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Inheritance



Outline
 Pedigree

• Symbols
• Sketching

 Patterns of single-gene inheritance
• Autosomal dominant inheritance
• Autosomal recessive inheritance
• X-linked recessive inheritance
• X-linked dominant inheritance
• Y-linked inheritance
• Mitochondrial inheritance

 Genetic heterogeneity



Male Female 

Affected 

Proband

Sex unspecified

Deceased affected 
individual

Deceased individual
Dizygotic twins

Monozygotic twinsMarriage or union

Consanguineous 
mating

Siblings 

No offspring

Ⅰ Ⅱ Numbers of generations 1、2、3
Numbers of 
individuals

Twins of unknown 
zygosity

?

Standard symbols

X-linked carrierCarrier 



Example  

 Cathy is pregnant for the second time. Her first 
child, Donald, has CF. Cathy has two brothers, 
Charles and Colin, and a sister, Cindy. Colin and 
Cindy are unmarried. Charles is married to an 
unrelated woman, Carolyn, and has a 2-year-old 
daughter, Debbie. Cathy’s parents are Bob and 
Betty. Betty’s sister Barbara is the mother of 
Cathy’s husband, Calvin, who is 25. There is no 
previous family history of CF.
• Sketch the pedigree, using standard symbols.



Pedigree of Cathy

 Ⅰ-1 Barbara    Ⅰ-2 Betty  Ⅰ-3 Bob
 Ⅱ-1 Calvin      Ⅱ-2 Cathy Ⅱ-3 Colin Ⅱ-4 Cindy Ⅱ-5 Charles Ⅱ-6 Carolyn 
 Ⅲ-1 Donald     Ⅲ-2 fetus   Ⅲ-3 Debbie 

Ⅰ

1 2

Ⅱ

Ⅲ

1

1

3

2

2 3

3

4 5 6



Genetic disorders with classical 
Mendelian inheritance

 The patterns shown by single-gene 
disorders in pedigrees depend chiefly on 
two factors: 
• The chromosomal location of the gene locus
 Autosomal (located on an autosome)
 X-linked (located on the X chromosome)

• Whether the phenotype is dominant or 
recessive
 Dominant
 Recessive 



4 basic patterns of single-gene 
inheritance

Autosomal dominant Autosomal recessive

X-linked dominant X-linked recessive

Autosomal

X-linked

Dominant Recessive 



Patterns of autosomal dominant 
inheritance

 Autosomal dominant inheritance, AD
• The gene concerned to single-gene disorder 

was located on an autosome, and the 
phenotype is dominant.



Genotypes & phenotypes

 Completely  dominant
 Incompletely  dominant
 Irregularly  dominant
 Codominant 
 Delayed  dominant
 Sex-influenced dominance

A – mutant allele

AA 

Affected

Aa 

a – normal allele

Normal 

aa 

?



Completely  dominant
 Definition     

• A phenotype expressed in the same way in both 
homozygotes and heterozygotes is completely dominant.

 Genotype & phenotype
• AA affected         Aa affected    aa normal

Ⅰ

Ⅱ

Ⅲ
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Progeny of Aa×aa mating

Aa
Affected 

a

a

A

Normal parent aa

Affected parent 
Aa

Aa
Affected 

aa
Normal 

aa
Normal 

a



Brachydactyly 

Syndactyly typeⅠ



Characteristics of autosomal 
dominant inheritance

 The phenotype usually appears in every generation, each affected
person having an affected parent.

 Any child of an affected parent has a 50 percent risk of inheriting 
the trait.

 Phenotypically normal family members do not transmit the 
phenotype to their children.

 Males and females are equally likely to transmit the phenotype, 
to children of either sex.

 A significant proportion of isolated cases are due to new 
mutation.



Incompletely dominant
§ Definition

• The phenotype due to a heterozygous genotype is 
different from the phenotype seen in both 
homozygous genotypes and its severity is 
intermediate between them.

