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Medical Genetics
Atypica l Inhe rita nc e a nd
Factors A f f e c ting
Phenoty p ic Exp re ssion

Atypical (non-Mendelian)
Inheritance
•
•

Mitochondrial (discussed in Chapter 1)
Trinucleotide Repeat Expansion – unstable expansion of 3 or more nucleotides in
tandem which may extend during meiosis. Results from slipped mispairing by DNA
polymerase during replication in germ cells.
Repeats are stable up to a certain length.
Anticipation – symptoms worsen and age of onset decreases
in successive generations
Parental transmission bias
» Maternal – myotonic dystrophy and fragile X syndrome
» Paternal – Huntington disease
» Since Friedreich ataxia is an AR transmission, both parents must transmit the
expansion, and anticipation is not observed

Inheritance
Huntington
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Gene
Product
Huntingtin,
GOF*
FMRP*,LOF*
DMPK*, GOF*
RNA
Frataxin,
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Parental
Pathogenic
transmission
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Repeat

Location

Normal
range

CAG

Exon 1

<35

>36

Paternal

CGG

5’UTR

5-54

>200

Maternal

CTG

3’UTR

5-34

>50

Maternal

GAA

Intron

5-33

66-1,700

*Fragile X mental retardation protein; Dystrophia myotonica-protein kinase; Untranslated region;
Gain-of-function, Loss-of-function
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•

Imprinting
There are at least 80 genes in the human which have epigenetic silencing (usually
through DNA and histone methylation) of one chromosome in a pair depending on
parental origin.
These epigenetic instructions are reset in the parental germ cell, and a new imprint
speciﬁc to the parent of origin is applied.
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If a mutation occurs in an imprinted region, then the expression of the phenotype depends
on the parent of origin of the chromosome. The phenotype will only be observed when the
mutation occurs on an allele that should be expressed; in such a case there will be no
transcriptionally active copies of that region, and the result will be whatever disease results
from the failure of production of any of that gene product.
If a deletion occurs within a normally imprinted region of chromosome 15, a deletion of this
region from the paternally-derived chromosome results in Prader-Willi syndrome due to the
absence of the SNRPN protein which is involved in mRNA splicing. This deletion in the
maternally-derived chromosome results in Angelman syndrome, because the imprint on the
paternal chromosome causes a failure of production of UBE3A from the ubiquitin pathway.
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Angelman syndrome and Prader-Willi syndrome may also rarely (10-20% of cases) occur
due to uni-parental disomy in which both copies of chromosome 15 originate from a single
parent. UPD generally follows from nondisjunction in meiosis I (heterodisomy –
chromosomes are a homologous pair), or meiosis II (isodisomy – chromosomes are
identical) followed by trisomy rescue when one of the extra chromosomes is lost (to be
discussed later).
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Angelman Syndrome

Prader-Willi Syndrome

4mb deletion on 15q

4mb deletion on 15q

Transmitted by mother

Transmitted by father

Absence of UBE3a (ubiquitin pathway)

Absence of SNRPN for mRNA splicing

Severe mental retardation, seizures

Moderate mental retardation

Prominent lower lip

Almond-shaped eyes

Behavior disorders

Small hands and feet

Hyperactivity, spasticity

Hyperphagic obesity

Ataxic gait, speech disturbance

Hypotonia

Hypopigmentation of skin, hair, eyes

Hypogonadism, hypopituitarism

Other diseases involving imprinting:
• Beckwith-Wiedemann syndrome
• Silver-Russell syndrome
• Pseudohypoparathyroidism
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Factors Affecting
Phenotypic Expression
Variable Expression
Many genetic diseases are variable in phenotypic expression. Factors which affect the
severity of disease include:
•

Environment – mutations in tumor suppressor genes, when recessive, require the
environmental “knock-out” of the second allele in order to manifest malignant
transformation (retinoblastoma).

•

Allelic heterogeneity – different mutations at the locus may cause more or less
severe phenotypes. Missense mutations in the factor VIII gene cause less severe
hemophilia than nonsense mutations in which there is virtually no expression of factor
VIII.

•

Locus heterogeneity – it is not uncommon that complex molecules may be
composed of subunits that are encoded on different chromosomes. A defect in
any of the subunits may cause the failure of function of the composite molecule
(G6PD, collagen).

•

Phenotypic heterogeneity – different mutations in the same gene can give rise to
different phenotypes. A loss of function mutation in the RET protooncogene results in
Hirschsprung disease, whereas a gain of function in the same protooncogene can
cause MEN2A.

•

Heteroplasmy (mitochondrial inheritance) – the presence of different populations of
mitochondrial DNA molecules, some of which have the defect and some which don’t.
The severity of the phenotype then results from the proportion of diseased:normal
mitochondria.

