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The history of genetics in relation to medicine is one
of breathtaking discovery from which patients and
families already benefit hugely but in today's world
success will be measured by continuing progress in 
the treatment and prevention of disease.



Developments in genetics during the twentieth
century have been truly spectacular. 

In 1900 Mendel's principles were awaiting 
rediscovery,chromosomes were barely visible, 
and the science of molecular genetics did not 
exist.



By contrast, at this time  over 14000 single-
gene disorders or traits have been identified, 
chromosomes can be analyzed to a very high 
level of sophistication, and the draft 
sequence of the entire human genome has 
been reported .



This revolution in scientific knowledge and 
expertise has led to the realization that 
genetics is an area of major importance in 
almost every medical discipline. 

Recent discoveries impinge not just on rare 
and esoteric 'small-print' diseases, but also 
on many of the common acquired disorders 
of adult life, such as cardiovascular disease, 
psychiatric illness and cancer. 



Consequently genetics is now widely
accepted as being at the forefront of medical
science and has become an important  and
integral component of the undergraduate
medical curriculum.



In order to put the exciting development and 
growth of genetic science into context we 
start with a brief overview of some of the 
most notable milestones in the history of 
medical genetics. 



Early Greek philosophers and physicians 
such as Aristotle and Hippocrates 
concluded, with typical masculine modesty, 
that important human characteristics were 
determined by semen, utilizing menstrual 
blood as a culture medium and the uterus as 
an incubator. 
Semen was thought to be produced by the 
whole body; hence baldheaded fathers 
would beget baldheaded sons.



These ideas prevailed until the seventeenth
century, when Dutch scientists such as
Leeuwenhoek and de Graaf recognized the
existence of sperm and ova, thus explaining
how the female could also transmit
characteristics to her offspring.



1865



In his breeding experiments Mendel studied   
contrasting characters in the garden pea, 
using for each experiment varieties that 
differed in only one characteristic. 

For example, he noted that when strains that 
were bred for a feature such as tallness were 
crossed with plants bred to be short, all the 
offspring in the first filial or F1 generation 
were tall. If plants in this F1 generation were 
interbred, then this led to both tall and short 
plants in a ratio of three to one .





Mendel's proposal was that the plant
characteristics being studied were each
controlled by a pair of factors, one of 
which was inherited from each parent. 

The pure-bred plants, with two identical
genes, used in the initial cross would now
be referred to as homozygous



The hybrid F1 plants, each of which has 
one gene for tallness and one for 
shortness, would be referred to as
heterozygous .The genes responsible for 
these contrasting characteristics are 
referred to as allelomorphs ,or alleles .



An alternative method for determining
genotypes in offspring involves the
construction of what is known as a
Punnett's square .



punnett's square



On the basis of Mendel's plant experiments, 
three main principles were established.

These are known as the laws of uniformity, 
segregation and independent assortment .



The law of uniformity refers to the fact that
when two homozygotes with different alleles
are crossed, all the offspring in the F1
generation are identical and heterozygous. 

In other words, the characteristics do not 
blend as had been believed previously, and 
can reappear in later generations .



The law of segregation refers to the 
observation that each individual possesses 
two genes for a particular characteristic, 
only one of which can be transmitted at any 
one time. 
Rare exceptions to this rule can occur when 
two allelic genes fail to separate because of 
chromosome non-disjunction at the first 
meiotic division .



Refers to the fact that members of different 
gene pairs segregate to offspring
independently of one another.
In reality, this is not always true, as genes that 
are close  together on the same chromosome 
tend to be inherited together, i.e. they are 
linked.



There are a number of other ways by which 
the laws of Mendelian inheritance are 
breached but, overall, they remain 
foundational to our understanding of the 
science.



As interest in Mendelian inheritance grew, 
there was much speculation as to how it 
actually occurred. 

At that time it was also known that each cell 
contains a nucleus within which there are 
several thread-like structures known as
chromosomes ,so called because of their 
affinity for certain stains
chroma = color ,soma = body. 



In 1903, Walter Sutton, an American 
medical student, and Theodor Boveri, a 
German biologist, independently proposed 
that chromosomes carry the hereditary 
factors, or genes. 

These suggestions were prompted by the 
realization that the behaviour of 
chromosomes at cell division could provide 
an explanation for how genes could 
segregate.



When the connection between Mendelian
inheritance and chromosomes was first 
made, it was thought that the normal 
chromosome number in humans was 48; 
the correct number of 46 was not 
established until 1956, 3 years after the 
correct structure of DNA was proposed. 



Within a few years it was shown that 
some disorders in humans could be 
caused by loss or gain of a whole 
chromosome as well as an abnormality in 
a single gene.



Whilst James Watson and Francis Crick are 
justifiably credited with discovering the 
structure of DNA in 1953, they were only 
attracted to working on it because its key 
role as the genetic material was established 
in the 1940. 

Formerly many believed that hereditary 
characteristics were transmitted by proteins.



The genius of Watson and Crick, at 
Cambridge, was to hit on a structure for 
DNA that would explain the very fact of 
biological reproduction, and their elegant 
double helix has stood the test of time. 
Crucial to their discovery was the X-ray 
crystallography work of Maurice Wilkins 
and Rosalind Franklin at King's College, 
London .



