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Abstract. Facial skin phenotypes such as pigmentation, wrinkles, and
lentigines are determined by genetics and environmental factors. The
genetic factor is known as the basic formation of facial skin phenotype
variations in different populations. Genetic variations can be used as
an approach to understanding genetic influences on the phenotype of
interest and may influence molecular and cellular mechanisms.
Genome wide-association study (GWAS) is used to identify common
genetic variants associated with quantitative traits or complex human
diseases. GWAS reveals a single phenotypic which is associated with
a large number of SNPs and provides statistical information as
significant SNPs. To perform GWAS analysis, bioinformatics tools
are used as a rapid genetic data computation for large biological
datasets which can report gene/locus with a related biological
function viewed in silico. In this review, we summarize a common
step-by-step workflow to conduct GWAS using bioinformatics
analysis. The step-by-step workflow helps researchers understand
how to identify SNPs with phenotypes of interest using bioinformatics
approaches. Then, we explore common SNP and gene of facial skin
phenotypes from several populations originating from various
countries that can provide insights into the genetic contributions to
facial skin phenotypes.
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1. Introduction

Facial skin phenotypes can vary in every individual and is determined by many factors such as age, genetics,
ethnicity, gender, lifestyle, and environment [1-2]. Facial skin phenotypes including wrinkles, sagging,
pigmented spots, and lentigines have gained more awareness as a sign of skin aging and are common beauty
problems that frequently affect anIndividual’s Quality-of-life [3-4]. Many studies have been conducted to identify
the molecular and cellular mechanisms that contribute to skin aging [5-6]. Besides that, researchers have also
been investigating the genetic factors that influence facial skin phenotypes such as pigmentation [7], wrinkles
[8], and susceptibility to skin conditions like acne [9] in a population. These studies have revealed a wealth of
information about the genetic variants associated with facial skin phenotypes.

To identify genetic variants associated with a phenotype of interest, researchers typically follow a
systematic approach known as Genome-wide association study (GWAS). This method involves analyzing a
large number of genetic markers across the entire genome in a sample population to identify associations with
specific traits or characteristics [10].GWAS has revolutionized and become a powerful tool for identifying
genetic variants associated with various complex traits [11-12].

In the context of facial skin phenotypes, GWAS can uncover genetic factors that contribute to differences
in skin characteristics [13]. By examining large sets of genetic data from populations, researchers can identify
the complex interplay between genetics and facial skin traits. The identification of these genetic variants not only
provides valuable insights into the biology of skin phenotypes but also has important implications for
personalized skincare treatments tailored to individual genetic profiles, improving the effectiveness and precision
of such treatments [14]. In addition, the identification of genetic markers contributes to potential interventions
to slow down the aging process and maintain youthful skin.

GWAS identifies hundreds to thousands of single nucleotide polymorphisms (SNPs) distributed
throughout the human DNA sequence (genome) at once [13]. Genome refers to all of an individual’s DNA,
whereas polymorphisms are commonly used to explain DNA sequence variants that are more widespread in
populations. Genetic polymorphisms are found in the human population at frequencies greater than 1% and
have been studied as potential medical biomarkers [15].This provides an advantage for researchers to identify
common SNPs in individuals with a particular trait or disease and helps researchers determine the genes that
may be involved in the development of the trait or disease. Functional genomics approaches are utilized to gain
insights into the biological mechanisms underlying the observed genetic associations [16]. These may involve
examining the impact of identified genetic variants on gene expression, protein function, and cellular pathways
relevant to facial skin physiology. One notable finding from these studies is that facial skin phenotypes are highly
polygenic, meaning that multiple genetic variants contribute to their variation [17].

Another important aspect of GWAS for facial skin phenotypes is the inclusion of diverse populations. By
including diverse populations in GWAS, researchers can better understand how genetic variants differ among
different ethnicities and populations [18]. Additionally, studying diverse populations helps to address potential
disparities in healthcare and personalized skincare treatments, ensuring that the findings are applicable and
beneficial to a wide range of individuals [19]. Furthermore, the use of large sample sizes in GWAS has been
instrumental in increasing the statistical power to detect significant associations [20]. By having a large sample
size, researchers are able to increase the statistical power and more accurately identify significant genetic
associations with facial skin phenotypes.

