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CNKSR1 gene defect can cause syndromic autosomal recessive
intellectual disability
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The advent of high-throughput sequencing technologies has led to an exponential increase in
the identification of novel disease-causing genes in highly heterogeneous diseases. A novel
frameshift mutation in CNKSR1 gene was detected by Next-Generation Sequencing (NGS) in an
Iranian family with syndromic autosomal recessive intellectual disability (ARID). CNKSR1
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encodes a connector enhancer of kinase suppressor of Ras 1, which acts as a scaffold component for receptor tyrosine kinase in mitogen-activated protein kinase (MAPK) cascades.
CNKSR1 interacts with proteins which have already been shown to be associated with intellectual disability (ID) in the MAPK signaling pathway and promotes cell migration through RhoAmediated c-Jun N-terminal kinase (JNK) activation. Lack of CNKSR1 transcripts and protein was
observed in lymphoblastoid cells derived from affected patients using qRT–PCR and western
blot analysis, respectively. Furthermore, RNAi-mediated knockdown of cnk, the CNKSR1 orthologue in Drosophila melanogaster brain, led to defects in eye and mushroom body
(MB) structures. In conclusion, our findings support the possible role of CNKSR1 in brain development which can lead to cognitive impairment.
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1 | I N T RO D UC T I O N

impairment, or ID is divided into four categories including mild, moderate, severe and profound forms based on severity and affects about

In the last decade the field of medical genomics has been revolution-

85%, 10%, 4%, and 2% of the world population, respectively (Maris,

ized by the advent of high-throughput sequencing technologies, and

Barbato, Trott, & Montano, 2013).

as a result, much attention has been paid to one of the greatest

The autosomal recessive mode of inheritance accounts for approxi-

unsolved problems in health care, intellectual disability (ID). Intellec-

mately one-quarter of the total genetic cases of ID (Higgins, Pucilowska

tual disability has been defined as substantial limitations in intellectual

et al., 2004). Since 2007, to identify genetic defects in autosomal reces-

functions, social and adaptive behaviors which begins before adult-

sive intellectual disability (ARID), our group has initiated a systematic

hood (Kaufman, Ayub, Vincent, 2010). Comprehensive epidemiologi-

strategy in consanguineous Iranian families –with consanguinity rate

cal studies indicate the global prevalence of ID as 1% and 3% in

>40% – of homozygosity mapping, exon enrichment and next-

developed and developing countries, respectively (Durkin, 2002;

generation sequencing. This ongoing project has revealed more than

Ropers, 2008). Intellectual disability can be caused by genetic and

50 variants in genes not previously identified to be linked to ARID

environmental factors; however, genetic causes account for more

(Motazacker et al., 2007; Garshasbi et al., 2008; Mir, 2009; Hu et al.,

than 50% of cases of ID (Kaufman et al., 2010). Early-onset cognitive

2011; Najmabadi et al., 2011; Pak, Garshasbi et al., 2011).
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FIGURE 1

(a) Pedigree of four generations of the family investigated. Square symbols, male; round symbols, female. Filled symbols represent
affected individuals. The arrow points to the proband in the family. (b) Representative sequence chromatograms for the CNKSR1 frameshift
mutation, chr1:26382898-26382898del1; T282fs. A normal unrelated control was genotyped. The proband (IV:2) was homozygous for the
mutation. The patient's father (III:3) was a heterozygous carrier of the T282fs mutation [Color figure can be viewed at wileyonlinelibrary.com]
Our group in the genetics research center (GRC) has reported sev-

genetic association between schizophrenia and the CNKSR2 gene

eral novel MRT loci (mental retardation loci) and genes for ARID which

(Schizophrenia Working Group of the Psychiatric Genomics, 2014;

are the largest of its kind published to date. A novel frameshift muta-

Vaags et al., 2014; Aypar, Wirrell, Hoppman, 2015).