The relationship between the sequence of 
bases in DNA and the sequence of amino 
acids in protein, i.e. the genetic code ,was 
unravelled in some very elegant 
biochemical experiments in the 1960s. 
Thus it became possible to predict the base 
change in DNA that led to the amino acid 
change in the protein .



However, direct confirmation of that prediction 
had to wait until DNA sequencing methods 
became available after the advent of recombinant 
DNA techniques. 
Interestingly, however, the first genetic trait to be 
characterized at the molecular level had already 
been identified in 1957 by laborious sequencing of 
the purified proteins. 
This was sickle-cell anemia, in which the mutation 
affects the amino-acid sequence of the blood 
protein hemoglobin.



Before returning to historical developments 
in human genetics, it is worth a brief 
diversion to consider the merits of this 
unlikely creature that has proved to be of 
great value in genetic research. The fruit fly ,
Drosophila possesses several distinct 
advantages for the study of genetics.



these  are  as  follows :

 It can be bred easily in a laboratory .

 It reproduces rapidly and prolifically at a
rate of 20-25 generations per annum .

 It has a number of easily recognized 
characteristics, such as curly wings and 
a yellow body ,which show Mendelian
inheritance .



 Drosophila melanogaster ,the species 
most frequently studied, has only four 
pairs of chromosomes, each of which 
has a distinct appearance so that they 
can be identified easily .

 The chromosomes in the salivary glands 
of Drosophila larvae are among the 
largest known in nature, being at least 
100 times bigger than those in other 
body cells .



In view of these unique properties, fruit flies 
were used extensively in early breeding 
experiments. 
Today their study is still proving of great 
value in fields such as developmental biology, 
where knowledge of gene homology 
throughout the animal kingdom has enabled 
scientists to identify families of genes that are 
very important in human embryogenesis .





Multiple-Choice Questions (MCQs) on Medical Genetics

1. 1. Which concept was first theorized by early Greek philosophers like Aristotle regarding heredity?

A. Mendelian inheritance

B. Genetic traits from both parents

C. Semen determines human characteristics

D. Chromosomes as carriers of traits

2. 2. What did Mendel's breeding experiments focus on?

A. Genetic mutations

B. Contrasting characters in pea plants

C. Reproduction in fruit flies

D. Chromosome abnormalities

3. 3. What term refers to an organism with identical genes for a trait?

A. Heterozygous

B. Homozygous

C. Hybrid

D. Dominant

4. 4. Which of the following is a principle established by Mendel's experiments?

A. Chromosomal crossover

B. Law of segregation

C. Genetic drift

D. Law of mutation

5. 5. Who independently proposed that chromosomes carry hereditary factors?

A. Watson and Crick

B. Mendel

C. Sutton and Boveri

D. Rosalind Franklin

6. 6. The structure of DNA was discovered in:



A. 1865

B. 1940

C. 1953

D. 1960

7. 7. What is the correct number of chromosomes in humans?

A. 46

B. 48

C. 23

D. 50

8. 8. What technique confirmed Watson and Crick's DNA model?

A. Punnett square analysis

B. X-ray crystallography

C. Recombinant DNA sequencing

D. Protein structure modeling

9. 9. What does the genetic code specify?

A. Chromosomal arrangement

B. Amino acid sequences in proteins

C. Gene silencing

D. RNA synthesis

10. 10. What was the first genetic disorder characterized at the molecular level?

A. Cystic fibrosis

B. Sickle-cell anemia

C. Down syndrome

D. Hemophilia

11. 11. Why is Drosophila melanogaster used in genetic studies?

A. Large chromosomes in salivary glands

B. High resistance to mutations

C. Lack of Mendelian inheritance

D. Short lifespan only



12. 12. How many chromosome pairs does Drosophila melanogaster have?

A. 2

B. 3

C. 4

D. 6

13. 13. What makes Drosophila chromosomes unique?

A. Similarity to human chromosomes

B. 100x larger size in salivary glands

C. Rapid mutation rates

D. Multicellular structure

14. 14. What happens during chromosome non-disjunction?

A. Genes replicate incorrectly

B. Chromosomes fail to separate during meiosis

C. DNA fails to code for proteins

D. Traits blend during inheritance

15. 15. What type of inheritance occurs with linked genes?

A. Independent assortment

B. Mutations

C. Chromosomal linkage

D. Polygenic traits

16. 16. What does 'heterozygous' mean in Mendelian genetics?

A. Identical genes for a characteristic

B. Different genes for a characteristic

C. Absence of a dominant gene

D. Presence of only one allele

17. 17. What does 'allelomorph' refer to in genetics?

A. A dominant trait

B. A type of chromosome

C. Alternative forms of a gene (alleles)



D. A mutant gene

18. 18. The process of constructing a Punnett square helps determine:

A. DNA mutations

B. Genotypes of offspring

C. Chromosomal disorders

D. Genetic diseases

19. 19. Which discipline studies inherited traits affecting common adult disorders like cancer?

