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What is already known about this topic?

 A few loci have been associated with skin ageing features in Europeans but most of these 

loci have not been replicated in independent studies

 Previous studies have mainly focused on Europeans.

What does this study add?

 We replicate the association of MC1R, IRF4 and SLC45A2 with skin wrinkling in Latin 

Americans with Native American, European and African ancestry.

 We identify new wrinkling loci, including VAV3.

 We report a novel association with mole count: SLC45A2, a known melanoma-associated 

gene.
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Abstract 

Background: Genome-wide association studies (GWAS) have identified genes influencing skin 

ageing and mole count in Europeans but little is known about the relevance of these (or other 

genes) in non-Europeans.

Objective: To conduct a GWAS for facial skin ageing and mole count in adults < 40 years old, of 

mixed European, Native American and African ancestry, recruited in Latin America.

Methods: Skin ageing and mole count scores were obtained from facial photographs of >6,000 

individuals. After quality control checks, three wrinkling traits and mole count were retained for 

genetic analyses. DNA samples were genotyped with Illumina’s Omni Express chip. Association 

testing was performed on ~8,703,729 SNPs across the autosomal genome.

Results: Genome-wide significant association was observed at four genome regions: two were 

associated with wrinkling (in 1p13.3 and 21q21.2), one with mole count (in 1q32.3), and one with 

both wrinkling and mole count (in 5p13.2). Associated SNPs in 5p13.2 and in 1p13 are intronic 

within SLC45A2 and VAV3, respectively, while SNPs in 1q32.3 are near the SLC30A1 gene, and 

those in 21q21.2 occur in a gene desert. Analysis of SNPs in IRF4 and MC1R are consistent with a 

role of these genes in skin ageing.

Conclusions: We replicate the association of wrinkling with variants in SLC45A2, IRF4 and 

MC1R reported in Europeans. We identify VAV3 and SLC30A1 as two novel candidate genes 

impacting on wrinkling and mole count, respectively. We provide the first evidence that SLC45A2 

influences mole count, in addition to variants in this gene affecting melanoma risk in Europeans. 
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Introduction

Skin appearance in the general human population varies with age, reflecting changes in 

pigmentation and in various physical properties of the skin (such as cellularity, thickness, 

elasticity and moisture)1–4, partly manifested as wrinkling. In addition, the number of moles has 

been reported to increase with age until about the third decade of life, after which it starts 

decreasing5. These changes in various skin features are influenced by a range of individual and 

environmental factors, including sun exposure (photo-damage), smoking, sex and ethnicity6–13. 

Two types of skin ageing have therefore been proposed14: intrinsic ageing (due largely to personal 

factors, such as genetics) and extrinsic ageing (due mainly to environmental/lifestyle factors15,16). 

Although changes to the face are combination of intrinsic and extrinsic skin ageing, the frank 

expression of extrinsic ageing (typically manifested with a coarse wrinkling) is readily detected 

after a considerable amount of time of exposure to skin damaging exogenous factors (generally  

decades, although photodamage occurs earlier in people of Northern European ancestry)7,16. 

Intrinsic ageing proceeds more subtly7,14 but can be detected in relatively young facial skin, mostly 

as fine wrinkling. Recently, efforts to identify genetic determinants of skin ageing have employed 

genome-wide association studies (GWAS), usually in elderly individuals. These studies have 

detected significant associations of wrinkling with a handful of genomic regions15,17–24, however, 

the robustness of these associations remains to be established as most associations have been 

observed in single studies, and often these studies have examined relatively small samples (i.e. 

less than ~1,000 individuals). By contrast, a relatively large number of loci influencing nevus 

count have been detected in several independent GWAS and their robustness further established 

by broad meta-analyses20 comprising thousands of individuals. A drawback of these skin GWAS 

findings is that they have been essentially limited to individuals of European ancestry. Further 

research is needed in order to establish the role that the genetic associations identified in 

Europeans could have in in non-European populations and also to evaluate whether additional 

genetic variants, present in non-Europeans, could also influence these traits25. To this aim, we 

performed a GWAS for facial skin ageing and mole count in over 6,000 Latin Americans of mixed 

European, Native American and African ancestry. We studied relatively young adults so as to 

focus mostly on intrinsic ageing, which is likely to be under stronger genetic influence. We 

replicate the association of wrinkling with IRF4, MC1R and SLC45A2 polymorphisms (previously 

reported in Europeans) and identify two novel loci associated with this trait, most notably VAV3, a A
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gene highly expressed in the skin. We also detect a previously unreported association of mole 

count with SLC45A2, a gene well known to be involved in pigmentation and in melanoma 

susceptibility. 

