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Genetic Variants in Telomerase Reverse
Transcriptase Contribute to Solar Lentigines

Qianqian Peng1,14, Yu Liu1,14, Anke Huels2,3, Canfeng Zhang4, Yao Yu1,5, Wenqing Qiu6,
Xiyang Cai1, Yuepu Zhao1, Tamara Schikowski2, Katja Merches2, Yun Liu6, Yajun Yang7,8,
Jiucun Wang7,8, Yong Zhao9, Li Jin7,8, Liang Zhang5,10,11, Jean Krutmann2,7,12,14 and Sijia Wang1,13,14
Solar lentigines (SLs) are a hallmark of human skin aging. They result from chronic exposure to sunlight
and other environmental stressors. Recent studies also imply genetic factors, but findings are partially
conflicting and lack of replication. Through a multi-trait based analysis strategy, we discovered that ge-
netic variants in telomerase reverse transcriptase were significantly associated with non-facial SL in two
East Asian (Taizhou longitudinal cohort, n ¼ 2,964 and National Survey of Physical Traits, n ¼ 2,954) and
one Caucasian population (SALIA, n ¼ 462), top SNP rs2853672 (P-value for Taizhou longitudinal cohort ¼
1.32 � 10‒28 and P-value for National Survey of Physical Traits ¼ 3.66 � 10‒17 and P-value for SALIA ¼
0.0007 and Pmeta ¼ 4.93 � 10‒44). The same variants were nominally associated with facial SL but not with
other skin aging or skin pigmentation traits. The SL-enhanced allele/haplotype upregulated the tran-
scription of the telomerase reverse transcriptase gene. Of note, well-known telomerase reverse tran-
scriptase‒related aging markers such as leukocyte telomere length and intrinsic epigenetic age
acceleration were not associated with SL. Our results indicate a previously unrecognized role of telo-
merase reverse transcriptase in skin aging‒related lentigines formation.
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INTRODUCTION
Solar lentigines (SL), also called age spots or senile lentigines,
are a typical dyspigmentation phenotype in aged skin (Ezzedine
et al., 2013; Hasegawa et al., 2015). These hyperpigmented
(darkbrown)maculaeareacquiredandevolve slowlyoveryears
in sun-exposed areas of the skin such as the face, but also non-
facial skin, that is, the dorsal side of the hands and arms
(Ezzedine et al., 2013). As indicated by their name, SL are
thought to mainly result from chronic irradiation with UVR
(Ezzedineet al., 2013).More recently, chronic exposure toother
environmental stressors such as air pollutants was also found to
be associated with more facial lentigines (Grether-Beck et al.,
2021; Hüls et al., 2016; Vierkötter et al., 2010). In addition to
these environmental factors, SL also have a substantial genetic
component, with a reported 41% heritability (Gunn et al.,
2009). Although recent GWASs have detected a number of
genetic variants associated with SL (Endo et al., 2018; Jacobs
et al., 2015; Laville et al., 2016; Shin et al., 2021), most sig-
nalswere not replicated in other studies. Ethnic differencesmay
playa role, but evenwithin the same ethnic group, the between-
study replication performance remained poor.

It is worth pointing out that in the past, GWASs exclusively
focused on facial SL and largely ignored non-facial SL.
Compared with facial SL, non-facial SL might offer some ad-
vantages for the design of a genetic study. Accordingly, the
phenotyping of non-facial SLmight be less confounded by other
pigmented, maculous lesions such as freckles, seborrheic
keratosis, junctional nevomelanocytic nevi, pigmented actinic
keratosis, and others, whichmight also occur in the face (Jacobs
et al., 2015). Comparedwith facial SL, non-facial SL should also
be less affectedby the regular useof cosmetic day care products,
s. Published by Elsevier, Inc. on behalf of the Society for Investigative Dermatology. This is
icle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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which are usually applied to the face. Although a comprehen-
sive study of 190 SL obtained from a total of 98 patients recently
reported histopathological differences between facial and non-
facial SL (Barysch et al., 2019), a direct comparison of facial and
non-facial SL has never been conducted in a genetic study.

In this study, we therefore sought to reassess the genetic
basis of SL by (i) simultaneously studying non-facial and
facial SL, (ii) in two Han Chinese cohorts and one Caucasian
cohort, and (iii) by using multi-trait analysis strategies to in-
crease the sensitivity of GWAS. Because three non-facial SL
and four facial SL traits were collected in this study, a partial
least square path model (PLSPM) was applied to extract
composite phenotypes from these traits. This multi-trait-based
approach relieved the burden of multiple testing and
enhanced the power of GWAS. This approach allowed us to
discover an unreported contribution of telomerase reverse
transcriptase gene (TERT) to SL.

RESULTS
Multi-trait based GWAS identified non-facial SL associated
signal at 5p15.33

The correlation matrix of the seven SL traits showed two clear
clusters: the three non-facial SL traits collected from the
Figure 1. GWAS and meta results of non-facial SL. (a) Non-facial SL composite p

three single traits, and numbers in blue indicate loading coefficients in PLSPM.

indicate signals (P < 5.0 � 10‒8). (c) Association between top SNP rs2853672 an

dots represent the associations in TZL, and hollow dots represent the association

phenotype in two discovery cohorts (TZL and NSPT), one replication cohort (SA

beta-coefficient and 95% CI in each cohort, whereas the rhombus indicates a b

NSLFA, SL on forearm; NSLHB SL on back of hands; NSPT, National Survey of Ph

Taizhou longitudinal cohort; UPFA, uneven pigmentation on the lower side of th
backside of hands and arms (Supplementary Figure S1) were
correlated with themselves in one cluster, whereas the four
facial SL traits were correlated in the other cluster
(Supplementary Figure S2a and Supplementary Table S1).
Using a PLSPM, we were able to extract two latent variables,
which we denoted as composite phenotypes of non-facial SL
and facial SL, respectively (Figure 1a and Supplementary
Figure S2b). The composite phenotypes showed slightly to
moderately higher heritability than the corresponding single
traits (32�13%vs. 21�13%w36�13% for non-facial SL, 36
� 11% vs. 16 � 12%w33 � 12% for facial SL in the Taizhou
longitudinal cohort [TZL]; 42� 8% vs. 38� 8%w44� 8% for
non-facial SL, 43� 8% vs. 26� 9%w40� 8% for facial SL in
National Survey of Physical Traits [NSPT]) (Supplementary
Table S2). This indicates that the shared genetic basis of the
single traits has been extracted into the composite phenotypes,
which might potentially enhance the power of GWAS.

Subsequent genome-wide scans in the two Han Chinese
discovery cohorts (TZL and NSPT) found no signal for the
composite phenotype of facial SL but two signals for non-
facial SL (top SNP rs2853672 at 5p15.33, b ¼ ‒0.19, Pmeta ¼
5.68 � 10‒42; top SNP rs1800414 at 15q12, b ¼ ‒0.08,
Pmeta ¼ 4.67 � 10‒8) (Figure 1b). The top SNP rs1800414 at
henotype extraction. Numbers in red indicate correlation coefficients among

(b) Meta-result from two Han Chinese samples (TZL and NSPT). Blue dots

d skin aging and pigmentation traits. Colors represent the types of traits, solid

s in NSPT. (d) Association between rs2853672 and non-facial SL composite

LIA), and meta-result of three cohorts. The square with black lines indicates a

eta-coefficient in the meta-analysis of three cohorts. CI, confidence interval;

ysical Traits; PLSPM, partial least square path model; SL, solar lentigines; TZL,

e forearm.
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15q12 is a well-known missense variant in OCA2 previously
reported to be associated with skin pigmentation in East
Asians (Eaton et al., 2015; Edwards et al., 2010; Murray et al.,
2015; Rawofi et al., 2017; Yang et al., 2016). The signal at
5p15.33 is an unreported discovery that has never been re-
ported by previous SL-related genetic studies. We replicated
this finding in a German cohort (SALIA, n ¼ 462, b ¼ ‒0.32,
P ¼ 7.41 � 10‒4) (Supplementary Table S3). A meta-analysis
combining the GWAS results of all three cohorts showed a
greater significance of the signal (b ¼ ‒0.19, Pmeta ¼ 4.93 �
10‒44) (Figure 1d and Supplementary Table S3). This signal is
located in TERT, and the top SNP, rs2853672, could explain
2.95% variance of non-facial SL.

This signal in TERT also appeared in the GWAS on the three
single traits of non-facial SL but with less significant P-values,
and was nominally associated with the composite phenotype
and single traits of facial SL (Figure 1c). However, it was not
associatedwith anyof the other skin aging traits (e.g., wrinkles,
sagging, and solar elastosis) (Figure 1c) in the two East Asian
cohorts (TZL and NSPT). Furthermore, this signal was also not
associated with skin pigmentation phenotypes (Figure 1c). Its
associationwith SL remained significant after adjusting for skin
pigmentation (Supplementary Table S4). When exploring the
association between TERT SNPs and non-facial SL in dark and
light skin color groups in TZL and NSPT, no obvious difference
was detected between the two groups (Supplementary
Table S5), indicating that the effect of TERT SNPs on SL
should be irrelevant to skin pigmentation.

Previous GWASs on facial SL had reported 29 signal SNPs in
European and East Asian populations (Endo et al., 2018; Jacobs
et al., 2015; Laville et al., 2016; Shin et al., 2021). None of the
13 SNPs reported in European studies were significant in our
Han Chinese samples, probably because most SNPs have very
low minor allele frequencies in East Asians (Supplementary
Table S6). In contrast, 11 of the 16 SNPs reported in East
Asian studies were also nominally significant (P< 0.05) in our
Han Chinese samples, with consistent effect direction (seven
remained significant after multiple testing corrections). This
indicates that previously detected genetic variants associated
with SL show a strong population difference in allele fre-
quencies. This is probably due to the fact that these variants are
located in pigmentation-related genes, which have undergone
varied selections in different populations, resulting in the dif-
ference in allele frequencies (Adhikari et al., 2019; Feng et al.,
2021; Jonnalagadda et al., 2022; Ju and Mathieson, 2021;
Rocha, 2020; Yang et al., 2018). However, the signal in TERT
identified in this study appears to have not been subjected to
selection in different populations, for example, with similar
allele frequency in different populations. This may be the
reason why the TERT signal could be found in both East Asian
and European populations. Interestingly, in our data, these
previously reported candidate SNPs were in general more
significantly associated with non-facial SL than with facial SL,
further supporting our assumption that studying non-facial SL
might be more efficient in genetic studies.

SL-enhanced alleles/haplotypes upregulate TERT

Using two different fine mapping strategies, that is, PAINTOR
(Probabilistic Annotation INTegratOR) (Kichaev et al., 2014)
and Integrative Weighted scoring (Wang et al., 2018), we
Journal of Investigative Dermatology (2023), Volume 143
obtained five candidate SNPs at 5p15.33 (Figure 2a).
Although there are a number of luciferase reporter experi-
ments on TERT SNPs (e.g., rs2853669, rs2736940) and
sequence variations (Helbig et al., 2017; Ko et al., 2016; Ma
et al., 2019; Sheng et al., 2013), none of them involved
rs2853672, rs2736098, and rs7712562. To identify the most
likely causal SNPs and their role in TERT expression, we
designed luciferase reporter experiments on both allele and
haplotype levels for five candidate SNPs. Interestingly, the
haplotype consisting of five SL-enhanced alleles was also the
most frequent haplotype, and it was significantly associated
with SL when compared with other haplotypes (Figure 2b and
Supplementary Table S7). TERT luciferase reporter assays for
this haplotype consisting of five SL-enhanced alleles
(ACAGG) showed significantly higher luciferase activities in
three different human cell lines (e.g., A375, SK, and KB) than
for the other two major haplotypes (Figure 2cee). When
examined individually, the SL-enhanced alleles of the five
SNPs showed significant effects on reporter gene expression
but in different directions (Figure 2cee). The SL-enhanced
alleles of rs2853672 and rs2736098 upregulated gene tran-
scription, which is consistent with the haplotype effect,
whereas rs2853669, rs2735940, and rs7712562 had the
opposite effect. This positive correlation between SL-
enhanced SNP alleles and TERT expression level was also
supported by the publicly available expression quantitative
trait loci database at GTEx (Supplementary Table S8) (e.g.,
rs2853672, b ¼ 0.22, P ¼ 9.50 � 10‒6). Furthermore, a two-
sample‒based Mendelian randomization test indicated that
the upregulated TERT expression could be a potential causal
factor of non-facial SL (Supplementary Figure S3).

To further assess the effect of rs2853672 and rs2736098 on
the expression level of TERT, we performed CRISPR-Cas9
experiments with single-guide RNAs targeting the genomic
regions surrounding these sites or a control single-guide RNA
(Figure 2f). By RT-qPCR analysis, we found that the infected
cells displayed significantly reduced endogenous TERT
expression and telomere length compared with the control
cells (Figure 2g and h).

Interestingly, the SNPs rs2853672 and rs2736098 are also
DNA methylation quantitative trait loci of methylation sites in
TERT (Gaunt et al., 2016; Heyn et al., 2014), which was
confirmed in the NSPT cohort where methylation data are
available (P ¼ 1.66 � 10‒241) (Figure 3a). We found that one
of the DNA methylation quantitative trait loci‒related 50-C-
phosphate-G-30, cg23827991, was also significantly associ-
ated with non-facial SL (beta-coefficient ¼ 1.68, P ¼ 1.45 �
10‒8) (Figure 3b). Using dual-luciferase reporter assay ex-
periments in two different cell lines (e.g., 293Tand A375), we
confirmed that hypermethylation at cg23827991 was asso-
ciated with lower TERT transcription levels (Figure 3c and d).

All the results mentioned earlier are consistent with the
assumption that the SNPs rs2853672 and rs2736098 affect
the expression of TERT and that the upregulation of TERT is
likely to be causally linked to SL.

TERT-related global aging markers were not associated
with SL

TERT is well-known to be associated with global aging
markers, that is, leukocyte telomere length (LTL) (Bojesen



Figure 2. Functional validation of 5p15.33. (a) Locuszoom of five potential functional SNPs (red arrows). (b) Barplot of non-facial SL according to genotype

or haplotype at five SNPs. (c‒‒e) Luciferase reporter activity for allele or haplotype of five SNPs in A375, SK, and KB cell lines. (f) DNA sequencing results of

genomic regions around rs2853672 or rs2736098 sites (red) in Ctrl A375 cells and their corresponding CRISPR-edited clones (672mut and 098mut). sgRNA

sequences were underlined. (g, h) RT-qPCR analysis of relative TERT expression level (left) and telomere length (right) in A375 cells stabling infected with control

CRISPR lentivirus (Ctrl) or rs2736098 (098-KO) or rs2853672 (672-KO) site. The bar represents mean � error. *P < 0.05, **P < 0.01, ***P < 0.001. n ¼ 6 each.

Ctrl, control; KO, knockout; sgRNA, single-guide RNA; SL, solar lentigines; TERT, telomerase reverse transcriptase.
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et al., 2013; Codd et al., 2013; Dorajoo et al., 2019; Li et al.,
2020; Pooley et al., 2013) and intrinsic epigenetic age ac-
celeration (IEAA) (Lu et al., 2018; McCartney et al., 2021);
skin aging-related traits, that is, seborrhoeic keratosis
(Ghoussaini et al., 2021; Mountjoy et al., 2021); and
pigmentation-related trait, that is, basal cell carcinoma
(Adolphe et al., 2021). We therefore next tested whether the
TERT signal contributed to SL through these traits. To this end,
data were available for LTL in 800 samples in TZL and for
IEAA in 2,954 samples in NSPT. We found no significant
association between SL and LTL or SL and IEAA (Figure 4a
and b). The LTL was found to be associated with age but not
with the TERT variants, which might be due to the limited
power of our study because of the small sample size (n ¼
800) (Figure 4c and Supplementary Table S9). In contrast, the
IEAAwas associated with the TERT variants (P ¼ 3.21 � 10‒9)
(Figure 4d). By taking advantage of the publicly available
GWAS summary data of LTL and IEAA in large cohorts
(Bojesen et al., 2013; Codd et al., 2013; Dorajoo et al., 2019;
Li et al., 2020; Lu et al., 2018; McCartney et al., 2021; Pooley
et al., 2013), we used two-sample-based Mendelian
randomization tests to evaluate the relationship among LTL,
www.jidonline.org 1065
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Figure 3. 5p15.33 contribute to non-

facial SL through mediation on local

DNAm methylation. (a) Volcano plot

of rs2853672 association with EPIC

DNAm sites in NSPT. The red dots

indicate significant associations, and

the blue dots indicate nonsignificant

associations. The red arrow indicates

that rs2853672 is significantly

associated with cg23827991. (b)

Volcano plot of association with non-

facial SL and EPIC DNAm sites in

NSPT. The red dots indicate significant

associations, and the blue dots

indicate nonsignificant associations.

