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Table 96.1 | Main Classes, Groups, and Types of Sequence Variants and Their Effects on Protein Products

CLASS GROUP TYPE EFFECT ON PROTEIN PRODUCT
Substitution  Synonymous Silent* Same amino acid
Nonsynonymous Missense* Altered amino acid—may affect protein function or stability
Nonsense or stop-gain* Stop codon—loss of function or expression from degradation of
mRNA
Splice site Aberrant splicing—exon skipping or intron retention
Promoter Altered gene expression
Deletion Multiple of three (codon) In-frame deletion of one or more amino acid(s)—may affect
protein function or stability
Not multiple of three Frameshift Likely to result in premature termination with loss of function or
expression
Large deletion Partial gene deletion May result in premature termination with loss of function or
expression
Whole gene deletion Loss of expression
Insertion Multiple of three (codon) In-frame insertion of one or more amino acid(s)—may affect
protein function or stability
Not multiple of three Frameshift Likely to result in premature termination with loss of function or
expression
Large insertion Partial gene duplication May result in premature termination with loss of function or
expression
Whole gene duplication May have an effect because of increased gene dosage
Expansion of trinucleotide Dynamic pathogenic variant  Altered gene expression or altered protein stability or function
repeat

*Some have been shown to cause aberrant splicing. From Turnpenny P, Ellard S, eds. Emery’s Elements of Medical Genetics, 14th ed.
Philadelphia: Churchill Livingstone; 2012: p. 23
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Fig. 97.5 Autosomal dominant pedigree. Pedigree showing typical inheritance of a form of achondroplasia (FGFR3) inherited as an
autosomal dominant trait. Black, Affected patients.
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Fig. 97.6 Incomplete penetrance. This family segregates a familial cancer syndrome, familial adenomatous polyposis. Individual 1.3 is an obligate
carrier, but there are no findings to suggest the disorder. This disorder is nonpenetrant in this individual. Black, Affected patients.
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Fig. 97.7 Autosomal recessive pedigree with parental consanguinity. Central dot, Carriers; Black, Affected patients.
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Fig. 97.8 Pseudodominant inheritance. Black, Affected (deaf); central dot shows carrier who is asymptomatic (unaffected).
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Fig. 97.9 Pedigree demonstrating X-linked recessive inheritance. Central dot, Carriers; Black, Affected patients.
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Fig. 97.11 Pedigree pattern demonstrating X-linked dominant inheritance. Black, Affected patients. Note there is no father-to-son
transmission in this situation, and hemizygosity (i.e., X-linked gene in a male) is not lethal. In some X-linked dominant conditions, X-
linked males have a more severe phenotype and might not survive. In that case, only females manifest the disease (see Fig. 97.12).
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Fig. 97.12 Pedigree of an X-linked dominant disorder with male lethality, such as incontinentia pigmenti. Black, Affected patients.
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Fig. 97.13 Y-linked inheritance. Black, Affected patients.
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Fig. 97.14 Digenic pedigree. Here, the disease alleles are a and b and they reside on distinct genetic loci or genes. For a person to have
the disease, heterozygosity for mutant alleles in both genes (A/a; B/b) is required. Black, Affected patients.
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Fig. 97.15 Pedigree of a mitochondrial disorder, exhibiting maternal inheritance. Black, Affected patients.
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Table 97.1 | Representative Examples of Disorders Caused by Mutations in Mitochondrial DNA and Their Inheritance

MOST FREQUENT MUTATION HOMOPLASMY vs
DISEASE PHENOTYPE IN mtDNA MOLECULE HETEROPLASMY INHERITANCE
Leber hereditary Rapid optic nerve atrophy, leading to Substitution p.Arg240His in ND1 Homoplasmic (usually) Maternal
optic neuropathy blindness in young adult life; sex bias gene of complex | of electron
approximately 50% males with visual transport chain; other complex
loss, only 10% femalas | missense mutations
NARP, Leigh disease Neuropathy, ataxia, retinitis pigmentosa, Point mutations in ATPase Heteroplasmic Maternal
developmental delay, intellectual subunit 6 gene
disability lactic academia
MELAS Mitochondrial encephalomyopathy, Point mutation in tRNA= Heteroplasmic Maternal
Jactic acidosis, and strokelike episodes;
may manifest only as diabetes mellitus
or deafness
MERRF Myoclonic epilepsy, ragged red fibers in  Point mutation in tRNAY Heteroplasmic Maternal
muscle, ataxia, sensorineural deafness
Deafness Progressive sensorineural deafness, m.1555A>G mutation in 125 Homoplasmic Maternal
often inducad by aminoglycoside rRNA
antibiotics
Nonsyndromic sensorineural deafness m.7445A>G mutation in 125 Homoplasmic Maternal

Chrenic progressive
external
ophthalmoplegia
[CPEO)

Pearson syndrome

Kearns-Sayre
syndrome (KS5)

Progressive weakness of extraccular
muscles, cardiomyopathy, ptosis, heart
block, ataxia, retinal pigmentation,
diabetes

Pancreatic insufficiency, pancytopenia,
lactic acidosis

PEQ of early onset with heart block,
retinal pigmentation

rRNA

The common MELAS point
mutation in tRNA" large
deletions similar to KSS

Maternal if point
mutations

Heteroplasmic

Sporadic, somatic
mutations

Large deletions Heteroplasmic

Sporadic, somatic
mutations

5-kb large deletion Heteroplasmic

mtDNA, Mitochondrial DNA; rRNA, ribosomal RNA; tRNA, transfer RNA.
From Mussbaum RL, Mclnnes RR, Willard HF, editors: Thompson & Thompson genetics in medicine, ed &, Philadelphia, 2001, Saunders, p 246.