Genetic data analysis cannot be separated from the use of bioinformatics tools where the biological
information data will be further processed using various databases and advanced software to carry out
annotation of unknown molecules obtained from living organisms. Bioinformatics is an interdisciplinary branch
of biological science that applies computational biology applications to collect, store, and analyze biological data
[21]. A bioinformatics analysis is needed to be able to process and interpret GWAS data so that SNP markers
and genes associated with the observed phenotype can be identified [22]. Bioinformatics makes it possible to
carry out integrated analysis of the large amounts of data generated.

In this paper, we will summarize step-by-step conducting GWAS including data collection and
phenotyping, genotyping or sequencing of genetic variants, quality control and data preprocessing, statistical
analysis to identify genetic associations, and post-GWAS. We also review the latest findings from GWAS related
to facial skin phenotypes. Furthermore, these studies have highlighted the importance of genes related to
collagen synthesis, melanin production, and immune response in determining facial skin characteristics. In this
paper, we will also explore the application of GWAS in the context of facial skin phenotypes and discuss the
potential implications of these findings for dermatology and skincare.
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2. Materials and Method

The method used in this research was a systematic literature review which functions as a guide in studying
research questions and finding relevant information on a specific topic. The framework used is PSALSAR
(Protocol, Search, Appraisal, Synthesis, Analysis, and Report) [23]. In this review research, the author used
international journals and literature collections were carried out using several scientific sites such as PubMed
(https://pubmed.ncbi.nlm.nih.gov),  Springer  (https://jast-journal.springeropen.com),  ScienceDirect
(https:/ /www .sciencedirect.com), Google Scholar (https://scholar.google.com) and Scopus
(https://www.scopus.com). The author searched for literature using keywords including ‘GWAS’, ‘skin aging’,
‘genome-wide association studies’, and ‘facial skin phenotype’. The systematic literature review methodology
used is shown in Figure 1 below.
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Figure 1. PSALSAR framework usde in the study

3. Results and Discussion

Facial skin is a visible organ in the human body that can reflect partial information on an individual's health,
age, and ethnicity. The phenotype of facial skin is not fixed but can undergo some changes such as the formation
of wrinkles, pigmentation, and other physical properties of the skin including skin elasticity and moisture.
Generally, skin phenotypes are influenced by two separate but interconnected factors, namely internal and
external factors [24]. The process which is genetically determined and occurs over time, is referred to as internal
factors, while ultraviolet radiation, pollution, and lifestyle are considered external factors [25]. The manifestation
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and combination of external and internal factors can produce a strong genetic basis so that individuals may
become susceptible to the appearance of certain facial skin types including signs of skin aging [26].

Phenotypic changes can result from genetic variety, whereas the human genome can undergo permanent
alterations as a result of genes adapting to the environment [27]. Genetic variations that occur in many
individuals can be classified as SNPs (Single Nucleotide Polymorphisms). For genetic studies, SNPs are used as
genetic markers to determine which alleles are important carriers of phenotypic changes in individuals. A
nucleotide can be added or removed in an SNP, changing the alleles in the gene's locus. SNPs are found in both
coding and non-coding regions of the whole genome; around 25% of them change the function of gene products
and may have clinical implications. Additionally, SNPs, predicted to occur at a frequency higher than 10%
within a population, have been found in numerous of the genes responsible for the maintenance of the structural,
biochemical, and metabolic features of the skin [28].

The association between genetic polymorphism within a species and phenotypic differences between one
individual and another is a major concern in the fields of genetics and molecular biology. The ability to identify
genetic risk factors for the formation of a particular trait or disease requires an understanding of the specific
gene/locus that underlies the phenotype and genotype of a trait. Along with the development of sequencing and
genotyping technology, GWAS has become a gold standard technique and powerful genetic approach for
identifying common SNPs and genes in populations [29] and uncovering associations between genotypes and
phenotypes or certain traits in a population as a sample by testing differences in allele frequencies individual
genetic variants that are hereditary the same but phenotypically different [30].