The red arrow indicates that

cg23827991 is significantly associated

with non-facial SL. (c, d) Cellular-

based dual-luciferase reporter assay

about methylation states of

cg23827991 and TERT expression in

293T and A375 cell lines. Each bar

represents normalized luciferase

activity with an error bar in control or

different methylation states. *P < 0.05

and **P < 0.01. n ¼ 2 each. ns, not

significant; NSPT, National Survey of

Physical Traits; SL, solar lentigines;

TERT, telomerase reverse

transcriptase.
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IEAA, and SL. Although the power was still not enough to
support a strong conclusion (Supplementary Table S10), our
analysis confirmed the pleiotropic effect between LTL and
IEAA (Ppleiotropic ¼ 1.93 � 10‒4), whereas it did not suggest
pleiotropic or causal effects between LTL or IEAA on SL
(Supplementary Table S11). We also applied another Men-
delian randomization method, CAUSE (Morrison et al.,
2020), to explore whether there were sharing or causal re-
lationships between SL and four traits (LTL, IEAA, seborrhoeic
keratosis, and basal cell carcinoma). The results implied no
sharing or causal relations between SL and these four traits
(Supplementary Table S12). Taken together, these results
suggest that the effect of TERT on SL does not seem to be
mediated by LTL, IEAA, seborrhoeic keratosis, or basal cell
carcinoma. Nonetheless, these conclusions still need direct
validation.

Environmental factors mediate the genetic difference
between facial and non-facial SL

In this study, we found that the leading SNP (rs2853672) of
the TERT signal of non-facial SL (bmeta ¼ ‒0.19, Pmeta ¼
4.93 � 10‒44) was only nominally associated with facial SL
(bmeta ¼ ‒0.07, Pmeta ¼ 4.42 � 10‒7) (Supplementary
Journal of Investigative Dermatology (2023), Volume 143
Table S13). A good proportion of candidate genes associ-
ated with facial and non-facial SLs also showed quite
different significance (Supplementary Table S6). To further
explore the reasons behind these varied genetic associations,
we compared the phenotypic and genetic correlations be-
tween facial and non-facial SLs. The correlation between
facial and non-facial SLs was 0.49 (95% confidence
interval ¼ 0.47‒0.52) in TZL and 0.59 (95% confidence
interval ¼ 0.57‒0.61) in NSPT, whereas the genetic corre-
lation was rg ¼ 1.00 (Standard error [SE ¼ 0.10]) in TZL and
rg ¼ 0.96 (SE ¼ 0.04) in NSPT. This indicates that environ-
mental factors might contribute to the difference in facial and
non-facial SLs.

Although several studies disclosed various environmental
factors that might affect SL (Ezzedine et al., 2013; Grether-
Beck et al., 2021; Hüls et al., 2016; Vierkötter et al.,
2010), none of the studies focused on the effect of environ-
mental factors on facial and non-facial SLs. In this study, we
explored the effect of various environmental factors (e.g., sun
exposure, skin care habit, dietary, education, and social-
economic factors) on facial and non-facial SLs. We found
that most of these factors have different or opposite effects on
facial and non-facial SLs (Supplementary Table S14). For



Figure 4. Relationship among 5p15.33 signal, LTL, IEAA, and non-facial SL. (a) Scatterplot of LTL and non-facial SL in 800 Han Chinese. (b) Scatterplot of IEAA

and non-facial SL in NSPT. The blue lines indicate the regression lines of non-facial SL along with LTL or IEAA after adjusting for age. (c) Locuszoom of 5p15.33

with LTL in 800 Han Chinese (a subset of TZL). (d) Locuszoom of 5p15.33 with IEAA in NSPT. rs2736100 and rs2736099 are the SNPs previously reported to be

associated with LTL and IEAA, respectively. rs7705526 is the significant SNV associated with IEAA in NSPT. Pearson correlation (r) and P-values are also shown

in a and b. IEAA, intrinsic epigenetic age acceleration; LTL, leukocyte telomere length; NSPT, National Survey of Physical Traits; SL, solar lentigines; TERT,

telomerase reverse transcriptase; TZL, Taizhou longitudinal cohort.
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example, the effect of mean sun exposure time on facial SL
is ‒0.05 (SE ¼ 0.01, P ¼ 2.90 � 10‒5), whereas that on non-
facial SL is 0.04 (SE ¼ 0.01, P ¼ 1.95 � 10‒5). Living in
urban versus rural areas contributed significantly to facial SL
(beta ¼ ‒0.46, P ¼ 4.87 � 10‒24, R2 ¼ 3.72%) but less to
non-facial SL (beta ¼ 0.1, P ¼ 0.01, R2 ¼ 0.23%).

Previous studies indicated that sun exposure (photoaging)
could activate TERT expression in exposed skin areas (Attia
et al., 2010; Downs et al., 2012). In this study, we separated
individuals into high and low sun-exposure groups according to
their mean sun exposure time (mean sun exposure time>2 per
day or not). We found that the association between TERT
signal (rs2853672) and non-facial SL was higher in high
sun-exposure group than in those in low sun-exposure
group (TZL: bhigh exposure ¼ ‒0.26, Phigh exposure ¼ 2.21 � 10‒18,
blow exposure ¼ ‒0.17, Plow exposure ¼ 6.18 � 10‒6; NSPT:
bhigh exposure¼‒0.20,Phigh exposure¼ 3.20� 10‒13,blow exposure¼
‒0.12, Plow exposure ¼ 6.77 � 10‒7) (Supplementary Table S15).
The association between rs2853672 and facial SL indicated
similar conclusions (TZL: bhigh exposure ¼ ‒0.10, Phigh exposure ¼
0.001, blow exposure ¼ ‒0.06, Plow exposure ¼ 0.13; NSPT:
bhigh exposure¼ ‒0.08, Phigh exposure¼ 8.60� 10‒4, blow exposure¼
‒0.02, Plow exposure ¼ 0.29). These findings suggest that sun
exposure might mediate the relation between TERT and SL.

DISCUSSION
In this study, we provide genetic evidence for an unexpected
and previously unrecognized role of TERT in the develop-
ment of SL. Accordingly, through trans-ethnic GWASs and
meta-studies, we discovered that genetic variants in TERT
were significantly associated with non-facial SL. These vari-
ants were likely of functional relevance for TERT expression
because SL-enhanced alleles/haplotypes tended to upregu-
late TERT transcription in vitro. Various studies in human and
animal models have been conducted to disclose mechanisms
underlying the formation of SL (Aoki and Moro, 2005; Aoki
www.jidonline.org 1067
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et al., 2007; Barysch et al., 2019; Chen et al., 2010; Endo
et al., 2018; Ezzedine et al., 2013; Gao et al., 2017;
Hafner et al., 2009; Hasegawa et al., 2015; Jacobs et al.,
2015; Kovacs et al., 2010; Laville et al., 2016; Lin et al.,
2010; Liu et al., 2019; Motokawa et al., 2008, 2007; Shin
et al., 2021; Vierkötter et al., 2012; Yamada et al., 2019).
However, in none of these studies had the role of TERT in SL
been noted.

Of note, GWASs also found significant associations of
TERT with a large range of other traits, for example, LTL,
IEAA, seborrhoeic keratosis, and basal cell carcinoma
(Adolphe et al., 2021; Dorajoo et al., 2019; Ghoussaini et al.,
2021; Li et al., 2020; McCartney et al., 2021; Mountjoy et al.,
2021). In our study, we find that the TERT locus is unlikely to
modulate the risk of SL through its impact on these traits.
However, these conclusions need to be further validated
because they come from Mendelian randomization tests,
which might be biased from several aspects, for example,
confounders of the exposure‒outcome association, weak
instruments, and sample difference. The mechanism from
TERT SNPs to SL should be explored in further studies.

In this study, we showed that facial and non-facial SL share
similar genetic factors. Genetic correlation between facial and
non-facial SLs indicated a largely shared genetic basis between
them, although the accuracy of this estimationmay be affected
by the relatively small sample size in our study. Most genes
reported to be associated with facial SL were also associated
with non-facial SL and facial SL in our study. In addition, the
GWAS signal of non-facial SL in TERT was also nominally
associated with facial SL in Han Chinese, Caucasian, and
Korean (Shin et al., 2021) populations, with effect in the same
direction. Although there are histopathological differences
between facial and non-facial SLs (Barysch et al., 2019), non-
facial SL and facial SL do not seem to be genetically different.

Through trans-ethnic GWASs and meta-studies, we discov-
ered that genetic variants in TERTwere significantly associated
with non-facial SL. The heterogeneity measures of TERT SNPs
(rs2853672, I2¼ 77.2, Q¼ 8.77, PHET¼ 0.01 for nonfacial SL,
I2¼ 67.9, Q¼ 6.22, PHET¼ 0.04 for facial SL) (Supplementary
Table S16) indicate substantial heterogeneity. We could rule
out the possibility that population or phenotyping differences
were causing the heterogeneity because the minor allele fre-
quencies of TERT SNP, for example, rs2853672, is around 0.5
in TZL, NSPT, and SALIA, and the same phenotypes were
applied in each study. The heterogeneity might originate from
sampling bias, especially in the quite small German cohort. It
also has to benoted that theheterogeneitymeasure itselfwould
be biased owing to the fact that there were only three studies
included in the meta-analysis.

However, our results suggest that the power to detect ge-
netic variants in TERT associated with facial SL is lower than
that associated with non-facial SL. In fact, we believe that
various confounding factors may interfere with such genetic
association analysis. As discussed in previous studies (Jacobs
et al., 2015), the phenotyping of facial SLs might have been
confounded by other pigmented, maculous lesions that
frequently occur in the face but are absent in non-facial skin
areas. In addition, most humans regularly use cosmetic
daycare products on their faces but much less frequently in
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non-facial skin sites. The vast majority of facial daycare
products contain UV filters (Ezzedine et al., 2013), and their
regular use is likely to significantly reduce the clinical signs
of photoaging of human skin such as SL (Hasegawa et al.,
2015). We found that frequent skin care was significantly
and negatively associated with facial SL but did not associate
with non-facial SL at all. Besides, there are factors beyond
UV exposure that contribute to different extents of facial
versus non-facial SL (Nakamura et al., 2015). In our study, we
found that mean sun exposure time, skin care habits, dietary,
education, and social-economic factors had different or
opposite effects on facial versus non-facial SL. The substan-
tially higher genetic correlation than phenotypic correlation
between facial and non-facial SL may be explained by the
distinctive contributions of nongenetic (environmental) fac-
tors to facial and non-facial SL.

The promoter region of the TERT gene is considered the
most important regulatory element for telomerase expres-
sion. It spans 330 base pair upstream of the translational
start site and 37 base pair of exon 2 and is known to be
enriched with transcriptional-binding sites/consensus sites
that interact with both negative and positive regulators of
TERT (Pestana et al., 2017). In this study, we assessed the
functional role of rs2853672 and rs2736098 for regulating
TERT transcription by four strategies: (i) allele/haplotype-
based luciferase reporter assays in three human cell
lines, (ii) Cas9 gene editing experiments, (iii) analysis of
reported expression quantitative trait loci (GTEx, https://
gtexportal.org/), and (iv) DNA methylation quantitative
trait loci and luciferase reporter assays. All of the obtained
results are consistent with the conclusion that the SNPs
rs2853672 and rs2736098 affect the expression of TERT
and that the upregulation of TERT expression is causally
linked to SL.

Previous study has shown that only in the skin exposed to a
high amount of UV rays, WNT1 expression upregulated and
promoted melanocytogenesis and melanogenesis in SL skin
(Yamada et al., 2019). The increased expression of TERT was
also found in the skin during sun exposure (Attia et al., 2010;
Downs et al., 2012). In this study, we discovered that the
association between TERT SNPs and SL was higher in the
high sun-exposure group than in low sun-exposure group,
which confirmed that genotoxicity (UV exposure) might
mediate the relation between TERT and SL.

The results of this study indicate that TERT plays a previ-
ously unrecognized role in the pathogenesis of SL. The exact
nature of the mechanisms that are affected by TERT in this
context is currently not known. There is evidence that TERT
can promote the survival and proliferation of melanoma cells
(Pestana et al., 2017; Seynnaeve et al., 2017; Yuan et al.,
2019). It has also been suggested that TERT is involved in
several key signaling pathways in melanocytes and kerati-
nocytes, such as Wnt/b-catenin, NF-kB, and protein kinase
B/mTOR signaling pathway (Ali et al., 2016; Ghareghomi
et al., 2021; Hirobe et al., 2002; Yamada et al., 2014).
Whether and to what extent the effect of TERT on these or
other mechanisms might contribute to the development of SL
will have to be assessed in further studies, which are beyond
the scope of the present genetic analysis.

https://gtexportal.org/
https://gtexportal.org/
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Population and samples

The first discovery panel included 2,964 Han Chinese individuals

(TZL, 1,059 males and 1,905 females with ages ranging from 31 to

86 years, mean � SD ¼ 55.9 � 9.4) recruited in Taizhou in Jiangsu

Province in 2014 (Wang et al., 2009). Questionnaire responses

(including sex, age, and other information) and blood samples were

collected from each individual. The second included 2,954 Han

Chinese samples collected in three regional districts (Taizhou,

Nanning, and Zhengzhou) of China (NSPT, 1,109 males and 1,845

females, aged from 19 to 83 years, mean � SD ¼ 49.7 � 13.2) from

2015 to 2019. The replication data included 462 Caucasian females

aged 66.7‒79.4 years sampled from the SALIA cohort in Germany

(Schnass et al., 2018). A detailed description of the SALIA study has

been previously provided by Schikowski et al. (2005). The research

was conducted with the official written approval (written form) of the

Ethics Committee of Fudan University (Shanghai, China). All the

participants in Han Chinese samples provided written informed

consent. All participants in SALIA gave written informed consent,

and the Medical Ethics Committee of the University of Bochum

approved the follow-up examination.

Evaluation of pigmented spots on hands/arms

We collected SL on the face and hands/arms according to the SCI-

NEXA method (score of intrinsic and extrinsic skin aging [Vierkötter

et al., 2009]); for more information, see Supplementary Materials

and Methods.

Extract composite phenotype

In the discovery cohort (TZL), the correlation among the seven SL

traits appeared to be two clusters, one comprising three non-facial

SL traits, whereas the other comprising four facial SL traits

(Supplementary Figure S2a and Supplementary Table S1). Then, we

applied PLSPM to extract two composite phenotypes from three non-

facial SL and four facial SL traits and denoted them as composite

phenotypes of non-facial and facial SLs. The outer model in PLSPM

was constructed on the basis of structures learned from correlation

analysis (Supplementary Figure S2b), and for the inner model, it

comprised, by age, composite phenotypes of facial SL and non-facial

SLs. The reflective model was applied in PLSPM, and the bootstrap

method was used to estimate all the parameters in the model. The

model fitted well, with the internal homogeneity of each composite

phenotype being much higher than that of external ones. Finally, we

extracted the composite phenotypes of facial and non-facial SLs

from the PLSPM scores and took them as the studied phenotypes in

this study. The same PLSPM model was applied to obtain the com-

posite phenotypes of facial and non-facial SLs in the other two co-

horts (NSPT and SALIA). This work was done using the R package

PLSPM.

Genotyping

Genomic DNA was extracted from blood samples using the Mag-

Pure Blood DNA KF Kit (MGBio, Shanghai, China). Genotyping of

2,964 Han Chinese samples (TZL) was done using the Illumina

Human OmniZhonghua8, version 1.1 895k (Illumina, San Diego,

CA). Genotyping of 2,954 samples (NSPT) was performed using the

Illumina Infinium Global Screening Array (Illumina). Genotyping of

462 German samples (SALIA) was performed using Affymetrix

Axiom Precision Medicine Research Array (Affymetrix, Santa Clara,

CA) (for more information, see Supplementary Materials and

Methods).
DNA methylation

The methylation data of 2,954 Han Chinese in NSPTwere generated

using Illumina Methylation EPIC850 K (Illumina) (for more infor-

mation, see Supplementary Materials and Methods).

Statistical analysis

Heritability estimation. Heritability analysis was conducted

using GREML-LDMS (the linkage disequilibrium and minor allele

frequency stratified [LDMS] genetic restricted maximum likelihood

[GREML] approach) [Yang et al., 2015]) in TZL and NSPT after

removing the related samples to ensure that all the samples have

identity by descent (IBD) smaller than 0.05. Variants were stratified

into two MAF bins (MAF < 0.01 and MAF � 0.01) as well as two

linkage disequilibrium groups above or below the median regional

linkage disequilibrium score. The genetic relationship matrix from

each MAF‒linkage disequilibrium stratum was calculated and fitted

jointly in a mixed linear model.

GWAS. All GWASs were conducted by Genome-wide Complex

Trait Analysis (fastGWA) (Jiang et al., 2019), which could adjust

relatedness in the model. GWASs were performed by a linear

regression and additive model adjusted for age, sex, and top 10

principal components. Skin color was also adjusted in a subset-

based GWAS in TZL. Bonferroni correction (P < 5 � 10‒8) was

applied to all GWAS results.

Conditional GWAS. Conditional analysis on the leading SNP

(rs2853672) was also performed using –cojo-cond option imple-

mented in Genome-wide Complex Trait Analysis (fastGWA) (Jiang

et al., 2019). The model is applied by a linear regression of ad-

ditive model adjusted for age, sex, and top 10 principal compo-

nents and conditioned on top SNP rs2853672 in TZL. The P-value

of association tests was adjusted by Bonferroni correction (P <

5 � 10‒8).

Meta-analysis. The fixed-effect meta-analyses were performed

on the cleaned files using METAL (Willer et al., 2010), with the

Effective N as weight. Meta-analysis was applied to the two Han

Chinese cohorts (TZL and NSPT) and also to three cohorts (TZL,

NSPT, and SALIA). Bonferroni correction (P < 5 � 10‒8) was applied

to all meta-results.

