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Classifications of genetic disorders:

There are three major categories of genetic diseases:

1-those related to mutant genes of large effects, which some times referred to as mendelian disorders ,includes many uncommon conditions such as storage diseases and inborn errors of metabolism, all resulting from single-gene mutations of large effect.
2-diseases with multifactorial (polygenic inheritance) implies that both genetic and environmental had a role in the expression of diseases such as hypertension and diabetes mellitus.
3-Disorders  that are a consequence of numeric and structural abnormalities in the chromosomes. 

A pedigree provides a graphic depiction of a family's structure and medical history. The person providing the information is termed the proband. A three generations-pedigree should be obtained. consanguinity is relationship by descent from a common ancestor. First degree relatives, such as, parents, full sibling, or child, share 1/2 their genetic information on average; first cousins share 1/8. 
Disorders caused by single gene defects (mednelian disorders)or (unifactorial)
These are divided in (Autosomal Recessive (AR), Autosomal Dominant (AD), X-Linked Recessive (XLR), X-Linked Dominant (XLD).
(a) Autosomal Recessive Disease: -It involves mutations in both copies of a gene. 
  It is characterized by: -
1) ♂ & ♀ affected equally, though some traits exhibit different expression in males and females ( ovarian cancer and hypospades).

2) The affected individual should be homozygous for the affected gene.

3) If both parents are heterozygous the chance of having affected child is 25%.

4) If the affected person married from normal person, all the children will be heterozygous.

5) If affected person married from a heterozygous person the children will be: -

· 50% affected.

· 50% heterozygous (carrier).

It is called Pseudodominant inheritance, which refers to the observation of apparent dominant ( parent to child) transmission of a known AR disorder. It is most likely to occur for relatively common traits, such as sickle cell anemia.

6) The affected cases are almost always born in only one generation (sister, brother or cousins…), this is called horizontal inheritance.

7) Increased frequency of consanguinity, particularly for rare traits. The risk of a genetic disorder for the offspring of a first-cousin marriage (6-8%) is about double the risk in general population (3-4%)
examples of  autosomal recessive disorder: 
Haemopoitic : sickle cells anaemia  and thalassemias.
Metabolic :  cystic fibrosis , phenyle ketonuria ,galactosemia,homocystenuria,lysosomal storage disease, Wilson disease, haemochromatosis, glycogen storage disease.
Endocrine : congenital adrenal hyperplasia.

Nervous: spinal muscular atrophy.

(b) Autosomal Dominant Disease: -It is characterized by: -
1) The transmission occurs from one parent to the child  .

2) The responsible mutant gene can arise by spontaneous mutant gene.

3) The affected cases in multiple generation, which is called vertical or perpendicular inheritance (grand parent-parent-child).

4) ♂ & ♀ affected equally.

5) The recurrence risk is 50%.

6) The finding of male-to-male transmission essentially confirms AD  inheritance.

7) For many patients with AD disorder there is no  history of an affected family member, which could be explained by:

a- New mutation.

b- Incomplete penetrance:- not all the individuals who carry the mutation have phenotypic manifestations, which may appear as skipped generation in such family we see that affected grand parent-normal (Skipped) parent-affected child.

c- Variable expression: manifestations of the disorder in different degrees.

d- Somatic mutations: the mutation occur not in the egg or sperm that forms a child but in the cell of an developing embryo. The phenotypic manifestations are usually milder than if all cells contain the mutation .                                                            

8) It is of (2) types: -

· Mild: - there is no effect on longevity of life or reproduction 
♦ cleido cranial dystosis: - in which there is failure of development of clavicle, short stature & delayed teething,              ♦porphyria.

· Severe: - which forms the majority of Autosomal Dominant (AD) cases, either the fertility is affected or the patient die before age of reproduction so the disease is extinct in affected families and kept only by fresh mutation 

♦Achondroplasia: - (short trunk & extremities, large head, early hypotonia & later on develop normal tone, normal IQ).
Examples of autosomal dominant disease : 

Nervous: tuberous sclerosis .

Urinary : polycystic kidney .

Gastrointestinal : familial polyposis .

Haemopoitic : hereditary spherocytosis, von willebrand disease.

Skeletal : marfan syndrome ,achondroplasia.

Metabolic : familial hypercholestrolemia

(c)  X-Linked Recessive Disease: -The disease carried on X-chromosome, it is characterized by: -
1) Males are more commonly and more severely affected than females.

2) Female carriers are generally unaffected, or if affected, they are affected more mildly than males.

3)   Only the ♂ is clinically affected via carrier ♀.

4) If the carrier ♀ married from normal ♂

·  50% of sons affected.

·  50% of daughters are carrier.

So the chance of affected son is 25%(of total).
       5)If affected ♂ married from normal ♀

·  All daughters will be carriers.

·  All sons will be normal.

So no ♂ to ♂ transmission but grand son can be affected by carrier ♀.

6) Don’t forget to ask about affected uncles from mother side or affected sons of sisters because the disease is transmitted in indirect vertical descent.

7) The ♀ can be affected in: -

·  She is a product of carrier ♀ & affected ♂.

·  Turner syndrome (XO).

·  Lionization (Lion hypothesis, X chromosome inactivation): in which only one X chromosome is active in each cell.

