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Novel  SNPs  were  studied  to  understand  the  genetic  basis  of  circadian  phenotypes.
PER2-rs934945  and  PER3-rs2640909  SNPs  were  associated  with  CSM  subscales.
PER2  was  associated  with  “activity  planning”  and “morning  alertness”  subscales.
PER3  was  associated  with  “morningness”  subscale.
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a  b  s  t  r  a  c  t

The  circadian  system  is  responsible  for  the  generation  and  maintenance  of  physiological  and  behav-
ioral  rhythms  in  mammals  and  allows  synchronization  with  the environment.  Different  polymorphisms
in  clock  genes  have  been  studied  in healthy  humans,  providing  inconsistent  results  in  different  popu-
lations.  In  this  study,  we  evaluated  the  possibility  that  two  non-synonymous  polymorphisms  in  PER2
(p.Gly1244Glu,  rs934945)  and  PER3  (p.Met1028Thr,  rs2640909)  genes  might  be  associated  with  diurnal
preference  in  healthy  Colombian  subjects.  A  total  of 209 Colombian  university  students  were  genotyped
for  two  functional  polymorphisms  in  PER2  and  PER3  genes  (rs934945  and  rs2640909).  We  applied  the
composite  scale  of morningness  (CSM)  to measure  phenotypic  patterns  of  human  diurnal  preference.
Additionally,  we  extracted  from  the  CSM  three  subscale  scores  (“morningness”,  “activity  planning”  and
“morning  alertness”).  We  used  a false  discovery  rate  approach  (q values)  for  correction  of multiple  testing.
PER2 (rs934945)  showed  a significant  association  with  two  CSM  subscale  scores:  “activity  planning”  and

“morning  alertness”.  For  PER3  (rs2640909),  we  observed  an  association  with  the  “morningness”  CSM sub-
scale  scores.  We  found  a significant  association  between  novel  and  functional  polymorphisms  in  PER2
and PER3  genes  with  specific  CSM subscales  for diurnal  preference.  We  showed  for  the  first  time  the
association  of rs934945  with  “morning  alertness”  and  rs2640909  with  “morningness”.  We suggest  that

eplica
funct
n  ph
these  results  should  be  r
study  of additional  novel  

understanding  of circadia

. Introduction
Genetic analyses of circadian phenotypes are useful for a deeper
nderstanding of complex behaviors and related neuropsychi-
tric disorders [1]. The circadian system is responsible for the

∗ Corresponding author. Tel.: +57 313 2610427.
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304-3940/$ – see front matter ©  2013 Elsevier Ireland Ltd. All rights reserved.
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ted  in  order  to confirm  the association  in other  populations.  Finally,  the
ional  polymorphisms  in  other  clock  genes  could  be of  relevance  for  a deep
enotypes  and  neuropsychiatric  disorders.

© 2013 Elsevier Ireland Ltd. All rights reserved.

generation and maintenance of physiological and behavioral
rhythms in mammals and allows synchronization with the envi-
ronment. Circadian rhythms exhibit 24 h periodicity and maintain
stable phase relationships with the light/dark cycle [12]. These

rhythms are regulated by external signals, with light being the
principal cue [12].

Furthermore, the concept of “circadian typology” has been
implemented to investigate and understand how these circadian
rhythms can affect the optimal performance of an individual (either
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n the morning or during the night) [1]. The circadian typology is
valuated using specific questionnaires, such as the composite scale
f morningness (CSM), which help to classify each individual in
hese categories: morning, neither or evening. In addition, identifi-
ation of subscales from the CSM or the morningness–eveningness
uestionnaire (MEQ) would generate additional endophenotypes,
hich are supposed to be less complex and more directly related

o the molecular basis of the circadian phenotypes [16,23,30]. Fur-
her studies are needed to validate these subscales with classical
iomarkers [16,23,30].

