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to explore these findings in skin samples
harbouring the AQP5"*****" variant.
Interestingly, molecular dynamic simu-
lations have reported a role of HA in the
regulation of water permeability of
AQP3, another member of the Aquaporin
protein family expressed in skin (Zhang
etal, 2021).

Altogether, this data proposes a role
for AQP5 in the regulation of actin
cytoskeleton dynamics in the skin,
while deepening our understanding of
the unique molecular characteristics of
the palmoplantar epidermis and how it
contrasts to body skin.
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Figure 1. Phenotypic and genetic effects of sweat gland phenotypes. (a) The definition and distribution of the sweat gland phenotypes. Bar = 5 mm. (b) The
Q—Q plot of the sweat gland phenotypes. ASG represents the absence of active sweat gland phenotype, whereas Z-SGD represents the Z-transformed SGD
phenotype. (c) The Manhattan plots in the meta-analysis of the sweat gland phenotypes. The horizontal red line represents the genome-wide significant

threshold (P < 5x10

~8). The genomic loci associated with the absence of active sweat gland phenotype and Z-SGD phenotypes are displayed in red and blue,

respectively. (d) The forest plot displaying the ORs and confidence intervals of the sweat gland phenotype signals in both the discovery and replication cohorts.
(e) The alleles of sweat gland phenotype signals and their corresponding phenotype directions. For rs190550090, the allele distribution is shown on the left,
indicating the SGD of individuals with different alleles. OR of SNP rs77384957 on the absence of active sweat gland phenotype is depicted in the middle.
Similarly, the OR of rs3018355 on the absence of active sweat gland phenotype is presented on the right. (f) The allele frequency map for rs190550090,
rs77384957, and rs3018355. (g) The LocusZoom plots of the 3 identified marker SNPs (rs190550090 at 1p36.3, rs77384957 at 1g41, and rs3018355 at
18¢21.3). Results (—log;oP) are shown for SNPs in the region flanking 200 kb on either side of the marker SNPs. The markers’ significance in the Z-SGD
phenotype is represented by the blue color, which indicated the —log10 P-value. Conversely, the red color represents the —log10 P-value of the markers in the
absence of active sweat gland phenotype. ASG, absence of sweat gland; Z-SGD, Z-transformed sweat gland density.

various skin disorders, such as hyperhi-
drosis and anhidrosis (Asahina et al,
2015). Sweat gland density (SGD) var-
ies significantly between and within
ethnic groups (Lee et al, 2010). Despite
the estimated heritability of SGD up to
0.66 (Scobbie and Sofaer, 1987), the
underlying genetic factors and mecha-
nisms responsible for this variation

remain largely unexplored. In this study,
we report the GWAS on SGD, involving
6210 Han Chinese individuals from 2
independent cohorts: the Taizhou Lon-
gitudinal Study (n = 3883) and the Na-
tional Survey of Physical Traits (n =
2327) (Supplementary Figure S1). Ge-
netic principal component analysis did
not detect population substratification

(Supplementary ~ Figure S2).  Ethical
approval was obtained from the Ethics
Committees of Fudan University (14117)
and the Shanghai Institutes for Biolog-
ical Sciences (ER-SIBS-261410), and all
participants provided written informed
consent.

The classical starch iodine solution
(Muller and Kierland, 1959) method
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Figure 2. Functional annotation and experimental validation of the SG phenotype signals. (a) Functional annotation of Z-SGD signal rs190550090. Multiple
histone modifications bind to rs190550090 (top panel). ChIP-Seq results show that rs190550090 is the transcription factor—binding site of ZNF76, POU5FT,
MYC, KLF4, and FOXA2, etc (bottom panel). (b) Z-SGD signal rs190550090 has an interaction with the promoter of KCNAB2 in ovary cell line presented by
3DIV (Yang et al, 2018), and it falls in the canonical E-box (CATGTG/CACGTG) motif, which is a regulatory element that is recognized and bound by
transcription factors to activate gene transcription (Massari and Murre, 2000). (c) Luciferase reporter assays confirmed that the transcriptional activity of the
enhancer containing the rs190550090-derived allele C was significantly higher than that of the corresponding ancestral allele T in the HEK293 and A375 cell
lines (d). ChIP-Seq, chromatin immunoprecipitation sequencing; HEK, human embryonic kidney; SG, sweat gland; Z-SGD, Z-transformed sweat gland density.

