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A novel mutation in JARID1C gene associated with

mental retardation
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X-linked mental retardation (XLMR) is an extremely heterogeneous condition that account for 15-25% of

all mentally retarded patients. The nhumber of genes newly reported in relation with this condition has
been rapidly increased in the past years. One of the latest is called Jumoniji AT-rich interactive domain 1C
(JARID1C). This gene encodes for a member of a recently discovered protein family that harbours
DNA-binding motifs, suggesting a possible role in transcriptional regulation and in the modification of
chromatin structure. In this work we describe the results obtained by screening JARID1C gene in 24
mentally retarded males with history of at least two affected males. Remarkably, we have found a novel
missense mutation in exon 10 of the gene that results in a Serine-to-arginine change at amino-acid 451
(S451R). This nucleotide change appears to be restricted to mentally retarded patients, since it has not
been detected in control samples. Familial analysis has confirmed the segregation of this mutation with
mental retardation. Furthermore, sequence alignment analysis with the different members of the human
JARID1 family and with homologous proteins of mouse and fruit fly has revealed that the affected amino
acid is conserved. Our data highlights the importance of reporting mutations in this gene since it might
support the recent findings that implicates JARID1C with XLMR.
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Introduction

Mental retardation (MR) is defined as a disability char-
acterized by significant below average intellectual func-
tioning (IQ<70) in conjunction with significant
limitations in adaptative functioning, that occurs before
the age of 18 years.! The estimated prevalence of MR is
2-3% in developed countries.”? However, more than 50% of
MR cases remain undiagnosed despite extensive investiga-
tion, leaving families without accurate genetic counselling
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or reproductive options, such as prenatal diagnosis.
Clinical observations and the study of large families with
MR males have highlighted the importance of genes
located in the X chromosome. In fact, it is calculated that
X-linked mental retardation (XLMR) may account for
about 15-25% of mentally retarded males.>~> To date,
the collective efforts of many groups have led to the
identification of 59 genes in syndromic and nonsyndromic
XLMR.® From all these genes, JARIDIC (Jumonji AT-rich
interactive domain 1C (MIM 314690)) seems to be one of
the more frequently mutated in patients with XLMR, with
an estimated frequency of 2-3%.” This gene, which
contains 26 exons, is located in chromosome Xpll.2
region; one of the three X chromosome intervals in which
Ropers et al® found that approximately 30% of all
mutations underlying nonsyndromic XLMR are clustered.
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The JARIDIC gene encodes a member of a conserved
protein family, which carries several DNA-binding motifs,
suggesting that it is potentially involved in transcriptional
regulation and chromatin remodelling. Here, we report a
novel JARID1C mutation found in two MR brothers, which
cosegregates with the abnormal phenotype in the family.

Materials and methods

DNA mutational analysis

Mutation screening was performed in 24 mentally retarded
males that belong to different families with a history of at
least two males with significant intellectual impairment.
All families were previously examined by a clinical
geneticist and or a neuropediatrician who excluded the
possibility of a known diagnosis. Moreover, FRAXA and
FRAXE syndromes were molecularly ruled out and a
normal G-banded karyotype was also obtained in all of
them. Genomic DNA was extracted and the complete
JARID1C coding sequence was amplified as described by
Jensen et al.” Of PCR product, 3 ul being combined with
loading buffer, were denatured and electrophoresed in a
12% nondenaturing acrylamide for 2 h at 15-5°C using the
single-strand conformation polymorphism analysis (SSCP)
by genephor (Pharmacia Biotech, Uppsala, Sweden) and
following the manufacturer’s instructions. When an aber-
rant migration pattern was detected, PCR amplification
product was directly sequenced on an automated sequen-
cer (ABI 3100; Applied Biosystems, Foster City, CA, USA).
All the variants detected were further analysed by segre-
gation analysis in the family and/or by screening 250
unrelated control X-chromosomes from Caucasian popula-
tion.

Blood samples and photographic material from the
patients in which a mutation was detected and their family
(mother, father, two sisters and one brother) were collected
after informed consent.

Online prediction programs

The SIFT program (http://blocks.fhcrc. org/sift/SIFT.html)
uses sequence homology to predict whether an amino-acid
substitution will affect protein function and hence,
potentially alter phenotype.’ Results are reported as
‘deleterious or not’ according to scores. The PolyPhen
program (http://genetics.bwh.harvard.edu/pph) uses the
sequence homology and the mapping of the substitution
site to known protein three-dimensional structures.'® In
this case, results are given as ‘benign’, ‘possibly damaging’,
‘probably damaging’, or ‘unknown’.

