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Abstract The molecular study of circadian rhythms in

humans could be an excellent approach to understand the

relation between genes and behavior. It is possible that

variations in genes involved in neurotransmission and/or

synaptic plasticity, such as catechol-O-methyltransferase

(COMT) and serotonin transporter (SLC6A4) could be of

particular interest in understanding human circadian phe-

notypes. The aim of this study is to analyze the possible

and novel associations of the functional polymorphisms in

COMT and SLC6A4 genes (Val158Met and 5-HTTLPR)

and circadian phenotypes in healthy Colombian subjects.

191 university students were genotyped for two functional

polymorphisms in COMT and SLC6A4 genes (rs4680 and

rs4795541). We applied two scales to measure phenotypic

patterns of human circadian rhythms: Composite Scale of

Morningness (CSM) and Epworth Sleepiness Scale (ESS).

We found a significant association between 5-HTTLPR

polymorphism and morning preference score (CSM)

(p = 0.027) using an overdominant genotypic model and

association of COMT Val158Met with daytime sleepiness

(ESS scores) (p = 0.038) in a genotypic recessive model.

These results were supported by differences in genotype

frequencies between circadian typologies for SLC6A4 gene

(p = 0.007) and categories of diurnal sleepiness for COMT

gene (p = 0.032). Our results suggest, for the first time, a

significant relationship between functional SLC6A4 and

COMT polymorphisms with specific human circadian

phenotypes: morning preference and diurnal sleepiness.

These results need to be replicated in other populations.

Further study of functional polymorphisms in other syn-

aptic genes could be of relevance for the identification of

novel candidate genes for circadian phenotypes, and related

endophenotypes of neuropsychiatric importance, in healthy

humans.
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Introduction

The circadian system is responsible for the generation and

maintenance of physiological and behavioral rhythms in

mammals and it allows the synchronization with the

environment. Circadian rhythms exhibit 24-h periodicity

and maintain stable phase relationships with the light/dark
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Bogotá, Colombia

123

Neurol Sci (2014) 35:41–47

DOI 10.1007/s10072-013-1466-x



cycle [1]. These rhythms are regulated by external signals,

with light being the principal cue [1]. Circadian typology

consists of three chronotypes (morning, neither and even-

ing type). Subjects of the morning type are characterized

by waking up and going to bed early, with their best mental

performance in the morning hours. On other hand, subjects

of the evening type wake up and go to bed late and they

have their best mental performance at evening hours [2].

Molecular study of circadian rhythms in humans could

be an excellent approach to understand the relationship

between genes and behavior. Several polymorphisms in

classical ‘‘clock’’ genes, such as PER3 or CLOCK, have

been studied as possible genetic factors involved in the

physiology of circadian typologies in healthy humans [3].

The results from previous studies are not completely con-

sistent, highlighting the need for the study of novel can-

didate genes [2]. It is possible that variations in genes

involved in neurotransmission pathways and/or synaptic

plasticity, such as SLC6A4 and COMT genes, could be of

particular interest for understanding the genetic basis of

human circadian phenotypes. In this context, study of

common functional variations in synaptic genes, with

broad effects on several human behavior domains, could be

of high relevance [4].

The serotonin transporter is encoded by the SLC6A4

gene (located on 17q11.1-q12; OMIM ID: *182138) [5]

and it regulates the serotoninergic signaling in the brain via

reuptake of serotonin molecules [6]. The most common

variation is a 44-bp variable number tandem repeat

(VNTR) (denoted 5-HTTLPR, dbSNP ID: rs4795541)

located in the promoter region, approximately 1 kb

upstream from the start codon [7]. It exists in two allelic

variants: a short-form (deletion or s) and a long-form

(insertion or l). The HTTLPR short allele (s) has been

shown to be associated with reduced 5-HTT mRNA levels

[8]. This functional polymorphism has been studied in

different gene-environment associations of behavioral and

neuropsychiatric relevance [9, 10].

Catechol-O-methyltransferase (COMT) gene (OMIM

ID: *116790) is located on chromosome 22q11.21 [11].