was applied to detect active sweat
glands. An advanced image analysis
was then performed to quantify the
number of glands per mm? (Figure 1a
and Supplementary Materials and
Methods). SGD  demonstrated a
moderately right-skewed distribution in
both cohorts (mean = 5.02 + 1.47 to
5.37 + 1.70 glands/mm?)
(Supplementary Table S1). Notably, fe-
males displayed a trend toward higher
Z-transformed SGD, representing an
increase of 0.4 SDs (P < .006)
(Supplementary Table S2). Z-trans-
formed SGD decreased by 0.3—0.4 SDs
for every 10-year increase in age (P <
2.4 x 107'%). SNP-based heritability
was estimated at 0.35, confirming the

genetic component detectable by our
microarray data.

Our GWAS did not show sign of
genomic inflation (lambda < 1.01)
(Figure 1b) and revealed 1p36.3 to be
significantly associated with Z-trans-
formed SGD in Taizhou Longitudinal
Study (lead SNP rs190550090, P =
1.01 x 107%8), which was successfully
replicated in National Survey of Phys-
ical Traits with similar allelic effects
(P=1.03 x 107?) (Figure 1c and d). In
the meta-analysis of 2 cohorts, the as-
sociation at 1p36.3 was further
strengthened (B = 1.19, P = 4.98 x
107" (Figure 1c).

SGD of rs190550090-CT carriers was
1.52 glands/mm* higher than that of

Journal of Investigative Dermatology (2024), Volume 144

rs190550090-TT carriers (Figure Te).
The frequency of derived C allele was
low (~1% in our sample), consistent
with that of East Asians in the 1000
Genomes Project. The C allele was
virtually undetected in non—East Asian
cohorts, suggesting population speci-
ficity (Figure 1f and Supplementary
Table S3). Rs190550090 is located in
the intron of KCNAB2, a gene involved
in acetylcholine release, which is
responsible for triggering sweat gland
secretion (Shibasaki and Crandall, 2001).

Interestingly, 139 participants had
absence of sweat glands (< —2 SD),
with a significantly higher risk of
dry skin based on questionnaires
(OR = 1.03, 95% confidence interval



[Cl] = 1.01-1.05, P = .003) and sus-
ceptibility to crack or wrinkle skin
(OR =1.02,95% CI = 1.00—1.03, P=
.004). In addition, they displayed a
higher number of facial pigment spots
(B = 0.03, 95% Cl = 0.01—0.05, P =
.003). Further meta-analysis of absence
of sweat gland identified 2 significantly
related loci. The first locus is at 1g41
downstream of KCNK2, another mem-
ber of the potassium channel family
playing a crucial role in heat-sensitive
sweating (Kang et al, 2005). The
derived G allele of rs77384957 was
associated with an increased risk of the
absence of sweat gland (OR = 3.05,
95% ClI = 2.12—4.39, P = 1.98 x
107?), with consistent effects in both

cohorts (PNationaI Survey of Physical Traits =

2.32 x 10_7; Praizhou Longitudinal Study =
528 x 1079 (Figure 1d and e). The

frequency of G allele was low in our
sample and in the 1000 Genomes
Project East Asians, whereas it was
nearly absent outside of East Asia
(Figure 1f and Supplementary Table S3).
The second locus is at 18g21.3 down-
stream of TNFRSF11A, inducing the
activation of NF-kB, known to regulate
sweat gland development and sweat
production (Lu et al, 2016). The T allele
of rs3018355 was associated with an
increased risk of the absence of sweat
gland (OR = 250, 95% ClI =
1.87-3.35, P = 825 x 107 '°). The
homozygote TT was not observed
owing to the low allelic frequency
(1%), whereas it was common in pop-
ulations outside of East Asia (feuropean =
0.14; fafrican = 0.25) (Figure 1f and
Supplementary Table S3). No genome-
wide significant loci associated with
excessive sweat gland (n = 151; >2 SD)
were found. For the 3 nominated SNPs
mentioned earlier, a sex-stratified anal-
ysis revealed consistent SNP effects
across both sexes.

