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Abstract 

It is largely accepted that the genetic susceptibility 

threshold is critical for Juvenile Myoclonic Epilepsy 

(JME) onset and probably reflects the simultaneous 

involvement of multiple genes with minor effect 

interacting with environment factors. The NPSR1 

encoding gene became a high-ranking candidate for 

epilepsy susceptibility, specifically considering a 

recent report of the proconvulsive effects of NPS in 

mice and that gain-of-function NPSR1 

polymorphisms were consistently associated with 

some epilepsy comorbidities, including sleep and 

anxiety. This case/control study was designed to 

investigate whether rs324981, rs2530547 and 

rs727162 NPSR1 polymorphisms are associated with 

JME in the Brazilian population. The polymorphisms 

were genotyped in 97 JME patients and 193 control 

subjects by qPCR using TaqMan® SNP Genotyping 

Assays. Descriptive and statistical analyses were 

performed using SNPstats software. No significant 

differences were observed in the genotypic and 

allelic frequencies of these polymorphisms between 

cases and controls, even when analyses were 

restricted to endophenotypes. By Multifactor 

Dimensionality Reduction (MDR) analysis, we also 

tested for interactions between polymorphisms, 

comparing the patients with the control individuals. 

Even the allele composed by rs2530547C-

rs324981A-rs727162C variants that correspond to a 

highly expressed (-103C) NPSR1 protein, 

characterized by increased signaling properties 

(107Asn and 241Ser), did not differ significantly 

between the groups. These results present no 

evidence for an association of these polymorphisms 

with JME. Further studies including other types of 

epilepsy and/or other functional polymorphisms are 
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required to investigate the possible relationship 

between the NPSR1 gene and genetic susceptibility 

to chronic seizures. 

Keywords:  SNP; Idiopathic Epilepsy; Juvenile 

Myoclonic Epilepsy. 

1. Introduction 

Juvenile myoclonic epilepsy (JME) was 

recognized as an epileptic syndrome in 1989 [1,2] 

and has been among the most common types of 

heritable epilepsies, with an estimated prevalence of 

0.1–2 per 100 000 population [3,4]. The age of onset 

is usually in puberty and the cardinal symptom is 

myoclonic seizure which often occur on awakening, 

with or without other seizure types, such as 

generalized tonic–clonic or absence seizures [5,6]. 

Typical electroencephalography (EEG) features of 

JME include interictal generalized spike-wave 

(GSW) discharges and normal background activity 

[7,8]. Most patients display a good prognosis under 

appropriate pharmacological treatment, but frequent 

seizure recurrence is reported after drug 

discontinuation [9,10]. It is largely accepted that the 

genetic susceptibility threshold is critical for JME 

onset and probably reflects the simultaneous 

involvement of multiple genes with minor effect 

interacting with environmental factors [11–13]. 

Many researchers have used the genetic association 

approach to investigate these JME susceptibility 

genes [14–16]. Most of these studies have been 

directed to candidate genes selected according to 

their molecular function, such as those coding 

neuropeptide (or its receptor) that exert modulatory 

effects on neurotransmission when under conditions 

of excessively high neuronal firing [17].  

The neuropeptide S receptor (NPSR1) is a 

metabotropic 7-transmembrane G protein-coupled 

receptor that, when activated by its endogenous 

ligand, a 20-amino-acid peptide (Neuropeptide S), 

can activate protein kinases and increase the 

intracellular cAMP and Ca2+ level [18,19]. This 

novel peptidergic system is involved in the 

modulation of important biological functions, which 

include arousal [20], anxiety [21,22], food intake 

[23,24], locomotion [25,26], nociception [27], 

memory [28,29], and drug addiction [30]. Given 

these central regulatory roles, even a slight change in 

NPSR function caused by, for example, a functional 

polymorphism in this gene could contribute to the 

occurrence of a neurologic disturbance. 

