
Exploring the association between 
SNPs and facial morphology in a 
Spanish population
Belén Navarro-López1,2, Franziska Wilke3, Victoria Suárez-Ulloa4, Miriam Baeta1,2, 
Rubén Martos-Fernández5, Olatz Moreno-López1,6, Iñigo Olalde1,7,  
Begoña Martínez-Jarreta8,9, Susana Jiménez10, Susan Walsh3 & Marian M. de Pancorbo1,8

Understanding and predicting human external phenotypes, particularly facial shape, is of great 
value for individual identification. However, facial morphology is a highly complex trait. Despite 
its complexity, recent genome wide association studies (GWAS) have shed light on potential SNPs 
associated with facial features, offering a first glimpse into the likely genetic background of individual 
appearance. In this paper we have selected a set of 116 candidate SNPs and studied their association 
with facial phenotypes in a Spanish population of 412 individuals, highlighting a wide spectrum of 
facial morphologies worthy of investigation. We performed canonical correlation analysis (CCA) 
between each SNP and the observed spacial variation in facial shape, from its representation by 
a dense mesh of 7160 quasi-landmarks, revealing significant associations within different facial 
segments. In particular, ten SNPs are highlighted for their strong association within this Spanish 
population, some of them uncovering correlations with novel facial regions. These findings underline 
the importance and usefulness of conducting candidate SNP studies, not only to validate existing 
associations but also to unveil novel correlations within subpopulations.
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DNA analysis is an essential tool in forensic biology, enabling individual identification through the comparison 
of genetic profiles based on short tandem repeat markers (STRs) and single nucleotide polymorphisms (SNPs). 
However, cases may remain unsolved due to the absence of a match to a genetic profile database or an individual 
that is part of the investigation. Recently, advances in the field of forensic genetics have led to the development 
of a subfield called Forensic DNA Phenotyping (FDP), aiming to determine externally visible characteristics 
(EVCs) from DNA that may aid in identification as a “biological witness”. By obtaining physical appearance data, 
FDP assists in guiding the search for suspects in criminal cases or the identification of missing persons1.

EVCs are complex traits, often influenced by numerous genetic and environmental factors2. Consequently, 
identifying the genes involved and developing DNA-based prediction models is challenging. However, 
over the past decade, different assays have been designed and validated to analyze appearance-related SNPs 
simultaneously, such as the VISAGE Enhanced Tool for Appearance and Ancestry3.

Facial shape is one of the most recognizable features in humans2,4, as there are numerous subtle differences 
in size and form, influenced by a significant genetic component, that together contribute to each individual’s 
facial distinctiveness5,6. This suggests that many of the facial traits can be predicted from DNA, with increased 
accuracy as more genetic determinants are uncovered2. The initial approach to understand the genetic basis 
of human facial variation focused on candidate gene studies, targeting genetic loci involved in craniofacial 
development or syndromes2,7. More recently, genome-wide association studies (GWAS) have proven to be a 
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valuable tool for exploring the correlation between normal facial variation and phenotype informative SNPs1. 
To date, these studies have identified numerous genetic loci implicated in facial morphology4,5,8–33. Interestingly, 
these findings suggest that many of these loci may play a role in the regulation of cranial neural crest cells 
(CNCC), which constitute most of the cranial mesenchyme and subsequently differentiate into bone, cartilage, 
and connective tissue of the face and head12,34. However, it should be noted that SNPs identified by GWAS are 
not always replicated in subsequent studies, whether involving individuals from diverse populations or even 
among individuals with shared European ancestry9,14. Additionally, evidence indicates that facial appearance 
varies across different regions of Europe35, implying that findings from studies on European populations may 
not be generalizable to all subgroups within a particular ancestry. Therefore, it is of interest to analyze these 
candidate markers using specific subpopulations to help establish the significance of their association within 
various groups.

