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FIG S1 B. apousia and B. apis strains did not protect against H. alvei infection
in honeybee gut, and scheme for engineered H. alvei SMHO01 mutant
constitutively expressing the green fluorescent protein. (A) Absolute abundance
of H. alvei of different treatment groups 5 days post-inoculation with H. alvei.
Bees treated with B. apousia W8102 and B. apis W8152 do not affect the
colonization of H. alvei. (B) Wild-type H. alvei. (C) Green fluorescent mutant H.
alvei. (D) The GFP gene and the kanamycin resistance gene were knocked-in

the chromosome downstream of the lacZ gene.
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FIG S2 Gilliamella and Lactobacillus strains did not protect against H. alvei
infection in the honeybee gut. (A-D) The liquid cultures or cell-free supernatant
of G. apicola W8136, G. apis W8123, L. melliventris, and L. apis W8172 did not

inhibit the growth of H. alvei in vitro.
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FIG S3 KEGG analysis of the gut epithelial of honeybees mono-colonized with
Gilliamella. Representative enriched KEGG pathways upregulated in the G.
apicola W8136 group, compared to W8123.
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FIG S4 KEGG analysis of the gut epithelial of honeybees mono-colonized with L. melliventris W8171. Representative enriched KEGG

pathways up- (A) and down-regulated (B) in the L. melliventris W8171 group, compared to MF.



Table S1. gPCR primer sequences for gene expression analysis.

Gene Reference Forward Reverse

Abaecin (1) TCGGATTGAATGGTCCCTGAC ATCTTCGCACTACTCGCCAC
Apidaecin (1) GTAGGTCGAGTAGGCGGATCT TTTTGCCTTAGCAATTCTTGTTG
Cactus-1 (1) CTATCGTGGAGAAACTGCGTAT TCAGGAAGTGGTTCTGGTATTG
Cactus-2 (1) ATCAGACGGCTCTGCTCTAT TCGTCTTCGTCAGTGGTATCT
Dorsal (1) AGAGATGGAACGCAGGAAAC TGACAGGATATAGGACGAGGTAA
Dredd (1) GCGTCATAAAGAAAAAGGATCA TTTCGGGTAATTGAGCAACG
Hymenoptaecin (1) GTCGTCCATCCTTGGACATT TTTCCCAAACTCGAATCCTG
PGRP-LC (1) TCCGTCAGCCGTAGTTTTTC CGTTTGTGCAAATCGAACAT
Relish (1) GGAGCTGATCCAAATCGAAC AGTGGCATCCATCCATCATT
RPS18 (1) AGGTGTTGGTCGTCGTTAT CATTCTCCAGCACGCTTAT

Toll (1) TAGAGTGGCGCATTGTCAAG ATCGCAATTTGTCCCAAAAC
Defensin-1 (2) TGCGCTGCTAACTGTCTCAG AATGGCACTTAACCGAAACG
Defensin-2 (3) GCAACTACCGCCTTTACGTC GGGTAACGTGCGACGTTTTA
Lysozyme (3) ACACGGTTGGTCACTGGTICC GTCCCACGCTTTGAATCCCT
Actin 4) TGCCAACACTGTCCTTTCTG AGAATTGACCCACCAATCCA




Table S2. AMPs used in this study.

AMPs Sequence Length Reference
abaecin YVPLPNIPQPGRRPFPTFPGQGPFNPKIKWPQGY 34 (5)
apidaecin-1a GNNRPVYIPQPRPPHPRI 18 (6)
apidaecin-1b GNNRPVYIPQPRPPHPRL 18 (6)
defensin-1 VTCDLLSFKGQVNDSACAANCLSLGKAGGHCEKGVCICRKTSFKDLWDKRFG 52 (7)
defensin-2 VTCDVLSWQSKWLSINHSACAIRCLAQRRKGGSCRNGVCICRK 43 (7)
hymenoptaecin QERGSIVIQGTKEGRNRPSLDIDYKQRVYDKNGMTGDAYGGVNIRPGQPTRQHA 93 (8)

GFEFGKEYKNGFIRGQSEVQRGPGGRLSPYVGINGGFRF




Table S3. Bacterial isolates used in this study.

Strain

Collection_site

Isolated medium

NCBI accession number

Hafnia alvei SMHO1

Bartonella apis W8152
Bifidobacterium asteroids W8102
Gilliamella apis W8123
Gilliamella apicola W8136
Lactobacillus melliventris W8171

Lactobacillus apis W8172

China: Jilin
China: Jilin
China: Jilin
China: Jilin
China: Jilin
China: Jilin
China: Jilin

Heart infusion agar
Heart infusion agar
Heart infusion agar
Heart infusion agar
Heart infusion agar
MRS

MRS

OK206815 (16S rRNA sequence)
GCF_016100395
GCF_007559275
GCF_016101085
GCF_016101285
GCF_016102065
GCF_016102055
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