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Effect of host genetics on gut microbiota composition in an italian 
honeybee breeding population
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ABSTRACT 
Honeybees host a specialised gut microbiota composed of five ever-present bacteria, which 
undergo seasonal variation in their proportions. The objective of this study was to investigate 
how host genetics can affect the microbial composition of the honeybee gut over a 5-month 
sampling period. Seventy-seven colonies from eight maternal genetic lines were sampled from a 
breeding population located in Lombardy, Italy. The colonies have been selected since 2015 for 
three different traits, using isolated mating stations for reproduction. Worker bees were sampled 
three times: June, July and October 2021. From each colony, gut from ten worker bees were 
pooled, and the V3-V4 region of the 16S rRNA gene was amplified and sequenced. Statistical 
analyses were conducted in the R environment to assess the impact of genetic lines, timepoints, 
and their interaction on a-diversity and b-diversity. Results for a-diversity showed a significant 
effect of genetic line on the Simpson index, as well as a consistent effect of the timepoint. 
Specifically, genetic line H showed a lower Simpson index, and this line also produced less 
honey in the same years, suggesting a genetic influence on both microbiota richness and honey 
yield. For b-diversity, results revealed that the month of sampling had the strongest effect, while 
no significant differences were identified for the genetic line or their interaction.
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Introduction

Honeybees harbour a specialised gut microbiota pri
marily located in the distal part of the gastrointestinal 
tract (ileum and rectum), with fewer bacteria present 
in the proximal area (crop and midgut), which are 
mainly environmental species (Martinson et al. 2012). 
Differences between queens and workers and 
between adult bees and larvae are present, due to 
caste-specific factors and distinct diets (Kapheim et al. 
2015; Tarpy et al. 2015).

However, all adult workers host a core microbiota, 
composed of 5 ubiquitous bacterial genera that remain 
consistently present despite environmental variations: 
Bifidobacterium, Lactobacillus, Bombilactobacillus (for
merly Lactobacillus Firm-4), Gilliamella, and Snodgrassella 
(Kwong and Moran 2016). Additionally, bacteria such as 
Bartonella apis, Apibacter adventoris, Frischella perrara, 
and Acetobacteraceae are often found in the gut of many 
worker honeybees (Kwong and Moran 2016).

Various studies conducted worldwide in different 
climatic areas agree on a significant seasonal shift in 
honeybee gut microbiota composition, with a 
decreased level of a-diversity in winter compared to 
summer (Ludvigsen et al. 2015; Subotic et al. 2019; 
Ke�snerov�a et al. 2020; Bleau et al. 2020; Almeida et al. 
2023). Furthermore, as in mammals, the gut micro
biota of bees is socially transmitted and serves vital 
symbiotic functions, including complementing host 
nutrition, facilitating dietary breakdown, and support
ing colony health and resilience against pathogens 
(Kwong and Moran 2016; Engel and Moran 2013).

Given the pivotal role of microbiota in maintaining 
bee well-being, it is increasingly important to study 
the intricate relationship between honeybees and 
microbiota to mitigate the current global decline in 
bee populations (Le Conte and Navajas 2008; Le 
Conte et al. 2010; Henry et al. 2012). This decline is 
alarming due to the indispensable contribution of 
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bees to the preservation of ecosystems and biodiver
sity, serving as primary pollinators: 80% of the main 
food crops depend on their pollination work (Klein 
et al. 2007). Consequently, their survival is increasingly 
dependent on beekeeping practices and the adoption 
of selective breeding schemes is becoming essential 
(Le Conte and Navajas 2008; Le Conte et al. 2010; 
Henry et al. 2012).

Host genetics has been found to influence gut 
microbiota composition in humans, explaining 1.9- 
8.1% of the variation (Kurilshikov et al. 2021; Lopera- 
Maya et al. 2022). Similarly, studies in bees have 
observed the influence of genetics, such as when 
comparing Apis mellifera with Apis cerana or when 
comparing different subspecies of Apis mellifera 
(Ellegaard et al. 2020; Yang et al. 2021; Wu et al. 
2021). Studies have also shown that individuals from 
more genetically diverse colonies had more diverse 
gut microbiota (Mattila et al. 2012; Bridson et al. 
2022). Moreover, worker bees belonging to the same 
colony exhibit a higher similarity in their microbiota, 
with colony membership explaining 41% of the 
observed variation in the bacterial community among 
samples (Bridson et al. 2022).

