U B AE R

Monogenic Diseases

Shangzhi Huang
Peking Union Medical College
The WHO Collaborating Centre for
Community Control of Hereditary Diseases

2014.11.7 16:00 — 16:45



® som R R i E R R

BERR
100

HERR



Genes Play an Important Role

In Al Human Disease

Cystic Fibrosis

Diabetes Type | AIDS




Patterns of Human Inheritance

Monogenic, rare diseases

o Mundelein
Autosomal dominant
Autosomal recessive
X- linked

o Non-Mendelian
Y-linked
Mitochondrial diseases

Multifactorial
Common diseases
Somatic diseases

Chromosomal
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Genotype

Definition: The genetic constitution of an individual
cell or organism.

Homozygous: two identical alleles at a locus

o Functionally (normal, mutant)

o Structurally ( identical sequence )

Heterozygous: two different alleles at a locus, usually
one mutant- & one-wild-type

o Compound heterozygous: two different alleles, both usually
mutant at a locus

o Double heterozygous: heterozygous at two different loci



Phenotype

Definition: The observable character of a cell or organism

Dominant vs recessive

o Dominant: Mutation of one gene copy (allele) that results In
a disease phenotype;

o Recessive: Mutation of both alleles of the gene which gives
rise to-adisease phenotype:

o Co-dominant: character expressing for both alleles of the
heterozygote
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Hereditary pattern of disease

Denpends on
Which chromosome it located
The dominant or recessive of the alleles
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.g Autosomal dominant disease

Gene located on the chromosomes 1to
22,

the heterozygote Is affected,

Homozygous caseis rare, the
phenotype is more several than
neterozygote.
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” Autosomal dominant disease

= Inheritance from only one parent
= Vertical transmission
= Males and females equally affected

= Affected parent has 50% chance of transmitting
the trait to each offspring

m At least one male to male transmission

= More severe phenotype associated with higher
frequency of sporadic or non-inherited cases
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Autosomal Dominant Inheritance

Molecular pathophysiology
Dominant loss of function

Dominant gain of function:a mutation that causes
Inappropriate expression or function of the gene
product

Dominant negative effect :a mutation which
results in a mutant gene product that can inhibit
the function of the wild-type gene product



Incomplete dominance

semidominance: the phenotype is more severe in
homozygote (AA) than heterozygote (Aa)
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Familial hypercholineterinemia
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Irregulardominance

Definition: the heterozygote may express
the corresponding phenotype or not
express, or expressed at different extent.

Causes for irregular dominance:
o Penetrance#h & &

0 Expressivity ZRILE



Penetrance

Definition: A term indicating the
likelihood that a given gene will
actually result in disease.

Completed penetrance: the penetrance is
100%

decreased penetrance: part of the
Individuals are affected; but the othersare
not affected.

o the highest penetrance are 70~80%

o the lowest are 20~30%
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Autosomal Recessive Inheritance

ne mutant gene located on
nromosomes 1-22,

T
C
Heterozygote is not affected
Homozygote is affected
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Autosomal Recessive Inheritance
I . .

©
I : d}‘ (5
Characters: 2]
o Horizontal pattern in a pedigree;  ZLe 5

2 Inheritance from both healthy parents; "

2 Males and females equally affected, 1/6
o One fourth of the sibling are affected;

o Offsprings are usually normal, unless the patient is
married to a heterozygote;

o Increased incidence in consanguineous marriage .
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* Phenylketonuria, PKU I

PKU is caused by a complete or near-complete
deficiency of phenylalanine hydroxylase activity;
without dietary restriction of phenylalanine, most
children with PKU develop profound and irreversible
mental retardation.

The incidence of HPA i1s 1/11144 in China.