The NPSR1 gene spans 220 kb of DNA 

sequence on chromosome 7p, containing more than 

1000 SNPs and at least four of them with 

experimental evidence of important functional 

effects [31]. The rs324981 A>T variation has been 

widely studied and results in a change of an amino 

acid (Asn107Ile) in the active center of the receptor 

binding site. Functional characterization of this 

variant showed a 10-fold increase in agonist potency 

in the Ile107 variant (T-allele), leading to higher 

signal transduction efficiency [32–34]. The more 

‘efficient’ T-allele has been associated with several 

conditions, including anxiety [35], fear-related traits 

[36], panic disorder [37], sleep [38], schizophrenia 

[39] and obsessive-compulsive disorder [40]. 

Recently, the functional relevance of some other 

NPSR1 polymorphisms [31] has been characterized.  

The rs2530547 C>T variation is located in the 

promoter region (-103 position) and affects the 

transcriptional activity, as evidenced by both in vitro 

luciferase assay and in peripheral blood leukocytes 

from healthy volunteers. The rs727162 G>C coding 

polymorphism leads to an arginine to serine 

exchange at position 241 (Arg241Ser), which is 

associated with reduced activation of NPSR1 

signaling. Thus, different cis combinations of these 

three functional SNPs should affect disease risk. 

Indeed, it was observed that the rs2530547C-

rs324981A-rs727162C haplotype has a significant 

association with reduced risk of Inflammatory Bowel 

Disease [31].    

Recently, Ramos et al. (2012) [41] reported 

their first experimental evidence regarding the 

involvement of the NPS-NPSR system on the 

epileptogenic process. The authors showed that NPS 

administration in mice (i.v) facilitated the effects of 

pentylenetetrazole (PTZ) by increasing the duration 

of seizures. Thus, considering the proconvulsive 

effects of NPS in mice, we hypothesized that the 

functional polymorphisms corresponding to a gain-

of-function in the NPSR1 protein might influence the 

risk for epilepsy. Here, we conducted a case/control 

study in order to evaluate whether rs324981, 

rs250547 and rs727162 NPSR1 polymorphisms were 

associated with Juvenile Myoclonic Epilepsy. In 

addition, a possible interaction among the three 

polymorphisms was investigated.      

                                                                                    

2. Materials and Methods 

2.1. Patients 

 
A total of 97 patients with JME and 193 normal 

control subjects were included in this study, all 

recruited from the state of Alagoas in northeastern 

Brazil. The study was conducted with the approval of 

the Ethical Committee of the Federal University of 

Alagoas, Brazil (Nº55395216.0.0000.5013). The 

cases and controls were matched according to age, 

sex and geographic location of origin. Individuals 

with a history of epileptic seizures or 
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neuropsychiatric disorders were excluded from the 

control sample. The diagnosis of JME was based on 

a proposal from the Commission on Classification 

and Terminology of the International League Against 

Epilepsy (ILAE, 1989). All patients were submitted 

to EEG analysis and only those with a GSW were 

included in this study. 

2.2 Genotyping 

DNA was extracted from peripheral blood 

leucocytes using the FlexiGene DNA Kit (Qiagen, 

USA). The SNPs rs2530547 (-103), rs324981 

(Asn107lle) and rs727162 (Arg241Ser) were 

genotyped in an ABI Prism 7500 Fast Sequence 

Detection System (Applied Biosystems), respectively 

with TaqMan® SNP Genotyping Assays 

C___2959938_10, C___2959781_10 and 

C___2277753_10, according to manufacturer’s 

instructions. Genotyping for 3 SNPs was performed 

as previously described [31]. 

2.3 Statistical Analysis 

In order to investigate the genetic association 

between case and control groups, SNPstats was used, 

a web-based tool offered by the Biostatistics and 

Bioinformatics Web Unit of The Catalan Institute of 

Oncology [42]. The following parameters were 

analyzed: Allele and genotype frequencies; Hardy-

Weinberg Equilibrium; SNP association with a 

response variable and odds ratio (OR) together with 

a 95% confidence interval (CI).  

