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Background: Bipolar disorder (BD) is highly heritable, polygenic, multifactorial, and has complex genetic het-
erogeneity. This study aimed to identify rare variants contributing to the aetiology of BD in a consanguineous
family from Pakistan.

ﬁ:ﬁzag:mty Methods: Genome-wide SNP microarray and whole exome sequencing (WES) were used for variant identification
. . in a large BD-affected consanguineous Pakistani family.

Pakistani population . . o ) . . .

Reelin Results: In family BF04, we identified three main regions of homozygosity-by-descent (HBD) over 1 Mb in length,

by far the largest being a 43.6 Mb segment on chromosome 7, and, through WES analysis, found one promising
novel homozygous variant in RELN (NM_005045; ¢.2090G>A; p.(Gly697Asp)), within this HBD region segre-
gating in all the BD-affected members.

Conclusion: Based on the clinical and genetic data, the present familial study revealed the plausible contribution
of a novel variant of RELN in association with BD in the affected family. The present study's findings are valuable
in understanding the genetic basis of the multifactorial phenotype BD and pave a better path for future functional
studies.

1. Introduction features as major depressive disorder (MDD), showing persistent feel-

ings of sadness and low mood, fatigue, hopelessness, and social with-

Bipolar disorder (BD) is a severe mental illness characterised by
unpredictable mood swings that fluctuate between periods of mania and
depression (Bipolar Disorder Type I, BD-I) or hypomania and depression
(Bipolar Disorder Type II, BD-II) (Kerner, 2014). Mania is a phase of an
abnormal and persistent state of elation and irritable mood with
increased goal-oriented activity and energy, while in the hypomania
phase, the threshold and severity of symptoms are lower compared to
the manic phase, are not comorbid with the psychotic signs, and do not
require hospitalization (American Psychiatric Association, 2013; Vieta
et al., 2018). The depressive phase presents the same signs and clinical

drawal that affect daily tasks, sleep, and appetite (American Psychiatric
Association, 2013).

Psychiatric disorders such as BD have strong genetic inheritance, as
demonstrated in numerous familial genetic studies, including twins and
adoption studies. The estimated BD heritability is around 70%-90%
(Smoller and Finn, 2003), with increased risk in first-degree relatives,
and higher in a monozygotic (MZ) twin of a patient compared to a
dizygotic (DZ) twin (MZ twins share 100% of DNA while DZ twins share
50%) (Smoller and Finn, 2003). However, segregation studies in BD-
affected families have been unable to determine a clear ‘Mendelian
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pattern of transmission’ for BD (Smoller and Finn, 2003), implying a
more complex mode of transmission (Lan et al., 2007; Rice et al., 1978).

Many genetic studies have identified numerous genetic factors as
candidate genes and highlighted the role and contributions of their ge-
netic variations (polymorphisms or mutations), which range from
smaller-effect-size (common variants or polymorphisms) to larger-
effect-size (rare mutations), with a significant role in the aetiology of
psychiatric disorders (Wray and Visscher, 2010; Yang et al., 2011). Next-
generation sequencing (NGS) methods have further advanced our un-
derstanding of the contribution of genetics by identifying de novo mu-
tations, single-nucleotide polymorphisms (SNPs), copy number
variations (CNVs) (Kataoka et al., 2016; Toma et al., 2018), and rare
mutations for psychiatric conditions (Goes et al., 2016; Monson et al.,
2017; Rao et al., 2017).