Material and methods

Study subjects

We studied 6,254 individuals from 5 Latin American countries (Brazil=628; Chile=1,649; 

Colombia=1,633; Mexico=1,146; Peru=1,198). These individuals were recruited by the 

CANDELA consortium as part of a study on the genetics of physical appearance26. Most subjects 

recruited were students and staff from the universities participating in the CANDELA consortium. 

Individuals with any long-term medical condition or treatment were excluded. Data from these 

individuals have been included in previous GWAS for a range of traits, including pigmentation 

and facial features27–31. Summary information on the subjects studied here is presented in Table 1. 

All individuals provided written informed consent. Ethics approvals were obtained from: 

Universidad Nacional Autónoma de México (México), Universidad de Antioquia (Colombia), 

Universidad Perúana Cayetano Heredia (Perú), Universidad de Tarapacá (Chile), Universidade 

Federal do Rio Grande do Sul (Brazil) and University College London (UK). 

Phenotyping 

Due to the relatively young age of our study subjects (Table 1 and Supplementary figure 

S1), we adapted 12 traits from the SCINEXA protocol (Score for INtrinsic and EXtrinsic skin 

Aging) protocol32 by including half points so as to allow for finer trait variation. SCINEXA 

includes four assesments of pigmentation spots (qualitative and quantitative scorings; on forehead 

and on cheeks), five types of wrinkles (on forehead, frown lines, crow’s feet, below eyes and on 

upper lip) and three additional traits (cheeks laxity, telangiectasia on cheeks and prominence of the 

nasolabial fold – See Supplementary table S1 and figure S2). Moles were counted on a semi-

quantitative scale: (0) no moles, (1) less than 5 pale moles, (2) 5 or more pale moles, (3) one dark 

mole, in relief, and (4) more than one dark mole, in relief. The full sample was randomized and 

divided between two raters that performed the scoring (Y.C.: ~65% and M.A.: ~35%). We then 

discarded traits with low variability and assessed the reliability of the trait scores by computing A
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Spearman correlations between four types of comparisons between rater scores (Supplementary 

table S2). 

In addition to obtaining SCINEXA and mole count scores, we had available Melanin Index 

values for the inner arm of each individual as this study sample has been previously included in a 

GWAS of skin pigmentation27.

DNA genotyping

DNA samples from participants were genotyped on the Illumina HumanOmniExpress chip 

including 730,525 SNPs. Genotyping quality control was as described in Adhikari et al. (2019)27. 

Briefly, we excluded markers with >5% missing data or minor-allele frequency <1%  and 

individuals either with >5% missing data or failing the sex concordance check. After these checks, 

a total of 636,195 autosomal SNPs were retained for further analysis. Genotypes were phased 

using SHAPEIT2 and then genotypes at untyped SNPs were imputed from the 1,000 Genomes 

Phase 3 using IMPUTE2, resulting in 11,218,392 autosomal biallelic variants being available for 

study. Of these, we removed SNPs with poor imputation or genotyping quality scores (as in 

Adhikari et al. 201927). The final dataset included genotypes for 8,703,729 autosomal biallelic 

SNPs.

Statistical genetics analyses

We estimated the narrow-sense heritability (h2) and the genetic correlation for each pair of 

these traits using LDAK5  with default parameters33,34. For the genome-wide association analyses 

we excluded individuals with a missing trait score as well as all phenotypic and genetic outliers. 

Association was performed with PLINK v1.90b6.135 using a regression model including 10 

covariates (age, sex, BMI, rater and 6 genetic PCs reflecting continental and sub-continental 

ancestry –  as stated in previous GWAS studies of the CANDELA sample27). We computed 

association statistics only for SNPs with Minor Allele Frequency (MAF) 1% and with < 5% 

uncalled genotypes. To account for multiple testing across traits and SNPS we calculated a an 

adjusted significance threshold via the false-discovery rate (FDR) procedure of Benjamini-

Hochberg36. In addition to the GWAS in the full study sample, we performed a GWAS separately 

in each of the five countries sampled. The resulting summary statistics were then combined in a 

meta-analysis using PLINK’s implementation (--meta-analysis weighted-z) of METAL37.
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All additional numerical analyses (computation of phenotype principal components, 

phenotypic correlations, correlations between traits and covariates) were carried out with 

MATLAB ® 9.6.0. (R2019a). Individual continental (African, European, Native American) 

ancestry was previously26 estimated on the CANDELA dataset using the software 

ADMIXTURE38 with K = 3. The average African, European and Native American ancestry of the 

individuals included in the GWAS was estimated as 4.4%, 51.1% and 44.5%, respectively.