§ AA (severely affected) > Aa (slightly affected) > aa (normal)

§ Achondroplasia
• Improper development of cartilage at the ends of the 

long bones, resulting in a form of congenital 
dwarfism.



Incompletely dominant

Progeny of 
Aa×Aa 
mating 

Aa Aa

aa AAAa

AA
Severely affected 

a

A
Slightly 
affected 
parent 

Aa

Aa
Slightly affected 

aa
Normal 

Aa
Slightly affected 

Slightly affected parent     Aa

A

a



Irregular dominant

 Definition 
• The phenotypes of some of the heterozygotes, for some 

reason, do not appear as affected. It can be seen as a 
skipped generation.

aa AA Aa

Normal Affected Irregular (normal or affected)



 A pedigree of polydactyly, showing the skipped generation because of Ⅱ3 
who appeared phenotypically normal.
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Ⅱ
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 Expressivity 
• expressivity— the variation of severity of the disease. It refers to the 

extent of expression of the disease phenotype.

 Penetrance
• The frequency, under given environmental conditions, with which a 

specific genotype is expressed by those individuals that possess it. 
• Usually, penetrance is expressed by percentage.

Total heterozygotes

Affected heterozygotes
Penetrance = ————————————×100%



 Pleiotropy (P53)

• Pleiotropy occurs when a single gene 
influences multiple phenotypic traits. 

• Consequently, a mutation in a pleiotropic gene 
may have an effect on some or all traits 
simultaneously. This can become a problem 
when selection on one trait favors one specific 
version of the gene (allele), while the selection 
on the other trait favors another allele.



 Polydactyly
(hyperdactylia)

Marfan syndrome



Codominant 

 definition
• Of or relating to two alleles of a gene pair in a 

heterozygote that are both fully expressed.



 Blood group MN
• A pair of alleles, LM and LN, located on 4p, are 

concerned to the blood group MN.

Genotype 

Phenotype 

LMLM

M

LMLN LNLN

MN N

MM NN MN



 Blood group ABO
• Alleles IA , IB and i located on 9q, are concerned 

to the blood group ABO.

Genotype 

Phenotype A ABB

iiIA IA

IA i
IB IB

IB i
IA IB

O



Parents’ blood type Progeny’s blood type

A×A

A,B,AB

B,O

A,B

A,O

A,B,O,AB
A,B,AB

O

A×O
A×B
A×AB
B×B
B×O
B×AB

AB×AB

O×O
O×AB

A,O

B,O
A,B,AB



Delayed dominant
 Definition 

• The individual who carries mutant allele doesn’t 
onset until particular age.

A pedigree of Huntington’s Disease from Venezuela



Huntington disease



Triplet repeat disorders

40-1304-44CAGSpinocerebellar ataxia
40-5514-32CAGSpinal and bulbar muscular atrophy
> 100< 10CCTGMyotonic dystrophy type 2
50-10005-37CTGMyotonic dystrophy type 1
100-100011CGGJacobsen syndrome
40-12110-34CAGHuntington disease
49-757-25CAGHaw River syndrome
200-9006-29GAAFreidreich ataxia

200-20006-50CGG or 
CCG

Fragile X syndrome

Disease 
# of 
copies

Normal 
# of 
copiesRepeatDisease



20

21

11

Ⅳ

109

42

8765431 2

2

2

1

1

3 4 5 6

Ⅲ
30 46

Ⅱ
4441

Ⅰ

A pedigree of Huntington Disease 
(showing genetic anticipation )

The disease gene---IT15 located on 4p16.3
n=9-34，normal
n>36，even more than 120，affected

Genomic imprinting (P36)
Parent-specific expression or repression of genes or 
chromosomes in offspring.



Myotonic dystrophy
 5 -37 copies of CTG repeat      normal  phenotype
 50-1000 repeats                       myotonic dystrophy
 Genes with 40+ copies are unstable and can gain (or less 

commonly lose) repeat copies in successive generations.



