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Like many other Arab countries, the United Arab Emirates (UAE) has a relatively
high prevalence of genetic disorders. Here we present the first review and analysis
of all genetic disorders and gene variants reported in Emirati nationals and hosted
on the Catalogue for Transmission Genetics in Arabs (CTGA), an open-access
database hosting bibliographic data on human gene variants associated with
inherited or heritable phenotypes in Arabs. To date, CTGA hosts 665 distinct
genetic conditions that have been described in Emiratis, 621 of which follow a
clear Mendelian inheritance. Strikingly, over half of these are extremely rare
according to global prevalence rates, predominantly with an autosomal
recessive mode of inheritance. This is likely due to the relatively high
consanguinity rates within the Emirati population. The 665 conditions include
disorders that are unique to the Emirati population, as well as clearly monogenic
disorders that have not yet been mapped to a causal genetic locus. We also
describe 1,365 gene variants reported in Emiratis, most of which are substitutions
and over half are classified as likely pathogenic or pathogenic. Of these, 235 had
not been reported on the international databases dbSNP and Clinvar, as of
December 2022. Further analysis of this Emirati variant dataset allows a
comparison of clinical significance as reported by Clinvar and CTGA, where the
latter is derived from the study cited. A total of 307 pathogenic/likely pathogenic
variants from CTGA’s Emirati dataset, were classified as benign, variants of
uncertain significance, or were missing a clinical significance or had not been
reported by Clinvar. In conclusion, we present here the spectrum of genetic
disorders and gene variants reported in Emiratis. This review emphasizes the
importance of ethnic databases such as CTGA in addressing the
underrepresentation of Arab variant data in international databases and
documenting population-specific discrepancies in variant interpretation,
reiterating the value of such repositories for clinicians and researchers,
especially when dealing with rare disorders.
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Introduction

The UAE is made up of seven Emirates that collectively cover an
area of 83,600 km2. The demographic of the UAE is unique in that
close to 90% of the population is expatriate (The World Factbook.
(2021)). UAE nationals, or Emiratis, that make up about 11% of the
population, are an ethnically diverse admixture of Middle Eastern,
African and South Asian ancestries, resulting from various human
migrations that have crossed along the Arabian Peninsula
(Alshamali et al., 2009; Aljasmi et al., 2020; Tay et al., 2020). In
this review we focus on the landscape of genetic disorders and their
associated gene variants, exclusively in Emiratis.

As is the case in many other Arab countries, there is a relatively
high prevalence of genetic disorders in the UAE. A few reports,
though not recent, paint a very clear picture of this. The 2006 March
of Dimes report ranks the UAE 6th in the world in terms of
prevalence of genetic and partially genetic birth defects
(Christianson et al., 2006). Hospital based studies reported that
0.31% of live births had neonatally lethal anomalies while 6.9% had
congenital anomalies (Dawodu et al., 2005; Aryasinghe et al., 2012).
These high rates are largely due to the tribal nature of Emirati culture
with an elevated consanguinity rate (50%) and the presence of
isolated populations with increased levels of inbreeding. Other
contributing factors include large family size as well as high
maternal and paternal ages at conception (Al-Gazali and Ali,
2010). Consequently, the Emirati genome, like other Arab
genomes, carries significantly enriched regions of homozygosity,
which in turn contributes to the higher burden of recessive genetic
disorders (Alkuraya, 2010).

In the last decade, the UAE has greatly expanded its healthcare
infrastructure, including its genetic services. The number of genetic
centers has increased making diagnostic testing and the essential
counseling services more widely available. This has also made testing
more affordable and faster (Abou Tayoun et al., 2021). Several
research centers have also been established which partly accounts for
the tremendous increase in genetic and genomic Emirati data being
generated. The Government’s prioritization of investment in the
fields of genetics and genomics has also resulted in the launch of the
Emirati Genome Project which is currently underway (Al-Ali et al.,
2018).