The Fisher’s exact test was used to compare 

categoric variable (sex) between case and controls 

groups, calculated by Graph Pad Prism 5 software. 

The statistical power for the present study was 

calculated by G*Power v3.1.3 software [43,44], 

using the following parameters: a logistic regression 

test; two-tailed analysis; a size sample for each SNP 

(rs2530547, n=282; rs727162, n=290; rs324981, 

n=289); a minimum OR = 1.5; and a statistical 

significance level α = 0.05. 

The gene-gene interactions analysis was 

performed using MDR software [45]. Hypothesis 

testing and multiple comparisons adjustment were 

performed using a permutation approach by MDR-

Permutation Testing Software (beta 0.4.5), which 

generates empirical null distribution of prediction 

accuracy and compares it with the value of the final 

best model. We used 10,000 permutations for 

hypothesis testing. Significance was considered at 

both the 5% and 10% level for multivariate and 

MDR analysis. 

3. Results 

Some clinical features of the unrelated patients 

with JME are illustrated in Table 1.  

 
Table 1. Phenotypic features of 97 patients with JME and 

193 healthy controls. 

Parameters 

Patients 

(n=97) 

Controls 

(n = 193) 

p-value** 

Mean age at 

seizure onset 

13.43±4.24 - - 

M:F 33:64 71:122 0.6978 

MS 97 - - 

GTCS 93 - - 

Absence 70 - - 

Monotherapy 64 - - 

MS* 2 - - 

MS + GTCS 24 - - 

MS + Absence 2 - - 

MS + GTCS + 

Absence 

68 - - 

JME (juvenile myoclonic epilepsy); M (male); F (female); MS (myoclonic 

seizures); GTCS (generalized tonic‐clonic seizures); *only MJs; **p-values 

for differences between patients and controls. 

 

 

The data for genotype distribution and allele 

frequencies of NPSR1 rs2530547, rs727162, and 

rs324981 polymorphisms for the patients and the 

controls are summarized in Table 2.  

Genotype proportions and allele frequencies for 

the three variants did not differ significantly between 

the groups (Table 2). The distribution of these 

polymorphisms did not deviate significantly from 

that expected by the Hardy-Weinberg equilibrium, as 

estimated by the Chi-square test (Supplementary 

Table 1). In order to investigate any possible 

association with specific JME characteristics, we 

split the sample and performed the analysis using 

three subgroups of patients with: 1) diurnal 

preferential seizure occurrence (n=73) 

(Supplementary Table 2), 2) the triad of myoclonus, 

absences and generalized tonic-clonic seizures 

(n=68) (Supplementary Table 3) and 4) the 

combination of myoclonus and generalized tonic-

clonic seizures (n=24) (Supplementary Table 3). No 

differences were found comparing each one versus 

the control individuals. By MDR analysis, we also 

tested for interactions between polymorphisms, 

comparing the patients with the control individuals. 

The best model consisted of the interaction among 

SNPs rs2530547, rs727162 and rs324981, showing a 

testing accuracy of 0.5452. The cross-validation 

consistency of this model was 10/10. Permutation 

testing did not differ significantly (p=0.7123). 
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Table 2. Comparative analysis between genotypic 

frequencies obtained in groups of patients with epilepsy 

and controls (without adjustment for gender).  
rs2530547 (n=282) 

Model Genotype Controls Patients OR (95% IC) p-value* 

 

Codominant 

T/T 

T/C 

C/C 

55 (29.3%) 

85 (45.2%) 

48 (25.5%) 

30 (31.9%) 

44 (46.8%) 

20 (21.3%) 

1.00 

0.95 (0.53-1.69) 

0.76 (0.38-1.52) 

0.72 

Dominant T/T 

T/C-C/C 

55 (29.3%) 

