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Abstract: Consanguinity increases the coefficient of inbreeding, which
increases the likelihood of presence of pathogenic mutations in a homoal-
lelic state. Although this is known to have an adverse outcome by increas-
ing the risk of autosomal recessive disorders, this very phenomenon has
also made homozygosity mapping the most robust gene discovery strategy
in the recent history of human genetics. However, homozygosity mapping
can also serve as an extremely powerful tool in the clinical genetics setting
as well. In particular, this method is highly suited in the setting of genet-
ically heterogeneous conditions and inborn errors of metabolism that re-
quire sophisticated biochemical testing that may not be readily available.
This article is meant to highlight the clinical utility of this strategy using
illustrative clinical examples from the author’s own clinical genetics
practice. Genet Med 2010:12(4):236–239.
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Consanguinity (union between related individuals) is an an-
cient practice that is still common in multiple cultures.1

Coefficient of inbreeding (percentage of genome that is
homozygous or identical by descent) of the progeny of consan-
guineous union ranges from �0.4 (third cousin parents) to
12.5% (double first cousin parents). Therefore, although the
impact of increased coefficient of inbreeding on the frequency
of autosomal recessive conditions is well established,2–7 this
same phenomenon increases the probability of disease-causing
mutations to reside in blocks of homozygosity. This has made it
possible for researchers to identify disease-causing mutations
by pursuing hypothesis-free genomewide search for blocks of
homozygosity. This has been particularly helpful in the setting
of very rare disorders that are much more likely to present in a
homozygous (more precisely autozygous) state than combined
heterozygous state.8 Our group has similarly used this phenom-
enon to identify novel disease-causing genes.9,10 Increasingly,
we have also realized that consanguineous populations lend
themselves to “shortcuts” that make the practice of clinical
genetics easier in a number of ways, again in the setting of
autosomal recessive disorders. Genetically heterogeneous con-
ditions, for example, represent a major challenge in outbred
populations where prioritization scheme for mutation analysis

usually follows published frequencies of the involved genes. In
the setting of consanguineous parents, however, a much more
efficient prioritization scheme is homozygosity scan, which is
becoming increasingly easier and cheaper to perform—thanks
to the advent of single nucleotide polymorphism (SNP) chip-
based genotyping platforms. This scan can easily eliminate
genes and often identify one or very few genes for downstream
mutation analysis. In our experience, this has significantly re-
duced cost, impressively boosted the yield of mutation analysis,
and dramatically enhanced patient care. This approach has
allowed us to revisit genes that have been excluded by other
centers on the basis of lack of identifiable mutation, only to have
us uncover deep intronic mutations that we could only pursue
because those were the only genes highlighted by the homozy-
gosity scan.

MATERIALS AND METHODS

Human subjects
For the purpose of this review, all patients (inpatients and

ambulatory) seen by the author from September 2007 to Sep-
tember 2009 were tabulated (n � 397). Illustrative cases are
selected based on the presence of either of the following: (1)
genetically heterogeneous condition or (2) suspected metabolic
disease that requires invasive testing for confirmation. Referral
pattern is typical of that seen in standard clinical genetics
programs and includes syndromic evaluation, cognitive delay,
abnormal newborn metabolic screening or other evidence of
metabolic derangement, presence of one or more birth defects,
positive family history, and abnormal prenatal findings.

