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 Ceren Damla Durmaz1,2 , Halil Gürhan Karabulut1 , Meram Can Saka3 , Ceren Sucularlı4 , 
Güvem Gümüş Akay5,6,7 , Cem Atbaşoğlu8 , Hatice Ilgın Ruhi1

Genetic Analysis of RASD1 as a Candidate Gene for Schizophrenia

Background: RASD1 encodes Dexamethasone-induced Ras-related 
protein 1 (Dexras1), a protein with a critical role in signal transduction 
in neurons. There is a strong suspicion that dysfunction of Dexras1 
might contribute to the pathogenesis of neuropsychiatric diseases. 
Related to its functions in intracellular signaling pathways, Dexras1 
has a potential role in the etiology of schizophrenia because of its 
close interaction with NOS1, NOS1AP, and NMDAR, which have 
previously been associated with schizophrenia.
Aims: To investigate the association of RASD1 variants with 
schizophrenia  in a selected cohort from Turkey.
Study Design: A case-control study.
Methods: We performed targeted sequencing for the two exons, single 
intron, and untranslated regions of RASD1 gene in 200 individuals 
with schizophrenia  and 100 healthy controls of Turkish origin.

Results: Two rare variants, RASD1 (NM_016084.5): c.722A>T and 
c*31G>A were identified in individuals with schizophrenia  but not 
in any controls. The c.722A>T was found in a single individual with 
schizophrenia and is a missense heterozygous variant in the second 
exon of RASD1, which is extremely rare in GnomAD. The other 
variant, c*31G>A, which was found in another individual from 
this schizophrenia  cohort, has not been reported previously. Seven 
previously identified common single nucleotide polymorphisms were 
also detected; however, they were not significantly associated with 
schizophrenia  in this study cohort.
Conclusion: Our findings suggest that rare variants of RASD1 might be 
contributing to the etiopathogenesis of schizophrenia. Further studies 
are needed to elucidate the underlying mechanism of this association.

INTRODUCTION

Schizophrenia (SCZ) is a psychiatric disorder characterized by chronic 
and recurrent psychosis. The lifetime prevalence of SCZ is about 1%, 
but there may be regional differences.1 SCZ is a devastating disease 
not only for the individual but also for their families and society, and 
according to the World Health Organization, it is classified as one of 
the highest ranking disorders in the global burden of disease.2 The 

disorder is complex and clinically heterogeneous. Nevertheless, in 
spite of the numerous investigations of post-mortem brain tissues 
and functional neuroimaging studies that have been conducted, the 
pathogenesis of SCZ is not clearly understood. Since no biomarker 
is yet available, the diagnosis of SCZ continues to be based on 
clinical criteria.3 The multifactorial nature of SCZ is acknowledged 
by many, and substantial heritability is indicated by studies that 
have shown 40%-50% concordance among monozygotic twins.4 
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Numerous linkage and genome-wide association studies (GWAS) 
have identified genes that are involved in the etiopathogenesis of 
the disorder and revealed a number of loci and candidate genes.5,6 
In addition to the GWAS studies, a large number of studies are 
now focusing on identifying rare variants with potentially broader 
effects.7-9 N-methyl-D-aspartate receptor (NMDAR) dysfunction is 
one of the leading hypotheses for SCZ pathophysiology, and the 
genes encoding NMDARs and many NMDAR-related proteins 
have also been associated with SCZ in GWAS.10,11 NMDARs are 
located in the postsynaptic membranes and are directly or indirectly 
associated with postsynaptic density, of which dexamethasone-
induced Ras-related protein 1 (Dexras1) is a component. Dexras1, 
which belongs to the Ras superfamily of small GTPases, is encoded 
by RASD1, which is an evolutionarily well-conserved gene mapped 
to chromosome 17p11.2, consisting of two exons. Dexras1 is a 
281-amino-acid residue protein, showing 35% homology with 
other Ras proteins.12 Dexras1 is expressed in heart, kidney, liver, 
and, predominantly in the brain.12 In the glutamatergic postsynaptic 
terminal, Dexras1 is a component of the Dexras1-NOS1AP-NOS1 
ternary complex.13 NMDAR-mediated calcium influx activates 
NOS1, resulting in the production of nitric oxide, which leads to 
S-nitrosylation of Dexrasl on cysteine 11 and subsequent Dexras1 
activation. Recent studies suggest that Dexras1 is involved in other 
key neuronal processes, such as regulation of circadian rhythms 
and neuronal iron homeostasis.12,14,15An association between SCZ 
and NOS1, NOS1AP, and NMDAR has previously been shown, 
and this suggests a possible role for RASD1 in SCZ pathogenesis 
since RASD1 has a close functional relationship with all three.16-18 
The specific role of RASD1 in SCZ has been investigated in only 
one study that examined four single nucleotide polymorphisms 
(SNPs), but no association was found.16 Therefore, to the best of 
our knowledge, the association between rare variants in RASD1 
and SCZ has not yet been explored, despite the strong suggestion 
based on the functional relationship. In this study, we investigate 
the role of common and rare RASD1 variants in the etiology of 
SCZ in a Turkish cohort.

