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Abstract

Background Intellectual disability (ID) is a neurodevelopmental condition, affecting 1-3% of the population. Genetic factors
play a key role causing the limitation in intellectual functioning and adaptive behavior. The heterogeneity of ID makes it more
difficult for genetic and clinical diagnosis. Mapping of variants through next generation DNA sequencing in consanguineous
families would help to understand the molecular parthenogenesis of ID.

Objective The aim of this study was to describe the genetic variants of ID in consanguineous Pakistani families.

Methods We analyzed four unrelated consanguineous Pakistani families having an intellectual disability through whole
exome sequencing (WES). Data was analyzed using different bioinformatics tools and software.

Results We mapped four novel variants in different ID genes. Each variant is found in different family, co-segregating with
a recessive pattern of inheritance. The variants found are; c.1437delG:p.Asn480Thrfs*10, mapped in FKRP, c.2041 C>A:p.
Leu681Met in HIRA, c.382 C>T:p.Argl28Cys in BDHI and ¢.267+1G>A:p.? identified in TRAPPC6B.

Conclusions These variants help in demonstration of status and molecular basis of intellectual disability in Pakistani popula-

tion leading to provision of genetic counseling services and a contribution in disease variant database.
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Introduction

Intellectual disability (ID) is a genetic disorder defined by
the existence of significant limitations in intellectual capa-
bility and adaptive skills of a person. It affects children
under the age of 18. The prevalence of this disorder is 1-3%
of the population (Chelly et al. 2006; Basel 2007). Syndro-
mic and nonsyndromic ID are the two main types of this
disorder. In case of nonsyndromic ID, the person is suffering
from mental retardation only whereas in syndromic ID, the
person is suffering from some congenital anomalies such as
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muscular weakness, skeletal defects, physical abnormalities
etc. along with mental retardation (Ropers and Hamel 2005).
Today the most challenging problem faced by clinician and
geneticists is to understand the molecular basis of ID. Etio-
logically intellectual disability is extraordinary heteroge-
neous including environmental as well as genetic factors.
Genetic factors play a significant role causing the limitation
in person intellectual functioning and adaptive behavior and
consists of chromosomal and monogenic defects. Identifica-
tion of monogenic variants for ID is a current challenge.
Monogenic abnormalities include X linked and autosomal
variants (Rasool et al. 2021). Although important advance-
ment has been made in classification of genes involved in
X-linked ID, however a little is known about genetic causes
of autosomal recessive ID. To date more than sixty auto-
somal recessive non syndromic ID loci have been mapped
with twenty-nine corresponding genes, and few are those
reported earlier; PRSS12 (Molinari et al. 2002), CRBN (Hig-
gins et al. 2004), CC2DIA (Basel et al. 2006), GRIK2 (Mot-
azacker et al. 2007), TUSC3/N33 (Molinari et al. 2008) and
CC2D2A (Nolan et al. 2008).
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Limited family material and low rate of consanguinity is
a major hurdle in the identification of intellectual disability
genes in developed world. Due to the heterogeneity of ID,
it is more difficult and challenging for clinical and genetic
diagnosis but recent improvement in the area of research
and technology makes it easier to study the causes of ID. An
advanced combination of next generation sequencing (NGS),
functional analysis and bioinformatics tools provided a high
approach to sequence genome and detect a large number
of pathogenic mutations. NGS has accelerated the speed of
identification of novel ID causing genes and number of ID
known genes and ID candidate genes has been considerably
increased over the past 5 years. Genes involved in autosomal
recessive ID are pleiotropic and exhibits multiple phenotypic
expression. For comprehensively study of the genetics of
autosomal recessive ID, investigation at the level of single
genes is far better than meta-analysis (Ilyas et al. 2020). This
approach will provide a new ways of treating ID. In Pakistan,
rate of consanguineous marriages is very high. Approxi-
mately, 60% marriages are consanguineous in which first
cousins’ marriages accounts more than 80%. This lead to
high prevalence of recessive inherited disorders in children
(Cheema et al. 2020; Zahoor et al. 2019, 2020). So genetic
and molecular studies of such highly consanguineous popu-
lation are a huge resource to identify new genes involved in
ID that will eventually help to explain the molecular path-
ways and mechanism behind learning and cognition.

