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Monogenic disorders
• A single-gene disorder is the result of a

single mutated gene.
• The primary genetic defect is usually a point or 

frame shift mutations.
• Such genetic changes may affect the synthesis of

structural or transport protein or a receptor or
coagulation factor or immunoglobulin or peptide
hormone or natural inhibitor or an enzyme.

• Also called In born errors of metabolism which
means inherited defect involving one of the steps
in certain metabolic pathway.
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• The severity of mutation depends on the function
of protein being affected . Some mutations can
be harmless like pentosuria and fructosuria(
Appearance of pentose and fructose sugars in
urine due to defect in their metabolisms,
respectively).

• Others can be harmful due to decreased
formation of an important structural protein like
collagen or receptor protein like LDL receptor or
some enzymatic defect in metabolism that
causes one of the following metabolic changes:



• 1. Decrease in rate of product formation:

Deficiency of glucose 6-phosphatase liver
enzyme in glycogen catabolic pathway leads to
reduced formation of glucose from glucose-6-
phosphate. The genetic disease is called
Gierke’s glycogen storage disease in which
liver abnormally accumulates glycogen
without being degraded.



• 2.Decrease in rate of substrate removal :

The deficiency of phenyl alanine hydroxylase enzyme leads to
accumulation of phenyl alanine substrate as well as its chemically
deaminated products phenylketones, which appears in urine due to
their excessive formation (Phenylketonuria disease or PKU).

Normally this enzyme converts the amino acid phenylalanine to the
amino acid tyrosine, therefore patients with PKU have low levels of
tyrosine. The high levels of phenylalanine metabolites affect
neuronal development, which leads to mental retardation.
However, the symptoms associated with this disease can be
prevented with proper nutrition.

Phenylalanine is an amino acid found in many proteins; therefore,
patients affected with PKU can escape the disease by strictly
limiting themselves to low phenylalanine protein diets, providing
that the disease is detected early.



• 3.Altered feedback control:
Deficiency of 21-hydroxylase enzyme causes
reduced formation of cortisol which stops the
feedback control mechanism and leads to
increase secretion of adrenocorticotrophic
hormone (ACTH) in a disease called Congenital
adrenal hyperplasia.

 adrenocorticotrophic hormone (ACTH) is produced & secreted by the
anterior pituitary gland. Its principal effects are increased
production & release of cortisol by the cortex of the adrenal gland.



Genetic disease penetrance
• The penetrance of a disease-causing mutation is the

proportion of individuals with the mutation who
exhibit clinical symptoms.

• For example, if a mutation in the gene responsible for a
particular genetic disorder has 95% penetrance, then
95% of those with the mutation will develop the
disease, while 5% will not.

• Complete penetrance if clinical symptoms are present
in all individuals who have the disease-causing
mutation.

• Reduced or incomplete penetrance , means that
clinical symptoms are not always present in individuals
who have the disease-causing mutation.



Pedigree

• Is a family genetic tree which describes the
interrelationship between parents and children for a
particular trait.

• The pedigree not only gives genetic information about the
history of the family for certain trait, but also can predict to
some extent the segregation of this trait in future
generations.

• In a pedigree, squares represent males and circles
represent females. Horizontal lines connecting a male and
female represent mating. Vertical lines extending
downward from a couple represent their children. Dark
color represents individuals affected by the disease while
white color indicates healthy individuals.





Mode of inheritance for monogenic disorders

• The mode of inheritance for monogenic disorders
can be either autosomal dominant or autosomal
recessive or sex-linked

a-Autosomal dominant disorder:
Autosomal (defective gene is present on one of
the 22 somatic chromosome pairs) .
The phenotypic properties of the dominant
disorder ( symptoms) will appear even when the
individual has mutation in only one copy of the
two gene alleles ( heterozygous) .



• Example:

-Familial hypercholesterolemia:
• Monogenic disorder, autosomal dominant.
• LDL receptor gene mutations.
• Very high plasma cholesterol and LDL-C levels.
• Premature CHD (teenage years).
• Lipid deposits at eyelids, tendons, hand, cornea.
• Heterozygotes: also symptomatic, develop CHD at
the age of 20s-50s.



b-Autosomal recessive disorders:
• Both parents are heterozygous of this
mutation and they are normal carrier or
sometimes show mild clinical symptoms.
Therefore, autosomal recessive defect has
disease symptoms only in homozygous
children who inherit one recessive allele from
each parent.





c. Sex -linked disorders

• Genes carried either on the y or x sex
chromosomes are called sex linked.