Replication of previous GWAS signals. The replication results

of previous GWAS signals were extracted from the meta-results of

two Han Chinese cohorts. No correction of P-values was conducted.

Haplotype analysis. Haplotype phasing, frequency estimation,

and association analysis of five SNPs (rs2853672, rs2736098,

rs2853669, rs2735940, and rs7712562) were performed in the R

package haplo.stats.

Other methods applied in this study are incorporated in

Supplementary Materials and Methods.

Code availability

Most operations were carried out by R (https://cran.r-project.org/), and

the plots were mainly made by the ggplot2 R package (https://cran.r-

project.org/web/packages/ggplot2/index.html). The two-sample Men-

delian randomization analysiswas conducted using the TwoSampleMR

R package (https://mrcieu.github.io/TwoSampleMR/). GWASs were

carried out by PLINK (http://pngu.mgh.harvard.edu/wpurcell/plink/).

SNP heritability was calculated using Genome-wide Complex Trait

Analysis (https://yanglab.westlake.edu.cn/software/gcta/#Overview).
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Meta-analysis was carried out by Metal (http://www.sph.umich.edu/

csg/abecasis/metal/).
Data availability statement

The summary statistics of facial and non-facial solar lentigines

GWAS in three cohorts (Taizhou longitudinal cohort, National Sur-

vey of Physical Traits, and SALIA) can be viewed at NODE (https://

www.biosino.org/node) under accession number OEZ008165 or

directly at https://www.biosino.org/node/analysis/detail/OEZ008165

and accessed by submitting a request for data access. The SNP chip

data in the Taizhou longitudinal cohort and National Survey of

Physical Traits are accessed by submitting a request for data access.

Data usage shall be in full compliance with the Regulations on

Management of Human Genetic Resources in China. The SNP chip

data in SALIA are only available by submitting data requests to jean.

krutmann@iuf-duesseldorf.de. All other relevant data supporting the

key findings of this study are available within the article and its

supplementary files or from the corresponding author upon

reasonable request. The expression quantitative trait loci results in

whole blood were downloaded from GTEx (https://www.gtexportal.

org/home/datasets), including RNA-sequencing data Transcript

TPMs (dbGaP accession number phs000424.v8.p2 on 06/05/2017)

and tissue-specific All SNP Gene Associations (dbGaP accession

number phs000424.v7.p2 on 01/15/2016).
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SUPPLEMENTARY MATERIALS AND METHODS
The SCINEXA method

The SCINEXA method is a well-established, validated scoring
that has been used successfully in a number of previous
studies to assess skin aging in Caucasians and Han Chinese
(Fuks et al., 2019; Gao et al., 2017; Li et al., 2015; Liu et al.,
2019; Vierkötter et al., 2016, 2010, 2009). Skin aging phe-
notypes that are assessed by SCINEXA include the number of
solar lentigines (SL) on the dorsal side of the forearm, the
number of SL on the back of hands, uneven pigmentation on
the ventral side of forearms, the size and number of SL on the
forehead, and the size and number of SL on cheeks. A
detailed description of the evaluation methods of each of
these phenotypes is shown in Supplementary Figure S1. The
severity of SL on both sides of the forearm and back of the
hands was evaluated separately (Supplementary Figure S1).
The phenotypes of the Han Chinese cohort (Taizhou longi-
tudinal cohort [TZL], n ¼ 2,964) and that in the Caucasian
cohort (SALIA, n ¼ 462) were obtained by on-site visits,
whereas those collected in the National Survey of Physical
Traits (NSPT) (n ¼ 2,954) were obtained by scoring from
standardized photographs of faces, hands, and arms. Double-
blind evaluations were carried out for each individual, and
the average scores were used in the subsequent analysis.

Genotyping

The Illumina Human OmniZhonghua8 V1.1 895k consists of
894,517 SNPs. Samples with call rate <98%, ambiguous sex,
and duplicates were excluded. A total of 2,964 samples were
kept in the TZL dataset. To detect population outliers, we
assessed all the 2,964 participants together with two Uygur
samples using EIGENSTRAT and found all the 2,964 Han
Chinese samples gathered in a cluster. The top 10 principal
components (PCs) of genetic variance were adjusted in
GWAS to control population stratification. SNPs were
excluded if they had a call rate < 98%, minor allele fre-
quency (MAF) < 1%, and P-value of violations from Hardy‒
Weinberg equilibrium (PHWE) < 0.001. After quality control,
there were 802,328 SNPs and 2,964 samples left. Imputation
was carried out using SHAPEIT2 and IMPUTE2, taking 1000
genome phase 3 as a reference. Imputed variants were then
filtered with MAF > 0.01 and with an imputation quality
score > 0.8 to produce the final dataset with 6,328,611
SNPs.

Genotyping of 2,954 Han Chinese in NSPTwas performed
using the Illumina Infinium Global Screening Array that an-
alyzes over 710,000 SNPs. It is a fully custom array designed
by WeGene (WeGene, Shanghai, China, https://www.
wegene.com/). After the same criteria of quality control,
433,485 SNPs of 2,954 samples were left for further analysis.
Imputation was done by SHAPEIT2 and IMPUTE2 using 1000
genome phase 3 as a reference. Imputed variants were
filtered with MAF > 0.01, imputation quality score > 0.8,
and violations from Hardy‒Weinberg equilibrium (P < 1 �
10‒5), leaving 8,042,915 variants. The top 10 PCs of genetic
variance were adjusted in GWAS to control population
stratification.

For genotyping in German, Affymetrix Axiom Precision
Medicine Research Array was used and imputation was done
by Minimac3 with 1000 Genome phase 3 reference panel.
Individuals were filtered with a call rate >95% and identity
by descent < 0.1. SNPs were filtered with call rate >95%,
MAF >1%, P(HWE) > 10‒6 and R2 > 0.3. In summary, 462
samples and 9,665,096 SNPs remained in the analysis. The
top 10 PCs of genetic variance were adjusted in GWAS to
control population stratification.

DNA methylation

Bisulfite conversion of 500 ng of genomic DNA from each
whole-blood sample was performed using the EZ DNA
Methylation Kit (Zymo Research, Irvine, CA). Genome-wide
DNA methylation was profiled on Infinium Human Methyl-
ation 850K EPIC BeadChip (Illumina, San Diego, CA)
following the manufacturer’s instructions. Samples were
randomized with respect to slide and position on arrays, and
all samples were hybridized and scanned concurrently to
mitigate batch effects as recommended by the Illumina
Infinium HDAssay Methylation Protocol Guide. Illumina.idat
files were then processed with the minfi Bioconductor
package (Aryee et al., 2014) without background correction.
Probes with SNPs were removed using the dropLociWithSnps
function from minfi. This function used the SNP information
provided by Illumina and UCSC Common SNP tables
(including version 132, 135, 137, 138, 141, 142, 144, 146,
and 147) with preset MAF (0 is the default value and was
used in this study) to filter SNP 50-C-phosphate-G-30 (CpG).
We further removed probes on chromosomes X and Y. Then,
we used the Illumina definition of beta-values and derived P-
values for the detection of the rest of the probes by comparing
the total intensity U þ M with that of the background dis-
tribution (given by negative control probes), as implemented
in minfi. Beta-values with P > 0.01 were set to missing. Only
probes with less than 5% missing were retained. The missing
beta-values were then imputed with the impute.knn function
(using k ¼ 5) from the impute R package. Type-2 probe bias
was corrected using Beta Mixture Quantile normalization
(Teschendorff et al., 2013). On the basis of PC analyses, we
found a significant slide/beadchip effect. Therefore we used
ComBat (Johnson et al., 2007) on M-values (logit of beta-
values) to correct for the slide effect and then transformed
the M-values back to beta-values.

Collection of melanin and erythema index

Melanin index and erythema index were measured by means
of a Derma Spectrometer (Cortex Technology, Aalborg,
Denmark) measured in the forehead area and the dorsal side
of one upper arm for each individual in a subset (n ¼ 1,851)
of TZL.

Intrinsic epigenetic age acceleration calculation

Intrinsic epigenetic age acceleration was calculated as pre-
viously defined (Lu et al., 2018).

Expression quantitative trait loci from GTEx

Tissue-Specific All SNP Gene Associations (dbGaP accession
number phs000424.v7.p2 on 01/15/2016) was downloaded
from GTEx (https://gtexportal.org/home/datasets). Two data-
sets were used in this study: not sunexposed skin (suprapubic)
and sunexposed skin (lower leg).

Trait variance captured by SNP

The SNP was extracted from PLINK bfile by –SNP and con-
verted to additive genotype format by –recodeA. The trait
www.jidonline.org 1072.e1
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variance captured by the SNP (R2) was calculated by linear
regression model between non-facial SL and additive geno-
type data of the SNP in R platform.

Phenotypic and genetic correlation

The phenotypic correlation between composite phenotypes
of facial and non-facial SLs was calculated by Pearson’s
correlation. The genetic correlation was calculated by
Genome-wide Complex Trait Analysis.

Fine mapping and functional annotation of variants

First, we applied PAINTOR (Probabilistic Annotation INTe-
gratOR) to calculate the Bayesian posterior causal probability
for each variant and to identify the set of those variants that
collectively explained 99% of the total probability. The
reference functional annotations included epigenomes of
127 human tissues and cell types from the NIH Roadmap
Epigenomics Mapping Consortium. Three epigenomic marks
(H3K27ac, H3K4me1, and H3K4me3) were also included in
our analysis. The posterior probability of each SNP was
calculated by dividing the SNP’s Bayes factor by the sum of
the Bayes factors of all SNPs in the region. A 99% credible set
was then constructed by (i) ranking all variants according to
their Bayes factor and (ii) including ranked variants until their
cumulative posterior probability of representing the causal
variant at a given locus exceeded 0.99. Because the result
obtained by PAINTOR strongly relies on the P-value, we used
a second strategy to search for additional candidate SNPs
with putative functional relevance. Specifically, we hypoth-
esized that the functionally relevant variants would be in high
linkage disequilibrium with rs2853672 (the target SNP sug-
gested by PAINTOR) and located in close proximity to this
SNP. We therefore prioritized 12 variants located in the �5
kb region of rs2853672. We used Integrative Weighted
scoring to evaluate the possible functional consequences of
these variants by integrating 11 weighted scoring methods
(Supplementary Table S17).

Plasmid construction and luciferase assays

Telomerase reverse transcriptase (TERT) promoter region was
isolated from human genomic DNA using PCR, and the PCR
products were cut with KpnI and XhoI or XhoI and HindIII
restriction enzymes (New England Biolabs, Ipswich, MA), gel
purified, and subcloned into pGL3-Enhancer Vector or pGL3-
Promoter Vector (Promega, Madison, WI). A375, KB, and SK-
MEL-2 cells were seeded for 24 hours before transfection in a
96-well plate with about 20% confluence. The cells in each
well were transfected with 200 ng of the luciferase reporter
plasmids and 10 ng Renilla luciferase reporter plasmids using
Lipofectamin3000 (Life Technologies, Carlsbad, CA). Forty-
eight hours after transfections, the cells were washed with
PBS, and the firefly and Renila luciferase activities were
measured with VICTOR X5 Multilabel Reader (PerkinElmer,
Waltham, MA) using the Dual-Luciferase Report Assay (an
affiliate of Promega (Beijing) Biotech Co., Ltd, Beijing,
China).

Dual-luciferase transcriptional reporter assay

To investigate the regulatory properties of the identified CpG
loci, dual-luciferase transcriptional reporter assay was con-
ducted as previously described (Zhu et al., 2017). Double-
strand DNA containing eight repeats of cg23827991 region
Journal of Investigative Dermatology (2023), Volume 143
(ATCCGGAT) was cloned into the CpG-free promoter vector
containing the luciferase reporter (pCpGL-basic) (Klug and
Rehli, 2006) to generate pCpGL-8X-TERT. Methylation of
pCpGL-8X-TERT was generated by treatment with M.SssI
CpG methyltransferase (New England Biolabs, Ipswich, MA)
according to the manufacturer’s instructions. The control
condition (unmethylated) was treated equally but in the
absence of any methyltransferase. DNA was then recovered
by ethanol precipitation. The completeness of methylation
was checked using methylation-sensitive restriction enzymes
HpaII. For reporter gene expression assay, cells were
cotransfected with two constructs: pCpGL-8X-TERT (methyl-
ated and unmethylated) and pTK-RL (an affiliate of Promega
(Beijing) Biotech Co., Ltd) using Lipofectamine 2000 (Life
Technologies, Carlsbad, CA); the original pCpGL-basic
plasmid was used as a negative control. Cells were har-
vested 48 hours after transfection for luciferase reporter assay
using the dual-luciferase reporter assay system (an affiliate of
Promega (Beijing) Biotech Co., Ltd), and signals were recor-
ded by calculating firefly luciferase activity normalized to
renilla activity. All assays were repeated twice.

CRISPR/Cas9-mediated gene editing

For each candidate variant, single-guide RNAs (sgRNAs) were
designed and cloned into the lentiCRISPR v2 vector and pack-
aged into lentivirus as previously described (Sanjana et al., 2014).
sgRNAs used for rs2853672 include AAGGGTTTTGCAGGTG-
CACG, and sgRNAs used for rs2736098 include sgRNA1
(CGCGGGCCCCCCATCCACATCG). We then transfected the
sgRNAs plasmid into A375 cells using the Effectene reagent
(Qiagen, Hilden, Germany). Forty-eight hours after transfection,
the cells were selected on puromycin for 48 hours to eliminate
untransfected cells. Successfully transfected cells were then
diluted for colonial growth.

Telomere length measurement

To inspect the association between telomere length and SLs,
telomere lengths were measured on a subset (n ¼ 800) of
individuals from the TZL dataset. People in the subset have a
similar distribution of SLs scores as the complete dataset.

Genomic DNA was isolated from peripheral blood ac-
cording to EltbioTMMahBeads DNA Extraction Kit. Relative
mean telomere length was determined with qRT-PCR that
compares telomere repeat copy number (T) with single-copy
gene copy number (S) (T/S ratio) in a given sample as previ-
ously reported (Cawthon, 2002). All PCRs were performed on
the ABI 7900 (Applied Biosystems, Foster City, CA).

In brief, two master mixes of PCR reagents were prepared,
one for the telomere reaction and one for the single-copy
gene reaction (acidic ribosomal phosphoprotein PO gene
on chromosome 12). The primer sequences and thermal
cycling profiles were given in detail as follows:

The primer sequences (written 50/30) were GGTTTTT
GAGGGTGAGGGTGAGGGTGAGGGTGAGGGT for tel 1,
TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA for
tel 2, CAGCAAGTGGGAAGGTGTAATCC for 36B4u, and
CCCATTCTATCATCAACGGGTACAA for 36B4d.

The thermal cycling profile for the telomere PCR consisted
of the following steps: for stage 1, 95 �C for 10 minutes; for
stage 2, 40 cycles of 95 �C for 15 seconds, 54 �C for 2 mi-
nutes, and 72 �C for 10 minutes with signal acquisition. Melt
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curve analysis was performed at the end of each run to verify
the specificity of PCR amplification products. Standard
curves were included in each run ranging from 0.25 to 64 ng
and prepared by two-fold serial dilutions of a peripheral
blood genomic DNA sample, and the linear correlation co-
efficient (r2) value for both reactions was >0.98.

Two-sample‒based Mendelian randomization

Two-sample‒based Mendelian randomization test was per-
formed on the basis of R packages TwosampleMR (Hemani
et al., 2018) and CAUSE (Morrison et al., 2020). The expo-
sure summary statistics of TERT expression were downloaded
from GTEX (https://www.gtexportal.org/home/datasets). The
exposure summary statistics of telomere length; intrinsic
epigenetic age acceleration; seborrhoeic keratosis; and
pigmentation-related trait, that is, basal cell carcinoma,
were downloaded from published resources (Adolphe et al.,
2021; Bojesen et al., 2013; Codd et al., 2013; Dorajoo et al.,
2019; Ghoussaini et al., 2021; Li et al., 2020; Lu et al., 2018;
McCartney et al., 2021; Mountjoy et al., 2021; Pooley et al.,
2013). Instrument SNPs for TwoSampleMR were selected on
the basis of P < 10‒5 for leukocyte telomere length and
intrinsic epigenetic age acceleration exposure summary
data (Supplementary Tables S18 and S19). LD clumping
(r2 < 0.001) was applied. We applied multiple-instrument
approaches to mitigate the effect of confounders, and
we chose the Mendelian randomization egger method to
describe our results. The results from the other 13 methods
from TwoSampleMR and CAUSE were also presented. Plei-
otropy analysis was performed using Mendelian randomiza-
tion egger methods, where Ppleiotropy < 0.05 indicated that
there was a pleiotropic effect between exposure and
outcome. We also calculated the power of detecting cau-
sality from leukocyte telomere length and intrinsic epigenetic
age acceleration to SL on the basis of publicly available data
(https://shiny.cnsgenomics.com/mRnd/).

Association between SL and environmental factors

In TZL, a series of environmental factors, including mean sun
exposure time, skin care habits, dietary, education, and
social-economic factors, were collected. Association analysis
among these environmental factors and facial and nonfacial
SL was carried out in TZL. A linear regression model was
applied for each association analysis where age and sex were
adjusted on the R platform.