Sex-influenced dominance

 The tendency for gene 
action to vary between the 
sexes within a species. 
• For example, the presence of 

horns in some breeds of 
sheep appears to be dominant 
in males but recessive in 
females.

 Baldness in human.

Man displaying male pattern baldness



Patterns of autosomal recessive 
inheritance

 Autosomal recessive inheritance, AR
• The gene concerned to single-gene disorder is 

located on an autosome, and the phenotype is 
recessive.



Genotypes & phenotypes

a – mutant allele

AA 

Affected

Aa 

A – normal allele

Normal 

aa 

Carrier



Typical pedigree showing autosomal recessive inheritance

Ⅰ
1 2

Ⅱ

Ⅲ

Ⅳ

1

1

102

2 3

3 4

4 5

5 6

6 7 8

3 4

9

12 13 14 159

7 8

10

11 12 13

11 16 17

1 2 3 4



¼ AA, ½ Aa, ¼ aa
¾ unaffected, ¼ affected

Carrier×Carrier: Aa×Aa

Parents Risk to offspring

Carrier×Affected: Aa×aa

Affected×Affected: aa×aa

½ Aa, ½ aa
½ unaffected, ½ affected

aa only
All affected



Consanguinity 

 Relationship by blood or by a common 
ancestor.
 The chance that both parents are carriers of 

a mutant allele at the same locus is 
increased substantially if the parents are 
related and could each have inherited the 
mutant allele from a single common 
ancestor, a situation called consanguinity.



Pedigree in which parental consanguinity suggests 
autosomal recessive inheritance

21
Ⅳ

65431 2
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 A pedigree of Cystic Fibrosis

Ⅰ

1 2

Ⅱ

Ⅲ

1

1

3

2

2 3

3

4 5 6



Cystic Fibrosis
 CF is a disorder of the cells that line 

the lungs, small intestines, sweat 
glands and pancreas. Sticky, thick 
mucus contributes to the destruction 
of lung tissue and impedes gas 
exchange in the lungs. It also 
prevents nutrient absorption in the 
small intestine, and blocks pancreatic 
ducts from releasing digestive 
enzymes.

 Cystic fibrosis (CF) is caused by a 
defect in a gene called the cystic 
fibrosis transmembrane conductance 
regulator (CFTR) gene. This gene 
makes a protein that controls the 
movement of salt and water in and out 
of the cells in your body. In people 
with CF, the gene does not work 
effectively. 

Figure: A Lung Ravaged by 
Cystic Fibrosis 

Figure: Mucus 
Buildup in the 

Lungs 



AR disorders

Albinism Sickle Cell Anemia 



Characteristics of autosomal recessive 
inheritance

 An AR phenotype, if it appears in more than one member of a 
kindred, typically is seen only in the sibship of the proband, not 
in parents, offspring, or other relatives.

 For most AR diseases, males and females are equally likely to be
affected.

 Parents of an affected child are asymptomatic carriers of mutant
alleles.

 The parents of the affected person may in some cases be 
consanguineous. 
• This is especially likely if the gene responsible for the condition is rare in the 

population.

 The recurrence risk for each sib of the proband is 1 in 4.



X-linked inheritance



XA– dominant allele of the gene on the X

Xa – recessive allele of the gene on the X

Genotypes Phenotypes 

XA XA

XA Xa

XaY

Xa Xa

XAY

Heterozygous 

Hemizygous 

Homozygous 

Males 

Homozygous 

Females 

Hemizygous 



X-linked recessive inheritance

XH – normal allele Xh – mutant allele

Genotypes Phenotypes 

XH XH

XH Xh

XhY

Xh Xh

XHY

Heterozygous (carrier)

Unaffected 

Homozygous affected

Males 

Homozygous unaffected
Females 

Affected 



 Pedigree pattern demonstrating an X-linked recessive disorder 
such as hemophilia A, transmitted from an affected male through 
females to an affected grandson and great-grandson.

