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Diagnostic exome sequencing for patients with a family
history of consanguinity: over 38% of positive results
are not autosomal recessive pattern

Zöe Powis, Kelly D Farwell, Christina L Alamillo and Sha Tang

Diagnostic exome sequencing (DES) is an effective tool for diagnosis in intractable cases where the underlying cause is thought

be genetic. It is commonly assumed that patients with a family history of consanguinity will have increased detection rates for

rare autosomal recessive Mendelian disorders through DES. Herein, we analyzed the diagnostic yield and relevant inheritance

patterns within the DES cases with a reported consanguineous family history. Of the first 500 unselected cases referred for DES,

40 (8.0%) had a known consanguineous family history. Among the 40 cases, 13 (32.5%) received a definitive molecular

diagnosis through DES and such positive rate is similar to that of families with no reported consanguinity (139/460, 30.2%,

P=0.63). Although homozygous alterations likely related to consanguinity have been identified in eight positive cases, the other

five (38.4%) causative mutations were unrelated to autosomal recessive inheritance. Our retrospective analysis demonstrated

that individuals with known consanguinity were not more likely to have a positive DES result and a significant portion of the

positive findings were not within an autosomal recessive gene. These results highlight that all applicable inheritance patterns

should be considered for patients with a known family history of consanguinity.
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INTRODUCTION

The practice of marriage and childbearing between closely related
individuals is a widespread historical practice not limited to specific
populations or religions.1 Although consanguinity may be practiced
for cultural, religious or economic reasons, some studies report the
risk of birth defects and genetic conditions higher in children of
consanguineous parents due to increased risk for biallelic identity-by-
descent disease alleles.2,3 For example, a report of an extra 1.7–2.8%
risk for congenital anomalies in progeny of first cousin marriage.4

Since 2011, diagnostic exome sequencing (DES) has been shown
to be an effective tool for diagnosis in intractable cases where
the underlying cause is thought to have Mendelian inheritance.
Recent journals have numerous case reports of individuals with
consanguineous family histories in whom rare genetic conditions are
identified by DES.5–8 It is commonly assumed that patients with a
family history of consanguinity will have increased detection rates for
rare autosomal recessive (AR) disorders through DES.
Small studies have focused upon DES as a tool for diagnosis for

consanguineous families. Makrythansis et al.9 reported findings of
array and exome studies of 50 consanguineous Arab families with two
individuals with presumed genetic disorders. Seventeen families
were found to have homozygous mutations. In a blinded study,
Teeuw et al.4 performed exome sequencing on four families with
previously identified heterozygous alteration carrier parents and their
homozygous affected children to determine if sequencing would pick

up these alterations. Other studies have shown that genetic disorders
within consanguineous families are not necessary due to AR condi-
tions, demonstrating the need to look beyond basic assumptions.10

To date, studies have focused upon AR inheritance in the diagnosis
of Mendelian genetic disorders with DES in individuals with
consanguineous parents, recently using autozygosity mapping coupled
with DES to identify potential alterations. Researchers using this
method report that it is flawed and misses diagnoses.11,12 Herein, we
report results from patients referred to Ambry Genetics (Aliso Viejo,
CA, USA) for DES with a reported consanguineous family history
without bias to inheritance pattern.

MATERIALS AND METHODS
Patients were ascertained sequentially using clinical samples sent to Ambry
Genetics Laboratory for DES beginning September, 2011. Solutions Institu-
tional Review Board determined the study to be exempt from the Office for
Human Research Protections Regulations for the Protection of Human Subjects
(45 Code of Federal Regulations 46) under category 4. Using retrospective data
analysis of anonymized data exempted the study from the requirement to
receive consent from patients.
Detailed methodology for exome sequencing, analysis and criteria for clinical

interpretation has previously been described.13 Families with a reported
consanguineous family history were retrospectively reviewed for ethnicity,
degree of consanguinity, diagnostic yield and inheritance patterns for positive
findings. A positive or causative finding was defined as a deleterious alteration
(s) with significant gene overlap and consistent disease mechanism (gain of
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function versus loss of function) as previously described13 (Supplementary

Figure 1). Families with denied or unknown consanguinity were excluded.

Statistical analysis was performed using Fisher’s exact test.