We have performed genetic analysis for causative variants
of ID and identified four novel mutations in ID known and
candidate genes in four unrelated consanguineous families
belonging to the different regions of Pakistan using whole
exome sequencing technology. In this paper, we aim to
describe the molecular basis of ID and identify pathogenic
variant responsible for this disease and also the pathogenic
effect of all variants has been predicted by using bioinfor-
matics tools and software.

Materials and methods

Recruitment of families and blood and data
collection

We have enrolled four unrelated consanguineous families
(PKID16, PKID17, PKID25 and PKID52) affected with ID
from different cities of Punjab, Pakistan. Affected members
as well as unaffected members of these families were par-
ticipated in this study. Different parameters such as medi-
cal history, clinical presentation, general examination and
family history information revealing the disease condition
were collected at the time of enrollment. This research study
was approved by Independent Institutional Ethical Commit-
tee (ITEC), University of Veterinary and Animal Sciences,
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Lahore Pakistan. We selected four unrelated consanguineous
families for whole exome sequencing evaluation.

First of all, blood samples from affected as well as
healthy family members are usually taken with informed
written consent or guardian consent as approved by the
Independent Institutional Ethics Committee. The selected
four families were; PKID16 has three affected children,
PKID17 currently has one affected child (three affected
deceased) while PKID25 and PKID52 have one affected
children. One affected sample used as an index from each
family. Written informed consent was already obtained from
all subjects and/or guardians to use their data in publica-
tion. Clinical information/patients phenotype of children
affected with intellectual disability of all four families are
described in Table 1. After the collection of blood sample
of enrolled families, DNA was isolated by using commer-
cial kit (Qiagen, Germany) following the instructions of the
manufacturer.

Fragile X syndrome testing

To check all the samples for Fragile X syndrome, Frag-
ment analysis AmplideX FMRI1 kit by Asuragen, Inc. USA
method were used and data was analyzed by GeneMapper
software by Thermo Fisher Scientific, USA.

Whole exome sequencing and data analysis

Whole exome sequencing (WES) was performed using the
IDT xGen Exome Research Panel kit (IDT) by Integrated
DNA Technologies (IDT), BVBA, Leuven, Belgium.
The subsequent sequencing was carried on the Illumina
Novaseq-6000 by Illumina Company, Illumina Solutions
Center, Berlin, Germany at the Institute of Medical Genet-
ics, University of Zurich, Switzerland. Data were analyzed
by using next generation sequencing variant analyzer tool.
The variants found through NGS data analysis were then
confirmed by Sanger’s sequencing along with the DNA of
other family members. Functional effect of all variants has
been predicted by using PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/), SIFT (https://sift.bii.a-star.edu.sg/)
and MutationTaster (https://www.mutationtaster.org/), (Har-
ris et al. 2021). The multiple sequence and protein domain
clustal analysis were also performed for these new variants
(https://asia.ensembl.org/index.html) and (https://www.ebi.
ac.uk/Tools/msa/clustalo/).

Results

Four unrelated consanguineous families having ID from dif-
ferent cities of Punjab, Pakistan were enrolled for this study.
Whole exome sequencing was performed in all four families.
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Table 1 Clinical information/

. Family tag PKID16 PKID17 PKID25 PKID52

phenotype of children affected

with intellectual disability Affected patients in pedigree  IV:1 1v:3 1v:5 1v:4 1v:2 1v:4
Gender F MP F F M F
D + + + + + +
Severity of ID Severe Severe Severe Moderate Moderate  Severe
Developmental delay + + + + + +
Behavioral problems + + + + + +
Muscle Weakness + + + - + +
Aggression + + + + + +
Gait - - - + - -
Hypotonia + + + - + +
Spasticity + + + + - +
Eye abnormalities + + + - - +
Skeletal defects + + + - - +
Ear shape anomalies - - - — - +
Other symptoms Muscular dystrophy Deaf - Loss of hearing
“Female
"Male