2Ⅳ

Ⅲ

Ⅱ

Ⅰ

3 35



 Affected male × Normal female:     XhY×XH XH

XH

Daughters: ALL carriersXH Xh

Sons: ALL unaffectedXHY

Xh

Y 

2Ⅳ

Ⅲ

Ⅱ

Ⅰ

3 35



 Normal male × Carrier female:     XHY×XH Xh

XH Xh

Daughters: ½ normal; ½ carriersXH XH

XhY Sons: ½ normal; ½ affectedXHY

XH

Y 

XH Xh

2Ⅳ

Ⅲ

Ⅱ

Ⅰ

3 35



carrier girl normal girl
1 out of 4 chance

25%
1 out of 4 chance

25%

affected boy normal boy
1 out of 4 chance

25%
1 out of 4 chance

25%



 The hemophilia of an affected grandfather, which did not appear 
in any of his own children, has a 50% chance of appearing in any
son of any of his daughters. 

 It will NOT reappear among the descendants of his sons, 
however.

2Ⅳ

Ⅲ

Ⅱ

Ⅰ

3 35



 A daughter of a carrier has a 50% chance of being a carrier 
herself. 

 By chance, an X-linked recessive allele may be transmitted 
undetected through a series of female carriers before it is 
expressed in a male descendant.

2Ⅳ

Ⅲ

Ⅱ

Ⅰ

3 35



Consanguinity in an 
X-linked recessive 
pedigree for red-green 
color blindness, 
resulting in a 
homozygous affected 
female.

 Affected male × Carrier female:     XhY×XH Xh

XH Xh

Daughters:½ carriers;  ½ affectedXH Xh

XhY Sons: ½ normal; ½ affectedXHY

Xh

Y 

Xh Xh

Ⅳ

Ⅲ

Ⅱ

Ⅰ



Characteristics of X-linked recessive 
inheritance

 The incidence of the trait is much higher in males than in females.

 The gene responsible for the condition is transmitted from an affected 
man through all his daughters. Any of his daughters’ sons has a 50% 
chance of  inheriting it.

 The gene is ordinarily never transmitted directly from father to son, but 
it is transmitted by an affected male to all his daughters.

 The gene may be transmitted through a series of carrier females; if so, 
the affected males in a kindred are related through females.

 Heterozygous females are usually unaffected, but some may express 
the condition with variable severity as determined by the pattern of X 
inactivation.



X-linked dominant inheritance

 An X-linked phenotype is described as 
dominant if it is regularly expressed in 
heterozygotes.



X-linked dominant inheritance

Xh– normal allele XH– mutant allele

Genotypes Phenotypes 

XH XH

XH Xh

XhY

Xh Xh

XHY

Heterozygous affected

Homozygous unaffected

Males 

Homozygous affected
Females 

Unaffected 

Affected



Pedigree pattern demonstrating X-linked dominant inheritance

Ⅳ

Ⅲ

Ⅱ

Ⅰ



XD



XD



Hypophosphatemic rickets
(vitamin D-resistant rickets)

 The ability of the kidney 
tubules to reabsorb filtered 
phosphate is impaired.

 Although both sexes are 
affected, the serum 
phosphate level is less 
depressed and the rickets 
less severe in 
heterozygous females than 
in affected males.



Characteristics of X-linked dominant 
inheritance

 Affected males with normal mates have no affected 
sons and no normal daughters.

 Both male and female offspring of female carriers have 
a 50% risk of inheriting the phenotype. 
• The pedigree pattern is the same as that seen with autosomal 

dominant inheritance.

 For rare phenotypes, affected females are about twice as 
common as affected males, but affected females 
typically have milder (though variable) expression of 
the phenotype.