H# 7.76
T 7.18
1l 3.00
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X-linked Inheritance

Male i1s hemizygous, and is always
affected

No male to male transmission

Heterozygous females nearly always

o affected, iIf XD
o unffected, If XR

Females typically less severely affected
than males
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o X-IEPHRBEERINEE (hypophosphatemia, 44
%D fa1ETm)

RS-
patholophysiology:
- decreased reabsorption of phosphate by the renal tubule
(causing hypophosphatemia) (otherwise the renal function is
normal);
- decreased absorption of calcium and phosphorous from the
Gl tract

Al T 4 A Tes

dlff dx
- metaphyseal chondrodysplasia
- hypophosphatasia:

- In contrast to vitamin D resistant rickets,
hypophosphatasia shows a reduction in serum alk phos;



http://www.wheelessonline.com/ortho/hypophosphatemia_diff_dx
http://www.wheelessonline.com/ortho/metaphyseal_chondrodysplasia_dysostoses
http://www.wheelessonline.com/ortho/hypophosphatasia
http://www.wheelessonline.com/ortho/alkaline_phosphatase

Hemizygous lethal in males

Only females affected

Affected females
o have fewer sons than expected
o Half of the daughters are affected

Affected females have increased frequency
of spontaneous abortions

Example: B8R KRR FGoltzZR & 1E
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X-linked Recessive Inheritance

Duchenne muscular dystrophy (DMD) and Becker
muscular dystrophy (BMD);

Hemophilia A

de novo mutation
Gonad mosaicism






® B




am
Dystrophin S yE2B{L4&M
\'

Western EJZEZRZZ



29%

9%

HE bk ) B O £ O

42%

49%

@ large deletions

W point mutations
O "'missed"” deletions
O duplications

W no mutation

H nonsense
W frameshift

O splice




AVE FRA BRI RT3 A% 57 5 1

DMD
SMA
MD(Myotonic Dystrophy, SREMUIZEYE)

o LRI THETIEUE S5k, A SURSE, WLIRE (VLAY 2 5 AR
M, AR A, LIEZ R, % R . B R ELA.

R RZESE (LGMD)

o B2 ARG 5] E

R MERINZES (FSHD)

o EEPLATE ), BEEAREI I, RGN AS BE IR

SR MENH Congenital Myopathy

o Nemaline Myopathy. Central Core Disease, Myotubular Myopathy.




1B 4% 7 i 1 (hetero geneity)

Definition (1): The same clinical phenotype causing
by different loci (locus heterogeneity)

o There are more than 100 loci responsible for deafness

o APKD: PKD1(Ch.16). PKD2(Ch4.). PKD3

Definition (2): different mutant alleles of the same
ocus cause different phentoypes (allele
neterogeneity)

o B hemoglobin gene mutations: abnormal hemoglobins,
sickle cell anemia, 3 thalassemia

o Osteogenesis imperfecta: mutation of COL1A1 (dominant
negative mutation)
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X chromosome 1nactivation

Lyonization

Lyon hypothesis (Lyon, 1961): most part of one X
chromosome in human female i1s heterochrmatide
without genetic activity.

Q

Q

X Inactivation occurred in the early embryonic stage.

The inactivation is random for either X chromosome (paternal or
maternal) if they are both normal

The daughter cells remain the inactivation pattern

Since there are handrens of cells in the embryo when lyonization
occurs, all females are composed of two cell lines.



Mosaicism

Definition: Presence in an individual or a tissue of
at least two cell lines that differ genetically
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Mutated cells



Chimera: two cell lines in the same organism
resulted in fussing of two zygotes, fertilizing
eggs or egg and the polar body.

Mosaic: numberary or structural abnormalities
of chromosome caused by chromosome non-
disjunction, chromosome loss or intranucleic
replication, and chromosome breakage as will
as chromosome rearrangement, occuring In
early cleavage of the zygote.

Mosaicism



” Y-linked inheritance

= Male to male transmission
= Only male are affected




Mitochondria disease

Heteroplasmic: Mitochondria DNAs are
mixture of wide type and mutant DNAs.

Maternal inheritance.

Replication advantage of defected
mitochondria DNA,- homoplasmic.

|_ater onset, progressive, and threshold.



