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i E [BR] sl snaEEEEENEN . AU R EEHEI0 M ST SRR %% Apis
mellifera Ligustica M A 1 & 5 RN R 33877 A A m(ﬁilu%kﬂﬁﬁmﬁﬁﬁﬁﬁ%,ﬁﬂu
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Using I llumina HiSeq sequencing technology to reveal the effects of
imidacloprid on Apis mellifera Ligustica drones
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WANG Zhi GE Peng ZHANG Fa

(Apiculture Science Institute of Jilin Province, Jilin 132108, China)

Abstract [Objectives] To investigate the effect of imidacloprid on the growth, development and gene expression of Apis
mellifera Ligustica drones. [Methods] A. mellifera drone larvae were fed solutions containing 0.000 01, 0.000 1 or 0.001
pg/puL imidacloprid and their development and mortality were recorded daily. Larval weight was measured in the late larval
stage (6 d) and differential expression of genes was analyzed in depth. [Results] Imidacloprid treated drone larvae were
lighter in weight than control larvae, significantly so at concentrations higher than 0.000 1 pg/uL. Mortality was also higher in
the imidacloprid treatment group and increased with dosage. Analysis of differential gene expression indicated that 390 genes
were up-regulated and 130 down-regulated. GO enrichment analysis revealed that the up-regulated genes were distributed in
55 GO teams, most of which are involved in cellular process, cells, cell parts, membranes, membrane parts and binding.
Down-regulated genes were distributed in 48 GO teams, most of which are involved in cellular processes, cells and cell parts.

There were also differentially expressed genes involved in reproduction, 21 of which were upregulated and 5 of which were
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down-regulated. KEGG pathway enrichment analysis showed that up-regulated genes were enriched in 159 pathways, among

which the most enriched were involved in protein digestion and absorption and neuroactive ligand-receptor interaction.

Down-regulated genes were enriched in 71 pathways, among which the most enriched were involved in lysosome, pancreatic

secretion and neuroactive ligand-receptor interaction. [Conclusion] Imidacloprid can inhibit the growth and development of

A. mellifera drones, and can cause larval mortality. Analysis of gene expression indicates that imidacloprid affects the nervous,

metabolic and reproductive, systems of drone larvae. These results highlight the importance of protecting bees from the toxic

effects of pesticides.

Key words Apis mellifera Ligustica; drone; imidacloprid; transcriptome
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HIIWE . D-SWEREST o BLH B 4 H R A R
H, METT 35 CRiEA

RV 2 0 T30 AN R A 45 (2016) (1)
TR0 45 TR0 2 M RO SO R L A SO
3R, 430 Ta 4124 0.000 01 pg/uL, Ib 41
}9°0.000 1 pg/uL, Ic 24~ 0.001 pg/uL.

14 wHEANTIESF

MESE NI INES % L 555 (2019) =
N SR TS Tk o BER MBI FSETHIE R &) HL i)
REWERICT-H, F BB FET e 1 4 d A~
7R, BRI AE A HUS (RIS 6 d)
I AR

15 HER*x&E

e S0 5 e ST B A TR RS %R, 2 h
JGRA - 80 CUKFAMRAE . B 3 MK HEE

1.6 cDNA XEWMZENF

i Al FH Total RNA Extractor ( Trizol ) {5
EARBOTIEEE RNA, RNA FEA YR B 2 R
Qubit, JFE MK A Agilent 2100 Bioanalyzer,
FH Qubit2.0 RNA 3 & X} Total RNA K5 i,
SRIG A B R Befk . XUE cDNA A% . cDNA H Bt
2B . SCEY 1545 fent A, 15
FIF AT Mumina V- & #9007 3%, ZHEATAE
Yy TR B A BRAA R 1 3R il 1

1.7 HESHT

X TR E , J o Sk A I T i 7 41
Jai s A5 ST R R P B % Apis mellifera 2
K2 ( https://www.ncbi.nlm.nih.gov/genome/?term=
Apistmellifera ) fE 2% 751, (1] HISAT2 %
J 5 W e 8 5 22 AR A Hexd, I
RSeQC Fit X 45 25R .