Ethnic and/or national genetic databases offer an essential tool for
clinicians, and are also a valuable asset that can direct screening
programs (premarital, prenatal, and newborn) as well as national
health priorities. The latter is accomplished by such databases that
provide a clear snapshot of the current landscape entailing genetic
disorders in a region, while simultaneously highlighting relatively
common genetic disorders and disease-causing variants specific to the
unique genetic architecture of the concerned populations (Patrinos,
2006). The Catalogue for Transmission Genetics in Arabs (CTGA) is
an open-access database hosting bibliographic data on human gene
variants associated with inherited or heritable phenotypes in Arabs
(www.cags.org.ae/ctga). This data is particularly relevant, considering
the tremendous gap and under-representation of Arabs in
international databases. GnomAD’s 158 middle eastern genomes
make up only about 0.2% of its latest release v3.1 (Abou Tayoun
and Rehm, 2020). The figure is more extreme for GWAS studies,
where up to 2021, Arabs constituted 0.01% of total participants (Mills
and Rahal, 2020). There is thus a pressing need for better access and

more comprehensive coverage of genetic data on Arabs. Although
there have been attempts to fill this gap by other databases (Scott et al.,
2016; Koshy et al., 2017; Karczewski et al., 2020; Vatsyayan et al.,
2021), to the best of our knowledge, CTGA is themost comprehensive
compendium of bibliographic genetic data on Arab populations.

The latest review of genetic disorders in the UAE (which
included Emiratis and non-Emiratis), albeit not recent, lists
270 types of disorders, the majority of which are rare autosomal
recessive single gene disorders (Al-Gazali and Ali, 2010). Here we
present the first review and analysis of all genetic disorders and gene
variants reported in Emirati nationals and hosted on CTGA.

Materials and methods

Literature review

A comprehensive literature search was conducted for
biomedical literature originating from the UAE or referring to
Emirati subjects from 2010 to 2021 on PubMed using the search
clause “UAEOR Emirat*.”Additionally, Harzing’s Publish or Perish
V8 software was used to extract citations from Google Scholar with a
limitation of 1,000 articles per year using the following refined
search clause: “UAE OR Emirati OR Emirate mutation OR variant
OR gene OR genetic patient OR individual OR subject OR cohort
OR proband OR case.” Terms that would populate irrelevant results,
such as “Ubiquitin Activating Enzyme” for “UAE,” were filtered out
in the search string.

Obtained articles were manually screened with the following
inclusion criteria: 1) Articles describing a genetic disease or
phenotype in an Emirati individual (s) and 2) Articles describing
genetic variants in an Emirati individual (s) or in the Emirati
population as a whole. The following exclusion criteria were
maintained: 1) Articles with potentially relevant data where the
ethnicity of the subject(s) could not be confirmed in the article or by
the authors once contacted and 2) Articles with redundant data
including reviews and duplicate information.

Data curation

Relevant information from these articles was curated and
extracted onto CTGA (cags.org.ae/ctga), a SQL relational
database where data is arranged primarily by anonymous
subjects, concisely detailing their clinical features, diagnosed
conditions, and associated genetic variants and bibliographic
sources. The various categories of data extracted from each
article included the number of subjects or patients, sex, presence
of parental consanguinity and/or family history, clinical features,
diagnosed condition, any molecular (genetic variant) diagnosis,
bibliographic citation, as well as molecular details of healthy
individuals (such as relatives of probands or control groups), if
available. Anonymized subject and family IDs were given for each
distinct subject or subject group entered into the database.

Extracted data was converted to universally recognized
descriptions using online API sources. Terms for subject clinical
features were derived from the Human Phenotype Ontology (HPO)
(hpo.jax.org). Associated condition and gene records were linked to
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their corresponding OMIM records (omim.org) and classified with
WHO-ICD wherever available. Variant HGVS terms were retrieved
using Variant Validator (variantvalidator.org) and/or Ensembl
(ensembl.org) and linked to relevant subjects along with their
dbSNP and ClinVar IDs (ncbi.nlm.nih.gov) whenever available.
Variant types were based on classification by VarNomen
(varnomen.hgvs.org). Variant zygosity, its clinical significance
according to ClinVar, and allele counts were recorded for each
subject, as well as allele frequencies for large groups of individuals in
association studies. The clinical significance derived from the
literature was entered as CTGA clinical significance, for each
variant. Data on variants not compatible with HGVS terms, as
well as articles reporting only clinical data, were recorded as text-
based descriptions. Bibliographic sources were linked to subjects
with their PubMed ID (or link to journal page if not indexed) and
reference title cataloged in the NLM format (ncbi.nlm.nih.gov).