Unfortunately, there is still limited data available on the genetics of
BD in non-European populations, and more specifically in populations,
such as Pakistan, that may have different genetic disease architecture
due to the high proportion of consanguineous marriages (Aadil et al.,
2017; Van Snellenberg and De Candia, 2009). However, survey-based
studies conducted in different rural and urban areas of Pakistan re-
ported approximately 60% of marriages were consanguineous, of which
80% were first cousins (Hussain and Bittles, 1998). In a study of three-
generation BD type I families from Iran, of which 29% were consan-
guineous, the most common pattern of inheritance was autosomal
recessive (Salehi et al., 2017). To date, no autosomal recessive genes or
variants have been reported to be associated with BD. However, for
several syndromic autosomal recessive disorders, e.g. Wilson disease
(MIM 277900), symptoms of bipolar disorder have been reported
frequently (Carta et al., 2025). The present study aims to identify
candidate pathogenic variant(s) in Pakistani BD-affected families, using
genome-wide SNP microarray and high-throughput next-generation
sequencing, specifically using whole-exome sequencing (WES).

2. Materials and methodology
The current study was approved by the Ethics Review Board of the

Department of Biosciences, COMSATS University Islamabad, Pakistan
(CIIT/Bio/ERB/19/84, 25-03-2019) and by the institutional research

()
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ethics board of Centre for Addiction and Mental Health (CAMH), Tor-
onto, Canada (#047/2020). All the subjects were informed about the
study objectives, and written consent was obtained from the subjects.
The privacy rights of all the participants were kept under consideration,
and their identity was anonymized.

2.1. Family recruitment, blood sample and data collection

2.1.1. Family BF04

Family BFO4 was a bipolar-affected family, recruited from the Wah
Cantonment area of Pakistan. The family's pedigree is represented in
Fig. 1, and the recorded clinical features and demographics of the BF04
family are given in Table 1. The selection criteria for the BFO4 family
were based on having multiple BD-affected members in the family. The
subjects were diagnosed according to the standard diagnostic guidelines
explained in the International Classification of Diseases, Tenth Revision
(ICD-10), by qualified registered psychiatrists of the Pakistan Institute of
Medical Sciences (PIMS) hospital, in Islamabad, Pakistan.

In the family (Fig. 1), the proband (II:6) was diagnosed with BD at
the age of 20 years. The mother (III:1) has a history of mild to moderate
depression but was completely asymptomatic for psychosis. It should be
noted that, while the frequency of BD is~0.5% in Pakistan (Xue et al.,
2026), frequency for depression is 29-66% in Pakistani women
(Bhamani et al., 2016). The father (III:2) was unaffected. Individuals
(Iv:1, IV:2, IV:5, IV:7, IV:8, and IV:9) were unaffected siblings of the
proband, and individuals IV:3 and IV:4 were identical twins. Individual
IV:3 was diagnosed with MDD and psychosis, and was on medication,
which was self-discontinued, whereas individual IV:4 presented with
signs of euphoria, had a history of depression, and was diagnosed as
bipolar II (BD-II). Individual IV:4 was currently in a depressive phase
and on medication (Table 1).

Peripheral blood was collected from all the available affected and
unaffected members of family BF04, and genomic DNA was extracted
using the standard phenol-chloroform DNA extraction protocol
(Sambrook and Russell, 2001). Brain Magnetic Resonance Imaging
(MRI) was performed for two of the affected siblings (III:4 and III:6), at
Murree Road IDC Imaging and Lab Services, Islamabad, using multi-
planar, multisequential, non-contrast brain MRI using a Hitachi Aperto

II:1 I1:2

II:2
Cc/T

Iv:1 Iv:2

 § i Iv4
T T/T

¢o0mO0

Vs p IVi6 v:7 IV:8 V-9
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Fig. 1. Pedigree of family BFO4. The genotype of variants [RELN G>A (represented as C>T genotype)] is mentioned below the individuals. The filled circles and
squares are for affected females and males respectively. Generations in the pedigree are represented by Roman numerals and the individuals within each generation

are symbolized by Arabic numerals. An arrow indicates the proband.
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Table 1
Demographics and clinical features of the members of the family BF04.
Sample Relation  Status at the Diagnosed Other ailments /notes/History Gender  Age (yrs) Age at Diagnosed Medication
D time of At the time Onset Age (yrs)
Sampling of sampling (yrs)
BF04- Mother Normal Normal History of mild-moderate depression, Female 69 NA NA Never on
11 history of Head injuries, Age-related medication
insomnia, and blood pressure
fluctuation
BF04- Father Normal Normal History of respiratory tract operation Male 70 NA NA NA
III:2
BF04- Sister Not sampled MDD Mania-like symptoms Female 40 NA NA On medication
v:2 Psychosis
BF04- Sister Depression Psychosis (BD)  Pressured speech, aggression, mood Female 37 Not 35 Self-