• The disorders which are transmitted as y-
linked are very rare.

• In contrast the x-linked defective alleles can be
inherited either as x-linked recessive or
dominant disorders similar to that of the
autosomal genetic transmittance.



• As females have two x- chromosomes, they
are usually unaffected carriers of x-linked
recessive disease trait, unless they are
homozygous for the mutated allele (very rare).
However males who have only one copy of the
x chromosome may develop the clinical
symptoms of the disease from the mutated
allele ( e,g Hemophilia and Duchenne
muscular dystrophy).



• The x-linked dominant disorder is rare, which
shows the clinical symptoms in the
heterozygous female or in a male with single
copy of the mutated allele.
X-linked hypophosphatemia (XLH) or X-linked
dominant hypophosphatemic rickets or X-
linked vitamin D resistant rickets : a form of
rickets, this disease occurs due to an excess
excretion of phosphates from the body, which
results in bones being unable to properly
calcified and having short stature.



• It is associated with a mutation in the PHEX
(Phosphate-regulating neutral endopeptidase, X-
linked) gene sequence. The PHEX protein
regulates another protein called fibroblast growth
factor 23 (produced from the FGF23 gene).

• Fibroblast growth factor 23 normally inhibits the
kidneys' ability to reabsorb phosphate into the
bloodstream.

• Gene mutations in PHEX prevent it from correctly
regulating fibroblast growth factor 23. The
resulting overactivity of FGF-23 reduces
phosphate reabsorption by the kidneys, leading
to hypophosphatemia and the related features of
hereditary hypophosphatemic rickets.



• Autosomal dominant hypophosphatemic rickets (ADHR) is
a rare hereditary disease in which excessive loss
of phosphate in the urine leads to poorly formed bones
(rickets).

• ADHR is caused by a mutation in the fibroblast growth
factor 23 (FGF23). FGF23 is located on chromosome 12.

• ADHR may be lumped in with X-linked
hypophosphatemia under general terms such
as hypophosphatemic rickets.

• Mutations in FGF23 that render the protein resistant to
proteolytic cleavage leads to increased activity of FGF23
and the renal phosphate loss found in the human
disease autosomal dominant hypophosphatemic rickets.



• Y-Linked: These conditions affect only males and
carrying a copy of the mutated allele always results in
the disease phenotype because men only have one
copy of Y.

• It is inherited from father to son affecting all children
males.

• Y-linked diseases are generally rare as there are few
genes contained on this relatively small chromosome.

• It has been linked to male infertility as a number of
genes crucial to spermatogenesis are present on Y
chromosome.

• One such condition, Sertoli syndrome, results in the
complete absence of the germ cells in the testis.



Multifactorial (multigenic) disorders

• These disorders are influenced by the
contribution of multiple genes that act
together in combination with environmental
factors.

• Although these complex disorders often
cluster in families, their genetic inheritance
usually do not follow simple Mendelian
patterns. Therefore, it is difficult to determine
a person risk of inheriting the disease or the
genetic transfer of these disorders.



• complex disorders are also difficult to study
and treat because the specific factors that
cause these disorders have not yet been
identified.
Multifactorial genetic diseases represent the
single largest class of inherited disorders
affecting human population and include
alzheimer, cancer, coronary heart disease,
diabetes, epilepsy, hypertension, obesity and
schizophrenia.



• The role of genetics in these diseases is
supported by:

a. Their high frequency in certain ethnic groups.
b. Involvements of family history.
c.Detection of several oncogenes in
tumorgenesis.



• Ahmed, a second-year student at the Hashemite university, failed physics. His
parents are both physicists, but he remembers that his great grandfather also
failed physics. Ahmed constructs the following family pedigree and is convinced
that his poor performance in physics is an inherited genetic trait. If Ahmed's
hypothesis is true, what is the most likely mode of inheritance?

• Individuals marrying into the family are homozygous for the wild-type (normal)
allele. The genotype of individual 10 would be…………….(Use G or g to denote the
alleles of this gene.)



Autosomal Recessive / GG or Gg