Comparison with other databases

The Emirati variant dataset hosted on CTGA was checked for
availability on two international genomic databases, namely, dbSNP
and ClinVar. In order for us to compare how clinical significance of
Emirati variants is reported on CTGA vs. Clinvar, we considered only
variants without conflicting significances and obtained a list of variants
where CTGA clinical significance (CS) is described as “likely pathogenic”
and/or “pathogenic,” while Clinvar describes the same variants as
“benign,” “likely benign,” “uncertain significance” or does not report
their CS. Data was last updated on the 29th of December 2022.

Results

Out of 15,599 surveyed articles, 334 relevant publications
reporting genetic data on Emirati subjects and published
between 2010 and 2021 were curated, which when added to
existing papers from previous surveys, brought the total of
UAE-related papers on CTGA to 487. Adding the relevant data
from these papers increased the number of Emirati subjects on the
CTGA database, to a total of 11,875 subjects, diagnosed with
665 different genetic disorders/phenotypes. The number of
Emirati individuals for whom data is available on CTGA is
actually higher as this figure does not account for subjects
lacking molecular data (which were curated from clinical
studies), unaffected relatives, or control subjects. In addition,
while dealing with studies where the actual number of patients
was not specified, only the minimum confirmable number of
patients was added to the total count.

As mentioned above, access to CTGA is free, and users are
encouraged to carry out their own data analyses. We provide here
some of the various analyses of the Emirati data in the CTGADatabase.

The dataset analysed here is available at cags.org.ae/ctga.

Noteworthy phenotypes

A comprehensive list of the 665 genetic phenotypes reported in
Emirati subjects is available online (Supplementary Table S1).

Table 1 lists a subset of these diseases that warrant a special
mention, in that they have been reported so far exclusively in
Emirati patients and/or were first mapped in Emirati families.
Ten of these disorders are exclusive to Emirati patients, eight of
which are rare autosomal recessive disorders reported in
consanguineous families. Also included in Table 1 are the five
genetic disorders that to date have not been assigned to a specific
gene locus as well as eight disorders with novel gene-phenotype
correlations that have not yet been reported on OMIM. The latter
category includes disorders such as Non-syndromic Macular
Pseudocoloboma, ITFG2 Associated Neurodevelopmental
Disorder, and BMPR1A-Related Syndrome. In addition to these
novel associations listed in Table 1, the database also documents
neurodevelopmental disorders with unconfirmed causal gene
associations, such as those reported for MAP3K9 and ASB11
(Saleh et al., 2021) as well as large chromosomal duplication and
deletion syndromes (Alabdullatif et al., 2017).

A major part of these genetic disorders reported in the UAE are
rare in their distribution, based on worldwide prevalence rates
provided by Orphanet (https://www.orpha.net/ Figure 1). Around
55% of these disorders are classified as having a prevalence of <1 in
100,000 individuals, while an additional 13% fall in the prevalence
range of 1–9/100,000 individuals. In addition, 20% of these disorders
could not be classified according to global prevalence rates. These
include disorders such as beta-thalassemia that are highly prevalent
in the Arab World, but are rare globally, as well as specific sub-types
of relatively common genetic disorders, such as Developmental and
Epileptic Encephalopathy or Autosomal Recessive Deafness.

Non-multifactorial disorders

The majority of phenotypes/conditions reported in Emiratis on
CTGA (93.4%) follow a purely genetic inheritance pattern (referred
to as non-multifactorial from here onwards) whereas multifactorial
disorders that carry a genetic component, such as Type 2 Diabetes
Mellitus, Hypertension, and Metabolic Syndrome make up a smaller
fraction. A detailed analysis of the non-multifactorial conditions is
presented in the following sections.