•

Modiﬁer loci – a genetic modiﬁer affects the expression of another gene. They may
affect transcription or alter phenotypes at the cellular or organismal level.
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Pleiotropy
when a single disease producing mutation affects multiple organ systems. A mutation in
the gene that encodes ﬁbrillin causes Marfan syndrome. This autosomal dominant disease
shows effects in the connective tissue of eye (myopia, detached lens), cardiovascular
system (mitral valve prolapse and aortic aneurysm), skeletal abnormalities (elongated
limbs, arachnodactyly, pectus excavatum, pectus carinatum) and hypermobile joints.
Incomplete Penetrance
a disease-causing mutation is said to be incompletely penetrant when some individuals
with the disease genotype do not develop the disease. This differs from cases of variable
expressivity in that the non-penetrant gene has no expression at all in the patient with the
disease genotype.
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*Note that individual II-2 must have transmitted the gene to his daughter III-3, and yet he is
asymptomatic.
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The penetrance of a disease-causing allele is calculated by assessing a large number of
families and calculating the percentage of individuals of known genotype who display the
phenotype. If 100 individuals in this study had the genotype for disease expression, and yet
only 90 had symptoms, the disease allele would be said to have 90% penetrance, and in
application of any recurrence risk Punnett Square, the ﬁnal result would be multiplied by 90%
to factor in the degree of incomplete penetrance expected.
Delayed age of onset
if a disease phenotype does not display itself until the later decades of an individual’s life, it
can complicate the interpretation of the pedigree in younger generations. This can be
observed in Huntington disease, acute intermittent porphyria, hemochromatosis and
familial breast cancer.
New Mutation
in cases where a disease phenotype is so severe that patients do not live to reproductive
age (osteogenesis imperfecta type II) signiﬁcant numbers of cases occur via spontaneous
new mutations.
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Summary of diseases likely to be used as examples of pedigree complications
Huntington disease (AD)
Anticipation

Imprinting

Variable

expression
Allelic

heterogeneity

Locus

heterogeneity

CAG 5’ coding (36 repeats = 66 years
70 repeats = less than 20 years)

Fragile X syndrome (XLD)

CGG 5’ UTR

Myotonic dystrophy (AD)

CTG 3’ UTR

Prader-Willi syndrome

Paternal deletion (SNRPN not expressed)

Angelman syndrome

Maternal deletion (UBE3a not expressed)

Hemochromatosis (AR)
Xeroderma pigmentosum (AR)
Hemophilia A (XLR)
Osteogenesis imperfecta (OI)

Female blood loss in menses decreases
severity
Exposure to UV increases severity
Missense mutations are less severe than
nonsense mutations in factor VIII gene
Components of type 1 collagen are
encoded on chromosomes 7 and 17
NADPH oxidase is formed from subunits

Chronic granulomatous disease

encoded on different chromosomes (X
and 11)

Phenotypic

heterogeneity

Hirschprung disease
MEN2A

Loss of function mutation in RET
proto-oncogene
Gain of function mutation in same
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Defect in ﬁbrillin expressed in aorta,
Pleiotropy

Marfan syndrome (AD)

suspensory ligament of eye, periosteum
and perichondrium
Loss of function in Rb tumor suppressor

Incomplete

Retinoblastoma (AD)

Hemochromatosis (AR)
Huntington disease (AD)

onset

have additional somatic mutation in the
normal copy, penetrance 90%

Penetrance

Delayed age of

gene. 10% of patients who inherit do not

15% penetrance. 1/300 are homozygotes,
1/2000 develop disease.
Gain-of-function mutation on Ch 4

Hemochromatosis
Familial breast cancer

New mutation

100% of OI type II, 50% of
neuroﬁbromatosis type 1

Recurrence risk for parents low (mutation
in only one gamete) but for affected
individual, RR same as inherited type
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Medical Genetics Problem Set
Chapter 2
2- 1

A mother brings her previously healthy infant (III-6) to the pediatrician because she has
noticed an apparent white “reﬂection” in the eye of her child which appears when ﬂash
photographs are taken. The patient's family has multiple members who have been similarly
affected. What mechanism best explains why the patient's mother (II-5) has not developed
the same disease as her son (III-6)?
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2- 2

A 5-year-old girl is diagnosed with a muscular dystrophy that resembles Duchenne.
However, subsequent genetic analysis localized the mutation to a region on the q arm of
chromosome 4. What genetic mechanism explains this ﬁnding?
2- 3

A 16-year-old male is diagnosed with a disease caused by a mutation in extranuclear DNA.
Evaluation of family members for history reveals that all full siblings are affected by the
disease, but to varying extents. Half siblings produced by the same father are not affected
at all. How is this variation in disease severity between full siblings best explained?
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2- 4

A 30-year old male is affected with X-linked dominant porphyria. The penetrance of the
disease genotype is 60%. Assuming he marries a woman who does not carry the mutation,
what is the probability that a daughter will be affected with the disorder?
2- 5

A 5-year-old boy presents with intellectual disability, developmental delay and some
unusual facial features. He also has behavior consistent with the autism spectrum. He is
being evaluated for possible Fragile X syndrome. What would be the best technique to
diagnose this condition?
2- 6

A 20-year-old woman who is a heterozygous carrier of a mutation in the X-linked factor VIII
gene, has mild phenotypic expression of hemophilia A. What is the most likely explanation
for mild expression of the disease in this individual?
2- 7

In studying a large number of families with a small deletion in a speciﬁc chromosome
region it is noted that the disease phenotype is distinctly different when the deletion is
inherited from the mother as opposed to the father. How is this best explained?
2- 8

A 9-year-old boy is brought to his pediatrician because of obesity, short stature, and mild
mental developmental delay. Karyotype analysis shows him to be 46 XY. Comprehensive
testing for this disease should include:
A. DNA breakage studies
B. Fluorescent in-situ hybridization
C. Genome-wide comparative genomic hybridization
D. Methylation-speciﬁc polymerase chain reaction ampliﬁcation
E. Whole exome sequencing
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2- 9

A family from rural Kentucky is referred to a genetic clinic to evaluate a condition in two of
their children characterized by mild mental disability and facial dysmorphia. Evaluation by
standard karyotype analysis fails to reveal any aneuploidies or morphological abnormalities
of chromosomes. Results of DNA microsatellite polymorphism studies for two autosomal
markers are shown. Which of the following is most consistent with the pattern shown?

A.
B.
C.
D.

Anticipation
Autosomal recessive inheritance
Genomic imprinting
Mitochondrial inheritance
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