Fine-mapping analysis showed that
all of the 3 SNPs had high posterior
probabilities (>0.95) with regulatory
roles in gene expression
(Supplementary Table S3). Specifically,
rs190550090 region showed distinct
active enhancer signatures, and chro-
matin
immunoprecipitation—sequencing data
(Landt et al, 2012) further revealed its
role as a binding site for several tran-
scription factors, including ZNF76,
POU5F1, MYC, KLF4, and FOXA2
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(Figure 2a). Hi-C study demonstrated
that rs190550090 interacts with the
promoter of KCNAB2, and it is located
in the canonical E-box motif that is
known to be recognized and bound by
transcription factors, thereby activating
gene transcription (Massari and Murre,
2000) (Figure 2b). We performed lucif-
erase reporter assay in human embry-
onic kidney 293 and A375 cell lines,
and the results showed that the tran-
scriptional activity of the sequence
containing C allele exhibited signifi-
cantly higher than that containing T
allele in both cell lines, which verified
the potential modulating activity of
rs190550090 (Figure 2c and d).
Detailed results for rs77384957 and
rs3018355 are provided in Supple-
mentary Text and Supplementary
Figure S3. No significant positive se-
lection signals were detected at these 3
loci, as expected owing to the low
allelic ~ frequencies  (Supplementary
Figure S4 and Supplementary Table S4).

In summary, we identified 3 loci
associated with sweat gland pheno-
types. Two are specific to East Asians
and situated near potassium channel
genes, highlighting the channels’ func-
tional role in sweat gland development
and the risk of chronic idiopathic
anhidrosis. These loci may exhibit
different single nucleotide variations in
non—East Asian populations, warrant-
ing further investigation through
population-specific candidate gene
analysis. The third locus, prevalent in
non—East Asian populations and
showing uniform linkage disequilib-
rium patterns, suggests a more detect-
able association in these groups.
Despite the low allele frequencies of
these loci, which may inherently be
more susceptible to chance associa-
tions than common alleles, our findings
enhance the understanding of genetic
influences on sweat gland diversity and
their potential impact on skin-related
conditions.
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TO THE EDITOR

All approaches to cancer screening
incorporate some consideration of age
because aging is arguably the single
most important nonmodifiable risk fac-
tor for many cancers, including mela-
noma. Information on the distribution
of age at diagnosis is therefore impor-
tant for designing risk-stratified ap-
proaches to early detection. However, a
key issue is whether there exist

differences in the lethality of mela-
nomas arising at different ages.
Recently, concerns have been raised
that early detection activities for mela-
noma contribute to overdiagnosis,
whereby indolent tumors that pose little
or no risk to the patient are diagnosed
and treated, yet tumors with poor
prognosis are missed (Olsen et al, 2022;
Welch et al, 2021; Whiteman et al,
2022). The strongest predictors of poor

Abbreviations: LMM, lentigo malignant melanoma; NM, nodular melanoma; SSM, superficial spreading

melanoma; US, United States
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Check for
updates

POpen

prognosis are thickness and nodular
subtype. We therefore sought to
examine trends in the age at diagnosis
of invasive melanoma by thickness and
histologic subtype in 2 populations
exposed to different levels of ambient
UVR (the United States [US] White
population and the Queensland,
Australia population), with the aim of
informing age-based risk stratification
programs intended to detect lethal
melanomas early in their course.

We obtained case listings of all mel-
anoma diagnoses over the period
1999—2018 for the US White popula-
tion from the Surveillance, Epidemi-
ology, and End Results program of the
National Cancer Institute (9 registries,
covering approximately 9.4% of the
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SUPPLEMENTARY TEXT

Our fine-mapping analysis using PAIN-
TOR confirmed that our identified SNPs
all had high posterior probabilities of
causality (P > .95) (Supplementary
Table S3). Functional annotations
further substantiated their regulatory role
(Supplementary Table S3). The absence
of active sweat glands phenotype asso-
ciated SNP 1577384957 was found
within histone modifications associated
with active regulatory elements, such as
H3K4me3, H3K4mel, and H3K27ac
(Supplementary Figure S3a). In addition,
analysis of publicly available chromatin
immunoprecipitation-sequencing  data
(Landt et al, 2012) provided further
support for rs77384957, revealing its
role as a binding site for several tran-
scription  factors, including BRDA4,
MED1, RELA, PPARG, CTCF, AHR, and
SMARCA4 (Supplementary Figure S3b).
For another absence of active sweat
glands  phenotype—associated ~ SNP
rs3018355, we observed that it is the
transcription-binding site of ZNF384
(Supplementary  Figure S3c). These
compelling lines of evidence strongly
support that rs77384957 affects the
absence of active sweat glands by regu-
lating the expression of target gene.

