UNUSUAL PATTERN

OF INHERITANCE




Unusual pattern of inheritance
of single gene disorders

The reason for studding pattern of inheritance of
disorders within families is their adequate genetic
counseling (correct clinical diagnosis and recurrence

risk on the base of pattern of inheritance)

For many single gene disorders, gene characterization
has revealed atypical, unusual inheritance mechanisms,
that are outside the scope of Mendel s experiments




Unusual pattern of inheritance can be explained
by genetic phenomena such as :

1. Somatic or germ-line mosaicism
2. Uniparental disomy

3. Genomic imprinting

4. Triplet repeat expansion

5. Mitochondrial inheritance
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Somatic mosaicism for the single gene mutations :

"' The possibility of somatic mosaicism is suggested by :

1. The features of a single gene disorder being less severe
In an individual than usual

2. Being confined to a particular part of the body in a segmental
distribution

Example :
Neurofibromatosis-1,
- the distinctive café-an-lait spots and neurofibroma tumors may occur
in one limb or one body region

- if a parent is mosaic for disease allele because of postzygotic
mutation, he/she may appear clinically unaffected



Neurofibromatosis (AD)
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I'! The characteristic of germ-line mosaicism_is multiple affected
offspring with normal parents (resembles AR), but only for:
- autosomal dominant (AD) diseases
(Achondroplasia, Ostegenesis imperfecta-Ol)
- or X-linked (XL) diseases
(Duchene muscular dystrophy, Hemophilia)

Proven by DNA analysis example - Osteogenesis imperfecta (Ol) :
Demonstration of a mutation in the collagen gene responsible for Ol in a
proportion of individual sperm from a clinically normal father who had
two affected infants with different pariners
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b) Non-disjunction

a) Non-disjunction



Fertilization following Meiosis | error: Fertilization following Meiosis Il error:

SpPErm Sperm

.+‘ Q+.

Trisomic zygote

trisomc Zygote

Anaphase %XX Anaphase xxx
lag lag

dd_ < i

A.Trisomic rescue following an error in meiosis . B.Trisomic rescue - an error in meiosis Il.
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Genomic imprinting (Gl) or
“Parent of origin” effect

“Different expression of a gene, depending on
the sex of the parent who transmits it”
Imprinting affects only a minority of genes

- Imprinting is a functional (epigenetic) change in a gene
( a form of silencing or temporary gene inactivation)

- The DNA sequence is not altered (there is hot mutation), but
expression of the affected gene is modified

- A gene s imprint is reversed or removed when a cell passes
through opposite gametogenesis

- Paternally imprinted gene — is nhot expressed when is inherited
from the father

- Maternally imprinted gene — is hot expressed when is inherited
from the mother
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Clinical consequences of
Genomic imprinting (Gl) + Uniparental disomy (UPD)

l. In some single gene disorders there is the “parent of origin” effect :
Examples :
1. Huntington disease (AD)

- there is an increased risk of an
earlier and more severe form
of the disease when the gene
is transmitted by the father
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2. Myotonic dystrophy (AD)
- there is an increased risk of a
severe neonatal form of the disease,
when the gene is transmitted by the mother




Il. Microdelition syndromes can be also illustration of UPD and Gi
Examples :
|dentical microdeletions or UPD with different parental origins cause the
Prader-Willi (PWS) and Angelman (AS) syndromes

1. Prader-Willi s-me (PWS) :

- Mental retardation (mild)
Obesity ; Short stature
Hypogonadism

Small hands and feet
Skin lesions

2. Angelman s-me (AS) :
- Severe Mental retardation
- Inappropriate laugther
- Epilepsy (convulsions)
- Ataxia (poor coordination)




PWS — genetics :
~ 75 % : microdeletion - 15 (q 11-12) — inherited from the father
46, XX/XY, del 15 (q 11-12) pat.
~25% : UPD mat. (both 15 chromosomes are from the mother)
~ 2-3 % : mutation in gene controlling imprinting
AS — genetics :
~ 70 % : microdeletion - 15 (q 11-12) — inherited from the mother
46, XX/XY, del 15 (g 11-12) mat.
~2% : UPD pat (both 15 chromosomes are from the father)
~ 2-3 % : mutation in gene controlling imprinting
~ 25 % : maternal gonadal mosaicism or mutation in AS gene
“Critical region” 15 (g 11-12) :
It is deleted in PWS and in AS
- It includes the gene controlling imprinting

! 1t includes different specific genes (for PWS and for AS) that
are opposite imprinted !!!