COMT is an enzyme involved in dopamine metabolism in

the brain and is important for synaptic plasticity, learning

and memory processes in the adult brain [12]. A functional

polymorphism in the COMT gene (rs4680) has been

reported and it leads to a Val158Met amino acid substitu-

tion [13]. Evidence shows that this polymorphism causes a

drastic reduction in enzymatic activity of COMT protein in

prefrontal cortex, principally the Met isoform showed

lower enzymatic activity [14].

In this work, we explored the possibility of an associa-

tion between functional polymorphisms in SLC6A4

(5-HTTLPR) and COMT (Val158Met) genes with circadian

phenotypes and diurnal sleepiness in healthy human sub-

jects, in a sample of Colombian university students.

Methods

Participants

One hundred and ninety-one university students from

medicine and nursing schools participated in this study.

Studied subjects were unrelated and had all four grand-

parents born in Colombia. They were recruited from two

private universities in Bogotá, capital city of Colombia

(04�380 N, 74�050 W). There were 133 women (69.6 %)

and men 58 (30.4 %) among the 191 participants, with an

age range between 18 and 30 years (mean 20.7; SD 2.6).

The population living in Bogotá is composed of a Euro-

pean genetic background with some historical admixture

with Amerindians [15]. Subjects with self-report of neu-

ropsychiatric diseases, including sleep disorders, were

excluded. An exploratory analysis of ancestry informative

markers carried out with the STRUCTURE program

(Version 2.3.4) did not show evidence of significant pop-

ulation stratification in the samples used in this study. This

study was approved by the Institutional Ethics Committee

of each participant institution and all subjects provided

written informed consent [16]. The present study also met

the international standards of ethical chronobiology

research [17].

Measurement instruments

All participants completed a self-administered question-

naire. The questionnaire was used to collect socio-demo-

graphic variables (age, sex, personal and familial history of

neuropsychiatric disorders, coffee intake). We applied to

all participants two previous validated scales to measure

phenotypic patterns of human circadian rhythms: Com-

posite Scale of Morningness (CSM) and Epworth Sleepi-

ness Scale (ESS).

Composite Scale of Morningness (CSM) [18]

The CSM is a 13-item scale with scores from 13 (extreme

eveningness) to 55 (extreme morningness). The Spanish

version of the CSM has been previously validated [19] and

previously used in a Colombian sample [20]. The CSM

score is a reliable measure that shows high sensitivity for

classifying subjects in the dimension of morningness–

eveningness [21]. The internal consistency of this scale

(Cronbach’s alpha) for the present sample was 0.716.
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Epworth Sleepiness Scale (ESS) [22]

The ESS is a self-completed questionnaire used for the

evaluation of daytime sleepiness. The ESS is an eight-item

questionnaire with a Likert-type response. This question-

naire evaluates the level of general sleepiness during eight

daily situations [22], with scores from 0 to 24. The ESS has

been validated in the Colombian population [23]. The

internal consistency of ESS (Cronbach’s alpha) for this

sample was 0.722.

DNA extraction and genetic analysis

Genomic DNA was extracted from peripheral blood using a

salting out method [24]. PCR reactions were performed in a

Labnet MultiGene 96-well thermal cycler (Labnet Inter-

national Inc, Edison, NJ, USA) and PCR products were

separated in 2 % agarose gel at 140 V and visualized with

ultraviolet light after SYBR�-safe (Invitrogen, Carlsbad,

CA, USA) staining. 5-HTTLPR polymorphism genotyping

was carried out using two primers (F: 50-ATG CCA GCA

CCT AAC CCC TAA TGT-30, and R: 50-GGA CCG CAA

GGT GGG CGG GA-30) [10]. Polymerase chain reactions

contained 2 ll of genomic DNA (*50 ng), 1.5 mM

MgCl2, 109 reaction Buffer, 0.8 lM of each primer, 1 mM

of dNTPs and 0.8 U of Taq polymerase (Bioline, London,

United Kingdom) in a total volume of 20 ll. PCR program

consisted of a 5-min denaturation step at 94 �C (1 cycle),

94 �C for 30 s, 66 �C for 30 s, 72 �C for 40 s (35 cycles),

and 72 �C for 7 min (1 cycle). Alleles and genotypes were

scored as follows: the short allele as a 375 bp band and the

long allele as a 419 bp band.