) A StringTie 1145 TPM(Transcripts Per
Million)f, 15953 HFKIAKF-. K DESeq #
15504, Bk 254k . PAE (P Value ) <0.05
H.2Z54%5%(|Fold Change[>1, Mean TPM=5, 1§
B i 3 25 R AR AL

B 25 F 3R FE N 15 GO B (http://www.

geeontology.org ) Fll KEGG #(#&/% ( http://www.
kegg jp ) F# 25 H ELXT, 152 GO ZIfiEfI KEGG
1 [ B R A 3R SRR . T clusterProfiler
HATIIREE R T, UEFIEIS Y P<0.05 B, A
FIZIN A R E B RN

2 HRESHH

21 MERMTEESREREZFHRM
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fi&, & (21.02+£0.76 ) mg., SXTIRZHAALL, 1aIME
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W 4y e A T I T 0 IR 2L, LA e A ot i e ok
WL T i REAR, Hoh Te 200 To 4 ke 4 1y
IR B E T X IRZ (P<0.05 ),
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B 1 {RIRAE 4500 B b ) Rk S
Fig.1 Weight of dronelarvae fed imidacloprid at
different group

B EVAAR/NG PR R ZE R B (P<0.05),
Histograms with different lowercase letters indicate
significant difference at the 0.05 level.

212 MEAWIEELHRIETROEmM AR
gorp, X R IE H 1 SR B HERE SR TR A HE 20% LA
T, VLA 2, RO N IR AR OERF A
RYGER 3 AR AR IR R 3 d A 3
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Fig. 2 Mortality rate of drone larvae fed
imidacloprid at different concentrations
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Line chart with different lowercase letters indicate
significant difference at the 0.05 level.

2.2 ik e bk R A B B RIZ R R I
221 MEEHEFIESTME K 3 AR

IbE. ke bl Ak HE 14 35 K] 2 e A 55 %o R KO
WERE SR EA TG AL, S5 SRR UG IR CK L
T AT AT o T ) 28 e e W A ot P 2 Sy 2 U
P AAS 280 727 984 Z5IF 5, Lt il JEILAS H|
271 990 430 #%J¥ 5, VA B L F
96.89% , V-1 Q20 H 98.51%, F-1 Q30 Jy 94.47%
(R 1), LIRZERRIHE AN TR E R
i, AT F#E— 2001,
222 EBRFTEERSHT X Ic 415 CK A%
S RARIAT H A, 1351 2 4 0] 25 7 Fak LR 8k
oM 28 385 A, UL I 25 AR IR R 4%
44, P1{f<0.05, Fold Change>2, I 2 4
FEARPRKEIEZ L —DRT 5, HREEE
SFRIBM IR A 520 4, BF FREEAR S E
FIEFRIA A FE R 4B 390 ANAT 130 A4S, LR
HECE Z T R RECE (K3),

®1 WrHREsit

Tablel Satistical of transcriptome sequencing data

Bedh AR EE A RSB
Samples Raw reads Clean reads Q20 bases count

(bp)

Q20 BHFEEL (bp) Q20 L& (%) Q30 HlFEEL (bp) Q30 L& (%)

Q20 bases ratio Q30 bases count Q30 bases ratio

CK1 46376 174 44963936 (96.95%) 6354 812 585
CK2 44564660 43173284 (96.88% ) 6037359 572
CK3 46725270 45290950 (96.93%) 6219 236 066
Icl 49337052 47731906 (96.75%) 6463 194275
Ic2 43 509 464 42 157 684 (96.89% ) 5876 729 939
Ic3 50215364 48672670 (96.93% ) 6718 897 366

CK1, CK2 FIl CK3 Jy Xt RLM) 3 MNEYFER ; Iel, 1c2 il

(%) (bp) (%)

98.46 6 085917 305 94.29
98.45 5781 535518 94.28
98.52 5964 725 512 94.49
98.68 6223 434 168 95.02
98.48 5631709 813 94.38
98.48 6 439 253 820 94.38

Ic3 4 Ic 1Y 3 MEW¥EL

CK1, CK2 and CK3 represent three biological replicates of CK group; Ic1, Ic2 and Ic3 represent three biological replicates of

Ic group.
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~— %0 300 |-
i
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L8 Up F## Down

71k 5 Expression differences

3 IcHE CK HERRIZERAHE
Fig. 3 Number of DEGsbetween CK and Ic

223 GOZ#r Ic Xt CK e RR LA
GO 7 REE R IR, 2R FIRERN 3 AEY
JE#E ( Biological process ). ZlfifiZH4) ( Cellular
component ) FlI5rFIHE ( Molecular function ),

RIS T 55 4 GO term, & HEILHEL
ERZ M ERE (Cellular process ). Zilffd
(Cell ), HEZALfF (Cell part). 215
( Membrane ). 4 fF2H 4 ( Membrane part ),

454 (Binding) (3% 2). FIAIENILNAGT 48
> GO term, 5 52 KRB0 32 (AR YR R 40 i 2k
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Ic¢85 CK A LilFRiAERE GO it
Table2 GO analysis of up-regulated genes between CK and Ic