Association between rs2853672 and SL in high and low sun-
exposure groups

In TZL and NSPT, the amount of sun exposure for each
sample in their past lives was also collected. The samples
were grouped into high or low sun exposure according to the
amount of sun exposure, for example, samples with an
amount of sun exposure larger than 2 hours per day were
grouped into the group of high exposure; otherwise, they
were grouped into the group of low exposure. The associa-
tions between rs2853672 and facial and non-facial SL were
carried out in PLINK 1.9 in each group, and linear regression
and additive models were applied and adjusted for age, sex,
and top 10 PCs.
Association between rs2853672 and SL in light and dark skin
color groups

In TZL and NSPT, we also collected the skin color of each
individual according to photo-measured mean values of L, A,
and B (Wang et al., 2022). ITA� was calculated according to
the following formula, where the larger the ITA�, the lighter
the skin color.

ITA� ¼ farctan½ ðL� 50Þ=B�g � 180=p

We take individuals with ITA� > 28 as light skin color (Ly et al.,
2020) and those otherwise as dark skin color. Then, we
explored the associations between TERT SNPs and non-facial
SL in light and dark skin color groups in each data. This was
done in PLINK 1.9, where linear regression and additive
modelswere applied and adjusted for age, sex, and top 10 PCs.

Sensitivity analysis of GWASs

Distribution of phenotypes. The distributions of the com-
posite phenotypes in TZL and NSPT, which are shown in
Supplementary Figure S4a, are not normal but quite
dispersed. It was difficult to normalize such data. We
generated binary traits (composite phenotypes � 0 or not)
(Supplementary Figure S4b) in each cohort and carried
out GWASs on these binary traits, which indicated similar
results to those of the original composite phenotypes
(Supplementary Figure S4c‒f). Because the original com-
posite phenotypes could better represent the severity of SL,
we present the GWAS and meta-results of the original com-
posite phenotypes in this study. We also extracted one single
composite phenotype derived from the seven SL phenotypes
and carried out an association analysis between TERT SNP
(rs2853672) and the one single composite SL phenotype. The
associations only reached nominal significance in both TZL
and NSPT, suggesting lowered power when applying the
single composite SL phenotype (Supplementary Table S20).

Relatedness. Although our datasets (TZL and NSPT) did
not include family data, there are indeed a small number of
related samples in our datasets. Precisely, we have 292 pairs
of samples with identity by descent > 0.1875 in TZL and 744
pairs of samples with identity by descent > 0.1875 in NSPT.
To explore the impact of the related samples on the results
and main conclusions, we further dealt with relatedness in
the samples by deleting 253 samples in TZL and 513 samples
in NSPT to ensure identity by descent < 0.1875 in all the
sample pairs. Subsequently, we reran all the relevant ana-
lyses, for example, GWASs, meta-analyses, and candidate
gene analyses. We found that all the relevant results and
conclusions remained valid, whereas only the detailed
numbers were changed. The relevant results from the two
strategies are included in Supplementary Tables S21‒S24.

Consistency assessment of SCINEXA scores by in-person and
photo rating

For the samples in TZL, we had SCINEXA scores generated by
both in-person and photo ratings. We found that the perfor-
mance of these two manners was in moderate to almost
perfect agreement on the seven SL phenotypes (Kappa ¼
0.47‒0.98) (Supplementary Figure S5).
www.jidonline.org 1072.e3
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Supplementary Figure S1. Phenotyping methods of seven solar lentigines traits from SCINEXA. (a) Quantification of solar lentigines size on forehead and

cheek. (b) Quantification of solar lentigines number on forehead, cheek, forearm, and back of the hand. (c) Quantification of uneven pigmentation on the ventral

side of the forearm.

Supplementary Figure S2. Pearson correlation among seven SL traits and composite phenotype extraction of facial SLs. (a) Pearson correlation among seven SL

phenotypes. (b) Composite phenotype extraction by partial least square path model. NSLCH, number of solar lentigines on the cheek; NSLFA, solar lentigines on

the forearm; NSLFH, number of solar lentigines on the forehead; NSLHB, solar lentigines on the back of the hand; SL, solar lentigines; SSLCH, size of solar

lentigines on the cheek; SSLFH, size of solar lentigines on the forehead; UPFA, uneven pigmentation on the lower side of the forearm.
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Supplementary Figure S3. Scatter plot of two-sample‒‒based MR result

between TERT expression and non-facial SL. MR, Mendelian randomization;

SL, solar lentigines; TERT, telomerase reverse transcriptase.
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Supplementary Figure S4. The distribution and GWAS results of initial and binary composite phenotypes of facial and non-facial SL in TZL and NSPT. (a) The

distribution of non-facial and facial SL composite phenotypes in TZL and NSPT. (b) The distribution of binary non-facial and facial SL composite phenotypes in

TZL and NSPT. (c‒‒f) The GWAS results of binary composite phenotypes of facial and non-facial SL in TZL and NSPT, respectively. NSPT, National Survey of

Physical Traits; SL, solar lentigines; TZL, Taizhou longitudinal cohort.
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Supplementary Figure S5. The Fleiss’s Kappa coefficient (k) and concordance between in-person rating and photo rating in TZL. (a) The Fleiss’s kappa

coefficient (k) of seven traits between in-person rating and photo rating: k < 0, poor agreement; k ¼ 0.01‒0.20, slight agreement; k ¼ 0.21‒0.40, fair agreement;

k ¼ 0.41‒0.60, moderate agreement; k ¼ 0.61‒0.80, substantial agreement; k ¼ 0.81‒1.00, almost perfect agreement. (b‒‒h) The heatmaps showed the

concordance of each trait between in-person rating and photo rating. The size and color of each square represent the number and percentage of individuals

included in the bin, respectively. The color bar is shown on the right side, that is, low percent (blue), medium percent (green), and high percent (red). NSLCH,

number of solar lentigines on the cheek; NSLFA, solar lentigines on the forearm; NSLFH, number of solar lentigines on the forehead; NSLHB, solar lentigines on

back of hands; SSLCH, size of solar lentigines on the cheek; SSLFH, size of solar lentigines on the forehead; TZL, Taizhou longitudinal cohort; UPFA, uneven

pigmentation on the lower side of the forearm.

Supplementary Table S1. The Correlation and 95% CI among Seven SL Traits

Trait 1 Trait 2

Pearson Correlation Spearman Correlation Kendell Correlation

rho 95% CI rho 95% CI Tau P-Value

NSLFA NSLHB 0.50 0.48‒0.53 0.49 0.47‒0.52 0.48 <2.2 � 10‒16

NSLFA UPFA 0.38 0.35‒0.42 0.37 0.34‒0.4 0.36 <2.2 � 10‒16

NSLFA SSLFH 0.33 0.30‒0.37 0.33 0.29‒0.36 0.30 <2.2 � 10‒16

NSLFA NSLFH 0.32 0.29‒0.35 0.32 0.29‒0.36 0.31 <2.2 � 10‒16

NSLFA SSLCH 0.34 0.30‒0.37 0.33 0.3‒0.36 0.30 <2.2 � 10‒16

NSLFA NSLCH 0.31 0.28‒0.35 0.31 0.28‒0.35 0.30 <2.2 � 10‒16

NSLHB UPFA 0.53 0.50‒0.55 0.51 0.48‒0.54 0.50 <2.2 � 10‒16

NSLHB SSLFH 0.33 0.30‒0.36 0.31 0.28‒0.34 0.29 <2.2 � 10‒16

NSLHB NSLFH 0.30 0.27‒0.33 0.3 0.27‒0.33 0.29 <2.2 � 10‒16

NSLHB SSLCH 0.33 0.29‒0.36 0.31 0.28‒0.34 0.29 <2.2 � 10‒16

NSLHB NSLCH 0.29 0.25‒0.32 0.28 0.25‒0.31 0.27 <2.2 � 10‒16

UPFA SSLFH 0.28 0.25‒0.32 0.28 0.25‒0.31 0.26 <2.2 � 10‒16

UPFA NSLFH 0.23 0.19‒0.26 0.22 0.19‒0.25 0.22 <2.2 � 10‒16

UPFA SSLCH 0.25 0.22‒0.29 0.25 0.21‒0.28 0.23 <2.2 � 10‒16

UPFA NSLCH 0.21 0.18‒0.25 0.21 0.18‒0.24 0.21 <2.2 � 10‒16

SSLFH NSLFH 0.80 0.78‒0.81 0.81 0.79‒0.83 0.75 <2.2 � 10‒16

SSLFH SSLCH 0.50 0.47‒0.52 0.48 0.45‒0.51 0.43 <2.2 � 10‒16

SSLFH NSLCH 0.38 0.35‒0.41 0.39 0.36‒0.42 0.36 <2.2 � 10‒16

NSLFH SSLCH 0.41 0.38‒0.44 0.42 0.39‒0.45 0.39 <2.2 � 10‒16

NSLFH NSLCH 0.43 0.40‒0.46 0.42 0.39‒0.46 0.42 <2.2 � 10‒16

SSLCH NSLCH 0.66 0.64‒0.68 0.66 0.63‒0.68 0.61 <2.2 � 10‒16

Abbreviations: CI, confidence interval; NSLCH, number of solar lentigines on the cheek; NSLFA, solar lentigines on the forearm; NSLFH, number of solar
lentigines on the forehead; NSLHB, solar lentigines on the back of hands; SL, solar lentigines; SSLCH, size of solar lentigines on the cheek; SSLFH, size of
solar lentigines on the forehead; UPFA, uneven pigmentation on the lower side of the forearm.
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Supplementary Table S2. The Heritability Estimated from GCTA-LDMS for Single Traits and Composite Phenotype
of SL in TZL and NSPT

Phenotype TZL (%) NSPT (%)

Solar lentigines on the arm 21 � 13 39 � 8

Solar lentigines on the back of hands 36 � 13 38 � 8

Uneven pigmentation on the lower side of the forearm 24 � 14 44 � 8

Composite phenotype of nonfacial SL 32 – 13 42 – 8

Size of solar lentigines on the forehead 33 � 12 26 � 9

Number of solar lentigines on the forehead 23 � 12 34 � 9

Size of solar lentigines on the cheek 16 � 12 36 � 8

Number of solar lentigines on the cheek 33 � 12 40 � 8

Composite phenotype of facial SL 36 – 11 43 – 8

Abbreviations: GCTA, Genome-wide Complex Trait Analysis; LDMS, linkage disequilibrium and minor allele frequency stratified; NSPT, National Survey of
Physical Traits; SL, solar lentigines; TZL, Taizhou longitudinal cohort.

Boldfaces indicate composite phenotypes.
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Supplementary Table S3. Significant SNPs Associated with Non-facial SL Adjusted for Relatedness by GCTA (fastGWA)

CHR BP SNP A1

Meta Discovery 1 (TZL) Discovery 2 (NSPT) Replication (SALIA)

Beta SE P-Value Beta SE P-Value Beta SE P-Value Beta SE P-Value

5 1276050 rs113136187 t 0.12 0.02 3.25 � 10‒11 0.14 0.03 1.46 � 10‒7 0.10 0.02 4.68 � 10‒5 0.19 0.13 0.15

5 1279790 rs10069690 t ‒0.13 0.02 1.40 � 10‒12 ‒0.15 0.03 6.04 � 10‒8 ‒0.12 0.03 4.00 � 10‒6 ‒0.11 0.11 0.32

5 1279964 rs10054203 c ‒0.09 0.01 3.92 � 10‒10 ‒0.12 0.02 4.00 � 10‒8 ‒0.06 0.02 5.56 � 10‒4 ‒0.11 0.10 0.27

5 1280028 rs2242652 a ‒0.14 0.02 9.41 � 10‒14 ‒0.16 0.03 4.18 � 10‒9 ‒0.12 0.03 4.91 � 10‒6 ‒0.20 0.13 0.11

5 1280128 rs7734992 t 0.10 0.01 1.20 � 10‒12 0.12 0.02 1.57 � 10‒8 0.08 0.02 2.31 � 10‒5 0.21 0.10 0.03

5 1280830 rs4975538 c ‒0.10 0.01 4.34 � 10‒12 ‒0.12 0.02 1.46 � 10‒8 ‒0.08 0.02 3.51 � 10‒5 ‒0.13 0.10 0.18

5 1280938 rs6897196 a 0.10 0.01 2.06 � 10‒12 ‒0.12 0.02 1.33 � 10‒8 ‒0.08 0.02 1.98 � 10‒5 ‒0.13 0.10 0.18

5 1282319 rs7726159 a ‒0.10 0.01 2.71 � 10‒13 ‒0.12 0.02 4.75 � 10‒9 ‒0.09 0.02 5.07 � 10‒6 ‒0.09 0.10 0.36

5 1282414 rs7725218 a ‒0.10 0.01 7.52 � 10‒13 ‒0.12 0.02 7.14 � 10‒9 ‒0.08 0.02 9.92 � 10‒6 ‒0.10 0.10 0.31

5 1283312 rs7713218 a ‒0.11 0.01 2.22 � 10‒16 ‒0.14 0.02 1.44 � 10‒10 ‒0.10 0.02 5.40 � 10‒8 ‒0.02 0.10 0.83

5 1283486 rs7717443 t ‒0.11 0.01 3.94 � 10‒16 ‒0.13 0.02 2.33 � 10‒10 ‒0.10 0.02 6.46 � 10‒8 ‒0.02 0.10 0.83

5 1283755 rs72709458 t ‒0.15 0.02 5.53 � 10‒16 ‒0.19 0.03 4.53 � 10‒12 ‒0.11 0.02 6.23 � 10‒6 ‒0.20 0.12 0.09

5 1284135 rs4449583 t ‒0.10 0.01 2.68 � 10‒13 ‒0.13 0.02 1.48 � 10‒9 ‒0.08 0.02 1.12 � 10‒5 ‒0.10 0.10 0.34

5 1285162 rs10866498 t 0.12 0.01 1.22 � 10‒16 0.14 0.02 1.67 � 10‒11 0.10 0.02 2.04 � 10‒7 0.05 0.10 0.58

5 1285974 rs7705526 a ‒0.11 0.01 1.48 � 10‒14 ‒0.13 0.02 1.02 � 10‒9 ‒0.09 0.02 4.85 � 10‒6 ‒0.25 0.10 0.01

5 1286516 rs2736100 a 0.14 0.01 7.48 � 10‒23 0.16 0.02 8.79 � 10‒15 0.11 0.02 5.44 � 10‒9 0.33 0.10 5.76 � 10-4

5 1287194 rs2853677 a 0.16 0.01 3.04 � 10‒28 0.19 0.02 1.36 � 10‒18 0.13 0.02 3.45 � 10‒11 0.28 0.10 3.91 � 10-3

5 1287340 rs2736099 a ‒0.18 0.01 5.30 � 10‒37 ‒0.21 0.02 3.18 � 10‒23 ‒0.15 0.02 5.12 � 10‒15 ‒0.31 0.09 1.02� 10-3

5 1287505 rs7710703 t ‒0.22 0.02 4.72 � 10‒22 ‒0.26 0.04 6.63 � 10‒13 ‒0.18 0.03 1.42 � 10‒9 ‒0.53 0.14 2.17 � 10-4

5 1288547 rs2853676 t ‒0.19 0.02 1.76 � 10‒25 ‒0.23 0.03 2.70 � 10‒16 ‒0.15 0.02 7.07 � 10‒10 ‒0.39 0.11 2.57 � 10-4

5 1289880 rs62332588 t ‒0.17 0.01 3.31 � 10‒34 ‒0.21 0.02 2.30 � 10‒22 ‒0.14 0.02 6.52 � 10‒14 ‒0.24 0.09 0.01

5 1289975 rs74682426 a ‒0.21 0.02 2.51 � 10‒20 ‒0.26 0.04 9.80 � 10‒14 ‒0.16 0.03 5.24 � 10‒8 ‒0.42 0.14 2.54 � 10-3

5 1290319 rs62332591 t ‒0.18 0.01 6.50 � 10‒38 ‒0.21 0.02 1.99 � 10‒24 ‒0.15 0.02 6.45 � 10‒15 ‒0.31 0.09 8.44� 10-4

5 1291735 rs56158232 a 0.16 0.02 2.50 � 10‒21 0.19 0.03 1.07 � 10‒12 0.14 0.02 4.11 � 10‒10 0.23 0.12 0.05

5 1291740 rs56023411 t 0.15 0.02 1.23 � 10‒19 0.19 0.03 1.07 � 10‒12 0.13 0.02 1.12 � 10‒8 0.23 0.12 0.05

5 1292983 rs2853672 a 0.19 0.01 4.93 � 10‒44 0.23 0.02 1.32 � 10‒28 0.15 0.02 3.66 � 10‒17 0.32 0.09 7.41 � 10-4

5 1294086 rs2736098 t ‒0.12 0.01 1.09 � 10‒17 ‒0.15 0.02 1.47 � 10‒12 ‒0.10 0.02 4.55 � 10‒7 ‒0.20 0.11 0.06

5 1295349 rs2853669 a 0.12 0.01 1.37 � 10‒16 0.15 0.02 2.20 � 10‒12 0.09 0.02 1.48 � 10‒6 0.13 0.10 0.22

5 1296072 rs7712562 a ‒0.20 0.02 1.16 � 10‒18 ‒0.23 0.04 8.37 � 10‒11 ‒0.17 0.03 1.56 � 10‒8 ‒0.43 0.14 2.39 � 10-3

