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ABSTRACT 
Objectives 

 

The investigation of the evolution of cultural and genetic traits and how they interact 

represents a vibrant area of research in evolutionary genetics, whose dynamics are 

particularly relevant for our species. One of the key assumptions of the “gene-culture 

coevolution” framework is the co-inheritance of cultural and genetic traits. A corollary of 

the model is that culturally defined groups with a unique (or a limited number of) 

common origin(s) whose membership is inherited only through the male or female line 

are expected to show a relatively low intragroup variation for genetic markers similarly 

transmitted. Across human societies this is expected to be the case for cultural 

toponymies and family names within patrilineal and matrilineal groups considered in 

association with the non-recombining region of the Y chromosome (NRY) and the 

mitochondrial DNA (mtDNA) portion of the genome, respectively. This study aims at 

exploring the degree of correlation between culture and genetics by investigating the 

genetic variation of culturally and geographically defined groups. 
 

Methods 

 

We analysed the genetic variation at NRY and mtDNA in 181 individuals from the 

Basotho, a Southern African patrilineal population from Lesotho, in combination with 

information about group membership and geographic origin. 
 

Results 

 

Our results show that: a) the genetic distance between individuals belonging to the 

same culturally-defined group is lower than the population as a whole when NRY 

markers are considered; b) cultural traits have a bigger impact than geography for the 

within-group variation of Y chromosome, but not mtDNA; c) within-group genetic 

variation is compatible with a more homogeneous origin for less common groups. 
 



Conclusions 

 

Our results provided additional evidence for the relevance of the dual inheritance model 

(culture and genetics) in understanding the patterns of human genetic variation, as 

implied by gene-culture co-evolution theory. 



INTRODUCTION 

 

The dynamics through which an individual is recognised as a member of a group 

represents a critical part of the mechanism which defines the identity of a person. In 

many human societies shared origins are the basis for granting group membership: a 

group of individuals all claiming a direct connection, along the male or female line, to a 

common ancestor, often a relevant figure in the history and/or mythology of the 

community. These “descent groups” can be organised in various layers and can play a 

significant role in shaping the social dynamics within a population. The clan, here 

defined as a group of households reporting a shared ancestry, refers to an intermediate 

level within the hierarchical structuring of a given society, distributed between lineages 

(many of which are combined together to form a clan) and tribes (which are formed by 

multiple clans, (Murphy, 1986). Clans are often named after totems (Lévi-Strauss, 

1963), symbolic animals particularly relevant within the cosmology of the group. In most 

human societies clan membership is patrilineal, that is children inherit the lineage of the 

father (Parkin and Stone, 2007). 

 

Given their relevance in the everyday life of group members, it is relevant to ask the 

degree through which clan affiliation is a social construction. Do people who belong to 

the same clan also share a common origin? Chaix et al. (2004) addressed this question 

in patrilineal Central Asian populations and found that clans, and lineages within, did 

show evidence of common origins. However the same pattern was not observed for 

tribes, which in turn resulted in a combination of different clans whose members claimed 

a mythical common ancestor possibly to reinforce their unity. Support for a correlation 

between genetics and claimed ancestry was also provided for the origin of the 

Cameroonian Nso’ dynasty, whose Y chromosome haplogroup composition was shown 

to be compatible with one of the oral histories about its foundation (Veeramah et al., 

2008). More recently, a correlation between Y chromosome variation and clan affiliation 

within a single village in Ghana has been observed (Sanchez-Faddeev et al., 2013). 