133 (70.7%) 

30 (31.9%) 

64 (68.1%) 

1.00 

0.88 (0.52-1.51) 

0.65 

Recessive T/T-T/C 

C/C 

140 (74.5%) 

48 (25.5%) 

74 (78.7%) 

20 (21.3%) 

1.00 

0.79 (0.44-1.43) 

 

0.43 

Overdominant

  

T/T-C/C 

T/C 

103 (54.8%) 

85 (45.2%) 

50 (53.2 %) 

44 (46.8%) 

1.00 

1.07 (0.65-1.75) 

 

0.8 

Log-additive --- --- --- 0.88 (0.63-1.23) 0.46 

rs727162 (n=290) 

 

Codominant 

C/C 

C/G 

G/G 

92 (47.7%) 

87 (45.1%) 

14 (  7.2%) 

54 (55.7%) 

36 (37.1%) 

7 ( 7.2%) 

1.00 

0.70 (0.42-1.18) 

0.85 (0.32-2.24) 

 

0.41 

 

Dominant 

C/C 

C/G-G/G 

92 (47.7%) 

101 (52.3%) 

54 (55.7%) 

43 (44.3%) 

1.00 

0.73 (0.44-1.18) 

 

0.2 

Recessive C/C-C/G 

G/G 

179 (92.8%) 

14 ( 7.2%) 

90 (92.8%) 

7 (7.2%) 

1.00 

0.99 (0.39-2.55) 

0.99 

Overdominant C/C-G/G 

C/G 

106 (54.9%) 

  87 (45.1%) 

61 (62.9%) 

36 (37.1%) 

1.00 

0.72 (0.44-1.19) 

0.19 

Log-additive --- --- --- 0.81 (0.54-1.21) 0.3 

rs324981 (n=289) 

Codominant A/A 

A/T 

T/T 

66 (34.2%) 

89 (46.1%) 

38 (19.7%) 

31 (32.3%) 

43 (44.8%) 

22 (22.9%) 

1.00 

1.03 (0.59-1.80) 

1.21 (0.63-2.42) 

 

0.81 

Dominant A/A 

A/T-T/T 

66 (34.2%) 

127 (65.8%) 

31 (32.3%) 

65 (67.7%) 

1.00 

1.09 (0.65-1.83) 

 

0.75 

Recessive A/A-A/T 

T/T 

155 (80.3%) 

38 (19.7%) 

74 (77.1%) 

    22(22.9%) 

1.00 

1.21 (0.67-2.20) 

 

0.53 

Overdominant  A/A-T/T 

A/T 

148 (69.8%) 

  58 (30.2%) 

53 (55.2 %) 

43 (44.8%) 

1.00 

0.95 (0.58-1.55) 

 

0.83 

Log-additive --- --- --- 1.10 (0.79-1.54) 0.57 

OR (Odds Ratio); *Logistic Regression. 

 

 

Table 3. MDR analysis for polymorphisms. 
Model Training balance 

accuracy 

Testing balance 

accuracy 

CVC p-value* 

P1-P3 0.5739 0.5319   9/10 0.8403 

P1-P2-P3 0.6235 0.5452 10/10 0.7123 

CVC= cross-validation consistency; *p-value obtained value of 10,000 

permutation tests. Abbreviations: P1 (rs2530547), P2 (rs727162) and P3 

(rs324981) of gene NPSR1. 

