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Abstract – North Africa has been historically a crossroad of many civilizations, human migrations 

and trade which are expected to have left distinctive footprints within the genome of indigenous cattle 

inhabiting this region resulting from co-migration with humans. The aim of this study was to 

investigate the phylogenetic relationship and admixture patterns between indigenous Tunisian, Iberian 

and Balkan cattle in relation to historical human trade and migration between these three regions. For 

this purpose we used data from 39 Tunisian individuals genotyped with the Illumina BovineSNP50 

BeadChipv2 followed by comparisons with six Spanish breeds, selected as being representative of 

Iberian cattle, and four Balkan populations. In addition to African taurine introgression into Iberian 

cattle (ranging from 10.3% to 16.2%) reported by previous studies, we found genetic evidence for a 

past gene flow between Iberian and North African cattle. Likewise, our analysis based on f3 statistics 

and the estimation of the amount of genetic differentiation between populations, clearly suggest a past 

gene flow between North African and Balkan cattle. Further, in addition to a common ancestry shared 

between the three cattle types, the model-based clustering showed that Tunisian cattle share with the 

Balkan populations, a second common ancestry that is not present in Iberian breeds. This finding 

suggests the presence of at least two-wave admixture between  North African and Balkan cattle. The 

first one carried North African alleles into Balkan populations through Iberian cattle while the second 

one occurred directly between North African and Balkan cattle (probably during the Ottoman empire 

control over North Africa between the 16th and the 19th century). Our phylogenetic analyses of cattle 

from three key-regions of the Mediterranean Basin show that the admixture patterns between cattle 

populations is most likely more complex than previously thought because of multiple-wave population 

admixture occurring at different periods of history. 
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 1. Introduction 

It is commonly accepted that the domestication of cattle took place from wild aurochs (Bos 

primigenius) between 8000 and 10,000 years ago. Most studies are in favour of at least two 

independent domestication sites where the first one is located in the Fertile Crescent and the second 

one is located in the Indus valley (Loftus et al. 1994). Cattle spread to many parts of the world in 

conjunction with human migrations. For example, they accompanied Neolithic farmers migration from 

the Near East into Greece and the Balkan region during the early part of the seventh millennium BC 

(Pinhasi and von Cramon-Taubadel, 2009). Later on, cattle became widespread all over Europe 

following at least two main routes. The first one is a land migration called the Danubian route where 

cattle moved along the Balkans into the plains of central and Northern Europe (Cymbron et al. 2005). 

The second migration route is sea-based and occurred along the Mediterranean coast into the Iberian 

peninsula (Spain and Portugal) through Corsica and Southern France (Price 2000). In addition to their 

Near Eastern origin, it has been shown that Iberian cattle were subjected to a substantial influence 

from African taurines (Cymbron et al. 1999 ; Decker et al. 2014). Archaeological studies reported that 

ancient domesticated African cattle were introduced from the first domestication center (i.e the Fertile 
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Crescent) through Egypt and the Horn of Africa in about 5000 BC (Payne and Hodges 1997). These 

cattle spread across northeast and northern Africa where they interbred with wild aurochs, which were 

native to the region causing their divergence from European and asian taurines (Decker et al. 2014). 

Although many studies brought genetic evidence for an African taurine influence on the Iberian cattle, 

there is not yet any direct genetic evidence of past admixture between Iberian and North African cattle 

because of the lack of North African DNA samples. Recently, using medium density SNP arrays, it 

has been shown that these latter possess an admixed South European X African origin (Ben Jemaa et 

al. 2015; Ben Jemaa et al. 2018). For their part, indigenous Balkan and Anatolian cattle breeds were 

shown to form one of the five major groups that can be distinguished within European breeds using 

genetic markers (Felius et al. 2014). Analysis of mtDNA showed that the T3 haplogroup was 

dominant in most of Balkan cattle breeds (Ivanković et al. 2014). Despite the ottoman presence in 

North Africa (except Morocco) during the course of three centuries from 1574 to 1881 (Hathaway and 

Barbir, 2014), there is no evidence of cattle migration between North Africa and the Balkans during 

this period. In the present study, we sought to investigate the phylogenetic relationship and admixture 

patterns of cattle populations sampled from Tunisia (as representative of North African cattle), Spain 

(as representative of the Iberian cattle) and the Balkans using medium-density SNP chips. 

