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Abstract

Kin recognition is essential to the evolution of human cooperation, social organization, and altruistic behavior. However,

the genetic underpinnings of kin recognition have been largely understudied. Facial resemblance is an important relatedness

cue for humans and more closely related individuals are generally thought to share greater facial similarity. To evaluate

the relationship between perceived self-resemblance and genetic similarity among biologically related and unrelated females,

we administered facial self-recognition surveys to twenty-three sets of related females and genotyped three different genetic

systems, human leukocyte antigens (HLA), neutral nuclear microsatellites and mitochondrial haplogroups, for each individual.

Using these data, we examined the relationship between visual kin recognition and genetic similarity. We found that pairs

of individuals identified as visually more similar had greater HLA allelic sharing when compared to less facially similar

participants. We did not find the same relationship for microsatellite and mitochondrial similarity, suggesting that HLA

allelic similarity increases the probability of perceived self-resemblance in humans while other genetic markers do not. Our

results demonstrate that some genetic markers, such as HLA-DRB, may have significant influence on phenotype and that

large scale surveys of HLA and facial feature morphology will yield valuable insight into the evolutionary biology of genotype-

phenotype relationships and kin recognition.
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1 Introduction

Kin recognition, and the ability to differentiate between individuals with different degrees of genetic relatedness, is funda-

mental to understanding a range of phenomena across taxa. Aside from its relationship to the evolution of cooperation

(e.g. [23, 22, 25, 43, 29, 4, 19]), the ability to distinguish kin from non-kin may impact how social kinship is organized,

how it evolves, and how mates are selected [32, 30]. However, the genetic underpinnings of kin recognition have been largely

understudied.

Experimental studies have found that humans use facial resemblance as a relatedness cue and concomitantly adjust their

behavior towards others [14]. There is evidence that self-resemblance leads to increased cooperative behavior [16], more trust

[12, 13, 36], a greater likelihood of altruistic behavior [15] and greater paternal investment [2]. Even computer manipulated

images are perceived as more trustworthy when the image is similar to the participant [12]. In the present study, we explore

how genetic factors, specifically genetic similarity, play a role in providing visual cues of kin recognition and perceptions of

facial resemblance in humans.

Research on perceived relatedness in humans has yielded conflicting results. Christenfeld and Hill [11] reported that naïve

observers were better able to correctly pair one-year-old children with their fathers than with their mothers. McLain et al.

[33] found that judges matched photographs of biological mothers to their newborns significantly more frequently than they

matched biological fathers to their newborns. Other studies have not always replicated these results. Some research, instead,

found that children are perceived as similar to both their fathers and mothers [7, 8, 34].

It has been suggested that patterns of parent-child phenotypic similarity vary according to the age of the child. For

example, younger children are thought to resemble their mothers and older children may have a greater resemblance to

their fathers [2]. Alvergne et. al. [3] demonstrated that unrelated judges can recognize parent–child pairs through facial

photographs from families belonging to both their own cultural groups and from different origins. Using photographs,

unrelated observers are also able to identify pairs of related children [31]. Additionally, same sex pairs of adult siblings can

also be identified by unrelated observers but recognition of opposite sex adult siblings appears to be much more difficult[17].

To help clarify the relationship between relatedness and self-resemblance, we examined the relationship between visual kin

recognition and genetic similarity using three different genetic systems: human leukocyte antigens (HLA), which are known as

the major histocompatibility complex (MHC) in non-human organisms, neutral microsatellites found in the nuclear genome,

and mitochondrial haplogroups. The HLA plays a critical role in immune response and regulation. HLA genes are highly

polymorphic and although frequently shared by related individuals [6], they typically differ between unrelated individuals.

While it is suggested that olfactory kin recognition cues are the consequence of an individual’s HLA genotype [42], the

relationship between HLA genotype and visual kin recognition has been unexplored. We hypothesized that individuals

identified as the most visually similar to study participants would share more HLA alleles compared to visually dissimilar

individuals.

