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The Effects of Flupyradifurone Exposure on Honey Bee Physiology
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M The Western honey bees, Apis mellifera, play an essential role in pollinating both commercial
crops and wild plants. While foraging, honey bees are exposed to diverse kinds of pesticides
via oral ingestion or contact. Several neonicotinoids such as imidacloprid, chlothianidin and
thiametoxam have posed a severe threat to honey bees with their high chronic toxicity especially
when used for seed treatments. Flupyradifurone (FPF), a butanolide insecticide targeting
nicotinic acetylcholine receptors of pests, is considered as a good alternative to neonicotinoids
as it selectively targets sucking pests without much harming honey bees. In this study, we
investigated any negative effects of chronic oral ingestion of FPF on honey bees under an
extreme exposure condition. Foragers chronically exposed to 10 ppm of FPF showed difference
in neither the flight ability nor the weight of thoraces. However, transcriptome analysis of
foragers revealed increased protein translation/modification and lipid metabolism in the thorax
and abdomen, respectively. These results, along with the increase in whole bodyweight, suggest
that chronic exposure to high doses of FPF can induce obesity and oxidative stress in honey
bees. Nevertheless, our finding does not necessarily mean that field-realistic doses of FTP
under the actual chronic exposure scenario likely cause adverse impacts on honey bees.

Honey bee, Flupyradifurone, Flight ability, Body weight, Protein metabolism, Lipid metabolism
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o] o] At} (Krupke ef al., 2012). U LU E] o] =A] 4t
ZA| Foll A E3] o|u|thE 2 Z 2] = (imidacloprid, IMI)=
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H|3Y 52 ZAS $I5IA flight millS AJ&}ste] AH-g-ot
ATH(Kim et al., 2022b). T A4 0] -2 & F0] FAFA|
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Tlumina® (New England Biolabs, MA, USA)E ©]-85}
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Novaseq60007] 71 = A]#/J5te] 2x150 bp2] paired-
end readsS HIIFI Q<209 read= A|ASFAT.
Trimmomatice ©]-8-5t%] trimming ¥ adapterE A 75}
ST} (Bolger et al., 2014). Trimming® reads+= Bowtie2
ver 2.3.55 ©]-&dto] 7|2 A e s B8 Aw Ad
¢l Amel_HAv3.1°l| A &5}31t (Langmead and Salzberg,
2012). FeatureCounts ver. 1.6.4% Z} 2} W5
read®] 5 AT AL (Liao er al., 2014), DESeq?2 ver.
1.12.0& ©]-gsto] tix=3 FPF A2+t 7Ho] A5
A 542 (Differentially expressed gene, DEG)2] W& =F
S A3kt (Love ef al., 2014). T3 HF 2ol 1.5
Hi (|Log2FCl >0.6, p<0.05)E 7|22 DEGE A4
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Fig. 1. Body weights of the honey bees. Nine replications of
10-pooled honey bees were weighed for each condition, and the
weights were divided by 10 to calculate the weight of single hon-
ey bee. The line in the box and + were plotted at the median and
the average, respectively. Significant differences are marked with
*(p<0.05).

Encyclopedia of Genes and Genomes (KEGG) tHAE 2
(Padj < 0.05)E SH 5T (Raudvere er al., 2019).
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Fig. 2. Flight abilities of control and FPF-treated honey bees. Total distance, total flight time, and mean velocity were calculated from the
flight data of 17 control and 12 FPF-treated foragers. The line in the box and + were plotted at the median and the average, respectively.

= v} ITH(Kim er al., 2022b).
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(p=032), ﬁéﬁé\vl{—‘: 1.124£0.06 m/s & 1.24+0.09 m/s
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2 99130 A% 2
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S5O FPPof| B B2 95l Aot gle A
o2 B3H vt Itk (Tong er al., 2019; Guo et al., 2021).
22y FPRE A, 9| to], Gl met 2
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7} 8%} (Hesselbach and Scheiner, 2019; Tong et al.,
2019; Tosi and Nieh, 2019).
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Table 1. Number of differentially expressed genes in FPF-treated
bees versus control bees

[Log2FCI> 1, [Log2FCI>0.6,

Body part Up/Down <005 <005

Up 60 162
Thorax

Down 34 68

Up 57 62
Abdomen

Down 88 92

S DEG B|2~E 2 functional annotations =343+ 2
I, 7hEolA = 4070 D170 tiAE R ¥ Ed 9
stFzxdE o BERoA= 67l 9 17]2] HAE =
7h g2 B SR E I (Table S1). 7FEolA A
FxAHE FQHAH 2= biological process (BP)A]
‘Translation (GO:0006212)’, cellular component (CC) al
KEGGOll A ‘Ribosome (GO:0005840, KEGG:03010)’,
molecular function (MF)©l| 4] ‘Structural constituent of
ribosome (GO:0003735)" 5 TIF-E T (ranslation &
modification®l] =] AT (Fig. 3A). ]5ANA 715
= Iz Zecto] FAE SAt A7 =+ FPF A
2l 3 7ks FA19 Aol glo] B i = o] &

7V A T 7R o]e)A] lh w2 Aor F4dEn

]o_l

(Fig. 4). FSA| &2 M YR AstAEYAE F7F
Al713 o] AFA Q1 Tl translation Y modification

< A3t} (Abdollahi er al., 2004; Shenton et al., 2006;
Gregersen and Bross, 2010). Z'H9] 79 IMI =& &
7V F7vEaE il I A S7FskeleH IMT
20 ppb =& AlolE WA & ARRIAEYAE FiS
£ 12203 @A A2 A 9id B dijare] S

77t B33 8} Itk (Kim er al., 2022a, b). ©]+= 10 ppm
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Fig. 3. Functional annotation of the transcriptome data. DEGs between the FPF-treated group versus the control group with the criteria of
[LogoFCI>0.6 and p<0.05 were used as input data. Top three pathways based on p.q values from each classification (biological process,
BP; cellular component, CC; molecular function, MF; KEGG) were represented.