The purpose of this study was therefore to investi
gate whether and how genetic factors can influence 
the variation in microbiota composition of selected 
bee lines over a 5-month period.

Materials and methods

Data collection

Each year since 2015, 108 colonies are phenotyped to 
estimate their breeding value (EBV), for three different 
traits: docility, honey production, and hygienic behav
iour. From the best queen, selected on a combined 
index of the three traits, a group of 12 sisters is 
obtained through grafting, a technique where larvae 
are transferred from their original cells into artificial 
queen cups to be reared as queens. These sisters are 
called drone-producing queens and serve as "fathers". 
The other best 6 queens serve as “mothers” to pro
duce, by grafting, 18 virgin queens each. Finally, the 
108 virgin queens are mated in isolated mating sta
tions with the drone-producing queens to produce 
the new 108 colonies. In this study, colonies from the 
described breeding population were sampled three 
times between June and October 2021, with ten 
worker bees collected per colony and stored at −80 �C 
in 50 ml empty Falcon tubes.

Despite the initial breeding population consisting 
of 108 colonies, only 77 colonies survived to the first 

sampling in June 2021, as colonies with queen loss or 
replacement were excluded from the selection pro
gram. Over the course of the five months of sampling, 
there were further discrepancies in data collection or 
instances (e.g. the loss of the queen during the month 
of sampling) led to variations. Consequently, the total 
number of samples was 190, distributed as follows: 75 
colonies in June (timepoint 1), 69 in July (timepoint 2) 
and 46 in October (timepoint 3). The queens of these 
77 colonies all have the same “sire” but descend from 
8 different dams or 8 different maternal genetic lines. 
Table 1 shows the distribution of the 77 colonies 
among the 8 maternal genetic lines at each timepoint.

DNA extraction, library preparation and 
sequencing

Gut samples from ten worker bees per colony were 
pooled together, and DNA extraction was performed 
using the ‘Blood & Tissue Genomic DNA Extraction kit’ 
from Fisher Molecular Biology. Subsequently, the V3- 
V4 regions of the 16S rRNA gene were amplified using 
the Illumina ‘16S Metagenomic Sequencing Library 
Preparation’ kit following the manufacturer’s instruc
tions. The primers used for amplification were "16S 
Amplicon PCR Forward Primer" (sequence:

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTA
CGGGNGGCWGCAG) and "16S Amplicon PCR Reverse 
Primer" (sequence: GTCTCGTGGGCTCGGAGATGTGTATA 
AGAGACAGGACTACHVGGGTATCTAATCC). Sequencing 
was conducted on an Illumina Novaseq sequencer, 
generating paired-end 250–bp reads, with an initial 
target depth of 700,000 reads per sample.

Bioinformatic analysis

The sequencing data were processed using the Divisive 
Amplicon Denoising Algorithm 2 pipeline from the R 
package ‘DADA2’ (Callahan et al. 2016), with default set
tings, except the forward reads were trimmed at 245 bp 
and the reverse reads at 240 bp. Taxonomy assignments 
were performed using the SILVA reference database 

Table 1. Distribution of the sampled colonies among the 8 
maternal genetic lines at each timepoint.
Genetic line Timepoint 1 Timepoint 2 Timepoint 3

A 12 11 11
B 11 10 9
C 10 10 5
D 8 9 7
E 7 6 3
F 11 11 4
G 6 4 2
H 10 8 5
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(v132) with a confidence cut-off of 2. A core microbiota 
was constructed, including only the amplicon sequence 
variants (ASVs) present in at least 50% of the samples. 
This core was normalised through rarefaction to a total 
sum of 10,000 reads per sample for accurate comparison. 
Rarefaction curves were generated using the ‘Vegan’ 
package (Oksanen et al. 2015) to verify the representa
tiveness of bacterial communities within the core rarefied 
microbiome.

The a-diversity indexes and stress value were esti
mated using the ‘Phyloseq’ and ‘Vegan’ packages 
(Oksanen et al. 2015; McMurdie and Holmes 2013) and 
were normalised using z-score transformation with the 
"scale" function in R. The study examined the potential 
correlation between gut microbiota and genetic lines 
across different sampling months. The six normalised 
a-diversity indexes (Shannon, Observed ASV, Chao1, 
Simpson, ACE and Fisher) were treated as dependent 
variables, while timepoint, genetic lines and a compos
ite variable representing their combination were used 
as independent variables. Additionally, following the 
Shapiro-Wilk test results that indicated the variables 
were not normally distributed, separate Kruskal-Wallis 
tests were performed to evaluate the effect of timepoint 
on a-diversity within each genetic line and the effect of 
genetic lines on a-diversity across the three timepoints.

