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Therelationship between intestinal metabolites and
oviposition in bumblebee queens
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Abstract [Aim] Gut microbes can directly and indirectly affect host health. Several studies have shown that gut microbes
can improve egg production, but the mechanisms involved remains unclear. This study aims to determine how gut microbial
metabolites influence oviposition in bumblebees. [Methods] Non-target metabolomics analysis was used to compare the
relationship between intestinal metabolites and oviposition in Bombus terrestris and B. lantschouensis queen bees. Six laying
queens and six females that were non-ovipositing for 28 d were selected from each species and metabolomics analysis was
performed on their intestinal contents. [Results] Enrichment analysis indicated significant enrichment in the lipid
metabolism pathways in queens from both the Bombus terrestris (DQA1) and B. lantschouensis (LQA1) ovipositing groups.
The cysteine and methionine metabolic pathways were significantly enriched in the Bombus terrestris ovipositing (DQA1) and
28 d non-ovipositing (DQW) groups. Whereas, for B. lantschouensis, the sphingolipid metabolism pathway was significantly
enriched in both the LQA1 and 28 d non-ovipositing (LQW) group. There were no significantly enriched metabolic pathways
in the 28 d non-ovipositing B terrestris (DQW) or B. lantschouensis (LQW) groups. [Conclusion] There was a significant difference
in lipid metabolism pathways between B. terrestris and B. lantschouensis queen bees. Non-ovipositing B. terrestris lacked the
L-Cysteine and L-Methionine metabolites in the Cysteine and methionine metabolism pathways. The O-Phosphoethanolamine
metabolites in the Cysteine and methionine metabolism pathways were absent in non-ovipositing queen bumblebees.
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Fig. 1 Scorescatter plot for PCA model

A.DQA1 4 vsDQW 4; B.DQAIL 4 vsLQAL 4i;

C.DQW 4 vsLQW 4; D.LQA1 4 vsLQW 4,

A. DQAT1 group vs DQW group; B. DQAT group vS LQAT1 group; C. DQW group vs LQW group;
D. LQAT1 group vs LQW group
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Fig. 2 Differential metabolic screening volcano map
A.DQA1 4 vsDQW 4; B.DQAI 4 vsLQAL #; C.DQW 4 vsLQW 4; D.LQAI 4 vsLQW 4.

A. DQAT1 group vs DQW group; B. DQA1 group vs LQA1 group; C. DQW group vs LQW group;
D. LQA1 group vs LQW group.
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$-Adenosylmethionine
PE(P-18:1(11Z)/14:1(9Z))

Folic acid
Isotetrandrine
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Muricatacin
Cytidine 2-phosphate
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THILR G Z BB ERS, AT EE A UL 2 5
FR AT A KT £ e A i 3 R I, 30k S 80EAT]
AR R B A2 S0 E R, DT R 55 A
B 7o 28 T RORYS S e B2 A R 0 R L T
Pseudomonas putida {42 fii & A7 He A ] W
WH A I AYE S2 4% Bactrocera oleae 77 F B £ 01
( Sacchetti et al., 2014 ) . {40, M 5 g

3%

:

3*Hydroxy-HT2 toxin

4-Hydroxy-3-methoxy-2,10-bi ien-9.
(As)-erythro-Isolencine

Norambreinolide 2
Furanofukinin

5,10-Methenyltetrahydrofolic acid
. 1-Methylhistamine
1-{(5-Amino-5-carboxypentyl)aminc]-1-deoxyfructose
Icariside B8 1
LysoPA(16:0/0:0)
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C 4-Hydroxy-2,6-dimethylaniline
PE(22:2(13Z,16Z)14:1(9Z))
1-Cyano-2-hydroxy-3-butene
7-Hydroxy-4

(E)-8-Hydroxy-2-octenc-4,6-diynoic acid
Cappariloside A
Phosphodimethylethanolamine
2-Acetyl-4-methylpyridine

N-methyl-L-glutamic Acid
Bicine

Monotropein

Vanilloside
Diaminopimelic acid

Thioguanine

PC(14:1(9Z)/14:0)
Phosphoric acid
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SM(d18:0/16:0)
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PC(16:0/16:0)
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3-Methyladenine
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(+)-2,3-Dihydro-3-methyl- 1H-pyrrole

Linoleamide

L-Targinine
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Nicotinic acid
1,4-Dideoxy-1,4-imino-D-ribitol
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| (2R)-2-Hydroxy-2-methylbutanenitrile
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‘gamma-Glutamylalanine
Pi-Methylimidazoleacetic acid
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Prolyl-Asparagine
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PC(18:2(9Z,122)/15:0)
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PC(22:4(7Z,10Z,13Z,16Z)/16:0)
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L-Cystine
Gomphrenol 3-methylether 4"glucuronide
Syoyualdehyde
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D
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Prostaglandin G2
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Fig. 3 Hierarchical clustering analysis heatmap

A.DQA1 4 vsDQW 4i; B.DQAIL #4 vsLQAL #; C.DQW 4 vsLQW 41; D.LQAL #{ vsLQW 41,
A. DQAT1 group vs DQW group; B. DQA1 group vs LQA1 group; C. DQW group vs LQW group;
D. LQA1 group vs LQW group.
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Fig. 4 Path analysis diagram

A.DQA1 4 vsDQW 4; B.DQAI 4 vsLQAL #; C.DQW 4 vsLQW 4 ; D.LQAI 4 vsLQW 4,
A. DQAT1 group vs DQW group; B. DQA1 group vs LQA1 group; C. DQW group vs
LQW group; D. LQA1 group vs LQW group.
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