It is also worth noting that advancements in 3D imaging systems have facilitated comprehensive evaluations 
of global and local variation, enabling detailed analyses of associations between genetic markers and even minor 
facial traits12,36. 3D scans allow the capture of morphological information that was not readily possible using 2D 
approaches. These advancements have opened up new possibilities for conducting easily comparable candidate 
SNPs studies across diverse populations. Given the observed variation in the significance of findings among 
previous investigations, candidate association studies play an important role in pinpointing which SNPs can 
be robust, exhibiting the strongest correlations and contributing towards global predictions, thus serving as 
reliable tools for predicting facial appearance. It is important to consider that exploring correlations between 
genetic markers and facial morphology needs the investigation of panmictic populations, characterized by high 
morphological diversity.

Understanding facial genetics offers significant potential not only in forensic science but also across several 
other disciplines. The insights gained from this field could have clinical applications in medicine, orthodontics, 
and aesthetics, as well as contribute to advancements in paleoanthropology37–42.

Given all the aforementioned considerations, we focused our research on the Spanish population, a previously 
unexplored yet promising option because of its well-defined biological environment and the extensive genetic 
contribution of various subpopulations43. Its diverse genetic background, coupled with significant internal 
migration44, creates a heterogeneous population in terms of facial traits, providing a wide range of diversity for 
most facial features within a single population. Therefore, our research focuses on studying previously identified 
genetic markers within the Spanish population to assess their correlation with facial morphology registered 
using 3D imaging techniques.

Materials and methods
Sample collection
The samples used for this analysis included 412 individuals collected from a Spanish population. Ethical approval 
for this study (M10_2021_143) was provided by the Ethics Committee for Research on Human Subjects of the 
University of the Basque Country, CEISH-UPV/EHU, BOPV 32, 17/2/2014. All participants gave their written 
informed consent prior to participation and completed a form to collect data on variables which may influence 
facial shape such as sex, age, weight, height, history of facial surgery, and presence of pathologies or traumas 
(Table 1). Each participant gave a saliva sample taken by sterile swab in triplicate. In addition, a facial 3D scan 
was performed using a white light led 3D scanner Academia 3D/20 (Creaform, Canada) following the published 
protocols by the 3D Facial Norms Project45 and Heike et al.46. Participants were asked to remove accessories, tie 
back their hair, and sit with a neutral facial expression with eyes closed. Each scan was scrutinized in real-time 
for quality.

Exclusion criteria were applied to remove those participants with (a) a medical history encompassing facial 
surgery, pathologies, or traumas that may have induced alterations in facial morphology, (b) missing information 
on sex, age, weight, height, or (c) insufficient image quality.

Genotyping
DNA extraction and quantification
DNA from saliva swab samples was isolated via a salting out method48 using the DNA Purification System 
PuregenTM (Gentra System, Inc., Minneapolis, USA). Quantity as well as quality of the DNA obtained after 

Variable Category N %

Sex
Male 208 50.49

Female 204 49.51

Age47

Young (18–35) 315 76.46

Middle Age (36–60) 87 21.11

Older adulthood 10 2.43

BMI (as classified by the Centers for Disease Control and Prevention)

Underweight 18 4.37

Healthy weight 264 64.08

Overweight 90 21.84

Obese 40 9.71

Table 1.  Categories into which all data included in this study have been divided (N = 412).
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extraction was evaluated by spectrophotometry with a NanoDrop™ One (Thermofisher Scientific, Waltham, USA) 
and fluorimetry with a Qubit® 2.0 Fluorometer and the Qubit® dsDNA HS Assay Kit, 0,1-120 ng (Thermofisher 
Scientific). Once quantified, DNA was diluted in Milli-Q water and stored at -20 °C.

SNP selection and analysis
A set of 116 SNPs related to facial morphology previously published in literature were studied (Supplementary 
Table S1). The main criterion for selection was a minor allele frequency (MAF) for the Iberian population ≥ 0.05, 
so that these markers can provide enough genetic variation to perform association analyses.

All 116 SNPs underwent evaluation for Fluidigm technology analysis (Fluidigm Corp., California, USA), 
yet only 94 were suitable for this methodology. Thus, these 94 SNPs (Supplementary Table S1) were genotyped 
employing one Juno 96 × 96 and two 48.48 Fluidigm SNPtypes genotyping systems. For the remaining 22 SNPs 
(Supplementary Table S1), there were observed incompatibilities with this technique, therefore three panels 
were designed for the simultaneous analysis of variants at the selected loci using SNaPshot minisequencing 
technology (Applied Biosystems, Foster City, USA) (Supplementary Fig. S1).