Common origin was also shown for individuals sharing the same surnames, the western 

societies version of patrilineally inherited social markers (Solé-Morata et al., 2015; 



Martinez-Cadenas et al., 2015). Spanish and British (but not Irish) surnames, showed a 

correlation between surname occurrence and genetic diversity: the more common a 

surname was, the less genetically homogenous its bearers were (McEvoy and Bradley, 

2006; King and Jobling, 2009; Martinez-Cadenas et al., 2015).  One aspect that has not 

been properly explored in previous investigations has been the role played by 

geography in shaping the observed within-group genetic similarity. A number of reports 

have highlighted the correlation between geographic and genetic distance between 

populations and individuals (Ramachandran et al., 2005; Prugnolle et al., 2005; 

Novembre et al., 2008). While the study of Chaix et al (2004) was based on semi-

nomadic groups, both the Cameroonians and the western European populations 

investigated for surnames belong to patrilocal groups. Both traits being patrilineally 

inherited, the distinct roles played by group membership and residency are more 

complex to disentangle. The increased diversity observed within common surnames 

could be due simply to their polygenic origin but geographic distribution might still play a 

relevant role in shaping such diversity. These observations leave open the question of 

what the strongest predictor for genetic similarity is: geography or group affiliation. In 

order to further explore the way cultural and biological elements are connected to each 

other in their intergenerational transmission, we investigated the genetic variation as 

shown by Y chromosome STRs and mtDNA sequences within a sample of Basotho from 

Lesotho for which cultural and geographic information was available (Marks et al., 2012; 

Marks et al., 2014). In doing so, we asked three questions: 

i) Are individuals belonging to the same Basotho clan genetically more similar to 

each other than a random sample? 

ii) What influences genetic similarity the most: geographic proximity or group 

membership? 

iii) How does the combination of geography and group affiliation affect genetic 

diversity among Basotho? 

By addressing these questions we provided new insights into the relationships between 

cultural practises and genetic diversity in human populations. 



MATERIALS AND METHODS 
 

Samples 

 

Detailed information of the samples here investigated is available in Marks et al. 2012 

and Marks et al. 2014. Briefly, we used a dataset composed by male individuals that 

claimed having all four grandparents belonging to the Basotho population. Information 

on their clan and subclan affiliation, their place of birth and village of residency was 

provided during sampling. Furthermore, the corresponding information (except the 

village of residency) for their parents (F: Father, M: Mother) and grandparents (GF: 

Grandfather, GM: Grandmother) were also provided when possible. 

All the samples were previously analysed for 17 NRY STRs and for mitochondrial DNA 

hyper variable region I (from positions 16040 to 16383). For the Y chromosome, the 

analyses were performed on 15 STR loci haplotypes after the removal of the bi-allelic 

marker DYS385. The final dataset comprised 181 individuals with no missing molecular 

data (Supplementary table 1). 

 

Statistical Analysis 

 

Metadata Analysis. We explored the relationship between the clan and the place of birth 

of the donors versus those of the parents and grandfathers (GFM: grandfather (mother), 

GFF: grandfather (father) and grandmothers (GMM: grandmother (mother) GMF: 

grandmother (father)). 

We graphically represented these associations via circos plots (Krzywinski et al., 2009) 

using the R package circlize (Gu et al., 2014; Ihaka and Gentleman, 1996), where for 

each donor the association between the two variables is reported as a ribbon linking the 

two elements. The width of the ribbon is proportional to the number of individuals 

showing such a link. 

We tested for non-random association between all the variables (considering parents 

and grandparents separately) via a X2 test and the p-value has been computed trough a 

Monte Carlo test with 1,000 replications. In details, the expected probability of observing 



a match (mismatch) for a given variable has been estimated as (1- ), 

where pC is the frequency of the variable in the dataset. The expected number of total 

matches and mismatches were estimated on the number of pairs reported for that 

variable and compared to the observed values. We explored in this way the degree of 

non-random association between donors and parents in relation to their clan, place of 

birth and village of residence. We similarly explored the degree of correlation between 

the three variables for the donors, the number of expected matches based on the sum 

of products of the frequency of the status of each variable in the two datasets 

compared. 

 

Genetic analysis. We estimated the genetic distance between all the analysed 

individuals using their NRY and mtDNA haplotypes. For the Y chromosome haplotypes 

we used the Manhattan distance (Krause, 1986), which is the total number of mutational 

steps linking two haplotypes across the 15 STRs here analysed. For the mitochondrial 

DNA, we estimated the total number of sites which differed between each pair of 

haplotypes. All the calculations were performed using the R software and the functions 

dist and dist.dna, implemented in the packages STATS and APE (Paradis et al., 2004). 

