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Table S1 Sample sizes of individual honey bees used for microbiome analysis.

Sample Sequencing strategy Total
16S rRNA Metagenomic
OH group
OH 29 29
AF group
AF 3 8
YF group
YF-Hive 1 5 5
YF-Hive 2 5 5
SK group
SK-Hive 1 5 5
SK-Hive 2 5 5
O-A group
O-A-Hive 1
batch 1 10 10
batch 2 10 10
batch 3 5 4 9
O-A-Hive 2
batch 1 10 10
batch 2 10 10
batch 3 5 5 10
O-A-Hive 3
batch 1 10 10
batch 2 10 10
batch 3 5 6 1
O-A' group
O-A-Hive 1 10 6 16
O-A-Hive 2 10 6 16
O-A-Hive 3 10 6 16
O-Y group
O-Y-Hive 1
batch 1 10 10
batch 2 10 10
batch 3 5 6 1
O-Y-Hive 2
batch 1 10 10
batch 2 10 10
batch 3 5 6 1
O-Y-Hive 3
batch 1 10 10
batch 2 10 10
batch 3 5 6 1
O-Y' group
O-Y-Hive 1 10 5 15
O-Y-Hive 2 10 6 16
O-Y-Hive 3 10 6 16
Total 210 125 335

*Each row represents one colony, and hybrid bees in different batches were counted separately.



Gilliamella

Frischella perrara
WKB?

A12-12
B14384G15
B14384G12
B14448G12
B14448G11
B14448G7
W8136
wa127
AM4

AM6
AB-598-802
N-28

N-22
ESLO178

wkB1
DSM-104097

Lactobacillus Firm-4

—

M6-3G
ESLO172
W8126
w8127
W8145
B14384G10
B14384H2
B14384G7
B14384G13
N-G4

M0364
AM1
w8128
w8123
w8129
M1-2G
P62G.
A-TSA3
ATSA1
ATSA4

Lactobacillus rhamnosous
Wi

Firm4-2 W8098

*
Bin4

Hon2
} estosss

ESL0292

w8085
w8086

H

H

g

8

8
Xkt %k

2444k

b2 2 N N 3 2 2 2 2 2 3

Lactobacillus Firm-5

Lactobacillus rhamnosous
ESL0263

MO390 *

M0403 * .

wetz2 * | Firm5-1
Hma11

ESLO185

LMG-26964
R-53131

wkB8
W8093 *
Bmas
ESL0262
ESLO183
ESL0259
Hmag
ESLO184
ESL0260
M0392 *
M0393 %
w8171 *
Hma2
M0398 *
W8173 *
W8174 *
Biut2
ESLO186
ESL0261
01 WKB10
- M0396 *

Bifidobacterium

B
.

Firm5-2

Gilli-1 Firm5-3

Firm5-4

Bifidobacterium tissieri
DSM-20214
M0307
w8108
DSM-20216
LMG18911
ESL0197

Bifido-2

ma
ESL0200

wkB344

AN

Bin2 s

14608 Bifido-1.1
Mo0109

W8102

w8120

Gilli-3

113 Bifido-1.2
B14384H1
W8101
(W8107
(W8103
IW8105

SLO170

DSM-20089

L2011

Gilli-2
Bifido-1.3

E

2

@

s
#2444

Bifido-1.4

= Tom SsssosY
3822332
23373~
S8R >
Mk Ak Rk

Hma3
W6238G3 *
M0399

Bartonella
Brucella melitensis
w8125 *

BBCO122
B10834G3

Barto-2

=2
=4
3
3

* %%

Firm4-1 M0280

Barto-3

H

2

8

&
R

Figure S1. Genome phylogenies and SDP validation of the core bacterial phylotypes and Bartonella apis

isolated from Apis mellifera guts. Phylogenies inferred for Gilliamella (a), Lactobacillus Firm-5 (b),

Bifidobacterium (c), Lactobacillus Firm-4 (d), and Bartonella (e) based on the genomes of isolates in the

reference database using PhyloPhlAn. Newly isolated strains in this study are annotated by a red pentagram.
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Figure S2. Gut community composition of genetically different purebred honeybees at both phylotype- and
SDP-level. (a) The number of SNPs from all purebred samples across Apis mellifera chromosomes 1 to 16 in 100
kb consecutive windows. (b) ADMIXTURE analysis estimates the proportion of each bee genome derived from
each of assumed populations (K = 2-5). The inferred proportion of ancestry is shown for each sample. (c) Bar
plots showing the relative abundance of the core phylotypes and the SDPs from each phylotype in each

subspecies group.
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Figure S3. Cumulative number of observed SDPs for each metagenomic sample. The calculation of SDP
richness for a given data size for each individual bee. Each panel represents one colony of a purebred
subspecies, each line represents one bee individual, and the shaded area represents the 40% confidence

intervals.



a
c
S
8
5
3
9
g
>
g
S
2
8
C
2
2
S
€
2
<]
5
Z
8
2
<
@
3
g
)
3
2
S
3
©
2
2
8
©
4
e

Figure S4. Gut community composition of founding workers and hybrid honeybees at both phylotype- and SDP-level. There were no
significant differences in population size (a) or average bee weight (b) between the two groups of hybrid bees. (c) ADMIXTURE analysis
showing clustering of samples into 2-5 groups (K = 2-5). (d) The inferred proportion of ancestry shared with each group is shown for each
sample. (e) Boxplots showing the relative abundance of the core phylotypes and the SDPs from each phylotype in each subspecies group.

The significance of difference among the four groups and between each pair of groups were texted (*, p < 0.05; **, p < 0.01; Wilcoxon

test).
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Figure S5. Genome-wide association analysis and heritability estimation for different phylotypes and SDPs. (a) Manhattan plot of
genome-wide associations with different phylotypes and SDPs. The red line corresponds to a significance threshold of 2x1072. (b)
Heritability estimation for phylotypes and SDPs. Each point represents the heritability estimated as the proportion of variance in the

relative abundances. The bars show the 95% confidence intervals around the heritability estimates.
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Figure S6. Box plots showing the total CFU per gut estimated by bacteria culture for MF honey bees and bees

mono-colonized with Bifidobacterium asteroides stain W8111 and W8113.