COMT Val158Met polymorphism genotyping was per-

formed using four primers (P: 50-ATC CAA GTT CCC

CTC TCT CCA CCT G-30, Q: 50-GTT GGG GCT CAC

CTC CAA GAG AAG C-30, A2: 50-GGG GCG GGG CGT

GGA TTT CGC TGG CA-30 and B3: 50-GGG GCG GGC

GGC ACA CCT TGT CCT TCA C-30) [4, 25]. The PCR

reactions included 2 ll of genomic DNA (*50 ng),

1.5 mM MgCl2, 109 reaction Buffer, 0.75 lM of P, Q, B3

primers and 1.5 lM of A2 primer, 1 mM of dNTPs, 5 % of

dimethyl sulfoxide (DMSO) and 0.75 U of Taq polymerase

(Bioline, London, United Kingdom) in a final volume of

20 ll. PCR program consisted of a 3-min denaturation step

at 94 �C (1 cycle), 94 �C for 15 s, 65 �C for 30 s, 72 �C for

120 s (30 cycles), and 72 �C for 5 min (1 cycle). Alleles

and genotypes were scored as follows: A allele as 805 and

566 bp bands and G allele as 805 and 269 bp bands.

A random subsample (10 % of subjects) was reanalyzed

for both polymorphisms to assure consistency in the

genetic results. In addition, all genotypes were checked by

two different investigators to confirm and validate the

results.

Statistical data analysis

CSM and ESE scores were tested for normal distribution

using the Shapiro–Wilk test. The 25th and 75th percentiles

of the CSM score distribution were used to define the cut-

off points to classify the individuals in evening (val-

ues B 36), neither (values from 37 to 44), or morning type

(values C 45) [19]. The 75th percentile was used as a cut

point to determine normal (values B 14) or high (val-

ues C 15) categories for diurnal somnolence using ESS

scores. The 25th and 75th percentiles were used as cut-off

points to have categories with sample sizes that are suitable

for carrying out statistical comparisons of genotype and

allele frequencies.

Genotype and allele frequencies were estimated by

direct counting. The genotype frequencies were assessed

for Hardy–Weinberg equilibrium with a v2 test. SNPStats

program [26] was used for exploring the association of

5-HTTLPR and COMT genotypes with quantitative mea-

sures of circadian phenotypes (CSM and ESS scores),

using a linear regression model, corrected by sex and age

(comparisons of scores between genotypes). Akaike’s

information criteria was used to select the best and most

informative genotypic model for each comparison [26].

PLINK software (version 1.07) [27] was used to evaluate

the association of 5-HTTLPR and COMT polymorphisms

with categories for morning preference and diurnal som-

nolence, using a v2 test (comparisons of genotype and

allele frequencies between categories). To explore gene–

gene interactions for a categorical analysis, we used the

multifactor dimensionality reduction (MDR) program

[28]. In addition, we carried out a multiple regression

analysis (to explore gene–gene interactions for quantita-

tive measures), using the CSM scores as a dependent

variable and the SLC6A4 and COMT genotypes as inde-

pendent variables. A nominal value of p \ 0.05 was

considered as statistically significant. In order to correct

for multiple testing, a Bonferroni method was used:

having two scales and two polymorphisms, a p value

\0.0125 (0.05 divided by 4) was taken as a threshold for

corrected p values.