 2. Material and methods 

 2.1. Genotyping 

For the purpose of this study, we selected genotypes of 39 Tunisian samples available from a previous 

study using the BovineSNP50 BeadChip Ver. 2 (Ben Jemaa et al. 2018). We combined these 

genotypes with those available from individuals belonging to Iberian taurines (6 breeds), Balkan 

taurines (4 breeds) and one African taurine population (N’Dama). In addition, we included genotyping 

data from 20 Bali cattle (Bos javanicus domesticus) which was used as outgroup in our phylogenetic 

analysis. The genotyping data were available from Decker et al. 2014. Genotyping data for 49 233 

SNPs were available on these breeds. The number of animals per breed ranged from 5 to 39 (Table 1). 

 2.2. SNP quality control and marker selection 

We used PLINK ver.1.9 (Purcell et al. 2007) for genotyping data quality control. Samples genotyped 

for less than 85 % of markers, SNPs genotyped for less than 75 % of the animals and those with MAF 

less than 0.05 were discarded. Using these criteria, 10423 SNPs were removed due to missing 

genotype data and 4223 SNPs were removed due to MAF threshold which led to 34 587 SNPs spread 

over all autosomal chromosomes kept for further analysis. 

 2.3. Phylogenetic analysis 

We used various methods to investigate relationships between the populations of the study. First, the 

pairwise fixation index (FST) between populations was estimated using Genepop 4.6 software 

(Rousset 2008). Second, we inferred patterns of splits and mixtures of the 13 populations using 

TreeMix (Pickrell and Pritchard 2012) and by setting Bali cattle as a rooting outgroup. We built a 

phylogenetic tree of these populations and began to add migration events (modeled as edges) to the 

phylogenetic model. Migration edges were added until 0.9989 % of the variance in ancestry between 

populations was explained by the model. The residuals from the fit of the model to the data were 

visualized using the R script implemented in TreeMix.  
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Table 1. Sample description: The population name, the population abbreviation, the geographic origin, the number of 

individuals (N) and the data origin of each population. 

Population name Abbreviation Geographic origin N Data origin 

Anatolian Black ABB Turkey 25 Decker et al. 2014 

Illyrian Mountain Buša IMB Albania 25 Decker et al. 2014 

Cika SIC Slovenia 24 Decker et al. 2014 

Bali BALI Indonesia 20 Decker et al. 2014 

Berrenda en Colorado BC Spain 5 Decker et al. 2014 

Tunisian local TUN Tunisia 39 Ben Jemaa et al. 2018 

Busha BU Balkans 6 Decker et al. 2014 

Cardena Andaluza CAR Spain 5 Decker et al. 2014 

Mostrenca MOST Spain 5 Decker et al. 2014 

Negra Andaluza NGA Spain 5 Decker et al. 2014 

N’dama ND1 Africa 14 Decker et al. 2014 

Pirenaica PIR Spain 5 Decker et al. 2014 

Sayaguesa SA Spain 5 Decker et al. 2014 

 

 2.4. Population structure and admixture 

Principal component analysis (PCA) was performed with the adegenet R package (Jombart 2008) and 

results were visualized using the same package. To further quantify the different ancestry proportions 

of the populations of the study, we carried out an unsupervised hierarchical clustering using 

Admixture 1.23 software (Alexander et al. 2009). Distruct software (Rosenberg, 2004) was then used 

to graphically display ancestry within each individual. 

In order to provide further support for a past admixture between populations, we ran the THREEPOP 

program implemented in TreeMix. This program calculated f3 statistics for all possible triplets from 

the populations. If a population A is a mixture of two other populations B and C, the Z-score 

computed for each tested triplet would have a significant negative value. 