2 Methods

Facial Images Twenty-three sets of related females living in Oklahoma were recruited for a total of 69 participants. Each

related set of three females will henceforth be called a “triad.” The University of Cambridge Human Biology Research Ethics

Committee approved our research (Application No. 2008.06) and each participant provided informed consent. All individuals

self-identified as Caucasian and all had similar skin tones. To minimize any differences in face coloration, and to standardize

background color of all photographs, we took black and white photographs of each participant. Participants removed makeup,
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facial jewelry and pushed their hair off their foreheads. Photographs were taken from one meter away under identical lighting

conditions. Participants assumed neutral expressions with closed mouth and open eyes. We used Adobe Photoshop CS3

for Windows to align the photographs, making each the same dimensions and aligning the eyes on the same x-axis. For all

surveys, we cropped the participant’s hair, ears, and neck from each photo and presented photographs of a facial image only.

Facial Similarity Tests To assess a participant’s perception of their own facial similarity to kin and non-kin, a Facial

Self-Recognition (FSR) test was administered. For the FSR, participants were shown an A2 sized piece of paper with photos

of the other 68 faces. Each participant was instructed to choose and then rank, in order of similarity, the three faces they

perceived as facially similar to themselves.

Laboratory methods and genotyping To evaluate the relationship between perceived facial similarity and genetic sim-

ilarity, we determined HLA-DRB genotypes, identified alleles for eight highly polymorphic, unlinked, microsatellite loci, and

sequenced each participant’s complete mitochondrial D-loop (also known as the hypervariable regions, HVI and HVII). Buccal

swabs and hair follicles were collected from all participants and samples were stored at room temperature for approximately

one month prior to extraction. A Chelex R© extraction protocol was used to obtain DNA from buccal swabs [41]. For two

samples, extractions from buccal swabs failed so a standard organic extraction procedure was used with plucked hair samples

[39].

We identified HLA-DRB genotypes using polymerase chain reaction (PCR) to amplify the highly variable second exon of all

HLA-DRB loci. Denaturing gradient gel electrophoresis (DGGE), followed by direct sequencing, was used to identify precise

DRB alleles [27]. All HLA sequences were compared to the IMGT/HLA Database (www.Imgt.org) to determine specific

HLA-DRB alleles. We grouped HLA-DRB alleles into eight serotypes, a designation of functional similarity determined by

allelic association with the same antibodies [18]. We did not group alleles into HLA supertypes because we found only four

different supertypes in our participant population.

Microsatellite (MSAT) loci with high rates of heterozygosity were amplified using PCR in multiplex reactions. Multiplex

polymerase chain reactions (PCRs) were prepared using Qiagen Multiplex PCR reagents (Manchester, UK), 60ng BSA

(Sigma, Haverhill, U.K.) and 450 nM each forward and reverse primers. We constructed three microsatellite multiplexes:

1) D1s533, D12s375 and D18s537, 2) D2s1326, D5s1457 and D9s9222 and 3) D13s317 and D3s1766. PCR was carried out

using a Techne Genius Thermal Cycler with the following cycling conditions: 95oC for15 minutes, then 40 cycles of 94oC

for 30 seconds, 58oC for 90 seconds) and 72oC for 60 seconds, followed by a final extension of 60oC for 30 minutes. We

analyzed amplicons using fluorescence and alleles for each locus were identified using PeakScanner2 software (Thermo Fisher,

Loughborough, U.K.). Mitochondrial DNA (mtDNA) HVI and HVII regions were PCR amplified and amplicons were directly

sequenced to determine each participant’s mitochondrial haplotype [20]. Supplemental Table S4 reports the HLA-DRB,

serotype, MSAT, and mtDNA genotype information for each individual.

Allele Sharing To measure allele sharing between participants we used the Degree of Individuality (D) index [44].

D =
2NAB

NA +NB
(1)

Where NAB = Total number of alleles (or HLA-DRB serotypes) shared between individuals A and B, NA = total number

of alleles (or serotypes) identified in individual A, NB = Total number of alleles (or serotypes) identified in individual B.

A D-score of zero indicates there were no shared alleles (or serotypes) between individuals and therefore a low chance of

relatedness. A D-score of one indicates that two individuals share all alleles (or serotypes) and therefore have a high chance
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of relatedness. A D-score of less than 0.25 indicates non-related individuals, while a D-score of equal or greater to 0.50

indicates a first-degree relationship (e.g., mother and daughter). Our predictions were that mothers and daughters would

possess a D-score of 0.50 and that sisters would also have D-scores of 0.50.