Results and discussion

Traits examined

Using a modified SCINEXA32, we evaluated six wrinkling and four pigmentation changes 

related to skin ageing in over 6,000 Latin Americans (Supplementary figures S2, S3 and Table 

S1). To focus on the most reliably scored traits, we restricted subsequent analyses to traits having 

correlations >60% for 3/4 quality assessments (Supplementary table S2). This led to the four 

pigmentation traits being discarded. Among the wrinkling traits, two (wrinkles in the upper lip and 

teleangiectasia on cheeks) showed minimal variation (Supplementary figure S4) and were also 

excluded from further analysis. This resulted in four wrinkling traits (wrinkles under eyes, 

glabellar -“frown lines”-, fine lateral canthal rhytids -“crow’s feet”- and fine forehead wrinkles) 

and mole count being retained (Supplementary figure S5). In addition, since the four wrinkling 

traits retained are positively correlated (Supplementary table S3), we performed a Principal 

Components Analysis (PCA) and retained the first PC (PC1), as an overall wrinkling score. PC1 

explains ~57% of the total phenotypic variance and correlates strongly with the sum of the 4 

wrinkling scores ( = 0.99). 

We evaluated the correlation between skin traits and individual covariates (age, BMI, sex, 

constitutive pigmentation and genetic ancestry, Supplementary table S4). Wrinkling showed a 

moderate but highly significant correlations with age (Spearman  +0.29 to +0.41, p- 1x10-113 to 

110-162) . Wrinkling also correlated with body mass index (BMI – Spearman  ~0.15; p-values 

1x10-113 to 1x10-162), probably reflecting the positive correlation of BMI with age in young adults 

(Supplementary table S5). Forehead wrinkles were more frequent in men than in women (p-value 

<1x10-182). A weak but significant correlation was observed between wrinkles PC1 and 

constitutive skin pigmentation (i.e. Melanin Index, Spearman  = -0.06, p-value 3x10-5) and with 

genetic ancestry (European: Spearman  = +0.11, p-value 6x10-17; Native American: Spearman  A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

= -0.07, p-value 2x10-8; African: Spearman  = -0.09, p-value 8x10-11). These observations are 

consistent with the reported greater wrinkling with age in Europeans compared to non-

Europeans6,39. From the chip data, a low to moderate heritability was estimated for the skin traits 

(h2 = 0.15-0.45, Supplementary figure S6 and table S6), genetic correlations being on average 

~10% higher than the phenotypic estimates (Supplementary figure S6 and table S3).

Genome-wide association analyses

We detected genome-wide significant association (p-values 5<10-8) for SNPs in four 

genomic regions (Figure 1 and Table 2). Of these, one region (5p13.2) is associated with both 

wrinkling (PC1) and mole count, two regions only with wrinkling (1p13.3 with PC1 and 21q21.2 

with forehead wrinkles) and one region only with mole count (1q32.3). The p-values for the index 

SNPs (the one with the smallest p-value) in these four regions exceed the False Discovery Rate 

threshold accounting for the number of traits and SNPs tested (4.9510-8). We evaluated 

replication of these association signals across the five country sampled by conducting a GWAS in 

each country separately. We found allelic effects in the same direction across all countries for the 

four regions showing genome-wide significant association (Supplementary figure S7).

The region in 5p13.2, associated with wrinkles PC1 and mole count, comprises a cluster of 

SNPs within SLC45A2 (Table 2, Figure 2). Strongest association with wrinkles PC1 (p-value 

310-9) was observed for SNP rs173662. Several SNPs in this region also approach genome-wide 

significant association for Crow’s Feet (p-value = 310-7, Supplementary table S7). A recent 

European study by Law et al. 40 reported a significant association of SNPs in SLC45A2 with skin 

patterning on imprints from the back of the hand, with smallest p-value for rs185146, a SNP also 

included in the associated region shown in Figure 2. In our data, rs185146 exceeds the genome-

wide significant threshold for wrinkles PC1 (p-value = 110-8), and the suggestive threshold for 

Crow’s Feet (p-value = 110-6 – Supplementary table S7). 