We also conducted linkage disequilib-
rium (LD) analysis for both LD r* and D’
in East Asian, European, and African
samples from the 1000 Genomes Proj-
ect (Supplementary Figure S5). LD
heatmap confirms low LD between our
identified SNPs and other SNPs in these
genomic regions and showed similar
LD patterns between supper pop-
ulations. The first 2 loci are both
located near potassium channel genes,
suggesting the functional role of potas-
sium in sweat gland development,
although different variants at the same
genomic regions may exist in non—East
Asian populations owing to allelic het-
erogeneity. For the third locus, we
expect that the association with sweat
gland phenotypes may be more readily
detectable in other populations.

To further explore the SNPs we
identified and those in high LD with
them (7 > 0.4), we conducted a
comprehensive cross-referencing with
available GWAS summary statistics.
This included data from the GWAS
Catalog, over 700 GWASs from the UK
Biobank , and 280 GWASs from the
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Biobank Japan. Our cross-reference
analysis indicated that none of our 3
identified SNPs reached genome-wide
significance. However, an interesting
observation was made in the GWAS
Catalog. One of our identified that
absence of sweat gland hits, located at
18g21.3  (rs3018355) and more
frequent outside of Asia, exhibited a
nominally significant association with
excessive hair growth (P = .01) (Endo
et al, 2018). This suggests a potential
shared genetic basis between this
absence of sweat gland and excessive
hair growth.

SUPPLEMENTARY MATERIALS AND
METHODS

Study subjects

This study involved 6210 Han Chinese
individuals from 2 separate cohorts: the
Taizhou Longitudinal Study (n = 3883)
and the National Survey of Physical
Traits (n = 2327). The Taizhou Longi-
tudinal Study cohort was used for dis-
covery purposes, whereas the National
Survey of Physical Traits cohort served
as a validation cohort. The individuals
in the discovery cohort had an average
age of 54.80 + 10.23 years, with
64.23% being females. In the replica-
tion cohort, participants had an average
age of 50.13 + 13.44 years, and
62.53% were females.

Genotyping, quality control, and
imputation

We employed the GENEray DNA
extraction kit to extract DNA from
blood samples obtained from partici-
pants. The first-stage samples from the
Taizhou cohort (TZ1) were genotyped
using the lllumina Human Omni
Zhonghua8V1.1 chip, which covers
887,270 SNPs. For the second and third
stages of the Taizhou cohorts (TZ2 and
TZ3) as well as the Henan and Guangxi
cohorts, we used the Illlumina Global
Screening Array with 707,146 SNPs for
genotyping. The imputation was per-
formed using IMPUTE2 (Howie et al,
2009), with individuals from the 1000
Genomes phase 3 dataset serving as a
reference set. After imputation, we
excluded variants with an INFO score
below 0.8 or a certainty score below
0.9 to ensure data quality. Our quality
control procedures were carried out
using PLINK, version 1.9 (Chang et al,
2015). During this phase, we removed

SNPs that had a genotype missing rate
>0.02, had a minor allele frequency
<0.01, or failed the Hardy—Weinberg
equilibrium test (P < 1x107°).
Furthermore, we did not detect any
samples exhibiting >5% missing data,
signs of cryptic relatedness, or dis-
crepancies in reported sex. After
applying these stringent filtering
criteria, the Taizhou Longitudinal Study
cohort (3883 individuals) encompassed
7,057,720 variants. Similarly, the Na-
tional Survey of Physical Traits cohort
(2327 individuals) retained a total of
8,039,700 variants.

Phenotyping: sweat gland phenotype
Written consent was requested before
the participation in the study.

Phenotyping: sweat gland density
Among humans, there are significant
differences in the distribution of eccrine
glands across various body parts, with
the highest concentration observed in
the palms and soles (Sato and Dobson,
1970). Sweating on the palms and soles
is believed to be a useful indicator of
sympathetic function and limbic activ-
ity in autonomic and psychiatric disor-
ders (Asahina et al, 2015). In this study,
we recorded sweat gland phenotype on
the fingertips using the starch-iodine
reaction owing to its practicality and
simplicity. This allowed us to assess the
palmar sympathetic sweat responses or
activity for each participant. Further-
more, 2-dimensional photographs were
captured using a Nikon D400 digital
camera. To quantify individual sweat
gland density (SGD), which represents
interindividual variations, we devel-
oped a robust automated image anal-
ysis method.