tion in CNKSR1 gene was detected in an Iranian family with syndromic

Animal models are invaluable and powerful systems for identifica-

ARID (Figure 1a). Genotyping data in this subject family (ID: 8500235)

tion of molecular mechanisms of genetically heterogeneous diseases

revealed five homozygous intervals located on chromosomes 1, 3,

such as ID (Scorza & Cavalheiro, 2011). Among known ID genes,

4, 13, and 22. The largest and more prominent interval was located on

about 87% have a Drosophila orthologue and 76% show remarkable

chromosome 1 between SNP markers; rs10916983 and rs849961.

evolutionary conservation between humans and Drosophila (Inlow &

Three candidate variants were identified by targeted exome sequencing

Restifo, 2004; Oortveld et al., 2013). In that respect, Drosophila has

in this interval of which only the variant in the CNKSR1 gene co-

emerged as a powerful model organism which can be used to uncover

segregated with the disease(Figure 1b) (Najmabadi et al., 2011; Hu

the genetic basis, molecular pathways and treatment plans in early

et al., 2018). The description of detected variants is given in Table 1.

onset cognitive disorders (van der Voet, Nijhof et al., 2014).

The CNK protein family was first discovered to be a modifier of

The mushroom bodies (MBs) are a pair of prominent neuropil

signaling pathways in Drosophila melanogaster. CNKSR1 is a ubiqui-

structures in the brain of Drosophila. They are comparable to the cere-

tously expressed protein that is conserved from Drosophila to humans

bral cortex and cerebellum-like structures in vertebrates and are

with a similar domain arrangement and is composed of several

essential for critical brain functions including learning, memory, atten-

protein–protein interaction domains in signal transduction, SAM,

tion and voluntary movements (Heisenberg, 1998; Farris, 2011).

CRIC, PDZ and PH (Therrien, Wong, Rubin, 1998; Claperon &

In the present study, we attempted to elucidate the molecular

Therrien, 2007). CNKSR1 encodes a connector enhancer of kinase

effect of the CNKSR1 gene mutation in the cells and structures of

suppressor of Ras 1, which acts as a super scaffold for receptor tyro-

MBs to further clarify its function and pathogenesis.

sine kinase in mitogen-activated protein kinase (MAPK) pathways
(Jaffe, Aspenström et al., 2004).
The in vivo interaction of CNKSR1 with various proteins such as

2 | M A T E R I A L S A N D M ET H O D S

RhoA and RALGDS in the MAPK pathway, which have already been
shown to be associated with ID suggested that CNKSR1 may also play
a critical role in neuronal development (Newey, Velamoor, Govek, &
Van Aelst, 2005; Najmabadi et al., 2011).
CNKSR1 was introduced as a candidate gene in syndromic ID for

2.1 | Ethics statement
Ethical approval for this study was obtained from the Ethics Committee
of the University of Social Welfare and Rehabilitation Sciences, Tehran,
Iran. Informed consent was obtained from the living parents of patients.

the first time by Najmabadi et al., and there is no other reported association between the CNKSR1 gene and specific phenotypes or diseases to date. However, mutation in another member of the CNK

2.2 | Clinical ascertainment of family

protein family named CNKSR2, causes X-linked intellectual disability,

Clinical history-taking and physical examination were performed by a

seizure and other symptoms such as attention and language impair-

neurologist and the family was selected for molecular analysis based

ments. Moreover, a genome-wide association study, identified a

on the observed consanguinity.
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TABLE 1

Description of identified variants and bioinformatics pathogenicity prediction (Najmabadi, Hu et al., 2011)

Gene

Protein change

Logit score

SIFT

Polyphen2

Iranian Controls
(800 Ind.)