Following significant findings from Kruskal-Wallis 
tests, post-hoc pairwise comparisons were conducted 
using the Dunn method to identify which genetic lines 
and timepoint-genetic line combinations exhibited dif
ferentiation in a-diversity indexes. Kruskal-Wallis tests 
were conducted utilising the ‘kruskal.test’ function in 
the R software environment (R Core Team). The post- 
hoc tests were performed using the ‘dunn.test’ func
tion from the ‘dunn.test’ package in R.

Additionally, permutational multivariate analysis of 
variance (PERMANOVA) was employed, utilising the 
‘adonis2’ function within the Vegan package (Oksanen 
et al. 2015). In this analysis, the b-diversity of micro
biota compositions, calculated using the Bray-Curtis 
distance metric, was considered the dependent vari
able, while timepoint, genetic lines and their inter
action as independent variables.

Moreover, in the same year of sampling, the honey 
production of the colonies was measured in kilograms, 
combining two distinct honey yields: the first from 
Acacia obtained in May 2021 and the second from 
wildflowers produced in July 2021. To calculate the 
honey yield, the upper part of each hive was weighed 
before being placed on the hive, and then weighed at 
the end of the production period. The honey yield 
was determined by the difference in the two weights.

ANOVA was conducted to investigate the associ
ation between genetic lines and honey production for 
both the first harvest and the total harvest, as these 
variables were found to be normally distributed in the 
Shaprio-Wilk test. In contrast, since the second harvest 
variable was not normally distributed, the Kruskal 
Wallis test was used. In these analyses, genetic lines 
were considered the independent variable, while the 
honey production variables served as the dependent 
variables.

Results

From the total ASVs identified, only those showing 
non-zero counts in at least 50% of the samples were 
selected to define the core microbiome. This approach 
aims to focus on the most representative taxa with 
significant ecological functions, resulting in a reduc
tion of the total number of ASVs identified across the 
entire dataset of 190 samples and at each timepoint. 
Further details are provided in Table 2.

Moreover, as the number of reads may be due to 
discrepancies in library sizes or sequencing efficiency 
(Kim 2023), rarefaction was performed. This process 
ensured that the total sum of reads in each sample 
was standardised to 10,000.

Seasonal variation and genetic host association

In all genetic lines and at all timepoints, the most preva
lent bacterial genera were Lactobacillus, Bifidobacterium, 
and Bombilactobacillus, followed by Gilliamella and 
Snodgrasella. Additionally, although less abundant, 
Frischella and Commensalibacter were consistently iden
tified. Bacteria belonging to the Apilactobacillus genera 
and Rhizobiaceae family (unknown genera) were only 
identified in timepoints 1 and 2 across all genetic lines, 
but not in timepoint 3. Similarly, the genera Lelliotia 
and Escherichia-Shigella were found only in timepoint 1 
and timepoint 2 but not across all genetic lines. 
Enterobacter, while present in all timepoints, was not 
consistently found across all genetic lines. Further 
details on the relative abundance of these taxa at both 
family and genus levels are provided in Supplementary 
Tables 1, 2 and 3 and illustrated in Figures 1 and 2.

Table 2. Number of amplicon sequence variant (ASV) before 
(total ASV) and after (core ASV) the selection for the identifi
cation of the core ASV, in each dataset.
Dataset Total ASVs Core ASVs

190 samples 17,823 2,036
Timepoint 1 8,232 2,148
Timepoint 2 8,788 2,225
Timepoint 3 7,926 1,912
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To explore differences in microbiota a-diversity 
between genetic lines and timepoints, Kruskal-Wallis 
was conducted with timepoint, genetic line, and a com
posite variable representing their combination as inde
pendent variables. The 6 different a-diversity indexes 
were examined as dependent variables (Supplementary 
Table 4). The results revealed a significant effect of the 
genetic line on the Simpson index and a significant 
effect of timepoints in all the 6 measures. The composi
tive variable of timepoint and genetic lines showed sig
nificant difference for the Shannon, Simpson and ACE 
indexes.

First, a post-hoc comparison was performed to dis
cern which genetic lines exhibited significant differen
tiation in Simpson indexes.

The results of the Dunn test using the entire dataset 
showed significant difference between genetic line A 
and genetic line H for the Simpson index with a p-value 
of 0.0054 (Table 3). This difference in diversity for gen
etic line H is clearly visible in Figure 3a, which shows 
the Simpson indexes for all genetic lines, highlighting 
the lower diversity exhibited by genetic line H.