To perform GWAS, an adequate sample size is required to produce data with high resolution and power so
that it can detect differences in affected allele and nucleotide base frequencies which can cause genetic variation
in a population [31]. If the sample used is too small (less than 100), the results will not be accurate enough to
describe the population, so increasing the size of the population can increase the strength of the association [32].
GWAS starts with the collection of genetic data from a large sample size, typically involving thousands of
individuals. This data is then analyzed to identify genetic variants that are associated with the trait or disease of
interest. By comparing these variants to a reference genome and employing statistical methods, researchers can
determine which variants are significantly associated with the trait or disease. Furthermore, to validate the
findings from GWAS, experimental validation is crucial. To verify the functional impact of specific genetic
variants on skin-related molecular pathways, researchers can conduct experiments that provide evidence for the
identified associations and shed light on the biological mechanisms underlying facial skin phenotypes

The steps of conducting GWAS as shown in Figure 2 begin with collecting data that can be obtained from
cohort studies or collecting DNA samples and phenotypic information from the population such as disease status
or demographic information such as gender and age. First quality control (1** QC) is required to evaluate DNA
purity and concentration before the DNA samples are processed for genotyping. DNA samples that are used for
GWAS analysis must be of high quality to avoid bias which can lead to false-negative results [33]. DNA
quantification can be evaluated by using fluorometric, spectrophotometric, or electrophoresis methods [34-35].

GWAS use high-throughput genotyping platforms which can carry hundreds of thousands of SNP markers.
Genotyping is the high-throughput process to determine an individual’s genetic makeup or genotype. Several
technologies for genotyping are used including microarray genotyping or Next Generation Sequencing (NGS)
[36]. Microarray or SNP array is the most popular genotyping method for obtaining genotypes in GWAS by
targeting a selected set of SNPs from large population samples, and it is less expensive than NGS [30]. It should
be noted that technologies are changing rapidly to measure genomic variation, therefore, genotyping
technologies selection will depend on the purpose of genetic study, sample size, number of genetic markers, type
of genetic information, computational capacity, and financial constraints [36]. After genotyping, the second
quality control (2™ QC) requires bioinformatics tools as an iz silico approach for rapid genetic data computation
of large biological datasets. This step is also known as preprocessing data which gathers a dataset that includes
genetic information, such as SNPs, from individuals with phenotypes of interest. This step also performs quality
control to remove any samples or genetic markers that do not meet certain quality criteria, such as missing data
or low call rates.

Genome-Wide Association Studies for the Identification of Genetic Variants Associated
with Facial Skin Phenotypes
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Figure 2. Workflow for conducting GWAS

GenomeStudio software (Illumina-specific software) [37], R software [38], and PLINK [39] are open-source
platforms to process raw genotyping and analysis of GWAS data [40]. PLINK is known as a command-line-
based program and can be downloaded at https://www.cog-genomics.org/plink/. The step begins with filtering
SNPs and samples. SNP-level filtering (part I) removes SNPs based on call rate which will exclude low
genotyping rate SNPs and exclude low minor allele frequency SNP based on minor allele frequency (MAF)
threshold. For example, SNPs with a call rate less than 95% and MAFs with less than 5% will be excluded from
the analysis [41].

The step of sample-level filtering will remove individuals who have low genotyping rate samples which
indicates the sample has low DNA quality. For example, individuals with missing genotyping rates of more than
20% will be excluded from the analysis. Other criteria for sample-level filtering are heterozygosity, relatedness,
and ancestry. The heterozygosity rate will filter individuals with a higher or lower proportion of heterozygote
genotype from average which can indicate the sample contamination or inbreeding [40-41]. Relatedness filtering
will remove one individual from the pair of related samples based on pairwise identity-by-decent (IDB)
proportion (PI_HAT) which represents as a number between 0 to 1. The IBD value 1 means that the sample
has identical twins; IBD 0.5 means first-degree relatives, IBD 0.25 means second-degree relatives; IBD 0.125
means third-degree relatives [40]

The next step is SNP-level filtering (part IT) which excludes SNPs based on the deviation of Hardy-Weinberg
equilibrium (HWE). This step will filter out variants with possible genotype calling errors [30]. After going
through the SNPs and sample QC, population stratification correction and Principal Component Analysis
(PCA) are carried out to stratify the population into various groups of individuals who have different ethnic
backgrounds [41-42]. This step will account for any underlying population structure in the dataset to ensure that
observed associations are not confounded by differences in genetic background. These methods aim to reduce
false positive associations and improve the accuracy of the results.