SNaPshot primer design
Primers design as well as melting temperature, GC% content and the possible formation of hairpin and dimers 
on each pair of primers checking was carried out using PerlPrimer v1.1.21 software49. Web-based AutoDimer 
software50 was used to study compatibility of primers in multiplex reactions. Finally, specificity was evaluated 
with primer-BLAST51. Primers used in amplification range in size from 106 to 279 bp. Attempts were made in all 
cases to select those primers that produced the shortest possible amplicons, so that they could be used in samples 
with high limitations in their DNA content and/or moderate DNA degradation levels. Minisequencing primers 
were designed manually to hybridize the adjacent region of the SNP. Nevertheless, melting temperatures as well 
as potential unfavourable reactions between them were also studied with the web-based AutoDimer software50. 
These primers were augmented with a 10- to 65-bp non-binding tail at the 5′ end in order to assure various sizes 
of the minisequencing products, with a minimum difference of 5 bp.

SNaPshot multiplex PCR amplification
PCR multiplex amplification was carried out as follows: 5 µL of Multiplex PCR Master Mix (QIAGEN, Hilden, 
Germany), 1 µL of primermix (final concentration of each primer shown in Supplementary Table S2), 2 ng 
of genomic DNA and Milli-Q water in order to reach a final reaction volume of 10 µL. The amplification 
was performed in a C1000™ Thermal Cycler (BioRad, Hercules, USA) under the following conditions: initial 
denaturalization at 95 ºC for 15 min; 35 cycles at 95 °C for 30 s, 60 °C for 50 s, and 65 °C for 40 s; and a final 
extension of 6 min at 65 °C. Amplified DNA was treated with ExoSAP (Takara Bio Inc., Japan) to eliminate the 
remaining primers and nucleotides: 1 µL of ExoSAP per 2.5 µL of PCR product, incubated at 37 °C for 5 min 
followed by enzymatic inactivation at 80 °C for 1 min.

SNaPshot minisequencing and capillary electrophoresis
Minisequencing was carried out in a final volume of 7 µL containing 2 µL of SNaPshot™ Multiplex Kit reaction 
mix (Applied Biosystems, Foster City, USA), 1 µL of primermix (final concentration of each primer shown in 
Supplementary Table S2), 3 µL of Milli-Q water and 1 µL of purified multiplex PCR product. Thermocycling 
conditions in a C1000™ Thermal Cycler (BioRad) were 25 cycles at 96 °C for 10 s, 55 °C for 5 s, and 60 °C for 
30 s. Minisequencing products were further purified by enzymatic digestion adding 1 µL of SAP (Takara Bio 
Inc.) to 2 µL of product and incubated at 37 °C for 60 min to remove any remaining nucleotides, followed by 
enzyme denaturation at 80 °C for 15 min. Finally, minisequencing products were analysed by mixing 1 µL of 
purified product, 12 µL of Hi-DI formamide (Applied Biosystems), and 0.38 µL of Gene-Scan 120LIZ (Applied 
Biosystems). After denaturation, capillary electrophoresis was conducted in an ABI PRISM® 3130 Genetic 
Analyzer (Applied Biosystems). Data were analysed using GeneMapper® Software v4.0 (Applied Biosystems).

Population genetic parameters
Allele and genotype frequencies were calculated using Arlequin v3.5.2.2 software52. Differences in population 
parameters were assessed by means of a Chi-square test conducted with IBM SPSS Statistics v25 software53, 
using previously published European and Iberian data as reference populations54, as these are the most closely 
related populations to this Spanish cohort. Hardy-Weinberg Equilibrium (HWE) was also analyzed using 
Arlequin v3.5.2.2 software. Linkage analysis was performed to determine combined segregation. Data derived 
from linkage disequilibrium (LD) analysis were used for haplotype inference, employing the expectation 
maximization algorithm to establish combined segregation patterns. All computations were performed using 
Arlequin v3.5.2.2 software. P-value threshold for considering HWE and LD was set post the Bonferroni 
correction (α = 0.05/116 = 4.310E−04).