Circadian rhythms are generated by the interaction of intracel-
ular molecular mechanisms, regulated by the so-called clock genes
8]. These clock genes can regulate or modulate the expression of
ther genes forming feedback loops that help to maintain tissue-
pecific circadian rhythmicity [22,35,36,43]. The main known clock
enes are: PERIOD 1, 2 and 3 (PER1, PER2, and PER3), CLOCK (circa-
ian locomotor output cycles kaput), neuronal PAS domain protein

 (NPAS2), brain and muscle Arnt-like protein 1 (ARNTL) and Cryp-
ochrome 1 and 2 (CRY1 and CRY2) genes [13].

Different polymorphisms in these clock genes have been stud-
ed in circadian phenotypes in healthy humans [41]. However,
esults obtained in some of those studies are inconsistent through-
ut different populations, highlighting the need for the study of
ovel candidate polymorphisms [4,5,10,19,21,26,28,32]. PER genes
PER2 and PER3) are at the core of the circadian clock mecha-
ism and they generate a negative auto-feedback, which regulates
heir own expression and the oscillations of the circadian clock
n the suprachiasmatic nucleus (SCN) [14,31]. Non-synonymous
olymorphisms in candidate genes could affect the structure or
he function of the encoded protein. These variants are of partic-
lar interest for the genetics of circadian rhythms, in comparison
ith synonymous polymorphisms that could be functionally silent

T3111C variant in CLOCK,  for example).
In the present study, we analyzed two non-synonymous sin-

le nucleotide polymorphisms (nsSNPs) in PER2 and PER3 genes as
ew potential candidates for circadian phenotypes in a Colombian
ample. Period circadian clock 2 (PER2, OMIM ID: *603426) gene
s located on chromosome 2q37.3. PER2 has a nucleotide substitu-
ion in exon 23 (rs934945, g.239.155.053G>A), which resulted in a
ransition from a glycine to a glutamate amino acid (p.Gly1244Glu).
eriod circadian clock 3 (PER3, OMIM ID: 603427) gene is located
n chromosome 1p36.23. PER3 has a nucleotide substitution in
xon 18 (rs2640909, g. 7.890.117T>C), which resulted in a transi-
ion from a methionine to a threonine residue (p.Met1028Thr). This
sSNP is located in the same exon as the commonly studied VNTR

n PER3 gene (rs57875989, Chr1:7.889.999–7.890.052) [15,18,34].

. Methods

.1. Participants

The study included 209 university students from medicine and
ursing. The participants were recruited from two  private univer-
ities in Bogotá, capital city of Colombia (04◦38′N, 74◦05′W).  This
ample has been described previously [25]. The population living in
ogotá is composed of a European genetic background with some
istorical admixture with Amerindians [33]. An analysis of ances-
ry using informative markers with STRUCTURE program (Version
.3.4) did not find evidence of significant population stratification
n the samples used in this study. The subjects were unrelated
nd had all four grandparents born in Colombia. Subjects with
elf-report of neuropsychiatric diseases, including sleep disorders,
ere excluded. This study was approved by the Institutional Ethics
ommittee of each participant institution and all subjects provided
 Letters 553 (2013) 52– 56 53

written informed consent [7]. The present study also met the inter-
national standards of ethical chronobiology research [29].

2.2. Measurement instruments

All participants completed a self-administered questionnaire,
which included socio-demographic variables such as age, sex, per-
sonal and familial history of neuropsychiatric disorders. We also
applied the CSM scale, which is a validated scale to measure phe-
notypic patterns of human circadian rhythms.

2.2.1. Composite scale of morningness [38]
The CSM is a 13-item scale with scores ranging from 13 (extreme

eveningness) to 55 (extreme morningness). The Spanish version
of the CSM has been previously validated [2] and applied in a
Colombian sample [25,37]. The CSM score is a reliable measure that
shows high sensitivity for classifying subjects in the dimension of
morningness-eveningness [9]. The internal consistency of this scale
(Cronbach’s alpha) for the present sample was 0.703. According to
Randler et al., three CSM factors or subscales have been identified
and extracted: factor 1 for ‘morningness’ (items 1, 3, 6, 8, 10, 11),
factor 2 for ‘activity planning’ (items 2, 7, 9, 13) and factor 3 was
‘morning alertness’ (items 4, 5, 12) [30]. We  obtained the scores for
the individual items from each subscale for every subject and we
added these values to obtain the total score for each subscale.