Y-linked inheritance
 Disease genes are on Y chromosome
 Affects males only
 All sons of affected father are affected

Ⅰ

Ⅱ

Ⅲ

1 2

21

1 2 3 4 5

3 5

6

4



Mitochondrial diseases

Disease genes are on mitochondria

Mitochondrial genome



Mitochondrial diseases

 Matrilinear inheritance

Ⅰ

Ⅱ

Ⅲ

1 2

21

1 2 3 4 5

3 5

6

4



Mitochondrial Diseases

 Leber's hereditary optic neuropathy, LHON
(P75)
 MERRF
 Parkinson disease, PD
 NIDDM



Genetic heterogeneity

 Genetic heterogeneity includes a number 
of phenotypes that are similar but are 
actually determined by different genotypes.

 Genetic heterogeneity may be the result of 
different mutations at the same locus (allelic 
heterogeneity), mutations at different loci 
(locus heterogeneity), or both.



Locus heterogeneity

 Retinitis pigmentosa(色素性视网膜炎)
• 12 autosomal dominant forms
• 5 autosomal recessive forms
• 3 X-linked forms 



I

II

III

1 2

1 2 3 4 5 6

321 4 5 6 7
XR

aa
aa aaBB

AAbb

AaBb

Aa

aaAa/AA

Congenital deafness:



Allelic heterogeneity
 Allelic heterogeneity

• Allelic heterogeneity is an important cause of clinical variation. Many loci 
possess more than one mutant allele; in fact, at a given locus there may be 
several or many mutations. Sometimes, these different mutations result in 
clinically indistinguishable or closely similar disorders. In other cases, different 
mutant alleles at the same locus result in very different clinical presentations. 

 For example - mutations in the RET gene
• Hirschsprung disease (congenital aganglionic megacolon )
• Multiple endocrine neoplasia type Ⅱa and Ⅱb
• Both in the same individuals

 Phenocopy(P68)
• A phenocopy is an individual whose phenotype (generally referring to a single 

trait), under a particular environmental condition, is identical to the one of 
another individual whose phenotype is determined by the genotype. In other 
words the phenocopy environmental condition mimics the phenotype produced 
by a gene.



How to estimate inheritance pattern in a kindred

 Initial estimation 
• Based on the continuity of the transmission in the 

generations – dominant or recessive 
• Based on the proportion of onset in males and 

females – autosomal or X-linked
 Genotypical estimation

• If the genotypes are totally tallied with the 
phenotypes of the individuals



Ⅰ

Ⅱ

Ⅳ

1 2

1

1

1

2 3

3

4

2

Ⅲ

AD----Irregular dominance

aaAa

Aa

Aa aa

Aa

Aa

Aa aa

aa
Aa

Example 1



Ⅰ

Ⅱ

Ⅲ

1 2

21

1 2 3

3 5

5

4

XR

4

XAY XAXa

XAXa

XaYXAY
XAXa

XAXA

Example 2



Ⅰ

Ⅱ

Ⅲ

1 2

21

1 2 3

3 6

4

54

AD

Aa aa

Example 3



Ⅰ

Ⅱ

Ⅲ

1 2

1 4

1

1

3

32

3

2

2

Ⅳ

AR

Aa

aa

Aa

Aa
AA

Example 4



Women have sex chromosomes of XX, and men 
have sex chromosomes of XY. 

Which of a women's grandparents could NOT 
be the source of any of the genes on either of her 
X-chromosomes?

A. Mother’s Father.
B. Father’s Mother.
C. Mother’s Mother.
D. Father’s Father.



A human female who’s father has the X-linked 
recessive trait red color blindness, marries a 
normal male. 
What proportion of their male progeny will 
show the trait?

A.   All
B.   3/4
C.   1/2
D.   1/4
E.   NONE



END



Pedigree

 A diagram of a family history indicating the 
family members, their relationship to the 
proband, and their status with respect to a 
particular hereditary condition.



Proband

 The affected person through which a 
pedigree is discovered and explored.