Samples were pooled according to different variables (clan, sub-clan, village of 

residency [village], place of birth [PoB] for donors, their parents and grandparents) and 

related distributions were constructed by estimating the distance metrics between 

donors sharing the same character within a given variable (e.g. clan: it comprises all the 

comparisons between individuals belonging to the same clan, estimated over all the 

clans). We also estimated the same distances for pools of samples intersecting the clan 

with village or PoB of the donors (same village ∩ same clan; same PoB ∩ same clan). 

A Wilcoxon test (Wilcoxon, 1945) was performed to test for significant differences in the 

distribution of the genetic distances when different variables were considered. A 

Bonferroni correction was introduced to correct for multiple comparisons. 

We extended this analysis to take into account the occurrence of a given clan in the 

population. Given the small number of individuals often found in the less common clans 

in our database (Table 1), we divided the dataset in two groups (common vs rare) 

according to the size of each clan as reported in Ellenberger (1912), or considering the 



observation of their occurrence in our dataset (number of donors belonging to a given 

clan). In details, we considered a clan as rare, when its effective or sample size was 

lower than 20,000 and 5, respectively. For the first approach we considered only those 

clans for which the effective size was available (Table 1). The two criteria generated 

similar but not identical groups (see Table 1, values in bold). We calculated the total 

number of pairs of haplotypes having less than 3 differences (0-2) within each clan, 

grouped the results in common and rare clans, and performed a X2 test between the two 

groups, as defined using the two clustering criteria, and the p-value have been 

estimated trough 1,000 Monte Carlo simulations. The range of mutational steps was 

chosen in accordance to the average number of differences observed in clusters within 

rare, very rare, and medium frequency surnames in Spanish, non-R1b Y chromosomes 

analysed for the same set of STRs, which better represent chromosomes with a recent 

single common origin (Martinez-Cadenas et al., 2015). 



RESULTS 
 

Metadata analysis 

 

We analysed a dataset composed of 181 Basotho individuals from Lesotho, whose 

cultural and geographic information had been recorded. The percentage of donors, 

parents and grandparents for whom the information here shown is available is reported 

in Supporting Table 1. With the exception of the sub-clan (available in 16-72% of cases), 

other records (place of birth, clan and sub-clan affiliation for donor, parents and 

grandparents) were recorded in at least 62% of the cases (Supporting Table 1). 

The degree of correspondence for clan affiliation and place of birth (PoB) between the 

donors and their relatives has been explored by circos plots, as described in the 

Material and Methods section (Figure 1). As expected in a group where membership is 

paternally determined, there is a full correspondence between the clan of the donors 

and their paternal male ancestors, confirming that, at least in the last generations, a full 

patrilineal inheritance for clan affiliation has been implemented (Figure 1A). We noted 

that the association was also statistically significant for the clan of the donor and of their 

grandmother (Father: GMF, p= 9e-04) and grandfather (Mother: GFM, p=9e-04). When 

tested for clan-based assortative mating (mother-father pairs, n=181) a non-random 

association was found (Figure 1A; note that given a full match between the clans of 

fathers and donors, the test between clan donor and clan mother is equivalent to the 

one between clan father and clan mother). However, clans resulted distributed in a non-

homogenous way across the geographic regionsand villages from which samples were 

collected in Lesotho (Supporting Figure 1,Table S1b; Marks et al, 2012; 2014),  a result 

that possibly explains the non-random pattern of unions between clans. The importance 

of geography in affecting a spouse’s clan is further supported by the observation that all 

the comparisons along the male and female line involving the place of birth resulted in 

statistical significance (p= 0.0009, Figure 1B), in line with the fact that the vast majority 

of marriages occurred between people residing in the same village (number of couples 

from same village= 117 out of 179; Marks et al, 2012).  

 



Genetic Analysis 

 

We assessed the existence of significant differences in the genetic distance between 

individuals within the whole population when compared to a subset of samples defined 

according to their geographical or cultural affiliation. 