2.3. DNA extraction and genetic analysis

Genomic DNA was  extracted from peripheral blood of partic-
ipants using a salting out method [6,17,20]. Blood samples were
collected between September and October 2011.

For the PER2 polymorphism (rs934945), it was analyzed in a
CFX96 Touch Real-Time PCR system (BioRad, Hercules, CA, USA)
using a specific TaqMan SNP Genotyping Assay (Applied Biosys-
tems, Foster City, CA, USA). It contains two  primers for amplifying
the sequence of interest and two  TaqMan probes for identifying
alleles. Genotyping is based on the presence or absence in fluores-
cence of the dyes associated with the specific alleles. Amplification
for the polymorphism was carried out as follow: 2 �l (20 ng)
of genomic DNA, 1× TaqMan® Genotyping Master Mix  (Applied
Biosystems), 1× of TaqMan Pre-Designed SNP Genotyping Assay
(C 8740718 20, Applied Biosystems) and water in a total volume
of 10 �l. PCR program consisted of a 10-min denaturation step at
95 ◦C (1 cycle), 95 ◦C for 15 s and 60 ◦C for 90 s (50 cycles).

PER3 genotyping was carried out using an allele-specific PCR
(AS-PCR) methodology. The AS-PCR was  carried out using 3
primers: T-specific primer 5′-CTG CCA GCA CAC TGT CA AT-3′, C-
specific primer 5′-ACT GCC AGC ACA CTG TCA AC-3′and a common
reverse primer 5′-CCA CTA CCT GAT GCT GCT GA-3′. These primers
were designed with the online WASP program [42]. Mismatches
in the first nucleotide of the 3′ are indicated in bold. PCR pro-
gram consisted of a 5-min denaturation step at 94 ◦C (1 cycle),
94 ◦C for 20 s, 56 ◦C for 20 s, 72 ◦C for 40 s (35 cycles) and 72 ◦C
for 7 min  (1 cycle). Polymerase chain reactions contained 2 �l of
genomic DNA (∼50 ng), 1.5 mM MgCl2, 10× reaction Buffer, 0.8 �M
of each primer, 1 mM of dNTPs and 0.8 U of Taq polymerase (Bioline,
London, United Kingdom) in a total volume of 20 �l. PCR reac-
tions were performed in a Labnet MultiGene 96-well thermal cycler
(Labnet International Inc., Edison, NJ, USA) and PCR products were
separated in a 2% agarose gel at 140 V and visualized with ultravi-

olet light after SYBR®-safe (Invitrogen, Carlsbad, CA, USA) staining.
Alleles and genotypes were scored as presence or absence of a
band of 130 bp. We  also confirmed the data for the PER3 nsSNP
using a tetra-primer amplification refractory mutation system PCR
(T-ARMS PCR) assay.



5 cience

p
t
i
t
p
P

2

i
e
e
t
s
a
(
v
l
<
r
v
q
s

3

a
(
5
S
s

w
l
t
w
a
v
a
n
p
p

w
l
c
t
q
C
n
(

“
a
b

4

b
c
f

4 D.A. Ojeda et al. / Neuros

A random subsample (10% of subjects) was reanalyzed for both
olymorphisms to assure consistency in the genetic results. Addi-
ionally, all genotypes were checked by two different researchers
n order to confirm and validate the results. We  also evaluated
he possible pathogenic effect of these non-synonymous polymor-
hisms on the structure or function of the encoded proteins, using
olyPhen2 software (Version 2.2.2) [3].