Post-hoc analysis was conducted to explore the sig
nificant differences in the Shannon, Simpson, and ACE 
indexes among the groups of the compositive vari
able. No significant differences were observed for the 
Shannon index. For the Simpson index, a significant 
difference was observed between genetic line A at 
timepoint 1 and genetic line H at timepoint 3 (p-value 
¼ 0.0315). This aligns with our previous findings indi
cating that the greatest differences occur between 
genetic lines A and H. For the ACE index, the only sig
nificant difference was found between timepoint 2 
and timepoint 3 of the same genetic line, H (p-value 
¼ 0.01825). This suggests that the difference in ACE is 
primarily driven by the timepoint effect rather than 
the combined genetic line and timepoint effect.

Given the significant differences observed in the 
overall dataset for the genetic lines in the Simpson 
index, a Kruskal-Wallis test was conducted to examine 
the effect of the genetic line at each timepoint. This 
implied defining a dataset for each time point, which 
was used for the analysis. A significant impact of the 
genetic lines was identified at timepoint 2 (p¼ 0.038), 

Figure 1. Bar chart of the taxa showing the relative abundance of bacterial taxa at the family level across samples grouped by 
timepoint (1, 2 and 3) and genetic lines (A, B, C, D, E, F, G, H).
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as shown in Table 4. However, the post-hoc compari
sons did not reveal any significant pairwise differences.

Additionally, since the overall dataset showed a sig
nificant effect of timepoint across all alpha diversity 
indices, Kruskal-Wallis tests were conducted to evalu
ate the effect of timepoint within each of the eight 
genetic lines. The results showed that timepoint had a 
significant effect on some a-diversity indices in 5 out 
of 8 genetic lines (A, B, C, D, H), while no significant 

effect was observed on any a-diversity index in the 
remaining 3 lines (E, F, G). Detailed results are pro
vided in Supplementary Table 5. Post-hoc tests did 
not identify significant differences between timepoint 
1 and timepoint 2 in any genetic line. Nonetheless, 10 
out of 13 total post-hoc comparisons showed a signifi
cant difference between timepoint 1 and timepoint 3, 
and between timepoint 2 and timepoint 3, as detailed 
in Supplementary Table 6.

PERMANOVA analysis explored differences across 
genetic lines, timepoints, and their interaction in 
b-diversity using Bray-Curtis dissimilarity. Results 
showed no significant effect of genetic line or the 
interaction between timepoint and genetic lines on 
b-diversity (stress value 0.241). This finding is sup
ported by Figure 3. Additionally, temporal changes 
accounted for 12.79% of the total variation in micro
biota composition, with a P-value of 0.001.

Furthermore, in the same years under consider
ation, the analysed colonies yielded two distinct honey 
crops: the first of Acacia in May (prior to sampling), 
and the second of wildflower in June (between time
point 1 and 2 of sampling).

Figure 2. Bar chart of the taxa showing the relative abundance of bacterial taxa at the genus level across samples grouped by 
timepoint (1, 2 and 3) and genetic lines (A, B, C, D, E, F, G, H).

Table 3. Results of dunn test for pairwise comparison of 
Simpson index among genetic lines using the entire dataset 
of 190 samples. The table shows the test statistic values for 
each comparison. Comparisons with statistically significant dif
ferences (p< 0.05) are shown in bold and with “�”.
Genetic line A B C D E F G H

A –
B 0.85 –
C 1.38 0.55 –
D 1.42 0.6 0.05 –
E 0.31 −0.39 −0.84 −0.88 –
F 1.9 1.05 0.47 0.41 1.27 –
G 0.9 0.26 −0.17 −0.22 0.54 −0.56 –
H 3.55* 2.68 2.06 1.99 2.66 1.61 1.84 –
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From the statistical tests conducted using genetic 
line as the independent variable and honey produc
tion as the dependent variable, ANOVA results showed 
a significant association between genetic line and 
total honey production (p¼ 0.0034). Similarly, the 
Kruskal-Wallis revealed a significant association with 
wildflower production (p¼ 0.025).

Comparing the results of a-diversity analysis and 
honey production, genetic line H showed both 
lower diversity and lower honey yields compared 
to the other genetic lines, with a mean of 3.66 kg 
for Acacia and 21.90 kg for wildflower honey yield. 
Supplementary Figure 1 show box plots of the 
honey production for each genetic line, while 
Supplementary Tables 7 and 8 give the detailed 
results of ANOVA and Kruskal-Wallis between gen
etic lines and honey yield.