Mole count showed strongest association with rs34466007 (p-value = 910-11). This SNP 

has a low polymorphism in Northern Europeans (minor allele frequency or MAF of 1.5% in CEU 

– Supplementary table S8), in whom most mole count association studies have been performed so 

far. By contrast rs34466007 is highly polymorphic in the CANDELA sample (MAF of 50%), 

indicating that we have considerably higher power, than previous studies, to detect an effect of this A
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SNP on mole count. As variants in SLC45A2 are associated with pigmentation and since it has 

been reported that mole count could be biased by skin colour41, we repeated the mole count 

association analyses including skin pigmentation as a covariate. We obtained very similar 

association results (p-value = 4.310-10), indicating that the association detected here is not due to 

pigmentation acting as a confounder. 

The cluster of SNPs in SCL45A2 for which we found association with mole count and 

wrinkles PC1 spans about 20kb and defines a high LD block (r2>0.93; Figure 2). This region 

includes rs16891982, a SNP encoding a functional non-synonymous amino-acid substitution in 

SCL45A2 (F374L)27. We recently reported strong association of rs16891982 with skin 

pigmentation in the Latin American sample examined here27. Figure 3 contrasts three skin features 

of the CANDELA sample based on rs16891982 genotype: pigmentation, wrinkles PC1 and mole 

count. The derived G allele at rs16891982 (of high frequency in Europeans, Supplementary table 

S9), is associated with lower pigmentation, lower mole count and higher wrinkling. 

SNPs in 1p13.3 associated with wrinkles PC1 are intronic in the VAV3 (Vav Guanine 

Nucleotide Exchange Factor 3) gene. VAV proteins are guanine nucleotide exchange factors 

(GEFs) for Rho family GTPases42, playing an important role in the regulation of the 

cytoskeleton43, and have been shown to be involved in cancers of the skin and other epithelia44,45. 

Consitent with an important role of VAV3 in skin biology, in the GTEx database 

(https://gtexportal.org/home/46), VAV3 is observed to be maximally expressed in skin and other 

epithelial tissues (Figure 4). Furthermore, in the Regulome database, the index SNP in 1p13.3 

(rs2504460) is annotated as an active transcription starting site (TSS)47. In fact, two major 

transcripts for VAV3 have been identified: a Vav3 alpha (4,776 bp; NM_006113.4) and a truncated 

version denoted Vav3.1 (3,115 bp; NM_001079874.143). Our index SNP (rs2504460) is located 

near the VAV3.1 transcription start site, a region rich in enhancer-like signatures and a high 

H3K27Ac histone mark in epidermal keratinocytes (Figure 4). This suggests that rs2504460 could 

play a role in regulating transcription of the Vav3.1 variant. Both VAV3 transcripts are protein-

coding (Vav3 alpha, NP_006104.4, 847 aa; Vav3.1, NP_001073343.1, 287 aa); with the truncated 

form lacking several conserved protein domains (Figure 4). The differential expression of these 

two VAV3 variants has been linked to cancer progression43.

The SNPs in 1q32.3 associated with mole count, show strongest association for rs6679498 

(p-value 2.9 10-8). The gene closest to rs6679498 is SLC30A1 (~32 Kb). In the GTEx database, A
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this gene is highly expressed in sun-exposed skin (second among 55 tissues – Supplementary 

figure S8). Although, this gene has not been associated with any skin-related traits, the known role 

of SLC30A1 in the cellular transport of Ca++ and Zn++ could be relevant for skin biology48,49. In 

particular, Ca++ levels impact on cell proliferation and differentiation, and in the mobility and 

viability of melanoma cells, and Zn++ can induce apoptosis in melanoma cells in vitro50. SLC30A1 

could therefore be involved in the emergence of skin moles, which result from melanocyte 

neoplasia and hyperplasia51,52, by affecting melanocyte proliferation and viability.

The fourth region showing evidence of association in the Latin American sample examined 

here is in 21q21.2. A total of 18 SNPs in this region are associated with forehead wrinkles at 

genome-wide significance, with strongest association being observed for rs147991442 (p-value = 

6.010-10). The associated SNPs are located in a gene desert, with no noticeable candidate gene in 

the vicinity (LINC01689 being ~330kb from rs147991442) and no relevant association for these 

SNPs has been reported in other studies.

Since we detected a significant effect of sex on several skin ageing traits (Supplementary 

table S4), we also performed GWASes for these traits separately in men and women 

(Supplementary figure S9). As expected from a drop in power due to the smaller sample size 

(relative to the combined study), we did not detect the association signals discussed above. We 

detected four novel sex-specific association signals, two women- and two men-specific 

(Supplementary table S10). However, three of these signals are only marginally significant (and 

involve a single SNP), while the fourth occurs in a large intergenic region (on 12p12.3, 

Supplementary figure S9-3), complicating the biological interpretations of these observations. 