5 1296486 rs2735940 a ‒0.18 0.01 4.73 � 10‒41 ‒0.21 0.02 2.93 � 10‒25 ‒0.15 0.02 5.35 � 10‒17 ‒0.32 0.09 6.78 � 10-4

5 1296759 rs2736109 t ‒0.09 0.01 1.25 � 10‒9 ‒0.11 0.02 6.61 � 10‒7 ‒0.08 0.02 1.42 � 10‒4 ‒0.03 0.10 0.77

5 1297258 rs6554754 t ‒0.19 0.02 3.92 � 10‒18 ‒0.22 0.04 2.68 � 10‒10 ‒0.17 0.03 9.90 � 10‒9 ‒0.41 0.15 0.01

5 1297488 rs2736108 t ‒0.10 0.02 6.25 � 10‒11 ‒0.11 0.02 8.44 � 10‒7 ‒0.09 0.02 2.24 � 10‒5 ‒0.15 0.10 0.16

5 1297854 rs2736107 t ‒0.09 0.02 4.69 � 10‒9 ‒0.10 0.02 1.15 � 10‒5 ‒0.08 0.02 1.30 � 10‒4 ‒0.13 0.10 0.23

5 1297918 rs7449190 t ‒0.18 0.02 1.02 � 10‒18 ‒0.20 0.03 1.64 � 10‒10 ‒0.16 0.03 7.46 � 10‒9 ‒0.43 0.14 2.39 � 10-3

5 1299859 rs13174814 c 0.10 0.01 1.28 � 10‒12 0.10 0.02 5.65 � 10‒6 0.10 0.02 2.08 � 10‒7 0.25 0.11 0.02

5 1299862 rs13174919 c 0.09 0.01 1.35 � 10‒11 0.09 0.02 1.84 � 10‒5 0.09 0.02 5.08 � 10‒7 0.21 0.11 0.05

5 1300310 rs4975612 t 0.10 0.01 3.23 � 10‒12 0.09 0.02 3.80 � 10‒5 0.10 0.02 7.18 � 10‒8 0.26 0.11 0.02

5 1300429 rs2735946 t ‒0.13 0.02 7.93 � 10‒9 ‒0.12 0.04 7.81 � 10‒4 ‒0.13 0.03 1.23 � 10‒5 ‒0.20 0.10 0.06

5 1343794 rs10462706 t 0.08 0.01 9.25 � 10‒9 0.09 0.02 6.34 � 10‒5 0.07 0.02 6.54 � 10‒5 0.20 0.13 0.11

15 28197037 rs1800414 t ‒0.08 0.01 4.57 � 10‒8 ‒0.10 0.02 5.46 � 10‒6 ‒0.06 0.02 7.98 � 10‒4 ‒0.32 1.00 0.75

Abbreviations: BP, base position; CHR, chromosome; GCTA, Genome-wide Complex Trait Analysis; NSPT, National Survey of Physical Traits; SE, standard error; SL, solar lentigines; TZL, Taizhou longitudinal
cohort.

Boldfaces indicated the top SNP associated with nonfacial SL in our study
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Supplementary Table S4. Replication of GWAS Signals of Non-facial SL when Adjusted for Skin Color

CHR BP SNP A1

Adjust Skin Color (n [ 1,852 Han Chineses)

Beta SE P-Value

5 1276050 rs113136187 t 0.15 0.03 1.86 � 10‒5

5 1279790 rs10069690 t ‒0.15 0.03 9.72 � 10‒6

5 1279964 rs10054203 c ‒0.12 0.03 8.52 � 10‒6

5 1280028 rs2242652 a ‒0.16 0.03 3.05 � 10‒6

5 1280128 rs7734992 t 0.12 0.03 1.13 � 10‒5

5 1280830 rs4975538 c ‒0.12 0.03 9.81 � 10‒6

5 1280938 rs6897196 a 0.12 0.03 8.76 � 10‒6

5 1282319 rs7726159 a ‒0.14 0.03 4.71 � 10‒7

5 1283312 rs7713218 a ‒0.15 0.03 1.66 � 10‒8

5 1283486 rs7717443 t ‒0.15 0.03 1.93 � 10‒8

5 1283755 rs72709458 t ‒0.20 0.03 1.95 � 10‒8

5 1284135 rs4449583 t ‒0.14 0.03 1.76 � 10‒7

5 1285162 rs10866498 t 0.16 0.03 8.99 � 10‒9

5 1285974 rs7705526 a ‒0.14 0.03 4.01 � 10‒7

5 1286516 rs2736100 a 0.19 0.03 8.75 � 10‒12

5 1287194 rs2853677 a 0.21 0.03 2.46 � 10‒14

5 1287505 rs7710703 t ‒0.25 0.05 1.10 � 10‒7

5 1289880 rs62332588 t ‒0.23 0.03 5.08 � 10‒17

5 1289975 rs74682426 a ‒0.24 0.05 1.64 � 10‒7

5 1290319 rs62332591 t ‒0.23 0.03 5.10 � 10‒18

5 1291735 rs56158232 a 0.18 0.03 2.25 � 10‒7

5 1291740 rs56023411 t 0.18 0.03 2.25 � 10‒7

5 1292983 rs2853672 a 0.25 0.03 4.57 � 10‒21

5 1294086 rs2736098 t ‒0.19 0.03 4.93 � 10‒11

5 1295349 rs2853669 a 0.19 0.03 3.15 � 10‒11

5 1296072 rs7712562 a ‒0.21 0.05 4.05 � 10‒6

5 1296486 rs2735940 a ‒0.24 0.03 1.78 � 10‒18

5 1296759 rs2736109 t ‒0.15 0.03 1.92 � 10‒7

5 1297258 rs6554754 t ‒0.21 0.05 4.91 � 10‒6

5 1297488 rs2736108 t ‒0.14 0.03 1.17 � 10‒6

5 1297854 rs2736107 t ‒0.13 0.03 9.26 � 10‒6

5 1297918 rs7449190 t ‒0.19 0.04 3.79 � 10‒6

5 1299859 rs13174814 c 0.12 0.03 2.27 � 10‒5

5 1300310 rs4975612 t 0.12 0.03 8.59 � 10‒6

5 1343794 rs10462706 t 0.13 0.03 6.53 � 10‒6

15 28196145 rs76930569 t 0.09 0.03 1.73 � 10‒3

15 28197037 rs1800414 t ‒0.09 0.03 1.54 � 10‒3

Abbreviations: BP, base position; SL, solar lentigines.

Boldface indicated the top SNP associated with nonfacial SL in our study.

Supplementary Table S5. The Association between TERT SNP rs2853672 and Non-facial SLs in Dark and Light Skin
Color Groups in TZL and NSPT

Cohort Skin Pigmentation n Beta SE t-Value P-Value

TZL Dark skin color 1,565 ‒0.22 0.03 ‒7.38 2.58 � 10‒13

TZL Light skin color 1,066 ‒0.24 0.03 ‒7.39 2.89 �10‒13

NSPT Dark skin color 1,774 ‒0.15 0.02 ‒6.27 4.43 �10‒10

NSPT Light skin color 913 ‒0.15 0.03 ‒5.07 4.93 �10‒7

Abbreviations: SE, standard error; NSPT, National Survey of Physical Traits; SL, solar lentigines; TERT, telomerase reverse transcriptase; TZL, Taizhou
longitudinal cohort.
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Supplementary Table S6. Replication of Candidate SNPs Detected in Previous Four SL-based GWASs Adjusted for
Relatedness by GCTA (fastGWA)

Replication in Han Chinese (TZL D NSPT)

Facial SL Nonfacial SL

Study CHR Gene SNP EAF (EA)1 Beta/Log (OR) EAF Beta P-Value Beta P-Value

Dutch GWAS
(Jacobs et al., 2015)
(n ¼ 2,844)

6 IRF4 rs12203592 0.09 (T) 0.44 <0.01 — — — —

9 BNC2 rs62543565 0.37 (C) ‒0.15 0.68 0.01 0.30 ‒0.01 0.44

16 MC1R rs35063026 0.07 (T) 0.33 <0.01 — — — —

20 RALY/ASIP rs6059655 0.08 (A) 0.3 <0.01 — — — —

French GWAS
(Laville et al., 2016)
(n ¼ 502)

6 6p21 intergenic rs9350204 0.15 (C) — 0.37 0.005 0.73 0.02 0.14

rs9358294 0.15 (G) — 0.36 0.004 0.77 0.02 0.15

6 HLC-C (near gene) rs2853949 0.14 (A) — 0.01 ‒0.03 0.66 ‒0.07 0.42

6 USP8P1 rs2844614 0.14 (A) — 0.01 ‒0.03 0.66 ‒0.07 0.42

rs2844613 0.14 (T) — 0.01 ‒0.03 0.66 ‒0.07 0.42

rs2524069 0.13 (T) — 0.02 ‒0.04 0.50 ‒0.11 0.10

rs2853947 0.14 (T) — 0.03 ‒0.07 0.12 ‒0.05 0.27

rs2524067 0.14 (G) — 0.03 ‒0.07 0.12 ‒0.05 0.27

rs2524065 0.14 (C) — 0.03 ‒0.07 0.12 ‒0.05 0.27

Japanese GWAS
(Endo et al., 2018)
(n ¼ 11,311)

5 PPARGC1B rs251468 0.18 (T) ‒0.11 0.21 ‒0.07 4.63 3 10‒‒5 ‒0.06 8.49 3 10‒‒4

9 BNC2 rs10810635 0.47 (T) ‒0.12 0.72 ‒0.03 0.02 ‒0.03 0.11

10 RAB11FIP2 rs61866017 0.16 (T) ‒0.11 0.12 ‒0.04 0.05 ‒0.07 1.10 3 10‒‒3

rs35563099 0.09 (T) ‒0.11 0.1 ‒0.05 0.03 ‒0.10 4.38 3 10‒‒5

rs10444039 0.09 (A) ‒0.22 0.1 ‒0.05 0.02 ‒0.09 4.54 3 10‒‒5

rs10886142 0.49 (T) 0.08 0.45 0.01 0.55 0.01 0.44

rs4752116 0.21 (T) ‒0.09 0.21 ‒0.02 0.13 ‒0.04 0.01

10 HSPA12A rs12259842 0.25 (T) 0.09 0.21 0.04 0.02 0.08 4.02 3 10‒‒6

17 AKAP1/MSI2 rs17833789 0.45 (C) 0.07 0.48 0.02 0.26 0.003 0.83

Korean GWAS
(Shin et al., 2021)
(n ¼ 17,019)

2 LINC01877 rs12693889 0.50 (T) 0.6 0.45 0.02 0.13 0.03 0.02

5 PPARGC1B rs32579 0.30 (T) ‒1.56 0.35 ‒0.04 0.01 ‒0.03 0.08

9 BNC2 rs16935073 0.43 (C) 1.58 0.3 0.04 0.01 0.03 0.07

9 CDKN2B-AS1 rs643319 0.36 (A) ‒0.54 0.36 0.02 0.12 0.01 0.60

10 10q26 rs11198112 0.10 (T) ‒2.3 0.1 ‒0.05 0.01 ‒0.09 7.62 3 10‒‒5

16 MC1R rs2228479 0.14 (A) 1.55 0.21 0.02 0.51 0.05 0.06

19 MFSD12 rs2240751 0.34 (G) ‒0.67 0.29 ‒0.07 4.83 3 10‒‒6 0.0003 0.98

Abbreviations: CHR, chromosome; EAF, effect allele frequency; GCTA, Genome-wide Complex Trait Analysis; NSPT, National Survey of Physical Traits; SL,
solar lentigines; TZL, Taizhou longitudinal cohort.

Boldfaces indicate SNP replicated in our study at a P-value threshold of 0.05/29 ¼ 1.72 3 10‒3.
1Denotes EAF in the original GWAS, and EA denotes the effect allele in the original GWAS.

Supplementary Table S7. Association between the Top Three Haplotypes and Composite Phenotype in the Chinese
Combined Dataset and German Replication Dataset

Haplotype Study P-Value Effect Frequency

H1:ACAGG Chinese combined1 1.2 � 10‒35 0.185 0.507

German replication2 4.4 � 10‒4 0.333 0.476

H2:CCAAA Chinese combined 1.2 � 10‒14 ‒0.184 0.108

German replication 2.4 � 10‒3 ‒0.428 0.122

H3:CTGGA Chinese combined 2.1 � 10‒15 ‒0.123 0.359

German replication 0.07 ‒0.192 0.290

Abbreviations: NSPT, National Survey of Physical Traits; TZL, Taizhou longitudinal cohort.
1Combination of TZL and NSPT dataset
2German sample of 462 individuals from SALIA cohort
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Supplementary Table S8. Expression Quantitative Trait Loci for TERT Gene Expression in Skin Tissues Reported in
Public Database (GTEx)

SNP P-Value Effect Tissue

rs10073340 1.10 � 10‒4 ‒0.26 Skin - sunexposed (lower leg)

rs12332579 2.60 � 10‒5 0.29 Skin - sunexposed (lower leg)

rs1801075 9.70 � 10‒5 0.26 Skin - Sunexposed (lower leg)

rs2735940 5.50 � 10‒6 0.23 Skin - Sunexposed (lower leg)

rs2736100 4.80 � 10‒5 0.23 Skin - not sunexposed (suprapubic)

rs2853672 9.50 � 10‒6 0.22 Skin - sunexposed (lower leg)

rs2853676 2.00 � 10‒6 0.28 Skin - sunexposed (lower leg)

rs2853676 3.90 � 10‒6 0.29 Skin - not sunexposed (suprapubic)

rs2853677 1.60 � 10‒5 0.24 Skin - not sunexposed (suprapubic)

rs2853677 2.60 � 10‒5 0.21 Skin - sunexposed (lower leg)

rs34880677 2.90 � 10‒5 ‒0.29 Skin - sunexposed (lower leg)

rs35595862 8.00 � 10‒5 ‒0.27 Skin - sunexposed (lower leg)

rs6554754 2.40 � 10‒5 0.35 Skin - not sunexposed (suprapubic)

rs6554754 2.50 � 10‒5 0.32 Skin - sunexposed (lower leg)

rs7449190 9.80 � 10‒6 0.35 Skin - not sunexposed (suprapubic)

rs7449190 1.90 � 10‒5 0.31 Skin - Sunexposed (lower leg)

rs7710703 1.70 � 10‒5 0.35 Skin - not sunexposed (suprapubic)

rs7712562 3.70 � 10‒6 0.36 Skin - not sunexposed (suprapubic)

rs7712562 7.20 � 10‒6 0.32 Skin - sunexposed (lower leg)

Abbreviations: SL, solar lentigines; TERT, telomerase reverse transcriptase.

Boldfaces indicated SNP discovered in our GWAS of composite phenotype of SL on hand/arm.
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Supplementary Table S9. Power of Associations between TERT SNPs and LTL and IEAA

SNP

LTL IEAA

n MAF Beta P-Value Power n MAF Beta P-Value Power

rs113136187 800 0.21 ‒0.64 0.19 0.24 3,523 0.18 0.27 0.07 0.15

rs10069690 800 0.21 ‒0.79 0.10 0.36 3,523 0.16 0.30 0.04 0.51

rs10054203 800 0.43 ‒0.24 0.54 0.09 3,523 0.40 0.56 5.36 � 10‒7 1.00

rs2242652 800 0.21 ‒0.85 0.08 0.40 3,523 0.16 0.35 0.02 0.63

rs7734992 800 0.42 ‒0.34 0.38 0.13 3,523 0.39 0.62 4.24 � 10‒8 1.00

rs4975538 800 0.41 ‒0.29 0.46 0.11 3,523 0.38 0.56 6.40 � 10‒7 1.00

rs6897196 800 0.41 ‒0.37 0.34 0.15 3,523 0.38 0.57 3.96 � 10‒7 1.00

rs7726159 800 0.43 0.05 0.90 0.05 3,523 0.38 0.65 1.17 � 10‒8 1.00

rs7713218 800 0.45 ‒0.03 0.95 0.05 3,523 0.41 0.54 1.37 � 10‒6 1.00

rs7717443 800 0.45 ‒0.02 0.96 0.05 3,523 0.40 0.53 2.00 � 10‒6 1.00

rs72709458 800 0.21 ‒0.74 0.13 0.32 3,523 0.17 0.41 5.66 � 10‒3 0.78

rs4449583 800 0.43 0.02 0.96 0.05 3,523 0.38 0.67 3.58 � 10‒9 1.00

rs10866498 800 0.46 ‒0.12 0.76 0.06 3,523 0.42 0.49 1.14 � 10‒5 0.99

rs7705526 800 0.43 ‒0.10 0.80 0.06 3,523 0.39 0.67 3.21 � 10‒9 1.00

rs2736100 800 0.44 ‒0.19 0.63 0.07 3,523 0.41 0.54 1.55 � 10‒6 1.00

rs2853677 800 0.40 ‒0.06 0.88 0.05 3,523 0.38 0.49 1.52 � 10‒5 0.99

rs7710703 800 0.13 ‒0.92 0.11 0.33 3,523 0.11 0.31 0.08 0.41

rs62332588 800 0.39 ‒0.22 0.59 0.08 3,523 0.38 0.17 0.13 0.32

rs74682426 800 0.14 ‒0.85 0.14 0.30 3,523 0.12 0.29 0.10 0.38

rs62332591 800 0.46 ‒0.31 0.42 0.12 3,523 0.43 0.30 8.36 � 10‒3 0.75

rs56158232 800 0.24 ‒0.71 0.14 0.32 3,523 0.23 0.18 0.17 0.28

rs56023411 800 0.24 ‒0.71 0.14 0.32 3,523 0.23 0.15 0.25 0.21

rs2853672 800 0.50 ‒0.46 0.21 0.20 3,523 0.49 0.38 5.61 � 10‒4 0.93

rs2736098 800 0.35 ‒0.13 0.71 0.06 3,523 0.37 0.31 6.66 � 10‒3 0.76

rs2853669 800 0.36 ‒0.04 0.91 0.05 3,523 0.38 0.28 0.01 0.68

rs7712562 800 0.14 ‒0.86 0.12 0.31 3,523 0.12 0.27 0.12 0.35

rs2735940 800 0.50 ‒0.47 0.21 0.21 3,523 0.49 0.39 4.06 � 10‒4 0.94

rs2736109 800 0.33 ‒0.26 0.48 0.09 3,523 0.31 0.31 9.10 � 10‒3 0.73

rs6554754 800 0.14 ‒1.09 0.06 0.45 3,523 0.12 0.27 0.12 0.34

rs2736108 800 0.30 ‒0.35 0.37 0.12 3,523 0.29 0.21 0.09 0.40

rs2736107 800 0.28 ‒0.31 0.43 0.11 3,523 0.26 0.25 0.05 0.49

rs7449190 800 0.17 ‒0.89 0.09 0.37 3,523 0.14 0.22 0.16 0.28

rs13174814 800 0.48 0.51 0.20 0.24 3,523 0.48 ‒0.29 9.07 � 10‒3 0.73

rs4975612 800 0.47 0.48 0.23 0.22 3,523 0.48 ‒0.25 0.02 0.61

rs10462706 800 0.39 0.40 0.33 0.16 3,523 0.38 ‒0.23 0.05 0.50

Abbreviations: IEAA, intrinsic epigenetic age acceleration; LTL, leukocyte telomere length; MAF, minor allele frequency; TERT, telomerase reverse
transcriptase.