Statistical analyses To assess whether HLA-DRB and/or MSAT allele sharing was associated with perception of self-

similarity, we fit an exploded logit model. We selected this model because it can predict how different variables will affect

ranked data [1]. In this study, participants ranked self-similarity. Variables potentially affecting the ranked data included

genetic similarity, relatedness, and age difference. In this statistical framework, each participant i has a certain utility uij for

another individual j. Assuming that respondent i will give individual j a better rank than individual k when uij > uik, we

use the utility function to model the predictor variables: 1) the D-score, 2) coefficient of relationship, and 3) the absolute age

difference between each individual and the participant. To evaluate how much the genetic D-score altered the probability

that the person would be chosen based on phenotypic similarity to the participant, a linear combination of the three variables

was used,

uij < −AijβA +DijβD +RijβR (2)

Where Aij is the absolute value of the age difference, Dij is the genetic D-score, and Rij the coefficient of relationship

between the participant i and individual j. Values of Rij are based on the average genetic similarity a pair is predicted

to have. For example, mother-daughter: 50%, sisters: 50%, grandmother-granddaughter: 25%. For everyone outside a

participant’s triad we assumed 0% relatedness.

The likelihood of the model and the maximum likelihood estimates of βA, βD, and βR were found through Nelder-Mead

optimization. Standard errors were found by estimating the Hessian matrix and solving for the variance-covariance matrix.

Three variations of the model were fit and AIC goodness-of-fit scores were computed to compare model performance (Table

S1-S3). The R code [37] is found in the Supplemental Material.

3 Results

Related female triads included seventeen mother-daughter-daughter sets, four sister-sister-sister sets, and two grandmother-

daughter-granddaughter sets. We identified thirteen HLA-DRB alleles from six different HLA-DRB loci (HLA-DRB1, -DRB3,

-DRB4, -DRB5 and –DRB6), eight HLA-DRB serotypes, and an average of eight microsatellite alleles for each locus in our

23 triads. Nine mother-daughter pairs were HLA-DRB identical and eleven sister-sister pairs were HLA-DRB identical. We

found a relationship between HLA-DRB D-scores and MSAT D-scores between individuals (R-squared= 0.047, p= 1.45E-

51), suggesting that HLA-DRB allelic diversity is correlated with overall genomic diversity as measured by microsatellites

(Figure S1).

Our Facial Self-Recognition (FSR) tests required each participant to identify faces that they thought were the first, second

and third most similar to their own. (For FSR data table see Table S4). In all cases, a participant’s first and second choices

were the other members of their own triad. The third choice was, by necessity, an unrelated individual.

To test whether HLA-DRB D-score between participants in the FSR survey altered the probability of an individual being

chosen, we fit the exploded logit model specified above (Figure 1). The model incorporated D-scores, the coefficient of

relationship, and the age difference between each participant and the other 68 possible choices. Figure 1 shows that the

coefficient of relationship is an important predictor of choice. Each 0.25 above the average R score increased the probability

of an individual being chosen by 0.1. For each 0.1 D-score point above average between two individuals, the probability
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of an individual being chosen increased by a few percentage points. The same trend was observed for HLA-DRB serotypes

(Figure S2).

We also tested whether MSAT D-score for pairs of participants in the FSR survey altered the probability of an individual

being chosen, using the same logit model. A partial model, using only age difference and relationship as predictors, performed

the same as the full model based on AIC score (Table S3), suggesting that MSAT D-score does not increase the probability

of an individual being identified as visually similar. Using the full model, the MSAT plot reveals the same trend as the

MHC allele sharing plot: for each 0.25 above average R score the coefficient of relationship is an important predictor of an

individual being chosen (Figure 2). For each 0.1 D-score point above average, the probability of an individual being as

visually similar increases by a few percentage points, though the estimate for the MSAT D-score effect is less accurate, as

indicated by the wider confidence band. This result mirrors the positive correlation between MHC-DRB and MSAT D-score

(Figure S1). However, the equal probability of the full and partial models combined with the large confidence band leads

us to conclude that MSAT D-scores closer to one do not increase the probability of an individual being chosen as predictably

as HLA-DRB D-score.

