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Introduction: It has been frequently suggested that overall genomic heterozygosity and, particularly, heterozygosity of loci on the so-called major histocompatibility complex (MHC), which is responsible for the recognition of foreign substances/ pathogens and the recognition of self and non-self, is associated with better health and better resistance to infections and parasites. It has further been speculated that such a potentially beneficial heterozygosity can be detected through body odor and facial attractiveness.

Methods: On the basis of genome wide SNP data (713,014 SNPs) of participants from the Wisconsin Longitudinal Study, we therefore investigated whether homozygosity either on the MHC (measured as inbreeding coefficient) or genome-wide (measured as runs of homozygosity and inbreeding coefficient) is associated with rated facial attractiveness.

Results: Although we found that the genome-wide average length of homozygous segments and the genome-wide inbreeding coefficient are significantly negatively associated with some measures of facial attractiveness, if corrected for multiple testing, any significant association was no longer formally significant after correction. In addition, the variance in facial attractiveness explained by the genome wide homozygosity is very low (<0.15%). We did not find any significant association between the inbreeding coefficient on the MHC and facial attractiveness.

Discussion: We only find a weak association of genome- wide heterozygosity and facial attractiveness.
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Introduction

It has been frequently argued that fitness benefits may be gained by a preference for mates having traits that indicate “genetic makeup.” However, it remains unclear, which traits do indicate a preferable genetic makeup (Roberts et al., 2005). An important line of argument is that overall heterozygosity and, particularly, heterozygosity at certain loci may be an indicator of a preferable genetic makeup. Accordingly, it has been demonstrated that, conversely, higher genome-wide homozygosity is associated with a variety of disadvantageous traits. Clark et al. (2019), for instance, showed on the basis of 1.4 million individuals that a higher genome-wide homozygosity (measured as “runs of homozygosity” ROH) is associated with apparently deleterious changes in 32 out of 100 phenotypic traits, ranging from anthropometric measures, physiological parameters, up to mental conditions. An earlier study analyzing 354,224 individuals from 102 cohorts also reported on a significant association between total length of ROH and four complex traits, showing that increased homozygosity (equivalent to first order cousins) was correlated with lower body height, lower education, weaker cognitive ability, and forced expiratory lung volume (Joshi et al., 2015). In addition, Abdellaoui et al. (2013) showed that higher educated individuals are lower on ROH.

In particular, the so-called major histocompatibility complex (MHC) is assumed to be a genomic area where heterozygosity may confer fitness benefits as it has been shown that heterozygous MHC alleles cause higher immune competence (Havlíček et al., 2020). Accordingly, the more polymorphic loci controlling immunological recognition of foreign substances and pathogens are, the more efficient is the immune system to parry intruders. By enhancing resistance to infectious diseases, a more polymorphic MHC complex may thus confer a selection advantage, the so-called “heterozygote advantage hypothesis” (Penn et al., 2002). Indeed, genes on the MHC encode for proteins of the immune system and are among the most polymorphic loci in the whole genome. It has been theorized that selection and, particularly, sexual selection may have been the most important driver for the high polymorphism of the MHC complex (Klein and O’huigin, 1997, reviewed in Havlíček et al., 2020). Evidence for sexual selection has been found in various species (Bernatchez and Landry, 2003), showing negative (disassortative) mating for the MHC complex, i.e., both sexes prefer partners with an MHC genotype dissimilar to their own genotype. An MHC-dissimilar mating partner, in turn, increases offspring heterozygosity at the MHC, which has been suggested to be advantageous for the progeny (Kamiya et al., 2014). Accordingly, some studies have shown that MHC-heterozygosity is beneficial if the immune system is under a pathogen challenge (Penn et al., 2002). It remains unclear, however, which amount of heterozygosity is beneficial as also potential outbreeding depression has to be considered (Wegner et al., 2003). Outbreeding depression occurs whenever mating between genetically too distant individuals leads to a reduction of fitness, for instance, owing to problems during recombination (Edmands, 1999).