A closer look at the number of families reported for each of the
non-multifactorial disorders, whereby all related individuals count
as a single family, expectedly highlights disorders such as Cystic
Fibrosis (OMIM# 219700), Beta-Thalassemia (OMIM# 613985),
and Sickle Cell Anemia (OMIM# 603903), which have been
reported in at least 30 unrelated Emirati families and shown to
be highly prevalent in the UAE (Elsaban et al., 2021). Moreover, we
note the striking occurrence of several globally rare diseases, such as
Stuve-Wiedemann Syndrome (OMIM# 601559), Stargardt Disease 1
(OMIM# 248200), Biotinidase Deficiency (OMIM# 253260), and
Phenylketonuria (OMIM# 261600) in more than ten distinct
Emirati families, as well as some rare disease subtypes like
Joubert Syndrome 3 (OMIM# 608629), Autosomal Recessive
Deafness Type 1A (OMIM# 220290), and Lysosomal
Mannosidosis Type Alpha B (OMIM# 248500), in at least four
unrelated Emirati families, each. In fact, 18 of the 37 non-
multifactorial disorders which have been reported on CTGA in at
least four Emirati families have a global prevalence of <1 in
100,000 individuals (Table 2).
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We also analysed the distribution of the modes of inheritance of
genetic conditions reported in Emiratis (Figure 2A). Nearly two-
thirds of all non-multifactorial conditions reported in the UAE were

listed as having an exclusively autosomal recessive (AR) mode of
inheritance on OMIM. This was followed by autosomal dominant
and X-linked disorders. A significant number of disorders are

TABLE 1 Selected disorders from the list of genetic phenotypes reported in Emirati subjects. Disorders with names in bold were first mapped or described in
Emirati families. Names in italics indicate unmapped disorders where familial cases have been reported on CTGA.

Name OMIM# Related gene or gene locus

Spondylometaphyseal Dysplasia with Corneal Dystrophya 618961 PLCB3

Holoprosencephaly 12 with or without Pancreatic Agenesis 618500 CNOT1

Muscular Dystrophy, Congenital, 1B 604801 MDC1B

Deafness, Autosomal Recessive 27a 605818 2q23-q31

Split-Hand/Foot Malformation with Long Bone Deficiency 2a 610685 6q14.1

Mental Retardation, Autosomal Recessive 44 615942 METTL23

Congenital Disorder of Glycosylation, Type IQ 612379 SRD5A3

Macular Pseudocoloboma, Non-syndromica CLDN19

BMPR1A-Related Syndromea BMPR1A

Congenital Cardiac Defects, Cholestasis, and Failure to Thrivea MMP15

FGFR3 Related Neurodevelopmental Disordera FGFR3

ITFG2 Associated Neurodevelopmental Disordera ITFG2

Neurodevelopmental Deficit, Growth Failure, and Skeletal Abnormalitiesa VPS26C

McDonough—like Syndromea

IFIH1-Associated Viral Respiratory Infection IFIH1

Microcephaly with Simplified Gyral Pattern 603802

Choanal Atresia, Posterior 608911

Neutropenia, Chronic Familial 162700

Muscular Dystrophy, Congenital, with Severe Central Nervous System Atrophy and Absence of Large Myelinated Fibers 601170

adenotes disorders described only in Emiratis to date.

FIGURE 1
Distribution of genetic disorders in the UAE according to available world-wide prevalence rates. Prevalence rates were obtained from Orphanet
(orpha.net) where available. 135 disorders lacked sufficient prevalence data; 9 phenotypes described in UAE individuals (e.g., blood groups; slow
acetylation) were not included in this representation.
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TABLE 2 Disorders reported in at least four Emirati families. Disorders in bold have been described in at least 30 families. Disorders in italics have been described in
at least 10 families.

