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Abstract
Autosomal recessive primary microcephaly is a rare genetic disorder that is characterized by reduced head circumference
and a varying degree of intellectual disability. Genetic studies on consanguineous families with primary microcephaly have
identiﬁed 15 (MCPH) causative genes that include MCPH1, WDR62, CDK5RAP2, CASC5, ASPM, CENPJ, STIL, CEP135,
CEP152, ZNF335, PHC1, CDK6, CENPE, SASS6 MFSD2A ANKLE2 and CIT (Khan et al. 2014; Yamamoto et al. 2014;
Alakbarzade et al. 2015; Morris-Rosendahl and Kaindl 2015; Basit et al. 2016). Physiologically, most of these MCPH proteins
are involved in cell cycle and its regulation. In the present clinical genetic study, we have present two consanguineous Pakistani
families segregating primary microcephaly and intellectual disability. These families were ascertained from the Saraiki ethnic
part of Khyber-Pakhtunkhwa province in Pakistan. Whole exome sequencing in one family revealed a novel 1-bp deletion
NM_018136.4: c.10013delA (p.Asp3338Valfs*2), while the other family showed a previously reported nonsense mutation
NM_018136.4: c.9730C>T (rs199422195 (p.Arg3244*)) in ASPM gene. The novel frame-shift mutation (p.Asp3338Valfs*2)
in ASPM presumably truncates the protein synthesis that results in loss of armadillo-type fold domain.
[Khan M. A., Windpassinger C., Ali M. Z., Zubair M., Gul H., Abbas S., Khan S., Badar M., Mohammad R. M. and Nawaz Z. 2017 Molecular
genetic analysis of consanguineous families with primary microcephaly identiﬁed pathogenic variants in the ASPM gene. J. Genet. 96,
383–387]

Introduction
In the broad sense, most of the identiﬁed MCPH genes have
either structural or physiological role in cell cycle and its
regulation, neurogenesis and ciliogenesis (Barbelanne and
Tsang 2014). Morphologically, microcephalic patients have
normal brain architecture and the reduced brain volume which
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is due to small cerebral cortex (Woods et al. 2005). The
genetic studies on cohorts and consanguineous families have
shown that ASPM (MCPH5 locus) and WDR62 (MCPH2) are
the most frequent genes reported in primary microcephaly
(Mahmood et al. 2011). At cellular level, ASPM is required
for normal functioning of mitotic spindle in embryonic neuroblasts. The ASPM knockout studies in mice have shown
that reduction in brain size is due to misorientation of mitotic
spindle ﬁbres, which also affects the ratio of symmetric to
asymmetric cell divisions and thus, decrease the number of
neuronal cells (do Carmo Avides and Glover 1999).
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Materials and methods
Family recruitment and sample collection

Prior approval was obtained from ethical review board of
Gomal Centre of Biochemistry and Biotechnology, Gomal
University, D. I. Khan, Pakistan, to conduct the present
molecular study, and the families were enrolled after taking
the informed written consent. The exome data analysis was
performed in Hamad Medical Corporation, Doha, Qatar, with
the approval of data sharing agreement. For molecular investigation, we were able to collect the peripheral blood samples
from individuals III-1, IV-1, IV-3 and IV-5 of family A, while
individuals IV-3, IV-4, V-4, III-1, III-2 and V-3 were among
the volunteers in family B. The DNA was isolated from these
samples using standard phenol–chloroform assay.
Whole exome sequencing and prioritization of candidate
pathogenic variant

Paired-end whole exome sequencing was performed on
NextSeq500 plate-form (Illumina, San Diego, USA), using
Nextera rapid capture exome kit for library construction, following the manufacturer protocol. The raw data analyses
were accomplished through BaseSpace integrated applications to get BAM and annotated VCF ﬁles. Subsequently,
the variant ﬁltration was carried out on genetalk software
to identify the pathogenic variants (Kamphans and Krawitz
2012). In addition to that, computational-based prediction
of most probable candidate genes/variants and its association with disease phenotype was performed through exomewalker (Smedley et al. 2014), Exomiser (Robinson et al.
2014) and PhenIX softwares (Zemojtel et al. 2014). These
softwares perform phenotype and protein interaction-based
prioritization of most plausibly implicated genes.

For subsequent mutation detection and segregation analysis,
Sanger DNA sequencing of ASPM gene was performed.
Primers sequences were designed through Primer3web
software, ver. 4.0.0 (http://bioinfo.ut.ee/primer3/). DNA
sequencing was carried out by using BigDye Terminator
ver. 3.1 cycle sequencing kit (Applied Biosystems, Foster
City, USA) and the products were analysed on ABI 3130xl
Genetic Analyzer (ABI, USA).

Results
In this study, two consanguineous families were recruited
from the rural areas of Pakistan. The genealogical analysis
of both families revealed their Saraiki-based ethnicity. Pedigree analysis demonstrated autosomal recessive mode of disease segregation. The general clinical description of patients
from both families presented nonsyndromic congenital
primary microcephaly. The patients presented reduced occipitofrontal head circumference along with moderate intellectual disability. The patients had severe speech disability, and
thus, were facing difﬁculty in conveying their message. Psychologically, the patients were having aggressive attitude due
to which they had tendency of self-beating behaviour. The
patients never attended any training institute and were unable
to perform arithmetic measures or any conceptual task, but
still they had milder category of recognition power, like recognizing route to their home and family relatives. The additional clinical features of all families are described in table 1.
Molecular ﬁndings