Results

Mutational analysis of the JARIDIC gene in our 24 patients
affected of MR allowed us the detection of three different
sequence changes. The first one is located in the 5’ UTR
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region of the gene (c.—239G — A) and was also reported by
Jensen et al,” who did not find it in a group of 312 control
X chromosomes. On the basis of these results, the clinical
repercussion of this sequence change is uncertain. The
second change is a previously described polymorphism
located in intron 4 of the JARIDIC gene (c.522 + 19G —A).”
Finally, we have also identified a novel missense mutation
in exon 10 of the gene (c.1353C> G) in one of the patients
also and in his mentally retarded brother. This nonconser-
vative substitution replaces a serine with an arginine
(S451R). We have used two online programs, SIFT and
PolyPhen to predict a potential effect on protein function
for this change.®!® The variant was classified as ‘deleter-
ious’ and proposed to be possibly damaging by both
programs, respectively. Moreover, the screening of 250 X-
chromosomes from unrelated normal Caucasian male
population reveals that this change appears to be restrict-
ing to patients, since it is absent in controls. Furthermore,
familial analysis evidenced the segregation of this muta-
tion with MR and that the mother was also carrying the
mutation in heterozygousis. None of the two sisters
inherited the putative mutation so theoretically there is
no risk for their offspring (Figure 1). Both probands were,
respectively, born at term as the fourth and fifth children of
healthy unrelated parents with no MR history in their
families. They are two boys of 16- and 11-year-old that
were referred 10 years ago for fragile X syndrome (FXS) to
our molecular laboratory. Apart from the severe MR (IQ
40-50) they also show mild dysmorphisms, including large
ears with raised lobe, big hands with large fingers and
proximal thumb, prominent and separated superior in-
cisives, scrotal tongue, pectus excavatum, and cubitus
valgus (Figure 2). Both have an overfriendly and anxiety
character. Metabolic screening, CTscan and EEG performed
6 years ago were normal. Neurological examination did not
show any focality or other abnormality and somatic
growth was according to their age.

Discussion
The JARIDIC gene, formerly known as ‘SMCX’, has been
recently found to cause XLMR.” It encodes a protein that
belongs to the highly conserved ARID (AT-rich interaction
domain) family of DNA-binding proteins. Although the
biological implication of this protein family is not yet clear,
it has been demonstrated that they play roles in transcrip-
tional regulation and are supposed to be involved in the
modification of chromatin structure.'"'? Similarly to
MECP2, XNP, RSK2, ZNF41, and ZNF81, the JARIDIC gene
belongs to a group of MRX genes that encode proteins with
a role in the control of gene expression through modulat-
ing the chromatin structure.®

To date only one mutational screening of the JARID1C
gene has been performed among MR patients suggesting



A novel mutation in JARID1C gene
C Santos et al

Figure 1
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that this gene may has an important role in the aetiology
of XLMR.” Our data seems to reinforce these results since
we have detected a novel missense mutation (S451R) in a
family in which it segregates with MR. We hypothesised
that S451R is a disease-causing mutation since it has not
been detected among unrelated control samples and it is
not present in unaffected members of patients’ family. This
missense mutation, as the similar ones reported by Jensen
et al,’ affects an amino acid which is identical in the
different members of the human JARID1 family and in
homologous proteins of mouse and fruit fly (Figure 3).”
Although S451R is not located in one of the conserved
JARID1C domains described and we cannot completely
exclude the possibility of a rare polymorphism, the
replacement of a serine by an arginine alters the charge
of the protein and therefore, it may change its three-
dimensional structure.'® Moreover, the employment of
online prediction programs used to assess the impact of

Pedigree of the family and electropherograms of part of exon 10 of the JARID1C gene. The c¢.1353C> G nucleotide change is indicated

mutations has classified this S451R variant as possibly
damaging. On the basis of all these results, we infer that
the S451R mutation interferes with the correct function of
the protein and that is the responsible of the phenotype
that our patients present. Although clinical data of these
patients are scarce there are several features including
microcephaly, strabismus, hypermetropia, diastema of
teeth, and behavioural or mood problems, that are shared
in all of them. The description of these clinical data is of
interest since JARID1C mutations have been reported in
both syndromic and nonsyndromic XLMR cases. We
highlight the importance of reporting them in order to
clarify if there is a combination of dysmorphic features that
will indicate for a JARID1C mutational screening. Although
this kind of mutational analysis are time consuming, and
only reveal mutations to a limited number of families they
are required since they enhance the diagnostic possibilities
and improve the genetic counselling.
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Figure 2 Phenotypic aspect of the two affected brothers of the family with the S451R mutation. Note the large fingers with very proximal thumbs

and the scrotal tongue.

S451R

|

439 EYGADIHSKEFGSGFPVSDSKRHLT 463
429 EYGADIHSKEFGSGFPVSNSKQNLS 453
408_EYGADISSKDFGSGFPVKDGRRKIL 432
561 EYGADIASKEFGSGFPVRDGKIKLS 585
439 EYGADIHSKEFGSGFPVSDSKRHLT 463
563 EYGADLHTMDHGSGFPTKSSLYLLP_ 587

Hs_JARIDI1C
Hs_JARID1D
Hs_JARID1A
Hs_JARIDI1B
Mm_Jaridilc
Dm_Lid

Figure 3 Partial amino-acid sequence alignment of the members
of the human JARID1 family (Hs_JARIDTA-Hs_JARID1D), the JARID1C
orthologous protein of mouse (Mm_]Jarid1c), and the homologous Lid
protein of Drosophila melanogaster (Dm_Lid). The missense mutation
detected and its position is indicated by an arrow and in bold letter.
Amino acids different from the JARID1C sequence are in grey.
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