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From genomes to holobionts: can the reanalysis of large-scale bee sequencing projects open new perspectives?

Thibault Leroy
GenPhySE, Université de Toulouse, INRAE, ENVT, Castanet Tolosan 31326, France

Up to now, the BeeGEES lab, based in Toulouse, France, has resequenced more than 2,700 complete honey bee genomes,
including 1,200 haploid drones and 1,500 queen genomes reconstructed from sequencing pools of workers using a pool-
seq strategy. With this extensive dataset, our lab has generated fundamental insights into the population genomics
of honey bees, shedding light on their population structure, long-term evolutionary history, and recent demographic
trajectories in the context of modern beekeeping. Additionally, we have explored the genomic architecture of key traits
associated with varroa resistance, contributing to a better understanding of their genetic basis. Beyond presenting these
recent advances in honey bee genomics, this talk aims to introduce a new perspective: how reanalysis of large sequencing
projects can help us better describe the bee holobiont, composed by the bee and its associated microbiota.

In practice, population genomics studies rely on mapping sequencing reads to a reference genome or a pangenome.
However, unmapped reads - those that do not align with the reference - are assumed to be non-bee DNA and are discarded
at the very first stages of analysis. Here, we propose that these unmapped reads contain valuable information and could
provide new insights into the biological communities associated with bees. The presentation will focus on an ongoing
study in which these unmapped reads are meta-assembled to reconstruct genomic information about the associated
communities. In the long term, this approach could pave the way for in-depth metagenomic characterization of both
bees and their associated organismes, including pathogens, using already available data. This would contribute to a more
integrative understanding of bee biology and health.



Figs M e %Bee
GenPhySE §GEES

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee BEE GENOM'CS

OOOOOOOOOOOOOO

» From genomes to holobionts:

can the reanalysis of large-scale bee
sequencing projects open new perspectives?

Thibault Leroy
BeeGEES lab, GenPhySE, INRAE Toulouse, France

I N RM env+ ’ Aefnole INIS UNIVERSITE 49th APIMONDIA Congress [SCANDINAVIA 2025
Lot NP @isiss September 24th, 2025




Plant-bee pollinators as agroecological continuums
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Population structure in Western Europe
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Complex population structure and haplotype patterns
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Western European honey bee from sequencing a large panel of

David Wragg' @ | Sonia E. Eynard'® | Benjamin Basso® | Kamila Canale-Tabet® |

3 main genetic backgrounds (K=3) in Western Europe
Black (M-lineage), yellow (C) and Caucasian (O) honey bees

-------- o e | . , ,
SR o8- 9 genetic groups in this dataset (K=9):
5 EEEEEEY I§ e Black honey bees (M) subdivided in 4 groups (within A. m. mellifera & iberiensis subsp)
® oter ||m ® Yellow honey bees (C) subdivided in 3 groups (within A. m. carnica & ligustica subsp)
® Asingle Caucasian group (O) in our dataset (A. m. caucasia)
® A specific background found for the Buckfast lineage
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Same dataset: estimating diversity and the impact of modern beekeeping
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Same dataset: estimating diversity and the impact of modern beekeeping
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Reusing these data:

- We precisely estimate the levels of
diversity in the nine genetic groups

- Inferred recent changes due to beekeeping

A. ceranaA. dorsata A. laboriosa Iberiensis Mellifera Mellifera Caucasia Carnica  Carnica  Carnica Royal Jelly Buckfast
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Identifying genetic basis for resistance to varroa

Sequence-Based Multi Ancestry Association Study Reveals
the Polygenic Architecture of Varroa destructor Resistance

X
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Université Paris-Saclay. Jouy-en-Josas, France

1508 pools of workers (PoolSeq, colony level) mapped against HAv3.1

Ligustica & Carnica Mellifera Caucasia Hyb+rids

703 A. m. carnica or ligustica (yellow honey bees, C)
407 A. m. mellifera (black honey bees, M)

21 A. m. caucasia (Caucasian honey bees, O)

382 hybrids (Q-values < 0.8)

