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he past decade has seen an
explosion in the elucidation
of Mendelian disorders. This has
been made possible by the decipher-
ing of the human genome and the
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Identification of disease-related genes is a critical step in understanding the molecular
basis of disease and developing targeted therapies. The genetic study of diseases occurring
in the offspring of consanguineous unions is a powerful way to discover new disease genes.
Pediatric nephrology provides an excellent example because ~70% of cases of kidney
disease in childhood are congenital with a likely genetic basis. This percentage is likely to be
even higher in countries with a high consanguinity rate, such as the Kingdom of Saudi
Arabia. However, there are a number of challenges, such as cultural, legal, and religious
restrictions, that should be appreciated before carrying out genetic research in a tradition-
bound country. In this article, we discuss the background, opportunities, and challenges
involved with this unique opportunity to conduct studies of such genetic disorders. Keys to
success include collaboration and an understanding of local traditions and laws.
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development of new next-generation
sequencing technologies. Never-
theless, to date, only about 2,000-
3,000 of the estimated 25,000
protein-coding genes have been
linked to disease, with several thou-
sands more expected to be disease
related.” Identification of these genes
is hampered because many of these
disorders are very rare and cases
therefore appear to be sporadic and
thus may not be recognized as having
a genetic cause. Even when the dis-
order is believed to be genetic, iden-
tification of the underlying mutations
is difficult because we all carry many
thousands of such variants in our
genome and, in most cases, sorting
the causative ones from all the other
variants is extremely difficult, if not
impossible. This is where genetic
studies of consanguineous pop-
ulations present a unique opportunity
for disease gene discovery.

CONSANGUINITY, LINKAGE
ANALYSIS, AND GENE
DISCOVERY

For many of the disease genes
that have been identified to date,

the studies have been performed
in families from geographically
or culturally isolated populations.
The success of mapping disease-
causing genes in isolated pop-
ulations is related mainly to
chromosomal stretches being in-
herited identical by descent (IBD),
that is, when a part of the chromo-
some inherited from the father has
the same sequence as the corre-
sponding part of the homologous
chromosome inherited from the
mother.” When parents are related,
there is a greater likelihood of
the offspring inheriting autosomal
recessive conditions, but this re-
latedness also makes it more
probable that disease-causing mu-
tations occur in blocks of homo-
zygosity. Thus, looking at blocks
of homozygosity in such pop-
ulations can help researchers hone
in on the region of the causative
mutation.

An example is given in Fig 1,
which shows a pedigree of a
rare autosomal recessive disease (Fig
1 A) and a schematic of the mutation-
mapping process (Fig 1B). For a
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Figure 1. Genetic mapping in a
consanguineous pedigree. (A) Pedi-
gree of a family affected with EAST
(the presence of epilepsy, ataxia,
sensorineural deafness, and tubulop-
athy) syndrome. The disease allele
was present in one of the ancestors
in the first generation of the family
and transmitted through the genera-
tions. The affected children in the
youngest generation then inherited
the disease allele from both parents,
resulting in homozygosity for the
allele. While the statistical risk for
each child to inherit the disease allele
from both unaffected parents is 25%
(1 in 4), in one branch of this family,
all 3 children happened to be
affected. (B) Identity by descent is
demonstrated by haplotype analysis.
In this case, chromosomes were
mapped by determining single-
nucleotide  polymorphisms  (SNP)
along the chromosomes. Individuals
can be either type 1 or type 2 for the
individual SNP. All affected members
are homozygous for the disease allele
(boxed region). The region in which
the disease allele must occur has
been limited by recombination events
in EAST 1-1 and EAST 1-2. Adapted
from Bockenhauer et al* with permis-
sion of the Massachusetts Medical
Society.

simple Mendelian disease trans-
mitted in an autosomal recessive
manner, the affected patient inherits
the causative IBD allele from both
parents. It originates in a common
ancestor and is transmitted through
different branches of the pedigree
and united through the consanguin-
eous bond (indicated by double lines
in the pedigree). In any child born
from such a consanguineous union,
there will be several homozygous
chromosomal regions of IBD, but
one region (that harboring the variant
that is causal for the trait) will be
shared between individuals express-
ing the trait, while not being homo-
zygous in individuals who do not
express the trait. With each recom-
bination of the chromosomes during
meiosis, the borders limiting the IBD
alleles may be narrowed, leading to a
situation as shown in Fig 1B, in
which the recombination events
have limited the stretch of IBD to a
very short region.
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A —O
EAST 1-1 EAST 1-2 EAST 1-3 EAST 1-4
B
rs2051068 152.73 2 2 2 2 1 2 2
rs1412661 152.96 1 1 1 1 1 1 1
rs1446966 154.45 2 2 2 2 2 2 2
rs1891187 154.48 1 1 1 2 1 1 1
rs726640 154.49 1 1 1 1 1 1 1
rs1317712 156.72 2 2 2 2 2 2 2
rs2369611 156.38 1 1 1 1 1 1 1
rs1268524 156.39 1 2 1 1 1 1 1
rs1726 156.47 1 2 1 1 1 1 1
rs485618 157.28 2 2 2 2 2 2 2

The possibility of detecting
stretches of homozygosity by
assessing genetic markers on the
DNA of individuals in inbred/
consanguineous pedigrees estab-
lished the practical foundations
of the homozygosity mapping
approach to positional cloning.’
Although the probable cause of a
rare autosomal recessive trait in a
consanguineous family is IBD
homozygosity, there also is the
same risk as in the offspring of
nonconsanguineous unions of
compound heterozygote mutations,
which will be missed by strict ho-
mozygosity mapping.® Therefore,
the analysis is better performed in
such a way as to also identify
linkage in regions of compound
heterozygosity.” New sequencing
technologies, such as whole
exome Or genome sequencing, are
dramatically speeding up the pace
of gene discovery." However, the
more DNA being sequenced, the

more variants identified, and the
challenge remains to identify the
disease-causing mutation amid
the noise of the many other
changes. For this reason, it remains
important to combine these new
technologies with mapping strate-
gies, such as linkage analysis, to
narrow the focus in the search
for the disease allele.

GENETIC CONSEQUENCES OF
CONSANGUINITY

The exact risk of consanguin-
eous unions to the health of the
progeny is difficult to determine
because of confounding factors,
such as living standards and
available levels of health care. One
large study reported an excess
risk of 4.4% of prereproductive
death in offspring of first-cousin
marriages.® Other studies have
reported an excess risk of birth
defects of 0.7%-3.8%.” How-
ever, these numbers have to be
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