°+ Means present

d_ Means absent

WES revealed four novel variants in four different ID genes
present one in each unrelated consanguineous families. A
variant (c.1437delG:p.(Asn480Thrfs*10) of FKRP gene
identified in three affected individuals of family PKID16,
c.2041 C>A:p.(Leu681Met) of HIRA gene in PKID17,
¢.382 C>T:p.(Argl128Cys) of BDHI in PKID2S5 and variant;
¢.267+1G>A:p.? identified for TRAPPC6B in PKID52. All
these variants were confirmed by Sanger’s sequencing and
segregates through recessive pattern of inheritance. Detail of
each variant and family clinical information/medical history
are described as follows;

PKID16 (c.1437delG: p.Asn480Thrfs*10; FKRP)

PKID16 is a consanguineous family having affected in mul-
tiple loops but belongs to two generations. Three affected
children (IV:1, IV:3, IV:5) were enrolled and all of them
have severe intellectual disability, developmental delay,
behavioral problems, muscles weakness, muscular dystro-
phy, aggression, hypotonia, spasticity, congenital anomalies
include skeletal defects, and eye abnormalities (Table 1).
Along with three affected, four unaffected members, (II:1,
1I:2, II1:3 and III:4) were also enrolled.

WES of (IV:1, IV:3, IV:5) revealed a novel homozy-
gous pathogenic frameshift deletion; c.1437delG:p.(Asn-
480Thrfs*10) in exon 4 of FKRP gene. This variant was
confirmed in other family members (II:1, II:2, I1I:3, II1:4) by
Sanger’s sequencing that showed variant co-segregating with
a recessive pattern of inheritance (Fig. 1). The pathogenic
variant in our family PKID16 was not found in our control

samples and also not found in the Human Gene Mutation
Database (http://www.hgmd.cf.ac.uk/ac/index.php) which
supports the notion that this is a novel variant and not
reported previously. Furthermore, the variant c.1437delG:p.
(Asn480Thrfs*10) disrupt the protein production that ulti-
mately affect the structure and function of the protein.

PKID17 (c.2041 C>A: p.Leu681Met; HIRA)

The first cousin parents of a consanguineous family having
four affected monozygotic girls (IV:1, IV:2, IV:3, IV:4) but
three of them are expired at an early age. One girl (IV:4) was
enrolled along with her parents and maternal uncle. Parents
and maternal uncle (III:5, II1:6 and III:2) were healthy and
participated in this study with consent. One nephew of the
parents was also died at an early age with developmental
delay. Clinical examination revealed that affected girl has
intellectual disability, developmental delay, behavioral prob-
lems, postnatal growth retardation, dysmorphism, spasticity,
and gait problem (Table 1).

Whole exome sequencing identified a homozygous mis-
sense mutation; c¢.2041 C>A:p.(Leu681Met) in exon 17 of
HIRA gene of affected (IV:4). The parents (III:5 & III:6)
are heterozygous for this variant (Fig. 1). This variant
c.2041 C>A:p.(Leu681Met) was not present in our con-
trol samples and also not found in Human Gene Mutation
Database (http://www.hgmd.cf.ac.uk/ac/index.php) which
showed that this variant is not reported previously. Poly-
phen2 and Mutation Taster predicted variant p. (Leu681Met)
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Fig. 1 Pedigrees of Pakistani families having an intellectual disabil-
ity showing variants through chromatograms of enrolled individu-
als. Each generation in a pedigree is specified by an Arabic numeral
and each individual in a generation is specified by a Roman numeral.

as “probably damaging” (score of 0.786) and as “disease
causing”. Furthermore, the wild type residue (Leucine)
is non-polar aliphatic amino acid whereas methionine is
polar in nature with no charge. There is a size difference
in both wild type and mutant amino acids. Mutant amino
acid (Methionine) is bigger in size. Due to the large size of
mutant residue, this might lead to bumps and disturb the
normal structure of protein. WES of affected (IV:4) also
identified a novel nonframeshift deletion; c.2_4del: p.? in
exon 1 of ROSI gene. The parents (III:5 & II1:6) are het-
erozygous for this variant. The variant in this family was not
present in our control samples and was also not found in the
Genome Aggregation Database (gnomAD), (https://gnomad.
broadinstitute.org/), supporting the notion that this is not
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Squares refer to males, circles to females, filled signs to affected indi-
viduals, half filled symbols to individual with other health condition
and slashed lines to deceased persons

a population specific polymorphism. The variant ¢.2_4del:
p.? disrupts the first codon of the ROSI gene that ultimately
affects the structure and function of the protein. Computa-
tional evaluations are not available for this variant so we
say it additional candidate gene to consider for researchers
of this field.