v:3 swings, known discontinuation
BF04- Sister Euphoria/ Depression Pressured speech, aggression, mood Female 37 Not 35 Currently on
v:4 Hypomania and psychosis swings, auditory hallucinations known medication

(BD-Type 2)
BF04- Proband BD-Mania BD-Mania Suicidal thoughts, fearful, talkative, Male 35 20 20 Currently on
1V:6 aggressive, suspicious, grandiosity medication
BF04- Sister Normal Normal NA Female 33 NA NA NA
v:7
BF04- Sister Normal Normal NA Female 31 NA NA NA
1v:8

0.4 Tesla instrument.

2.2. Microarray and homozygosity mapping

The SNP-microarray was performed using the Illumina Infinium
CoreExome-24v1-4_ Al kit (~284,000 SNP markers), followed by
Infinium HTS (high-throughput screening) assay (Illumina, San Diego,
CA). Data was processed using Illumina's GenomeStudio 2.0, with the
CNV partition plug-in for copy number variant analysis. The SNP-
microarray genotype data were analysed to find HBD regions, using
HomozygosityMapper (Seelow et al., 2009).

Homozygosity Mapper generated graphs showing red peaks for pu-
tative HBD regions on several different chromosomes. Each of these
putative HBD regions was also checked at the genotype level to confirm
haploidentity within suspected HBD regions and to exclude false-
positive HBD peaks.

2.3. Whole exome sequencing

Whole exome sequencing (WES) for selected family members [BF04;
III:1 and IV:6] was performed at The Centre of Applied Genomics
(TCAG; www.tcag.ca) sequencing facility. The sequencing library for
DNA samples was prepared using SureSelectXT2 Human All Exon V7,
Agilent, 5191-4007, and SureSelectXT2 Reagent Kit, Agilent, G9621B
kit (Agilent Technologies, Santa Clara, CA). Paired-end multiplex
sequencing was performed on the Illumina NovaSeq 6000 SP sequencer.
Pooled samples were loaded on one lane of the SP flow cell and subjected
to paired-end sequencing, 150 cycles from each end for a total of 300
cycles as per the manufacturer's recommendations. Read alignment, QC
steps, and variant calling were performed as previously described, using
a custom in-house pipeline implemented on the Specialised Computing
Cluster (SCC) at the Centre for Addiction and Mental Health (CAMH)
(Harripaul et al., 2018).

2.4. WES data analysis

We used a filtering approach to identify rare mutations, keeping
minor allele frequency [MAF] <1% (0.01) along with set parameters as
described in Fig. 2. The filtered variants were further categorised mainly
into homozygous and heterozygous variants, which were further anno-
tated based on their functional role in pathogenicity, i.e. the type of
mutation, such as missense variants, frameshift/non-frameshift, stop/
gain, synonymous/nonsynonymous and splice site variants. We also

focused on the HBD regions identified in each family (Supplementary
File, Tables S1 &S2).

2.5. In silico analysis

In addition, HOPE analysis (Venselaar et al., 2010) was performed
for the prediction of the effect of mutation/change of amino acid on
conservation, protein chemistry and 3D structure prediction of protein
caused by relevant mutation and domain changes. The domain anno-
tation predicted from the HOPE analysis was also confirmed in the
SMART (Simple Modular Architecture Research Tool) and Uniprot da-
tabases. The mutation was also checked in the protein-paint database
(https://proteinpaint.stjude.org) to confirm novelty and that it has not
previously been associated with BD or other psychiatric condition in any
population.