Status

TRAPPC3

R54Q

2.53

Damaging

Possibly damaging

NA

Not co-segregating

MRPS15

P193A

2.53

NA

Probably damaging

NA

Not co-segregating

CNKSR1

T282fs

2.53

NA

NA

NA

Co-segregating

BRCA2

L1763V

2.53

Damaging

Benign

NA

Not co-segregating

CRELD2

Splice site

2.53

NA

NA

NA

Not co-segregating

2.3 | Establishment of lymphoblastoid cell lines and
expression studies
Obtaining a continuous source of cells and biomolecules is one of the
major obstacles for genetic studies. To overcome this drawback, we
established lymphoblastoid cell lines (LCLs) by in vitro infection of B
cells from peripheral blood with Epstein Barr Virus (EBV) from healthy
and affected patients according to standard protocols. We isolated

one against the C-terminus of CNKSR1 (NBP1-84420) and the other
against the N-terminus of CNKSR1 (GTX31960). To control the variability, we normalized the immunoblot using a mouse monoclonal
anti-beta Actin antibody (mAbcam 8226). The BM Chemiluminescence

Western

Blotting

Kit

(Roche

Applied

Science,

cat.

no. 11520709001) was used for detection.

total cellular RNA from LCLs using the RNeasy Mini Kit (Qiagen, Hil-

2.5 | Drosophila stocks and maintenance

den, Germany, cat. no. 74104). Complementary DNA (cDNA) was syn-

All of the Drosophila stocks were reared and maintained on standard

thesized using a Revert Aid First Strand cDNA Synthesis Kit (Thermo

wheat cream agar media supplemented with dried yeast granules

Scientific #K1622). UCSC Genome Browser on Human Feb. 2009

under a light/dark cycle of 12:12 h at 25 ± 2  C. The elavc155-Gal4

(GRCh37/hg19) Assembly indicates that human CNKSR1 has three

(#458) and UAS-RNAicnk (#33366) were obtained from Bloomington

protein coding isoforms. The presence of CNKSR1 transcript isoform

Drosophila Stock Center. The OK107-Gal4 was a gift from Dr. BV

1 (NM: 006314) and transcript isoform 2 (NM: 001297647) was ana-

Shyamala, Department of Zoology, University of Mysore, India. The

lyzed in LCLs. It should be noted that, because of complete similarity

elavc155-Gal4 and OK107-Gal4 flies were crossed with UAS-RNAicnk

to other isoforms, transcript-specific primer design for isoform 3 was
impossible. The SYBR Green-based qPCR in the ABI7500 instrument
(Applied Biosystems, Foster City, CA) was performed to investigate
the relative expression level of CNKSR1 transcripts in affected indi-

line in order to perform post-transcription cnk gene silencing in the
brain and MBs, respectively. To achieve maximal GAL4/UAS expression, the fly stocks were kept at 29  C for 72 h. The UAS-RNAicnk line
served as control.

viduals versus controls. For accurate and reliable relative gene expression analysis, we normalized the results using TBP (TATA Binding
Protein) specific primers. The data files were analyzed using 7500
Software v2.0.6.

2.6 | Quantitative RT–PCR analysis of RNAi
knockdown
To evaluate the expression level of cnk transcript in Drosophila, virgin

2.4 | Protein extraction and Western blot analysis
Based on a standard protocol, whole-cell proteins were extracted
using RIPA (radio immunoprecipitation assay) lysis buffer. Proteins
were electrophoresed on 10% SDS–polyacrylamide gels and transferred to PVDF Western Blotting Membranes (Roche Applied Science,
cat.no. 000000003010040001). We used two polyclonal antibodies,
TABLE 2

Primers used for gene expression analysis by qRT–PCR

elavc155-Gal4 flies were crossed with male UAS-RNAicnk flies. We
extracted total RNA from 50 homogenized heads of the progeny using
TRIzol reagent. The relative expression level of cnk transcript was normalized by the endogenous expression level of rp49. The primers
were designed using the FlyPrimerBank online database and are
shown in Table 2.