The imputation step is carried out based on the genotypes tested directly from other SNPs. There is a
possibility of missing data, therefore to increase the number of tested associations, data imputation is required
by estimating unknown alleles based on observations of the closest alleles in linkage disequilibrium (LD) [43].
The reference panels commonly used for imputation in GWAS are HapMap Project and 1000Genomes
imputation [44]. Association testing in GWAS involves comparing the frequency of genetic variants across
individuals with the phenotypes. This is all done by conducting statistical tests, such as linear regression or
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logistic regression, to determine if specific genetic variants are significantly associated with a particular facial
skin phenotype. Several plots (Figure 3) such as Manhattan plot, SNP plot, Q-Q plot, LD plot, and PCA are
used to visualize and interpret the results of GWAS findings [36].
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Figure 3. The visualtization of GWAS results [36]

Once the association analysis is complete, it is important to interpret and validate the results obtained from
the GWAS. This involves assessing the significance of the identified genetic variants and understanding their
biological relevance in the context of facial skin phenotypes through post-GWAS [41][45]. Post-GWAS analysis
involves further steps to validate and interpret the findings of GWAS because GWAS only identifies the genomic
region containing the causal variant, while post-GWAS analysis is necessary to determine the specific causal
variant, the mechanism of action, and the target gene [46]. These steps may include replication and validation,
functional annotation and pathway analysis, and further functional experiments.

Replicating the initial findings in independent cohorts is used to confirm the associations between genetic
variants and phenotypes of interest [47]. Furthermore, identifying functional annotation and pathway analysis
will offer more insight into molecular mechanisms and biological functions associated with genetic variants
using bioinformatics tools and resources [48]. Besides that, conducting additional experiments, such as gene
expression analysis or functional assays, are used to understand the mechanisms through which the identified
genetic variants influence facial skin phenotypes. These comprehensive steps ensure that GWAS analyses are
conducted rigorously and accurately, leading to valuable insights into the genetic basis of facial skin phenotypes
[30][41].

Genome-Wide Association Studies for the Identification of Genetic Variants Associated
with Facial Skin Phenotypes
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The results of GWAS for facial skin phenotypes have revealed a wealth of information regarding the genetic
basis of traits such as skin pigmentation, aging, and susceptibility to various skin conditions. In addition, GWAS
has identified genetic markers associated with susceptibility to various skin conditions, such as acne, eczema,
and psoriasis [49-51]. One of the key findings is the highly polygenic nature of facial skin phenotypes, with
multiple genetic variants contributing to the variability in skin characteristics. There may be variations in the
association between genetic polymorphisms and skin phenotypes among different populations [52]. Several
GWAS research about facial skin phenotypes have been published (Table 1).

Tabel 1. Several GWAS research about facial skin phenotypes

Population and Facial skin ~ SPN and Gene asociation P-value Author Year
sample size phenotypes with the phenotype

Japanese women Lentigines rs10810635 (BNC2) 2.1x10% Endoetal. [4] 2018
(11,311 rs251468 (PPARGCIB) 1.1x10%
individuals) rs10444039 (RABIIFIP2)  5.6x10%
European men and Wrinkles rs1047681 (intergenic) 9.5x10°% Hameretal. [8] 2018
women (3,513
individuals)
European men and  Skin-tanning  rs12203592 (IRF4) 1.05x10-%!  Visconti et al. 2018
women (176,678 rs369230 (MCIR) 1.00x1075% [53]
individuals) rs16891982 (SLC4542) 2.02x10717
African admixed Pigmentation 1rs16891982 (SLC4542) 2.13x10% Lona-Durazo et 2019
men and women rs1042602 (TYR) 9.20x101° al. [7]
(2,104 individuals) rs2913832 (0CA2) 3.18x108
Han Chinese Pigmentation  rs3804540 (PEXJ) 4.6x10° Liu et al. [52] 2019
women (1,534
individuals) Wrinkles 1528392847 (SHC4) 1.6x10°%
European men and  Sensitivity rs12203592 (IRF4) 1.0x102¢ Farage et al. 2020
women (23,426 rs1805007 9 (MCIR) 1.9x10% [54]
individuals) 1s35407 (SLC4542) 1.2x10°
Latin Americans Wrinkles 152504460 (VAV3) 1x10°8 Chen etal. [25] 2021
men and women 1rs34466007 (SLC4542) 9x10!
(6,254 individuals) 1512203592 (IRF4) 2.8x10*
Korean women Wrinkles rs117381658 (FCRLY) 1.52x10% Kim et al. [55] 2021
(1,079 individuals) Moisture rs9873353 (intergenic) 1.47x10°¢

Pigmentation 1574653330 (OCA2) 1.04x1078

Oil rs308971 (SYN2) 4.60x107°

Sensitivity rs7334780 (intergenic) 2.82x10°¢
Korean women Wrinkles rs805698 (COL17A1) 4.40%x1073 Park et al. [56] 2021
(128 individuals)
Pakistani men and Pigmentation 151042602 (T'YR) <10? Shan etal. [57] 2021
women (299 rs16891982 (SLC45A2)
individuals)
Korean women Pigmentation  rs76548385 (UNCX) 5.54x10° Cha et al. [58] 2022
(1,340 individuals)  Wrinkles rs1929013 (ADSS) 6.65x10°