A. Molecular biology

B. Medical genetics

C. Biochemistry

D. Embryology

20. 20. Which principle explains how genes are inherited independently?

A. Genetic linkage

B. Law of independent assortment

C. Chromosome non-disjunction

D. Genetic imprinting

Answers:

1. C

2. B

3. B

4. B

5. C

6. C

7. A

8. B

9. B

10. B

11. A

12. C

13. B



14. B

15. C

16. B

17. C

18. B

19. B

20. B



GENITICS 2

The Origin & Impacts Of 
Medical Genitics

By: Dr. Sawsan  Shurrab



THE ORIGINS OF MEDICAL 
GENETICS 

• John Dalton of atomic theory fame, 
observed that some conditions, notably 
color blindness and hemophilia, show what 
is now referred to as sex- or X-linked 
inheritance, and to this day color blindness 
is still sometimes referred to as daltonism .



• Inevitably, these founders of human and 
medical genetics could only speculate as to 
the nature of the mechanisms underlying 
their observations.



• In 1900 Mendel's work resurfaced.
• His papers were quoted almost 

simultaneously by three European botanists 
- De Vries (Holland), Correns (Germany) 
and Von Tschermak (Austria) - and this 
marked the real beginning of medical 
genetics, providing an enormous impetus 
for the study of inherited disease .



• During the course of the twentieth century it gradually 
became clear that hereditary factors are implicated in 
many conditions and that different genetic mechanisms 
are involved. 

• Traditionally, hereditary conditions have been 
considered under the headings of single gene ,
chromosomal and multifactorial .Increasingly, it is 
becoming clear that the interplay of different genes 
(polygenic inheritance) is important in disease and a 
further category - acquired somatic genetic disease -
should also be included .



SINGLE-GENE DISORDERS 
• Credit for the first recognition of a single gene 

trait is shared by William Bateson and Archibald 
Garrod, who together proposed that alkaptonuria
was a rare recessive disorder.

• In this relatively benign condition urine turns dark 
on standing or on exposure to alkali because of an 
inability on the part of the patient to metabolize 
homogentisic acid .



• Realizing that this was an inherited disorder 
involving a chemical process, Garrod 
coined the term inborn error of metabolism. 
Several hundred such disorders have now 
been identified, giving rise to the field of 
study known as biochemical genetics .



By 1966 almost 1500 single-gene disorders 
or traits had been identified, prompting the 
publication by an American physician, 
Victor McKusick of a catalog of all known 
single-gene conditions ..



• By late 2003 OMIM 
(Online Mendelian Inheritance of Man)      
contained 11031 established gene loci and 8784 
gene map loci (fewer than the established gene 
loci) because many genes are associated with 
more than one phenotype.



CHROMOSOME ABNORMALITIES

• Improved techniques for studying chromosomes led 
to the demonstration in 1959 that the presence of an 
additional number 21 chromosome results in Down 
syndrome.
Other similar discoveries followed rapidly.

• The identification of chromosome abnormalities was 
further aided by the development of banding 
techniques.



• These enabled reliable identification of 
individual chromosomes and helped 
confirm that loss or gain of even a very 
small segment of a chromosome can have 
major effects.



• Most recently it has been shown that several 
rare conditions featuring learning difficulties 
and abnormal physical features are due to loss 
of such a tiny amount of chromosome material 
that no abnormality can be detected using even 
the most high-powered light microscope. 

• These conditions are referred to as 
microdeletion syndrome.



• They are diagnosed using a technique 
known as FISH fluorescent in-situ 
hybridization which combines conventional 
chromosome analysis cytogenetics with 
much newer DNA diagnostic technology
molecular genetics.



MULTIFACTORIAL DISORDERS 

• This model of quantitative inheritance is now 
widely accepted and has been adapted to explain 
the pattern of inheritance observed for many 
relatively common conditions.

• These include congenital malformations such as 
cleft lip and palate, and late-onset conditions such 
as hypertension, diabetes mellitus and Alzheimer 
disease.



• The prevailing view is that genes at several loci 
interact to generate a susceptibility to the effects 
of adverse environmental trigger factors.

• Recent research has confirmed that many genes 
are involved in most of these adult-onset 
disorders, although progress in identifying specific 
susceptibility loci has been disappointingly slow.



• It has also emerged that in some conditions, 
such as type I diabetes mellitus, different 
genes can exert major or minor effects in 
determining susceptibility .



ACQUIRED SOMATIC GENETIC DISEASE 

• Not all genetic errors are present from conception. 
Many billions of cell divisions (mitoses) occur in 
the course of an average human lifetime. 

• During each mitosis there is an opportunity for 
both single-gene mutations to occur, because of 
DNA copy errors, and for numerical chromosome 
abnormalities to arise as a result of errors in 
chromosome separation.



• Accumulating somatic mutations and chromosome 
abnormalities are now known to play a major role 
in causing cancer.

• They probably also explain the rising incidence 
with age of many other serious illnesses, as well as 
the aging process itself.

• It is, therefore, necessary to appreciate that not all 
disease with a genetic basis is hereditary.



DEFINITIONS
Incidence
• Incidence refers to the rate at which new cases occur. 
• Thus, if the birth incidence of a particular condition equals 1 in 

1000, then on average 1 in every 1000 newborn infants is 
affected .