Name OMIM# Global prevalence per 100,000a

Cystic Fibrosis 219700 10–50

Sickle Cell Anemia 603903 10–50

Alpha-Thalassemia 604131 10–50

Stuve-Wiedemann Syndrome 601559 0–1

Beta-Thalassemia 613985 unknown

Hemoglobin H Disease 613978 10–50

Interstitial Lung Disease 2 178500 10–50

Achromatopsia 2 216900 1–9

Glutaric Acidemia I 231670 1–9

Glycogen Storage Disease II 232300 1–9

Joubert Syndrome 1 213300 1–9

Kabuki Syndrome 1 147920 1–9

Mitochondrial DNA Depletion Syndrome 2 (Myopathic Type) 609560 1–9

Neurofibromatosis, Type I 162200 10–50

Stargardt Disease 1 248200 10–50

Biotinidase Deficiency 253260 1–9

Phenylketonuria 261600 1–9

Anemia, Non-spherocytic Hemolytic, due to G6PD Deficiency 300908 0–1

Pyridoxamine 5-Prime-Phosphate Oxidase Deficiency 610090 0–1

Asparagine Synthetase Deficiency 615574 0–1

Joubert Syndrome 16 614465 0–1

Microcephaly 5, Primary, Autosomal Recessive 608716 0–1

Enhanced S-Cone Syndrome 268100 0–1

Argininosuccinic Aciduria 207900 0–1

Isovaleric Acidemia 243500 0–1

Multiple Acyl-CoA Dehydrogenation Deficiency 231680 0–1

GM1-Gangliosidosis, Type I 230500 0–1

Mannosidosis, Alpha B, Lysosomal 248500 0–1

Mitochondrial DNA Depletion Syndrome 4A (Alpers Type) 203700 0–1

Glycine Encephalopathy 605899 0–1

Ehlers-Danlos Syndrome, Kyphoscoliotic Type, 1 225400 0–1

Mal de Meleda 248300 0–1

Propionic Acidemia 606054 0–1

Diabetes Mellitus, Permanent Neonatal, 1 606176 0–1

Deafness, Autosomal Recessive 1A 220290 unknown

Joubert Syndrome 3 608629 unknown

Retinitis Pigmentosa 56 613581 unknown

aGlobal prevalence is based on Orpha.net.
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classified as having multiple modes of inheritance (Supplementary
Table S1). For example, CTGA describes the AR transmission of
Dopa-Responsive Dystonia (OMIM# 128230), a predominantly
dominant disorder, in an Emirati subject exhibiting a recessive
mode of transmission.

Examining the distribution of modes of inheritance according to
subjects showed a similar trend, where the AR mode of transmission
was associated with the largest proportion (63.9%) of Emirati
patients reported on CTGA. Notably, among patients with AR
transmission for whom parental consanguinity status was
provided, over 95% exhibited some degree of consanguinity.
X-linked disorders, which account for about 29.7% of Emiratis
on CTGA, were the next largest category of disorders recorded.
This large ratio can be attributed to the high number of Emirati
subjects reported with G6PD deficiency, which exhibits relatively
high prevalence rates in the UAE (Elsaban et al., 2021) (Figure 2B).
Additionally described on CTGA are Emirati subjects with de novo
variants; these are mostly associated with dominant (43 of 46)
disorders, such as Kabuki Syndrome type I (OMIM# 147920), for
which we report five separate de novo variants. Other de novo
variants described involved sporadic somatic mosaicism,
including Emirati patients with Schimmelpenning-Feuerstein-
Mims Syndrome (OMIM# 163200), as well as a sporadic
mutation in a male patient with X-linked SCID (OMIM# 300400).

One of the most significant benefits of the CTGA database to
clinicians is that it contains detailed phenotypic data for patients and
patient groups, curated in the form of Human Phenotype Ontology
(HPO) terms. Supplementary Table S2 lists the 20 most common
HPO terms reported in Emirati patients. The most common term
was found to be “anemia,” which can be attributed to the large
number of patients with hemoglobinopathies, a prevalent class of
disorders in the UAE. Neurodevelopmental phenotypes, such as
“global developmental delay,” “seizure,” “hypotonia,” and
intellectual disability were also found to be commonly
represented; a fact further supported by the high numbers of
“disorders of the nervous system” seen when we classify the

665 disorders according to WHO-ICD10 chapters
(Supplementary Table S1).

Variants

CTGA currently describes a total of 1,365 variants in 844 genes
reported in Emirati subjects; over 63% of these variants are
associated with non-multifactorial conditions. A complete list of
the 1,365 variants can be downloaded from https://cags.org.ae/en/
search-database. The large majority of these variants are
substitutions (74%), followed by deletions (10%), and reference
alleles (6%) (Figure 3). A comparison with datasets from dbSNP
and Clinvar, reveals that as of December 2022, 235 (17.2%) of all
UAE variants on CTGA were exclusively reported on our database
and thus absent from both these databases. An additional
446 variants were available on dbSNP, but not on Clinvar. The
latter includes 55 reference alleles reported with significant
associations with common disorders such as Type 2 Diabetes
Mellitus and Obesity.

The clinical significance of a gene variant is one of the main
components of the diagnostic pipeline for genetic disorders
(Sundercombe et al., 2021). On CTGA, we report CS according
to Clinvar, where available, as well as CTGA CS. The latter is derived
from the findings and variant analyses described by the paper(s)
where subject(s) harboring the variant were described. Around 54%
(739) of Emirati variants on CTGA were classified as pathogenic or
likely pathogenic by at least one of the reporting papers. A total of
99 variants were identified unanimously as variants of uncertain
significance in the studies where they were reported. These variants
require reannotation as more evidence comes to light.