2.6. Segregation validation

Finally, the selected variants from WES data were genotyped via
standard PCR using specific primers (Supplementary File, Table S3), and
the amplified products were Sanger-sequenced for validation. The
segregation of these variants was checked in the available members of
the families.

3. Results
3.1. Family BF04

We were able to recruit seven members (III:1, III:2, IV:3, IV:4, IV:6,
IV:7, IV:8) of the family BF04, who were then sampled. Based on the
clinical presentation of the phenotype, four of the family members (IV:3,
IV:4, 1V:6, 1V:7) were analysed by Illumina Infinium CoreExome SNP
Microarray. For homozygosity mapping, individuals (IV:3, IV:4, and
IV:5) were taken as cases, and individual (IV:7) as a control. Homo-
zygosityMapper indicated three candidate HBD regions, on chromo-
somes (Chr) 3, 7, and 20 (Fig. 3). The HBD regions/loci details are
provided in (Supplementary Table S1).

Whole exome sequencing was performed for the proband (IV:6) and
mother (IIl:1). The steps followed for WES variants filtration are indi-
cated in Fig. 2. Two variants were obtained after filtration and annota-
tion of exome sequencing data; (i) a homozygous non-synonymous SNV
in RELN (Reelin), (7:103276895C>T (hgl9); NM_005045.4:
¢.2090G>A; p.(Gly697Asp)), located on Chr 7, and (ii)) a homozygous
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Parameters for Annofation and Variants Prioritization

4

Initially filter all variants that pass QC as per GATK Best Practices guidelines
(Approximately more than ¥ lacs variants in each raw file)

!

Filtered Exonic and Exonic splice site variants
BFO-III:1; n:25915 variants
BFO4-IV:6; n: 24967 varants

Remove variants of MAF = 0.01
BFM-III:1; n:625 variants
BFM-IV:6; n:613 vanants

:

Secondary filtration: Variants prioritization
(Filtration based on Pathogenicity scores )
StopiGain Variants
*| (Polyphen2 0.8 — ADFPRHL1 _
Mutation Taster =0.8 c.G138A, p.W33X (homozygous)
CADD =20}
| Frameshift Variants . No pathogenic variants
(Frameshift only ) mutation was obtained in any of
the families
Missense Variants
’ Puilz";huﬂ?h 8 ]
Mutation Taster 0.8 . RELN
CADD =20 T e G2090A p.GASTD (homozygous)
FATHMM 0.8
Mutation Assessor 0.8
M-CAP =0.025

Fig. 2. Flow chart showing variant filtration steps from the whole exome sequencing data in Family BF04. The score mentioned represents the cut-off values for each
type of variant which describes the pathogenicity/deleterious mutation. MAF: Minor allele frequency, n: number of variants, c. Chromosomal position, p. Amino acid
position, RELN: Reelin, ADPRHLI1: ADP-Ribosyl hydrolase Like 1, Polyphen2: Polymorphism phenotyping v2, CADD: Combine annotation dependent, FATHMM:
Functional analysis through hidden Markov model (v2.3), M-CAP: Mendelian Clinically Applicable Pathogenicity.

stop/gain variant in ADPRHLI (ADP-Ribosyl-hydrolase Like 1),
(13:114107595C>T; NM_138430.4:c.158G>A:p.Trp53*), located on
Chr 13. The RELN variant was found within the 43.6 Mb HBD region
(Supplementary Table S1) and segregated in the BD-severely affected
family members, as confirmed through Sanger sequencing. An addi-
tional variant within the Chr 7 HBD region (CALD1; 7:134617932C>A;
NM_033157.4; c.412C>A; p.(Gln138Lys)) was excluded, as most pre-
dictive algorithms suggest the variant is benign/tolerated (Supplemen-
tary Table S2). The details of the WES variants are provided in Table 2.
Integrated Genomics Viewer (IGV; https://www.broadinstitute.org/sci
entific-community/software/integrative-genomics-viewer) images of
variant reads are represented in (Supplementary File, Fig. Sla & b), and
the chromatograms are represented in (Fig. 4 & Supplementary File,
Fig. S2). The RELN c.2090G>A is only present in the gnomAD South
Asian data, with the minor allele frequency (MAF) = 0.0006816 and no
reported homozygotes (gnomAD v4.1.0; accessed 12 Jan 2026). Copy
number variations (CNV) analysis did not identify any likely candidate
genomic variants.