Supplementary Table S10. Trait Variances Captured by Instrument SNPs and Power of Detecting the Causal Effect
for MR Analysis

Exposure s2ðxÞ s2ðyÞ R2ðxzÞ bOLS byx n Power

LTL (public) 0.06 1 0.03 ‒0.015 0.06 38,000 0.08

IEAA (public) 1 1 0.17 0.001 ‒0.03 34,000 0.63

Abbreviations: IEAA, intrinsic epigenetic age acceleration; LTL, leukocyte telomere length; MR, Mendelian randomization.
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Supplementary Table S11. Two-Sample‒Based MR Results for TL, IEAA, and Nonfacial SL

Exposure Outcome Method Beta SE P-Value

TL_IEAA pleiotropy 0.66 0.05 1.93 � 10‒4

Maximum likelihood 24.98 2.92 1.12 � 10‒17

MR Egger ‒2.15 1.24 0.16

MR Egger (bootstrap) 1.62 1.14 0.07

Simple median 64.55 11.81 4.57 � 10‒8

Weighted median 6.84 1.17 5.48 � 10‒9

Penalized weighted median 6.44 1.23 1.72 � 10‒7

Inverse variance weighted 8.88 5.39 0.10

Inverse variance weighted (multiplicative random effects) 8.88 5.39 0.10

Inverse variance weighted (fixed effects) 8.88 0.92 3.11 � 10‒22

Simple mode 67.14 16.59 0.01

Weighted mode 6.21 1.19 3.42 � 10‒3

Weighted mode (NOME) 6.21 0.92 1.07 � 10‒3

Simple mode (NOME) 67.14 6.41 1.37 � 10‒4

Unweighted regression 10.57 12.33 0.39

TL_SL pleiotropy 0.00 0.02 0.89

Maximum likelihood 0.00 0.15 0.97

MR Egger ‒0.04 0.35 0.91

MR Egger (bootstrap) ‒0.07 0.29 0.39

Simple median 0.15 0.23 0.52

Weighted median 0.07 0.18 0.71

Penalized weighted median 0.07 0.18 0.71

Inverse variance weighted 0.00 0.15 0.97

Inverse variance weighted (random effects) 0.00 0.15 0.97

Inverse variance weighted (fixed effects) 0.00 0.15 0.97

Simple mode 0.25 0.24 0.34

Weighted mode 0.08 0.21 0.70

Weighted mode (NOME) 0.08 0.21 0.70

Simple mode (NOME) 0.25 0.24 0.35

Unweighted regression 0.02 6.18 1.00

IEAA_SL pleiotropy 0.06 0.04 0.20

Maximum likelihood ‒0.03 0.01 0.02

MR Egger ‒0.15 0.09 0.13

MR Egger (bootstrap) ‒0.10 0.06 0.03

Simple median ‒0.01 0.02 0.69

Weighted median ‒0.01 0.02 0.55

Penalized weighted median ‒0.01 0.02 0.62

Inverse variance weighted ‒0.03 0.01 0.02

Inverse variance weighted (random effects) ‒0.03 0.01 3.61 � 10‒4

Inverse variance weighted (fixed effects) ‒0.03 0.01 0.02

Simple mode ‒0.01 0.03 0.85

Weighted mode ‒0.01 0.03 0.84

Weighted mode (NOME) ‒0.01 0.03 0.85

Simple mode (NOME) ‒0.01 0.03 0.83

Unweighted regression ‒0.02 0.45 0.96

Abbreviations: IEAA, intrinsic epigenetic age acceleration; MR, Mendelian randomization; NOME, no measurement error; SE, standard error; SL, solar
lentigines; TL, telomere length.
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Supplementary Table S12. Mendelian Randomization Results Using CAUSE Method

Exposure Outcome

P-Value from CAUSE

Sharing Versus Null Causal Versus Null Causal Versus Sharing

BCC SL 0.89 0.85 0.73

IEAA SL 0.96 0.93 0.87

SK SL 0.4 0.23 0.18

LTL SL 0.86 0.8 0.72

SL BCC 0.93 0.75 0.62

SL IEAA 0.96 0.93 0.87

SL SK 0.46 0.32 0.27

SL LTL 0.43 0.64 1

Abbreviations: BCC, basal cell carcinoma; IEAA, intrinsic epigenetic age acceleration; LTL, leukocyte telomere length; SK, seborrhoeic keratosis; SL, solar
lentigines.
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Supplementary Table S13. The Association between Non-facial SL‒Related SNPs and Facial SL Adjusted for Relatedness by GCTA (fastGWA)

CHR BP SNP A1

Meta-Analysis TZL NSPT SALIA

Beta SE P-Value Beta SE P-Value Beta SE P-Value Beta SE P-Value

5 1276050 rs113136187 t 0.05 0.02 0.01 0.05 0.03 0.10 0.04 0.02 0.05 0.13 0.09 0.16

5 1279790 rs10069690 t ‒0.06 0.02 7.70 � 10‒4 ‒0.09 0.03 3.52 � 10‒3 ‒0.04 0.02 0.06 ‒0.07 0.08 0.36

5 1279964 rs10054203 c ‒0.03 0.01 0.01 ‒0.04 0.02 0.09 ‒0.03 0.02 0.10 ‒0.07 0.07 0.30

5 1280028 rs2242652 a ‒0.05 0.02 3.81 � 10‒3 ‒0.07 0.03 0.02 ‒0.03 0.02 0.14 ‒0.14 0.09 0.12

5 1280128 rs7734992 t 0.04 0.01 1.19 � 10‒3 0.05 0.02 0.05 0.04 0.02 0.03 0.14 0.07 0.04

5 1280830 rs4975538 c ‒0.02 0.01 0.08 ‒0.04 0.02 0.07 ‒0.01 0.02 0.57 ‒0.09 0.07 0.19

5 1280938 rs6897196 a 0.03 0.01 0.03 0.05 0.02 0.05 0.02 0.02 0.31 0.09 0.07 0.20

5 1282319 rs7726159 a ‒0.04 0.01 0.01 ‒0.05 0.02 0.02 ‒0.02 0.02 0.17 ‒0.06 0.07 0.37

5 1282414 rs7725218 a ‒0.04 0.01 0.01 ‒0.06 0.02 0.01 ‒0.02 0.02 0.16 ‒0.07 0.07 0.34

5 1283312 rs7713218 a ‒0.04 0.01 0.01 ‒0.06 0.02 0.01 ‒0.03 0.02 0.12 ‒0.01 0.07 0.85

5 1283486 rs7717443 t ‒0.03 0.01 0.01 ‒0.05 0.02 0.02 ‒0.03 0.02 0.12 ‒0.01 0.07 0.84

5 1283755 rs72709458 t ‒0.05 0.02 2.23 � 10‒3 ‒0.09 0.03 2.27 � 10‒3 ‒0.03 0.02 0.23 ‒0.14 0.08 0.10

5 1284135 rs4449583 t ‒0.04 0.01 0.01 ‒0.05 0.02 0.02 ‒0.02 0.02 0.15 ‒0.07 0.07 0.36

5 1285162 rs10866498 t 0.04 0.01 2.61 � 10‒3 0.06 0.02 0.01 0.03 0.02 0.06 0.04 0.07 0.58

5 1285974 rs7705526 a ‒0.04 0.01 0.01 ‒0.05 0.02 0.03 ‒0.02 0.02 0.20 ‒0.18 0.07 0.01

5 1286516 rs2736100 a 0.04 0.01 7.57 � 10‒4 0.06 0.02 0.01 0.02 0.02 0.16 0.23 0.07 7.87 � 10‒4

5 1287194 rs2853677 a 0.04 0.01 3.64 � 10‒3 0.05 0.02 0.03 0.02 0.02 0.16 0.20 0.07 4.17ⅹ10‒3

5 1287340 rs2736099 a ‒0.05 0.01 1.43 � 10‒4 ‒0.07 0.02 3.39 � 10‒3 ‒0.03 0.02 0.06 ‒0.21 0.07 1.39ⅹ10‒3

5 1287505 rs7710703 t ‒0.08 0.02 1.35 � 10‒4 ‒0.06 0.04 0.15 ‒0.08 0.03 4.64 � 10‒3 ‒0.37 0.10 3.19 � 10‒4

5 1288547 rs2853676 t ‒0.09 0.02 2.54 � 10‒7 ‒0.10 0.03 8.26 � 10‒4 ‒0.07 0.02 2.03 � 10‒3 ‒0.27 0.08 2.66 � 10‒4

5 1289880 rs62332588 t ‒0.04 0.01 1.12 � 10‒3 ‒0.07 0.02 0.01 ‒0.03 0.02 0.13 ‒0.16 0.07 0.01

5 1289975 rs74682426 a ‒0.08 0.02 9.82 � 10‒5 ‒0.05 0.04 0.21 ‒0.08 0.03 1.27 � 10‒3 ‒0.29 0.10 3.45 � 10‒3

5 1290319 rs62332591 t ‒0.06 0.01 1.73 � 10‒6 ‒0.08 0.02 1.06 � 10‒3 ‒0.05 0.02 4.07 � 10‒3 ‒0.21 0.07 1.51 � 10‒3

5 1291735 rs56158232 a 0.02 0.02 0.17 0.01 0.03 0.61 0.02 0.02 0.35 0.15 0.08 0.08

5 1291740 rs56023411 t 0.03 0.02 0.06 0.01 0.03 0.61 0.03 0.02 0.11 0.15 0.08 0.08

5 1292983 rs2853672 a 0.07 0.01 4.42 � 10‒7 0.07 0.02 1.18 � 10‒3 0.05 0.02 1.30 � 10‒3 0.22 0.07 8.88 � 10‒4

5 1294086 rs2736098 t ‒0.04 0.01 1.71 � 10‒3 ‒0.07 0.02 2.30 � 10‒3 ‒0.02 0.02 0.18 ‒0.14 0.08 0.06

5 1295349 rs2853669 a 0.04 0.01 4.90 � 10‒3 0.07 0.02 2.91 � 10‒3 0.02 0.02 0.26 0.09 0.07 0.22

5 1296072 rs7712562 a ‒0.09 0.02 5.88 � 10‒5 ‒0.05 0.04 0.23 ‒0.09 0.03 6.60 � 10‒4 ‒0.30 0.10 3.20 � 10‒3

5 1296486 rs2735940 a ‒0.06 0.01 8.63 � 10‒7 ‒0.06 0.02 4.71 � 10‒3 ‒0.05 0.02 8.24 � 10‒4 ‒0.23 0.07 7.60 � 10‒4

5 1296759 rs2736109 t ‒0.04 0.01 4.81 � 10‒3 ‒0.07 0.02 2.77 � 10-3 ‒0.02 0.02 0.19 ‒0.02 0.07 0.79

5 1297258 rs6554754 t ‒0.07 0.02 6.48 � 10‒4 ‒0.04 0.04 0.34 ‒0.08 0.03 3.11 � 10‒3 ‒0.28 0.11 0.01

5 1297488 rs2736108 t ‒0.05 0.01 3.42 � 10‒4 ‒0.08 0.02 1.05 � 10‒3 ‒0.03 0.02 0.07 ‒0.10 0.07 0.16

5 1297854 rs2736107 t ‒0.05 0.01 1.44 � 10‒3 ‒0.06 0.03 0.01 ‒0.04 0.02 0.05 ‒0.09 0.07 0.22

5 1297918 rs7449190 t ‒0.08 0.02 3.09 � 10‒5 ‒0.07 0.03 0.04 ‒0.07 0.02 2.48 � 10‒3 ‒0.30 0.10 3.20 � 10‒3

5 1299859 rs13174814 c 0.02 0.01 0.07 ‒0.01 0.02 0.53 0.04 0.02 0.03 0.18 0.08 0.02

5 1299862 rs13174919 c 0.03 0.01 0.02 0.00 0.02 0.87 0.04 0.02 0.01 0.15 0.08 0.05

5 1300310 rs4975612 t 0.02 0.01 0.17 0.00 0.02 0.83 0.02 0.02 0.16 0.19 0.08 0.02

5 1300429 rs2735946 t 0.00 0.02 0.86 0.08 0.04 0.05 ‒0.02 0.03 0.40 ‒0.14 0.07 0.05

5 1343794 rs10462706 t 0.03 0.01 0.05 ‒0.01 0.02 0.63 0.04 0.02 0.01 0.15 0.09 0.10

15 28197037 rs1800414 t ‒0.03 0.01 0.01 ‒0.03 0.02 0.18 ‒0.03 0.02 0.04 ‒0.26 0.71 0.72

Abbreviations: BP, base position; CHR, chromosome; GCTA, Genome-wide Complex Trait Analysis; NSPT, National Survey of Physical Traits; SE, standard error; TZL, Taizhou longitudinal cohort.
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Supplementary Table S14. Environmental Factors Association with Facial and Non-facial SL in Discovery Dataset

Environmental Factor

Non-facial SL Facial SL

Beta SE P-Value r2, % Beta SE P-Value R2, %

Skincare frequency 0.01 0.03 0.83 0.00 ‒0.16 0.04 1.54 3 10‒‒5 0.69

Sunshade habit ‒0.05 0.03 0.14 0.08 0 0.04 0.97 0.00

Mean sunexposed time 0.04 0.01 1.95 3 10‒‒5 0.67 ‒0.05 0.01 2.90 3 10‒‒5 0.65

Meat eating frequency 0.01 0.02 0.51 0.02 0.06 0.02 6.51 3 10‒‒4 0.43

Fruit-eating frequency 0.05 0.02 1.63 3 10‒‒3 0.37 0 0.02 0.98 0.00

Egg eating frequency 0.06 0.02 1.65 3 10‒‒4 0.52 0 0.02 0.79 0.00

Bean eating frequency 0.04 0.02 0.03 0.19 0.05 0.02 6.42 3 10‒‒3 0.28

Milk drinking frequency 0.07 0.02 1.94 3 10‒‒4 0.51 ‒0.05 0.02 7.59 3 10‒‒3 0.26

Ventilator using 0.17 0.05 4.95 3 10‒‒4 0.45 ‒0.24 0.05 1.06 3 10‒‒5 0.72

Urban living 0.1 0.04 1.21 3 10‒‒2 0.23 ‒0.46 0.04 4.87 3 10‒‒24 3.72

Airconditioner use 0.13 0.03 2.48 3 10‒‒4 0.50 ‒0.07 0.04 0.08 0.11

Cook straw 0.13 0.05 1.07 3 10‒‒2 0.24 ‒0.31 0.05 2.01 3 10‒‒8 1.16

Education 0.1 0.01 1.04 3 10‒‒12 1.87 ‒0.04 0.01 1.21 3 10‒‒2 0.23

Annual income 0.04 0.02 7.58 3 10‒‒3 0.26 ‒0.08 0.02 9.80 3 10‒‒7 0.88

Abbreviations: SE, standard error; SL, solar lentigines.

Boldfaces indicate significant associations between environmental factors and nonfacial SL at a threshold of 0.05/14/2 ¼ 1.79 � 10‒3.