Interestingly, many variants show a marked difference between
the CS reported on ClinVar and CTGA. When considering variants
we classify as exclusively likely pathogenic or pathogenic based on
the findings of the reporting studies, we find that 55 were classified as
benign variants, variants of uncertain significance (VUS), or lacked a

FIGURE 2
Distribution of the mode of inheritance by (A). Number of disorders and (B). Percentage of Emirati subjects. AR, autosomal recessive; AD, autosomal
dominant; MMI, multiple modes of inheritance; XL, X-linked; M, mitochondrial; DN, de novo. Unclassified conditions include multifactorial disorders,
chromosomal disorders, susceptibility to certain disorders, as well as non-disease phenotypes.
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clinical significance on Clinvar. An additional 252 had not been
reported by Clinvar. Of these 307 variants, 41 were identified on the
gnomAD v3.1.2 database (gnomad.broadinstitute.org) exhibiting an
allele frequency below 1%, and 17 were identified on the GME
variome database (igm.ucsd.edu/gme/) with an allele frequency
below 1% (Last updated in December 2022).

Discussion

CTGA is a continuously growing, manually curated database. As
of March 2023, CTGA holds data on 2,297 genetic diseases and
phenotypes and 4,156 variants reported in Arab individuals. This
allows our database to not only provide a depiction of the genetic
conditions and their causal gene variants in each Arab country, but
also define the landscape of such conditions across the Arab ethnic
group. In the current study, we provide a comprehensive qualitative
and quantitative assessment of the spectrum of genetic disorders and
their associated gene variants in the Emirati population.

In terms of healthcare, UAE currently faces a dual challenge;
firstly from the preponderance of non-communicable diseases, such
as diabetes, cancers, cardiovascular conditions, and obesity
(Elmusharaf et al., 2022; Fadhil et al., 2022), all of which have a
pronounced genetic component, and secondly from the presence of
common and rare monogenic disorders. This is reflected in two
metrics of the Emirati data within CTGA; the number of reported
disorders and the number of reported Emirati subjects. Interestingly
enough, even though most unique disorders on the database are
purely genetic and rare (Figure 1), multifactorial disorders account
for a large number of our subjects. For example, diabetes,
hypertension, and asthma cover over 45% of Emirati patients on
CTGA. The actual number of disorders described in Emiratis is
likely higher than the 665 phenotypes that we report, as this figure
does not take unpublished data into account. A similar review was
made more than a decade ago (Al-Gazali and Ali, 2010), and
although smaller in scale, it had documented 270 distinct
monogenic diseases in the UAE. This increase is mainly due to
the enhanced ability to diagnose genetic disorders and a consequent
surge in the reporting of such disorders within the past decade. With

the advent and ease of access to technologies such as Whole Exome
Sequencing (WES) and gene panel sequencing, diagnostic rates of
genetic disorders have increased significantly (Vaisitti et al., 2021;
Sanchez-Luquez et al., 2022; Moundir et al., 2023). In fact, within
our set of genetic disorders reported in the UAE, a significant
portion comes from the utilization of such sequencing techniques
on fairly large patient populations (Al-Shamsi et al., 2016; Alsamri
et al., 2020; Mahfouz et al., 2020; Saleh et al., 2021). Additionally, the
UAE has recently prioritized research on clinical genetics and the
inclusion of genetics in the country’s health priorities. A cursory
analysis of the number of publications on PubMed using the search
terms “UAE” and “genetic” clearly shows this increase in research
output. Compared to 277 publications on the database up until 2010,
there has been a more than 400% increase in the number of
publications since 2010. In fact, the research output for clinical
genetics in the UAE was double the global rate in 2018 (MOHAP,
2019).