PKID25 (c.382 C>T: p.Arg128Cys; BDH1)

This consanguineous family has one affected person
(IV:2). The affected have moderate intellectual disability,
developmental delay, behavioral problems, muscle weak-
ness, aggression and hypotonia (Table 1). Parents (III:1 &
II1:2) and healthy sister (IV:4) were also enrolled along
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with the affect individual. Unaffected individuals were
normal. WES identified a homozygous missense muta-
tion ¢.382 C>T: p.(Argl28Cys) in exon 5 of BDHI gene
in affected individual.

Variant ¢.382 C>T: p.(Argl28Cys) of BDHI gene was
checked in other family members by Sanger’s sequenc-
ing. Affected child is homozygous for this variant while
parents (II:1 & III:2) and healthy sibling (IV:4) was het-
erozygous (Fig. 1). In addition, mutation (c.382 C>T:
p-(Argl128Cys) depicts that the mutant residue (Cystein)
is smaller than the wild type residue (Arginine). The
wild type amino acid (cysteine) was positive, the mutant
residue charge is neutral. Difference in charges leads can
cause loss of interaction with other molecules or residues.
The hydrophobicity of the wild type and mutant type resi-
due also differs. This mutation (p.Arg128Cys) introduces
a more hydrophobic residue at this position which can
result in loss of hydrogen bonds and disturb correct fold-
ing, which ultimately affect the proper function of the
protein. The variant (c.382 C>T: p.(Argl128Cys) was not
found in our control samples and also not mentioned on
Human Gene Mutation Database (http://www.hgmd.cf.ac.
uk/ac/index.php) supporting the notion that this is a novel
variant and not reported previously.

PKID52 (c.267+1G>A: p.?; TRAPPC6B)

PKIDS52 is a consanguineous family with one affected
child (IV:4). Clinical data showed that the affected have
severe intellectual disability, developmental delay, behav-
ioral problem, muscle weakness, aggression, learning dis-
ability, hypotonia, spasticity and congenital anomalies
includes skeletal defect, eye abnormalities and ear shape
anomaly (Table 1). Healthy parents (II1:8 & II1:9) and one
healthy (IV:5) sibling were also enrolled.

WES revealed a pathogenic splicing mutation
c.2674+1G>A:p.? in intron 3 of TRAPPC6B gene of fam-
ily PKIDS52. Affected (IV:4) is homozygous while parents
(III:8 & III:9) and healthy sibling (IV:5) are heterozy-
gous for this variant when checked by Sanger’s sequenc-
ing (Fig. 1). Furthermore, the variant in our family was
not present in our control samples and also not found on
Human Gene Mutation Database (http://www.hgmd.cf.ac.
uk/ac/index.php) supporting the notion that this variant
is not reported previously in any population. The variant
(c.2674+1G>A:p.?) in our family may result in a defec-
tive RNA splicing and ultimately affect the resulting pro-
tein. It may also affect regulatory sequences, resulting in
decreased/premature translation and low gene product.
Mutation damage the protein structure chemically and
abolish its proper function.

Homology analysis

Protein homology alignment for these variants of FKRP,
HIRA, and BDH1 was performed with nine different spe-
cies (Homo sapiens (Hs), Pan troglodytes (Pt), Canis lupus
familiaris (Cl), Mus musculus (Mm), Gallus gallus (Gg),
Danio rerio (De), Drosophila melanogaster (Dm), Ciona
intestinalis (Ci), Caenorhabditis elegans (Ce) and Sac-
charomyces cerevisiae (Sc) performed with Clustal omega
showing a high degree of conservation shown in Fig. 2.