3.2. In silico protein analysis of RELN Gly697Asp

To predict the effect of the identified variant p.(Gly697Asp) that was
located in the protein-coding region (exon 18) of the human RELN gene,
including the effects on protein conformation or 3D structure, in silico
protein analysis was performed via HOPE. This provides insight into the
predicted effects of amino acid change on protein chemistry and
mechanism. The normal and mutant 3D structures of the RELN protein
are represented in (Fig. 5a, b& c). The change in an amino acid residue p.
(Gly697Asp) is shown in Fig. 6. Each amino acid carries different
properties depending upon its size, charge, and hydrophilic and hy-
drophobicity value. In our current findings in the RELN gene, the wild-
type (normal) residue (glycine; G) has been replaced by aspartic acid
(D), at position 697 in the Reelin protein. The mutant residue (aspartic
acid) is larger than glycine (wild-type residue) and is negatively
charged, while glycine is neutral and has greater hydrophobicity than
aspartic acid.

Gly697Asp is located in one of seven EGF (epidermal growth factor)
domains, which is 29 amino acids long (position 673-701). The domain
annotation predicted from the HOPE analysis was also confirmed in the
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Fig. 3. Graphical representation of homozygosity mapping results using HomozygosityMapper. Plot showing shared homozygous regions as red bars on chromo-
somes 3, 7, and 20. The top x-axis of the graph represents the chromosome number. The y-axis represents a threshold homozygosity score of 0.8 [scores below 0.8 are
non-significant (black lines), while those above 0.8 are suggestive homozygous regions (red lines)].

Uniprot and SMART databases (Supplementary File, Fig. S3). Moreover,
the wild-type residue (Gly) is conserved across vertebrate lineages
(UCSC genome browser, Supplementary Fig. S4). Based on HOPE con-
servation scores as well as a wide range of predictive algorithms
including AlphaMissense, CADD, Polyphen2, ClinPred, and M-CAP (see
Supplementary Table S2), p.(Gly697Asp) is likely to be damaging to the
Reelin protein function and/or stability.

EGF repeats are commonly found in either secreted proteins or the
extracellular domain of membrane proteins. The domain's three-
dimensional structure is encoded by six cysteine residues that form
three disulfide bonds. Many EGF domains carry posttranslational mod-
ifications, specifically O-glycans, which are often critical for the correct
function of the protein (Haltom and Jafar-Nejad, 2015). The Gly697
residue lies within a motif for O-glycan N-acetylglucosamine (GlcNAc)
addition (consensus motif: CXXGX(S/T)GXXC; RELN: CDPGFSGPAC;
G697 residue in bold type) (Haltom and Jafar-Nejad, 2015). This
consensus motif forms a B-hairpin that has a structural role in the protein
(Copley et al., 2001; Ranaivoson et al., 2016). Thus, the substitution of
an aspartic acid residue at Gly697 in the consensus motif would likely
disrupt this motif, prevent GlcNAc addition, and disrupt the function of
this EGF domain.

Additionally, the p.(Gly697 Asp) mutation is not listed in the protein-
paint database (Fig. 6), and it has not previously been associated with
BD or any other psychiatric condition in any population, according to
the protein-paint database (www.proteinpaint.stjude.org), which sup-
ports the novelty of this variant.