The detection of heterozygous as well as genetically more dissimilar mating partners may be a mechanism to ensure heterozygosity in the progeny (Roberts et al., 2005), which has been shown to provide advantages in terms of health and other traits (Clark et al., 2019). In humans, genetic dissimilarity as well as heterozygosity among mates has been investigated particularly for the MHC complex so far. Analysing results from 30 studies across seven primate species, Winternitz et al. (2017) found that in general, primates show a trend of preferring more MHC-diverse mates, but they found no systematic evidence that primates particularly choose MHC dissimilar mates. In humans, they found both a preference for MHC-dissimilar and MHC-similar mates. Additionally, analyzing results from existing primates’ studies, Winternitz and Abbate (2015) found fewer studies in support of mate selection for optimal diversity or for specific “good gene.”

It has also been speculated, how humans may recognize MHC-heterozygosity as well as genetic dissimilarity in potential mates. Two possible characteristics have been proposed: body odor (reviewed in Havliček and Roberts, 2009) and facial attractiveness (Havlíček et al., 2020), the latter in particular with regard to MHC heterozygosity (Havliček and Roberts, 2009). Particularly, it has been speculated that an association of heterozygosity at the MHC complex and facial attractiveness would render it possible to detect the heterozygosity of MHC genes and, hence, a preferable genetic makeup by facial attractiveness (Thornhill et al., 2003; Havlíček et al., 2020). It has been argued that more attractive faces may indicate a more heterozygous arrangement of genetic loci on the MHC complex, and thus a higher immune competence (Havliček and Roberts, 2009). Indeed, Lie et al. (2008) found on the basis of genotyped microsatellite markers situated within and outside the MHC, that MHC may play an important role in face preferences: MHC heterozygosity positively predicted male attractiveness, and more specifically facial averageness. In females, standardized mean d2 (mutational differences among microsatellite alleles) predicted facial symmetry and thus attractiveness (Pflüger et al., 2012). Hence facial characteristics may provide cues to genetic quality in both males and females. Lee et al. (2016), however, were not able to verify that facial attractiveness as a preferred trait in a mate is associated with “genetic quality.” They used a twin sample to estimate the heritability of facial averageness, which is usually reported of being positively associated with attractiveness. Although they found a genetic component for facial averageness and also a significant phenotypic correlation between facial averageness and attractiveness, they were not able to conclude that the genes that affect facial averageness also affect facial attractiveness.

Also results on MHC-heterozygosity advantage as well as dissimilarity in the context of mating are mixed. Using genome-wide association data from 872 European-American spouses provided by the Health and Retirement Study, Qiao et al. (2018) found no evidence for spouse’s dissimilarities on the MHC region. Also, Croy et al. (2020) did not find evidence for MHC dissimilarity in mated couples. In contrast, on the basis of 883 European and Middle Eastern couples, Dandine-Roulland et al. (2019) found that couples from Northern Europe are significantly more MHC-dissimilar than random pairs, and that MHC-dissimilarity is extreme compared to the rest of the genome.

Using 3 loci on the MHC complex, Roberts et al. (2005), reported that faces of men who are heterozygous at all 3 loci are judged by women as more attractive than faces of men who are homozygous at one, two or three loci. The authors further found that the preferences for heterozygosity were independent of the degree of MHC similarity. The results may thus provide a hint that MHC-heterozygosity is more important than MCH-dissimilarity in the mating context. Roberts et al. (2005) further reported that the skin of more heterozygous men had been perceived as healthier (Roberts et al., 2005). Thornhill et al. (2003) and Coetzee et al. (2007), however, did not find any effect of MHC-heterozygosity on attractiveness. Thus, overall, the empirical results of an association between MHC dissimilarity, heterozygosity and facial attractiveness remain ambiguous.

Most studies focus on heterozygosity/homozygosity of selected genomic regions, in particular on the MHC-complex (Wu et al., 2018). Whereas, to our knowledge, genome-wide indicators of heterozygosity/homozygosity such as inbreeding and particularly genome-wide runs of homozygosity (ROH), indicating more precisely homozygosity as well as the individual demographic and population history (Ceballos et al., 2018; Clark et al., 2019), have not been analyzed so far. Based upon the hypotheses and the ambiguous results reported so far, in the current study, we therefore aimed to analyze the association between facial attractiveness and heterozygosity both genome-wide and on the MHC complex. On the basis of a large contemporary data set, encompassing 713,014 SNPs and ~ 9,000 individuals, we investigated the association between genome-wide measures of heterozygosity such as inbreeding coefficients and runs of homozygosity (ROH) and various rated measures of facial attractiveness as well as the association between rated facial attractiveness and heterozygosity only for the MHC complex.