Prevalence
• This refers to the proportion of a population affected at any 

one time.
• The prevalence of a genetic disease will usually be less than 

its birth incidence, either because life expectancy is reduced or 
because the condition shows a delayed age of onset .



Frequency
• Is a general term that lacks scientific specificity, although 

the word is often taken as being synonymous with 
incidence when calculating gene frequencies .

Congenital
• Congenital means that a condition is present at birth. Thus, 

cleft palate represents an example of a congenital 
malformation. Not all genetic disorders are congenital in 
terms of age of onset (for example, Huntington disease), 
nor are all congenital abnormalities are genetic in origin .



• For some parameters, such as perinatal mortality, the actual 
numbers of cases with exclusively genetic causes have 
probably remained constant but their relative contribution to 
overall figures has increased as other causes, such as infection, 
have declined.

• During the twentieth century improvements in all areas of 
medicine, most notably public health and therapeutics, resulted 
in changing patterns of disease, with increasing recognition of 
the role of genetic factors in causing illness at all ages.

THE IMPACT OF GENETIC DISEASE



• For other conditions, such as the chronic 
diseases of adult life, the overall 
contribution of genetics has almost certainly 
increased as greater life expectancy has 
provided more opportunity for adverse 
genetic and environmental interaction to 
manifest itself, for example in coronary 
heart disease and diabetes .



Spontaneous miscarriages :

• Chromosome abnormality is present in 40-50% of 
all recognized first-trimester pregnancy loss.

• This figure would be much higher if unrecognized 
pregnancies could also be included and it is likely 
that a significant proportion of miscarriages with 
normal chromosomes do in fact have catastrophic 
submicroscopic genetic errors.   



Newborn infants
• Of all neonates, 2-3% have at least one 

major congenital abnormality, at least 50% 
of which are caused exclusively or partially 
by genetic factors .



Childhood
Genetic disorders account for 50% of all 
childhood blindness, 50% of all childhood 
deafness and 50% of all cases of severe learning 
difficulty.
In developed countries genetic disorders and 
congenital malformations together also account 
for 30% of all childhood hospital admissions and 
40-50% of all childhood deaths. 



Adult life
• Approximately 1% of all malignancy is 

caused by single-gene inheritance, and 
between 5% and 10% of common cancers 
such as breast, colon and ovary have a 
strong hereditary component.

• By the age of 25, 5% of the population will 
have a disorder in which genetic factors 
play an important role. 



• Taking into account the genetic contribution 
to cancer and cardiovascular diseases, such 
as coronary artery occlusion and 
hypertension, it has been estimated that over 
50% of the older adult population in 
developed countries will have a genetically 
determined medical problem.



MAJOR NEW DEVELOPMENTS

• The study of genetics and its role in causing human disease is 
now widely acknowledged as being among the most exciting 
and influential areas of medical research.

• Since 1962 when Francis Crick, James Watson and Maurice 
Wilkins gained acclaim for their elucidation of the structure 
of DNA, the Nobel Prize for Medicine and/or Physiology has 
been won on 18 occasions by scientists working in human 
and molecular genetics or related fields .





• With DNA technology rapidly progressing, a 
group of visionary scientists in the USA persuaded 
Congress in 1988 to fund a coordinated 
international program to sequence the entire 
human genome. 

• The program would run from 1990 to 2005 and 3 
billion US dollars were initially allocated to the 
project, including 5% allocated to the study of the 
ethical and social implications of the new 
knowledge.



• The draft DNA sequence of 3 billion base pairs was 
successfully completed in 2000.

• Prior to the closing stages of the project it was believed 
that there might be approximately 100000 coding genes 
that provide the blueprint for human life.

• It has come as a surprise to many that the number is 
much lower, with current estimates at around 30000 .



• However, many genes have the capacity to 
perform multiple functions, which in some 
cases is challenging traditional concepts of 
disease classification.

• The immediate benefits of the sequence 
data are being realized in research that is 
leading to better diagnosis and counseling 
for families with a genetic disease .



• In the longer term an improved understanding of 
how genes are expressed will hopefully lead to the 
development of new strategies for the prevention 
and treatment of both single-gene and polygenic 
disorders. 

• Rapid DNA sequencing technologies currently 
under development will in due course greatly 
extend the range and ease of genetic testing, 
though the application has important ethical and 
social implications .



GENE THERAPY 

• Most genetic disease is resistant to 
conventional treatment so that the prospect 
of successfully modifying the genetic code 
in a patient's cells is extremely attractive. 
Despite major investment and extensive 
research success in humans has so far been 
limited to a few very rare immunological 
disorders .



• For more common conditions, such as 
cystic fibrosis, major problems have been 
encountered, such as targeting the correct 
cell populations, overcoming the body's 
natural defense barriers and identifying 
suitably non-immunogenic vectors.

• There is universal optimism that in the 
short-to-medium term the prospects for 
successful gene therapy are good.



THE INTERNET
• The availability of information in genetics has 

been greatly enhanced by the development of 
several excellent online databases.