Consanguineous unions are known to be at a higher risk of
producing offspring with birth defects and inherited disorders
(Majeed-Saidan et al., 2015; Ben-Omran et al., 2020). In addition,
consanguinity and consequent homozygosity have also been shown
to play a role in the etiology of complex diseases (Bittles and Black,
2010; Fareed and Afzal, 2017). In previous studies on other Arab
populations, we have shown increasing proportions of recessive
disorders with high rates of consanguinity (Bizzari et al., 2018;
Bizzari et al., 2021). The high rate of consanguinity and increased
inbreeding coefficient within the Emirati population (Al-Gazali
et al., 1997) is likely to be one of the major factors underlying
the large proportion of recessive disorders that we report. This is
substantiated by the fact that the majority of Emiratis diagnosed
with recessive disorders in the database are from consanguineous
unions. The breakdown of disease inheritance patterns in individual
patients further emphasizes this association, with a significantly
large proportion of patients affected by recessive disorders; these
particularly include hemoglobinopathies such as Alpha-
Thalassemia, Beta-Thalassemia, and sickle cell disease, as well as
a large proportion of patients with X-linked recessive G6PD
deficiency (Figure 2B). Additionally, a significant proportion of
the disorders reported on CTGA are rare, reported in only a

FIGURE 3
Distribution of variant types reported in the UAE. Variants were classified according to VarNomen. Reference alleles were derived from dbSNP.
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handful of families, with ten of these disorders exclusively reported
in Emirati patients to date. The presence of multiple cases of rare
recessive disorders in consanguineous families affords an
opportunity to utilize homozygosity mapping in order to identify
disease-causing variants (Maddirevula et al., 2019; Alkuraya, 2022).
In fact, of the 13 genetic disorders first mapped in Emirati families
(Table 1), ten are recessive disorders. As an example, whole genome
homozygosity mapping on a family with two cousins affected with a
novel recessive phenotype of spondymetaphyseal dysplasia with
corneal dystrophy (OMIM# 618961) succeeded in linking the
condition to a variant in the PLCB3 gene (Ben-Salem et al.,
2018). A similar approach was used to identify the causal gene in
other UAE families, such as METTL23 in a large inbred UAE family
of Yemeni origin with intellectual disability (Reiff et al., 2014) and
SRD5A3 in another UAE family of Baluchi origin with a new type of
glycosylation disorder (Cantagrel et al., 2010). However, there are
other disorders where the locus has been identified but the gene is
still unknown, for example, a new locus for autosomal recessive
deafness, DFNB27 (OMIM# 605818) in a large inbred UAE family
was identified in 2000 (Pulleyn et al., 2000), but the causative gene
has not been identified yet. In the same vein (Al-Gazali et al., 1996),
described a branch of a large Bedouin family with multiple children
affected with a phenotype similar to McDonough syndrome, in
which the gene remains unknown close to three decades later. The
presence of familial cases of such disorders within the Emirati
population affords a resource that can be used for mapping and
localization studies and for understanding the etiology of such
conditions.

In order to identify disorders that are rare worldwide, but are
relatively over-represented in our study population, we screened our
data for rare genetic conditions that have been reported in more
than four families (Table 2). Unsurprisingly, the
hemoglobinopathies are represented by large groups of patients,
reiterating the fact that these disorders cannot be classified as rare in
the Emirati population. Type 1 Neurofibromatosis (OMIM#
162200) and Stargardt Disease (OMIM# 248200) are two
conditions that have been reported in a sizable number of
families. In addition, diseases such as Cystic Fibrosis (OMIM#
219700), Phenylketonuria (OMIM# 261600) and Biotinidase
Deficiency (OMIM# 253260) have also been reported in a
number of families. These latter diseases are part of the panel of
diseases covered by the national newborn screening program, and
therefore, affected patients are unlikely to be missed. The national
newborn screening program currently covers 19 genetic disorders,
including the major hemoglobinopathies, congenital
hypothyroidism, congenital adrenal hyperplasia, and some of the
amino acid, fatty acid oxidation and organic acid disorders.
Interestingly, lysosomal storage disorders, such as Pompe disease
(OMIM# 232300) and Alpha Mannosidosis (OMIM# 248500),
which are currently absent from the panel, have been reported in
more than six Emirati families each in CTGA, indicating that these
disorders might warrant an inclusion in the newborn screening
panel.