Processing 3D facial imaging and landmarking
Post-acquisition, the 3D images were processed using the ACADEMIA Software Bundle (VXmodel, VXinspect 
and VXElements) for both quality and background noise elimination. Each cleaned 3D image was exported as 
a Wavefront Object file and imported into the Skeleton-ID software55 for manual placement of five landmarks 
(endocanthion L/R, chelion L/R, and pronasale).

Following this step, alignment of each 3D surface image was achieved across 7160 spatially dense quasi-
landmarks. This process involved the automatic nonrigid mapping of a specially constructed template face or 
anthropometric mask36 onto each image using the MeshMonk image‐processing pipeline56.
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Subsequently, all facial scans were symmetrized, wherein each image was averaged with its reflection obtained 
by inverting the X coordinate and aligned in space using a Least Squares Procrustes Superimposition. From this 
point onward, all statistical analyses were based on functions of the statistical toolbox in Matlab 2023b. All code 
used for analyses was adapted from previous publications by White et al. and Wilke et al.14,35.

Correction and segmentation of facial shape
The symmetric 3D images were corrected for all covariates (sex, age, age squared, height, and weight) using 
Partial Least Squares Regression (PLSR). Following facial adjustments, each face was segmented into 63 facial 
modules, distributed across four main quadrants (QI: upper lip + philtrum, QII: nose, QIII: lower face, and 
QIV: upper face), according to the labels of Sero et al.57. It facilitated the examination of both global and local 
influences on facial variation. Subsequently, each segmented module underwent independent Generalized 
Procrustes Analysis, followed by Principal Component Analysis (PCA) and Horn’s parallel analysis to capture 
the predominant variance the facial segments exhibited while reducing the dimensionality of the dataset, as 
previously described in White et al.14.

Association analysis
For each of the 63 facial segments, the association between each SNP and the phenotypic variation was assessed 
through canonical correlation analysis (CCA). On the one hand, the independent variable (each SNP) was coded 
according to the additive genetic model based on the presence of the major allele (AA = 0, Aa = 1, aa = 2). On 
the other hand, the dependent variable (facial shape) was represented as PCs, that represent the direction of 
phenotypic effects in shape space.

CCA extracts the linear combination of PCs from a facial segment that has the highest correlation with 
a given SNP and assigns each individual a CCA score14. The correlation value between these scores and the 
associated SNPs was subjected to significance testing using Rao’s F-test approximation (right-tail, one-sided). 
Finally, considering the multiple comparisons conducted, a False Discovery Rate (FDR) adjusted significance 
threshold was calculated at a level of 0.05. A SNP was considered significant if at least one of the 63 facial 
segments reached the FDR threshold. In addition, to illustrate the associations, normal displacement maps 
(magnitude of inward/outward movement) were plotted for each significant SNP and segment.

Results
In this study, we investigated the association between genetics and facial phenotyping variation within a Spanish 
population. A total of 116 candidate SNPs previously linked to facial morphology were selected based on 
published literature (Supplementary Table S1). The selection process involved an extensive review of existing 
studies, encompassing SNPs identified in both single and multiple studies, regardless of the populations in which 
the associations were initially reported. To ensure adequate genetic variability for robust association analyses, 
as mentioned in Material and Methods, SNPs with a MAF ≥ 0.05 in the Iberian population were included. After 
this initial selection, and considering our limitations, priority was given to SNPs replicated in multiple studies 
and those identified in populations of European ancestry. This strategy was employed to enhance the relevance 
and representativeness of the findings within the Spanish cohort. CCA was subsequently performed to explore 
the associations between the selected SNPs and different facial regions. Detailed results for each facial segment 
are presented below.

