
Supplementary Figure 1: Host population genetics analysis.  
(a) k-Selection plot for k = 2 to 20 mutual k-nearest-neighbours and (b) accompanying 
network at k = 10, illustrating the 2 clusters (n) identified by the Infomap algorithm. 
Network nodes have been replaced with pie charts illustrating the ADMIXTURE results 
based on 4 genetic backgrounds.   



 
Supplemental Fig. 2: Rarefaction plot of micro-organisms identified. Mean 

species richness is displayed for all samples at each of the sequencing depths 

analysed: 50X reference genome coverage (a), 25X reference genome coverage (b) 
and 17X reference genome coverage (c). Each count on the x-axis represents a contig 

matching a unique species in the rDNA SILVA database while total number of species 

is displayed on the y-axis. 

  









 

 



Supplementary Figure 3: Taxonomic summary of contig clusters 
Clusters associated with honey bee cobionts including mean base coverage per contig 

(y axis) for each sample (x axis) and associated blobplot for (a) Bartonella apis, (b) 
Gilliamella apicola and (c) various Lactobacillus species, (d) a cluster of 

heterogeneous core taxa, (e) a cluster of contigs specific to sample 3, (f) clusters of 

contigs with poor annotation, (g) Lotmaria passim, (h) Nosema apis, (i) Nosema 

ceranae and (j) a community of species including Ascophaera apis (associated with 

chalkbrood), Varroa destructor and Apis mellifera filamentous virus. 



Supplementary Figure 4 Metagenomic binning analysis of Eukaryotic cobionts. 
Eukaryotic genome assembly and annotation completeness was analysed with 

Benchmarking Universal Single-Copy Orthologs (BUSCO) for the species indicated in 

the y-axis.  

  



Supplementary Figure 5: PCR based identification of known and putative Apis 
mellifera cobionts. Mean base coverage/contig (y axis) matched with the taxa 

indicated for each sample (x axis) against PCR bands for (a) Bartonella apis, (b) 
Nosema ceranae, (c) Lotmaria passim and an (d) a putative gregarine derived contig 

from Cluster 239 (e) BLAST results of PCR product sequences from (d) and rDNA. 



Supplementary Table 1. Samples 1 to 4 were sequenced at depths of both 50 and 

25 times reference genome coverage. All other samples were sequenced once at 

the depth indicated. 

Sample 
ID Vice county and postcode Collection 

organized by Coverage 
% mapped 

to 
reference 

Colony Information 

1 Shropshire (SY8) Roslin Institute 50X 89.4 A. m. mellifera 
breeding project 

2 Fifeshire (KY13) Roslin Institute 50X 97 A. m. mellifera 
(Colonsay Queen) 

3 Ayrshire (KA23) Roslin Institute 50X 92.1 Buckfast 

4 Moray (IV36) Roslin Institute 50X 91 Carniolan 

5 Angus (DD3) SASA 25X 88 Scottish population 

6 West Lothian (EH48) SASA 25X 93.3 Scottish population 

7 Midlothian (EH25) Roslin Institute 25X 95.9 Scottish population 

8* Shropshire (SY8) Roslin Institute 25X 88.8 A. m. mellifera 
breeding project 

9* Fifeshire (KY13) Roslin Institute 25X 97.3 A. m. mellifera 
(Colonsay Queen) 

10* Ayrshire (KA23) Roslin Institute 25X 91.2 Buckfast 

11* Moray (IV36) Roslin Institute 25X 89.9 Carniolan 

12 Warwickshire Fera 17X 91.1 A. m. mellifera 
(England) 

13 Cambridgeshire Fera 17X 93.7 A. m. mellifera 
(England) 

14 Norfolk Fera 17X 86.2 A. m. mellifera 
(England) 

15 Wigtownshire (DG9) SASA 17X 82.2 Scottish population 

16 Banffshire (AB45) SASA 17X 89.4 Scottish population 

17 Argyllshire (PA38) SASA 17X 90.5 Scottish population 

18 East Ross and Cromarty 
(IV8) SASA 17X 89 Scottish population 

19 Mid Perthsire (PH6) SASA 17X 88 Scottish population 

20 Selkirkshire (TD7) SASA 17X 92.1 Scottish population 

21 East Perthshire (PH1) SASA 17X 87 Scottish population 

22 Lanarkshire (G74) SASA 17X 87.2 Scottish population 

23 West Inverness-shire 
(PH41) SASA 17X 77.1 Scottish population 

*Technical replicates of Samples 1-4. 



