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Figure S1 Classification results on the HoloBee database using Kraken 2.
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Figure S2 Box-plot diagrams of the bacterial composition of the microbiome. Dots in the

diagram show outliers.
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Comment S1. Comment on annotation tools classification

While the number of bacterial reads is estimated with high accuracy, this tool predicts

the number of gene copies, not the real abundances [1]. Kraken 2 is known to generate a

small percent of false-positives [2]. Removing false-positives and misclassified taxa from

analysis is still a very complicated process because Kraken 2 finds not the exact

metagenomics group but maps sequence to the tree and extract related taxa [2,3]. Tools often

misclassify species [4], so we use only genera. We hypothesize that some bacteria genera still

may have been misclassified. Different approaches to increase taxa classifying credibility

[1,3–7] does not suit our data. Most other programs annotate only Gilliamella apicola reads,

so evaluation using a few different approaches for Bacteria species could not be done. For

numerous groups, we assume misclassification for Buchnera and Plantactinosopra as other

Enterobacteriaceae, Gammaproteobacteria, and Micromonosporaceae, Actinomycota species

respectively. Buchnera aphidicola is an obligate endosymbiont of aphids [8], but also was

identified as a molecular signature in liver and other substrates metagenomes [9–11].

Plantactinosopra was previously detected mainly from plant microbiomes [12], while Kraken

2 sometimes characterizes microbial signatures from different sources in this way [9,13–17].

Kaiju classified only 22000 reads on the RefSeq database. 97% of that diversity

belongs to Bacteria, and other is almost only unclassified viruses. More than 78% of the

classification is made up of Gilliamella apicola reads. But it classifies more than 8000 reads

on a custom fungal database, whereas Kraken 2 predicts only few taxonomic units.

All samples were infected by Varroa destructor and some also by Apis mellifera

filamentosus virus (AMFV), which was confirmed by Kraken 2 and Kaiju both on similar

levels.

The abundance of none of the classified species ever exceeds 5% of the total fungal

diversity. The total content of classified reads of fungi is almost at the same level, especially

if Gilliamella is excluded from the classification (Figure S3). On the one hand, it is an

indicator of fungal diversity consistency. On the other hand, most variance in both classified

and bacteria amounts refer to Gilliamella level.
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Figure S3. Relationship between the number of all classified (left) and bacterial (right) reads

and the number of classified fungal reads. Each dot shows a different sample.
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Figure S4. Composition of fungal sequences in the microbiome based on Kaiju results on

Fungi database. The side colors indicate the hive and sampling frame, while the column sizes

correspond to the percentage of all reads.
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Figure S5. Composition of organism sequences in the microbiome based on Kraken 2 results

on HoloBee database. The side colors indicate the hive and sampling frame, while the column

sizes correspond to the percentage of all reads.

6



Figure S6. Alpha diversity measures on a full dataset based on genus classifications.

Threshold for taxa amount used in analysis was 10-5. Legend: stage, purple - larvae, yellow -

pupa; hive, 1st - purple, 2nd - yellow.
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Figure S7. Beta diversity Jaccard measures on different dataset parts. Full dataset has been

assembled from all other subsets - Fungi and Bacteria genus and Virus species annotations.

Threshold for taxa amount used in analysis was 10-5. Legend: stage, purple - larvae, yellow -

pupa; hive, 1st - purple, 2nd - yellow.
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Figure S8. Beta diversity Bray-Curtis measures on different dataset parts. Full dataset has

been assembled from all other subsets - Fungi and Bacteria genus and Virus species

annotations. Threshold for taxa amount used in analysis was 10-5. Legend: stage, purple -

larvae, yellow - pupa; hive, 1st - purple, 2nd - yellow.
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Figure S9. Bacteria clustering results using ward.D2 clustering method and euclidean

distance.
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Figure S10. Correlation of top-50 Bacteria taxa by log2 number of reads in samples. Size and

color represent correlation levels. Clustering between taxa performed using euclidean

distance and complete method.
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Figure S11. tSNE of the most represented genera. Full dataset has been assembled from all

other subsets - Fungi and Bacteria genus and Virus species annotations. Number of

generations is 1000. Text labels for clusters (see description in text).
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Figure S12. Box-plot diagrams of microbiome compositions. Dots in the diagram show

outliers. Taxa whose number of representatives reliably differs between stages are marked

with circles.
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Figure S13. Functional analysis distribution results obtained using InterProScan across 4

databases. The y-axis indicates automatically generated p-value of classification. On the

x-axis is a number of scaffolds. Scaffolds were sorted based on their length. Test was

performed on the IDBA-UD pooled assembly. Genes were annotated with prodigal.
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Figure S14. Functional analysis (top) and results protein signatures (bottom) generated using

InterProScan. The x-axis indicates the number of genes from the IDBA-UD pooled assembly.

Genes were annotated with prodigal.
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