.4. Statistical data analysis

Genotype and allele frequencies were estimated by direct count-
ng. The genotype frequencies were assessed for Hardy–Weinberg
quilibrium with a �2 test. SNPStats program [39] was  used for
xploring the association of PER2 and PER3 genotypes with quan-
itative measures of circadian phenotypes (CSM and the three
ubscales of CSM – morningness, activity planning, and morning
lertness) using a linear regression model, corrected by sex and age
scale scores and genotypes were the dependent and independent
ariables, respectively) [39]. Distribution of CSM scores was ana-
yzed with a Shapiro–Wilk test for normality. Uncorrected p values
0.05 were considered as nominally significant. A false discovery
ate approach was used for multiple testing correction: nominal p
alues were entered in the q value program [40] and the respective

 values were calculated. p values with q values <0.05 were taken as
tatistically significant after correction for multiple testing [24,40].

. Results

The 209 participants in this study included 147 women (70.3%)
nd 62 men  (29.7%), with an age range between 18 and 30 years
mean = 20.8; SD = 2.7). The total CSM scores ranged from 27 to
4, with a mean value of 39.97 (SE: 0.39). Results from the
hapiro–Wilk test (p > 0.05) showed that the CSM scores in our
ample had a normal distribution.

The frequency of the A allele in the PER2 SNP (p.Gly1244Glu)
as 0.33 and it was in Hardy–Weinberg equilibrium (p = 0.35). The

inear regression model, corrected by sex and age, showed a sta-
istically significant association between rs934945 polymorphism
ith two subscales of the CSM: “activity planning” and “morning

lertness” (nominal p values of 0.0031 and 0.026, respectively. q
alues of 0.004 and 0.01, respectively) (Table 1). We did not find

 significant association between total CSM scores and the PER2
sSNP (nominal p value = 0.82) (Table 1). This polymorphism was
redicted as possibly damaging (score: 0.865) by the PolyPhen2
rogram.

For the PER3 nsSNP (p.Met1028Thr), the frequency of the C allele
as 0.44 and was in Hardy–Weinberg equilibrium (p = 0.09). The

inear regression model, corrected by sex and age, showed a statisti-
ally significant association between rs2640909 polymorphism and
he “morningness” subscale of the CSM (nominal p value = 0.029,

 value = 0.01). Analysis of total CSM score and the other two
SM subscales: “activity planning” and “morning alertness” did
ot show significant association with the rs2640909 polymorphism
nominal p values of 0.69, 0.61 and 0.42, respectively).

Results obtained for the comparisons of “activity planning” and
morning alertness” scores and PER2 and of “morningness” scores
nd PER3 were significant after a correction for multiple testing,
ased in a FDR approach (q values < 0.05)

. Discussion
Research into genetic basis of circadian endophenotypes could
e helpful for an understanding of several common neuropsy-
hiatric disorders, such as sleep and mood disorders [1]. Results
rom previous studies of classical markers in clock genes (for
 Letters 553 (2013) 52– 56

example, CLOCK-T3111C and PER3-VNTR) are not com-
pletely consistent for different populations around the world
[4,5,10,19,21,26,28,32]. This highlights the need to study novel
candidate SNPs in clock genes, in order to achieve a deeper under-
standing of the genetic basis of circadian phenotypes in humans
[10,26,27,41].

In this study, we analyzed two  nsSNPs in the PER gene family,
taking into account that PER2 and PER3 genes are known to have a
central role in the molecular machinery of the circadian rhythms
[14]. Members of the PER family generate a negative auto-feedback,
which regulates their own expression and the oscillations of the
circadian clock [31].

Our results for the PER2 nsSNP (p.Gly1244Glu) showed that the
minor allele frequency (MAF) in our sample was 0.33, which was
similar to a Mexican sample in HapMap database (MXL, MAF:0.35)
and different from an European sample (CEU, MAF:0.159). We
found a novel association of the PER2 polymorphism with two CSM-
subscales “activity planning” and “morning alertness”. The subscale
“activity planning” is related to the self-perception of morningness
and the time of retiring. The subscale “morning alertness” reflects
the degree of alertness in the first half hour in the morning after
waking up.