• These are updated regularly and provide instant 
access to a vast amount of contemporary 
information.

• For the basic scientist facilities such as the 
Genome Database and GenBank enable rapid 
determination of whether a particular gene has 
been cloned, together with details of its sequence, 
location and pattern of expression.



• For the clinician OMIM offers a full 
account of the important genetic aspects of 
all Mendelian disorders, together with 
pertinent clinical details and extensive 
references. 

• It is clear that only electronic technology 
can hope to match the explosive pace of 
developments in all areas of genetic 
research .
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 The hereditary material is present in 
the nucleus of the cell, while protein 
synthesis takes place in the cytoplasm. 
What is the chain of events that leads 
from the gene to the final product.



 To answer ,we should know basic 
cellular biology outlining the structure 
of DNA, the process of DNA 
replication, the types of DNA 
sequences, gene structure, the 
genetic code, the processes of 
transcription and translation.



 Within each cell of the body, visible with the 
light microscope, is the cytoplasm and a 
darkly staining body, the nucleus ,the latter 
containing the hereditary material in the 
form of chromosomes.

 The phospholipid bilayer of the plasma
membrane protects the interior of the cell 
but remains selectively permeable and has 
integral proteins involved in recognition and 
signaling between cells.



 The nucleus has a darkly staining area, 
the nucleolus.

 The nucleus is surrounded by a 
membrane, the nuclear envelope ,
which separates it from the cytoplasm 
but still allows communication 
through nuclear pores .



 The cytoplasm contains the cytosol ,which 
is semifluid in consistency containing both 
soluble elements and cytoskeletal structural 
elements. 

 In addition, in the cytoplasm there is a 
complex arrangement of very fine, highly 
convoluted interconnecting channels, the
endoplasmic reticulum .

 The endoplasmic reticulum, in association 
with the ribosomes,is involved in the 
biosynthesis of proteins and lipids.



 the Golgi apparatus, which is responsible 
for the secretion of cellular products.

 The mitochondria ,which are involved in 
energy production and metabolic 
pathways through the oxidative 
phosphorylation .

 lysozomes  ,and peroxisomes both of which 
are involved in the degradation and 
disposal of cellular waste material and toxic 
molecule.





COMPOSITION

 Nucleic acid is composed of a long polymer of 
individual molecules called nucleotides .Each 
nucleotide is composed of a nitrogenous base, 
a sugar molecule and a phosphate molecule.

 The nitrogenous bases fall into two types ,
purines and pyrimidines .

 The purines include adenine and guanine; the 
pyrimidines include cytosine, thymine and 
uracil .





 RNA is present in the cytoplasm and in 
particularly high concentrations in the 
nucleolus of the nucleus.

 DNA, on the other hand, is found mainly
in the chromosomes .



STRUCTURE

 For genes to be composed of DNA it is 
necessary that the latter should have a 
structure sufficiently versatile to account 
for the great variety of different genes 
and yet, at the same time, be able to 
reproduce itself in such a manner that 
an identical replica is formed at each 
cell division. 



 DNA molecule is composed of two chains 
of nucleotides arranged in a double helix.

 The backbone of each chain is formed by 
phosphodiester bonds between the 3' and 
5' carbons of adjacent sugars,

 The two chains being held together by 
hydrogen bonds between the nitrogenous 
bases which point in towards the centre of 
the helix. 

 Each DNA chain has a polarity determined 
by the orientation of the sugar-phosphate 
backbone.



 The chain end terminated by the 5' 
carbon atom of the sugar molecule is 
referred to as the 5' end, and the end 
terminated by the 3' carbon atom is 
called the 3' end.

 In the DNA duplex the 5' end of one 
strand is opposite the 3' end of the 
other, i.e. they have opposite 
orientations and are said to be
antiparallel.



 The arrangement of the bases in the 
DNA molecule is not random: a purine in 
one chain always pairs with a pyrimidine 
in the other chain, with specific pairing of 
the base pairs:

 Guanine in one chain always pairs with 
cytosine in the other chain and adenine 
always pairs with thymine, i.e. this base 
pairing forms complementary strands.





REPLICATION

 The process of DNA replication provides an 
answer to the question of how genetic 
information is transmitted from one 
generation to the next.

 During nuclear division the two strands of 
the DNA double helix separate through the 
action of enzyme DNA helicase,

 Each DNA strand directing the synthesis of 
a complementary DNA strand through 
specific base pairing, resulting in two 
daughter DNA duplexes that are identical 
to the original parent molecule.



 In this way, when cells divide, the 
genetic information is conserved and 
transmitted unchanged to each 
daughter cell. 

 The process of DNA replication is 
termed semiconservative ,as only one 
strand of each resultant daughter 
molecule is newly synthesized.



 DNA replication, through the action of the 
enzyme DNA polymerase, takes place at 
multiple points known as origins of 
replication, forming bifurcated Y-shaped 
structures known as replication forks. 

 The synthesis of both complementary 
antiparallel DNA strands occurs in the 5' to 
3' direction. One strand, known as the 
leading strand, is synthesized as a 
continuous process.