4. Discussion  

To our knowledge, this is the first association 

study between the functional NPSR1 polymorphisms 

and epilepsy. The investigation was conducted on 

JME, which presents a strong influence of the 

genetic component [46,47]. The NPSR1 encoding 

gene became a high-ranking candidate for epilepsy 

susceptibility, specifically because of recent 

evidence showing that: i) NPS-NPSR1 forms a novel 

neurotransmitter system that regulates many brain 

functions [19]; ii) NPS administration evoked a 

proconvulsive effect in mice [41]; iii) NPSR1 

contains well-characterized gain-of-function 

polymorphisms [31]; and iv) NPSR1 gene variants 

have been associated with some epilepsy 

comorbidity pathologies [35,38].  However, our data 

did not show a significant difference in the genotype 

and allele frequencies of these polymorphisms 

between the JME patients and the controls, even 

when OR was adjusted for sex and/or ethnicity. This 

suggests that there is no association of rs324981, 

rs2530547 and rs727162 with JME in this Brazilian 

sample.  
However, we have to take into account that 

epilepsies result from an interaction among genetic 

variants present in the same or in different genes 

[12]. Thus, each NPSR1 polymorphism may be only 

a weak contributor (and may not be sufficiently 

informative) and the effects on disease risk likely 

depend on their respective combinations in cis. 

Indeed, recently, [31] the rs2530547C-rs324981A-

rs727162C haplotype was shown to correspond to 

allele with increased NPSR1 mRNA expression and 

weaker intracellular signaling. The authors also 

observed that this “functional haplotype” is 

associated with reduced risk of inflammatory bowel 

disease. We also performed a genetic interaction 

analysis, shown in Table 3. Although we detected all 

possible combinations of alleles, which confirm that 

these polymorphisms are not in strong linkage 

disequilibrium (Supplementary Table 5), none of 

them differed significantly between the groups. Our 

data suggest that even the allele composed by 

rs2530547C-rs324981A-rs727162C variants which 

correspond to a highly expressed (2103C) NPSR1 

protein, characterized by increased signaling 

properties (107Asn and 241Ser), is not related to 

JME susceptibility.  

Another important confounder in genetic 

association studies is the heterogeneity in phenotype 

definition [48]. Collecting phenotypes narrowly and 

consistently is a relevant strategy for investigating 

susceptibility genes. Therefore, since JME displays a 

number of differentiable subclinical categories that 

may reflect differing underlying genetic influences, 

we performed the genetic association analysis using 

JME patients grouped according to specific 

endophenotypes, including the predominant time of 

seizures (Supplementary Table 2), and the types of 

seizures (Supplementary Table 3 and 4). Also, the 

allelic and genotypic frequencies for the three 

polymorphisms were not different between the 

groups. However, proof that genetic association 

between NPSR1 variants and JME does not exist 

would need replication of our findings in 

independent samples. Moreover, further studies 

including other types of epilepsy and/or other 

functional polymorphisms are required in order to 

investigate the relationship between NPSR1 genes 

and genetic susceptibility to chronic seizures. 
The statistical test showed that this study has a 

power of >76% to detect association with JME. 

Although the sample size used was small the 

investigation included only JME patients rather than 

analyzing a clinically broader population (e.g. 

Idiopathic generalized epilepsy patients) with several 

epilepsy syndromes. This approach might have 

minimized possible bias from the limited sample 

size. 
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5. Conclusion 

Our results present no evidence for an association 

of these polymorphisms with JME. Further studies 

including other types of epilepsy and/or other 

functional polymorphisms are required to investigate 

the possible relationship between the NPSR1 gene 

and genetic susceptibility to chronic seizures.  

Appendix 

 

 
Supplementary Table 1. Hardy-Weinberg equilibrium for 

polymorphisms rs2530547, rs727162, rs324981. 
rs2530547 (n=282) 

 T/T T/C C/C T C p-value* 

All subjects 85 129 68 299 265 0.19 

Controls 55 85 48 195 181 0.19 

Patients 30 44 20 104 84 0.68 

rs727162 (n=290) 

 C/C C/G G/G C G p-value* 

All subjects 146 123 21 415 165 0.56 

Controls 92 87 14 271 115 0.39 

Patients 54 36 7 144 50 0.79 

rs324981 (n=289) 

 A/A A/T T/T A T p-value* 

All subjects 97 132 60 326 252 0.23 

Controls 66 89 38 221 165 0.46 

Patients 31 43 22 105 87 0.41 

*Exact test by SNPStats. 
 