Exome sequence analysis of individual IV-3 and the
subsequent segregation study through Sanger sequencing

Table 1. Genotype associated phenotypic descriptions of consanguineous microcephalic families.
Family ID

Family A

Mutation

c.10013delA
(p.Asp3338Valfs*2)

Individual ID

IV-3

IV-3

IV-4

V-4

Age (years)
Sex
Head circumference (cm)
Intellectual disability
Speech disability
Epileptic shocks
Muscular dystrophy
Skeletal abnormality
Neurologic defect
Behavioral expression

21
Male
41
Yes
Yes
No
No
No
No
Hyperactive with
jolly mood
No
No
No

19
Male
46
Yes
Yes
No
No
No
No
Hyperactive with
jolly mood
No
No
No

24
Male
46
Yes
Yes
No
No
No
No
Hyperactive with
jolly mood
Strabismus
No
No

6
Male
39
Yes
Yes
No
No
No
No
Hyperactive with
jolly mood
No
No
No

Ocular defect
Dermal lesions
Any visceral organ defect

384

Family B
c.9730C>T
(p.Arg3244*) (rs199422195)
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Molecular analysis of MCPH genes
(III-1, IV-1, IV-3 and IV-5) identiﬁed a novel deletion
mutation NM_018136.4:c.10013delA in the 26th exon of
ASPM. The identiﬁed pathogenic variant was also prioritized by the candidate gene identiﬁcation softwares
using exome variant ﬁle (VCF ﬁle). Protein sequence
analysis revealed that mutation p.Asp3338Valfs*2 is
present in the armadillo-type fold domain. This outof-frame deletion shifts the reading frame and truncate
the protein synthesis (p.Asp3338Valfs*2) due to premature stop codon and produces 3338 amino acids-shortened

protein with deleted armadillo-type fold domain. The identified
sequence variant is not present in 100 normal controls, 1000 genome browser (http://www.1000genomes.org/
1000-genomes-browsers), exome variant server (http://evs.
gs.washington.edu/EVS/) and exome aggregation consortium databases (http://exac.broadinstitute.org/). The mutation analysis of second family (IV-4 and V-4) revealed
the previously reported nonsense mutation c.9730C>T
(rs199422195 (p.Arg3244*)) in 24th exon (NM_018136.4)
of ASPM gene (ﬁgure 1).

-

-

- -

Figure 1. (a) A four-generational consanguineous Pakistani family inheriting autosomal recessive primary microcephaly. The sequence
chromatograms depict the homozygous deletion of adenine nucleotide in patient IV-2 (c.10013delA), heterozygous status in carrier IV-3
and reference allele in IV-5. (b) The graphical presentation of family tree with reported ASPM mutation (c.9730C>A).
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Discussion
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Abnormal spindle-like microcephaly associated protein
(ASPM) is encoded by ASPM gene that spans 62.567 Mb
long region on chromosome 1q31.3 (December 2013
(GRCh38/hg38)). Its longest transcript (NM_018136) consists
of 28 exons and encodes for a protein with 3477 amino acids.
ASPM is reported to be crucial for the normal functioning
of mitotic spindle ﬁbres during embryonic neuroblasts formation. The ASPM protein has several functional domains:
the calponin homology domains, P-loop containing nucleoside triphosphatase hydrolase domains (P-loop NTPase),
armadillo-type fold domain and IQ motifs (interpro accession ID: Q8IZT6). Among these functional domains, the
calponin homology domain is associated with regulation of
contractility and organization of actin cytoskeleton in smooth
muscles (Bramham et al. 2002), the P-loop NTPase domains
perform hydrolysis of β–γ phosphate bond in nucleoside
triphosphate (NTP) (Leipe et al. 2004), the IQ motif acts
as an EF-hand-binding site and sometime as a phosphorylation site of protein kinase C (Baudier et al. 1991) and
the armadillo-type fold domain is suggestively involved in
associating cadherin to the cytoskeleton (Huber et al. 1997).
Literature survey has shown that mutations in ARM
domain have previously been reported to be implicated in
MCPH (Gul et al. 2007; Nicholas et al. 2009). ARM domain
is a 42 amino acid-conserved entity which is present in various proteins, e.g. β-catenin, α-importin and plakoglobin,
which together make a distinct class of protein family
called ARM-repeat family proteins. Tandem repetition of
ARM repeats makes a superhelical fold which provide a
versatile interacting platform to the protein and therefore,
ARM domain containing proteins shown to have several
independent molecular and biological functions in the cell
(Coates 2003). String matching analysis using protein–
protein interaction (STRING, protein interaction database;
http://string-db.org/) did not show any signiﬁcant change in
the interaction of ASPM with its known interactors, which
probably indicates the involvement of some other protein
interactors involved in the neurogenesis pathway with whom
ASPM interacts through its ARM domain.
In conclusion, we performed mutation analysis of ASPM
in two consanguineous Pakistani families presenting primary
microcephaly. One family revealed a novel single-base deletion of adenine nucleotide (c.10013delA) in 26th exon of
ASPM, while the other family exhibited a reported mutation (c.9730C>A) in its 24th exon. The novel frameshift
mutation presumably leads to a truncated protein with the
deletion of an armadillo-type fold domain. The study added
a new pathogenic variant in the mutational spectrum of
armadillo-type fold domain of ASPM. This will help in elucidating the novel protein interactors involved in neurogenesis pathway. Moreover, screening of additional Saraiki
ethnic families may contribute in devising a molecular diagnostic test that might be helpful in genetic counselling of
nonconsanguineous families.
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