  Initially both X-chromosome of ♀ zygote are active. Random inactivation of portion of one X-chromosome in each cell occur early in fetal development which replicated later than the active X-chromosome, so this protect the carries ♀ from the effect of X-Linked Recessive (XLR) mutant gene because there is 50% chance that the X-chromosome that carry the mutated gene will be inactivated, so the carrier express the affect of mutant gene in 50% of her cells, so the ♀ carrier of classic hemophilia have decreased level of factor VIII activity but not as low as her brother.
Examples of X-linked recessive :
Haemopoitic :  G6PD , Hemophilia A, B .
Muscloskeletal: Duchene muscular dystrophy .
Immune : wiskott –alderich syndrome

Metabolic : diabetes insipidus.

Nervous : fragile X syndrome.

1) X-Linked Dominant Disease: - it is characterized by: -

2) Both  ♂ & ♀ affected, but the disease is more severe in ♂.

3) The disease transmitted from one generation to another.

4) The affected ♀ transmit the disease to 50% of her daughters & 50% of her sons.

            4)The affected ♂ transmit the disease to all his daughters but to

               non of his sons, so the disease appears more common in ♀. 

            5) The pedigree shows only affected females.

            (e.g.) Vit.D resistant Ricket’s, incontinentia pigmenti.

Multi factorial inheritance: - it is due to genetic and environmental factors.
Some times it is difficult to differentiate it from Autosomal Dominant (AD) with reduced Penetrance.

It is characterized by: -

1) The recurrence risk among first-degree relatives is (3-5%).

2) The recurrence risk related to the incidence of the disease.

3) Some diseases have sex predilection( e.g.):

· Pyloric stenosis is common in ♂.

· CDH(congenital dislocation of the hip) is common in ♀.

And the recurrence risk is higher for relatives of an index case in which the sex is less common.

(e.g.) The recurrence risk to the son of an affected ♀ with pyloric stenosis is 18% which the recurrence risk to the son of an affected ♂ with pyloric stenosis is 5%.

4) The identical twins affected in <100%, usually (21-63%), with the same disorder.

5) The recurrence risk increased when multiple family members affected (e.g.) recurrence risk of unilateral Cleft lip & palate is 4% with one affected child, but increased to 9% when there is 2 affected children.

6) The recurrence risk increased when the disease is more severe, (e.g.) Long Segment Hirschsprung disease. 

	Autosomal: the gene responsible for the phenotype is located on one of the 22 pairs of autosomes (non-sex determining chromosomes). 

X-linked: the gene that encodes for the trait is located on the X chromosome. 

Dominant: conditions that are manifest in heterozygotes (individuals with just one copy of the mutant allele). 

Recessive: conditions are only manifest in individuals who have two copies of the mutant allele (are homozygous). 


	Autosomal Dominant

           Dominant conditions are expressed in individuals who have just one copy of the mutant allele. The pedigree on the right illustrates the transmission of an autosomal dominant trait. Affected males and females have an equal probability of passing on the trait to offspring. Affected individual's have one normal copy of the gene and one mutant copy of the gene, thus each offspring has a 50% chance on inheriting the mutant allele. As shown in this pedigree, approximately half of the children of affected parents inherit the condition and half do not. 
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Autosomal Dominant Conditions:
 •  Huntington Disease
 •  acondroplasia (short-limbed dwarfism)
 •  polycystic kidney disease 

	Autosomal Recessive

           Recessive conditions are clinically manifest only when an individual has two copies of the mutant allele. When just one copy of the mutant allele is present, an individual is a carrier of the mutation, but does not develop the condition. Females and males are affected equally by traits transmitted by autosomal recessive inheritance. When two carriers mate, each child has a 25% chance of being homozygous wild-type (unaffected); a 25% chance of being homozygous mutant (affected); or a 50% chance of being heterozygous (unaffected carrier). 
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Affected individuals are indicated by solid black symbols and unaffected carriers are indicated by the half black symbols. 

Autosomal recessive diseases:
 •  Cystic fibrosis
 •  Tay-Sachs
 •  hemochromatosis
 •  phenylketonuria (PKU) 

	X-linked Recessive

           X-linked recessive traits are not clinically manifest when there is a normal copy of the gene. All X-linked recessive traits are fully evident in males because they only have one copy of the X chromosome, thus do not have a normal copy of the gene to compensate for the mutant copy. For that same reason, women are rarely affected by X-linked recessive diseases, however they are affected when they have two copies of the mutant allele. Because the gene is on the X chromosome there is no father to son transmission, but there is father to daughter and mother to daughter and son transmission. If a man is affected with an X-linked recessive condition, all his daughter will inherit one copy of the mutant allele from him. 
	[image: image3.png]



X-linked Recessive Disorders:
 •  Duchenne muscular dystrophy
 •  hemophilia A
 •  X-linked severe combined immune disorder (SCID)
 •  some forms of congenital deafness 

	X-linked Dominant

           Because the gene is located on the X chromosome, there is no transmission from father to son, but there can be transmission from father to daughter (all daughters of an affected male will be affected since the father has only one X chromosome to transmit). Children of an affected woman have a 50% chance of inheriting the X chromosome with the mutant allele. X-linked dominant disorders are clinically manifest when only one copy of the mutant allele is present. 
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