Myotonic dystrophy
 Myotonic dystrophy is an inherited disorder in which the muscles

contract but have decreasing power to relax. With this condition, the 
muscles also become weak and waste away. Myotonic dystrophy can 
cause mental deficiency, hair loss and cataracts. Onset of this rare 
disorder commonly occurs during young adulthood. However, it can
occur at any age and is extremely variable in degree of severity.

 The myotonic dystrophy gene, found on chromosome 19, codes for a
protein kinase that is found in skeletal muscle, where it likely plays a 
regulatory role.

 An unusual feature of this illness is that its symptoms usually become 
more severe with each successive generation. This is because 
mistakes in the faithful copying of the gene from one generation to the 
next result in the amplification of a genomic 'AGC/CTG triplet repeat', 
similar to that found in Huntington disease. Unaffected individuals have 
between 5 and 27 copies of AGC/CTG, myotonic dystrophy patients 
who are minimally affected have at least 50 repeats, while more 
severely affected patients have an expansion of up to several kilobase 
pairs. 



Albinism
 Albinism Congenital absence of normal pigmentation 

or coloration in a person, an animal, or a plant. People with 
albinism have little or no pigment in their eyes, skin, or hair.
They have inherited genes that do not make the usual 
amounts of a pigment called melanin. The albinism gene is 
"recessive" — it does not result in albinism unless a person 
has two copies of the gene for albinism and no copy of the 
gene that makes normal pigment. When both parents carry 
the gene, and neither parent has albinism, there is a one in 
four chance at each pregnancy that the baby will be born 
with albinism. This type of inheritance is called autosomal 
recessive inheritance.



Sickle Cell Anemia
 Sickle Cell Disease

• Sickle Cell Disease is a group of inherited red blood cell disorders. 
Normal red blood cells are round like doughnuts, and they move 
through small blood tubes in the body to deliver oxygen. Sickle red 
blood cells become hard, sticky and shaped like sickles used to cut 
wheat. When these hard and pointed red cells go through the small 
blood tube, they clog the flow and break apart. This can cause pain, 
damage and a low blood count, or anemia.

 What makes the red cell sickle?
• There is a substance in the red cell called hemoglobin that carries 

oxygen inside the cell. One little change in this substance causes 
the hemoglobin to form long rods in the red cell when it gives away 
oxygen. These rigid rods change the red cell into a sickle shape
instead of the round shape. 



Hemophilia A
 Hemophilia, hereditary blood disease, 

characterized by the inability of blood to 
clot, or coagulate, leading to hemorrhage, 
or excessive bleeding, even from minor 
injuries.

 The disease is caused by an insufficiency or 
absence of certain blood proteins (factor 
Ⅷ), that participate in blood clotting. 
• It is caused by a recessive allele on the X 

chromosome.



Pedigree of royal hemophilia



Red-green color blindness

 Can not recognize 
correctly red color 
and green color.



DMD (Duchenne muscular dystrophy) 

 Rapid progression of muscle degeneration
 Occurs early in life
 X-linked and affect mainly males
 1 in 3500 boys worldwide.



Posture changes during progression of Duchenne muscular dystrophy



Duchenne muscular dystrophy Standing from supine position



Symptomatology

The extremely enlarged calf



DMD

 The gene for DMD, found on the X chromosome, 
encodes a large protein dystrophin. 
• Dystrophin is required inside muscle cells for structural 

support; it is thought to strengthen muscle cells by 
anchoring elements of the internal cytoskeleton to the 
surface membrane. Without it, the cell membrane 
becomes permeable, so that extracellular components 
enter the cell, increasing the internal pressure until the 
muscle cell "explodes" and dies. The subsequent 
immune response can add to the damage.