4243372 Biological process

4R L2l 53 Cellular component

T H1fE Molecular function

GO % H H GO % H H GO %H P
Term Number Term Number Term Number
f1h 17 “i 146 Héa st 2
Behavior Cell Antioxidant activity
HYIEE 20 240 0 19 4G 116
Biological adhesion Cell junction Binding
AR 89 240 21 146 AL 1E 7
Biological regulation Cell part Catalytic activity
2N SR AR 1 JL 41 o 100 SEJE 5 SR v 3
Cell aggregation Extracellular matrix Channel regulator activity
A o AR 59 JHL AN 5 By 4 HRTHBENE 4
Cellular component Extracellular matrix Electron transfer activity
organization or biogenesis component
I A 141 JIAR X S4TSR s A 5
Cellular process Extracellular region Enzyme regulator activity
KA R 61 JfLAM X A 32 TR T 11
Developmental process Extracellular region part Molecular function regulator
JrrR ST 50 20 B s N2 AR IERES i 16
Establishment of localization Membrane Molecular transducer activity
EIS 11 240 S 2L 1 103 EIFRAEREE 3h 2
Growth Membrane part Nutrient reservoir activity
HPE R 13 240 S PR I 18 JEZ PTG 3 3
Immune system process Membrane-enclosed lumen Receptor regulator activity
FENL 56 ek 91 T R 18
Localization Organelle Signal transducer activity
B3 17 240w LA 59 ks iE 20
Locomotion Organelle part Structural molecule activity
PR R 97 HEARESY 44 EERNTENE. HASSE 3
Metabolic process Protein-containing complex Transcription factor activity,
protein binding
Z U M A W R 78 T4 13 Hhmasimte 28
Multicellular organismal process Supramolecular fiber Transporter activity
Z LR 27 5 fih 16
Multi-organism process Synapse
A=) R R SR T 30 S fih 2L AF 14
Negative regulation of Synapse part
biological process
A= R ) BRI Y 25 T 1
Positive regulation of Virion
biological process
A HERR Y I 75 S R ALIF 1
Regulation of biological process Virion part
%8 Reproduction 21
HEFEERE Reproductive process 21
N % SV Response to stimulus 74
252 Rhythmic process 5
{55 Signaling 46
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& ( Cellular process ). Ziifd ( Cell ), Zfififg 21 14
(Cell part ), W HETEA KAETEYIRE R 2 57 Kk

x3

R, FREEEREGE R 214, T EIE RS
RS (F3)

Ic85 CK AT AFIEER GO haE %
Table3 GO analysisof down-regulated genes between CK and Ic

H M) 2£HEFE Biological process

4L 2H 53 Cellular component

T B1fE Molecular function

GO %H HEP % GO % H HEH% GO 4H HEIR%L
Term Number Term Number Term Number
174 Behavior 3 4l Cell 45 454 Binding 31
HYIf % Biological adhesion 3 ZHMfIFEHE Cell junction 1 4k TE P Catalytic activity 31
A=W 27 AR 45 T EERIETE
Biological regulation Cell part Electron transfer activity
MpErET: 2 s 2 R
Cell killing Extracellular matrix Enzyme regulator activity
20 e 2 RS S A ) AR 14 JfaghIx 26 SryIRET A T 2
Cellular component Extracellular region Molecular function regulator
organization or biogenesis
0 R 41 Jush XA 10 737 AE s 4
Cellular process Extracellular region part Molecular transducer activity
fifp 7 L 34 (RS REaE 5
Detoxification Membrane Signal transducer activity
RE 22 YRR 28 HEt TR LE 5
Developmental process Membrane part Structural molecule activity
JRITREE S IS g S BERH TR, EAMSS 1
Establishment of localization Membrane-enclosed lumen Transcription factor Activity
protein binding
EEN 3 s 28 FimgRiETE 12
Growth Organelle Transporter activity
RIER G IR T Mg 15
Immune system process Organelle part
SENL 19 SEAREAEY 4
Localization Protein-containing complex
iz 3J) Locomotion 6  MSTTEF4E Supramolecular fiber 2
FRi HEFE Metabolic process 29 Z&fjk Synapse 2
2 40 M A= ) A 27 A 1
Multicellular organismal process Synapse part
ZHL PR 12
Multi-organism process
A AR ) £ 11
Negative regulation of
biological process
Ay AR R AR I 11
Positive regulation of
biological process
A PR Y I 23
Regulation of Biological process
H: %8 Reproduction 5
H:FH i Reproductive process 5
I SV Response to stimulus 28
{55 Signaling 18
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224 KEGG Rigf@HEELKESHT KEGG Ul
PR AR T AR, B B AR AE 159 il
L H AR Rk R E R 22 1 S AR 1 BT A I