 The other strand, known as the 
lagging strand, is synthesized in pieces 
called Okazaki fragments, which are 
then joined together as a continuous 
strand by the enzyme DNA ligase .



 DNA replication progresses in both 
directions from these points of origin, 
forming bubble-shaped structures, or
replication bubbles.

 DNA replication in individual replication 
units takes place at different times in the S 
phase of the cell cycle.

 Adjacent replication units fuse until all the 
DNA is copied, forming two complete 
identical daughter molecules.





 The idea that each chromosome is 
composed of a single DNA double 
helix is an oversimplification.

 A chromosome is very much wider 
than the diameter of a DNA double 
helix.



 In addition, the amount of DNA in the 
nucleus of each cell in humans means 
that the total length of DNA 
contained in the chromosomes, if fully 
extended, would be several meters 
long! 

 In fact, the total length of the human 
chromosome complement is less than 
half a millimeter .



The packaging of DNA into 
chromosomes involves several 
orders of DNA coiling and folding. 

 In addition to the primary coiling 
of the DNA double helix, there is 
secondary coiling around 
spherical histone' beads', forming 
what are called nucleosomes.





 There is a tertiary coiling of the 
nucleosomes to form the chromatin fibres
that form long loops on a scaffold of non-
histone acidic proteins, which are further 
wound in a tight coil to make up the 
chromosome as visualized under the light 
microscope .





GENITICS 4

Gene Structure & Classes Of DNA

Dr. Sawsan Salem Shurrab



TYPES OF DNA SEQUENCES

DNA, if denatured, will reassociate
as a duplex at a rate that is 
dependent on the proportion of 
unique and repeat sequences 
present, the latter occurring more 
rapidly.



NUCLEAR GENES
• It is estimated that there are 

approximately 30 000 genes in the 
nuclear genome. 

• The distribution of these genes varies 
greatly between chromosomal 
regions.



• For example, heterochromatic and 
centromeric regions are mostly non-
coding, with the highest gene density 
observed in sub-telomeric regions .



• Chromosomes 19 and 22 are gene rich, 
whereas 4 and 18 are relatively gene poor. 

• The size of genes also shows great 
variability: from small genes with single 
exons to genes with up to 79 exons e.g. 
dystrophin.



Unique single-copy genes
• Most human genes are unique single-copy genes 

coding for polypeptides that are involved in or 
carry out a variety of cellular functions. 

• These include enzymes, hormones, receptors, 
and structural and regulatory proteins.



Multigene families
Many genes have similar functions.
They are known as multigene families.

Some are found physically close together in 
clusters, e.g. the α- and β-globin gene clusters on 
chromosomes 16 and 11 whereas others are 
widely dispersed throughout the genome 
occurring on different chromosomes.



Multigene families can be split into 
two types :

• Classic gene families that show a 
high degree of sequence homology .

• Gene superfamilies that have limited 
sequence homology but are 
functionally related, having similar 
structural domains.



Classic gene families
Examples of classic gene families include :

• The numerous copies of genes coding for 
the various ribosomal RNAs, which are 
clustered as tandem arrays on the short 
arms of the five acrocentric chromosomes   
( 13,14,15,21,22).

• The different transfer RNA gene families, 
which are dispersed in numerous clusters 
throughout the human genome .



Gene superfamilies

• Examples of gene superfamilies include the 
HLA genes on chromosome 6 and the T-
cell receptor genes, which have structural 
homology with the immunoglobulin (Ig) 
genes.



GENE STRUCTURE
• The gene was much longer than necessary 

to code for the β-globin protein, containing 
non-coding intervening sequences or 
introns, which separate the coding 
sequences or exons.

• It appears to be the exception for genes in 
humans to consist of uninterrupted coding 
sequences.





The number and size of introns in various 
genes in humans are extremely variable, 
although there is a general trend that the 
larger the gene, the greater the number and
size of the exons.



• Individual introns can be far larger than 
the coding sequences and some have been 
found to contain coding sequences for 
other genes, i.e. genes occurring within 
genes.



• Genes in humans do not usually overlap, 
being separated from each other  although 
some of the genes in the HLA complex have 
been shown to be overlapping.



Pseudogenes
• Particularly fascinating is the occurrence of 

genes that closely resemble known structural 
genes but which, in general, are not 
functionally expressed: so-called pseudogen.



These are thought to have arisen in two main 
ways:

1. Genes undergoing duplication events that 

are rendered silent through the acquisition 

of mutations in coding or regulatory  

elements.



2. As the result of the insertion of 
complementary DNA sequences, produced by 
the action of the enzyme reverse transcriptase
on a naturally occurring mRNA transcript,  
which lack the promoter sequences necessary 
for expression.



EXTRAGENIC DNA
• The estimated 30 000 unique single-copy genes in 

humans represent less than 2% of the genome .

• The remainder of the human genome is made up of 
repetitive DNA sequences that are predominantly 
transcriptionally inactive.





• It has been described as junk DNA, 
but some regions  may play a role in 
the regulation of gene expression .





Tandemly repeated DNA sequences

• Tandemly repeated DNA sequences consist of 
blocks of tandem repeats of non-coding DNA 
that can be either highly dispersed or restricted 
in their location in the genome.