PWS Region AS Gene

1] EP2 |C snoRMNA genes EP3
L Imprinting Center poa

15q11.2-13 (4-5 million DMA base pairs)

1. The gene for PWS is dominant and is expressed (active) only on
chromosome inherited from the father (maternal imprinting)

- |If single active copy of this paternal gene is lost by :
paternal chromosome deletion or maternal UPD 15,
T PWS results because no active paternal genes are present

2. The gene for AS is dominant and is expressed (active) only on
chromosome inherited from the mother (paternal imprinting)

- |f single active copy of this maternal gene is lost by :
maternal chromosome deletion or paternal UPD 15,
"1 AS results because no active maternal genes are present
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Dynamic mutations or Genetic amplification

Triplet expansion (Genetic amplification) causes anticipation, that is
one of the unusual patterns of inheritance

A number of single gene disorders (Repeat expansion diseases) are due
to different triplet repeated expansions (amplifications) in their own

genes.
CGG CAG GAA CTG

.‘
A ‘
Fragile X syndrome Moshode fooesh Diosece S Py
Spinocerebellar Ataxia

atc. Friadreich's Ataxia




Triplet repeats (amplifications) can be present in 5 or 3" un-
translated region of the particular gene or in it’ s coding region

5 region 3 region
Repeat Expansion Diseases

) intron

CIG 12me GCN-Ala  /GAA

e GAC»Asp [ ATICT

/CGG, CAG Huntingtans Friedreichs.  / CTG
Fragile X (A) SCA123,6.7 MoXi2  yrvstonic Dystrophy
Fragile X (E) SEMA SCAID g
SCA1Z DRPLA
THP




- Triplet repeats below a certain length for each disorder are

faithfully transmitted in meiosis and mitosis and do not
lead to disease

- Above _a certain repeat humber for each disorder, they are
unstable and will be transmitted with an increase._in triplet
repeat number and usually lead to disease, expressing
anticipation in following generations

- There is a direct relationship between severity of
phenotype and repeat copy humber

- Amplifications (Triplet repeats) are named dynamic
mutations because the repeat sequence becomes more
unstable as it expand in size



Fragile X syndrome (XL) : repeat triplet : (CGQ)
repeat location : 5 UTR
normal range (repeats) : <50

x premutation (repeats) : 50 - 200
I'I Il% mutant range (repeats) : > 200

Normal FMR1 Gene

-Binds mRMNA
7-52 CGG
pG sl e
4‘@?( NLS | [RkHa]lema] | nES = '—PFMRF—F _Repultes
translation

Fragile X

>200 CGG repeats

1.HyperMethylation |
2 Reassociation of x‘x_ -Fragile X phenctype
acelylated e | eNGCiN G w— -AbNormal dentric
histones(H3 and i NI T development
H4)

: V4 -No translational
3. RNAI inhibition
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Fraqgile X syndrome (atypical X-linked)

. The mutation consist of an increase in size of a long CGG in the

5 UTR of the FMR-1 gene (Xg27.3), that causes methylation and
decreased gene expression

. Afected mails (full muttation) have :

- Mental retardation (moderate to severe)
- Speech delay or autistic features

- High forehead, large ears, long face

- Hypermobile joints, Macroorhidism |
. ~ 50% of affected femails (full mutation) have :

- Mental retardation or educational difficulties

. Males and females with pre-mutation are unaffected !!
. Anticipation




Myotonic dystrophy (AD) :

repeat triplet : (CTG)

repeat location : 3 UTR

normal range (repeats) : <35
premutation (repeats) :35 -50
mutant range (repeats) : 50 - 4000

Size of DNA Expansion

Affected (n=50-2,000)

No Symploms
(n=38-50)

Normal (n=5-37)
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Huntington disease (AD) : repeat triplet : (CAG)
repeat location : coding
normal range (repeats) : <35
mutant range (repeats) : 40 -70

Huntington's Disease Passed On
Through Generations

O O
Tl O

Male O Female
. Male with HD . Female with HD

eile
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Mitochondrial Inheritance

» Tissues with high energy requirements are
most likely to be atfected (brain, muscle)

« Symptoms typically progress with age
¢ Often need muscle biopsy to confirm
diagnosis

* Prenatal diagnosis 1s possible but prognosis
difficult to predict due to heteroplasmy

(c) 2005, Laurie Ann Demmer, M.D.

Examples : - Leber's hereditary optic atrophy
- Kearns-Sayre syndrome , MELAS s-me etc.




