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Abstract [Aim] This study aims to analyze the effect of imidacloprid treatment on the olfactory learning

behavior and the gene transcription in the brain of Apis mellifera ligustica so as to provide evidence for the
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negative effects of neonicotinoid insecticides on honeybees. [Methods] Under laboratory conditions A.
m. ligustica adult workers were fed with 50% sucrose solution containing 4 ng imidacloprid at one time
with those fed with 50% sucrose solution without imidacloprid as the control and its effect on the
olfactory learning behavior of A. m. ligustica adult workers was measured via proboscis extension
response ( PER) behavior test. Total RNA was exiracted from the brain of A. m. ligustica workers tested
above for RNA-Seq sequencing and bioinformatics analysis. To verify the RNA-Seq sequencing results
the expression levels of six selected differentially expressed genes ( DEGs) in the brain of A. m. ligustica
adult workers were detected by real-time fluorescent quantitative PCR. [Results ] The olfactory learning
ability of A. m. ligustica adult workers fed with 50% sucrose solution containing 4 ng imidacloprid was
significantly decreased as compared to the control group ( fed with 50% sucrose solution) . RNA-Seq
sequencing results showed that there were 123 DEGs adjusted P-value ( padj) <0.05 between the
treatment group and the control group including 82 down-regulated DEGs and 41 up-regulated DEGs.
GO enrichment analysis revealed that the down-regulated DEGs were mainly enriched in S-
adenosylmethionine-dependent methyltransferase activity —acid phosphatase activity — oxidoreductase
activity and protein heterodimerization activity. The up-regulated DEGs were mainly enriched in
functional items such as transmembrane receptor activity molecular transducer activity and neurological
system processes. KEGG enrichment analysis showed that the down—regulated DEGs were mainly enriched
in such organelles as ribosome and lysosome metabolism pathways like carbon metabolism and tryptophan
metabolism and Toll and IMD signaling pathways while the up—<egulated DEGs were not enriched in
KEGG pathways. Real-time fluorescent quantitative PCR results showed that the relative expression levels
of the six DEGs tested showed the same trend with the RNA-Seq sequencing results of FPKM ( fragments
per kilobase million) value verifying the reliability of the sequencing results. [Conclusion] Exposure of
sublethal dose of imidacloprid significantly reduces the olfactory learning ability of A. m. ligustica adult
workers and also affects the expression of immune and detoxification related genes enzyme activity redox
and other biological metabolic processes in the brain of A. m. ligustica. Short-term stress of sublethal
dose of imidacloprid can stimulate the olfactory sensory process and nerve signal transduction process of
A. m. ligustica.

Key words: Apis mellifera ligustica; imidacloprid; learning behavior; transcriptome; differentially

expressed genes

7.8 ~118. 74 ng( Laurino et al. 2013; Li et al.

( van der Sluijs et al. 2017)
2013) .
( Belzunces et al. 2012) . 100
( Srinivasan 2009)
N ( Nauen et al.
( Gonalons and Farina 2015) 2001)
( Pettis et
al. 2015) .
( Farooqui 2013) . .

Apts mellifera ligustica 24 h LD,



7 819
Bitterman
(1983)  Sandoz (1995)
o o 3 10
Karahan (2015) min. 2s
7.2 ng o 50
o 3 . 3
4 ng -80°C
3 ( proboscis extension response o
PER) 1.4 cDNA
1.3
3 20
o TRIZOL RNA
NanoDrop2000 RNA
. mRNA M-
MuLl.V c¢DNA 1
o RNaseH RNA DNA polymerase I
¢cDNA 2 .
1 cDNA A
AMPure XP beads PCR
1.1 c¢DNA o Qubit2. 0
Agilent 2100 insert size
( ) o 3 3 o
MluminaHiSeq™ 2500 o
( 34.5C 70%) 1.5
3 (1 ) 1.4 [llumina
o HiSeq 2000 reads;
18 reads; readso
. <GC
Phred( Q .cq)
( clean reads)
( 30C 70% ) HISAT
1.2 featureCounts( v1.5.0-p3)
( Sigma) 0.01 g 50 mL clean reads FPKM( fragments per kilobase
200 ng/pL 50% million) o
2 ng/uL DESeq2( R package version 1.16.1)
2 ng/pL 50% 2 uL ( differentially
50% expressed genes DEGs) GO KEGG
2 wLo clusterProfiler R package
( 30C .
70%) 2 h. o
1.3 PER 1.6 PCR
1.2 2 h RNA

50%

6  DEGs 1



820 Acta Entomologica Sinica 64

Def1 . LOC410734. A2 ( TliRNaseH Plus) PCR o
LOC406105 . LOC406081 (10 pL): SYBR Premix Ex Taq II
Acph4 Or10 ( TliRNaseH Plus) (2 x) 5 L (10
PCR Actin ( Villar and pmol/L) 0.4 uL c¢DNA 1 uL ddH,0 3.2
Grozinger 2017) 1. 1.3 Lo 3 3 0
RNA cDNA. 95°C30 s; 95C5 s 60°C30 s 40
TaKaRa SYBR® Premix Ex Taq'" 1l ; 4°C o
1
Table 1 Primer information
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Def 1 GB41428 104 .
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R: TGATTGTGAAGGTTCTCGCCAACTC Glucose oxidase
F: TGGAGCGTGGCGAATTGACTAAC
Acph- GB12546 . 169 .
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Fig. 2 Functional annotation of differentially expressed genes ( DEGs) in the brain of Apis mellifera ligustica adult workers

between the treatment group with 4 ng imidacloprid and the control group
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Fig. 3 GO enrichment of down—regulated ( A) and up-regulated ( B) differentially expressed genes ( DEGs) in
the brain of Apis mellifera ligustica adult workers after exposure to 4 ng imidacloprid
padj: P Adjusted P-value. 4 The same for Fig. 4.
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Fig. 4 KEGG enrichment scatter plot of down-regulated differentially expressed genes ( DEGs) in the brain of

Apis mellifera ligustica adult workers after exposure to 4 ng imidacloprid
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Fig. 5 Quantitative PCR verification ( B) of RNA-Seq sequencing data ( A) of differentially expressed genes ( DEGs)
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