• Tandemly repeated DNA sequences can be 
divided into three subgroups: satellite, 
minisatellite and microsatellite DNA .



Satellite DNA
Accounts for approximately 10-15% of the repetitive
DNA sequences of the human genome and consists of 
very large series of short tandemly repeated DNA 
sequences that are transcriptionally inactive and are 
clustered around the centromeres of certain 
chromosomes.



• This class of DNA sequences can be 
separated on density-gradient 
centrifugation as a shoulder, or 
'satellite', to the main peak of genomic 
DNA, and has therefore been referred 
to as satellite DNA.



MinisatelliteDNA
Minisatellite DNA consists of two families of 
tandemly repeated short DNA sequences, telomeric
and hypervariable.

• Telomeric DNA ; The terminal portions of the 
telomeres of the chromosomes are necessary for 
chromosomal integrity in replication and are 
added to the chromosome by a specialized 
enzyme known as telomerase .



•Hypervariable minisatellite DNA

is made up of highly polymorphic DNA 
sequences consisting of short tandem repeat of
a common core sequence  forming the basis of DNA
fingerprinting used in forensic and paternity testing .



Although often  located near the telomeres, 
hypervariable minisatellite DNA also occurs 
at otherlocations in the chromosomes. 





Microsatellite DNA
• consists of tandem single, di-, tri- and 

tetranucleotide repeat base pair sequences located 
throughout the genome.

• Microsatellite repeats rarely occur within coding 
sequences but trinucleotide repeats in or near genes 
are associated with certain inherited disorder .

• DNA microsatellites are highly polymorphic.



Interspersed repetitive DNA sequences

Approximately one-third of the human genome is 
made up of two main classes of short and long 
repetitive DNA sequences that are interspersed 
throughout the genome .



Short interspersed nuclear elements 

• About 5% of the human genome consists of some 
750000 copies of short interspersed nuclear  
elements or SINEs.

• The most common are DNA sequences 
that have sequence similarity to a signal recognition  
particle involved in protein synthesis.

• They are called Alu repeats because they contain an
Alu restriction enzyme recognition site .





Long interspersed nuclear elements

About 5% of the DNA of the human 
genome is made up of long interspersed 
nuclear elements or LINEs .

The most commonly occurring LINE, known
as LINE-1 or an L1 element, consists of over 

100 000 copies of a DNA sequence that encodes
a reverse transcriptase.



• The function of these interspersed repeat sequences 
is not clear at present.

• Members of the Alu repeat family are called 
transposable elements or transposons .



• Transposition can create significant mutations and 
alter the cell's genome size

Transposons  are of two types according to their  
mechanism, which can be either "copy and paste“
(class I) or "cut and paste" (class II).



• Class I (Retrotransposons): They copy themselves 
in two stages, first from DNA to RNA by 
transcription, then from RNA back to DNA by 
reverse transcription. 

• The DNA copy is then inserted into the genome 
in a new position. 



• Class II (DNA transposons): 
By contrast, the cut-and-paste transposition 
mechanisms of  class II transposons do not 
involve an RNA intermediate.



They can damage the genome of their host cell in 
different ways:

• A transposon or a retroposon that inserts itself 
into a functional gene will most likely disable 
that gene. 

• After a transposon leaves a gene, the resulting 
gap will probably not be repaired correctly.





• It is postulated that Alu repeats could 
promote unequal recombination, which 
could lead to pathogenic mutations or 
provide selective advantage in evolution 
by gene duplication.

• Both Alu and LINE-1 repeat elements 
have been implicated as a cause of 
mutation in inherited human diseases.   



MITOCHONDRIAL DNA
• In addition to nuclear DNA, the

several thousand mitochondria of
each cell possess their own circular
double-stranded DNA
mitochondrial DNA or mtDNA .





• The mitochondrial DNA genome 

is very compact, containing little repetitive DNA,
and codes for 37 genes which include : 

 two types of ribosomal RNA.
 22 transfer RNA .
 13 protein subunits for enzymes, such as 
cytochrome b and cytochrome oxidase, which 
are involved in the energy-producing oxidative
phosphorylation pathways.



• The genetic code of the mtDNA differs 
slightly from that of nuclear DNA .

• The mitochondria of the fertilized zygote 
are inherited almost exclusively from the 
oocyte, leading to the maternal pattern of 
inheritance of mitochondrially inherited 
disorders .
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At the molecular or submicroscopic 
level DNA can be regarded as the 
basic template that provides a 
blueprint for the formation and 
maintenance of an organism. 



DNA is packaged into chromosomes 
and at a very simple level these can 
be considered as being made up of 
tightly coiled long chains of genes. 





 Unlike DNA, chromosomes can be 
visualized during cell division using a light 
microscope, under which they appear as 
thread-like structures or 'colored bodies'. 

The word chromosome is derived from the 
Greek chroma (= color) and soma (= body). 



Chromosomes are the factors that 
distinguish one species from another and 
that enable transmission of genetic 
information from one generation to the 
next. 

Their behavior at somatic cell division in 
mitosis provides a means of ensuring that 
each daughter cell retains its own complete 
genetic complement.