Population genetic parameters
Allele and genotype frequencies are presented in Supplementary Table S3. Regarding their allele frequency 
distributions, there were no significant deviations from previously published Iberian data, except for two SNPs 
(rs11713363 and rs6695444). In these cases, the distribution of major and minor alleles seemed to be inverted 
when compared to the European and Iberian data54. No significant departure from HWE was observed for the 
majority of SNPs after applying the Bonferroni correction (α = 0.05/116 = 4.310E−04) apart from rs145365164 
(P-value = 2.700E−04), rs1863716 (P-value = 1.000E−04), rs6129266 (P-value = 0), and rs6695444 (P-value = 0) 
(Supplementary Table S3). LD was calculated between all the SNPs. Statistically significant values were observed 
between SNPs located within the same candidate gene, suggesting co-segregation (Supplementary Table S4). 
This relationship is attributed to the close proximity of loci in terms of base pairs.

Association analysis
Association analyses conducted in this study proved to be significant for several SNPs (Supplementary Table S5). 
Findings suggested that, out of the 116 SNPs examined, 101 may potentially influence facial morphology in our 
population (P-value CCA < 0.05). All of these SNPs have been previously linked to various facial traits by other 
authors4,5,8–33, underscoring the role of these markers in shaping facial morphology. However, within this subset 
of 101 SNPs, only ten remained statistically significant after FDR adjustment (P-value FDR < 0.05) (Fig.  1). 
Detailed results categorizing the face into four main quadrants as illustrated in Fig. 2 (QI: upper lip + philtrum, 
QII: nose, QIII: lower face, and QIV: upper face), are presented below.

Upper lip + philtrum (Quadrant I)
Potential significant correlations (P-value CCA < 0.05) were identified between 51 SNPs and the upper 
lip + philtrum area. However, among them, only two SNPs (rs702489 and rs12786942) reached the FDR 
threshold (P-value FDR < 0.05) and were considered significant (Supplementary Table S6). Both markers 
revealed a previously unreported association with this region, having been linked to the nose and upper face in 
prior studies8,24.
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Significant correlations were observed between SNP rs702489 and the first quadrant, including segments 30 
and 61 (Supplementary Fig. S2a). The effect of rs702489: G > A (each copy of G increases the effect following 
an additive model) is shown in an outward projection of the region below the nasal alas and the laterals of 
the philtrum, as well as an inward orientation of the area surrounding the aforementioned region (Fig.  1a, 
Supplementary Fig. S2b).

Furthermore, statistically significant associations were found between the upper lip and philtrum region, 
specifically segments 31, 57, and 62 and SNP rs12786942 (Supplementary Fig. S3a). The impact of rs12786942: 
A > T (each copy of A increases the effect following an additive model) is related to an inward projection of 
the inner laterals of the upper lip and philtrum. In contrast, the outer lateral regions of these areas display an 
outward orientation (Fig. 1b, Supplementary Fig. S3b–c).

Fig. 1.  Facial representations highlighting the regions with statistically significant associations with SNP 
rs702489 (a), rs12786942 (b), rs227833 (c), rs11768577 (d), rs7167736 (e), rs3936018 and rs72691108 (f), 
rs6535972 (g), rs17275866 (h), and rs7738892 (i). Images obtained using MatlabTM version 2023b.
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Nose (Quadrant II)
Findings revealed associations (P-value CCA < 0.05) between the nose and 50 SNPs. However, only one SNP 
(rs227833) reached the FDR threshold (P-value FDR < 0.05) (Supplementary Table S6).

As mentioned earlier, significant associations were identified between specific segments of the nose area, 
segments 13 and 27 and SNP rs227833 (Supplementary Fig. S4a). rs227833: G > C (each copy of G increases 
the effect following an additive model) is linked to an outward protrusion of the nasal root and dorsum 
nasi. Simultaneously, the nasal bridge, lateral ales and subnasal region exhibit an inward projection (Fig. 1c, 
Supplementary Fig. S4b).

Lower face (Quadrant III)
Although potential significant correlations (P-value CCA < 0.05) were found between the lower face and 55 
SNPs, only rs11768577 and rs7167736 were considered significant as they met the FDR threshold (P-value 
FDR < 0.05) (Supplementary Table S6).