Results

CSM scores ranged from 27 to 54, with a mean value of

40.05 (SE 0.41) (Fig. 1). We observed 40 individuals in

evening, 112 in neither, and 39 in morning type. ESS

scores ranged from 0 to 21, with a mean value of 11.34 (SE

0.32). We found 140 subjects as normal and 51 as having

high diurnal somnolence. Both CSM and ESS scores had

normal distributions in the sample, with p values of 0.11

and 0.05 (Shapiro–Wilk test), respectively (Fig. 1).
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For SLC6A4, the allelic frequency of l allele was 0.54 and

s allele was 0.46. The frequencies of the genotypes for the

5-HTTLPR polymorphism were in Hardy–Weinberg equi-

librium (p = 0.78). The linear regression model, corrected

by sex and age, showed a statistically significant association

between 5-HTTLPR polymorphism and CSM scores in an

overdominant genotypic model (p = 0.035) (Table 1). This

indicates that heterozygous subjects presented the lowest

CSM score, suggesting a heterosis effect. We observed a

significant association between morning preference (morning

vs. others typologies) and 5-HTTLPR in a genotypic model

(v2 = 7.226, df = 1, p = 0.0072) (Table 1). Frequencies for

the s allele were 0.55 in morning type subjects (0.44 in

subjects with other typologies) and we did not find a sig-

nificant association between the 5-HTTLPR allele frequen-

cies and categories (v2 = 3.048, p = 0.08). Results from

comparisons of SLC6A4 genotype frequencies between CSM

categories were significant after Bonferroni correction for

multiple testing. Analysis of ESS did not show significant

associations with 5-HTTLPR polymorphism.

For COMT, the frequencies of A allele was 0.34 and G

allele was 0.66. The frequencies of the genotypes for the

Val158Met polymorphism were in Hardy–Weinberg equi-

librium (p = 0.42). A linear regression model, corrected by

sex and age, showed a statistically significant association

between Val158Met polymorphism with ESS in a recessive

genotypic model (p = 0.038) (Table 2). We found a sig-

nificant association with diurnal somnolence categories

(normal and high) and Val158Met polymorphism in a

genotypic model (v2 = 4.604, df = 1, p = 0.032)

(Table 2). Frequencies for the A allele were 0.4 and 0.32 in

subjects with normal and high diurnal somnolence,

respectively. The association between the COMT allele

frequencies and somnolence categories was not significant

(v2 = 2.356, p = 0.125). Analysis of CSM did not show

significant associations with Val158Met polymorphism.
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Fig. 1 Distribution of scores

for the Composite Scale of

Morningness (CSM) (a) and

Epworth Sleepiness Scale (ESS)

(b) in a Colombian sample. The

bars represent the absolute

frequencies for each score bin

Table 1 Association of Composite Scale of Morningness (CSM) scores and circadian typologies with 5-HTTLPR and COMT Val158Met

Genotype frequencies CSM scores Circadian typology

(mean, SE) p value Morning type (n, %) Neither type (n, %) Evening type (n, %) p value

5-HTTLPR

s/s 39 41.49 (1.04)

0.035
a

14 (36) 16 (14) 9 (23)

0.007
b

s/l 99 39.12 (0.56) 15 (38) 58 (52) 26 (65)

l/l 53 40.72 (0.65) 10 (26) 38 (34) 5 (13)

Total 191 40.05 (0.41) 39 (100) 112 (100) 40 (100)

Val158Met

A/A 19 40.26 (1.27)

0.54
a

5 (13) 9 (08) 5 (13)

0.502
b

A/G 92 39.85 (0.56) 14 (36) 62 (55) 16 (40)

G/G 80 40.23 (0.68) 20 (51) 41 (37) 19 (48)

Total 191 40.05 (0.41) 39 (100) 112 (100) 40 (100)

a Linear regression test corrected by sex and age, performed in SNPstats based on an overdominant genotypic model
b Genotypic association test with PLINK v1.07, using a recessive model testing morning vs. other chronotypes
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We did not find evidence of an interaction of both

polymorphisms with categorical analysis (morning type vs.

others, p = 0.691, using MDR) or with quantitative mea-

sures (p = 0.9166, for a multiple regression for CSM

scores). There were no differences in coffee intake between

carriers of the different genotypes (SLC6A4 p = 0.240;

COMT p = 0.858).

Discussion

Results from previous studies of polymorphisms in clas-

sical clock genes, as candidates for associations with cir-

cadian phenotypes, are not completely consistent,

highlighting the need for the study of novel candidate

genes [3, 29–31].