MATERIALS AND METHODS

Participants

The study utilized the biobank facility of Ankara University 
Brain Research Center (AUBAUM) to obtain DNA samples. The 
study group included 200 unrelated individuals with SCZ and 
100 unrelated healthy controls who had undergone psychiatric 
evaluation. The individuals with SCZ were among the participants 
of a large gene-environment interaction study: the European 
Network of National SCZ Networks Studying Gene-Environment 
Interactions (EU-GEI). Details of the EU-GEI project are provided 
elsewhere.19 The inclusion criteria for the SCZ group were as 
follows: participants had been clinically diagnosed with SCZ 
according to the operational criteria checklist for diagnosis of 
psychosis and affective disorders in the International Statistical 
Classification of Diseases and Related Health Problems, Tenth 
Revision (ICD-10), had no history of traumatic brain injury or 
alcohol and substance abuse, had no diagnosis of any serious 
comorbid medical conditions, including type-2 diabetes, 

cardiovascular disease, or neurodegenerative disorders, and had 
no intellectual disability or developmental delay based on clinical 
evaluation or estimated IQ scores <70 as measured by the brief 
Wechsler Adult Intelligence Scale, Third Edition (WAIS III). The 
healthy controls had no first-degree family history of major mental 
problems. The exclusion criteria for the controls were the same as 
those for the SCZ group, with the addition of a previous diagnosis of 
any psychotic disorder or previous use of antipsychotic medication 
for any reason. The study was conducted in accordance with the 
Declaration of Helsinki. The study was conducted in accordance 
with the Declaration of Helsinki. The study protocols for both 
the case and control groups were reviewed and approved by the 
Clinical Research Ethics Committee of Ankara University (No: 02-
69-17, Date: 31 Jan 2017; No: I11-706-21, Date: 3 January 2022), 
as well as the Executive Board of the AUBAUM (No: 55, Date: 01 
Feb 2017; No:75, Date:15.12.2021).

Genotyping

For all DNA samples, RASD1 (NM_016084.5) promoter region,20 
5’UTR, two coding exons, intronic and 3’UTR regions were 
amplified by polymerase chain reaction, analyzed by Sanger 
sequencing, and variants were annotated according to GRCh38. 
The primers were designed by Primer3 software21 and are available 
upon request. The BigDye Terminator v3.1 Cycle Sequencing Kit 
on an Applied Biosystems (ABI) PRISM 3130 Genetic Analyzer 
(Thermo Fisher Scientific, Waltham, MA, USA) was used for 
Sanger sequencing and subsequently analyzed by SeqScape 
Software version 2.7 and Sequencing Analysis Software version 
5.1. The minor allele frequencies (MAFs) for detected variants were 
obtained from the Genome Aggregation Database (gnomAD).22 
The potential impact of a rare exonic variant on protein function 
was predicted by Mutation Taster,23 Sorting Intolerant from 
Tolerant (SIFT),24 and combined annotation-dependent depletion 
(CADD) scores.25