4 Discussion

Our results revealed that family relationship is a strong predictor of self-referent kin recognition. As expected, each partici-

pant’s first two FSR choices were always individuals within their own triad. Third choices varied among the members of each

triad. Although the relationship curve plateaus because each participant has only two related individuals to choose from

within their 68 options, the D-scores are generally greater between the participants and their three choices when compared

to those not chosen. More specifically, as the D-score between two individuals increases, the probability of an individual

being chosen continues to increase, even outside each relatedness triad. This means that greater HLA-DRB allele sharing

increases the probability that an individual will be selected as “more similar” to the participant, even when the individual is

not directly related.

The overall HLA-DRB diversity in our study population was low and many unrelated individuals shared HLA-DRB alleles

and haplotypes. For our study, however, this was ideal since we were able to observe how an increase in HLA-DRB D-score

above population average increased the probability of an individual being chosen, suggesting that individuals are able to

distinguish their own kin and non-kin with greater HLA similarity and can differentiate between subtle differences in HLA

genotype. A study with no HLA sharing between unrelated individuals could not have revealed the same insights.

Although increases in MSAT D-score also reflected an increase in the probability of an individual being chosen, the

confidence intervals did not follow a strong positive trend, indicating that overall genetic similarity does not help distinguish

kin and non-kin as strongly as HLA-DRB similarity. As noted above, HLA-DRB scores significantly correlated with MSAT

D-scores in our dataset (p= 1.45E-51)(Figure S1), supporting previous conclusions that MHC similarity might be a reflection

of overall genetic similarity [35].

Genetic studies of chromosomal anomalies have found predictable relationships between facial traits, such as nasal bridge

and eyebrow shape or dental features, and microdeletions or translocations [9, 24] Facial similarity and perception of self-

resemblance in the present study is likely unrelated to genetic and chromosomal abnormalities. Therefore, the feasibility of

finding a positive relationship between genes and facial features is supported by previous studies of phenotype and chromo-

somal anomalies. While some research suggests that craniofacial morphology is at least partly due to genetic factors [5], the

direct relationship between facial morphology and genes remains controversial [10].
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HLA allelic similarity may manifest in facial cues that increase the probability of identification of self-resemblance in

humans. Our results indicate that other genetic markers, such as MSATs and mtDNA, do not have the same impact. Future

work should include HLA class I alleles and other nuclear genetic markers to clarify if specific HLA loci or haplotypes and/or

other genes are most important in visual kin recognition. As expected, mtDNA identity was observed among biologically

related females. Research on mtDNA haplogroups have shown a relationship between mtDNA and facial features. For

example, mtDNA haplogroups of East African origin occur more frequently in females with relatively longer faces [21].

Unfortunately, for our study, mitochondrial haplotypes were not sufficiently different between unrelated participants to test

our hypothesis using mtDNA. If we had found greater mitochondrial variation among our participants, we might have been

able to determine if perceived self-resemblance is correlated with sharing of mtDNA haplotypes.

The use of protocols that link DNA data to an individual’s identity (i.e., DNA profiling) have been the foundation of

forensic investigations for decades. Currently, efforts to develop panels of genetic markers for DNA-phenotyping are increasing

[40]. Forensic scientists can now survey the genomic backgrounds of individuals, in the context of genetic variation shared by

specific populations, to predict hair and/or eye color phenotypes and also ancestry [28]. In these studies, whole genomes are

examined and identification of locus-specific factors is not the object. Our results suggest that some genetic markers, such

as HLA-DRB, may have significant influence on phenotype. If this is the case, a large scale survey of HLA and facial feature

morphology may not only yield valuable insight for evolutionary biologists, but also forensic scientists.

Based on our extensive literature review, previous studies in humans examining the relationship between self-resemblance,

cooperative behavior and/or trust have not incorporated any real measure of genetic similarity between related or unrelated

individuals. Similarly, research testing unrelated judge’s perceptions of facial similarity among relatives has also not accounted

for actual genetic similarity in the relatives. As we have seen here, some mother/daughter, and even sister, pairs are 100%

genetically identical rather than just 50%, as predicted by Mendelian inheritance.