4. Discussion

Family BF04 was a BD-affected consanguineous family, in which an
autosomal recessive mode of inheritance was consistent with the
observed segregation of BD. In the studied family (BF04), two variants
were obtained after filtration and annotation of exome sequencing data,
which include a missense variant in RELN (NM_005045; ¢.2090G>A; p.
(Gly697Asp)) and a stop/gain variant in ADPRHL1 (c.158G>A:p.
Trp53*). ADPRHL]I is not a known gene for psychiatric disorders such as
MDD, BD, and SCZ and has low expression in the brain; the variant also
did not segregate with the disease in the family. On the other hand,
RELN (c.2090G>A), as expected, given its location with a large HBD
region, was found to segregate with BD in the affected members. In the

family, the parents were heterozygous (G/A), while all the affected
members were homozygous (A/A), and the available healthy sibling
carried a homozygous wild-type allele (G/G) for the identified variant
(NM_005045; ¢.2090G>A) in RELN.

RELN lies within the identified homozygous region (43.57 Mb) on
chromosome 7, indicated by the run of homozygosity in the family.
Through joint meta-analysis, this 7q22 region has previously been re-
ported in association with BD and SCZ (Badner and Gershon, 2002), and
this has been further corroborated through other studies reporting RELN
association for SCZ (Luo et al., 2019; Sobue et al., 2018; Yin et al., 2020),
and BD (Goes et al., 2010; Ovadia and Shifman, 2011). In addition, RELN
has also been observed in association with other neurological disorders,
including autism spectrum disorder (ASD), (Lammert and Howell,
2016), autosomal dominant epilepsy (Fang et al., 2022; Michelucci
et al.,, 2017), and autosomal recessive neuronal migration disorders
(Guerrini and Parrini, 2010). ClinVar (www.ncbi.nlm.nih.gov/clinvar/;
accessed 19 Jan 2026) lists 62 RELN variants as either pathogenic or
likely pathogenic for autosomal recessive lissencephaly or Norman-
Roberts syndrome, all of which are loss-of-function (LoF) or likely
LoF; 31 variants either pathogenic or likely pathogenic for familial
temporal lobe epilepsy 7 (autosomal dominant), predominantly LoF/
likely LoF, but with three missense variants included; two missense
variants for neurodevelopmental disorder, either as a variant of uncer-
tain significance or conflicting classification of pathogenicity; also one
variant as likely pathogenic for schizophrenia. RELN is considered a
“high confidence” gene for ASD, with an SFARI score of 1 and an Eagle
score of 7.2, with 228 variants reported (gene.sfari.org/datab
ase/human-gene/RELN; accessed 19 Jan 2026).

However, in the current study, the variant (c.2090G>A; p.
(Gly697Asp)), found in exon 18 of RELN, has not been reported previ-
ously with any of the above-mentioned disorders and is present at a very
low frequency in gnomAD v4.1.0 control populations (MAF = 6.816E-04
in South Asians, MAF = 3.908E-05 overall, and a single homozygote in
over 800,000 individuals). Moreover, there are currently no reports of
this variant in ClinVar (accessed 4 Oct 2023), though other missense
variants close by, and even within the same EGF domain, have been
listed in ClinVar as variants of uncertain significance, in association with
Lissencephaly 2 (autosomal recessive; also known as Norman-Roberts
syndrome) and epilepsy. Brain MRI for two of the affected siblings
(I:4 and II:6) show no signs of lissencephaly or pachygyria
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= 2y found in the current study, p.(Gly697Asp), is in one of the seven EGF
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Mutant

Fig. 5. 3D Structure (ribbon presentation) of Reelin protein. (a) Ribbon presentation of Reelin protein (normal). Blue represents the a-helix, red represents p-strands,
the turns are coloured green, the 3/10 helix is coloured yellow and the random coils are in cyan. (b) Ribbon presentation of Reelin protein (mutant) in grey. The side
chain of the mutated residue (glycine to aspartic acid) is represented as a small ball in magenta. (c¢) The figure shows the glycine (G) amino acid change into aspartic
acid (D). The backbone is red (the same for each amino acid), while the side chain is unique and the change in an amino acid is black. In the ribbon structure, the
protein is in grey, green represents wild-type G residue and red represents mutant (D) residue.
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Fig. 6. The figure shows reported mutations of Reln. The image was obtained via the Protein Paint tool (PeCan Data Portal: https://proteinpaint.stjude.org).