( Protein digestion and absorption ), £ 764
-2 R A HAE A ( Neuroactive ligand-receptor

interaction ) ( & 4 ), T IR B ARLE 71 M58 %,
o w2 I B 2 (A2 W AR ( Lysosome ),
JBE 43 ( Pancreatic secretion ), #1515 P g Ak-
% & M B AE H ( Neuroactive ligand-receptor
interaction ) (& 5 ),

F4 IcHE5 CK AERFRIEZEFAN KEGG Kt BEREES
Table4 KEGG enrichment analysis of DEGs between CK and Ic

%A Up-regulated genes

T V%A Down-regulated genes

i Bu HER%L EiiBuN A%

Description Number Description Number
At A 5 T 2
Vitamin digestion and absorption Mineral absorption
BT 73 5 HH R AL 3
Bile secretion Protein digestion and absorption
JOig P05 1 P R i 4 AR A5 i A el 3
Fat digestion and absorption Carbohydrate digestion and absorption
e SRIEHIATE 8 R 1 4
Protein digestion and absorption Pancreatic secretion
4 5430 ! Y 3
Aldosterone synthesis and secretion Salivary secretion
BT 5L [ A i 3 Ji g M 2 175 5 B 3
Ovarian steroidogenesis Glucagon signaling pathway
BT TR AESE itk 4 R BRI 5 7 2
GABAergic synapse Thyroid hormone synthesis
HE R 5 fih 5 HEFLR (550 % 3
Cholinergic synapse Prolactin signaling pathway
% it 4 0 J] 3] 3 B 5 2 53 U 3
Synaptic vesicle cycle Insulin secretion
1 I A0 AR 3 WL 1 5 2
Hematopoietic cell lineage Olfactory transduction
ERNERKRRS 3 ECM Z AR EAEH 2
Renin-angiotensin system ECM-receptor interaction
A SR I 20 2 i 3
Complement and coagulation cascades Focal adhesion
240 MRS B 23T 3 PI3K-Akt {5 i % 3
Cell adhesion molecules (CAMs) PI3K-Akt signaling pathway
LA T LS 4 4 HEdUZEN 5
Vascular smooth muscle contraction Lysosome
WA 5 M THPERCAZ AR B AR 4
Phagosome Neuroactive ligand-receptor interaction
240 6 ) S0 - e B 4 WEARBELAE S 5 R4 2
Cell cycle - yeast Phosphatidylinositol signaling system
20 i S 1 5 MAPK {5 53 #%- I B 1
Cell cycle MAPK signaling pathway - yeast
M2 TEPERCAZ R AR B AR 12 2- AR IR A 1

Neuroactive ligand-receptor interaction

2-Oxocarboxylic acid metabolism
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43R 4 ( Table 4 continued )
L&A Up-regulated genes T JHFEH Down-regulated genes
i Bu LR EiiiBu L%
Description Number Description Number
MR PASO X AN BT A 2 LG SSTI S F Fhw i) 2
Metabolism of xenobiotics by cytochrome P450 Porphyrin and chlorophyll metabolism
B-FFLB L A Al 1 AW 3
Betalain biosynthesis Retinol metabolism
RN W) 1 VAR 2
Phenylpropanoid biosynthesis Linoleic acid metabolism
F e £ Qs 2 Tl SRAE I i 1
Methane metabolism Glycosaminoglycan degradation
TRRACHE 2 HERE R WA 1
Butanoate metabolism Streptomycin biosynthesis
N RIS 3 HoAb R R At 1
Propanoate metabolism Other glycan degradation
a- MV JFR AR TG 2 VEM FREREAC T 3
alpha-Linolenic acid metabolism Starch and sucrose metabolism
AEAE PO AR 4 1 R 2
Arachidonic acid metabolism Lysine degradation
I SRR A 1 R YA 1
Cyanoamino acid metabolism Lysine biosynthesis
b T e g =R TS A 1 N . . 3
IR MR AL KRB R
bi enylalaning, tyrosine and tryptophan Steroid hormone biosynthesis
iosynthesis
it A PR A 3 PO i 2 o0 T R, 1
Tyrosine metabolism Ascorbate and aldarate metabolism
HEmR . &R ERICES 4 P FLEAC 2

Glycine, serine and threonine metabolism

Galactose metabolism

3 itig

BB ZE S HUGR T | R AR Sy
M, B et R R EE AR A 2 — (R
25,2019 ), MLk 1992 4E T T LA, 763
J2 IR KA Wik R R R R R ) 3 e A R e
B AT = TR B, I FL At HE bt 2
B 0 AR I AE 2 M BOE , 16 2338 1 5 )
B W P12 ) B AT A R T e 1) 0 2 e T e T
WUs, 2019 ),