Founder variants play a major role in defining the genetic
landscape of small populations, especially if these populations
happen to also be isolated and inbred (Barbouche et al., 2017;
Romdhane et al., 2019). We have noted several instances of
founder variants propagating through consanguineous families

and inbred tribes. In two unrelated Emirati families of Omani
origin with VLDLR-Associated cerebellar hypoplasia (OMIM#
224050) (Ali et al., 2012), identified the same missense variant,
NM_003383.5:c.2117G>T, on a shared haplotype block. Similarly,
In five unrelated Emirati families with Ehlers-Danlos Syndrome,
Type VI (OMIM# 225400), the same causal NM_000302.4:
c.955C>T variant was seen on a shared haplotype (Giunta et al.,
2005). In three separate Emirati tribes, the NM_198,535.2:c.436_
439del deletion was found to be associated with DECCAGS
Syndrome (Saleh et al., 2021). And finally, in a remarkable
example, in two UAE tribes, one originating from Oman and one
from Yemen, the same NM_001127671.2:c.653dup variant in the
LIFR gene was found in 50 children from 28 families with Stuve-
Wideman syndrome (OMIM# 601559) (Al-Gazali et al., 2014).

When comparing our Emirati dataset with other databases, we
found that 50% and 81% of UAE variants present on CTGA were
also present on Clinvar and dbSNP, respectively, while a total of
235 Emirati variants were not available on either (Figure 4).
Interestingly, 187 of these variants were reported as being
pathogenic or likely pathogenic in the studies where the Emirati
subject(s) were described. The lack of ethnic diversity in global
genomic databases has repeatedly been raised as a cause of concern
(Popejoy and Fullerton, 2016; Abou Tayoun and Rehm, 2020;
Fatumo et al., 2022). Ethnic and/or national databases like CTGA
are crucial in mitigating the under-representation of population-
specific variant data. Even within variants reported globally, clinical
annotation can vary according to genomic background or with
additional data. On CTGA, 55 variants that were reported to be
pathogenic or likely pathogenic are currently marked as benign or
VUS, or lack a clinical significance on Clinvar. An example of this is
the variant NM_003718.5:c.1499C>T in CDK13, listed as likely
benign on Clinvar but likely pathogenic on CTGA, associated
with a congenital syndromic form of cardiac defect (OMIM#
617360). A similar case is the homozygous NM_004453.4:
c.807A>C missense variant in the ETFDH gene, classified as
VUS on Clinvar, which has been reported to be causal for
Multiple Acyl-CoA Dehydrogenation Deficiency (OMIM#
231680) in 13 Emirati patients from ten unrelated families.
Databases such as CTGA are thus vitally important in providing
access to population-based clinical annotation of rare variants.
Indeed, analyzing genomes with high runs of homozygosity,
known to be rich in Arab-ethnic populations, has provided
unique insight into clinically relevant genes (Abouelhoda et al.,
2016).

The gnomAD and Greater Middle Eastern Variome databases
report on aggregate genome and/or exome sequencing data from
healthy subjects of various ancestries (Scott et al., 2016). Expectedly,
a large number of disease-associated variants on CTGA are not
available on either of these datasets. Nevertheless, variants reported
as causal in at least one Emirati patient on CTGA were identified on
gnomAD (15.4% of variants), gnomAD’s Middle-Eastern subset
(1.3%), and GMEV (4.9%). All of these variants exhibited a Minor
Alelle Frequency below 5%, further reinforcing the utility of CTGA
in describing rare clinically relevant variants.

In conclusion, we provide an overview of the spectrum of genetic
conditions that have been described in Emirati individuals along
with their associated gene variants. CTGA pools together
information from all published reports on genetic disorders and
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gene variants for Arabs andmakes them available for each individual
Arab country. This makes it a useful resource for interpreting
variants (Sundercombe et al., 2021), especially given ethnic
differences, which we have shown examples of in our dataset of
Emirati variants. As we have outlined, CTGA contains variant data
along with phenotypic data, a feature many other genomic databases
lack. This provides clinicians with an opportunity to utilize the
database to aid diagnostic and/or therapeutic decisions.
Simultaneously, as we have shown, CTGA can also be used to
influence screening programs and modify health strategies based on
data on both prevalent and rare genetic conditions. As next-
generation sequencing technologies get more and more integrated
into mainstream healthcare and Emirati genomic data becomes
more readily available, we expect the data within CTGA to not
only grow, but to also improve publicly available variant annotation,
while simultaneously addressing the lack of genomic diversity in
global genomic databases.
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