When compared to the whole Lesotho sample, the Y chromosome distribution of genetic 

distances estimated within clans, subclans, same village ∩ same clan, same place of 

birth ∩ same clan, all resulted as significantly smaller (p < 0.05; after Bonferroni 

correction, Figure 2A). On the other hand, none of the geographical variables 

considered singularly showed a significant deviation from the distribution of the whole 

Basotho sample (with the exclusion of the place of birth of the grandmother (Mother: 

GMM) (Figure 2A) 

Similar comparisons based on the mtDNA distribution of genetic distances gave no 

significant differences from the reference Lesotho sample, except when individuals born 

in the same village were considered (Figure 2B). 

Analysis of European surname diversity has provided evidence for a correlation 

between surname frequency and genetic heterogeneity (King and Jobling, 2009; 

Martinez-Cadenas et al., 2015). To assess the possibility that a similar pattern might 

also be present in relation to group membership, we pooled the individuals into two 

groups according to how common a clan was. We used two sets of criteria to determine 

the occurrence of a given clan: one based on historical data collected in previous 

ethnographic investigations; the other mirroring the clan distribution in our sample 

(Table 1). In both cases, the number of pairs having a genetic distance lower than 3 

mutational steps is statistically lower in the “rare clan” group than the “common clan” 

group (p = 0.038, X2=6.011 and p=0.017, X2=7.457). 



DISCUSSION 

 

Group membership represents an important cultural trait in most  human societies. An 

individual is often recognized as a member of a group by the claim of an ancestral link 

with a relevant/mythological founder. The transmission of this membership can occur 

along the female or the male line (Radcliffe-Brown and Forde, 1987). In this context, 

clans, a group of families reporting a shared ancestry, are in most case patrilineally 

inherited, even if exceptions exist (Barnard, 2008). 

Our analyses of group affiliation in Lesotho provided useful insights into the dynamics of 

cultural transmission in the Basotho populations. In concordance with a patrilineal 

inheritance pattern, we found a complete correlation for clan affiliation along the male 

line, suggesting that the shift of affiliation has been an extremely rare event, at least in 

the few last generations. 

 

The observation of statistically significant matches between the clan of the donor and 

GMF and GMM, could be interpreted as a preference of marriage between individuals of 

the same clan, even if the presence of differential clan distribution in the village cannot 

be excluded. Furthermore, we found that in all the comparisons, people tend to marry 

more often than not individuals from the same location, confirming that geography is an 

important factor shaping mating patterns (Wijsman and Cavalli-Sforza, 1984;Cavalli-

Sforza and Feldman, 1981). 

The pattern of genetic variation observed for the paternally transmitted Y chromosome 

markers showed a strong correlation with patrilineal cultural traits. We observed that the 

Y STRs haplotypes genetic distances are statistically lower between individuals 

belonging to the same clan and sub-clan than the variation observed within the whole 

population, providing a positive answer to question i) (are individuals belonging to the 

same Basotho clan genetically more similar than a random sample?). On the other 

hand, with the exception of GMM (p= 0.001), none of the genetic distances estimated 

considering geographical information (village and place of birth) were statistically more 

different than  the Lesotho population. This could be interpreted as greater influence of 

cultural affiliation on the genetic structure of Basotho population. (ii. What does 



influence the most genetic similarity: geographic proximity or group membership?).  

Interestingly, when the geographical information is considered together with group 

membership (same clan and same PoB or same village), the distribution is significantly 

smaller than the Basotho grouped by clan (p=0.004 and p=0.007 for village and place of 

birth, respectively) or considered as a whole (p=0.0005 and p=0.0019 for village and 

place of birth, respectively) . This is consistent with a scenario where cultural affiliation 

plays a major role in shaping the distribution of genetic variation, with a secondary 

contribution by geography (iii. How does the combination of geography and ancestry 

affect genetic diversity among Basotho?), in line with the metadata analysis where the 

comparisons between donors and their parents were statistically significant for non-

random association of their PoB. 