 

 

 

 

Supplementary Table 2. Comparative analysis of 

genotypic frequencies obtained in groups of patients with 

predominant time of seizures and control group (without 

adjustment for gender). 
rs2530547 (n=258) 

Model Genotype Controls Patients OR (95% IC) p-value* 

 

Codominant 

T/T 

T/C 

C/C 

55 (29.3%) 

85 (45.2%) 

48 (25.5%) 

20 (28.6%) 

34 (48.6%) 

16 (22.9 %) 

1.00 

1.10 (0.58-2.10) 

0.92 (0.43-1.97) 

 

0.87 

Dominant T/T 

T/C-C/C 

55 (29.3%) 

133 (70.7%) 

20 (28.6%) 

50 (71.4%) 

1.00 

1.03 (0.56-1.90) 

0.91 

Recessive T/T-T/C 

C/C 

140 (74.5%) 

48 ( 25.5%) 

54 (77.1%) 

16 (22.9%) 

1.00 

0.86 (0.45-1.65) 

0.66 

Overdominant

  

T/T-C/C 

T/C 

103 (54.8%) 

85 (45.2%) 

36 (51.4%) 

34 (48.6%) 

1.00 

1.14 (0.66-1.98) 

0.63 

Log-additive --- --- --- 0.96 (0.66-1.40) 0.85 

rs727162 (n=266) 

 

Codominant 

C/C 

C/G 

G/G 

92 (47.7%) 

87 (45.1%) 

14 (7.2%) 

39 (53.4%) 

28 (38.4%) 

6 (8.2%) 

1.00 

0.76 (0.43-1.34) 

1.01 (0.36-2.82) 

 

0.61 

Dominant C/C 

C/G-G/G 

92 (47.7%) 

101(52.3%) 

39 (53.4%) 

34 (46.6%) 

1.00 

0.79 (0.46-1.36) 

 

0.4 

Recessive C/C-C/G 

G/G 

179 (92.8%) 

14 (21.3%) 

67 (91.8%) 

6 (8.2%) 

1.00 

1.14 (0.42-3.10) 

 

0.79 

Overdominant

  

C/C-G/G 

C/G 

106 (54.9%) 

87 (45.1%) 

45 (61.6%) 

28 (38.4%) 

1.00 

0.76 (0.44-1.31) 

 

0.32 

Log-additive --- --- --- 0.88 (0.57-1.37) 0.58 

rs324981 (n=265) 

 

Codominant 

A/A 

A/T 

T/T 

66 (34.2%) 

89 (46.1%) 

38 (19.7%) 

19 (26.4%) 

33 (45.8%) 

20 (27.8%) 

1.00 

1.29 (0.67-2.46) 

1.83 (0.87-3.85) 

 

0.28 

Dominant A/A 

A/T-T/T 

66 (32.8%) 

127 (65.8%) 

19 (26.4%) 

53 (73.6%) 

1.00 

1.45 (0.79-2.65) 

 

0.22 

Recessive A/A-A/T 

T/T 

155 (80.3%) 

38 (19.7%) 

52 (72.2%) 

20 (27.8%) 

1.00 

1.57 (0.84-2.93) 

 

0.16 

Overdominant

  

A/A-T/T 

A/T 

104 (53.9%) 

89 (46.1%) 

39 (54.2%) 

33 (45.8%) 

1.00 

0.99 (0.57-1.70) 

 

0.97 

Log-additive --- --- --- 1.35 (0.93-1.96) 0.11 

OR (Odds Ratio); AIC (Akaike Information Criterion); BIC (Bayesian 

Information Criterion); *Logistic Regression. 