RESULTS

Of the first 500 unselected cases referred for DES, 40 (8.0%) had a
reported consanguineous family history. The degree of consanguinity
varied, including uncle and niece or double first cousin relationships
(F= 1/8), first cousins (F= 1/16), multiple loops of consanguinity and
‘distant consanguinity’. Clinicians reported ‘Hispanic’ ancestry in six
cases (17.5% of cases with a reported ancestry, race or country of
origin. The additional most frequent countries of origin reported
were Pakistan (five cases), India (four cases), Yemen (three cases)
and reported ‘Middle Eastern’ ancestry represent 54.3% of the
consanguinity families in this group (19/35 families with country of
origin information provided).
The degree of consanguinity was not found to increase the

likelihood of a positive result, with a mean of F= 1/16 for both
positive and negative result groups. Among the 40 families with a
history of consanguinity, 13 had a positive result. These results were
compared with the detection rates in the overall first 500 cases and was
found to not be statistically significant (P= 0.63, Fisher’s exact test)
(Supplementary Table 1).
Of the positive results, 8 (61.5%) had homozygous mutations in

AR genes (ACAT1, ALS2, NEB, PDE6B, SPAST, TCIRG1, TMEM231
and UBE3B), 4 (30.7%) had alterations in autosomal dominant genes
(VPS35, MPZ, CHD7 and TRPS1) and 1 alteration (7.7%) was
identified in an X-linked gene (ARHGEF9). Four of the five non-AR
mutations (CHD7, MPZ, ARHGEF9 and TRPS1) arose de novo
(Figure 1, Table 1).

DISCUSSION

Traditionally, it has been believed that individuals with known
consanguinity would be more likely to have a positive result within
an AR gene. Our retrospective analysis of the first 500 cases received
for DES demonstrated that this was not the case. First of all, there were
no statistical differences in detection rates between consanguineous
versus non-consanguineous families, indicating that family history of
consanguinity, even with high coefficient of inbreeding, is not a
powerful determinant to predict the possibility of a diagnosis through
DES. More interestingly, our data showed that almost 40% (38.4%,
autosomal dominant and X-linked patterns combined) of the DES
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Among the 13 DES cases with a positive result, 8 (61.5%), 4 (30.8%), and 1 (7.7%) are associated with 
autosomal recessive, autosomal dominant, and X-linked inheritance pattern, respectively. 
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Among the 150 DES cases without consanguinity with a positive result, 43 (28.7%), 82 
(54.7%), and 25 (16.6%) are associated with autosomal recessive, autosomal dominant, and X-
linked inheritance pattern, respectively 
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Figure 1 Inheritance patterns among patients with reported consanguinity
and positive DES result and patterns among patients without reported
consanguinity and positive DES result. Among the 13 DES cases with a
positive result, 8 (61.5%), 4 (30.8%) and 1 (7.7%) are associated with
autosomal recessive (AR), autosomal dominant and X-linked inheritance
pattern, respectively. Among the 150 DES cases without consanguinity with
a positive result, 43 (28.7%), 82 (54.7%) and 25 (16.6%) are associated
with autosomal recessive, autosomal dominant and X-linked inheritance
pattern, respectively.

Table 1 Positive gene finding, inheritance pattern, and degree of

relationship among the families with reported consanguinity and a

positive DES result

Family

#

Positive gene

finding Inheritance Degree of relationshipa

1 ARHGEF9 Heterozygous, de novo Second cousins

2 CHD7 Heterozygous, de novo First cousins

3 MPZ Heterozygous, de novo Second cousins once removed

4 TRPS1 Heterozygous, de novo Distant cousins

5 VPS35 Heterozygous, unknown Unknown

6 ACAT1 Homozygous, inherited First cousins

7 ALS2 Homozygous, inherited First cousins once removed;

4th degree

8 NEB Homozygous, inherited First cousins

9 PDE6B Homozygous, inherited First cousins

10 SPAST Homozygous, inherited First cousins

11 TCIRG1 Homozygous, inherited At least double 1st cousins

12 TMEM231 Homozygous, inherited Second cousins

13 UBE3B Homozygous, inherited Second cousins once removed

aDegree of relationship is based on the pedigree and/or clinical notes provided.
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positive findings are actually unrelated to identity-by-descent and
molecular diagnosis made through DES, especially those related to
de novo mutations, dramatically changed the genetic counseling and
family planning for related families. The recurrent risk dropped from a
prior estimate of about 25–o1% (assuming no parental germline
mosaicism).
The high ratio of positive findings unrelated to AR inheritance in our

study is most likely over-estimated. Some patients with consanguineous
parents may have previous informative single gene or gene panel
testing results guided by clinical evaluation and/or single nucleotide
polymorphism (SNP) array analysis to narrow down the region of
heterozygosity (ROH) regions. Only patients with unrevealing previous
molecular tests navigated the diagnostic odyssey through DES. At this
time, the current state of DES focuses upon Mendelian diseases and not
oligogenic disease or modifier mutations. A larger, more stratified study
with more unbiased inclusion of patients will be valuable to better
delineate the diagnostic yield and distribution of Mendelian inheritance
patterns when DES is used as the first line of molecular testing.
Although counseling may have previously focused on AR inheri-

tance patterns, all inheritance patterns should be discussed with
consanguineous families. It is easy to become blinded by AR
conditions when evaluating those with a reported family history of
consanguinity; however, these results highlight that all applicable
inheritance patterns should be considered when testing patients with a
known family history of consanguinity.
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