In the present study, the analysis of the SLC6A4 gene,

specifically the functional 5-HTTLPR polymorphism,

revealed a main novel effect of this polymorphism on

morning preference scores (CSM), using an overdominant

genotypic model. These results were supported by an

analysis of differences in genotype frequencies between the

three circadian typologies and were significant after a

Bonferroni correction. To our knowledge, this is the first

study that shows a significant association between the

5-HTTLPR and differences in morning preferences in the

general population. This result is different to previous

studies that described the associations between 5-HTTLPR

and sleep quality [32, 33]. It is notable the association of

heterozygous subjects with lower CSM scores, suggesting a

heterosis effect. Previous studies have reported a heterosis

effect of 5-HTTLPR with other phenotypes [34–36]. The

association found in this study could be interpreted in the

context of the previous finding that s allele causes a

reduction in the transcription of SLC6A4 gene [8]; keeping

into account that SLC6A4 has a key role in serotonin

metabolism in the brain and the importance of serotonin-

ergic neurotransmission in sleep modulation [32].

For the analysis of COMT gene, we identified a signif-

icant association of quantitative measures of daytime

sleepiness (ESS scores) and Val158Met polymorphism

under a recessive genotypic model. These results were

supported by the analysis of diurnal somnolence categories.

This association could be correlated with the previous

finding that the 158Met isoform causes a strong reduction

in the enzymatic activity of COMT protein [14]; given that

COMT has a key role in the dopamine metabolism in the

brain and the importance of dopaminergic neurotransmis-

sion in sleep modulation [37]. The Val158Met polymor-

phism has been associated with increased daytime

sleepiness in different pathologies, such as narcolepsy [38];

however, no previous study has found a significant asso-

ciation of this polymorphism with ESS in the general

population. We did not find evidence of an interaction

between both polymorphisms and differences in coffee

intake between genotypes.

Latitude and altitude are factors that could influence the

association between variants in ‘‘clock genes’’ and circa-

dian phenotypes, modulating the effect of a specific poly-

morphism in different populations [2, 39, 40]. Altitude and

latitude, among other environmental variables and in

combination with differences in genetic background, could

explain differences for association results between popu-

lations (Bogotá is located at 2,600 m above sea level and

close to the equator 4�3505300N) [2, 40].

Our results suggest, for the first time, a significant

association between functional 5-HTTLPR and COMT

Val158Met polymorphisms and human circadian

Table 2 Association of Epworth Sleepiness Scale (ESS) scores: normal (values B 14) or high (values C 15) and diurnal somnolence categories

with 5-HTTLPR and COMT Val158Met

Genotypes frequencies ESS Diurnal somnolence

(mean, SE) p value Normal (n, %) High (n, %) p value

5-HTTLPR

s/s 39 11.13 (0.68)

0.94
a

29 (21) 10 (20)

0.867
b

s/l 99 11.27 (0.43) 74 (53) 25 (49)

l/l 53 11.62 (0.66) 37 (36) 16 (31)

Total 191 11.34 (0.32) 140 (100) 51 (100)

Val158Met

A/A 19 13.63 (1.01)

0.038
a

10 (07) 9 (18)

0.032
b

A/G 92 11.30 (0.45) 69 (49) 23 (45)

G/G 80 10.84 (0.49) 61 (44) 19 (37)

Total 191 11.34 (0.32) 140 (100) 51 (100)

a Linear regression test corrected by sex and age, performed in SNPstats based on a recessive model
b Genotypic association test with PLINK v1.07 using a recessive model
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phenotypes in a South American sample of healthy young

subjects (university students). We identified an association

between morning preference with a functional polymor-

phism in the transporter SLC6A4 gene and daytime sleep-

iness with a functional single nucleotide polymorphism

(SNP)—Val158Met—in the COMT gene. These results

provide the motivation for further exploration of additional

candidate ‘‘clock genes’’ and need replication in other

populations, including larger samples and additional age

ranges. The sample size used in this work is similar to

recent published studies in the field [29]. Future study of

functional polymorphisms in other synaptic genes, a syn-

aptogenomics approach [4], could be of relevance for the

identification of novel candidate genes for circadian phe-

notypes, and related endophenotypes of neuropsychiatric

importance, in healthy humans.
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