Shy BRI RO KR S e e A K R R
BRI 5E0 , AR SO 0 TR EE &
AL A B AR, R TR T,
F T 0 IR 3 A s bR 19 A I e e X —
U S0 S A N SO 22 L =N Ep A T =

FIH Tlumina HiSeq P54 A X W33 14 1y e e
AT S LI , 2 T 6T P s ek ke ey e e 1) 25 S5
FIRFE ST 507 -

TR O TR i i 2 v, VR e PG
W FRORARRN A, (H BT PR A, 3 i B A
TG . RE BN A AN SR AR o N e e AR R Y Y
M), Jofr A 0 e e %o e 25 ) 0 B T BT 1y o AR
Pt HObos TR BOEIR AL, A i e 3 4
AN TR BE it kDR R g A, I S IR AT
FLHC o 25 R 20k HObfAh B %) 1 e ) AR ER A AIG
FXPRELL, Horp Ta Mg RS s, Ic 41
T e &)y B B FRAIR, 1 BF I bk 2 00 o e e 4y o
AR LR, I E Aok BBk sy, ek
PRI T FRATTIEE A IR, 1E 5 10 Af e 4y {7 fik
i, REOESE, BIRE C B, REENTHER,
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MR M R RS, M b4y R AR R /N, B ik
kb, 1rhgete, Jf B Rk B Ok,
RFE NI . Davis 5% (1988 ) #F5E K BLT #¢
G gHARE, BRI R “C” E,
It H 2804 HURTT DIiERs , X 54950 45 S A
L, I —2BUERE T AR 25 SR A T S . JE
Ll 350 % L 2 e e R 225 i H b A 2L T e 4y T BB
T3, G R R 20t A HILS 1 4 HUE T 3R 1
f TR R, k40 e R 0T 3R B L oA
B MG, BN HpR s G [ A e 4 RSB T,
Mt H bR B R BE T 3R K A SR 24 5 2 e A
Kikgirh, REZBWFFERTG AN T, DA T i
KemmFsE . Yang 45 (2012) BFSRAS[RIMR EE Btk
Hu o I Ay SRS, e AR B A bk e ek
52 M 2 e 2y PR AR RSP A, 8 R v B A
Wbl , 2 o261 2 e 40y o i 23 RSPk 3R TR AR 55
2016 ), Gregorc il Ellis (2011 ) A5 & B4 e 41
HEMHMLEME, Taa2 T A
GEH, B S e e e MR i SR, B TR
T2, JFHACT 3R HOmbkofe B2 3G Mg o, 2%
Hp A (fOPAL%E, 20135 JEBZE%E, 2019) B
580 T g0 45 ARSI
T 0 = BN FHR S0 T ACE, A I e o e
MEMAEEFTEELNEH. AMHEFMH
Tlumina HiSeq 7 H AR A5 it HL RS KA
B e M e R R SRR I R ) 25 SR A IR B Al
R EEHE , HEE R L IE SR 390 4>, T
B 130 A4S, BREBER Z TR AR, 150 A
FEME ORI 5, 77 AR T — 2 I L A A iy 2
BN, AN I 55 e e ) e i 5 A AR DA K
VR TR VB R 3 E ARAE R 2RTE PR FLAR-AZ A
HAEH ( Neuroactive ligand-receptor interaction ),
i FH I Hh AR X DA ) e T e 1 B 22 R G R
T30 Matsuda Z5( 2001 )Xz Belzunces 25( 2012 )
TSR, Nk kA P s i, SRz ik
54, WPy, BERHIET: ., Suchail
55 (2010) AL HFFE A B, nit HOHON SO0 R A
e B MR, G W IR TT L
S A2 MR R 2 RS AR AR AR W
ny ks e T ERE R R 28 R, X5 Matsuda 5§

(2001 ) Fil Belzunces 55 (2012 ) HF5% Bk HL
X TS e 25 SR AR R bt b e A5 R Rk
AL Lot PRIk B AR RS, T
OB T DX T e ) P 22 R G AR RE T, PR BE L
WhF XSl e P A LA T SRy i B A, LA i i i
— A

EAEEA XA YIRe 22 R A AR , I
P FECE N 21 4y, TIEEREER 54~k
PRI DRI B 2 T N R SR IR 1 BH e A S AE R
FEN P A . Pashalidou % (2020 ) A
KM Y5 RE W p) — e WF 5T, R BR DI AE
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