Genetic background [ Ligustica & Carnica [l Melitera [l Caucasia
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1508 pools of workers (PoolSeq, colony level) mapped against HAv3.1 DNA extraction

Ligustica & Carnica Mellifera Caucasia Hybrids

703 A. m. carnica or ligustica (yellow honey bees, C)
407 A. m. mellifera (black honey bees, M)

21 A. m. caucasia (Caucasian honey bees, O)

382 hybrids (Q-values < 0.8)

Genetic background [ Ligustica & Carnica [l Melitera [l Caucasia

Different phenotypes (varroa counts, recapping, MNR, ...)

HAv3.1
reference
genome

Varroa resistance is substantially heritable (0.065-0.331)... _ _ _
Mapping & Variant Calling
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Same dataset: describing sources of microbiota variation
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Genetic background

No significant differences in the level of infestation
depending on the genetic backgrounds (M, C or O)

Selecting colonies well assigned to the three genetic
backgrounds (M, C or O) with very high or low
infestation level:
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with a high Carnica
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with a low
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Total: 177 colonies
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More non-mapped reads for highly

nfested colonies ?
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Taxonomically assigning non-bee reads 111 bacterial families:
5 main families: ~ % of all sequencing reads
’ \ﬁ KAIJU

- Orbaceae (24.8%)
- Lactobacillaceae (24.0%)
- Neisseriaceae (6.3%)
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What shapes the diversity of the bee microbiota ?

a-diversity: within-colony diversity
28 : Microbial diversity tends to be greater in

colonies with high Varroa loads
. Shannon: p-value < 1.10#, R?=0.082; Simpson: p < 1.10%, R?=0.093
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What shapes the diversity of the bee microbiota ?

a-diversity: within-colony diversity

55 - Microbial diversity tends to be greater in
colonies with high Varroa loads
. Shannon: p-value < 1.10#, R?=0.082; Simpson: p < 1.10%, R?=0.093
:a A s g .
9241 o . .. . . oy
21 . - Identification of bacterial families whose
©
S| e abundances covary with Varroa loads
S ()
9 E Positive relationships: Negative relationships:
'O gl e.g. Flavobacteriaceae e.g. Bifidobacteriaceae
o | 3 ,.
4 : S s
- -§ | . ‘.
z
1.6 C . p-value 0.019, §| oo
g : - T g p-value 0.007,
; R2=0.041
0 10 20 30 40 o § o ' o T
Phoretic varroa load ’ » P —— N 3 . PO U ”
ﬂ o ﬂ o
INRAZ o o
From genomes to holobionts: can the reanalysis of large-scale bee sequencing projects open new perspectives? p. 24

49th Apimondia congress - Thibault Leroy (BeeGEES, GenPhySE, Toulouse, France) - 24 September 2025



What shapes the diversity of the bee microbiota ?

p-diversity: among-colony diversity

pairwise comparisons similar microbiota...
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What shapes the diversity of the bee microbiota ?
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Conclusions

Sharing and reusing sequencing data allows to:
" Generate new knowledge in areas the original authors may not have anticipated
'@*\i\ ’ ‘Win-win strategy’: opportunities for collaboration with the original authors (incl. publications)

Ensures that valuable research continues... even in the face of grant proposal rejections!!

From genomes to holobionts: what shapes the diversity of the bee microbiota ?

Within-colony diversity: Among-colony differences:
A bacterial B o honey bee genetics
diversity -7 Varroa bringing its " . .
PRELIMINARY - . . , (b) shape variation in
WORK g own diversity? | o 0 : : ..
o - microbiota composition
Varroa infestation 0.2 0.0 0.2 0.4 (along many other factors!)
PCoA1

What’s next ?

Soon applying this approach to the full dataset (177 — 1,508 colonies), also incl. eukaryotic microbiota

=  Expanding the catalog of genomes of honey bee-associated organismes (i.e. MAG reconstruction)
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