59| FPF &o] 5o JFS FA= FIAIRE 40 -
ol ASFAEHAE T QUth= S AARIH 7}

Fo|A olFzAHE YAHZE= “Tryptophan metabolism %
(KEGG:00380)" 17} 2 (Fig. 3B) tryptophan A 2= A *

Thorax weight

A 9hgoll 85t AghS sh= Ao A A 9lo] FPF B oo

7t o2 AFAe AR a3ts 4o 7FsdS AlAlg £ 307 -
o

t}(Brinzer et al., 2015). g o

HXE o] A= BPl|A ‘Lipid metabolic process (GO: 25 o .e
0006629)’, KEGG| A “Valine, leucine and isoleucine :
biosynthesis (KEGG:00290)’, MFOI|A] ‘Fatty acid elongase
activity (GO:0009922)’ ‘52| tHAFd 27} FPF A 2o AaF
A=A (Fig. 30). A2 A S7hs 21952

20 T T
Cont FPF

Fig. 4. Weight of forager thoraces. 16 and 14 units from the control

AE S7F (Fig. 1)9]' e To] = AoR 44 group and the FPF-treated group were weight. The line in the box
T} 7]& Aol A IMI 100 ppb o LEH o]dE F3l A and + were plotted at the median and the average, respectively.

S 57l mE ol AEYAr S A vle

S7He Bl ded Aol I 9oz ARH] sk 2 oR AL (Park er al., 2022), ©15 HF
o (Kim er al,, 2022b). M QUFE| o] A9} wel o] A2t fARIA BRI 2071 FPF EF 10 ppm®] %
EA (pyrethroid)@F &2 ASAlE A2 BiE=g 42 2 FTolde HT 2 JEd APES fecte AoR
A triglyceride®] 4 GEolo] Mgt W ARY Pl FRECE SUSHAR B8] 10 ppm FPFO] A0
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Table S1. The list of significant pathways from the functional annotation of FPF-treated bees versus control bees. The terms represented in
the Fig. 3 are marked with an asterisk (*)

Tissue Up/Down Source Term name Term id Padj
GO:MF structural constituent of ribosome* GO:0003735 428E-59
GO:MF structural molecule activity* GO:0005198 2.65E-48
GO:MF rRNA binding* G0:0019843 0.01540846
GO:BP translation* G0:0006412 4 48E-44
GO:BP peptide biosynthetic process* GO0:0043043 1.21E-43
GO:BP amide biosynthetic process* GO0:0043604 6.51E-43
GO:BP peptide metabolic process GO:0006518 249E-41
GO:BP cellular amide metabolic process G0:0043603 6.01E-40
GO:BP cellular macromolecule biosynthetic process GO:0034645 3.39E-37
GO:BP organonitrogen compound biosynthetic process GO:1901566 1.19E-32
GO:BP cellular macromolecule metabolic process G0:0044260 6.17E-23
GO:BP cellular nitrogen compound biosynthetic process GO0:0044271 4.44E-21
GO:BP macromolecule biosynthetic process GO0:0009059 2.03E-19
GO:BP cellular biosynthetic process G0:0044249 1.73E-16
GO:BP organic substance biosynthetic process GO:1901576 5.34E-16
GO:BP biosynthetic process GO0:0009058 1.60E-15
GO:BP gene expression GO0:0010467 6.29E-15
GO:BP protein metabolic process GO0:0019538 4.09E-13
GO:BP cellular nitrogen compound metabolic process GO0:0034641 2.69E-12
GO:BP organonitrogen compound metabolic process GO:1901564 7.66E-12
Thorax Up GO:BP cellular metabolic process G0:0044237 7.08E-05
GO:BP macromolecule metabolic process GO0:0043170 0.000132
GO:BP nitrogen compound metabolic process GO:0006807 0.000218
GO:BP primary metabolic process GO0:0044238 0.00172
GO:BP metabolic process GO:0008152 0.0155
GO:BP organic substance metabolic process GO:0071704 0.0269
GO:CC ribosome* G0:0005840 1.08E-58
GO:CC non-membrane-bounded organelle* GO:0043228 8.44E-29
GO:CC intracellular non-membrane-bounded organelle* GO0:0043232 8.44E-29
GO:CC ribosomal subunit G0:0044391 7.57E-18
GO:CC large ribosomal subunit GO0:0015934 1.88E-11
GO:CC ribonucleoprotein complex GO:1990904 6.09E-08
GO:CC intracellular organelle GO0:0043229 6.42E-08
GO:CC organelle GO0:0043226 1.19E-07
GO:CC cytosolic ribosome G0:0022626 7.66E-07
GO:CC intracellular anatomical structure GO0:0005622 4.37E-06
GO:CC cytosolic large ribosomal subunit G0:0022625 6.42-06
GO:CC small ribosomal subunit GO:0015935 1.15-05
GO:CC cytosol GO0:0005829 0.00216
KEGG Ribosome* KEGG:03010 3.59E-48
Down KEGG Tryptophan metabolism* KEGG:00380 0.0467
GO:MF fatty acid elongase activity* G0:0009922 0.00424
GO:MF fatty acid synthase activity* GO0:0004312 0.00754
Up GO:MF acyltransferase activity* GO:0016746 0.0133
Abdomen GO:BP lipid metabolic process* G0:0006629 0.00663
KEGG Valine, leucine and isoleucine biosynthesis* KEGG:00290 0.0500
Down GO:CC gap junction* GO:0005921 0.0151
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