Evaluation of MC1R and IRF4 variants associated with skin ageing in Europeans 

A substantial number of loci have been robustly associated with mole count23. However, 

the same is not the case for skin wrinkling (and other skin ageing features), for which only two 

gene regions, MC1R and IRF4, have been associated in more than one study19,40. These two gene 

regions had been previously identified as playing a role in hair colour, specifically red hair 

(MC1R)53,54 and blond hair (IRF4) 27,55. These hair colour variants are effectively West Eurasian 

traits, and the underlying associated MC1R/IRF4 alleles having low to moderate frequency 

(<15%) only in West Eurasians28,56,57. Considering the partial (51.1%) European ancestry of the 

CANDELA sample we examined the evidence of association with wrinkles PC1 specifically for A
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variants in IRF4 and MC1R previously implicated in skin ageing in Europeans. Specifically, we 

examined (Figure 5): (i) three index SNPs from a GWAS40 (rs12203592 in IRF4, and rs4268748 

and rs35063026 in MC1R) and (ii) compound genotypes comprising MC1R red-hair alleles of 

variable penetrance (Supplementary text S1)19,40.

We find significant association (at a Bonferroni-corrected p-value threshold  of 0.0125) of 

wrinkling PC 1 with rs12203592 in IRF4 (p-value 2.810-4), the European T allele leading to 

greater wrinkling. This SNP also has the smallest p-value across the entire IRF4 region in the 

CANDELA data. Interestingly, we previously reported a genome-wide significant association of 

rs12203592 with hair graying, another integumentary ageing feature, in another GWAS of the 

CANDELA sample28, suggesting a broader role of IRF4 in ageing. Hair graying, like fine 

wrinkles, can occur even at a relatively early age, and is also not strongly associated with 

exogenous ageing via noxious environmental influences58. Consistent with the admixed ancestry 

of Latin Americans, the frequency of the T allele at rs12203592 is ~50% of that reported for 

Europeans (~15%). Thus, although there is lower power to detect phenotypic effects for this allele 

in Latin Americans relative to Europeans, this is to some extent compensated by the size of the 

CANDELA sample. 

Of the two SNPs examined in MC1R we find significant association for rs35063026 (p-

value = 210-3, the direction of the effect being the same as previously reported). We also observe 

a marginally significant association with the MC1R red-hair compound genotypes (p-value = 

0.012 – Figure 5b). Consistent with previous reports, the genotypes associated with greater 

wrinkling in the CANDELA sample are those carrying highly penetrant R alleles, suggesting that 

these alleles have a larger additive effect on wrinkling but that their low frequency in Latin 

Americans reduces the significance of the association. Overall, our findings are consistent with 

MC1R variants impacting on wrinkling in Latin Americans, although the association signal is 

probably weakened by their low frequency.

Discussion

Despite the marked differences in phenotyping approach and study population, here we 

provide the first independent replication of the effect of SLC45A2 on wrinkling reported by Law et 

al. 40. Noticeably, Law et al. analysed young cohorts (mean age 10-45), as we have done here, 

further supporting a role for SLC45A2 in intrinsic skin ageing. More broadly, our observations are A
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consistent with the higher rate of wrinkling of Europeans, probably reflecting the greater 

sensitivity to UV damage of more lightly pigmented skin6,39. In addition, although other studies 

have strongly associated SLC45A2 with pigmentation and melanoma59,60, to our knowledge this is 

the first time that variants in this gene region are associated with mole count, a well-established 

risk factor for melanoma61,62.

In conclusion, the effect of variants at SLC45A2, IRF4 and MC1R on skin ageing is 

detectable in young adults of mixed Native American, European and African ancestry, which have 

not yet developed the classic deep-wrinkling phenotype associated with long-term skin 

photodamage. The high non-European ancestry of Latin Americans facilitated the observation of 

an effect on mole count of SLC45A2 variants that are rare in Europeans. It will be important to 

follow-up the novel genetic loci detected here by examining association in other large study 

cohorts and by evaluating if a differential impact of the two VAV3 variants on cytoskeleton 

regulation could explain the association of this gene with skin ageing63.
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Figure legends

Figure 1. Aggregated Manhattan plot of association p-values for the skin traits examined. 