Statistical Analysis

A power analysis was performed using the Power Analysis and 
Sample Size software (NCSS, Kaysville, Utah, USA). Assuming 
the alpha error as 0.05, beta-error as 0.10, and Sample Allocation 
Ratio = 2, the power of this study was calculated to be 90%. To 
assess the differences between these groups, chi square test and t 
test for independent samples were used, and results were evaluated 
with 95.0% confidence intervals (CIs) and p < 0.05 was considered 
statistically significant.To test the deviations from Hardy-Weinberg 
Equilibrium (HWE), the observed and expected frequencies were 
compared by a Fisher’s exact test. The association between the 
SNPs and SCZ was investigated for co-dominant, dominant, 
recessive, overdominant, and log-additive inheritance models 
and was evaluated by odds ratios (ORs) with 95% CIs. For the 
assessment of linkage disequilibrium, D, D’, and R statistics were 
calculated. Haplotype associations with SCZ were evaluated by 
OR with 95% CI. SNPStats were used to perform all statistical 
analysis and estimate haplotypes.26

We applied Bonferroni corrections to reduce false-positive 
associations, and the resultant corrected p < 0.0071 for SNPs 
(0.05/7) and p < 0.0083 major haplotypes (0.05/6) were considered 
statistically significant.
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RESULTS

The mean ages were 33.24 ± 8.66 and 35.71 ± 12.3 years for the 
SCZ and control groups, respectively. There was no significant 
difference in age between the study groups (p > 0.05). However, 
gender (139 men and 61 women in the SCZ group; 49 men and 51 
women in the control group) was found to be statistically different 
between the groups (p < 0.001). Male dominance is known in SCZ 
(male/female ratio: 1.4/1), and the gender difference detected in 
this study was thought to be related to this fact.27

Nine variants were identified in different regions of RASD1, 
including one coding variant (rs550585475) and one intronic 
variant (rs139149360). Six other variants were located in the 3’ 
untranslated region (3’UTR) (c*31G>A, rs2232841, rs11545787, 
rs111300422, rs1671822, and rs711352) and one in 5’UTR 
(rs2232839). While eight of these variants were previously 
described in gnomAD, the NM_016084.5 (RASD1):c*31G>A, 
located in the 3’UTR, has been identified for the first time in this 
study. Seven variants were identified in both the SCZ and control 
groups, and these were common in gnomAD with MAF > 1%. 
Conversely, two variants (rs550585475 and c*31G>A) were rare, 
and each of these variants was detected in two different individuals 
in the SCZ group but not in the control group. Two individuals 

with these variants demonstrated a typical SCZ phenotype and did 
not have any unexpected or unusual clinical findings. One of these 
rare variants is a unique variant in the 3’UTR of RASD1, and the 
latter is an ultra-rare variant located in the second exon. Among 
them, the NM_016084.5(RASD1):c.722A>T (p.Asp241Val) 
(rs550585475) variant is a nonsynonymous variant detected only in 
five individuals in gnomAD (MAF: 0.000036) and was located in 
the C-terminal extension of the Dexras1 protein (Figure 1). It was 
predicted to be disease-causing by the MutationTaster (p = 0.99) 
and damaging by SIFT (score: 0). Moreover, the variant achieved 
a CADD score (23.9) >20, which places it among the top 1% most 
deleterious variants in the human genome. Detailed information of 
two rare variants detected in this study is summarized in Table 1.