Supplementary Table S15. The Association between TERT SNP rs2853672 and Facial and Non-facial SLs in High-
Dose and Low-Dose Sun Exposure Groups in TZL and NSPT

Cohort Trait Exposure Sample Size Beta SE P-Value

TZL Non-facial SL High exposure 1,534 ‒0.26 0.03 2.21 � 10‒18

Low exposure 1,005 ‒0.17 0.03 6.18 � 10‒6

Facial SL High exposure 1,534 ‒0.10 0.03 0.001

Low exposure 1,005 ‒0.06 0.04 0.13

NSPT Non-facial SL High exposure 1,567 ‒0.20 0.03 3.20 � 10‒13

Low exposure 1,339 ‒0.12 0.02 6.77 � 10‒7

Facial SL High exposure 1,567 ‒0.08 0.02 8.60 � 10‒4

Low exposure 1,339 ‒0.02 0.02 0.29

Abbreviations: SE, standard error; NSPT, National Survey of Physical Traits; SL, solar lentigines; TERT, telomerase reverse transcriptase; TZL, Taizhou
longitudinal cohort.

Q Peng et al.
TERT and Solar Lentigines

Journal of Investigative Dermatology (2023), Volume 1431072.e18



Supplementary Table S16. Heterogeneity (I2, Q) Measures of Non-facial SL‒Associated SNPs Adjusted for
Relatedness by GCTA (fastGWA)

CHR BP SNP

Nonfacial SL Facial SL

I2 Q PHET I2 Q PHET

5 1276050 rs113136187 0.00 1.63 0.44 0.00 0.88 0.64

5 1279790 rs10069690 0.00 0.70 0.71 0.00 1.45 0.49

5 1279964 rs10054203 41.50 3.42 0.18 0.00 0.47 0.79

5 1280028 rs2242652 0.00 1.67 0.43 4.40 2.09 0.35

5 1280128 rs7734992 39.50 3.31 0.19 13.70 2.32 0.31

5 1280830 rs4975538 13.90 2.32 0.31 13.00 2.30 0.32

5 1280938 rs6897196 4.60 2.10 0.35 0.00 1.70 0.43

5 1282319 rs7726159 0.00 1.73 0.42 0.00 1.31 0.52

5 1282414 rs7725218 0.00 1.83 0.40 0.00 1.48 0.48

5 1283312 rs7713218 14.80 2.35 0.31 0.00 1.31 0.52

5 1283486 rs7717443 9.70 2.22 0.33 0.00 1.02 0.60

5 1283755 rs72709458 54.40 4.38 0.11 49.70 3.98 0.14

5 1284135 rs4449583 19.40 2.48 0.29 0.00 1.32 0.52

5 1285162 rs10866498 32.40 2.96 0.23 0.00 0.78 0.68

5 1285974 rs7705526 53.20 4.28 0.12 58.70 4.84 0.09

5 1286516 rs2736100 74.10 7.71 0.02 79.20 9.60 0.01

5 1287194 rs2853677 68.50 6.35 0.04 67.90 6.23 0.04

5 1287340 rs2736099 70.00 6.67 0.04 74.20 7.75 0.02

5 1287505 rs7710703 73.30 7.49 0.02 75.90 8.31 0.02

5 1288547 rs2853676 74.70 7.89 0.02 72.30 7.23 0.03

5 1289880 rs62332588 68.80 6.42 0.04 62.10 5.28 0.07

5 1289975 rs74682426 73.20 7.46 0.02 61.50 5.20 0.07

5 1290319 rs62332591 74.20 7.75 0.02 66.70 6.00 0.05

5 1291735 rs56158232 14.80 2.35 0.31 16.50 2.39 0.30

5 1291740 rs56023411 44.50 3.60 0.17 13.40 2.31 0.32

5 1292983 rs2853672 77.20 8.77 0.01 67.90 6.22 0.04

5 1294086 rs2736098 56.30 4.58 0.10 56.70 4.62 0.10

5 1295349 rs2853669 55.10 4.46 0.11 45.10 3.64 0.16

5 1296072 rs7712562 56.20 4.57 0.10 63.30 5.45 0.07

5 1296486 rs2735940 71.20 6.93 0.03 67.30 6.11 0.05

5 1296759 rs2736109 0.00 1.80 0.41 27.20 2.75 0.25

5 1297258 rs6554754 40.70 3.37 0.19 55.00 4.45 0.11

5 1297488 rs2736108 0.00 0.88 0.65 32.80 2.98 0.23

5 1297854 rs2736107 0.00 0.57 0.75 0.00 0.99 0.61

5 1297918 rs7449190 55.20 4.47 0.11 57.80 4.74 0.09

5 1299859 rs13174814 0.00 1.94 0.38 72.70 7.32 0.03

5 1299862 rs13174919 0.00 1.18 0.55 60.50 5.06 0.08

5 1300310 rs4975612 10.20 2.23 0.33 63.70 5.52 0.06

5 1300429 rs2735946 0.00 0.47 0.79 76.00 8.32 0.02

5 1343794 rs10462706 0.00 1.05 0.59 61.60 5.21 0.07

15 28197037 rs1800414 0.00 1.63 0.44 0.00 0.12 0.94

Abbreviations: BP, base position; CHR, chromosome; GCTA, Genome-wide Complex Trait Analysis; SL, solar lentigines.

Boldfaces indicate the top SNP associated with nonfacial SL in our study.
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Supplementary Table S17. SNPs Ranked by Putative
Functional Significance Evaluated according to IW
Scoring

SNP IW Score SNP IW Score

rs2853669 3.0113 rs2853676 ‒2.3279
rs2735940 1.8546 rs74682426 ‒2.5745
rs2736098 1.7305 rs56158232 ‒2.7215
rs7712562 0.0163 rs6554754 ‒2.8173
rs56023411 ‒1.8673 rs62332588 ‒2.9164
rs62332591 ‒2.0439 rs7449190 ‒3.0832

Abbreviation: IW, Integrative Weighted.

Boldfaces indicate SNPs selected on the basis of IW scoring method.

Supplementary Table S18. Instrument SNPs for
Exposure LTL

CHR SNP BP Effect Allele Beta/OR P-Value

5 rs10069690 1279790 T 1.009 0.013

5 rs2242652 1280028 A 1.009 0.016

5 rs7734992 1280128 C 1.019 2.23 � 10‒9

5 rs11278847 1280940 G 1.023 1.62 � 10‒11

5 rs7726159 1282319 A 1.024 4.52 � 10‒13

5 rs7725218 1282414 A 1.021 1.10 � 10‒10

5 rs72709458 1283755 T 1.012 0.001

5 rs4449583 1284135 T 1.025 1.93 � 10‒13

5 rs7705526 1285974 A 1.026 2.32 � 10‒14

5 rs2736100 1286516 C 0.078a 4.38 � 10‒19

5 rs2736098 1294086 T 1.017 1.35 � 10‒6

5 rs2853669 1295349 G 1.016 2.95 � 10‒6

5 rs3215401 1296255 AAG 1.016 1.63 � 10‒6

5 rs10548207 1297077 A 1.016 7.13 � 10‒6

5 rs2736108 1297488 T 1.017 5.81 � 10‒7

5 rs2736107 1297854 T 1.015 8.33 � 10‒7

Abbreviations: BP, base position; CHR, chromosome; LTL, leukocyte
telomere length.
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Supplementary Table S19. Instrument SNPs for IEAA

CHR BP SNP Beta SE Effect Allele Other Allele P-Value

3 160025238 rs6791056 0.39 0.07 A G 1.51 � 10‒8

3 160036076 rs7620828 0.39 0.07 C T 9.67 � 10‒9

3 160047306 rs869467 0.39 0.07 C T 9.62 � 10‒9

3 160077943 rs7355951 0.40 0.07 G C 4.84 � 10‒9

3 160123373 rs55992947 0.39 0.07 G A 5.76 � 10‒9

3 160142618 rs11718121 0.4008 0.07 C A 3.35 � 10‒9

3 160159921 rs11706810 0.41 0.07 C T 1.63 � 10‒9

3 160191236 rs3851365 0.40 0.07 A C 4.19 � 10‒9

3 160226575 rs4680591 0.40 0.07 C T 3.53 � 10‒9

3 160258869 rs56156703 0.38 0.07 T A 9.30 � 10‒9

3 160272388 rs4679654 0.41 0.07 T A 2.13 � 10‒9

5 1287340 rs2736099 0.63 0.09 A G 1.29 � 10‒12

6 18104322 rs6920558 0.51 0.07 A G 2.62 � 10‒13

6 18117868 rs11758925 0.53 0.07 A G 1.16 � 10‒13

6 18149668 rs3930695 0.48 0.08 G T 1.40 � 10‒9

6 18174085 rs138907444 ‒0.64 0.10 T C 9.74 � 10‒10

6 18186591 rs72840608 ‒0.59 0.10 G A 3.87 � 10‒9

6 25585844 rs6935612 ‒0.42 0.07 C T 6.27 � 10‒9

6 25608374 rs3804106 ‒0.41 0.07 A G 6.65 � 10‒9

6 25624800 rs73397619 ‒0.46 0.07 C T 2.30 � 10‒10

6 25642577 rs10447389 ‒0.45 0.07 A G 5.19 � 10‒10

6 25661887 rs2072847 ‒0.46 0.07 T A 3.81 � 10‒10

17 53084650 rs12051894 ‒0.46 0.08 A G 1.82 � 10‒8

17 53102367 rs78781855 ‒0.48 0.08 G T 5.59 � 10‒9

17 53121020 rs17818142 ‒0.47 0.08 G A 8.63 � 10‒9

17 53145604 rs17818238 ‒0.46 0.08 A G 1.67 � 10‒8

17 53167452 rs1548908 ‒0.47 0.08 T C 9.96 � 10‒9

Abbreviations: BP, base position; CHR, chromosome; IEAA, intrinsic epigenetic age acceleration; SE, standard error.

Supplementary Table S20. The Association between rs2853672 and One Single Composite SL Phenotype in TZL
and NSPT

Data CHR BP SNP Beta SE t-Value P-Value

TZL 5 1292983 rs2853672 ‒0.09 0.02 ‒4.86 1.21 � 10‒6

NSPT 5 1292983 rs2853672 ‒0.08 0.02 ‒4.92 8.99 � 10‒7

Abbreviations: BP, base position; CHR, chromosome; NSPT, National Survey of Physical Traits; SE, standard error; SL, solar lentigines; TZL, Taizhou
longitudinal cohort.
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Supplementary Table S21. Significant SNPs Associated with Non-facial SL in Samples with IBD < 0.1875

CHR BP SNP A1

Meta Discovery 1 (TZL) Discovery 2 (NSPT) Replication (SALIA)

Beta SE P-Value Beta SE P-Value Beta SE P-Value Beta SE P-Value

5 1276050 rs113136187 t 0.11 0.02 3.76 � 10‒9 0.14 0.03 6.69 � 10‒7 0.09 0.03 1.10 � 10‒3 0.19 0.13 0.15

5 1279790 rs10069690 t ‒0.12 0.02 1.12 � 10-9 ‒0.14 0.03 3.88 � 10‒7 ‒0.10 0.03 4.75 � 10‒4 ‒0.11 0.11 0.32

5 1279964 rs10054203 c ‒0.09 0.01 1.29 � 10‒9 ‒0.12 0.02 9.27 � 10‒8 ‒0.07 0.02 1.14 � 10‒3 ‒0.11 0.10 0.27

5 1280028 rs2242652 a ‒0.12 0.02 2.46 � 10‒10 ‒0.16 0.03 5.36 � 10‒8 ‒0.09 0.03 8.18 � 10‒4 ‒0.20 0.13 0.11

5 1280128 rs7734992 t 0.10 0.02 3.30 � 10‒11 0.12 0.02 9.93 � 10‒8 0.08 0.02 1.45 � 10‒4 0.21 0.10 0.03

5 1280830 rs4975538 c ‒0.10 0.02 8.26 � 10‒11 ‒0.12 0.02 1.09 � 10‒7 ‒0.08 0.02 1.43 � 10‒4 ‒0.13 0.10 0.18

5 1280938 rs6897196 a 0.10 0.02 4.32 � 10‒11 0.12 0.02 6.56 � 10‒8 0.08 0.02 1.15 � 10‒4 0.13 0.10 0.18

5 1282319 rs7726159 a ‒0.10 0.02 8.55 � 10‒12 ‒0.13 0.02 1.32 � 10‒8 ‒0.08 0.02 6.38 � 10‒5 ‒0.09 0.10 0.36

5 1283312 rs7713218 a ‒0.11 0.01 2.40 � 10‒14 ‒0.14 0.02 4.74 � 10‒10 ‒0.10 0.02 2.04 � 10‒6 ‒0.02 0.10 0.83

5 1283486 rs7717443 t ‒0.11 0.01 3.14 � 10‒14 ‒0.14 0.02 7.18 � 10‒10 ‒0.10 0.02 1.94 � 10‒6 ‒0.02 0.10 0.83

5 1283755 rs72709458 t ‒0.13 0.02 3.86 � 10‒12 ‒0.18 0.03 1.57 � 10‒10 ‒0.09 0.03 9.92 � 10‒4 ‒0.20 0.12 0.09

5 1284135 rs4449583 t ‒0.10 0.02 6.26 � 10‒12 ‒0.13 0.02 4.53 � 10‒9 ‒0.08 0.02 1.01 � 10‒4 ‒0.10 0.10 0.34

5 1285162 rs10866498 t 0.12 0.01 5.73 � 10‒15 0.15 0.02 5.31 � 10‒11 0.09 0.02 3.60 � 10‒6 0.05 0.10 0.58

5 1285974 rs7705526 a ‒0.11 0.02 3.50 � 10‒13 ‒0.13 0.02 2.29 � 10‒9 ‒0.08 0.02 5.54 � 10‒5 ‒0.25 0.10 0.01

5 1286516 rs2736100 a 0.14 0.01 5.76 � 10‒20 0.16 0.02 5.54 � 10‒13 0.11 0.02 1.54 � 10‒7 0.33 0.10 5.76 � 10‒4

5 1287194 rs2853677 a 0.16 0.02 1.50 � 10‒26 0.19 0.02 1.46 � 10‒16 0.13 0.02 9.42 � 10‒11 0.28 0.10 3.91 � 10‒3

5 1287505 rs7710703 t ‒0.23 0.02 3.99 � 10‒21 ‒0.26 0.04 2.14 � 10‒12 ‒0.19 0.03 8.33 � 10‒9 ‒0.53 0.14 2.17 � 10‒4

5 1289880 rs62332588 t ‒0.18 0.01 5.37 � 10‒33 ‒0.22 0.02 4.76 � 10‒22 ‒0.14 0.02 1.68 � 10‒12 ‒0.24 0.09 0.01

5 1289975 rs74682426 a ‒0.22 0.02 2.23 � 10‒19 ‒0.27 0.04 2.44 � 10‒13 ‒0.16 0.03 3.83 � 10‒7 ‒0.42 0.14 2.54 � 10‒3

5 1290319 rs62332591 t ‒0.18 0.01 3.63 � 10‒35 ‒0.21 0.02 5.99 � 10‒22 ‒0.15 0.02 1.03 � 10‒13 ‒0.31 0.09 8.44 � 10‒4

5 1291735 rs56158232 a 0.16 0.02 1.52 � 10‒19 0.20 0.03 1.02 � 10‒12 0.13 0.02 2.70 � 10‒8 0.23 0.12 0.05

5 1291740 rs56023411 t 0.15 0.02 1.88 � 10‒17 0.20 0.03 1.02 � 10‒12 0.12 0.02 1.24 � 10‒6 0.23 0.12 0.05

5 1292983 rs2853672 a 0.20 0.01 5.66 � 10‒42 0.23 0.02 2.01 � 10‒25 0.17 0.02 7.62 � 10‒17 0.32 0.09 7.41 � 10‒4

5 1294086 rs2736098 t ‒0.13 0.02 5.78 � 10‒17 ‒0.15 0.02 6.98 � 10‒11 ‒0.11 0.02 2.24 � 10‒7 ‒0.20 0.11 0.06

5 1295349 rs2853669 a 0.12 0.02 3.09 � 10‒16 0.15 0.02 6.59 � 10‒11 0.10 0.02 5.01 � 10‒7 0.13 0.10 0.22

5 1296072 rs7712562 a ‒0.20 0.02 4.00 � 10‒17 ‒0.23 0.04 2.57 � 10‒10 ‒0.17 0.03 2.67 � 10‒7 ‒0.43 0.14 2.39 � 10‒3

5 1296486 rs2735940 a ‒0.19 0.01 2.48 � 10‒39 ‒0.22 0.02 5.40 � 10‒23 ‒0.16 0.02 1.94 � 10‒16 ‒0.32 0.09 6.78 � 10-4

5 1296759 rs2736109 t ‒0.09 0.02 5.28 � 10‒9 ‒0.11 0.02 6.16 � 10‒6 ‒0.08 0.02 1.15 � 10‒4 ‒0.03 0.10 0.77

5 1297258 rs6554754 t ‒0.20 0.02 1.65 � 10‒16 ‒0.23 0.04 8.26 � 10‒10 ‒0.17 0.03 1.95 � 10‒7 ‒0.41 0.15 8.38 � 10‒3

5 1297488 rs2736108 t ‒0.10 0.02 2.18 � 10‒10 ‒0.11 0.02 8.62 � 10‒6 ‒0.10 0.02 1.23 � 10‒5 ‒0.15 0.10 0.16

5 1297854 rs2736107 t ‒0.09 0.02 1.17 � 10‒8 ‒0.10 0.02 5.27 � 10‒5 ‒0.09 0.02 9.64 � 10‒5 ‒0.13 0.10 0.23

5 1297918 rs7449190 t ‒0.18 0.02 1.21 � 10‒16 ‒0.20 0.03 9.09 � 10‒10 ‒0.15 0.03 2.38 � 10‒7 ‒0.43 0.14 2.39 � 10‒3

5 1299859 rs13174814 c 0.10 0.01 1.51 � 10‒11 0.09 0.02 3.27 � 10‒5 0.10 0.02 5.00 � 10‒7 0.25 0.11 0.02

5 1300310 rs4975612 t 0.10 0.01 2.85 � 10‒12 0.09 0.02 3.35 � 10‒5 0.11 0.02 8.18 � 10‒8 0.26 0.11 0.02

5 1343794 rs10462706 t 0.09 0.02 1.22 � 10‒8 0.09 0.02 7.37 � 10‒5 0.08 0.02 8.59 � 10‒5 0.20 0.13 0.11

15 28196145 rs76930569 t 0.08 0.02 2.45 � 10‒8 ‒0.11 0.02 2.78 � 10‒6 ‒0.07 0.02 9.05 � 10‒4 0.32 1.00 0.75

15 28197037 rs1800414 t ‒0.09 0.02 1.94 � 10‒8 ‒0.11 0.02 3.05 � 10‒6 ‒0.07 0.02 6.97 � 10‒4 ‒0.32 1.00 0.75

Abbreviations: BP, base postion; CHR, chromosome; IBD, identity by descent; NSPT, National Survey of Physical Traits; SE, standard error; SL, solar lentigines; TZL, Taizhou longitudinal cohort.