 3. Results 

 3.1. Phylogenetic analysis and admixture 

Pairwise FST analysis revealed that the Anatolian Black (ABB) and the Illyrian Mountain Buša (IMB) 

had the lowest values with the Tunisian population (0.0482 and 0.0535, respectively). For their part, 

Iberian breeds had higher FST values with the Tunisian population (ranging between 0.0609 for 

TUN/PIR to 0.0823 for TUN/SA). Among the Balkan populations, IMB and Busha (BU) had the 

lowest FST values with the Iberian breeds (ranging from 0.0283 for IMB/PIR to 0.061 for BU/SA). It 

is also worth noting that Balkan breeds had low to moderate pairwise FST values (<0.07) while 

Iberian breeds showed low pairwise FST values (0.019 <FST<0.058). Treemix results  are shown in 

Figure 1. The proportion of the variance in ancestry between populations explained by the model 

began to asymptote at 0.9989 when 7 migration edges were fit. We have found a substantial level of 

gene flow between the Tunisian cattle and the common ancestor of the Iberian breeds (~34%) as well 

as between Cika (SIC) and the Iberian Pirenaica (PIR) (14%). Additionally, TreeMix placed a 

migration edge from SIC to Busha (BU) (46%). We also found significant amounts of gene flow 

between an ancestral population in Asia (which lived after divergence from Bali cattle) and the 

Anatolian Black cattle (~24%). Likewise, low levels of African taurine introgression were detected 

into the Iberian breeds which occurred before their divergence. 

The major part of highly significant f3 statistics suggests African and Balkan cattle admixture as well 

as African and Iberian cattle admixture into the Tunisian local cattle (Table 2). Additionally, Nine of 

the most significant f3 statistics showed that Anatolian Black cattle is admixed with a non-taurine 

population that is not present in our sample and either with a Balkan or an Iberian breed. 
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Figure 1. Maximum likelihood tree constructed with TreeMix, inferred from the 13 cattle populations of the study when 7 

migration events (modeled as arrows) were allowed. Migration arrows are colored according to their weight. 
 

Table 2. The most significant twenty f3 statistics for the populations of the study 

Triplet f3 statistic standard error Z-score 

ABB;IMB,BALI -0.0146897 0.000298291 -49.2464 

ABB;BALI,SIC -0.0173176 0.000383886 -45.1113 

TUN;IMB,ND1 -0.00660949 0.000164249 -40.2408 

TUN;SIC,ND1 -0.00757355 0.000196261 -38.5891 

ABB;BALI,PIR -0.0165354 0.00043397 -38.1027 

ABB;BALI,BC -0.0165257 0.00045911 -35.9951 

ABB;BALI,SA -0.0167017 0.000479577 -34.8259 

ABB;BALI,BU -0.0136108 0.000390966 -34.8133 

ABB;BALI,CAR -0.0160803 0.000469558 -34.2456 

ABB;BALI,MOST -0.0160235 0.000485277 -33.0192 

ABB;NGA,BALI -0.0152911 0.000464538 -32.9167 

TUN;ND1,PIR -0.00668897 0.000209356 -31.9503 

TUN;BU,ND1 -0.00596899 0.000204737 -29.1544 

TUN;BC,ND1 -0.00632184 0.000220299 -28.6966 

ABB;BALI,TUN -0.00929421 0.000336359 -27.6318 

TUN;NGA,ND1 -0.00615698 0.000223031 -27.6059 

TUN;ND1,MOST -0.00639723 0.000231914 -27.5845 

TUN;ND1,SA -0.00619436 0.000231093 -26.8046 

TUN;CAR,ND1 -0.00590753 0.00022803 -25.9068 

TUN;ABB,ND1 -0.0030478 0.000159783 -19.0747 

ABB;BALI,ND1 -0.00524157 0.000526811 -9.94963 

 

 3.2. Population structure 

Principal component analysis was carried out to establish the relationship among the populations of 

the study (Figure 2). The first and the second components (PC1 and PC2) explained 15.7 % and 4.92% 

of the variation, respectively. PCA grouped individuals in clusters according to their populations of 

origin. IMB and BU were placed near Iberian cattle while these were grouped  close to each other in a 

reduced area. For their part, Tunisian individuals were placed at an intermediate position both between 