Homozygosity mapping
In selected cases, homozygosity mapping was performed

using SNP-based array. Affymetrix 10K array platform was
used until January 2008 when it was replaced by the denser
250K array from the same manufacturer (Affymetrix, Santa
Clara, CA). The process is straightforward and involves the
extraction of genomic DNA from whole blood followed by a
series of reactions using the manufacturer’s protocol. Briefly,
DNA samples go through the steps of digestion, adaptor liga-
tion, whole genome polymerase chain reaction amplification,
cleaning, fragmentation, labeling, and hybridization onto the
SNP array using the Affymetrix GeneChip� System, which
consists of a hybridization oven, GeneChip� Fluidics Station
that automates the staining and washing of the probe array, and
GeneArray™ Scanner that generates a real-time image of each
chip for subsequent computational analysis. It is important to
highlight that the internal normalization of the signal intensity
generated by the different probes provides the advantage of
inferring copy number in addition to genotype calling. We have
been using two programs for the analysis of homozygosity
blocks: Copy Number Analyzer for GeneChip� arrays Version
3.011 and Affymetrix� Genotyping Console™ (Affymetrix,
Santa Clara, CA). Obviously, with only two possible genotypes
per SNP (generically referred to as A or B), one cannot assume
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any stretch of homoallelic calls to represent true homozygosity
runs; so, these programs use special algorithms to highlight
blocks that pass their statistical cutoff, which can be adjusted by the
end user, of a bona fide run of A/A and/or B/B calls. In our
experience, using the default settings for these programs has been
sufficient to accurately call runs of homozygosity in the over-
whelming majority of cases. In addition, as mentioned above, these
two programs can infer from the probe signal intensity the presence
of deletions or duplications, thus, the results can also satisfy the
requirement for molecular karyotyping.

RESULTS

Homozygosity mapping can obviate the need for
specialized biochemical testing in the setting of
metabolic disorders

1. A 10-year-old boy was referred for evaluation because of
coarse facial features, mental retardation, and elevated
urinary level of glycosaminoglycans. Lack of corneal
cloudiness narrowed the differential diagnosis of muco-
polysaccharidosis (MPS) to MPSII (Hunter) or MPSIII
(Sanfilippo). Homozygosity mapping highlighted one of
the four known loci for MPSIII, and subsequent sequenc-
ing detected the presence of a homozygous pathogenic
mutation in NAGLU (p.R297X).

2. A 5-year-old boy with a neurodegenerative disorder and a
positive family history was referred for further evaluation.
Electron microscopy failed to reveal any abnormality.
Homozygosity mapping revealed the presence of a block
of homozygosity that harbors the recently described lipo-
fuscinosis gene MFSD8. A novel missense mutation was
identified and established the diagnosis of neuronal ceroid
lipofuscinosis.12

3. Parents of a deceased infant with suspected peroxisomal
biogenesis defects were referred to us for genetic coun-
seling. It was not possible to perform complementation
analysis because the only DNA left was from the deceased
child. However, homozygosity mapping allowed us to
identify the causative PEX mutation (Al-Dirbashi et al.,
unpublished data).

Homozygosity mapping can minimize the need for
sequencing multiple genes in the setting of
genetically heterogeneous conditions

1. We have previously described our experience with seven
families that were referred for evaluation of possible
diagnosis of Bardet-Biedl syndrome and how homozygos-
ity mapping made it possible to identify the underlying
mutation by sequencing only one gene per family.13

2. We have also previously described our experience with
retinitis pigmentosa and how homozygosity mapping al-
lowed us to identify the underlying mutation, with a
detection rate of 51 of 52 patients by sequencing only 2
(of more than 30 genes identified to date) genes on aver-
age per patient.14

3. The mother of a deceased child with epidermolysis bul-
losa of unknown type was referred for counseling; she
was at the end of the first trimester of her second preg-
nancy. We were able to locate a tissue block from the
deceased child, and subsequent homozygosity mapping
using DNA extracted from that block highlighted LAMB3,
and a novel mutation (p.T904I) was identified. This child
had later died at the age of 4 months from complications
of junctional epidermolysis bullosa.

Homozygosity mapping can uncover previously
unsuspected mutations

A 4-year-old girl with Bardet-Biedl syndrome was tested in
a major DNA diagnostic laboratory before referral and had
negative BBS1 mutation analysis. Homozygosity mapping high-
lighted BBS1 as the only known BBS gene to reside within any
of the blocks of homozygosity identified. As a result, cDNA
was generated for this gene, and a novel deep intronic mutation
was indeed identified as a result.13

Homozygosity mapping in gene discovery
The literature is replete with gene discoveries made possible

by homozygosity mapping. In fact, this method accounts for the
majority of human disease-gene identifications that followed the
landmark article by Lander and Botstein15 on the statistical

Table 1 Comparison of cost and turnaround time between a traditional diagnostic approach and the homozygosity
mapping approach in the workup of the metabolic patients mentioned in the text