Methods


Data set “Wisconsin Longitudinal Study”

The Wisconsin Longitudinal Study (2021) is a long-term study of a random sample of men and women, who graduated from Wisconsin high schools in 1957, and their siblings. The WLS panel started out with 10,317 members from the class of 1957. A second sample of 8,734 randomly selected siblings of the original graduate panel were recruited for the study. Of these combined samples, 9,027 individuals contributed saliva for genetic analysis. In total 713,014 SNPs had been genotyped. (The Wisconsin Longitudinal Study genetic data is sponsored by the National Institute on Aging (grant numbers R01AG009775, R01AG033285 and Ro1AG041868) and was conducted by the University of Wisconsin). Detailed information on individual recruitment, genotyping, and quality control can be found at https://www.ssc.wisc.edu/wlsresearch/documentation/GWAS/Herd_QC_report.pdf. We used the survey question on ethnicity (white versus non-white), but also accounted for population stratification by inclusion of the first 10 principal components of the population structure provided by Wisconsin Longitudinal. Kinship was estimated by King1 and we removed all kin closer than third order relative. With the exception of the Genome-wide Complex Trait Analysis (please see below), we only included individuals who had been surveyed as “white” and were non-kin, totaling 2,233 men and 2,500 women, thus, only rated individuals, non-kin and whites. In total we excluded 4,294 individuals that are related first and second order, and/or are non-white and/or attractiveness rating was missing. We only included whites and non- kin in our analysis as cross-ethnic analysis of genomic data as well as including kin may lead to spurious results (Mills et al., 2020).



Measures of homozygosity


Inbreeding coefficient (IBD)

As a measure for homozygosity, using Plink 1.9, we calculated, (a) the genome wide inbreeding coefficient (IBD), the observed and expected autosomal homozygous genotype counts on the basis of a minimal allele frequency of 5% (MAF 0.05), as well as (b) the inbreeding coefficient for SNPs on the MHC complex [including 152 SNPs of the following genes (all on chromosome 6) from the MHC complex: HLA_HA, HLA_B, HLA_C, HLA_E, HLA_G, HLA_F, HLA_DNB, HLA_DOB and HLA_DOA] without restrictions to a minimal allele frequency as the number of SNPs would have been too low. As genes on the MHC complex have different functions, we divided the analysis additionally in MHC complex I (HLA_HA, HLA_B, HLA_C, HLA_E, HLA_G, HLA_F) and MHC complex II (HLA_DNB, HLA_DOB and HLA_DOA). As only 152 SNPs on the MHC complex had been genotyped, we were not able to calculate any measure of runs of homozygosity (ROH) for the MHC complex.



Genome-wide runs of homozygosity (ROH)

ROH is a good indicator not only for describing overall genomic homozygosity but also for the size of genomic local homozygous segments, the number of homozygous segments, and the average size of those segments. Additionally, the structure and distribution of ROH renders it possible to describe population history. ROH correlates with overall estimates of homozygosity such as the genome-wide inbreeding coefficient as well as with the inbreeding coefficient for the MHC complex. In its simplest form, ROH is calculated by moving a window of fixed size in search of stretches of consecutive homozygous SNPs over each chromosome. The algorithms estimate the proportion of completely homozygous windows that surrounds a SNP. If this proportion is higher than a threshold, the SNP is marked as being in an ROH area. A review of the significance and advantage in the realm of genomic and phenotypic associations as well as a profound description of the various methods of ROH calculation can be found in Ceballos et al. (2018).

We calculated ROH on the basis of the recommendations of Howrigan et al. (2011) by first removing all SNPs with a minimal allele frequency of 5% (MAF 0.05) and performing a “moderate SNP pruning” using a 50 SNP “window,” a 5 SNPs shift, and a VIF of 2 (variance inflation factor—the ratio of the variance of the parameters estimated including several terms to only including one term). According to Howrigan et al. (2011), moderate SNP pruning and the threshold of 0.05 MAF leads to optimized results in the subsequent calculation of ROH. MAF threshold of 0.05 and pruning resulted in a total of 133.442 SNPs, which we used for the calculations of ROH in a sliding with a threshold of 50. We performed MAF removal, pruning and ROH calculation in PLINK.2 (plink code ROH: plink --bfile WLS --indep 50 5 2 --out WLS_Pruned; plink --bfile WLS_Pruned_F --homozyg-window-het 0 --homozyg-snp 50 --out WLS_Pruned_F_ROH).