2.7 | Immunostaining and microscopy

Primers

Sequence (5´ to 3´)

To determine the role of parental sex on phenotypic variation, we

CNKSR1isoform1 Fwd

GAAATTCACACCACCAGCAATTG

crossed flies in a reciprocal manner. We collected age and sex syn-

CNKSR1isoform1 Rev

CATCCCACCACCACCTGC

chronized flies from OK107-Gal4 > UAS-RNAicnk and control. The

CNKSR1 isoform2 Fwd

GGCCTAGAAATTCACACCACC

adult brains were dissected, fixed in 4% paraformaldehyde, washed in

CNKSR1isoform2 Rev

CCATCCCACCATGTCCCTC

PBS, 0.3% Triton X-100 and then blocked in PAXD (PBS containing

TBP Fwd

GTACCGCAGCTGCAAAATAT

TBP Rev

TGGCTCTCTTATCCTCATGA

cnk Fwd

TGCTCAACATACGGCCATACG

cnk Rev

GCAGATTGTCGTTTTTCAGGTGA

Rp49 Fwd

ATGCTAAGCTGTCGCACAAATG

Rp49 Rev

GTTCGATCCGTAACCGATGT

Fwd, Forward; rev, Reverse.

5%BSA, 0.3% TritonX-100 and 0.3% Sodium Deoxycholate) for
2 hours. The primary antibodies used were 1:200 mouse anti-FASII
(1D4) and 1:20 rat-anti-Elav. The brains were incubated in primary
antibodies overnight. Secondary antibodies conjugated with Alexa
Fluor 488 and Alexa Fluor 647 were used at 1:400 dilution. Stained
brains were mounted on slides in Vectashield mounting medium.
These preparations were imaged using a Leica TCS SP8 confocal
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FIGURE 2

Clinical appearance of patients. Three patients in the subject's family with microcephaly, short stature, profound intellectual disability,
myopia, strabismus, cerebellar hypoplasia, and quadrupedal gait [Color figure can be viewed at wileyonlinelibrary.com]

microscope. The images were analyzed and measured with ImageJ

Analysis demonstrated that deletion of the C nucleotide at

software (version 1.51n). Finally, the Corrected Total Cell Fluores-

chr1:26382898 in exon 9 results in a frameshift that changes the

cence (CTCF) was calculated for each image using the following

reading frame of subsequent codons and also the introduction of pre-

equation: CTCF = Integrated Density – (Area of ROI) × Mean Fluo-

mature termination codons (PTCs) downstream of the mutation which

rescence of Background Readings.

could lead to protein truncation or nonsense-mediated decay (NMD).
Comprehensive clinical assessment of the family being studied
demonstrated microcephaly, short stature, profound intellectual dis-

3 | RESULTS

ability, ataxia, aggression, and quadrupedal gait (Figure 2). Magnetic
resonance imaging (MRI) revealed cerebellar hypoplasia in the

In Silico translation analysis for homozygous T282fs mutation in

patients. The clinical characteristics of all affected individuals are

CNKSR1 gene was performed using the ExPASy Translate tool.

listed in Table 3.

TABLE 3

Clinical characteristics of affected individuals in the family

Feature

IV: 2

IV: 4

IV: 7

Gender

Male

Male

Female

Age* (Y)

25

20

13

HC (cm)

49 (−4.8 SD)

51 (−3.0 SD)

47 (−5.2 SD)

Height (cm)

152 (−3.4 SD)

158 (−2.6 SD)

134 (−3.3 SD)

Head Control (M)

10

8

7

Standing (M)

30

30

24

Walking (Y)

6

5

6

Speaking (Y)

4

4

4

IQ

15

19

16

MRI

Cerebellar hypoplasia

Cerebellar hypoplasia

Cerebellar hypoplasia

Ataxia

+

+

+

Gait

Quadrupedal gait

Quadrupedal gait

Quadrupedal gait

Behavior

Aggression

Aggression

Aggression

Eye

Strabismus/Myopia

Strabismus/Myopia

Strabismus/Myopia

Speech

<5 words

<10 words

<5 words

*Age at the time of examination.