Significant associations were identified between SNP rs11768577 and the lower face, including segments 
1, 2, 5, 10, 11, 20, 21, 22, 23, 41, 43, 44, 45, and 46 (Supplementary Fig. S5a). The impact of rs11768577: T > G 
(each copy of T increases the effect following an additive model) is shown with an outward orientation of the 
nasal, labial and central chin regions, contrasted with an inward depression of the remaining facial features. 
More specifically, there is an outward orientation of the central part of the chin and the region under the 
lips and, simultaneously, with an inward depression in the lateral areas of the mandible and cheeks (Fig. 1d, 
Supplementary Fig. S5b–f).

In addition, significant correlations were also found between the lower face, specifically segments 10, 11, 21, 
22, 42, 44, and SNP rs7167736 (Supplementary Fig. S6a). The effect of rs7167736: T > G (each copy of T increases 
the effect following an additive model) is associated with an inward projection of the lower lip and the region 
below, as well as the lateral areas of the menton. The chin and the central part of the menton shows an outward 
orientation (Fig. 1e, Supplementary Fig. S6b–c).

Fig. 2.  Facial segmentation scheme divided into four main quadrants, adapted from the Facial Segmentation 
figure available on Figshare (identifier https://doi.org/10.6084/m9.figshare.7649024), as referenced in Sero et 
al.57.
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Upper face (Quadrant IV)
Associations (P-value CCA < 0.05) were observed between 50 SNPs and the upper face. Among them, five 
SNPs (rs3936018, rs72691108, rs6535972, rs17275866, and rs7738892) reached the FDR threshold (P-value 
FDR < 0.05) and were considered significant (Supplementary Table S6).

For both SNPs rs3936018 and rs72691108, significant associations were found including segments 38 and 
39, located in the forehead area (Supplementary Fig. S7a). The impact associated with rs3936018: T > C and 
rs72691108: G > A (each copy of T or G respectively increases the effect following an additive model) is shown as 
a depression of the forehead centrally and a protrusion laterally (Fig. 1f, Supplementary Fig. S7b–c).

Statistically significant associations were also observed between SNP rs6535972 and overall facial structure 
(segments 1 and 2). Additionally, specific segments of the upper face, such as segments 4, 8, and 9 displayed 
significant correlations too (Supplementary Fig. S8a). As illustrated in Supplementary Fig. S7, rs6535972: 
G > C (each copy of G increases the effect following an additive model) is predominantly linked to an outward 
protrusion of the central forehead and the upper periorbital region, and to an inward projection of the laterals of 
the forehead and the lower periorbital region (Fig. 1g, Supplementary Fig. S8b–f).

Moreover, SNP rs17275866 was significantly associated with the upper face, a novel and previously 
undescribed region, specifically segments 9, 18, and 37 (Supplementary Fig. S9a). The effect of rs17275866: G > C 
(each copy of G increases the effect following an additive model) is found to be related to an inward depression 
of the forehead region, with the exception of specific areas in the eyebrow and the upper part of the forehead, 
which exhibit an outward protrusion (Fig. 1h, Supplementary Fig. S9b).

Finally, significant associations were observed between rs7738892 and two segments of the upper face, 
segments 18 and 37 (Supplementary Fig. S10a). SNP rs7738892: C > T (each copy of G increases the effect 
following an additive model) impacts the frontal forehead region, leading to an inward orientation of the 
eyebrow area and an outward projection of the area above the temples (Fig. 1i, Supplementary Fig. S10b).

Discussion
The face is a distinctive and highly variable component of an individual’s appearance58. Investigating facial 
diversity through DNA enhances our understanding of genetic bases underlying human facial variation and 
has significant forensic implications. Identifying genetic markers to predict facial appearance from DNA 
is a key goal in FDP. This study provides support for genetic markers associated with facial morphology in a 
Spanish population. We started with 116 candidate SNPs previously associated with facial morphology in other 
populations. Of these, 101 SNPs exhibited a P-value < 0.05 following CCA, suggesting that the influence on facial 
shape observed in prior studies is also present in our Spanish population. However, after FDR adjustment, only 
ten SNPs demonstrated statistically significant associations within normal-range facial shape phenotypes in our 
cohort (Supplementary Table S6). Hence, we will focus our discussion on these ten SNPs, as they have shown a 
robust and strong signal.