In our study, we utilized a commonly
used noninvasive method on the basis
of starch/iodine reactions to measure
sweat glands (Juniperet al, 1964). First,
we collected the index fingers of par-
ticipants’ left hand and cleaned them
using 70% ethanol. After cleaning, we
applied an iodine/ethanol solution
carefully to the fingertips and allowed it
to air dry for approximately 1 minute.
Next, we applied a thin film composed
of a 1:1 mixture of starch and castor oil
to the fingertips. As sweat was secreted
from the sweat glands, it broke the oil
barrier, causing the starch—iodine re-
action. This reaction resulted in the
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formation of distinct black dots, indi-
cating the activated sweat glands.
Approximately 2.5 minutes later, we
captured high-resolution pictures of the
fingers using a Nikon D400 digital
camera. To ensure accurate sample
tracking and picture alignment, each
finger was labeled with a subject-
specific code, which was included in
the picture. This labeling facilitated
easy tracking and adjustment of picture
size on the basis of the reference label.
For further analysis, only high-quality
images (left panel in Supplementary
Figure S6) were considered. The cen-
ter of the fingerprint pattern typically
exhibited superior resolution, so we
cropped a square target area around
this region (Figure 1a). We developed
an automated image analysis pipeline
using MATLAB to count the number of
sweat glands in each cropped image.
This pipeline involved converting the
original images to grayscale, balancing
the grayscale images, and labeling and
counting the sweat glands. By imple-
menting this MATLAB pipeline, we
efficiently analyzed the distribution of
sweat glands within the cropped im-
ages. To validate the accuracy of our
image recognition method, we
compared the sweat glands identified
through image recognition with those
manually labeled. The results demon-
strated a strong correlation and consis-
tent agreement between the number of
sweat glands recognized by our image
recognition method and the manually
labeled ones (Supplementary
Figure S7), confirming the reliability
and effectiveness of our approach.

Phenotyping: the absence of active
sweat glands

To determine the absence of active
sweat glands, we utilized Z scores to
normalize the SGD. The Z score is
calculated by subtracting the overall
average SGD for all individuals and
dividing the result by the SD of all
measured SGDs. The formula for
calculating the Z score is as follows: Z
score = (SGD; — mean)/SD.

In our study, the absence of active
sweat glands represented a binary
phenotype, categorized as either the
absence of active sweat glands or
normal active sweat glands (Figure 1a).
The case sample, indicating the

absence of active sweat gland, was
defined as SGD < 1.88 glands/mm2
and corresponding Z score < —2. On
the other hand, the control sample,
representing normal active sweat gland,
was defined as SGD > 1.88 glands/
mm? and corresponding Z score > —2.

Phenotyping: excessive active sweat
gland

The definition of excessive active sweat
gland follows a similar approach.
Excessive active sweat gland is also
categorized as a binary phenotype:
excessive active sweat glands and
normal active sweat glands (Figure Ta).
The case sample represents the excessive
active sweat gland and is defined as SGD
> 8.75 glands/mm?, along with the cor-
responding Z score > —2. On the other
hand, the control sample represents
normal active sweat gland and is defined
as SGD < 8.75 glands/mm?2, along with
the corresponding Z score < 2.

Statistical analyses

Statistical analyses: population stratifi-
cation analysis. Genomic principal
component analysis was performed to
adjust for population stratification with
EIGENSTRAT (Price et al, 2006). To
reduce the computer calculations and
reduce potential bias introduced by LD
structure, SNPs were first pruned for LD
(pairwise 7 <0.2) by PLINK (Chang et al,
2015). The Tracy—Widom statistics from
EIGENSTRAT identified 4 statistically sig-
nificant  eigenvectors (P <  .05)
(Supplementary Figure S8).

Statistical analyses: association analy-
ses. The Tracy—Widom statistics from
EIGENSTRAT identified 4 statistically sig-
nificant  eigenvectors (P <  .05)
(Supplementary Figure S8). We therefore
included these 4 main principal compo-
nents as covariates in our GWAS in
addition to sex and age. GWAS was per-
formed using linear regression for the
quantitative trait Z-transformed sweat
gland density and logistic regression for
binary traits (active sweat glands and
excessive sweat gland) assuming additive
allelic effects using PLINK, version 1.9.
The GWAS summary statistics from the
discovery cohort and the replication
cohort were meta-analyzed focusing on
the fixed effect using the inverse variance
method implemented in the software
package METAL (Willer et al, 2010). In
this approach, the effect size estimates (B-
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coefficients) are weighted according to
their estimated standard errors. To deter-
mine statistically significant genetic as-
sociations, a marginal P < 5.0 x 107% in
the meta-analysis was adopted as the
threshold.