Y, years; HC, head circumference; SD, standard deviation; cm, centimeter; m, months; IQ, intelligence quotient; MRI, magnetic resonance imaging.
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FIGURE 3 qRT–PCR analysis. qRT-PCR results using isoform-specific primers (a) NM: 006314, transcript isoform 1 and (b) NM: 001297647,
transcript isoform 2, show a significant decrease in CNKSR1 transcripts in the affected individuals (IV:2, IV:4). Relative mRNA quantification was
determined by comparison to reference gene expression levels in TBP (TATA Binding Protein)

To understand the pathophysiology of CNKSR1 mutation, we have

lysates from the controls and the heterozygous father (III:3) but not from

investigated mRNA and CNKSR1 protein expression in cell lines derived

the affected individuals (IV:2, IV:4). Therefore, we used CNKSR1 N-

from the patients and controls. Quantitative investigation of mRNA level

terminus antibody to further explore whether the protein is truncated or

expression by qRT–PCR in derived cell lines indicated a reduction of

totally absent but we could not detect CNKSR1 in patients’ cell lysates

CNKSR1 transcripts in the patient's cell line (Figure 3). There were no

(IV:2, IV:4) (Figure 4). These observations indicated the lack of CNKSR1

detectable and significant differences in expression level of CNKSR1

protein in lymphoblastoid cells derived from affected patients with a

transcripts between the control and the heterozygous father. To survey

homozygous T282fs mutation in the CNKSR1 gene which led to NMD.

CNKSR1 protein expression levels, we performed a western blot analysis

For evaluation of RNA interference mediated cnk gene knockdown

on cell lysate from lymphoblastic cell lines derived from patients, hetero-

efficiency, we employed one of the most commonly used pan-neuronal

zygous carrier and healthy unrelated control. We used two different anti-

drivers, elavc155-Gal4, which activates gene expression throughout the

bodies, C-terminus (NBP1-84420) and N-terminus (GTX31960), which

nervous system. Target mRNA reduction was corroborated by qRT–PCR

can bind to both isoform 1 and 2 simultaneously. First, we used anti-

(Figure 5a). In the Drosophila brain, mushroom bodies (MBs) were shown

bodies against the C-terminus. CNKSR1 79 kDa protein was detected in

to be centers associated with learning, short- and long-term memory

Detection of β-actin and CNKSR1 protein levels by western blots of whole cell lysates from lymphoblastic cell lines. Results of
western blotting using (a) mAbcam 8226 specific for β-actin, (b) NBP1-84420 antibody specific for CNKSR1 C-terminus, and (c) GTX31960
antibody specific for CNKSR1 N-terminus are shown. β-actin shown as normalization control. The wild-type CNKSR1 is absent in the affected
individuals (IV:2, IV:4)

FIGURE 4
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FIGURE 5

Analysis of cnk downregulation in the Drosophila brain. (a) Confirmation of knockdown efficiency by qRT–PCR. Total RNA of fly head
was extracted from Elavc155/+; UAS-RNAicnk/+. The results revealed that cnk transcript expression was only 20–25% in knocked down flies.
(b) Confocal microscopy of the brains and mushroom bodies from UAS-RNAicnk/+; OK107-Gal4/ + co-stained with FasII and Elav. Cnk RNAi
knocked down flies showed evidence of reduced size of mushroom bodies in comparison with UAS-RNAicnk control. (c) MBs from UAS-RNAicnk/
+; OK107-Gal4/ + displayed a significant reduction in intensity of corresponding fluorescent signals. Scale bar, 50 μm. (d) Light microscopy eye
structure of flies showed that RNAi-mediated knock down of cnk induced irregular and small eye phenotype in adults from UAS-RNAicnk/+;
OK107-Gal4/ + compared with UAS-RNAicnk control [Color figure can be viewed at wileyonlinelibrary.com]