Perhaps some inconsistencies in results from previous studies described above reflect the fact that there may be more,

or less, genetic similarity between related individuals involved in experiments. Children sharing more HLA alleles with their

mother, for example, may be perceived as less similar to their fathers if the father/child pair shares only 50% of their alleles.

Contrastingly, children sharing more HLA alleles with their father might be viewed as less similar to their mothers. It would

be interesting to repeat earlier experiments evaluating perceived similarities in close relatives and incorporate HLA-DRB

genotyping.

In addition to olfaction, many nonhuman species also rely upon visual signals for kin recognition [38]. Studies of zebrafish,

for example, have shown that family-specific morphometry and pigmentation patterns are all influenced by MHC genotype

[26]. These visual cues are useful signals for kin recognition in zebrafish [26].

Given our reliance on vision, it would be advantageous for genes to help communicate similarity via facial cues. Indeed,

the ability to confirm relatedness and allele sharing through self-resemblance would facilitate preferential behavior toward kin

and, in turn, potentially increase the frequency of those shared alleles. In the future, it would also be interesting to control

for kin familiarity to determine how much self-resemblance is distinct from familiarity in humans. In our species, there are

many unanswered questions regarding the familiarity, self-resemblance, kin selection and mate-choice. The results of our

study suggest that direct measures of genetic similarity may provide valuable insight into these long-standing questions.
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5 Figures

Figure 1: Plotted exploded logit model fit to MHC allele sharing data
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Figure 2: Plotted exploded logit model fit to MSAT allele sharing data

9

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 7, 2020. ; https://doi.org/10.1101/2020.04.06.028134doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.06.028134
http://creativecommons.org/licenses/by-nc-nd/4.0/


References

[1] P. D. Allison and N. A. Christakis. Logit models for sets of ranked items, 1994.

[2] A. Alvergne, C. Faurie, and M. Raymond. Differential facial resemblance of young children to their parents: who do

children look like more? Evolution and Human behavior, 28(2):135–144, 2007.

[3] A. Alvergne, C. Faurie, and M. Raymond. Father–offspring resemblance predicts paternal investment in humans. Animal

Behaviour, 78(1):61–69, 2009.

[4] C. L. Apicella, F. W. Marlowe, J. H. Fowler, and N. A. Christakis. Social networks and cooperation in hunter-gatherers.

Nature, 481(7382):497–501, Jan. 2012.

[5] M. Barbosa, E. P. Vieira, C. C. A. Quintão, and D. Normando. Facial biometry of amazon indigenous people of the

xingu river - perspectives on genetic and environmental contributions to variation in human facial morphology. Orthod.

Craniofac. Res., 19(3):169–179, Aug. 2016.

[6] A. B. Begovich, P. V. Moonsamy, S. J. Mack, L. F. Barcellos, L. L. Steiner, S. Grams, V. Suraj-Baker, J. Hollenbach,

E. Trachtenberg, L. Louie, P. Zimmerman, A. V. Hill, M. Stoneking, T. Sasazuki, V. I. Konenkov, M. L. Sartakova, V. P.

Titanji, O. Rickards, and W. Klitz. Genetic variability and linkage disequilibrium within the HLA-DP region: analysis

of 15 different populations. Tissue Antigens, 57(5):424–439, 2001.

[7] S. Brédart and R. M. French. Do babies resemble their fathers more than their mothers? A failure to replicate christenfeld

and hill (1995). Evolution and Human Behavior, 20(2):129–135, 1999.

[8] P. Bressan and M. Grassi. Parental resemblance in 1-year-olds and the gaussian curve. Evolution and Human Behavior,

25(3):133–141, 2004.

[9] D. Carli, E. Giorgio, F. Pantaleoni, A. Bruselles, S. Barresi, E. Riberi, F. Licciardi, A. Gazzin, G. Baldassarre, S. Pizzi,

M. Niceta, F. C. Radio, C. Molinatto, D. Montin, P. L. Calvo, A. Ciolfi, N. Fleischer, G. B. Ferrero, A. Brusco, and

M. Tartaglia. NBAS pathogenic variants: Defining the associated clinical and facial phenotype and genotype-phenotype

correlations. Hum. Mutat., 40(6):721–728, June 2019.

[10] S. B. Carroll. Genetics and the making of homo sapiens. Nature, 422(6934):849–857, Apr. 2003.