Iberian and Anatolian Black (according to PC1) and between African and European cattle (according 

to PC2). Bali individuals showed the highest dispersion around their center of gravity while among 

Balkan breeds, ABB individuals showed the highest one. 
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Figure 2. PCA results of allele frequencies obtained from 34,587 SNPs genotyped in 183 cattle individuals from 13 

populations (PC1: 15.7 % and PC2: 4.92 %). ABB=Anatolian Black; IMB=Illyrian Mountain Buša; SIC=Cika; BALI=Bali; 

BC=Berrenda en Colorado; TUN=Tunisian local; BU=Busha; CAR=Cardena Andaluza; MOST=Mostrenca; NGA=Negra 

Andaluza; ND1=N’dama; PIR=Pirenaica; SA=Sayaguesa. 

To infer patterns of admixture and the proportions of ancestral populations, we carried out a model-

based unsupervised hierarchical considering different K numbers of predefined clusters (Figure 3). In 

the K=2 model, all taurines were assigned to a single cluster. N’Dama (ND1), Tunisian and Balkan 

populations showed however few traces of non-taurine introgression in their genome. When K was set 

to 3, the African taurine ND1 was separated from the European cattle. Tunisian individuals were 

mainly composed of African and Euopean ancestries (58% and 41%, respectively) while all Balkan 

cattle except SIC showed also a significant amount of African taurine introgression in their genome 

(ranging, on average, from 11% for IMB to 23.6% for ABB). Similarly, African taurine introgression 

was detected in all Iberian breeds ranging, on average, between 13% for to Mostrenca (MOST) to 

14.16% for Cardena Andaluza (CAR). At K=5, Tunisian cattle, BU, IMB and most of ABB 

individuals shared a substantial common ancestry with the Iberian cattle (ranging from 21% to 49%). 

Furthermore, Tunisian individuals showed a second common ancestry (different from the first one) 

with ABB, IMB and BU that is not present within Iberian breeds (blue color). 
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Figure 3. Unsupervised hierarchical clustering of the 183 individuals from the 13 populations. Results for k (number of 

clusters) = 2, k=3, k=5 are shown. Individuals are grouped by population (separated by black lines). Each individual is 

represented by a vertical bar. The proportion of the bar in each of k colors corresponds to the average posterior likelihood that 

the individual is assigned to the cluster indicated by that color 

 

 4. Discussion 

In this study, we aimed at investigating the genetic relationship between Tunisian, Iberian and Balkan 

cattle using medium density SNP chips. Previous studies showed that Tunisian cattle have low degree 

of divergence from the ancient cattle population that lived in the area hundreds of years ago (Ben 

Jemaa et al. 2015). Furthermore, this population was shown to have the same genetic structure as 

Algerian indigenous cattle (Ben Jemaa et al. 2018). Therefore, we can consider that the Tunisian local 

cattle are representative of the indigenous cattle population that lived in Northern Africa.  

Among the populations of the study, Anatolian Black and Tunisian individuals showed the highest 

genetic heterogeneity. This is reflected in the higher dispersion of these individuals around their center 

of gravity in PCA (Figure 2) and in Admixture results (K=5 ; Figure 3). In contrast, Iberian breeds 

have a homogeneous genetic structure (though low levels of admixture with other foreign breeds are 

still observable) that results from the use of rigorous breeding schemes. 

Our results support previous studies which reported a significant direct influence of African cattle 

(ND1) on the Iberian breeds (e.g Cymbron et al. 1999; Anderung et al. 2005; Decker et al. 2014). 

Nonetheless, because of the absence of samples from North Africa, none of these studies reported 

direct genetic evidence for North African influence on Iberian cattle. Carvajal-Carmona et al. (2003) 

inferred such influence by studying the diversity of mtDNA in Colombian criollo Cattle. Likewise, we 

previously reported an indirect genetic evidence for a past gene flow between Tunisian and Iberian 

cattle when we found low levels of genetic differentiation between the Tunisian and the Creole breed 

from Guadeloupe (CGU) as the latter was introduced in the Caribbean islands by Spanish and 

Portuguese conquerors after the second trip of Columbus in 1493 (Ben Jemaa et al. 2015). The present 

study brings a direct genetic evidence for a past admixture between North African and Iberian cattle 

which occurred before the divergence of Iberian breeds. 