Dystrophin complex



DMD: Early Pathology

Phagocytosis: 
Invasion of fibers by 
macrophages

Necrotic muscle fibers 
are pale on NADH stain



DMD: Later Pathology

 Endomysial connective tissue increased
Variable fiber size.
Small fibers are rounded.
Many hypercontracted muscle fibers DMD: Dystrophin staining

Left: Normal dystrophin-
Staining
around the rim of muscle 
fibers. 

Right: Absent dystrophin-
No staining around the rim of 
muscle fibers. 



Genomic imprinting
 We all inherit two copies of every autosomal gene, one 

copy from our mother and one from our father. Both copies 
are functional for the majority of these genes; however, in a 
small subset one copy is turned off in a parent-of-origin 
dependent manner. These genes are called 'imprinted'
because one copy of the gene was epigenetically marked 
or imprinted in either the egg or the sperm. Thus, the allelic 
expression of an imprinted gene depends upon whether it 
resided in a male or female the previous generation. 
Imprinted expression can also vary between tissues, 
developmental stages, and species (Reik and Walter, 
Genomic imprinting: parental influence on the genome. Nat 
Rev Genet 2: 21-32, 2001).



 Figure 1 Typical phenotypes of Angelman (left) and 
Prader-Willi (right) syndrome patients. The difference 
between them belies the fact they they are caused by the 
same chromosomal deletion (15q11-13). (From Nicholls, 
1994; Photographs courtesy of R. D. Nicholls).



Prader-Willi & Angelman Syndromes

 Prader-Willi Syndrome –
 develops when the abnormal copy of chromosome 15 is inherited from 

the father.
 is characterized by developmental delay, cryptorchidism (small or 

undescended testes), hyperphagia obesity (fatness due to overeating in 
an attempt to reach satiety), short stature, and mild retardation.

 Angelman Syndrome –
 develops when the abnormal copy of chromosome 15 is inherited from 

the mother.
 is characterized by seizures, severe mental retardation, inappropriate 

laughter, and a characteristic face that is small with a large mouth and 
prominent chin.

 The differences reflect the fact that some loci are 
IMPRINTED.



 Figure 2 Map of chromosome region 15q11-q13, showing 
regions causing Prader-Willi syndrome and Angelman 
syndrome as well as the maternal and paternal 
transcription patterns. Genes and genetic markers are 
shown as circles. The imprinting center is labeled. (After 
Saitoh et al., 1996).



Leber's hereditary optic neuropathy

 Leber’s hereditary optic neuropathy (LHON) or Leber optic atrophy is a
mitochondrially inherited (mother to all offspring) degeneration of retinal 
ganglion cells (RGCs) and their axons that leads to an acute or 
subacute loss of central vision; this affects predominantly young adult 
males. However, LHON is only transmitted through the mother as it is 
primarily due to mutations in the mitochondrial (not nuclear) genome 
and only the egg contributes mitochondria to the embryo. LHON is
usually due to one of three pathogenic mitochondrial DNA (mtDNA)
point mutations. These mutations are at nucleotide positions 11778 G 
to A, 3460 G to A and 14484 T to C, respectively in the ND4, ND1 and 
ND6 subunit genes of complex I of the oxidative phosphorylation chain 
in mitochondria. Men cannot pass on the disease to their offspring.[1]



History
 This disease was first described by the German ophthalmologist 

Theodore Leber (1840-1917) in 1871.[2] In this paper Leber described 
four families in which a number of young men suffered abrupt loss of 
vision in both eyes either simultaneously or sequentially. This disease 
was initially thought to be X linked but was subsequently shown to be 
mitochondrial.[3] The nature of the causative mutation was first
identified in 1988 by Wallace et al who discovered the guanine (G) to 
adenosine (A) mutation at nucleotide position 11778 in nine families.[4] 
This mutation converts a highly conserved arginine to histidine at 
codon 340 in the NADH dehydrogenase subunit 4 of complex I of the 
mitochondrial respiratory chain. The other two mutations known to 
cause this condition were identified in 1991 (G to A point mutation at 
nucleotide position 3460)[5] and 1992 (thymidine (T) to cytosine (C) 
mutation at nucleotide 14484)[6]. These three mutations account for 
over 95% of cases: the 11778 mutation accounts for 50-70% of cases, 
the 14484 mutation for 10-15% and the 3460 mutation for 8-25%.



