a specific 
protein, which then carries out a particular function in your body. Nearly all humans have the 
same genes arranged in roughly the same order and more than 99.9% of your DNA sequence is 
identical to any other human. 

Still, we are different. On average, a human gene will have 1-3 letters that differ from person to 
person. These differences are enough to change the shape and function of a protein, how much 
protein is made, when it's made, or where it's made. They affect the color of your eyes, hair, and 
skin. More importantly, variations in your genome also influence your risk of 
developing diseases and your responses to medications. 

Genetic Variation. 

All genetic variation originates from the process known as mutation, which is defined as a 
change in DNA sequence. Mutations can affect either germline cells (cells that produce 
gametes) or somatic cells (all cells other than germline cells).  

We will discuss the types of mutation, the causes and consequences and the molecular 
techniques that are now used to detect genetic variation in human populations. 

Inheritance Patterns  

It is important to understand the basic laws of inheritance to appreciate how conditions are 
passed on in a family. An accurate family health history is a valuable tool to illustrate how 
conditions are passed down through generations. 



Almost all an individual's genes come in pairs, one from each parent. Researchers have examined 
human genes to understand their typical functions and the ways in which mutations can alter 
these processes Some changes are very minor and do not affect the way a gene works. These 
changes are often called  

• single nucleotide polymorphisms (SNPs, pronounced “snips”) or gene variants.  
• Other changes, called mutations, affect how a gene works and can lead to disease. 

The same mutation may not always result in the same symptoms in members of the same family. 
In other contexts, it is possible for people with different mutations to share similar symptoms. 
This is because both genetic and environmental factors contribute to how genes are expressed. 

Genetic diseases are the result of a mutation in a single gene. 

Diseases caused by mutations in a single gene are usually inherited in a simple pattern, 
depending on the location of the gene and whether one or two normal copies of the gene are 
needed. This is often referred to as Mendelian inheritance because Gregor Mendel first observed 
these patterns in garden pea plants.  

Several basic modes of inheritance exist for single-gene disorders: autosomal dominant, 
autosomal recessive, X-linked dominant, and X-linked recessive. However, not all genetic 
conditions will follow these patterns, and other rare forms of inheritance such as mitochondrial 
inheritance exist. (See t6he table below.) 

Inheritance 
Pattern 

Characteristics Disease Examples 

Autosomal 
Dominant 

Each affected person usually has an affected 
parent; occurs in every generation 

Huntington’s disease, 
neurofibromatosis, 
achondroplasia, familial 
hypercholesterolemia 

Autosomal 
Recessive 

Both parents of an affected person are 
carriers; not typically seen in every 
generation 

Tay-Sachs disease, sickle cell 
anemia, cystic fibrosis, 
phenylketonuria (PKU) 

X-linked 
Dominant 

Females are more frequently affected 
because all daughters and no sons of an 
affected man will be affected; can have 

Hypophatemic rickets (vitamin 
Dresistant rickets), ornithine 
transcarbamylase deficiency 



affected males and females in same 
generation if the mother is affected 

X-linked 
Recessive 

Males are more frequently affected; affected 
males often present in each generation 

Hemophilia A, Duchenne 
muscular dystrophy 

Mitochondrial Can affect both males and females, but only 
passed on by females because all 
mitochondria of all children come from the 
mother; can appear in every generation 

Leber’s hereditary optic 
neuropathy, Kearns-Sayre 
syndrome 

 

Types of Mutation 

single-gene mutation: One important type of single-gene mutation is the base- pair 
substitution, in which one base pair is replaced by another. This can result in a change in the 
amino acid sequence. However, because of the redundancy of the genetic code, many of these 
mutations do not change the amino acid sequence and thus typically have no effect. 

Some of base- pair mutation  

• Missense mutations:  change a single amino acid, while nonsense mutations cause one 
of the three stop codons (UAA, UAG, or UGA) in the messenger RNA (mRNA). 
Because stop codons cease mRNA translation, nonsense mutations prematurely end the 
polypeptide chain. An improperly elon-gated polypeptide can be created by changing a 
stop codon to encode an amino acid. Amino acid sequence changes can cause numerous 
significant hereditary illnesses, as detailed subsequently. 

 

• Base pair deletions or insertions are another significant mutation type. Mutations that 
add or remove amino acids from a protein are often harmful. A 3-bp deletion is detected 
in most cystic fibrosis patients. Deletions and insertions can tend to be harmful when the 
number of missing or extra base pairs is not a multiple of three. Because codons consist 
of groups of three base pairs, such insertions or deletions can alter the downstream 
codons.  



 

Base-pair mutation types. Missense mutations (A) produce a single amino acid change, whereas 
nonsense mutations (B) produce a stop codon in the mRNA. Stop codons terminate translation of 
the polypeptide.  

• Whole-gene duplications can cause genetic illness. Consider Charcot–Marie–Tooth 
disease.  This peripheral nerve system illness causes distal limb muscle atrophy. It affects 
1 in 2500 people in various ways.  A 1.5 million-bp duplication on one copy of chromo-
some 17 is found in 70% of type 1A patients. Therefore, they have three copies of the 
genes in this region.  These genes include PMP22, which encodes peripheral myelin.  
This condition causes demyelination due to elevated gene product dosage. 

• Other mutations can affect transcription or translation. Promoter mutations diminish 
RNA polymerase affinity for a promoter site, reducing mRNA and protein synthesis.  
Similar effects can result from transcription factor gene or enhancer sequence mutations. 

What is genetic mapping 

Genetic mapping shows that a parent-to-child disease is connected to one or more genes and 
reveals which chromosome had the gene and where it was found. 

Human Genome Project (HGP) goals included developing new, better, and cheaper technologies 
to locate and understand genes. Mapping also shows which chromosome has the gene and where 
it is. 

Genetic mapping has identified the gene underlying rare, single-gene illnesses such cystic 
fibrosis and Duchenne muscular dystrophy. Genetic mapping can also help scientists find genes 
linked to common ailments like asthma, heart disease, diabetes, cancer, and psychiatric 
conditions. 

How do researchers create a genetic map? 

Researchers take blood or tissue samples from families with a common disease or trait to create a 
genetic map.  



The scientists separate DNA from these samples and look for patterns only observed in family 
members with the disease or characteristic using laboratory methods. Markers are DNA chemical 
base patterns. 

DNA markers don't identify the illness or trait gene, but they can help researchers locate it on the 
chromosome. 

A gene and DNA marker that are close will likely stay together during recombination and be 
handed on from parent to child. If each family member with an illness or trait inherits a DNA 
marker, the disease gene is likely near that marker. 

A genetic map with more DNA markers is more likely to have at least one marker near a disease 
gene, making it easier for researchers to find it. The HGP created dense maps of markers equally 
distributed across the human genome as one of its first major breakthroughs. Genetic mapping 
data generated by the HGP's laboratories is freely accessible to scientists through databases 
maintained by the National Institutes of Health and the National Library of Medicine's (NCBI) 