 

 

 

Supplementary Table 3. Comparative analysis of 

genotypic frequencies obtained of polymorphisms in 

NPSR1 gene in groups of patients with types of seizures* 

and control group (analysis without adjustment for 

gender). 
rs2530547 (n=254) 

Model Genotype Controls Patients OR (95% IC) p-value** 

 

Codominant 

T/T 
T/C 

C/C 

55 (29.3%) 
85 (45.2%) 

48(25.5%) 

21 (31.8%) 
31 (47%) 

14 (21.2%) 

1.00 
0.96 (0.50-1.83) 

0.76 (0.35-1.67) 

 
0.77 

Dominant T/T 
T/C-C/C 

55 (29.3%) 
133 (70.7%) 

21 (31.8%) 
45 (68.2%) 

1.00 
0.89 (0.48-1.62) 

0.7 

Recessive T/T-T/C 
C/C 

140 (74.5%) 
48 ( 25.5%) 

52 (78.8%) 
14 (21.2%) 

1.00 
0.79 (0.40-1.54) 

0.48 

Overdominant

  

T/T-C/C 

T/C 

103 (54.8%) 

85 (45.2%) 

35 (53%) 

31 (47%) 

1.00 

1.07 (0.61-1.88) 

0.81 

Log-additive --- --- --- 0.88 (0.60-1.29) 0.51 

rs727162 (n=261) 
 

Codominant 

C/C 

C/G 
G/G 

92 (47.7%) 

87 (45.1%) 
14 (7.2%) 

38 (55.9%) 

25 (36.8%) 
5 (7.3%) 

1.00 

0.70 (0.39-1.25) 
0.86 (0.29-2.57) 

 

0.47 

Dominant C/C 

C/G-G/G 

92 (47.7%) 

101(52.3%) 

38 (55.9%) 

30 (44.1%) 

1.00 

0.72 (0.41-1.25) 

 

0.24 

Recessive C/C-C/G 
G/G 

179 (92.8%) 
14 (21.3%) 

63 (92.7%) 
5 (7.3%) 

1.00 
1.01 (0.35-2.93) 

 
0.98 

Overdominant

  

C/C-G/G 
C/G 

106 (54.9%) 
87 (45.1%) 

43 (63.2%) 
25 (36.8%) 

1.00 
0.71 (0.40-1.25) 

 
0.23 

Log-additive --- --- --- 0.81 (0.51-1.27) 0.35 

rs324981 (n=260) 

 

Codominant 

A/A 
A/T 
T/T 

66 (34.2%) 
89 (46.1%) 
38 (19.7%) 

19 (28.4%) 
31 (46.3%) 
17 (25.4%) 

1.00 
1.21 (0.63-2.33) 
1.55 (0.72-3.34) 

 
0.53 

Dominant A/A 
A/T-T/T 

66 (32.8%) 
127 (65.8%) 

19 (28.4%) 
48 (71.6%) 

1.00 
1.31 (0.71-2.41) 

 
0.38 

Recessive A/A-A/T 
T/T 

155 (80.3%) 
38 (19.7%) 

50 (74.6%) 
17 (25.4%) 

1.00 
1.39 (0.72-2.67) 

 
0.33 

Overdominant

  

A/A-T/T 
A/T 

104 (53.9%) 
89 (46.1%) 

36 (53.7%) 
31 (46.3%) 

1.00 
1.01 (0.58-1.76) 

 
0.98 

Log-additive --- --- --- 1.24 (0.85-1.83) 0.26 

OR (Odds Ratio); AIC (Akaike Information Criterion); BIC (Bayesian Information 

Criterion); *types of seizures (myoclonic seizures + generalized tonic‐clonic seizures + 

absence); **Logistic Regression. 