Signs & symptoms
 Clinically, there is an acute onset of visual loss, first in one eye, and then a few weeks to 

months later in the other. Onset is usually young adulthood, but age range at onset from 
7-60 is reported. The age of onset is slightly higher in females (range 19-55 years: mean 
31.3 years) than males (range 15-53 years: mean 24.3). The male to female ratio varies 
between mutations: 3:1 for 3460 G>A, 6:1 for 11778 G>A and 8:1 for 14484 T>C. No 
reason for this difference is known.

 This typically evolves to very severe optic atrophy and permanent decrease of visual 
acuity. Both eyes become affected either simultaneously (25% of cases) or sequentially 
(75% of cases) with a median inter-eye delay of 8 weeks. Rarely only one eye may be 
affected. In the acute stage, lasting a few weeks, the affected eye demonstrates an 
edematous appearance of the nerve fiber layer especially in the arcuate bundles and 
enlarged or telangectatic and tortuous peripapillary vessels (microangiopathy). The main 
features are seen on fundus examination, just before or subsequent to the onset of visual 
loss. A pupillary defect may be visible in the acute stage as well. Examination reveals 
decreased visual acuity, loss of color vision and a cecocentral scotoma on visual field 
examination.



Genetics
 Leber hereditary optic neuropathy is a condition related to changes in 

mitochondrial DNA. Although most DNA is packaged in chromosomes 
within the nucleus, mitochondria have a distinct mitochondrial genome 
composed of mtDNA.

 Mutations in the MT-ND1, MT-ND4, MT-ND4L, and MT-ND6 genes 
cause Leber hereditary optic neuropathy.[10] These genes code for the 
NADH dehydrogenase protein involved in the normal mitochondrial 
function of oxidative phosphorylation. Oxidative phosphorylation uses a 
large multienzyme complex to convert oxygen and simple sugars to
energy. Mutations in any of the genes disrupt this process to cause a 
variety of syndromes depending on the type of mutation and other
factors. It remains unclear how these genetic changes cause the death 
of cells in the optic nerve and lead to the specific features of Leber 
hereditary optic neuropathy.



Hirschsprung disease
 Hirschsprung's disease (HSCR), or congenital aganglionic 

megacolon is a serious medical problem where the enteric 
nervous system is missing from the end of the bowel. The 
enteric nervous system is a complex network of neurons 
(i.e., ganglion cells) and glia that controls most aspects of 
intestinal function. When the ENS is absent, the region of 
the bowel that is aganglionic fails to relax causing a 
blockage in the bowel[1]. People with Hirschsprung 
disease always have aganglionosis (lack of neurons) at the 
end of the bowel, but the length of bowel that is aganglionic 
varies. Severe symptoms may occur with even short 
segments of aganglionosis and symptom severity does not 
correlate well with the extent of aganglionic bowel.



Genetic basis
 Several genes and loci 

have been shown or 
suggested to be 
associated with 
Hirschsprung's disease:

Type OMIM Gene Locus 
HSCR1 142623 RET 10q11.2 
HSCR2 600155 EDNRB 13q22 
HSCR3 600837 GDNF 5p13.1-p12 
HSCR4 131242 EDN3 20q13.2-q13.3 
HSCR5 600156  ? 21q22 
HSCR6 606874  ? 3p21 
HSCR7 606875  ? 19q12 
HSCR8 608462 ? 16q23 
HSCR9 611644 ? 4q31-32 
- 602229 SOX10 22q13 
- 600423 ECE1 1p36.1 
- 602018 NRTN 19p13.3 
- 602595 SIP1 14q13-q21 