Our current results are in concordance with a recent report in a
Korean population [23]. However, this is the first study where PER2
has been associated with “morning alertness”. These associations
might be correlated with the hypothesis that this non-synonymous
(p.Gly1244Glu) variation may  interfere with the normal protein
activity. This amino acid is located in a putative CRY binding
domain (UniProt ID: O15055, residues 1155–1255) and could
modify the interaction and formation of PER:CRY heterodimers,
affecting either the repression or the activation properties in the
molecular machinery of the circadian rhythms. This hypothesis is
supported by the finding that this polymorphism was  predicted as
possibly damaging (score: 0.865) by the PolyPhen2 program.

MAF  in our samples for the nsSNP in PER3 gene (pMet1028Thr)
was 0.44, different from the CEU sample (MAF: 0.19). We  found a
significant association of rs2640909 with the CSM subscale “morn-
ingness”. In this subscale, scores are correlated with the effort of
getting up in the first hour in the morning [30]. To our knowledge,
this is the first time in which an association of this SNP with a CSM
subscale is found. This nsSNP was  described previously [15] but
an analysis of its association with circadian phenotypes was not
done. The substitution Met  > Thr implicates a relevant change in
hydrophobicity (Met/nonpolar vs Thr/polar) and it might generate
modifications in terms of structure and function and could affect
PER3 auto-feedback.

Our results suggest a significant association between rs934945
and rs2640909 polymorphisms with subscales for diurnal pref-
erence, in a Colombian sample of healthy young subjects.
Stratification by gender did not show additional findings (data not
shown). However, we  did not find an association of these polymor-
phisms with the total CSM scale. These findings could be related to
the hypothesis that when specific factors from the CMS  scale are
analyzed, the scores from the different subscales could give a more
direct correlation with the genotype [16,30]. Results for “activity
planning”, “morning alertness” and “morningness” subscales scores
and PER2 and PER3 genes were significant after a correction for mul-
tiple testing, based in a commonly used FDR approach (q values
<0.05) [24,40].

The results obtained in this study highlight the importance of
future research focused on the evaluation of specific subscales for

circadian endophenotypes and on the analysis for novel candidate
functional polymorphisms in clock genes. Further studies in other
populations, using larger samples, are required to understand and
demonstrate the potential role of these polymorphisms in specific
circadian phenotypes. Factors such as latitude and altitude must
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Table 1
Association of CSM subscales scores with non-synonymous polymorphisms in PER2 and PER3 genes.

Genotype frequencies CSM scores CSM-subscales

(mean, SE) Morningness (mean, SE) Activity planning (mean, SE) Morning alertness (mean, SE)

PER2 G/G 98 39.89 (0.59) 17.98 (0.33) 13.19 (0.26) 8.13 (0.19)
G/A  86 40.06 (0.57) 18.35 (0.31) 13.10 (0.27) 8.28 (0.21)
A/A  25 40.00 (1.16) 19.36 (0.55) 14.72 (0.42) 9.04 (0.46)

p  value 0.82 0.06 0.0031* 0.026*

PER3 T/T 59 40.22 (0.77) 17.56 (0.39) 13.47 (0.29) 8.14 (0.26)
T/C  116 40.17 (0.51) 18.67 (0.28) 13.09 (0.26) 8.50 (0.18)
C/C  34 38.85 (0.91) 18.29 (0.54) 13.94 (0.36) 7.91 (0.32)

p  value 0.52 0.029* 0.61 0.42

Total  209 39.97 (0.39) 18.30 (0.21) 13.34 (0.18) 8.30 (0.14)
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* Significant values in bold. Nominal p values <0.05.

e kept into account, because they could modulate the effect of a
pecific polymorphism in different populations [1,11,28]. Due to
he geographical location of Colombia, no major seasonal changes
re present throughout the year. Finally, those studies of novel
unctional polymorphisms could be of relevance not only for the
nderstanding of molecular basis of circadian phenotypes but also
or related endophenotypes of neuropsychiatric importance.
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