Each dot represents a SNP, with colours highlighting different chromosomes. For each genome-

wide significant hit (-log10 p-value >7.3; green line), we indicate the trait showing strongest 

association. The red line marks the genome-wide suggestive (1E-5) threshold.

Figure 2. Regional association p-values for SNPs in SLC45A2 (in 5p13.2) with mole count 

(top) and wrinkles PC1 (bottom). The plots cover a window of 50 Kb overlapping SLC45A2 

(intron/exon boundaries are shown at the bottom of the figure). Index SNPs (rs34466007 for mole 

count and rs173662 for wrinkles PC1) are shown as diamonds. The colour palette represents the 

strength of LD between each SNP and the index SNP. The double-end arrow at the top of the 

figure delimits the haplotype block discussed in the text (and Supplementary table S9), with the 

the amino-acid-changing rs16891982 labelled in green (a dotted line indicating the exon location 

of this SNP).

Figure 3. Box plots of skin pigmentation (top), wrinkles PC1 (middle) and mole count 

(bottom) in the CANDELA sample for genotypes of SNP rs16891982 in SLC45A2. Red lines 

represent the median phenotypic value, with blue boxes covering the 25th to 75th percentiles and 

whiskers marking the extent of individual values. The average phenotypic value is given above 

each box plot.

Figure 4. Association plot for the 1p13.3 region and VAV3 mRNA expression levels in 

epithelial tissues. (a) Annotations are as in Figure 2 with the purple line below the association 

plot showing the regional enrichment of the H3K27Ac histone mark in normal human epidermal 

keratinocytes (NHEK cell line, from the Encode project data, downloaded from the UCSC 

Genome Browser). The two VAV3 transcripts (VAV3 alpha and VAV3.1 – following the 

nomenclature of Boesch et al. 201843) are shown at the bottom of the figure. The vertical green 

dashed line highlights that our index SNP (rs2504460 – shown as a diamond) is located near the 

start site of VAV3.1 transcript, in the vicinity of the H3K27Ac enrichment peak. (b) Boxplots for 

the 5 GTEx tissues with highest levels of VAV3 transcription (of 55 tissues examined). Gene A
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expression levels are given in transcripts per million (TPM), with tissues ranked by decreasing 

median TPM values. 

Figure 5. Association testing (with wrinkles PC1) for variants in IRF4 and MC1R previously 

associated with skin ageing features in Europeans. Panel (a) shows results for index SNPs from 

a European GWAS. TA: tested allele; F(TA): frequency of the tested allele. Panel (b) shows the 

average wrinkling score (and s.e.) for compound MC1R genotypes for 3 types of red-hair alleles: + 

(wild), r (weakly-penetrant) and R (strongly-penetrant). The trend was tested using a regression 

model (Supplementary text S1).
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Tables

Table 1. General characteristics of the CANDELA sample.

Mean continental ancestry share [%]b

 

N (% of 

females|males)

Mean age 

(SD)

Mean 

Melanin 

Indexa African European

Native 

American

Whole study 6,254 (54|46) 24.0 (5.3) 35.1 4.4 50.8 44.8

Brazil 620 (69|31) 25.0 (5.5) 32.6 6.1 84.5 9.4

Chile 1,604 (38|62) 24.9 (5.3) 36.2 2.1 49.5 48.4

Colombia 1,647 (56|44) 24.0 (5.2) 33.8 8.2 62.9 28.9

Mexico 1,163 (60|40) 24.5 (5.4) 36.4 2.9 39.0 58.1

Peru 1,220 (58|42) 21.9 (4.7) 35.4 2.9 30.6 66.5
a Measured on the inner arm of each individual.
b Estimated using genome-wide SNP as in Ruiz-Linares et al. (2014)26.

Table 2. Features of chromosomal regions showing genome-wide significant association the skin traits examined here (genes in bold include 

the index SNP). 
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Chrom. 

region Main candidate gene Trait

Position 

(hg19) Index SNP

Allele

Tested p-value beta # significant SNPs

1p13.3 VAV3 Wrinkles PC1 108 229 994 rs2504460 G 110-8 0.13 2

1q32.3 SLC30A1 Mole count 211 712 690 rs6679498 C 210-8 -0.11 3

Mole count 33 956 560 rs34466007 G 910-11 -0.13 115p13.2 SLC45A2

Wrinkles PC1 33 952 812 rs173662 C 310-9 0.11 18

Intergenic Forehead 

wrinkles

25 346 340 rs147991442 A 610-10 0.20 1721q21.2
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