Runs of homozygosity calculated in Plink produces 3 different measures of genome wide ROH: total number of genome wide homozygous segments (NSEG; the count of homozygous regions according to the statistical definition above), the genome-wide summary of the length of all homozygous segments in kilo base pairs (KB), and the average length of homozygous segments (AVGKB = KB/NSEG). Distribution of the different ROH/IBD estimates is displayed in Supplementary Figure S1.




Phenotype attractiveness

In 2004 and 2008, yearbook photos from 1957—when the WLS subjects were, on average, 18 years of age (M = 18.2, SD = 0.26)—were rated by 33 judges recruited from roughly the same cohort as the WLS participants and, thus, at the time of rating aged between 63 and 91 years (M = 78.5). Yearbook pictures were not standardized in terms of facial expressions and head posture and showed mostly—but not exclusively—faces (Jokela, 2009). Each yearbook photo was rated by six male and six female judges, using a photo-labeled 11-point rating scale, ranging from “not at all attractive” (1) to “extremely attractive” (11). We used only photos of individuals for which both attractiveness ratings and genotype information were available, in total the photos of 2,233 males and 2,500 females, and included the following attractiveness ratings in our analysis to cover broader aspects of “attractiveness”: (i) meanrate (Normed average coder rating); (ii) meanrat trunc [Normed average coder rating (highest and lowest dropped)]; (iii) max rate (highest rating normed); (iv) min rate (lowest rating normed); (v) meanrat mcoder (normed average coder rating—male coders only), and (vi) meanrate fcoder (normed average coder rating—female coders only). Norming was done by WLS by subtracting the mean from the original values and then dividing the resulting values by the standard deviation. Albeit all types of ratings are highly correlated (between 0.81 and 0.99), we decided to use all types of rating in the analysis, not to miss any potential significant association.



Models calculated


Linear models

We regressed meanrate, meanrat trunc, max rate, min rate, meanrat mcoder, and meanrat fcoder separately on IBD, NSEG, KB, as well as AVGKB, each model controlling for year of birth, sex (1 = male, 2 = female), father’s years of schooling (surveyed 1957) to control for SES and, as recommended by WLS, the first 10 principals components of the population structure (provided by WLS on basis of the SNP data, Benjamin et al. (2021)) to control for potential confounding effects of ancestry. Variance explained by each factor was calculated using the R library “MuMIn.”



Genome-wide complex trait analysis (GCTA)—covariates AVGKB and IBD

GCTA estimates the total amount of phenotypic variance explained by all SNPs sequenced for the individuals included in a study, assuming that most traits are highly polygenic and, therefore, a SNP only explains a small proportion of the phenotype. Thus, the basic concept behind GCTA is to fit the effects of all SNPs as random effects by a linear mixed model. Accordingly, we used GCTA3 to perform a complex trait analysis, with “rated attractiveness” (meanrate normed average coder rating) as phenotype, to analyze the variance explained by 572.470 SNPs (MAF > 0.05) and the two covariates (i) AVGKB and (ii) IBD, respectively, with birth year, education of father (frequencies of fathers’ education provided in Supplementary Table S2), and the 10 principal components of population structure included as quantitative covariates, and sex included as categorical covariate. We used the two covariates, AVGKB and IBD, in the GCTA models as those are the most significant homozygosity descriptors for attractiveness as indicated by the previously calculated linear models. As GCTA builds a genetic relationship matrix and, therefore, accounts profoundly for kinship, in this analysis we included also kin, in total 3,675 men and 4,120 women.



Ethics statement

All ethics concerning the participants of the Wisconsin Longitudinal study is with the “Wisconsin Longitudinal Study,” produced and distributed by the University of Wisconsin with funding from the National Institute of Aging (Grant numbers R01AG009775, R01AG033285, and Ro1AG041868).” Data use agreement from the 30. May 2019 between the boards of regents of the University of Wisconsin-Madison, Wisconsin Longitudinal Study (WLS) and the University of Vienna (receiving agency), wherein Martin Fieder is the researcher responsible for using the data files in the project entitled “Genome Wide Association Study and Runs of Homozygosity.” All participants provided informed written consent under a protocol approved by the Institutional Review Board of the University of Wisconsin-Madison. The status of the informed consent has been documented in detail by Wisconsin Longitudinal,4 only individuals with a full consent are included in the data realize. Details can be found at: https://www.ssc.wisc.edu/wlsresearch/documentation/GWAS/.