[11] N. J. Christenfeld and E. A. Hill. Whose baby are you? Nature, 378:669, 1995.

[12] L. M. DeBruine. Facial resemblance enhances trust. Proc. R. Soc. B, 269(1498):1307–12, jul 2002.

[13] L. M. DeBruine. Trustworthy but not lust-worthy: context-specific effects of facial resemblance. Proc. R. Soc. B,

272(1566):919–22, may 2005.

[14] L. M. DeBruine, B. C. Jones, A. C. Little, and D. I. Perrett. Social perception of facial resemblance in humans. Arch.

Sex. Behav., 37(1):64–77, Feb. 2008.

[15] L. M. DeBruine, B. C. Jones, A. C. Little, and D. I. Perrett. Social perception of facial resemblance in humans. Archives

of Sexual Behavior, 37(1):64–77, Feb 2008.

[16] L. M. DeBruine, B. C. Jones, C. D. Watkins, S. C. Roberts, A. C. Little, F. G. Smith, and M. C. Quist. Opposite-sex

siblings decrease attraction, but not prosocial attributions, to self-resembling opposite-sex faces. Proceedings of the

National Academy of Sciences, 108(28):11710–11714, 2011.

[17] L. M. DeBruine, F. G. Smith, B. C. Jones, S. C. Roberts, M. Petrie, and T. D. Spector. Kin recognition signals in adult

faces. Vision research, 49(1):38–43, jan 2009.

[18] I. A. Doytchinova and D. R. Flower. In silico identification of supertypes for class ii mhcs. The Journal of Immunology,

174(11):7085–7095, 2005.

[19] A. T. C. Feistner and W. C. Mcgrew. Food-Sharing in primates: A critical review. In S. S. P. K. Seth, editor, Perspectives

10

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 7, 2020. ; https://doi.org/10.1101/2020.04.06.028134doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.06.028134
http://creativecommons.org/licenses/by-nc-nd/4.0/


in Primate Biology, volume 3, pages 21–36. Today and Tomorrow’s Printers and Publishers, 1989.

[20] L. Forster, P. Forster, S. Lutz-Bonengel, H. Willkomm, and B. Brinkmann. Natural radioactivity and human mitochon-

drial dna mutations. Proceedings of the National Academy of Sciences, 99(21):13950–13954, 2002.

[21] M. Hájek, V. Cerný, and J. Brůzek. Mitochondrial DNA and craniofacial covariability of chad basin females indicate

past population events. Am. J. Hum. Biol., 20(4):465–474, July 2008.

[22] W. Hamilton. The genetical evolution of social behaviour. ii. Journal of Theoretical Biology, 7(1):17 – 52, 1964.

[23] W. D. Hamilton. The genetic evolution of scoial behavior. II. J. Theor. Biol., 7:17–52, 1964.

[24] P. Hammond, F. Hannes, M. Suttie, K. Devriendt, J. R. Vermeesch, F. Faravelli, F. Forzano, S. Parekh, S. Williams,

D. McMullan, S. T. South, J. C. Carey, and O. Quarrell. Fine-grained facial phenotype-genotype analysis in Wolf-

Hirschhorn syndrome. Eur. J. Hum. Genet., 20(1):33–40, Jan. 2012.

[25] B. J. Hatchwell, P. R. Gullett, and M. J. Adams. Helping in cooperatively breeding long-tailed tits: a test of hamilton’s

rule. Philos. Trans. R. Soc. Lond. B Biol. Sci., 369(1642):20130565, May 2014.

[26] C. Hinz, K. Gebhardt, A. K. Hartmann, L. Sigman, and G. Gerlach. Influence of kinship and MHC class II genotype

on visual traits in zebrafish larvae (danio rerio). PLoS One, 7(12):e51182, Dec. 2012.

[27] L. A. Knapp, L. F. Cadavid, M. E. Eberle, S. J. Knechtle, R. E. Bontrop, and D. I. Watkins. Identification of new

Mamu-DRB alleles using DGGE and direct sequencing. Immunogenetics, 45(3):171–179, 1997.