domains, 29 amino acids long (position 673-701). The mutation was
analysed using the HOPE tool, which showed that the wild-type residue
(G) is fully conserved across vertebrate evolution (Supplementary
Fig. S4), as are all the other GlcNAc O-glycan addition motif residues,
critical for its interactions and binding to other molecules, suggesting
that the 697Asp variant would likely be damaging to the Reelin protein
function. Moreover, the differences in chemical nature and physical
properties within a 3D protein structure of Asp versus Gly would also
support the likelihood of this disruption, because the Gly (wild-type)
residue is the most flexible among all residues and this flexibility is
usually necessary for the protein function. Aspartic acid, however, at
this position in the EGF domain could potentially disturb and abolish the
domain function. Studies have indicated multiple functions of Reelin in
the brain, where it plays a critical role during the development of

synapses and their regulation (synaptic plasticity), as it is integral for the
proper positioning of neurons, postnatally (Lammert and Howell, 2016).
It is also important for neuronal migration learning, memory (Beffert
et al., 2005), and the formation of spines in the adult brain (Ovadia and
Shifman, 2011). Thus, the substitution of an Asp at Gly697 in the
consensus motif would likely disrupt this motif and lead to preventing
GlcNAc addition, subsequently disrupting the function of this EGF
domain, which might result in impaired Reelin function and increase the
susceptibility for BD.

Additionally, a few studies have identified other RELN variants;
however, among the reported data, a study by Goes et al. (2010) high-
lighted the sex-specific transmission of an intronic SNP rs362719 (risk
allele C) in RELN, particularly associated with BD in females. Moreover,
some functional studies have also determined the lower expression of
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reelin mRNA and protein levels in GABAergic neurons of patients with
BD and SCZ (Fatemi et al., 2000; Guidotti et al., 2000; Veldic et al.,
2007), which is influenced by epigenetic modifications, specifically the
hypermethylation of CpG island upstream of the promoter sequences, in
the prefrontal cortex of patients with BD and SCZ (Grayson et al., 2005),
thus suggesting an association with BD and SCZ susceptibility.

Thus, the current study provides support for the association of RELN
to BD aetiology, which is also reported by previous studies. However,
the reported variant in the current study is novel. Despite this, there are
some limitations to our study; first, our findings are based on only one
consanguineous BD-affected family, thus establishing causality within a
single family is not realistic unless supported by animal model data.
Second, we were unable to fully evaluate in detail the relationship be-
tween variant and phenotype within the same family due to the un-
availability of an affected female (III:2) sample. Third, WES focuses on
coding regions and thus misses crucial regulatory regions of the genome,
including RELN intronic variants that could be etiologically relevant in
the case of the family BF04.

5. Conclusion

To sum up, we identified the rare variant NM_005045; c.2090G>A;
p-(Gly697Asp) in the gene RELN, which has not previously been re-
ported in association with BD. While a range of phenotypes, including
lissencephaly, polymicrogyria, myoclonic dystonia, epilepsy, as well as
autism and schizophrenia have been reported in association with rare
damaging heterozygous RELN variants, to date only lissencephaly,
cerebellar hypoplasia, and pachygyria have been reported for biallelic
variants. The BF04 family with a homozygous missense RELN variant
show no signs of these brain anomalies, and instead present with either
BD or psychosis, more akin to some of the reported heterozygous vari-
ants. However, based on the study limitations, future functional studies
are needed to expand this study for a better understanding of the nature
of the identified novel genetic variant. Identifying the RELN-associated
pathways in BD would also be useful and may provide valuable insights
into the role of RELN in BD, with implications for diagnosis, and as
Reelin-based treatments are currently being developed for Alzheimer's
disease (Sandberg et al., 2025) therapeutic optimisation.
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