Traditional diagnostic approach Homozygosity mapping approach

MPS Skin biopsy � fibroblast preparation � assay of 5
enzymes � sequencing of one gene

SNP array � sequencing of NAGLU

Cost ($) 50 � 371 � 1390 � 300 � 2111 400 � 300 � 700

Duration (mo) 6 2–3

NCL Conjunctival biopsy � E/M examination � assay
for TPP1 and PPT1 � sequencing of at least 4 genes

SNP array � sequencing of MFSD8

Cost ($) 200 � 300 � 271 � 4500 � 5271 400 � 1250 � 1650

Duration (mo) 12–15 4

PBD Sequencing of a panel of PEX genes SNP array � sequencing of one PEX gene

Cost ($) 3950 400 � 450 � 950

Duration (mo) 4–6 3

Cost of sequencing is estimated based on the average offered price listed on Geneclinics.org.
MPS, mucopolysaccharidosis; NCL, neuronal ceroid lipofuscinosis 7; PBD, peroxisomal biogenesis disorder; E/M, electron microscopy.
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power provided by consanguineous families in the setting of
linkage analysis. Because the scope of this article is to highlight
the clinical rather than the research utility of homozygosity
mapping, we will not provide further details on this application
except to mention that even a single affected individual is
theoretically sufficient to define a novel locus. This is particu-
larly true in outbred populations where shared ancestors are
likely to be many generations removed from the index case as
elegantly shown recently by Hildebrandt et al.16

DISCUSSION

It should be clear from the above examples that homozygos-
ity mapping has much more to offer to the clinical genetics
community than its perceived role as a tool useful for research
when multiple affected relatives are available. Indeed, as we
have shown above, we have successfully used this technique to
answer specific questions of great relevance to the daily practice
of clinical genetics even when only one affected individual is
available. The dramatic reduction in cost and turnaround time
for identifying the underlying genetic defect is highlighted in
Table 1, and a suggested algorithm for the use of this technique
is shown in Figure 1. It must be stated that we do not suggest
that our use of homozygosity mapping is novel.16–18 However,
we do think that this technique is underused and believe several
factors played a role in preventing the clinical genetics com-
munity from using it to its full potential. First, until recently, the
only practical way to scan the genome for blocks of homozy-
gosity was through the use of numerous microsatellite markers,
an assay only available in specialized laboratories. Even when
access to such laboratories is available, the tedious nature of this
assay was not conducive to its routine clinical application.
However, with the increasing use of SNP-based chip arrays for
clinical cytogenetic analysis, we expect increasing interest

among clinical geneticists in analyzing blocks of homozygosity
as an extra “bonus” that comes with their order of molecular
karyotyping. Second, clinical genetics as a discipline has his-
torically evolved in countries where consanguinity was not
common. Therefore, this technique may not have been viewed
as applicable to the majority of patients. In our review of
patients seen in our practice, consanguinity rate approached
90%, well in excess of the national average of 56%.19 Thus,
although consanguinity may not be common in many parts of
the world, clinical geneticists should expect a bias toward
overrepresentation of consanguineous couples in their practice.
It is noteworthy that blocks of homozygosity that are of clinical
relevance have recently been identified in populations that are
not usually identified as consanguineous.20–22 These blocks
represent distant shared ancestors and, as a consequence, are
fewer and smaller in size, which makes it easier to pinpoint the
culprit gene than in more consanguineous populations.16 Lastly,
we believe that lack of sufficient “publicity” of the different
utilities of homozygosity mapping and its frequent appearance
in research articles that are concerned with disease gene iden-
tification have established a stereotype about this technique
being of research utility only.

In summary, we have shown that consanguinity can be taken
advantage of not only in the research arena but also, as importantly,
in the practice of clinical genetics. We show that homozygosity
scan is a valuable addition to the clinical geneticist’s diagnostic
toolbox. It is hoped that this article will spark interest among
clinical geneticists to view this technique as such.
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Fig. 1. Suggested algorithm for the use of homozygosity mapping in the practice of clinical genetics.
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