Furthermore, most of studies reported exportation patterns from Africa to Iberia, either during Muslim 

control of the Iberian peninsula (711-1492) (Payne 1978; Cymbron et al. 1999) or earlier, during the 

Bronze age (3300 to 1200 B.C) (Anderung et al. 2005)). Studies reporting cattle exportation in the 

opposite direction are much less frequent (e.g Decker et al. 2014). 

According to Genepop results, among the Iberian breeds, Pirenaica (PIR) had the lowest FST value 

with Tunisian cattle (0.0609) while Sayaguesa (SA) and Mostrenca (MOST) had the highest ones 

(0.0823 and 0.0816, respectively). This difference is more likely due to the higher amount of genetic 

drift that occurred for SA and MOST breeds owing to a higher reproductive isolation (This is shown 

through a longer branch length on the phylogenetic network and higher FST values with the closest 

Iberian breed). 

In this study, we also shed light on the phylogenetic relationships and admixture between North 

African and Balkan cattle. To our knowledge, no previous genetic studies reported past cattle 

admixture between these two regions. Our f3 statistics results, the low genetic differentiation and the 

high admixture levels between the Tunisian population on one hand and Anatolian Black, Illyrian 

Mountain Buša and Busha on the other hand, all suggest a past gene flow between North African and 

Balkan cattle. Interestingly, in addition to the common ancestry shared with Balkan and Iberian 
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populations, Tunisian cattle share a second common ancestry with three Balkan populations, that is not 

present in Iberian cattle (Figure 3, K=5). Furthermore, we found lower level of differentiation between 

Tunisian and Balkan populations compared to that between Tunisian and Iberian breeds. Besides, f3 

statistics, pairwise FST and Treemix bring strong evidence of gene flow between Iberian and Balkan 

cattle. Taken together, these three observations indicate the presence of at least two-wave admixture 

between North African and Balkan cattle. The first one carried North African alleles into Balkan 

populations through Iberian cattle while the second one occurred directly between North African and 

Balkan cattle. We believe that this gene flow took place during the ottoman rule in North Africa 

lasting from the mid-16
th
 century until the French Conquest of Tunisia in 1881. 

Decker et al. (2014) reported that Anatolian breeds have introgression from African taurine. According 

to our results, African taurine introgression into ABB breed may come from North Africa. Besides, 

Treemix placed two migration edges originating from a remote position from BALI into ABB and 

IMB indicating introgression from an unsampled population into Balkan cattle. Previous studies 

suggest that this unsampled population belongs to indicine cattle (Decker et al. 2014; Upadhyay et al. 

2017).  

We also observed signals of past hybridization between Iberian and Balkan cattle (Figure 1, Table 2). 

Pairwise FST values suggest that the relationship between these two populations is closer than that 

between Tunisian and Iberian breeds. The same argument indicates a closer relationship between 

Iberian and Balkan cattle than between Tunisian and all of the Balkan breeds except the Anatolian 

Black who showed a surprisingly lower FST value with Tunisian cattle, thus indicating that these two 

populations are historically more connected than they do with the Iberian breeds. This finding 

provides further support for the hypothesis put forward by Decker et al., (2014) who considered that 

modern Anatolian breeds do not represent the taurine populations originally domesticated in this 

region. 

 5. Conclusions 

The results of the present study have several important implications for understanding the complex 

history of cattle breed formation and admixture in several key geographic regions such as North 

Africa, Iberian and Balkan regions. Most importantly, the present study shed light, for the first time, 

on the close genetic relationship between North African and Balkan cattle owing to multiple-waves 

admixture occurring at different periods of history. Finally, our study brings for the first time a direct 

genetic evidence of past gene flow between North African and Iberian cattle which occurred in both 

directions. 
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