Of the nine variants, only rs11545787 and rs139149360 were not 
in HWE in the SCZ group. However, rs2232839, rs550585475, 
c*31G>A, rs2232841, rs111300422, rs1671822, and rs711352 
were all in HWE in both groups. Association was explored on 
all variants except for the two rare SNPs, which were observed 
only in the SCZ group. No significant differences were detected  
between the SCZ and control groups for any variants when assessed 
on five different genetic models after Bonferroni correction. Table 
2 details the association analysis data for all variants in the case 

FIG. 1. Illustration of chromosomal locus and gene structure of RASD1, distribution of variants along the gene, the structure of Dexras1 protein, 
evolutionarily conservation status of two rare variants in various species, and electropherograms of the two rare variants.
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TABLE 1. Detailed Information of Rare Variants Detected in This Study

Variant Location SIFT Mutation taster CADD score MAF

NM_016084.5:c.722A>T p.(Asp241Val) Exon Damaging Disease-causing 23.9 0.000036

NM_016084.5:c*31G>A 3’UTR - Polymorphism 12.3 Novel**

MAF, minor allele frequency; CADD, combined annotation-dependent depletion; UTR, untranslated region; SIFT, Sorting Intolerant from Tolerant.
**This variant was not reported before in any database, such as dbSNP, ClinVar, HGMG, GnomAD, or 1000 Genome

TABLE 2. Association Results of Seven Common SNPs of the RASD1 Gene in SCZ and Healthy Controls*

SCZ Controls

Variant Model Genotype Freq (%) Freq (%) OR (95% CI) p-value

rs2232839
(c.-140G>A)
5’-UTR

Co-dominant G/G 160 (80%) 78 (78%) 1 0.90

G/A 37 (18.5%) 20 (20%) 0.90 (0.49-1.66)

A/A 3 (1.5%) 2 (2%) 0.73 (0.12-4.47)

Dominant G/G 160 (80%) 78 (78%) 1 0.69

G/A-A/A 40 (20%) 22 (22%) 0.89 (0.49–-1.59)

Recessive G/G-G/A 197 (98.5%) 98 (98%) 1 0.75

A/A 3 (1.5%) 2 (2%) 0.75 (0.12-4.54)

Overdominant G/G-A/A 163 (81.5%) 80 (80%) 1 0.76

G/A 37 (18.5%) 20 (20%) 0.91 (0.50-1.66)

Log-additive 0.89 (0.53-1.49) 0.66

rs139149360
(c.286+83C>T)
Intron

Co-dominant C/C 195 (97.5%) 97 (97%) 1 0.31

C/T 3 (1.5%) 3 (3%) 0.50 (0.10-2.51)

T/T 2 (1%) 0 (0%) NA (0.00-NA)

Dominant C/C 195 (97.5%) 97 (97%) 1 0.8

C/T-T/T 5 (2.5%) 3 (3%) 0.83 (0.19-3.54)

Recessive C/C-C/T 198 (99%) 100 (100%) 1 0.2

T/T 2 (1%)  0 (0%) NA (0.00-NA)

Overdominant C/C-T/T 197 (98.5%) 97 (97%) 1 0.4

C/T 3 (1.5%) 3 (3%) 0.49 (0.10-2.48)

Log-additive 1.12 (0.35-3.58) 0.85

rs2232841
(c.*76A>G)
3’-UTR

N/A A/A 183 (91.5%) 87 (87%) 1
0.62 (0.29–-1.34)

0.23

A/G 17 (8.5%) 13 (13%)

rs11545787
(c.*161C>T)
3’-UTR

Co-dominant C/C 143 (71.5%) 62 (62%) 1 0.045

C/T 47 (23.5%) 36 (36%)  0.57 (0.33-0.96)

T/T 10 (5%) 2 (2%) 2.17 (0.46-10.18)

Dominant C/C 143 (71.5%) 62 (62%) 1 0.098

C/T-T/T 57 (28.5%) 38 (38%) 0.65 (0.39-1.08)

Recessive C/C-C/T 190 (95%) 98 (98%) 1 0.19

T/T 10 (5%)  2 (2%) 2.58 (0.55-12.00) 

Overdominant C/C-T/T 153 (76.5%) 64 (64%) 1 0.024

C/T 47 (23.5%)  36 (36%)  0.55 (0.32-0.92)

Log-additive 0.81 (0.53-1.24) 0.34
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and control groups. Haplotype estimation was performed using 
pairwise LD analysis, and six haplotypes with a frequency of 
>0.01 were identified: G-C-A-C-G-G-G/G-C-A-C-G-G-C/A-C-
A-T-G-G-G/G-C-A-T-G-G-G/G-C-G-C-C-G-G/A-T-A-T-G-G-G. 
Haplotype-based association analysis between cases and controls 
was also not statistically significant after Bonferroni correction 
(Table 3).