Multiple sequence alignment analysis by Clustal omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) showed that
wildtype amino acid Asparagine (N) at 480 position in
FKRP gene is conserved in following species; Homo sapi-
ens (Hs), Pan troglodytes (Pt), Canis lupus familiaris (Cl),
Mus musculus (Mm) and Danio rerio (De) and not con-
served in Drosophila melanogaster (Dm). Orthologues of
FKRP gene are not present in Gallus gallus (Gg), Ciona
intestinalis (Ci), Caenorhabditis elegans (Ce) and Sac-
charomyces cerevisiae respectively (Fig. 2).

In HIRA gene, the wild type amino acid Leucine (L) at
681 position is conserved in primates and also in Danio
rerio (De) only. On the other hand, this variant is not con-
served in other unicellular model organisms as Drosophila
melanogaster, Caenorhabditis elegans, Ciona intestinalis
and Saccharomyces cerevisiae respectively. Furthermore,
the amino acid Arginine (R) at position 128 in BDHIgene
is conserved in all primates except Canis lupus familiaris
(CD, Gallus gallus (Gg), and Danio rerio (De). Variant,
p-(Arg128Cys) is located in KR domain of D-beta-hydroxy-
butyrate dehydrogenase enzyme encoded by the BDHI gene
(Fig. 2). Orthologues of BDHI gene are not present in Dros-
ophila melanogaster, Ciona intestinalis, Caenorhabditis
elegans, and Saccharomyces cerevisiae respectively.

Discussion

Four unrelated consanguineous Pakistani families exhibit-
ing low IQ level, developmental delay, behavioral prob-
lems and other congenital abnormalities such as skeletal
defects, were investigated (Table 1). These families were
diagnosed by psychologist on the basis of their clinical
presentation, medical history, general examination and
family history. We identified four different novel variants
in different ID genes present in four different families. A
deleterious variant (c.1437delG:p.(Asn480Thrfs*10) of
FKRP gene identified in PKID16, ¢.2041 C>A:p.(Leu-
681Met) of HIRA gene in PKID17, ¢.382 C>T:p.(Arg-
128Cys) of BDHI in PKID25 and ¢.267+1G>A:p.? identi-
fied for TRAPPC6B in PKID52 (Table 2).
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FKRP Gene

Hs RQDVEFPEHFLQPLVPLPFAGFVAQAPNNYRRFLELKFGHGVIENPQYPNPRLLSLTGSG 495
Pt RQDVEFPEHFLQPLVPLPFAGFVAQAPNNYRRFLELKFGHGVIENPQYPNPRLLSLTGSG 495
™ RQDVEFPEHFLQPLVPLSFAGFVAQAPNNYRRFLELKFGHGVIENPEYPNPPLLSLAGSG 560
Mm RQDVEFPEHFLQPLVPLPFAGFMAQAPNNYRRFLELKFGHGVIENPEYPNPRLLSLTGG- 494
De KQDVEFSEHFLQPLVPMPFAGITTYGPNNHRAFLELKFGHGVIENPQYPNPRKKRLDRSR 532
Dm WKARSFSADYLHPMSTVLFLGKSVMCPNNVLEYLEEKRIHQVKSADLDA---f------ DE 571

. * k.. o e ok ke -k Xk —

HIRA Gene

Hs L-mmmm e TAEKEAMCLYAPALALKLPIPSPQRAFTLQVSSDPSMYIEVENEVTV---- 712
Pt L-=--=---- TAEKEAMCLYAPALALKLPIPGPQRAFTLQVSSDPSMYIEVENEVTV---- 712
Cll L-------- TAEKDAVCLYVPAPALKLPMPGPQRAFTLQVSSDPSMYIEVENEVTA---- 712
Mm L-------- STEKEAMCLYAPALALKLPIPGPQRAFTLQVSSDPSMYIEVENEVTT---- 710
Gg L-------- ASEKDAACIJAPALALKLPTPIPQKSFTLQVSSDPSMYLEVENEMTT---- 718
De Voomooo - SVKEELPRLATPAVVLKLPTPSEQKSFSTQVGTDAVTYLEVENEVSV---- 705
» R ——— S LDERLHV -~} == c-mmcmmmeec e SNGHLK - - - - 576
Ce = —---mmemmmemeemeee R MEAPEPQPKLSQHVVDRKGMFVEIDNRWKHGGVE 621
Ci IQPVYKSFCNINIFYPPLYVFAFIFKLNININHLSILCYCSGSPSTHQNNSNTSTHDH- - 716
SC  mmemmmmmemeeeee- CLYQSD--%5-- VIPDFDVVVLEGGSLDDIAVLEIRNGVERSIQF 677