LD score regression and heritability
estimation. To account for confounding
factors such as population stratification
and cryptic relatedness, we employed LD
score regression intercepts (Bulik-Sullivan
et al, 2015). This adjustment helped to
ensure the accuracy of our analysis.

To estimate the heritability of the sweat
gland phenotypes, we utilized LD score
regression and genome-wide complex
trait analysis incorporating the GREML
algorithm (Yang et al, 2010). These
methods allowed us to assess the genetic
contribution to the phenotypes of interest.

Functional annotation. To generate
regional plots, we utilized LocusZoom
(http://locuszoom.sph.umich.edu/
locuszoom/). To investigate the regulatory
elements and functional annotations of
SNPs, we employed multiple SNP anno-
tation databases, including HaploReg,
version 4.1 (Ward and Kellis, 2012);
ENCODE (Encyclopedia of DNA ele-
ments) (ENCODE Project Consortium,
2004); REMC (Roadmap for Epigenomics
Mapping) data (Kundaje et al, 2015);
RegulomeDB (Boyle et al, 2012); and the
UCSC genome browser (Zweig et al,
2008).

Transcription factor chromatin
immunoprecipitation-sequencing  peaks
were annotated using CistromeDB (Qin
et al, 2012). We retrieved lower loss-of-
function observed/expected upper bound
fraction scores  from gnomAD
(Karczewski et al, 2020).

To prioritize potentially causal SNPs for
each locus, we employed a Bayesian
approach with the PAINTOR software
(Kichaev et al, 2014). This approach
incorporated an LD matrix of pairwise
correlation coefficients and functional
annotation data. We constructed a 99%
credible set consisting of SNPs that jointly
attained or exceeded a 99% probability.

Tests for natural selection. To identify
signals of positive selection, we utilized
the Composite of Multiple Signals test
(Grossman et al, 2010). The Composite of
Multiple Signals test integrates signals
from 5 different tests, namely, AiHH, iHS,
XP-EHH, Fs1, and ADAF. We employed
the genome-wide composite of multiple
signals scores of individuals with



Northern and Western European ancestry
in Utah (denoted as CEU), Yoruba in
Ibadan (denoted as YRI), Japanese in
Tokyo (denoted as JPT), and Han Chinese
in Beijing (denoted as CHB) to assess
potential signals of natural selection at
loci related to sweating and sweat glands.
The composite of multiple signals scores
were obtained from the Broad Institute
(https://pubs.broadinstitute.org/mpg/
cmsviewer/).

To evaluate the evolutionary pressure
on these loci, we calculated the ratios of
nonsynonymous to synonymous nucleo-
tide substitutions (Ka/Ks) using the kaks-
calculator tool (Zhang et al, 2006) for
each pair of orthologous genes.

Functional test using dual luciferase re-
porter assay. To construct KCNAB2
enhancer reporters, we amplified frag-
ments of 451 bp of KCNAB2 by poly-
merase chain reaction from genomic
DNA of 2 individuals homozygous with
respect to the corresponding genotypes
rs190550090 (TT and CC), using primers
tailed with Nhe | and Xho | restriction
sites for rs190550090, and directionally
subcloned them into the pGL3-promter
expression vector. We verified all recom-
binant clones by sequencing. A375 (hu-
man malignant melanoma) and human
embryonic  kidney 293 cells were
cultured in high-glucose DMEM with
10% fetal bovine serum. For luciferase
reporter assays, A375 and human em-
bryonic kidney 293 cells were transfected
with the indicated plasmids using the
lipofectamine 2000 transfection reagent
and incubated overnight at 37 °C or 31 °C
(on the basis of the published protocol
[Kim et al, 2003]) in 5% carbon dioxide
condition. According to the manufac-
turer’s instructions, luciferase activity was
measured 36 hours after transfection us-
ing the Dual-Luciferase Reporter Assay
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System. All assays were performed in at
least 3 replicates.
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