Results

Regressing the mean rating of attractiveness on IBD for the MHC complex only, we find no significant association (estimate = 0.077, p = 0.29), IBD for the MHC complex explaining only a very small proportion of the variance (amount variance explained between 0.0005 and 0.084%). The same holds true for other measures of attractiveness (see Supplementary Table S1). We also find no significant association if we split between MHCI and MHCII. For both genomic regions, the association with all measurements of attractiveness remain non-significant.

Genome-wide, in the linear models, AVGKB and IBD are significantly, respectively, marginally significantly associated with most of the different indicators of the attractiveness rating, except the association of max rate and mean rate women with IBD (Table 1). The association is always negative, indicating that a higher ROH is associated with lower attractiveness rating. Though generally variance explained is very low even for the significant associations. In addition, if we applied a correction for multiple testing (e.g., Bonferroni correction would shift p < 0.05 to p < 0.0083), no estimate is significant anymore. Education of the father is significantly positively associated with the different indicators of the attractiveness rating, and being male is significantly negatively associated with female rating only (Table 1). Birth year shows no significant associations. The highest proportion of variance is explained by father’s education, which, although being rather small, is still roughly 5–10 times higher than variance explained by any of the indicators of ROH or IDB. Sex also only explains very little of the overall variance in the models. As the estimates for birth year, sex, and education of the father are very similar in each of the different models, only the estimates from the “NSEG”-model are shown (Table 1).



TABLE 1 Results of the separate linear models of mean rate, mean rate trunc, max rate, min rate, mean rate men and mean rate women, respectively, regressing on birth year, sex, education of the father, AVGKB, KB, NSEG, and IBD.
[image: Table1]


Genome-wide complex trait analysis

In the GCTA, both the covariates AVGKB and IBD are significantly negatively associated with mean attractiveness rate, but again explain only a small proportion of the phenotypic variance (Table 2).



TABLE 2 Mean attractiveness regressing on the SNPs with MAF > 0.5, with IBD, sex, birth year and father’s education as well as the first 10 principal components of population structure.
[image: Table2]

We further investigated the association of facial attractiveness and homozygosity around ± 30,000 bp of the two SNPs found of being associated with facial attractiveness by Hu et al. (2019) (i.e., rs2999422 located in an intron of pseudogene ANTXRLP1 and rs10165224 located in an intergenic region between protein-coding gene CDC42EP3 and RNA gene LINC00211), but did not found any significant association.




Discussion

For the MHC complex, we found no significant association between homozygosity measured as IBD and any indicator of attractiveness rating. Hence, based on our results, we are not able to confirm the frequently discussed heterozygote advantages on the MHC complex (please see introduction), neither for the whole MHC complex, nor separately for MHCI or MHCII complex. The reasons for this null result could be various, possibly the number of cases and/or the number of SNPs on the MHC complex were too low. Whereas genome wide, with two exceptions, a significant (respectively marginal significant) negative association between the average length of homozygous segments (AVGKB) and various indicators of attractiveness ratings was found. Also, IBD was significantly negatively associated with some indicators of attractiveness, indicating that higher genome wide homozygosity is associated with lower attractiveness. Though, if corrected for multiple testing, none of these associations remained significant. In addition, the total variance explained by the different indicators of ROH and IDB was very low, ranging from 0.01 to 0.13%. Furthermore, cultures with a higher pathogen prevalence may exhibit a stronger link between MHC heterozygosity and attractiveness, as signaling heterozygosity could be more important. However, as we have no data this must remain purely speculative for the moment.

As the genome wide analysis did come up at least with some (weak) results, the following discussion focuses mainly on genome-wide measures of homozygosity/heterozygosity. In addition, according to Ceballos et al. (2018), using the whole genome accounts much better for genomic history of populations and individuals. Although the complex trait analysis (GCTA) confirms the results from the regression analysis, showing that average length of homozygous segments (AVGKB) as well as IBD are significantly negatively associated with mean attractiveness, the proportion of variance explained is very low. Albeit also explaining only a small proportion of the overall variance in attractiveness, from all analyzed variables, education of the father was the most significant predictor, indicating that socio-economic status experienced in early life affects later attractiveness (Huber and Fieder, 2014).