Supplementary Table 2 The top 34 species ID hits, cumulative span, bit score and 

number of contigs (count) derived from de novo assembled non-reference matching 

reads. 

Species Phylum Span Score Count 
Gilliamella apicola Proteobacteria 2.12E+07 2.15E+09 4828 
Snodgrassella alvi Proteobacteria 7.68E+06 1.29E+09 1816 
Frischella perrara Proteobacteria 8.18E+06 7.30E+08 1200 
Bartonella apis Proteobacteria 1.17E+07 6.23E+06 2694 
Serratia fonticola Proteobacteria 3.64E+05 4.18E+05 177 
Klebsiella oxytoca Proteobacteria 2.52E+05 3.57E+05 139 
Parasaccharibacter apium Proteobacteria 2.39E+06 1.89E+05 251 
Hafnia alvei Proteobacteria 1.77E+05 1.87E+05 65 
Acinetobacter johnsonii Proteobacteria 1.28E+05 1.50E+05 65 
Klebsiella michiganensis Proteobacteria 9.46E+04 1.13E+05 46 
Saccharibacter floricola Proteobacteria 2.73E+06 9.28E+04 208 
Lotmaria passim Trypanosomatida 2.40E+07 1.33E+08 6340 
Lactobacillus kimbladii Firmicutes 2.15E+06 4.16E+08 524 
Lactobacillus kullabergensis Firmicutes 1.67E+06 3.41E+08 503 
Lactobacillus sp. wkB8 Firmicutes 9.47E+05 1.82E+08 183 
Lactobacillus melliventris Firmicutes 2.88E+06 1.37E+08 574 
Lactobacillus helsingborgensis Firmicutes 1.88E+06 1.14E+08 318 
Lactobacillus kunkeei Firmicutes 2.51E+06 1.09E+08 421 
Lactobacillus mellis Firmicutes 3.31E+06 1.07E+08 436 
Lactobacillus mellifer Firmicutes 2.33E+06 3.90E+07 176 
Lactobacillus sp. wkB10 Firmicutes 1.26E+06 2.69E+07 346 
Paenibacillus larvae Firmicutes 6.21E+05 2.94E+06 127 
Melissococcus plutonius Firmicutes 3.71E+05 2.18E+06 25 
Nosema apis Microsporidia 7.05E+06 1.77E+07 932 
Nosema ceranae Microsporidia 5.30E+06 8.41E+06 598 
Bifidobacterium asteroides Actinobacteria 5.20E+06 8.72E+08 1057 
Aspergillus flavus Ascomycota 4.81E+04 6.32E+06 11 
Ascosphaera apis Ascomycota 2.92E+06 3.61E+05 805 
Apis mellifera Arthropoda 1.74E+05 5.48E+04 83 
Apis cerana Arthropoda 1.40E+05 3.61E+04 63 
Varroa destructor Arthropoda 5.37E+05 3.02E+04 51 
Apis dorsata Arthropoda 8.50E+04 2.04E+04 42 
Apis florea Arthropoda 8.06E+04 1.68E+04 35 
Sambucus williamsii Streptophyta 2.94E+04 3.70E+04 13 
Trifolium repens Streptophyta 3.26E+04 2.22E+04 19 
Spiroplasma apis Tenericutes 3.98E+04 1.76E+03 10 
Apis mellifera filamentous virus Viruses-undef 1.67E+04 1.40E+04 12 
Apicystis bombi Apicomplexa 8.33E+03 5.89E+02 3 
no-hit* no-hit 6.22E+06 0.00E+00 3264 
undef* undef 5.25E+06 5.44E+05 1864 
*No-hit” = no match in our database. “Undef” = blast hits lacking "phylum" annotation. 
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