


• Over 10,000 human disorders are caused by a change, known as a mutation, in a single gene.

These are known as single gene disorders

• When a certain gene is known to cause a disease, we refer to it as a single gene disorder or a

Mendelian disorder. OR A genetic disorder in which only one gene are affected is called single

gene disorder.

• Individually, single gene disorders are each very rare, but as a whole, they affect about one percent

of the population

• Since only a single gene is involved, these disorders can be easily tracked through families and the

risk of them occuring in later generations can be predicted.

• Single gene disorders can be divided into different categories: dominant, recessive, and X-linked

• For example, you may have heard of cystic fibrosis, sickle cell disease, Fragile X syndrome,

muscular dystrophy, or Huntington disease. These are all examples of single gene disorders.



CONT…

• Autosomal dominant means that a person only needs one copy of the changed gene  

(genetic difference) in order to have the disorder. Usually, the changed gene is inherited  

from a parent who also has the disorder and every generation in the family may have  

members with the disorder.

• Autosomal recessive means that it is necessary to have two copies of the changed gene

to have the disorder. Each parent contributes one changed copy of the gene to the child

who has the disorder.









X- linked diseases

• X- linked disorders are single gene disorders that result from the 

presence of a mutated gene on the X- chromosome.

• Because females have two copies of X chromosome (XX) but 

males (XY) only have one copy, X- linked disorders are more 

common in males. If a male’s single copy on the X chromosome 

is mutated he has no healthy copy to restore healthy function

• The inheritance patters of X linked diseases are simplified by the 

fact that males always pass their X chromosome to their 

daughters but never to their sons.

• Eg: Haemophilia, Muscular dystrophy



(1) CYSTIC FIBROSIS

• Mutations in the CFTR gene cause the CFTR protein to malfunction or not be made at all, leading to a 

buildup of thick mucus, which in turn leads to persistent lung infections, destruction of the pancreas, and 

complications in other organs. Cystic fibrosis is an example of a recessive disease.

• Cystic fibrosis is an inherited disorder that causes severe damage to the lungs, digestive

system and other organs in the body.

• A hereditary disorder affecting the exocrine glands. It causes the production of  abnormally thick mucus, 

leading to the blockage of the pancreatic ducts, intestines, and  bronchi and often resulting in respiratory

infection.

• Cystic fibrosis affects the cells that produce mucus, sweat and digestive juices.These  secreted fluids are 

normally thin and slippery.

• But in people with cystic fibrosis, a defective gene causes the secretions to become  sticky and thick. 

Instead of acting as a lubricant, the secretions plug up tubes, ducts and  passageways, especially in the 

lungs and pancreas





(2) SICKLE CELL ANEMIA

• Sickle cell disease is caused by a mutation in the hemoglobin-Beta gene found on 

chromosome 11.

• A severe hereditary form of anemia in which a mutated form of hemoglobin distorts the

red blood cells into a crescent shape at low oxygen levels.

• Sickle cell disease is a group of disorders that affects hemoglobin, the molecule in red  blood 

cells that delivers oxygen to cells throughout the body.

• People with this disorder have atypical hemoglobin molecules called hemoglobin S,  which 

can distort red blood cells into a sickle, or crescent, shape.



SIGNS AND SYMPTOMS

• Begin in early childhood. Characteristic features of this disorder include a low number of  red blood cells 

anemia. The signs and symptoms of sickle cell disease are caused by  the sickling of red blood cells.

• When red blood cells sickle, they break down prematurely, which can lead to anemia.  Anemia can cause 

shortness of breath, fatigue, and delayed growth and development in  children. The rapid breakdown of red 

blood cells may also cause yellowing of the eyes  and skin, which are signs of jaundice.

• This condition is inherited in an autosomal recessive pattern, which means both copies

of the gene in each cell have mutations.
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(3) FRAGILE X SYNDROME

• Mutations in the FMR1 (fragile X mental retardation 1) gene cause fragile X syndrome. The 

FMR1 gene provides instructions for making a protein called FMRP. This protein helps regulate the 

production of other proteins and plays a role in the development of synapses, which are specialized 

connections between nerve cells. This protein, most commonly found in the brain, is essential for 

normal cognitive development and female reproductive function.

• Fragile X syndrome (FXS) is an inherited genetic condition. It’s also known at Martin-Bell syndrome.

• FXS can cause learning disabilities, developmental delays, and social or behavioral  problems. 

Disabilities vary in severity.

• When babies miss developmental milestones it can be can symptom of FXS. There  are also notable 

physical features, like large head circumference or an elongated face



• FXS is the most common hereditary cause of mental disability in boys.

• People with FXS usually experience a range of developmental and learning problems.

• The disease is a chronic or lifelong condition. Only some people with FXS are able to  

live independently.





(4) WHAT IS HUNTINGTON’S DISEASE?