The results for the mitochondrial DNA were in line with the expectations for a patrilineal 

society. No significant reduction of mtDNA diversity was observed for any variable taken 

in consideration. Only people born in the same place showed to be more similar to each 

other for mtDNA haplotype than the Basotho as a whole, possibly due to the observed 

behaviour of unions occurring mostly between people born in the same village. 

The predictive value of genetic similarity on the basis of shared cultural traits here 

reported is paralleled by surnames in western societies. Such parallel extends to the 

correlation between genetic variation and frequency of clan. We in fact observed that 

less common clans, as for surnames, are genetically more homogeneous than the more 

common ones. As suggested for surnames, this is consistent with a less heterogeneous 

origin for rare groups; more common ones have probably experienced multiple origins, 

cuckoldry events and/or membership shift.  The latter appears to have been less 

relevant over the last generations if we considered information provided by donors, who 

reported a perfect match between the clan of the father and offspring. 

 

While the importance of migration rates and migration distances in relation to residential 

norms has been previously investigated (Marks et al, 2012), the results we presented 

here showed that geography, here in the form of co-residency as the result of reduction 

in male mobility, increases NRY similarity (but not mtDNA) only when other cultural 

aspects (e.g. group membership) are considered. The reported cumulative effect 



underlines the complexity of disentangling intertwined traits when addressing the impact 

of culture on the genetics of human populations and suggests once again the need for 

considering the wider context when genetic data is analysed in relation to culture 

(Kumar et al., 2006). 

 

CONCLUSIONS 

 

The impact of culture on human genetic variation has been analysed in relation to the 

modification of selective pressures and degree of population structure (Laland et al., 

2010); Heyer et al., 2012).  According to gene-culture co-evolution theory, individuals 

inherit both genetic and cultural information, the two elements being mutually 

interconnected. The feedback loop implied by this dual transmission model is shaped by 

the fidelity of the process and the degree of co-inheritance of the two systems (Laland 

et al, 2010).  Our results provided additional evidence for the relevance of the dual 

inheritance model in understanding the patterns of human genetic variation, as implied 

by gene-culture co-evolution theory (Cavalli-Sforza and Feldman, 1981, Scott-Phillips et 

al., 2014). Additional work specifically focusing on the degree of fidelity for different 

cultural traits (as for example in food preferences) is expected to shed further light on 

these co-evolutionary dynamics. 
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LEGENDS 
 

Figures 

Figure 1: Distribution of donors' and their ancestors’ cultural (A) and geographic (B) 

affiliation. Each circos plot depicts the relationship between the clan (A) or place of birth: 

PoB (B)) of the donors and their ancestors. The width of sector and ribbons is 

proportional to the frequency of groups or their combination, respectively. 

 

Figure 2: Distributions of genetic distance of Basotho subsamples based on their 

cultural/geographic affiliations. We estimated the genetic distance between each pair of 

individuals in subgroups defined by donors’ self-affiliation and compared with the whole 

Basotho sample by the meaning of Wilcoxon test. Boxes in light and dark grey 

represent subsamples for which the distribution is significantly lower than the whole 

Basotho population (leftmost plot) with p< 0.05 and p< 0.01 (after Bonferroni correction), 

respectively. 

 

Figure S1: Clan and sampling region. Distribution of the analysed clans in the 6 

geographical regions where samples were originally collected (Marks et al, 2012, 2014). 

 

Tables 

Table 1: Number of people belonging to observed clans as reported by participants (n) 

or previously reported (Ellenberger, 1912). Values in bold indicate sample size/census 

size <  5/ 25 000, and therefore, were considered as rare in the analysis (excluding 

clans with only 1 individual; see methods).  

 

Table S1: Dataset used for the analysis described in the manuscript. a) Ethnographic 

 data analysed in this study. Each variable has been coded by a random number. b) 

Distribution of clans in different villages c) 15 STRs Y chromosome haplotypes. d) 

Mitochondrial DNA sequences. 

 

Table S2: Meta-data available for the 181 individuals in the dataset (in percentages). 
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