[28] C. Lippert, R. Sabatini, M. C. Maher, E. Y. Kang, S. Lee, O. Arikan, A. Harley, A. Bernal, P. Garst, V. Lavrenko,

K. Yocum, T. Wong, M. Zhu, W.-Y. Yang, C. Chang, T. Lu, C. W. H. Lee, B. Hicks, S. Ramakrishnan, H. Tang, C. Xie,

J. Piper, S. Brewerton, Y. Turpaz, A. Telenti, R. K. Roby, F. J. Och, and J. C. Venter. Identification of individuals by

trait prediction using whole-genome sequencing data. Proc. Natl. Acad. Sci. U. S. A., 114(38):10166–10171, Sept. 2017.

[29] D. Lukas and T. Clutton-Brock. Social complexity and kinship in animal societies. Ecol. Lett., 21(8):1129–1134, Aug.

2018.

[30] S. J. Macfarlan, R. J. Quinlan, and E. Post. Emergent matriliny in a matrifocal, patrilineal population: a male

coalitionary perspective. Philos. Trans. R. Soc. Lond. B Biol. Sci., 374(1780):20180073, Sept. 2019.

[31] L. T. Maloney and M. F. Dal Martello. Kin recognition and the perceived facial similarity of children. J. Vis., 6(10):1047–

1056, Jan. 2006.

[32] S. M. Mattison, R. J. Quinlan, and D. Hare. The expendable male hypothesis. Philos. Trans. R. Soc. Lond. B Biol.

Sci., 374(1780):20180080, Sept. 2019.

[33] D. K. McLain, D. Setters, M. P. Moulton, and A. E. Pratt. Ascription of resemblance of newborns by parents and

nonrelatives. Evolution and Human Behavior, 21(1):11–23, 2000.

[34] R. Oda, A. Matsumoto-Oda, and O. Kurashima. Facial resemblance of Japanese children to their parents. Journal of

Ethology, 20(2):81–85, 2002.

[35] S. B. Piertney and M. K. Oliver. The evolutionary ecology of the major histocompatibility complex. Heredity, 96(1):7–21,

jan 2006.

[36] S. M. Platek and J. W. Thomson. Facial resemblance exaggerates sex-specific jealousy-based decisions. Evolutionary

Psychology, 5(1):147470490700500113, 2007.

[37] R Core Team. R: A language and environment for statistical computing, 2013.

[38] J. S. Ruff, A. C. Nelson, J. L. Kubinak, and W. K. Potts. MHC signaling during social communication. Adv. Exp. Med.

Biol., 738:290–313, 2012.

[39] J. Sambrook and D. W. Russell. Purification of nucleic acids by extraction with phenol: chloroform. Cold Spring Harbor

11

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 7, 2020. ; https://doi.org/10.1101/2020.04.06.028134doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.06.028134
http://creativecommons.org/licenses/by-nc-nd/4.0/


Protocols, 2006(1):pdb–prot4455, 2006.

[40] D. Sero, A. Zaidi, J. Li, J. D. White, T. B. G. Zarzar, M. L. Marazita, S. M. Weinberg, P. Suetens, D. Vandermeulen,

J. K. Wagner, M. D. Shriver, and P. Claes. Facial recognition from DNA using face-to-DNA classifiers. Nat. Commun.,

10(1):2557, June 2019.

[41] P. S. Walsh, D. A. Metzger, and R. Higuchi. Chelex 100 as a medium for simple extraction of DNA for PCR-based

typing from forensic material. BioTechniques, 10(4):506–513, apr 1991.

[42] C. Wedekind and D. Penn. Mhc genes, body odours, and odour preferences. Nephrology Dialysis Transplantation,

15(9):1269–1271, 2000.

[43] B. C. Wheeler. Selfish or altruistic? An analysis of alarm call function in wild capuchin monkeys, Cebus apella nigritus.

Anim. Behav., 76(5):1465–1475, Nov. 2008.

[44] E. J. Wickings and A. F. Dixson. Application of DNA fingerprinting in four Gabonese primates. In R. F. Martin and

E. J. Wickings, editors, Paternity in primates: Genetic tests and theories. 1992.

12

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 7, 2020. ; https://doi.org/10.1101/2020.04.06.028134doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.06.028134
http://creativecommons.org/licenses/by-nc-nd/4.0/