Notably, seven of the identified SNPs corroborate associations with facial regions previously established in 
different studies4,8,9,11,12,14,15,30, emphasizing their significance across various populations. In addition, within this 
set of ten SNPs, three novel associations with distinct facial region have been uncovered (Table 2). Specifically, 
our findings highlight the association of rs17275866 with the upper face, diverging from its previous associations 
with the chin8. Furthermore, our study establishes an association between rs702489 and the philtrum region, 
notwithstanding prior investigations linking this SNP with nose morphology8. Lastly, rs12786942 shows 
correlation with the lateral areas of the upper lip and philtrum, which contrasts with its prior associations with 
the upper face24. These findings underscore the intricate genetic mechanisms influencing facial morphology 
and suggest that associations observed in populations with European ancestry, when considered as a single 
group, may require further examination within smaller, specific subpopulations to determine if similar effects 
are present. Thus, they highlight the value of comprehensive investigations in different regions to elucidate the 
multifaceted nature of genetic contributions towards facial traits.

When examining the SNPs that have shown a strong correlation with facial morphology within our cohort, 
their distribution aligns with that observed in the European population54. Biologically, these SNPs are associated 

SNP Association with facial morphology through previous studies Association with facial morphology through the present study

rs6535972 Upper face10 Global and Upper face

rs11768577 Chin8 Global and Lower face

rs227833 Nose4,12,15 Nose

rs7167736 Chin8 Lower face

rs17275866* Chin8 Upper face

rs702489* Nose8 Upper lip + philtrum

rs12786942* Upper face24 Upper lip + philtrum

rs3936018 Upper face9,14,30 Upper face

rs72691108 Upper face12 Upper face

rs7738892 Upper face10 Upper face

Table 2.  Statistically significant SNPs (P-value FDR < 0.05) identified in our study and their associations with 
facial morphology, from both previous studies and the current investigation. SNPs with novel associations are 
highlighted in italics and marked with an asterisk.
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with or located near genes involved in morphofacial development. More detailed information on these 
associations can be found in Supplementary Note 1.

Considering that the findings hereby presented could help in the development of predictive models for facial 
morphological traits, it is important to highlight regions where multiple SNPs have demonstrated influence 
in our population. For instance, both rs6565972 and rs11768577 exhibit a global effect, affecting the whole 
face. On the one hand, the presence of the G allele in rs6535972 correlates with an outward protrusion of the 
frontal, nasal, labial, and chin regions, along with an inward projection of the cheeks (Supplementary Fig. S7). 
On the other hand, the T allele in rs11768577 is associated with an outward orientation of the nasal, labial, and 
central chin regions, juxtaposed with an inward depression of the remaining facial features (Supplementary 
Fig. S4). Although both SNPs affect the entire face, more localized analyses suggest that rs6565972 may have a 
more pronounced effect on the upper face, while rs11768577 might have a greater impact on the lower face. To 
better understand how these SNPs interact and the effects of their combined genotypes, future studies assigning 
varying weights to each of these markers depending on the facial segment will be necessary.

This situation is repeated in other facial quadrants, particularly in the upper face, where rs17275866, 
rs3936018, rs72691108, rs7738892, and rs11768577 (previously mentioned with both global and local effects) 
have shown a relationship. In the lower face different SNPs, including rs11768577 and rs7167736, are also 
involved. The remaining SNPs have demonstrated more specific correlations, rs702489 and rs12786942 with 
different upper lip segments, and rs227833 with the nasal area. However, even in these cases, to understand 
the phenotype fully, the influence of markers rs6565972 and rs11768577, which exhibit global effects, must 
also be considered. This underscores the complexity of predicting facial shape. Although associations between 
individual SNPs and various traits are observed, these markers do not act in isolation and it is important to 
understand how multiple SNPs work in concert to produce a single phenotype. An individual has different 
possible combinations for each marker, which could result in one SNP being associated with a wider face and 
another with a narrower face.