*

BDH1 Gene

Hs VRSSLKDPEKEMWGLVNNAGISTFGEVEFTSLETYKQVAEVNLWGTVRMTKSFLPLIRRA 186
Pt VRSSLKDPEK®MWGLVNNAGISTFGEVEFTSLETYKQVAEVNLWGTVRMTKSFLPLIRRA 186
Gl TGNVQPRCTQEMWGLVNNAGISTFGEVEFTSMETYKEVAEVNLWGTVQMTKAFLPLIRRA 166
Mm IRSGLKDPEKGMWGLVNNAGISTFGEVEFTSMETYKEVAEVNLWGTVRTTKSFLPLLRRA 186
Gg VNSSLEDPEK§LWGLVNNAGISTFGEVEFTSMDTYMEVAEVNLWGTVRTTKAFLPLIRRS 186
De VTENLPDSEK§LWGVVNNAGISTFGEVEFTTMDTYKQVSEVNLWGTIRVTKAFLPLIRRA 207

Fig.2 Variants are annotated by using Clustal Omega alignment tool
with order of multi to unicellular model organism i.e. Homo sapiens
(Hs), Pan troglodytes (Pt), Canis lupus familiaris (Cl), Mus muscu-

FKRP (OMIM # 606,596) encodes fukutin related pro-
tein which is a member of a class of molecules that mediate
O-linked glycosylation. The main target of these glycosyl-
transferase is posttranslational modification of dystroglycan.
Mutation in this gene leads to wide spectrum of disease
including muscular dystrophy, intellectual disability and
cerebellar cysts (MacLeod et al. 2007). The severity of dis-
ease is depending on the level of abnormal glycosylation of
dystroglycan (Mercuri et al. 2006). This gene also reported
as a ID known gene (https://sysid.cmbi.umcn.nl/) in multi-
ple families having muscular dystrophy as well as intellec-
tual disability and congenital anomalies. A novel variant;
c.1387 A>G (p.N463D) has been reported in FKRP gene in
two unrelated mexican children with intellectual disability
and muscular dystrophy (MacLeod et al. 2007). A homozy-
gous FKRP gene mutations; (c.663 C>A;p.Ser221Arg)
& (¢.946 C>A;p.Pro316Thr) have been identified in two
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lus (Mm), Gallus gallus (Gg), Danio rerio (De), Drosophila mela-
nogaster (Dm), Ciona intestinalis (Ci), Caenorhabditis elegans (Ce)
and Saccharomyces cerevisiae (Sc) respectively

patients having muscular dystrophy and intellectual dis-
ability (Topaloglu et al. 2003). Moreover, two homozygous
mutations; (c.1213G>T;p.Val405Leu) & (c.1364 C>A;p.
Ala455Asp) have been identified in an Algerian boy, child
of consanguineous parents and six unrelated Tunisian fami-
lies (Louhichi et al. 2004). The variants of this gene have
reported in other populations too (Mercuri et al. 2003).
HIRA (OMIM # 600,237) gene encodes a histone cell
cycle regulator protein that play an important role in tran-
scriptional regulation or histone and chromatin metabolism
(Magnaghi et al. 1998). This gene is expressed in a range
of fetal tissues (Halford et al. 1993) and also in the neural
tube, developing neural plate, the neural crest and the mes-
enchyme of the head and branchial arch structures (Roberts
et al. 1997). Besides act as a histone chaperone, this gene
also reported as ID candidate gene on SysID database; a pub-
licly accessible database of published neurodevelopmental
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Table 2 Description of genetic variants in families with intellectual disability