Discussion

The main objective of the study was to investigate the 
influence of host genetics on the gut microbial commu
nity across a 5-month period. At all three timepoints 
and across genetic lines, the most prevalent bacteria 
belonged to the five genera previously identified as com
prising the core honeybee microbiota (Kwong and 
Moran 2016). The most abundant taxa were 
Bifidobacterium and Lactobacillus, followed by other core 
microbiota genera such as Bombilactobacillus, Gilliamella 
and Snodgrasella. The heritability of this genera was esti
mated to range from 0.4 to 0.6 (Wu et al. 2021).

Other two taxa that are not part of the most com
mon core microbiota were identified at each timepoints 
and genetic lines: Frischella and Commensalibacter. This 
finding is in line with previous studies that identified 
these two taxa as very frequently observed in Apis melli
fera across different seasons (Bleau et al. 2020; Subotic 
et al. 2019; Damico et al. 2021; Ludvigsen et al. 2015; 
Nowak et al. 2021). Moreover, Commensalibacter seems 
to be positively correlated with frames of bees and 
brood (Almeida et al. 2023).

Other taxa were identified only in specific time
points or genetic lines. Overall, timepoints 1 and 2 
showed greater similarity in microbiota composition to 

Figure 3. Graphical representation of the Simpson indexes (a) and of b diversity based on Bray Curtis distance with relative stress 
value (b), grouping samples by genetic lines. Samples from different genetic lines are shown with different colours.

Table 4. Results of Kruskal-Wallis test on Simpson index 
among genetic lines at the three timepoints. The table shows 
the timepoint, chi-squared (chi2), degrees of freedom (df) and 
p-values.
Timepoint chi2 df p-value

1 5.27 7 0.627
2 14.85 7 0.038
3 10.09 7 0.183

Values in bold indicate statistical significance.
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each other compared to timepoint 3, which, being the 
latest in time and outside the pollination period, dem
onstrated more distinct differences, as indicated by 
the post hoc analysis.

Bacteria belonging to the Apilactobacillus genus 
and the Rhizobiaceae family (unknown genera) were 
exclusively identified at timepoints 1 and 2 across all 
genetic lines, but not at timepoint 3. Apilactobacillus 
(formerly referred to as Lactobacillus kunkeei), is a 
flower-associated bacteria and an obligately fructo
philic lactic acid bacterium (Neveling et al. 2012). 
Therefore, it is reasonable to find these taxa in June 
and July, during pollination, but not in October. 
Additionally, it seems to contribute to bee health by 
inhibiting the proliferation of certain pathogens, such 
as Serratia marcescens, in the gut (Chege et al. 2023). 
The Rhizobiaceae family was particularly abundant, 
especially at timepoint 2, where it accounted for 
3.59% to 10.07% of the family taxa. Seasonal variation 
in the relative abundance of Rhizobiaceae, particularly 
from April to September, has also been reported by 
other studies (Bleau et al. 2020; Almeida et al. 2023).

Escherichia-Shigella was identified in all genetic lines 
at timepoint 2 in very low proportions (0.02-0.08), and 
only in five genetic lines (A, B, C, D, and H) at time
point 1. The lower presence of Escherichia-Shigella 
may be attributed to a significant decrease of these 
taxa within the gut microbiota typically observed 
between 19 and 25 days post-emergence of worker 
bees (Dong et al. 2020). Finally, Enterobacter, while 
slightly present in all months of sampling, showed 
variation across timepoints and genetic lines. 
Specifically, it was absent in some genetic lines at 
timepoint 1, only appearing in six out of eight lines 
(A, B, D, F, G, and H), while it was found in all genetic 
lines by timepoints 2 and 3. This pattern suggests a 
temporal and possibly genetic influence on the colon
isation or persistence of Enterobacter, which could be 
linked to environmental factors or developmental 
stages within the colonies (Anderson and Maes 2022).

Statistical analyses revealed a significant effect of 
genetic lines on Simpson index, indicating that certain 
genetic lines tend to exhibit lower or higher a-diver
sity values. Previous studies have found that greater 
genetic diversity within a colony correlates with higher 
a diversity (Mattila et al. 2012; Bridson et al. 2022). In 
our study, the genetic line H was identified as signifi
cantly different from the other due to its lower 
Simpson index. The major differentiation among gen
etic lines occurred in July (timepoint 2). Additionally, 
the most significant difference in Simpson diversity 
was observed between genetic line A at timepoint 1 

(June) and genetic line H in timepoint 3 (October). 
This finding suggests that genetic line H tends to 
have a lower microbial diversity, especially at later 
timepoints in the study period.