(Heisenberg, 1998; Kurusu et al., 2000; Farris, 2011). Here, we investi-

protein for the MAPK signaling pathway, thereby playing an important

gated the possible effect of the cnk gene in MB architecture and organi-

role in assembling signaling molecules and enhancing the efficiency of

zation using the UAS-Gal4 system with FasII antibody to visualize

intracellular signaling pathways. CNKSR1 contains four domains

neurons of the MB and elav to visualize all neuronal nuclei. Investigation

named SAM, CRIC, PDZ and PH which interact with various proteins

of phenotypic characteristics of adult offspring of OK107-Gal4 and UAS-

in the signaling network (Therrien et al., 1998). The characteristics of

RNAicnk crosses revealed a mutant eye phenotype which is greatly

CNKSR1 as one of the most important scaffold elements in maintain-

reduced in size, although not completely missing (Figure 5d). Afterwards,

ing the integrity of the MAPK pathway, cannot be ignored. The Rho

analysis of confocal images of the brains from six adult offspring demon-

family of GTPases in mammals comprises 20 members, and Cdc42,

strated a significant reduction, approximately three-fold, in the size of

Rac1, and RhoA are the members which have been studied in detail.

MBs in cnk RNAi (Figure 5b, c). There were no significant differences

Rho GTPases accomplish several vital functions such as regulation of

between offspring from reciprocal crosses. This observation might be

actin structures, cell adhesion and motility (Nobes & Hall, 1995). The

explained by the reduction of the number or degeneration of neurons
due to the cnk knockdown in MBs, which may lead to cognitive
impairments.

neuronal morphology of dendritic spines, which are commonly
affected in ID, are modulated by Rho GTPases (Verpelli & Sala, 2012;
Ba et al., 2013). The PH domain of CNKSR1 interacts with Rho.
Depletion of CNKSR1 or single amino acid substitutions in the PH

4 | DISCUSSION

domain impair Rho-dependent transcriptional activation (Jaffe, Aspenström et al., 2004). RalGDS encodes Ral guanine nucleotide dissocia-

CNKSR1 was first reported as a candidate gene in ARID in an Iranian

tion stimulator which interacts with CNKSR1 by the N-terminal SAM

family (Najmabadi et al., 2011). CNKSR1 gene encodes a scaffold

and CRIC domains and acts in Ral signaling downstream of Ras
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(Therrien et al., 1999). RALDGS was identified as a candidate gene in

