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clinical manifestations of autosomal dominant disorders may be variable. Because of these variations, it is sometimes challenging to determine the pattern of inheritance.
It should be recognized, however, that some individuals acquire a
mutated gene from an unaffected parent. De novo germline mutations
occur more frequently during later cell divisions in gametogenesis,
which explains why siblings are rarely affected. As noted before, new
germline mutations occur more frequently in fathers of advanced age.
For example, the average age of fathers with new germline mutations
that cause Marfan’s syndrome is ~37 years, whereas fathers who transmit the disease by inheritance have an average age of ~30 years.
Autosomal recessive disorders In recessive disorders, the mutated
alleles result in a complete or partial loss of function. They frequently
involve enzymes in metabolic pathways, receptors, or proteins in
signaling cascades. In an autosomal recessive disease, the affected
individual, who can be of either sex, is a homozygote or compound
heterozygote for a single-gene defect. With a few important exceptions, autosomal recessive diseases are rare and often occur in the
context of parental consanguinity. The relatively high frequency of certain recessive disorders such as sickle cell anemia, cystic fibrosis, and
thalassemia, is partially explained by a selective biologic advantage for
the heterozygous state (see below). Although heterozygous carriers of
a defective allele are usually clinically normal, they may display subtle
differences in phenotype that only become apparent with more precise
testing or in the context of certain environmental influences. In sickle
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Figure 82-12 Segregation of alleles. Segregation of genotypes in
the offspring of parents with one dominant (A) and one recessive
(a) allele. The distribution of the parental alleles to their offspring
depends on the combination present in the parents. Filled symbols =
affected individuals.
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Figure 82-13 (A) Dominant, (B) recessive, (C) X-linked, and
(D) mitochondrial (matrilinear) inheritance.

cell anemia, for example, heterozygotes are normally asymptomatic.
However, in situations of dehydration or diminished oxygen pressure,
sickle cell crises can also occur in heterozygotes (Chap. 127).
In most instances, an affected individual is the offspring of heterozygous parents. In this situation, there is a 25% chance that the
offspring will have a normal genotype, a 50% probability of a heterozygous state, and a 25% risk of homozygosity for the recessive alleles
(Figs. 82-10, 82-13B). In the case of one unaffected heterozygous and
one affected homozygous parent, the probability of disease increases
to 50% for each child. In this instance, the pedigree analysis mimics
an autosomal dominant mode of inheritance (pseudodominance). In
contrast to autosomal dominant disorders, new mutations in recessive
alleles are rarely manifest because they usually result in an asymptomatic carrier state.
X-linked disorders Males have only one X chromosome; consequently, a daughter always inherits her father’s X chromosome in addition to one of her mother’s two X chromosomes. A son inherits the
Y chromosome from his father and one maternal X chromosome. Thus,
the characteristic features of X-linked inheritance are (1) the absence
of father-to-son transmission, and (2) the fact that all daughters of an
affected male are obligate carriers of the mutant allele (Fig. 82-13C).
The risk of developing disease due to a mutant X-chromosomal gene
differs in the two sexes. Because males have only one X chromosome,
they are hemizygous for the mutant allele; thus, they are more likely
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