DISCUSSION

SCZ is a complex disease with a heterogeneous etiology consisting 
of considerable genetic contributions and environmental risk 
factors. Currently, one of the popular hypotheses employed in 
genetic studies of common complex disorders is the common 
variant-common disease hypothesis. Depending on this hypothesis, 
numerous multicenter and comprehensive GWAS have been 

TABLE 3. Association Results of Six Estimated Haplotypes Derived from Seven Common SNPs of the RASD1 Gene in SCZ and Healthy Controls

Haplotype Haplotypefrequency† Case, controlfrequency OR (95% CI) p-value 

G-C-A-C-G-G-G 0.42 0.40, 0.48 Referent -

G-C-A-C-G-G-C 0.34 0.38, 0.24 1.82 (1.20-2.78) 0.01

A-C-A-T-G-G-G 0.09 0.09, 0.09 1.16 (0.61-2.20) 0.65

G-C-A-T-G-G-G 0.07 0.06, 0.09 0.71 (0.37-1.36) 0.31

G-C-G-C-C-G-G 0.05 0.04, 0.05 0.90 (0.38-2.13) 0.82

A-T-A-T-G-G-G 0.02 0.02, NA 1.66 (0.43-6.38) 0.46

OR, odds ratio; CI, confidence interval; NA, not applicable.
†Haplotypes with a frequency > 1% were analyzed; p < 0.0083 was considered as statistically significant after Bonferroni correction for six haplotypes  
(p < 0.05/6).

rs111300422
(c.*190G>C)
3’-UTR

N/A G/G 182 (91%)  87 (87%) 1 0.29

G/C 18 (9%)  13 (13%)   0.66 (0.31-1.41)

rs1671822
(c.*457A>G)
3’-UTR

N/A G/G 197 (98.5%)  99 (99%) 1 0.72

G/A 3 (1.5%)  1 (1%)  1.51 (0.15-14.68)

rs711352
(c.*621C>G)
3’-UTR

Co-dominant G/G 73 (36.5%)  50 (50%) 1 0.024

C/G 99 (49.5%)  44 (44%)  1.54 (0.93-2.55)

C/C 28 (14%)  6 (6%)  3.20 (1.23-8.28)

Dominant G/G 73 (36.5%)  50 (50%) 1 0.026

C/G-C/C 127 (63.5%)  50 (50%)  1.74 (1.07-2.83)

Recessive G/G-C/G 172 (86%)  94 (94%) 1 0.031

C/C 28 (14%)  6 (6%) 2.55 (1.02-6.38)

Overdominant G/G-C/C 101 (50.5%) 56 (56%) 1 0.37

C/G 99 (49.5%) 44 (44%)  1.25 (0.77-2.02)

Log-additive 1.67 (1.14-2.46) 0.0071

Freq, frequency; OR, odds ratio; CI, confidence interval; N/A, not available; SCZ, Schizophrenia; p < 0.0071 was considered as statistically significant after Bonferroni correction for 
seven SNPs (p < 0.05/7).
* The two rare variants were not included in the statistical analysis since they were detected only in the SCZ group.