The effect of timepoints on a-diversity was further 
investigated within each genetic line using Kruskal- 
Wallis tests, which showed a significant impact on 
some a-diversity indices in five out of eight genetic 
lines (A, B, C, D, H). The post-hoc analysis revealed 
that, while no significant differences were observed 
between timepoint 1 (June) and timepoint 2 (July), 
significant differences were found between timepoint 
1 and timepoint 3, as well as between timepoint 2 
and timepoint 3 for most of the comparisons. This 
suggests that the most pronounced shifts in microbial 
diversity occurred between July and October, high
lighting the influence of seasonal or time-dependent 
factors on microbial communities across different gen
etic lines. This supports findings reported by Almeida 
et al. (2023), who demonstrated a greater shift in 
September compared to other timepoints during the 
foraging period.

This lower microbial diversity in genetic line H may 
also be linked to differences in colony productivity. 
Given that Acacia honey production in 2021 was sig
nificantly lower than wildflower honey, with three col
onies not producing any Acacia honey at all (likely 
due to unfavourable environmental conditions during 
that year), the statistical analysis still confirmed a sig
nificant association between genetic lines and total 
honey production, as well as wildflower honey pro
duction. The lack of a significant association between 
genetic line and Acacia honey yield may reflect the 
unusually poor harvest of the colonies under study for 
that crop in 2021.

Notably, colonies of genetic line H, which had lower 
a diversity, also produced the least honey in both May 
and June. These findings together suggest that host 
genetics impacts both gut microbiota diversity and 
bee productivity.

A recent study comparing the gut microbiota of 
active and inactive foragers found that inactive forag
ers had a higher relative abundance of Lactobacillus 
and lower levels of Bombilactobacillus mellis (Vernier 
et al. 2024). In our study, genetic line H, during the 
foraging period (timepoint 1), exhibited the highest 
relative abundance of Lactobacillus (41.2%) among all 
genetic lines, while its Bombilactobacillus abundance 
(15.89%) was relatively low. Together, these findings 
support the hypothesis that both host genetics and 
microbiota composition are critical factors in determin
ing foraging efficiency and, consequently, honey yield.
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Finally, our findings underscore the significant influ
ence of timepoint as the primary factor, highlighting 
its pivotal role in shaping the diversity of honeybee 
gut microbiota. The sampling timepoint not only indi
cates different climatic conditions but also relates to 
different diet composition, as June (timepoint 1) and 
July (timepoint 2) concur within the pollination period, 
whereas in October (timepoint 3), honeybees predom
inantly consume sugar syrup. All these findings sug
gest that both environmental and genetic factors play 
a crucial role in determining the gut microbiota com
position in honeybees (Wu et al. 2021).

Conclusion

Our investigation focuses on the pivotal role of host 
genetics in shaping the composition of honeybee gut 
microbiota. Consistent patterns across genetic lines 
and timepoints showed that core genera such as 
Lactobacillus and Bifidobacterium dominate the micro
bial community.

A significant association between genetic lines and 
a-diversity indexes was observed, with genetic line H 
showing a significantly lower Simpson index, indica
tive of less diverse gut microbiota. Moreover, the sig
nificant association between genetic lines and honey 
production underscores the multifaceted influence of 
host genetics on both gut indexes had also the lowest 
honey yields.

Contrarily, b-diversity analysis revealed no signifi
cant differences among genetic lines, suggesting that 
genetic factors primarily influence microbial diversity 
within individuals, rather than distinct community 
structures. Instead, temporal dynamics were a signifi
cant driver of microbiota variation, accounting for a 
notable portion of the total variability.

These results highlight the potential of integrating 
microbiota analysis into bee breeding programs, 
where selecting for genetic lines with more favourable 
microbial communities could enhance honey produc
tion and overall colony health. Future research is 
needed to validate these results and to explore these 
interactions further. Despite the limited sample size, 
this study involves a unique population where both 
maternal and paternal pairings are controlled, and 
detailed pedigree and breeding value data are avail
able. Phenotyping such populations requires signifi
cant time and effort, which underscores the rarity and 
value of the insights gained from this dataset. Future 
studies should continue to build on this foundation to 
optimise breeding strategies for improved productivity 
and resilience in bee populations.
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