From our findings we conclude that, although genome-wide we find an association between higher homozygosity and lower attractiveness, effect sizes are rather small and not robust if corrected for multiple testing (see also Zaidi et al., 2019). Accordingly, to detect more substantial influences, a much larger samples size would be needed (between 12,000 and 65,000 individuals, Keller et al., 2011). We meanwhile know that attractiveness has a moderate inherited component as shown by a very recent genome wide association study (Hu et al., 2019). This Genome Wide Association Study (GWA) on basis of the WLS data set also indicates that facial attractiveness is at least moderately heritable, depending on who has been rating: heritability for attractiveness was 10.9% and non-significant if rated by females but 27.7% and significant if rated by males (Hu et al., 2019). Thus, albeit attractiveness is to some extent heritable, compared to other inherited parts of attractiveness, with a variance explained between 0.008 and 0.14%, the effect of homozygosity seems rather weak and contributes only to a small amount to the heritable component of attractiveness. As we did not find any significant association of facial attractiveness and homozygosity around the two SNPs found of being associated with facial attractiveness by Hu et al. (2019) (rs2999422, s10165224), also homozygosity around these loci does not contribute significantly to facial attractiveness.

Our results may be influenced by the negative association of parents’ SES and facial attractiveness, which is presumably caused by worse early life conditions if parents’ SES is low (Huber and Fieder, 2014). In line with this, all measures of attractiveness are highly significantly but only weakly negatively correlated with father’s education (R between 0.029 and 0.12; p < 0.0001). Hence, facial attractiveness may not be influenced directly by homozygosity but indirectly via the effect of parent’s homozygosity on father’s education (SES), and parents’ SES may in turn affect facial attractiveness of the children. As we do not have any data on homozygosity of parents, we cannot directly test this assumption. As for AVGKB, only a marginally significant negative association with father’s education did appear, we cannot exclude a link via parent’s SES although we have no further confirmation. We are not able to draw any final conclusions on causalities regarding the association between parent’s SES and facial attractiveness as it is, for instance, possible that genes which are associated with lower SES (Hill et al., 2019) are also associated with a lower facial attractiveness.

Overall our findings demonstrate, if at all, only a weak association between increased homozygosity and attractiveness on the genome-wide level. Even though these results indicate that genome-wide homozygosity/heterozygosity may possibly be detectable by attractiveness to a very small extent. From our results, we are neither able to confirm nor decline hypotheses suggesting that homozygosity/heterozygosity particularly on immune genes and, thus, vulnerability to pathogens, can be detected in a potential mate on the basis of facial attractiveness.

Many human small-scale populations are highly homozygous (Ceballos et al., 2018), indicating that consanguinity may have been prevalent during evolution. As a consequence, within such small-scale populations, all individuals have been homozygous to a comparable extent, rendering detecting homozygosity by attractiveness hard or even impossible. This view seems reasonable as even in our contemporary, genetically more diverse US-sample, effects of homozygosity on attractiveness are very subtle. In genetically more homogeneous populations, effects are presumably still much subtler. In order to finally confirm or reject the hypothesis that homozygosity is associated with facial attractiveness, according to Keller et al. (2011), in modern out-bred populations, a sample size between 12,000 and 65,000 individuals is needed to detect effects reliably. As to our knowledge no such big data sets exist that provide rating of attractiveness as well as genomic data, conclusions must remain provisionally for now.



Limitations of the study

We do not have any replication sample, and attractiveness was measured on the basis of high-school yearbook photos. Also, makeup, hairstyles, the angle at which the face is photographed and other factors may have significantly influenced facial attractiveness. Furthermore, albeit rating was consistent among raters, rating took place more than 40 years after the photos had been taken. In addition, as raters and the rated individuals all lived in the same state and belonged to the same racially homogeneous population, it is not possible to generalize results over time, generations, geography or race; this holds true for the genome-wide analysis as well as the analysis of the MHC complex. Thus, as mentioned above, for the future a much larger data set across cultures will be needed in order to confirm or reject the hypotheses regarding an association of homozygosity and attractiveness.
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Footnotes

1   https://people.virginia.edu/~wc9c/KING/

2   http://zzz.bwh.harvard.edu/plink/

3   https://cnsgenomics.com/software/gcta/#Overview

4   https://www.ssc.wisc.edu/wlsresearch/documentation/waves/?wave=descriptive&module=dscrMod
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