Similarly, their behavior during gamete 
formation in meiosis enables each mature 
ovum and sperm to contain a unique single 
set of parental genes. 

Chromosomes are quite literally the 
vehicles that facilitate reproduction and the 
maintenance of a species. 



The study of chromosomes and cell division is 
referred to as cytogenetics. 

The correct chromosome number in humans is 46 
and that maleness is determined by the presence 
of a Y chromosome regardless of the number of X 
chromosomes present in each cell.

 It was also realized that abnormalities of 
chromosome number and structure could seriously 
disrupt normal growth and development. 



HUMAN CHROMOSOMES  

MORPHOLOGY  

At the submicroscopic level chromosomes consist 
of an extremely elaborate complex, made up of 
supercoils of DNA.

Under the electron microscope chromosomes can 
be seen to have a rounded and rather irregular 
morphology.



However, most of our knowledge of chromosome 
structure has been gained using light microscopy. 
Special stains selectively taken up by DNA have 
enabled each individual chromosome to be 
identified.

These are best seen during cell division,when the 
chromosomes are maximally contracted and the 
constituent genes can no longer be transcribed. 



At this time each chromosome can be seen to 
consist of two identical strands known as 
chromatids, or sister chromatids, which are the 
result of DNA replication having taken place during 
the S (synthesis) phase of the cell cycle 

These sister chromatids can be seen to be joined 
at a primary constriction known as the centromere.



Centromeres consist of repetitive DNA and 
are responsible for the movement of 
chromosomes at cell division. 

Each centromere divides the chromosome 
into short and long arms, designated p (= 
petite) and q ('g' = grande), respectively. 



The tip of each chromosome arm is known as the 
telomere. 

Telomeres play a crucial role in sealing the ends of 
chromosomes and maintaining their structural 
integrity. 

Telomeres have been highly conserved throughout 
evolution and in humans they consist of many 
tandem repeats of a TTAGGG sequence. 



During DNA replication an enzyme known 
as telomerase replaces the 5' end of the 
long strand , which would otherwise 
become progressively shorter until a critical 
length is reached when the cell can no 
longer divide and thus becomes senescent. 



This is in fact part of the normal cellular 
aging process, with most cells being unable 
to undergo more than 50-60 divisions.

 However, in some tumors increased 
telomerase activity has been implicated as 
a cause of abnormally prolonged cell 
survival.



Morphologically chromosomes are classified 
according to the position of the centromere.

 If this is located centrally, the chromosome is 
metacentric, if terminal it is acrocentric, and if the 
centromere is in an intermediate position the 
chromosome is submetacentric .



Acrocentric chromosomes sometimes 
have stalk-like appendages called 
satellites that form the nucleolus of 
the resting interphase cell and contain 
multiple repeat copies of the genes for 
ribosomal RNA.





CLASSIFICATION 

Individual chromosomes differ not 
only in the position of the centromere 
but also in their overall length.



 Based on the three parameters of length, 
position of the centromere and the 
presence or absence of satellites, early 
pioneers of cytogenetics were able to 
identify most individual chromosomes, or at 
least subdivide them into groups labelled A-
G on the basis of overall morphology .



In humans the normal cell nucleus contains 
46 chromosomes, made up of 22 pairs of 
autosomes and a single pair of sex 
chromosomes - XX in the female and XY in 
the male.

 One member of each of these pairs is 
derived from each parent. 



Somatic cells are said to have a diploid
complement of 46 chromosomes, whereas 
gametes (i.e. ova and sperm) have a 
haploid complement of 23 chromosomes. 

Members of a pair of chromosomes are 
known as homologs.



The development of chromosome 
banding enabled very precise 
recognition of individual chromosomes 
and the detection of subtle 
chromosome abnormalities. 





This technique also revealed that 
chromatin, the combination of DNA and 
histone proteins of which chromosomes are 
made, exists in two main forms.

1. Euchromatin stains lightly and consists of 
genes that are actively expressed. 

2. Heterochromatin stains darkly and is 
made up largely of inactive unexpressed 
repetitive DNA. 



THE SEX CHROMOSOMES 

The X and Y chromosomes are known as the sex 
chromosomes because of their crucial role in sex 
determination. 

The X chromosome was originally labeled as such 
because of uncertainty as to its function .

 In humans, and in most mammals, both the male 
and the female have two sex chromosomes - XX in 
the female and XY in the male .





The Y chromosome is much smaller than the X 
and carries only a few genes of functional 
importance, most notably the testis-determining 
factor, known as SRY .

Other genes on the Y chromosome are known to 
be important in maintaining spermatogenesis.  

 In the female each ovum carries an X 
chromosome, whereas in the male each sperm 
carries either an X or a Y chromosome.



A Barr body is an inactivated X chromosome. 
(a) Female cell with a Barr body (indicated by arrow).
(b) Male cell without a Barr body. 





 As there is a roughly equal chance of 
either an X-bearing sperm or a Y-bearing 
sperm fertilizing an ovum, the numbers of 
male and female conceptions are 
approximately equal .

In fact, slightly more male babies are born 
than females, although during childhood 
and adult life the sex ratio evens out at 1:1. 