TABLE 2. continued

SCZ Controls

Variant Model Genotype Freq (%) Freq (%) OR (95% CI) p-value
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conducted to identify genetic susceptibility loci. The heritability 
of SCZ is estimated to be nearly 80%.4,28 Nonetheless, studies 
show that the association of common variants account for only 
approximately 25% of the heritability in SCZ.29,30 Therefore, other 
hypotheses are in need of exploration to address the problem of 
missing heritability, which may close the gap between association 
studies and heritability estimates put forward by twin and family 
studies. The widely accepted common disease-rare variant 
hypothesis explores the role of individual rare variants with greater 
functional consequences in common diseases. Several studies have 
looked for contribution of rare variants (defined as those with an 
allele frequency of < 1%) in defining susceptibility to common 
complex diseases and phenotypes since these variants do not 
appear in GWAS.7,31 With the widespread use of whole exome/
genome sequencing technologies, rare variant studies in SCZ are 
also increasing to close the gap between genotype and phenotype 
associations.32,33 In the present case-control study, targeted 
sequencing for all exons, intron and untranslated regions of RASD1 
together with the promoter region was performed, and two rare 
variants were identified. The c.722A>T (p.Asp241Val) variant 
is located in the C-terminal extension of the Dexras1. Although 
Dexras1 contains all the conserved GTPase motifs found in Ras 
proteins, it differs from other Ras proteins by a 7 kDA elongation 
at its C terminus. The Dexras1 C-terminal domain (amino acids 
223-276) is essential for activation and protein interactions.34,35 
Notably, Dexras1 binds with NOS1AP via this unique C-terminal 
domain during Dexras1-NOS1AP-NOS1 ternary complex 
formation. The consequence of the ternary complex formation 
is S-nitrosylation and activation of Dexras1.13 S-nitrosylated 
Dexras1 mediates NMDAR-induced extracellular iron uptake and 
NMDAR-triggered release of the lysosomal iron store.15,36 Since 
NMDAR-dependent calcium signaling is iron-dependent, these 
changes may have an impact on NMDAR signaling, leading to 
psychopathological processes.37 Furthermore, p.Asp241 is located 
in an evolutionarily highly conserved region (Figure 1). Given 
these, it is probable that p.Asp241Val variant of Dexras1 may 
disrupt interaction between Dexras1 and its partners, leading to a 
disturbance of downstream NMDAR signaling cascade.The other 
rare variant discovered in this study, NM_016084.5:c*31 G>A, is 
a rare non-protein-coding variant, which has not been reported in 
our control group or any healthy population database to date. It is 
well-conserved, particularly in mammals, suggesting that it may 
be under some selective pressure (Figure 1). The role of 3’UTR 
in mRNA as a target of numerous regulatory elements, including 
microRNAs, RNA-binding proteins, and long non-coding RNAs 
is well-documented.38 Several studies have demonstrated how 
some SNPs in the 3’UTRs may contribute to the etiology of SCZ 
by disrupting miRNA binding stability.39, 40. Therefore, we used 
miRBase41 to predict potential new miRNA binding sites that the 
variant (c*31 G>A) can create, and miRWalk42 and miRTarBase43 
databases to predict whether the variant affects currently identified 
miRNA binding sites. These in silico analysis showed that the 
variant did not affect either condition.

To date, only one study has explored role of RASD1 variations in 
SCZ, in which rs4924755, rs711352, rs2232841, and rs2232838 
variants in RASD1 gene were examined in individuals with SCZ 
from different ethnic groups. As the quality scores of the data on 
the rs2232841 and rs2232838 variants did not meet the quality 
thresholds, no further analysis was conducted on these two variants. 
The two other variants (rs4924755 and rs711352) examined in this 
study were observed quite frequently in the population and were 
not found to be associated with SCZ.16 However, there is no study 
in the literature evaluating the rare variants of RASD1 in individuals 
with SCZ. The data provided by this study may potentially indicate 
an association between these rare variants of RASD1 and SCZ. 
These findings further cement the belief that genetic studies on 
multifactorial diseases should not be limited to the investigation 
of common variants, and rare variants should be investigated as 
well.Two rare variants found in this study raise the suspicion that 
rare variants of RASD1 might contribute to the etiopathogenesis of 
SCZ. However, our study is limited by the small sample size and 
the lack of segregation analysis and functional characterization of 
these variants. Hence, independent replication studies with a larger 
sample size and functional validations are necessary to pinpoint the 
role of RASD1 in the etiology of SCZ.
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