Following the implication of multiple SNPs in the same region, our LD results suggest co-segregation of 
rs3936018 and rs72691108, as well as other markers (TBX15-WARS2 rs1229119/rs1766789/rs3936018/
rs72691108). Additionally, from our set of ten SNPs, rs17275866, rs11768577, and rs77388952 have also shown 
co-segregation with different previously associated face markers (LINC02268 rs17275866/rs60975547, SEM1-
LOC105375412 rs11768577/ rs62470051, and KIF6 rs2092524/rs7738892 respectively (Supplementary Table 
S4). This opens a new avenue for studying the influence of SNPs not only individually but as haplotypes, which 
can provide significant new information regarding facial appearance.

Another challenge in developing DNA-based prediction models is the small proportion of facial variance 
explained by face-associated SNPs. Sexual dimorphism, along with other covariates such as age or ancestry, 
play an essential role in the human face. In fact, up to one-third of the variance in several facial features can be 
attributed to sex and ancestry58. Therefore, we corrected our 3D images for different covariates (sex, age, height, 
and weight) using PLSR before conducting any correlation analysis between each SNP and the phenotypic 
variation. Ancestry was not considered as all individuals were from the same population and no facial variation 
differences were observed between individuals from different regions (Supplementary Fig. S11). This can be 
attributed to the substantial interregional genetic admixture within Spain due to internal migration, making 
birthplace an insufficient indicator of geographic ancestry. To minimize potential misclassification, we treated 
our population as uniform within itself and geographic region was not included as a variable in our analysis. 
Once the set of ten SNPs was established, we assessed the percentage of variability explained by each marker 
(Supplementary Table S7 and Fig. S12). The low value obtained, with all ten SNPs combined explaining only 
0.705% of the variance, is consistent with previous findings, where each SNP explained less than 1% of the 
overall phenotypic facial variation10,11.

This highlights that, although FDP has made significant progress in predicting certain traits like pigmentation, 
hair morphology, age, and ancestry, accurately estimating facial appearance remains challenging. The polygenic 
nature of facial features, the low variability explained by each SNP using the methods highlighted here, and the 
large, sometimes irreproducible, number of markers found in GWAS across different populations, are some of 
the barriers in this field. However, studies like this one elucidate which genetic loci may be most informative 
about facial morphological traits and thus, providing valuable insights for future predictive models.

Conclusions
In summary, we describe a study of candidate SNPs focused on facial phenotyping within a Spanish population. 
This research not only reinforces numerous previously identified loci, albeit with generally weak associations 
likely due to sample size limitations, but also reveals strong associations for several genetic loci in the Spanish 
population. Furthermore, we have found novel and previously undescribed links between ten candidate SNPs 
and specific facial regions. Among them, two are directly correlated with unspecific facial morphology, providing 
valuable insights into general facial appearance. Additionally, three SNPs show associations with wide facial 
regions, while the remaining five SNPs have more localized effects, shedding light on the genetics underlying 
facial morphology development.

Our findings highlight the importance of conducting candidate SNPs studies across diverse reference 
populations to identify markers that are robust while providing accurate information for FDP applications. 
By employing consistent methodologies, including the same facial mesh, segmentation techniques, and SNPs 
established in prior research, we obtained significant results that, in some cases, differ slightly from prior 
observations. While much research has traditionally focused on European populations as a homogeneous group, 
our study shows that a Spanish population can exhibit differences. Even on a smaller level, these results suggest 
that it might be valuable to not only conduct large-scale European studies, but also to consider specific, smaller 
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subpopulation studies. This approach could enhance the reproducibility of results and provide more solid and 
precise data for future predictive modeling.

For future research, a continued investment in developing a consortium that includes experts in forensic 
genetics, anthropology, and bioinformatics will be invaluable. Such collaboration will allow the pooling of 
sufficient knowledge and resources to scale and optimize our findings. Continued study in this FDP subfield is 
essential to achieve the precision and accuracy necessary for developing potential DNA-based prediction models 
with practical use in real-world forensic scenarios.

Data availability
The datasets used and/or analyzed during the current study available from the MMP on reasonable request.
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