 

 

Supplementary Table 4. Comparative analysis of 

genotypic frequencies obtained of polymorphisms in 

NPSR1 gene in groups of patients with types of seizures* 

and control group (analysis without adjustment for 

gender). 
rs2530547 (n=211) 

Model Genotype Controls Patients OR (95% IC) p-value** 

 

Codominant 

T/T 

T/C 

C/C 

55 (29.3%) 

85 (45.2%) 

48(25.5%) 

8 (34.8%) 

10 (43.5%) 

5 (21.7%) 

1.00 

0.81 (0.30-2.18) 

0.72 (0.22-2.34) 

 

0.85 

Dominant T/T 

T/C-C/C 

55 (29.3%) 

133 (70.7%) 

8 (34.8%) 

15 (65.2%) 

1.00 

0.78 (0.31-1.93) 

0.59 

Recessive T/T-T/C 

C/C 

140 (74.5%) 

48 ( 25.5%) 

18 (78.3%) 

5 (21.7%) 

1.00 

0.81 (0.29-2.30) 

0.69 

Overdominant

  

T/T-C/C 

T/C 

103 (54.8%) 

85 (45.2%) 

13 (56.5%) 

10 (43.5%) 

1.00 

0.93 (0.39-2.23) 

0.87 

Log-additive --- --- --- 0.84 (0.47-1.52) 0.57 

rs727162 (n=217) 

 

Codominant 

C/C 

C/G 

G/G 

92 (47.7%) 

87 (45.1%) 

14 (7.2%) 

14 (58.3%) 

8 (33.3%) 

2 (8.3%) 

1.00 

0.60 (0.24-1.51) 

0.94 (0.19-4.58) 

 

0.54 

Dominant C/C 

C/G-G/G 

92 (47.7%) 

101(52.3%) 

14 (58.3%) 

10 (41.7%) 

1.00 

0.65 (0.28-1.54) 

 

0.32 

Recessive C/C-C/G 

G/G 

179 (92.8%) 

14 (21.3%) 

22 (91.7%) 

2 (8.3%) 

1.00 

1.16 (0.25-5.46) 

 

0.85 

Overdominant

  

C/C-G/G 

C/G 

106 (54.9%) 

87 (45.1%) 

16 (66.7%) 

8 (33.3%) 

1.00 

0.61 (0.25-1.49) 

 

0.27 

Log-additive --- --- --- 0.77 (0.38-1.57) 0.47 

rs324981 (n=217) 

 

Codominant 

A/A 

A/T 

T/T 

66 (34.2%) 

89 (46.1%) 

38 (19.7%) 

10 (41.7%) 

10 (41.7%) 

4 (16.7%) 

1.00 

0.74 (0.29-1.88) 

0.69 (0.20-2.37) 

 

0.77 

Dominant A/A 

A/T-T/T 

66 (32.8%) 

127 (65.8%) 

10 (41.7%) 

14 (58.3%) 

1.00 

0.73 (0.31-1.73) 

 

0.47 

Recessive A/A-A/T 

T/T 

155 (80.3%) 

38 (19.7%) 

20 (83.3%) 

4 (16.7%) 

1.00 

0.82 (0.26-2.53) 

 

0.72 

Overdominant

  

A/A-T/T 

A/T 

104 (53.9%) 

89 (46.1%) 

14 (58.3%) 

10 (41.7%) 

1.00 

0.83 (0.35-1.97) 

 

0.68 

Log-additive --- --- --- 0.81 (0.45-1.48) 0.5 

OR (Odds Ratio); AIC (Akaike Information Criterion); BIC (Bayesian 

Information Criterion); *types of seizures (myoclonic seizures + 

generalized tonic‐clonic seizures); **Logistic Regression. 
 

 

Supplementary table 5.  Linkage Disequilibrium* between polymorphisms 

genotyped in the study. 

D′ is above the diagonal; r2 is below the diagonal. *Analysis performed by SNPStats. 

 

SNP rs2530547 rs727162 rs324981 

rs2530547 -- 0.0941 0.018 

rs727162 -0.0559 -- 0.0016 

rs324981 0.0168 -9e04 -- 
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