Sensitivity rs41308 (CREBS) 8.25x10!
European men and Acne rs34560261 (SEMA4B) 2.51x10°% Mitchell et al. 2022
women (615,396 [49]

individuals)

One of the key findings from GWAS is the identification of specific genes and genetic loci associated with
skin pigmentation, offering a deeper understanding of the molecular pathways involved in melanin production
and distribution. The MCIR gene is associated with a skin phenotype that plays a role in the transition and
controls the ratio between pheomelanin (a red-yellow pigment) to the synthesis of eumelanin (a brown-black
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pigment) in melanocytes and encodes the melanocortin 1 receptor, the primary regulator of melanogenesis [59-
60]. Due to its ability to control the type of melanin produced, MCIR is recognized as a key determinant of skin
pigmentation in humans [29]. It is known that the MCIR variant is associated with skin sensitivity to UV
radiation, promotes severe photoaging, and is associated with the development of solar lentigines in Europeans
[26][61]. In East and Southeast Asian populations, some variants of SNPs of the MCIR gene have been found,
whereas in sub-Saharan African populations there are no MCIR polymorphisms, and it is very low in dark-
skinned populations such as in South Asian populations [62]. The MCIR protein or melanocyte-stimulating
hormone, is located on the surface of melanocytes. Several skin-related properties, such as skin pigmentation,
sun sensitivity, and skin cancer, were also reported to be associated with the MCIR missense variant [63].

The other variant is located in SLC4542, a gene coding for a protein identified with melanocytes, is known
associated with skin cancer [7][63]. The exact function of this gene is still unknown, but it appears to be involved
in melanin production [54][57] and is thought that this gene regulates intramelanosomal pH for optimal activity
of the tyrosine enzyme involved in melanin synthesis [64]. The study also showed that ethnic differences could
be caused by differences in genetic variants that modify melanin synthesis. If in Asians the genetic variant that
plays a role is SLC45A42, then in Europeans, it is the MCIR gene which has more than 60 variants that have been
identified [57][62][65]. The selection of markers is influenced by an individual’s biogeographic background,
which is consistent with the understanding that some genetic markers are linked to skin pigmentation in some
populations and not in others [57].

Based on GWAS results in Table 1, genetic variations in skin aging susceptibility in every population. Lona-
Durazo et al., (2019) [7] observed genetic markers associated with the expression of pigmentation trait genes
that are relevant to the production of melanocytes in human skin. The results of the meta-analysis of this study
demonstrated a strong association of signaling over the meta-analyses with expression in pigmentation genes.
SLC45A42 expression, rs16891982 (non-synonymous) is the variant with the strongest pigmentation effect in the
human population. The other main cluster of pigmentation genes are 7YR and OCA2. These genes is also known
to regulate pigmentation by controlling the melanin synthesis pathway, melanosome structure and maturation,
and transcriptional and enzymatic regulation [28].

Genetic association of skin phenotype in the Chinese female population by Liu et al., (2019) [52] produced
several gene variants that are significantly associated with skin phenotypes such as pigmentation and wrinkles,
namely the PEX3 and SHC4. The PEX3 gene is associated with the formation of pigmentation spots on the face.
The existence of mutations in these genomic regions gives rise to a number of peroxisomal membrane structures
in fibroblasts [66]. The SHC4 gene is known to reduce the response of the EGFR in cells [67]. EGFR plays an
important role in the formation of the epidermis and this could explain the association found between the SHC4
gene and the formation of facial wrinkles. Researchers suggested that Asian skin wrinkles more slowly with a
low level of severity but has larger patches of pigmentation than Caucasians [68-69].

GWAS analysis conducted by Farage et al., (2020) [54] in the European population identified three
significant loci and seven loci associated with the occurrence of individual sensitive skin. Sensitive skin can occur
in individuals who have normal skin, with skin barrier disorders, or as part of symptoms associated with facial
dermatoses such as dermatitis and psoriasis. GWAS results in sensitive skin identified three loci with genome-
wide significance p-value<5x10® and seven suggestive loci (p-value<1x10°). The strongest association known
from GWAS significance p-value was found at the JRF41ocus on chromosome 6, namely the rs12203592 variant,
which is an intergenic variant, located close to the IRF4 gene which encodes transcriptional activator on the
MHC I promoter.