• Huntington's disease is a progressive brain disorder caused by a single defective gene on 

chromosome 4 — one of the 23 human chromosomes that carry a person's 

entire genetic code. This defect is "dominant," meaning that anyone who inherits it from a 

parent with Huntington's will eventually develop the disease.

• Huntington’s disease (HD) is a fatal genetic disorder that causes the progressive  breakdown 

of nerve cells in the brain. It deteriorates a person’s physical and mental  abilities during 

their prime working years and has no cure. HD is known as the  quintessential family 

disease because every child of a parent with HD has a 50/50  chance of carrying the faulty

gene.



SYMPTOMS

• Many describe the symptoms of HD as having Parkinson’s and Alzheimer’s

• Symptoms usually appear between the ages of 30 to 50, and worsen over a 10 to 25  year 

period. Ultimately, the weakened individual succumbs to pneumonia, heart failure  or other

complications.

• Everyone has the gene that causes HD, but only those that inherit the expansion of the  gene 

will develop HD and perhaps pass it on to each of their children.

• Every person who inherits the expanded HD gene will eventually develop the disease.

Over time, HD affects the individual’s ability to reason, walk and speak.



Include:

• Personality changes, mood swings & depression

• Forgetfulness & impaired judgment

• Unsteady gait & involuntary movements (chorea)

• Slurred speech, difficulty in swallowing & significant weight loss







(5) MUSCULAR DYSTROPHY

• Mutations in the DMD gene cause the Duchenne and Becker forms of muscular dystrophy. The 

DMD gene provides instructions for making a protein called dystrophin . This protein is located primarily 

in skeletal and cardiac muscle, where it helps stabilize and protect muscle fibers.

• Muscular dystrophy is a group of diseases that cause progressive weakness and loss of  muscle mass. In 

muscular dystrophy, abnormal genes (mutations) interfere with the  production of proteins needed to form 

healthy muscle.

• However, it often occurs in people without a known family history of the condition. The condition most 

often affects boys due to the way the disease is inherited.

• Some people who have muscular dystrophy will eventually lose the ability to walk. Some  may have trouble 

breathing or swallowing.

• There is no cure for muscular dystrophy. But medications and therapy can help manage

symptoms and slow the course of the disease.



SIGNS AND SYMPTOMS

• The main sign of muscular dystrophy is progressive muscle weakness. Specific signs  and 

symptoms begin at different ages and in different muscle groups, depending on the  type of 

muscular dystrophy.

• Typically appear between the ages of 2 and 3, and may include:

Frequent falls, Difficulty getting up from a lying or sitting position, Trouble  running 

and jumping, Waddling gait, Walking on the toes, Large calf muscles,  Muscle pain 

and stiffness, Learning disabilities.





Mendel’s laws







Genetics

• Passing of characters from parents to offsprings









What is genetics?

• Genetics is a branch of biology concerned with the study of

genes, genetic variation, and heredity in organisms.



What is a gene?

• A distinct sequence of nucleotides forming part of a chromosome. A

unit of heredity which is transferred from a parent to offspring and is

held to determine some characteristic of the offspring.

Genetic variations?

• Genetic variation is the difference in DNA among individuals or the

differences between populations.

Heredity?

• Heredity, also called inheritance or biological inheritance, is the

passing on of traits from parents to their offspring; either through

asexual reproduction or sexual reproduction, the offspring cells or

organisms acquire the genetic information of their parents.











Allele?

• An allele is a variant form of a gene. Some genes have a

variety of different forms, which are located at the same

position, or genetic locus, on a chromosome. Humans are

called diploid organisms because they have two alleles at each

genetic locus, with one allele inherited from each parent.















































Laws of genetics by Mendel



Law of segregation

• According to the law of segregation, During gamete

formation the alleles for each gene segregate from each other

such that each gamete formed carries only one allele for each

gene. The diagram below illustrates this idea:





• What is the law of independent assortment?

• Mendel's law of independent assortment states that

the alleles of two (or more) different genes get sorted

into gametes independently of one another. In other

words, the allele a gamete receives for one gene does

not influence the allele received for another gene.



• Example: Pea color and pea shape genes

• Let's look at a concrete example of the law of independent

assortment. Imagine that we cross two pure-breeding pea

plants: one with yellow, round seeds (YYRR) and one with

green, wrinkled seeds (yyrr).





Law of Dominance

• It states that “some alleles are dominant while others are

recessive. An organism with at least one dominant allele

displays the effect irrespective of the presence of the recessive

one”



Cell division













































Differences between Mitosis and Meiosis















Commonly Used DNA Markers

• RFLPs, or restriction fragment length polymorphisms, were among the first 
developed DNA markers. RFLPs are defined by the presence or absence of a 
specific site, called a restriction site, for a bacterial restriction enzyme. This enzyme 
breaks apart strands of DNA wherever they contain a certain nucleotide sequence.