Family tag PKID16 PKID17 PKID25 PKID52

Gene FKRP HIRA BDH1 TRAPPC6B
¢.DNA position c.1437delG c.2041 C>A c.382C>T c.267+1G>A
Amino acid position p.(Asn480Thrfs*10) p-(Leu681Met) p.(Argl128Cys) p.?
Consequence Frameshift deletion Missense Missense Splicing
Zygosity Homozygous Homozygous Homozygous Homozygous
Inheritance Recessive Recessive Recessive Recessive
Number of enrolled affected in family 3 1 1 1
Consanguinity Yes Yes Yes Yes

ID known/confirmed candidate gene Known Candidate Candidate Known
CADD-phred N/A? 21 N/A 21.3

ACMG class Class 5 Class 3 Class 3 Class 4
GnomAD allele frequency - 3.579E-05 6.011E-05 -

SIFT N/A 0.07 Deleterious N/A

Mutation Taster N/A Disease causing N/A N/A

PolyPhen N/A Probably damaging 0.786 N/A N/A

Variant position in protein structure ND ND KR domain TRAPP domain

*Not available
"Not determined

“Combined annotation dependent depletion

disorders associated genes (https://sysid.cmbi.umcn.nl/).
A homozygous missense variant; (c.41 A>G;p.Lys14Arg)
in a patient having ID, severe postnatal growth retardation,
global developmental delay, strabismus, dysmorphism and
congenital anomalies (Anazi et al. 2016).

BDHI (OMIM # 603,063) encodes a 3-hydroxybu-
tyrate dehydrogenase which is a mitochondrial enzyme and
required phosphatidylcholine (PC) for maximum enzyme
activity (allosteric activator). The optimum activity of the
enzyme is obtained only with membranes containing PC.
The encoded protein plays a significant role in fatty acid
catabolism which includes interconversion of acetoacetate
and (R)-3-hydroxybutyrate (Marks et al. 1992). In addition,
this gene also reported as a ID candidate gene on SysID
database (https://sysid.cmbi.umcn.nl/). A homozygous mis-
sense variant; (c.668G>A;p.Arg223His) has been mapped
in two affected from one family. They have severe ID, short
stature, microcephaly, hypotonia and spasticity. BDHI
reported as a novel recessive candidate gene involved in
neurodevelopmental disorders (Reuter et al. 2017).

TRAPPC6B (OMIM # 610,397) (Trafficking protein par-
ticle complex subunit 6B) gene is a component of TRAPP
complexes which regulates membrane trafficking through
Golgi apparatus. These complexes are tethering complexes
which play important role in vesicle transport (Kummel
et al. 2005). There are three TRAPP complexes; TRAPP I,
TRAPP II, TRAPP III, with additional subunits required for
proper functioning. Any mutation in this gene leads to neu-
rodevelopmental disorder. A homozygous splice mutation

(c.82-2 A>G;p.E28Vfs*11) has been identified in six indi-
viduals from three unrelated consanguineous Egyptian
families. All six children manifested a neurodevelopmental
disorder which is characterized by severe ID, microcephaly,
hypotonia, no speech and autistic features (Marin-Valencia
et al. 2018). They also designed the zebra fish model to
check the expression of TRAPPC6B. In human, TRAPPC6B
gene is expressed in many tissues including the fetal brain
and different parts of adult brain and spinal cord. Another
loss of function mutation (c.124 C>T;p.Arg42*) has been
mapped in two patients from Iranian consanguineous family
(Harripaul et al. 2018).

As the conclusion, we have mapped four novel variants
in four different ID genes of four unrelated consanguine-
ous Pakistani families. These variants will help in provision
of an opportunity for genetic counselling, prenatal/preim-
plantation diagnosis, carrier testing in the extended family
members and within-family marriage planning. This will
be an addition to existing genomic data of our population.
The implementation of newborn screening program will also
help in early diagnosis and management of intellectual dis-
ability thus improving the overall status of this disorder in
consanguineous populations and as well as in sporadic cases.
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