Another research by Chen et al., (2021) [25] conducted GWAS by identifying genes in facial skin aging in
Latin American population aged less than 40 years. The study replicated associations of MCIR and IRF4 with
skin wrinkling in Latin Americans, while VAV3 and SLC45A2 were identified as novel candidate genes
associated with skin wrinkling in this population. From this research, it is known that there is a strong association
with the formation of wrinkles with a p-value=1x10? found in SNP rs2504460 which potentially regulates the
transcription of the VAV3 variant and SLC4542 gene with a p-value=9x10'! with associated SNPs located
intronic within the gene. The IRF4 gene which was previously identified in European populations was also
associated with skin wrinkling in Latin Americans with a significant association observed for the SNP
1512203592 and the MCIR gene with specific genotypes carrying highly penetrant R alleles showing a larger
additive effect on wrinkling.

Genome-Wide Association Studies for the Identification of Genetic Variants Associated
with Facial Skin Phenotypes
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Research by Kim et al., (2021) [55] identified genetic factors for skin aging in a Korean female population
using GWAS to identify predictive markers at the nearest locus. The technology used is an SNP array with
bioinformatics tools such as the UCSC Genome Browser and GTEx databases. This study tested individual
genome sequences for five skin phenotypes such as wrinkles, pigmentation, skin moisture, oily skin, and
sensitive skin. GWAS analysis showed that there were two significant SNPs with p<5x10% namely rs117381658
in the downstream region of the FCRLS5 gene associated with an increased risk of wrinkling (p=1.52x1078) and
rs74653330 in the exon region of the OCA2 gene associated with pigmentation (p-value=1.04x10%). The study
also predicted genome-wide SNPs in genes associated with the five tested skin phenotypes, including the
wrinkled phenotype: REEP3, ADSS, and SPTLCI. These genes were identified as a potential marker of skin aging
and were involved in maintaining moisture and skin function; skin moisture: rs9873353; pigmentation: OCA2,
oily skin: SYN2; and sensitive skin: CREBS5 [55]. The study was conducted on a specific population of Korean
women, which may limit the generalizability of the findings to other populations. This limitation highlights the
need for further research to replicate the findings

By knowing the gene variants involved in the formation of facial skin phenotypes, we can proceed with the
analysis of interactions between genes and carry out biological interpretations. GWAS is assisting in determining
the molecular reasons why genes are common occurrences between facial skin phenotypes [70]. Moreover,
reported research about GWAS provides evidence that facial skin phenotypes from several populations might
be due to genetic variant differences. GWAS has produced a series of associations between facial skin
phenotypes and genetic factors from many populations in various countries which improve better understanding
that can support clinical diagnoses and the development of cosmetics products.

There are limitations in GWAS including indirect association which identified noncoding variants with
unknown effects, the majority of SNPs found through GWAS are associatedlinked to a low risk of disease, and
individual SNP associations in GWAS do not fully capture the role of genetics in complex polygenic traits like
skin aging. These individual SNP connections frequently fall short of offering convincing biological mechanisms,
as they only identify particular loci that have a significant impact on the phenotype [48]. Further research is
required to confirm the specific location of the significant SNP. A good understanding of the role of genetics
and environmental factors on facial skin phenotypes can improve the right diagnosis, preventive action, and
treatment related to facial skin [55]. In addition, the results of GWAS can also provide clues about a disease that
supports clinical trials for the development of drugs and cosmetics products that target specific biological
pathways.

4. Conclusion

Analysis of genomic associations between genetic polymorphisms and phenotypic variations seen in individuals
in a population can support biological interpretation. The step-by-step workflow can provide researchers to
conduct GWAS and identify the association between genotype and phenotype of interest. GWAS can explore
gene variants associated with facial skin phenotypes from many populations in various countries. Every
population has different associations between genetic variants and facial skin phenotypes. Identification of trait-
associated SNPs can provide new insights into the biological mechanisms underlying this phenotype. Advances
in technology have made it possible to investigate the impact of many SNPs distributed across the genome.
Moreover, GWAS have uncovered genetic variants linked to the aging process of facial skin, providing valuable
clues about the underlying genetic mechanisms that contribute to wrinkle formation, loss of elasticity, and other
age-related changes. Understanding these genetic factors could pave the way for personalized anti-aging
strategies and targeted interventions to mitigate the effects of skin aging
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