The eye of Drosophila has been used productively as a model for

ID (Najmabadi et al., 2011; Hill et al., 2016). On the other hand, results

clarification of the mechanisms of neural development and under-

of previous studies indicate that alteration of gene expression in

standing signal transduction pathways (Domínguez, Wasserman et al.,

members of the MAPK pathway can relate to ID (Kaufman et al.,

1998; Voas & Rebay, 2004). CNK scaffold protein is co-expressed and

2010; McMillan et al., 2012). The reported relations with other pro-

interacts with RAS in the Drosophila eye and overexpression of CNK

teins involved in the MAPK pathway could suggest CNKSR1 as a

or disruption of this interaction can lead to rough-eye phenotypes in

potential underlying factor in the etiology of ID. Thus, we believe that

Drosophila (Therrien et al., 1998; Therrien et al., 1999). The Ras-MAPK

CNKSR1 is one of the critical members of the intracellular signaling

pathway has been shown to play an important role in cell proliferation

pathways and its loss-of-function can cause cognitive perturbation. In

and survival in the eye of Drosophila (Halfar et al., 2001). There

silico translation analysis demonstrate that detected variant in

are seven “master control” genes involved in the development of

CNKSR1 gene causes the introduction of a premature termination

Drosophila’s compound eyes – Pax6 homologs Eyeless (Ey) and Twin

codon (PTC) in CNKSR1 mRNA which can lead to protein truncation

of Eyeless (Toy), the Pax2 homolog Eye Gone (Eyg), the Six homologs

or nonsense-mediated decay (NMD). However, according to the loca-

Sine Oculis (So) and Optix, Dachshund (Dac) and Eyes Absent (Eya) –

tion of PTC, when the translation machinery halts at the first stop

which are controlled by epidermal growth factor (EGF) signaling in the

codon which is located far upstream of the last exon-exon junction,

Ras-MAPK pathway (Kumar & Moses, 2001; Lusk et al., 2017). Inter-

the NMD machinery, a sophisticated surveillance pathway in eukary-

estingly, three of these genes ey, toy, and dac, are expressed in the

otic cell, can be engaged to initiate degradation of the mRNA to avoid

developing MBs and have critical functions in the structural formation

the translation and accumulation of truncated proteins (Hsu et al.,
2017). We observed significant reduction of CNKSR1 transcripts in
patients compared to controls. The results of immunoblotting
revealed the lack of CNKSR1 protein which were also in support
of NMD.
Ephrins are transmembrane proteins containing a putative PDZ
binding site at the C-terminus which interacts with specific PDZ
domain-containing proteins (Lin et al., 1999). Members of the ephrin
family are involved in various developmental and homeostatic neural
processes such as neurogenesis, synaptic plasticity, cell adhesion and
migration (Klein, 2009). Ephrin B1 is a member of the ephrin family
which interacts with CNKSR1 through the PDZ domain. This interaction promotes cell migration by inducing RhoA-mediated activation of
the JNK signaling pathway (Cho et al., 2014). In vivo gain and loss of
function of ephrin-B1 demonstrate that ephrin B1 plays a crucial role
in migration of pyramidal neurons to the cerebral cortex (Wu et al.,
2009; Dimidschstein et al., 2013). Furthermore, targeting a selected
class of genes by RNAi reveals that PDZ domain-encoding genes such
as cnk are involved in border cell migration in Drosophila (Aranjuez
et al., 2012). Incorrect neuronal migration can cause several brain mal-

of the MBs (Kurusu et al., 2000). We propose that MB-specific Gal4
driven knock-down of cnk can losen the integrity of the MAPK pathway which can also affect expression level of target genes such as ey,
toy and dac _ eye master control genes in developing MBs. The
observed irregular and dysmorphic eyes in Drosophila are likely caused
by downregulation of cnk in the eye due to leaky expression of the
OK107-Gal4 driver, which is part of the eyeless enhancer. The results
of ocular examination have revealed that the affected members of the
family suffer from myopia and strabismus (Table 3).
In conclusion, the CNKSR1 mutation was introduced in an
Iranian family with autosomal recessive intellectual disability.
CNKSR1 encodes a conserved scaffold protein involved in MAPK signal transduction pathway. The absence of CNKSR1 abolishes its
interactions with ID associated proteins and disrupts the integrity of
the MAPK signaling pathway. Our primary hypothesis for the role of
CNKSR1 in ID has been strengthened on the basis of the findings.
We provide some evidence linking CNKSR1 dysfunction to neurological phenotypes in patients. We propose that clinical characteristics
such as microcephaly, cerebellar hypoplasia in patients and the
reduction in MBs size in Drosophila may be due to migration defects
of the neuronal cells. In the following to confirm this hypothesis we

formations and cognitive dysfunction (Gleeson & Walsh, 2000). It is

need to improve our knowledge about the role of CNKSR1 in other

suggested that the reduction in number of neurons may affect neural

animal models. Clearly, we have to challenge these finding using fur-

circuit development of the brain, which is required for cognitive func-

ther experiments including CRISPR/Cas and RNAseq experiments in

tion and adaptive behavior. The MBs are a pair of neuropil structures

neural cell lines and suitable animal models to accumulate stronger

in the brain of insects which consist of densely packed parallel neu-

evidence about the possible role of CNKSR1 in cognitive function.

rons (Kenyon cells). MBs are structures similar to the cerebral cortex
and cerebellum-like structures in vertebrates and are essential for
important brain functions such as learning and memory, so that their
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