Boldfaces indicate the top SNP associated with nonfacial SL in our study.
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Supplementary Table S22. Replication of Candidate SNPs Detected in Previous Four SL-Based GWASs in Samples
with IBD < 0.1875

Study CHR Gene SNP EAF (EA)1 Beta/Log (OR)

Replication in Han Chinese (TZL D NSPT)

EAF

Facial SL Nonfacial SL

Beta P-Value Beta P-Value

Dutch GWAS
(Jacobs et al., 2015)
(n ¼ 2,844)

6 IRF4 rs12203592 0.09 (T) 0.44 <0.01 — — — —

9 BNC2 rs62543565 0.37 (C) ‒0.15 0.68 0.01 0.35 ‒0.02 0.28

16 MC1R rs35063026 0.07 (T) 0.33 <0.01 — — — —

20 RALY/ASIP rs6059655 0.08 (A) 0.3 <0.01 — — — —

French GWAS
(Laville et al., 2016)
(n ¼ 502)

6 6p21 intergenic rs9350204 0.15 (C) — 0.37 0.002 0.91 0.02 0.27

rs9358294 0.15 (G) — 0.36 0.002 0.91 0.02 0.28

6 HLC-C (near gene) rs2853949 0.14 (A) — 0.01 ‒0.05 0.61 ‒0.09 0.35

6 USP8P1 rs2844614 0.14 (A) — 0.01 ‒0.05 0.61 ‒0.09 0.35

rs2844613 0.14 (T) — 0.01 ‒0.05 0.61 ‒0.09 0.35

rs2524069 0.13 (T) — 0.02 ‒0.03 0.72 ‒0.12 0.11

rs2853947 0.14 (T) — 0.03 ‒0.06 0.16 ‒0.04 0.34

rs2524067 0.14 (G) — 0.03 ‒0.06 0.16 ‒0.04 0.34

rs2524065 0.14 (C) — 0.03 ‒0.06 0.16 ‒0.04 0.34

Japanese GWAS
(Endo et al., 2018)
(n ¼ 11,311)

5 PPARGC1B rs251468 0.18 (T) ‒0.11 0.21 ‒0.06 5.81 3 10‒4 ‒0.06 1.77 3 10‒3

9 BNC2 rs10810635 0.47 (T) ‒0.12 0.72 ‒0.04 0.01 ‒0.03 0.06

10 RAB11FIP2 rs61866017 0.16 (T) ‒0.11 0.12 ‒0.03 0.22 ‒0.08 1.22 3 10‒3

rs35563099 0.09 (T) ‒0.11 0.1 ‒0.03 0.18 ‒0.10 1.24 3 10‒4

rs10444039 0.09 (A) ‒0.22 0.1 ‒0.04 0.11 ‒0.09 1.35 3 10‒4

rs10886142 0.49 (T) 0.08 0.45 0.02 0.21 0.01 0.51

rs4752116 0.21 (T) ‒0.09 0.21 ‒0.03 0.12 ‒0.04 0.02

10 HSPA12A rs12259842 0.25 (T) 0.09 0.21 0.04 0.02 0.08 4.76 3 10‒6

17 AKAP1/MSI2 rs17833789 0.45 (C) 0.07 0.48 0.02 0.25 0.01 0.49

Korean GWAS
(Shin et al., 2021)
(n ¼ 17,019)

2 LINC01877 rs12693889 0.50 (T) 0.6 0.45 0.02 0.16 0.03 0.04

5 PPARGC1B rs32579 0.30 (T) ‒1.56 0.35 ‒0.04 0.01 ‒0.03 0.04

9 BNC2 rs16935073 0.43 (C) 1.58 0.3 0.04 0.01 0.03 0.08

9 CDKN2B-AS1 rs643319 0.36 (A) ‒0.54 0.36 0.02 0.29 0.01 0.70

10 10q26 rs11198112 0.10 (T) ‒2.3 0.1 ‒0.04 0.11 ‒0.09 2.60 3 10‒4

16 MC1R rs2228479 0.14 (A) 1.55 0.21 0.03 0.32 0.06 0.03

19 MFSD12 rs2240751 0.34 (G) ‒0.67 0.29 ‒0.08 3.45 3 10‒6 ‒0.004 0.80

Abbreviations: CHR, chromosome; EAF, effect allele frequency; IBD, identity by descent; NSPT, National Survey of Physical Traits; SL, solar lentigines; TZL,
Taizhou longitudinal cohort.

Boldface indicated SNP replicated in our study at a P-value threshold of 0.05/29 ¼ 1.72 � 10‒3.
1EAF in the original GWAS; EA in the original GWAS.
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Supplementary Table S23. The Association between Non-facial SL‒Related SNPs and Facial SL in Samples with IBD < 0.1875

CHR BP SNP A1

Meta-Analysis TZL NSPT SALIA

Beta SE P-Value Beta SE P-Value Beta SE P-Value Beta SE P-Value

5 1276050 rs113136187 t 0.04 0.02 0.02 0.05 0.03 0.07 0.03 0.02 0.19 0.13 0.09 0.16

5 1279790 rs10069690 t ‒0.06 0.02 2.24 � 10‒3 ‒0.09 0.03 2.74 � 10‒3 ‒0.03 0.03 0.19 ‒0.07 0.08 0.36

5 1279964 rs10054203 c ‒0.04 0.01 0.01 ‒0.04 0.02 0.08 ‒0.03 0.02 0.10 ‒0.07 0.07 0.30

5 1280028 rs2242652 a ‒0.05 0.02 0.01 ‒0.07 0.03 0.02 ‒0.02 0.03 0.39 ‒0.14 0.09 0.12

5 1280128 rs7734992 t 0.05 0.01 9.15 � 10‒4 0.05 0.02 0.05 0.04 0.02 0.03 0.14 0.07 0.04

5 1280830 rs4975538 c ‒0.03 0.01 0.05 ‒0.05 0.02 0.06 ‒0.01 0.02 0.50 ‒0.09 0.07 0.19

5 1280938 rs6897196 a 0.03 0.01 0.02 0.05 0.02 0.04 0.02 0.02 0.25 0.09 0.07 0.20

5 1282319 rs7726159 a ‒0.04 0.01 0.01 ‒0.06 0.02 0.01 ‒0.02 0.02 0.25 ‒0.06 0.07 0.37

5 1283312 rs7713218 a ‒0.04 0.01 0.01 ‒0.06 0.02 8.00 � 10‒3 ‒0.02 0.02 0.29 ‒0.01 0.07 0.85

5 1283486 rs7717443 t ‒0.03 0.01 0.02 ‒0.06 0.02 0.01 ‒0.02 0.02 0.27 ‒0.01 0.07 0.84

5 1283755 rs72709458 t ‒0.05 0.02 0.01 ‒0.09 0.03 2.05 � 10‒3 ‒0.01 0.02 0.71 ‒0.14 0.08 0.10

5 1284135 rs4449583 t ‒0.04 0.01 0.01 ‒0.06 0.02 0.01 ‒0.02 0.02 0.27 ‒0.07 0.07 0.36

5 1285162 rs10866498 t 0.04 0.01 5.41 � 10‒3 0.06 0.02 7.85 � 10‒3 0.03 0.02 0.16 0.04 0.07 0.58

5 1285974 rs7705526 a ‒0.04 0.01 9.69 � 10‒3 ‒0.06 0.02 0.02 ‒0.02 0.02 0.37 ‒0.18 0.07 0.01

5 1286516 rs2736100 a 0.05 0.01 1.31 � 10‒3 ‒0.07 0.02 3.79 � 10‒3 ‒0.02 0.02 0.32 0.23 0.07 7.87 � 10‒4

5 1287194 rs2853677 a 0.04 0.01 6.74 � 10‒3 ‒0.05 0.02 0.03 ‒0.02 0.02 0.31 0.20 0.07 4.17 � 10‒3

5 1287505 rs7710703 t ‒0.08 0.02 6.09 � 10‒4 ‒0.06 0.04 0.11 ‒0.06 0.03 0.03 ‒0.37 0.10 3.19 � 10‒4

5 1289880 rs62332588 t ‒0.05 0.01 1.32 � 10‒3 ‒0.07 0.02 2.84 � 10‒3 ‒0.02 0.02 0.24 ‒0.16 0.07 0.01

5 1289975 rs74682426 a ‒0.08 0.02 5.71 � 10‒4 ‒0.05 0.04 0.17 ‒0.07 0.03 0.01 ‒0.29 0.10 3.45 � 10‒3

5 1290319 rs62332591 t ‒0.06 0.01 2.33 � 10‒5 ‒0.08 0.02 9.71 � 10‒4 ‒0.04 0.02 0.04 ‒0.21 0.07 1.51 � 10‒3

5 1291735 rs56158232 a 0.02 0.02 0.29 0.02 0.03 0.48 0.01 0.02 0.72 0.15 0.08 0.08

5 1291740 rs56023411 t 0.03 0.02 0.14 0.02 0.03 0.48 0.02 0.02 0.36 0.15 0.08 0.08

5 1292983 rs2853672 a 0.07 0.01 2.37 � 10‒6 0.08 0.02 6.42 � 10‒4 0.05 0.02 0.01 0.22 0.07 8.88 � 10‒4

5 1294086 rs2736098 t ‒0.05 0.01 2.01 � 10‒3 ‒0.08 0.02 1.76 � 10‒3 ‒0.02 0.02 0.27 ‒0.14 0.08 0.06

5 1295349 rs2853669 a 0.04 0.01 4.86 � 10‒3 0.08 0.02 2.25 � 10‒3 0.02 0.02 0.33 0.09 0.07 0.22

5 1296072 rs7712562 a ‒0.08 0.02 5.28 � 10‒4 ‒0.05 0.04 0.21 ‒0.08 0.03 7.51 � 10‒3 ‒0.30 0.10 3.20 � 10‒3

5 1296486 rs2735940 a ‒0.06 0.01 6.96 � 10‒6 ‒0.07 0.02 4.05 � 10‒3 ‒0.05 0.02 7.07 � 10‒3 ‒0.23 0.07 7.60 � 10‒4

5 1296759 rs2736109 t ‒0.04 0.02 5.36 � 10‒3 ‒0.08 0.03 2.75 � 10‒3 ‒0.02 0.02 0.23 ‒0.02 0.07 0.79

5 1297258 rs6554754 t ‒0.07 0.02 3.92 � 10‒3 ‒0.04 0.04 0.34 ‒0.07 0.03 0.02 ‒0.28 0.11 0.01

5 1297488 rs2736108 t ‒0.05 0.02 1.18 � 10‒3 ‒0.08 0.03 2.87 � 10‒3 ‒0.03 0.02 0.13 ‒0.10 0.07 0.16

5 1297854 rs2736107 t ‒0.04 0.02 5.91 � 10‒3 ‒0.05 0.03 0.04 ‒0.03 0.02 0.11 ‒0.09 0.07 0.22

5 1297918 rs7449190 t ‒0.08 0.02 3.17 � 10‒4 ‒0.08 0.04 0.03 ‒0.06 0.03 0.03 ‒0.30 0.10 3.20 � 10‒3

5 1299859 rs13174814 c 0.01 0.01 0.32 ‒0.02 0.02 0.36 0.03 0.02 0.16 0.18 0.08 0.02

5 1300310 rs4975612 t 0.01 0.01 0.57 ‒0.01 0.02 0.63 0.01 0.02 0.57 0.19 0.08 0.02

5 1343794 rs10462706 t 0.01 0.01 0.35 ‒0.02 0.02 0.43 0.03 0.02 0.14 0.15 0.09 0.10

15 28196145 rs76930569 t 0.04 0.01 8.49ⅹ10‒3 0.03 0.02 0.20 0.04 0.02 0.02 0.26 0.71 0.72

15 28197037 rs1800414 t ‒0.04 0.01 9.10ⅹ10‒3 ‒0.03 0.02 0.19 ‒0.04 0.02 0.02 ‒0.26 0.71 0.72

Abbreviations: BP, base position; CHR, chromosome; EAF, effect allele frequency; IBD, identity by descent; NSPT, National Survey of Physical Traits; SE, standard error; SL, solar lentigines; TZL, Taizhou
longitudinal cohort.
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Supplementary Table S24. Heterogeneity (I2, Q) Measures of Non-facial SL‒Associated SNPs in Samples with IBD
< 0.1875

CHR BP SNP

Nonfacial SL Facial SL

I2 Q PHET I2 Q PHET

5 1276050 rs113136187 15.10 2.36 0.31 0.00 1.27 0.53

5 1279790 rs10069690 0.00 1.48 0.48 8.50 2.19 0.34

5 1279964 rs10054203 36.10 3.13 0.21 0.00 0.39 0.82

5 1280028 rs2242652 31.30 2.91 0.23 29.70 2.85 0.24

5 1280128 rs7734992 36.10 3.13 0.21 2.90 2.06 0.36

5 1280830 rs4975538 0.00 1.93 0.38 0.80 2.02 0.36

5 1280938 rs6897196 0.10 2.00 0.37 0.00 1.40 0.50

5 1282319 rs7726159 4.90 2.10 0.35 0.00 1.64 0.44

5 1283312 rs7713218 28.70 2.80 0.25 7.10 2.15 0.34

5 1283486 rs7717443 23.50 2.62 0.27 0.00 1.74 0.42

5 1283755 rs72709458 66.60 5.99 0.05 65.70 5.83 0.05

5 1284135 rs4449583 27.70 2.77 0.25 0.00 1.80 0.41

5 1285162 rs10866498 41.50 3.42 0.18 0.00 1.54 0.46

5 1285974 rs7705526 58.00 4.76 0.09 63.20 5.43 0.07

5 1286516 rs2736100 72.50 7.27 0.03 80.40 10.22 0.01

5 1287194 rs2853677 56.10 4.55 0.10 70.00 6.67 0.04

5 1287505 rs7710703 70.70 6.83 0.03 75.90 8.31 0.02

5 1289880 rs62332588 69.90 6.64 0.04 65.90 5.87 0.05

5 1289975 rs74682426 71.70 7.06 0.03 59.60 4.95 0.08

5 1290319 rs62332591 68.60 6.37 0.04 71.90 7.12 0.03

5 1291735 rs56158232 38.80 3.27 0.19 24.70 2.66 0.27

5 1291740 rs56023411 62.60 5.35 0.07 11.50 2.26 0.32

5 1292983 rs2853672 67.10 6.09 0.05 71.00 6.91 0.03

5 1294086 rs2736098 19.10 2.47 0.29 59.10 4.89 0.09

5 1295349 rs2853669 11.20 2.25 0.32 47.50 3.81 0.15

5 1296072 rs7712562 55.30 4.47 0.11 61.80 5.24 0.07

5 1296486 rs2735940 61.10 5.14 0.08 69.20 6.49 0.04

5 1296759 rs2736109 0.00 1.00 0.61 25.90 2.70 0.26

5 1297258 rs6554754 40.00 3.33 0.19 53.50 4.30 0.12

5 1297488 rs2736108 0.00 0.27 0.87 21.10 2.54 0.28

5 1297854 rs2736107 0.00 0.18 0.92 0.00 0.80 0.67

5 1297918 rs7449190 54.70 4.41 0.11 61.60 5.21 0.07

5 1299859 rs13174814 0.00 1.96 0.38 72.20 7.19 0.03

5 1300310 rs4975612 5.90 2.13 0.35 64.70 5.66 0.06

5 1343794 rs10462706 0.00 0.90 0.64 56.20 4.57 0.10

15 28196145 rs76930569 0.00 1.65 0.44 0.00 0.26 0.88

15 28197037 rs1800414 0.00 1.51 0.47 0.00 0.23 0.89

Abbreviations: BP, base position; CHR, chromosome; IBD, identity by descent; SL, solar lentigines.

Boldfaces indicate the top SNP associated with nonfacial SL in our study.
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