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Spatial patterns of single nucleotide polymorphisms (SNPs) support a 

scenario of secondary contact in Iberian honey bees (Apis mellifera iberiensis) 
M. Alice Pinto1, Julio Chávez-Galarza1, Dora Henriques1, José Rufino1, João C. Azevedo, J. Spencer Johnston2 

1CIMO, Centro de Investigação de Montanha, Instituto Politécnico de Bragança, Campus de Sta. Apolónia, Apartado 1172, 5301-855 Bragança, Portugal 
2Dept. of Entomology, Texas A&M University, College Station, Texas 77843-2475, USA 

Results 

Analysis 

Genotyping 

Sampling 

 Dissecting diversity patterns of organisms endemic to Iberia has been 

truly challenging for a variety of plant and animal taxa, and the Iberian 

honey bee (A. m. iberiensis) is no exception.  

 Here we used a genome-wide data set of 309 neutrally-tested SNPs, 

scattered across the 16 honey bee chromosomes, which were 

genotyped in 711 honey bee individuals. These SNPs were analyzed 

along with an intergenic locus of the mtDNA. The two markers revealed 

the existence of a strong and concordant structure supporting a 

process of secondary contact.  

 A total of 711 individuals (each representing a single colony) was 

collected across 3 North-South transects in Iberia (Fig. 1).  

 A panel of 383 SNPs was genotyped for the 711 individuals using the 

GoldenGate Assay and the Genome Studio software of Illumina. Of the 

383 SNPs, 309 were selectively neutral (Chávez-Galarza et al. 2013). 

We owe special thanks to beekeepers from Spain and Portugal for their valuable help in obtaining samples. Antonio Pajuelo 

provided the contacts of Spanish beekeepers. DNA extraction and SNP genotyping were performed by Colette  Abbey. 

Special thanks to Margarida Neto, Andreia Brandão and Irene Muñoz for collaborating in the sampling.  JC-G and DH are 

supported by Fundação para a Ciência e Tecnologia (FCT) through the scholarships SFRH/BD/68682/2010 and 

SFRH/BD/84195/2012, respectively. This research was funded by FCT and COMPETE/QREN/EU through the project 

PTDC/BIA-BEC/099640/2008 and BiodivERsA-FACCE2014-91. 

 

Fig. 1 – Map of the Iberian Peninsula showing the centroids of the sampling sites at each transect (AT, Atlantic; CT, 

central; MT, Mediterranean), sample size per site (n), site codes (CT1 to MT6). Sampling drones from hives.  

 Mitotypes were assigned to the western European (M) or African (A) 

lineage. 

 Relationships among the mtDNA sequences were inferred using the 

median-joining network algorithm (Bandelt et al. 1999) in NETWORK 

4.6.1.1.  

 Populational structure was inferred from 309 neutrally-tested SNPs 

using STRUCTURE 3.4. 

 Spatial structure was inferred from the 309 SNPs using the model-free 

multivariate spatial principal component analysis (sPCA) in 

ADEGENET. 

 A median-joining network of the tRNAleu-cox2 mtDNA region reveals the 

presence of 2 highly divergent ( A and M) lineages in Iberia. The 2  lineages 

show a highly structured geographical pattern.  Mitotypes of M ancestry were 

predominant in the northeastern half of Iberia whereas mitotypes of A 

ancestry were virtually fixed in the southwestern half (Fig. 2).  

Introduction 

 Membership proportions (Q) inferred by STRUCTURE from the 309 SNPs were 

contrasted with mtDNA data, at both sampling site and individual levels (Fig. 3). At 

the sampling site level, the partitioning of neutral SNP variation into 2 clusters 

corresponded remarkably to M and A mtDNA lineages (r = 0.81, P-value < 0.0000). 

At the individual level, the correlations were weaker (r = 0.60), yet significant (P-

value < 0.0000), suggesting differential gene flow among genomic compartments. 

Fig. 2 - Median-joining network of the tRNAleu-cox2 mtDNA region. The African (A) and western European (M) mitotypes 

form two divergent lineages. The sizes of the circles size are proportional to the mitotype frequencies. The pie charts 

displayed in the Iberian map show the frequencies of the A and M mitotypes at each sampling site.  
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Fig. 3 - Maternal pattern and estimated structure inferred from the 309 SNPs with STRUCTURE (K=2). 

Vertical plots display the mitotype (A in red; M in blue) and the membership proportions (Q) for each of the 

711 individuals. Horizontal bar plots show mitotype frequencies (top) and the mean Q in blue and red clusters 

(bottom) at each sampling site.  

The interpolation of the first global score, which was associated 

with a strong autocorrelation (Moran’s I = 0.639), detected 2 

clusters forming a cline (Fig. 4a).  

The second global score (Moran’s I = 0.560) clearly 

differentiated the 4 northernmost sampling sites of the Atlantic 

transect and the southern half of central and Mediterranean 

transects (Fig. 4b).  

The third global score (Moran’s I = 0.443) further partitioned the 

Atlantic populations into 2 groups (north and south) and the 

southern half of central transect (Fig. 4c).  

The northern half of the central transect was differentiated by the 

fourth global score producing a Moran’s I = 0.392 (Fig. 4d).  

 

 The tRNAleu-cox2 mtDNA intergenic region was sequenced in both 

directions and the sequences were aligned using MEGA 5.06. 

 While the global test corroborated the presence of global spatial structure (max(t) = 0.0017; P-value = 0.0001), there was also structure at the local 

level (max(t) = 0.0019; P-value = 0.0001). The first local score (Moran’s I = -0.075) highlighted the differences among individuals of northern Atlantic 

and central transects (Fig. 4e) while the second local score (Moran’s I = -0.071) differentiated the individuals from sampling sites in the middle part 

of the central transect (Fig. 4f). 
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Fig. 4 - Analysis of global and local structures sPCA  using 309 neutral SNPs. Each square represents the score of an individual, which is 

positioned by its spatial coordinates. (a–d) The first four global scores of sPCA. (e–f) The first two local scores of sPCA. 
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