• VNTRs, or variable number of tandem repeat polymorphisms, occur in non-
coding regions of DNA. This type of marker is defined by the presence of a 
nucleotide sequence that is repeated several times. In each case, the number of 
times a sequence is repeated may vary.

• Microsatellite polymorphisms are defined by a variable number of repetitions of a 
very small number of base pairs within a sequence. Oftentimes, these repeats 
consist of the nucleotides, or bases, cytosine and adenosine. The number of repeats 
for a given microsatellite may differ between individuals, hence the 
term polymorphism--the existence of different forms within a population.

• SNPs, or single nucleotide polymorphisms, are individual point mutations, or 
substitutions of a single nucleotide, that do not change the overall length of the 
DNA sequence in that region. SNPs occur throughout an individual's genome.







Uses of Gene mapping

❑ Identify genes responsible for diseases

• Heritable diseases

• Cancer

❑ Identify genes responsible for traits

• Plants or animals

• Disease resistance

• Meat or milk production



Genetic code and its characteristics



The central dogma of molecular biology describes the two-step

process, transcription and translation, by which the information in

genes flows into proteins: DNA → RNA → protein.

Flow of genetic information
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The pathway of protein synthesis is called Translation because the language of

nucleotide sequence on mRNA is translated in to the language of an amino acid

sequence. The process of Translation requires a Genetic code, through which the

information contained in nucleic acid sequence is expressed to produce a specific

sequence of amino acids.

Introduction
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The letters A, G, T and C correspond to the

nucleotides found in DNA. They are organized

into codons.

The collection of codons is called Genetic

code.

For 20 amino acids there should be 20

codons.

Each codon should have 3 nucleotides to

impart specificity to each of the amino acid for

a specific codon

1 Nucleotide- 4 combinations

2 Nucleotides 16 combinations

3 Nucleotides- 64 combinations ( Most suited

for 20 amino acids)

Introduction – Genetic Code
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Genetic Code
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• Genetic code is a dictionary that corresponds with

sequence of nucleotides and sequence of Amino

Acids.

• Words in dictionary are in the form of codons

• Each codon is a triplet of nucleotides

• 64 codons in total and three out of these are Non

Sense codons.

• 61 codons for 20 amino acids



Genetic Code - Table
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Genetic Code - Characteristics
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• Specificity- Genetic code is specific (Unambiguous)

• A specific codon always codes for the same amino

acid.

• e.g. UUU codes for Phenyl Alanine, it can not code for

any other amino acid.



Genetic Code-Universal
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• Universal- In all living organism Genetic code is

the same.

 The exception to universality is found in mitochondrial

codons where AUA codes for methionine and UGA for

tryptophan, instead of isoleucine and termination codon

respectively of cytoplasmic protein synthesizing

machinery.

 AGA and AGG code for Arginine in cytoplasm but

in mitochondria they are termination codons.



Genetic Code - Redundant
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Redundant- Genetic code is Redundant, also called Degenerate.

Although each codon corresponds to a single amino acid but a single amino acid

can have multiple codons. Except Tryptophan and Methionine each amino acid has

multiple codons.



Genetic Code- Non Overlapping  and Non

Punctuated
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 All codons are independent sets of 3 bases.

 There is no overlapping ,

 Codon is read from a fixed starting point as a

continuous sequence of bases, taken three at a

time.

 The starting point is extremely important and this is

called Reading frame.



Non Sense Codons
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 There are 3 codons out of 64 in genetic code which do not encode for
any AminoAcid.

 These are called termination codons or stop codons or nonsense
codons. The stop codons are UAA, UAG, and UGA. They encode no
amino acid. The ribosome pausesand falls off the mRNA.



Initiator codon
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 AUG is the initiator codon in majority of proteins-

 In a few cases GUG may be the initiator

codon

 Methionine is the only amino acid specified by

just one codon, AUG.



Clinical Significance
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Mutations can be well explained using the genetic code.

A) Point Mutations

1) Silent

2) Misense

3) Nonsense

B) Frame shift mutations



Silent Mutations
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Single nucleotide change-A to G, same amino acid is

incorporated. Mutation goes unnoticed.



Missense mutations
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Single nucleotide change A to C – different amino acid

incorporated. Loss of functional capacity of protein.



Non sense Mutation
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Single nucleotide change from C to T, stop codon is generated

(In m RNA represented by UAG), premature termination of

chain, may be incompatible with life.



Frame sift Mutations
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 Insertion or removal of a base/bases can alter the reading  

frame with the resultant incorporation of different amino acids



Genetic code- Summary

 Genetic code is unambiguous, universal,

degenerate, commaless and non overlapping.

 UAG, UGA and UAA are termination codons .

 AUG is the start codon

 Mutations can be well described using genetic code
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