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Abstract: [ Objective | Honeybee is an important economic and social insect, as well as an important pol-
linator, which contributes to the balance of agricultural ecosystem and plant diversity.In order to prevent the
diseases and pests of the crops, the usage of pesticides is increasing yearly , which inevitably threaten the safe-
ty of beneficial insects such as honeybees.As a result of the extensive use of pesticides, bee poisoning cases in-
crease every year, which leads up to substantial economic losses to the apiculture industry.Due to insufficient
pollination, the yield and quality of the crops are reduced, which in turn affects the agricultural income.Alter-
native splicing (AS)is an important mechanism to regulate gene expression and protein diversity , and it is also
an important factor to differentiate species, organs, physiology and pathology.In order to reveal the role of alter-
natively splicing genes in response to sub-lethal doses of insecticides in honeybees, the responses of alterna-
tively splicing towards two insecticides were analyzed.[ Method ] Based on previous studies of dance behavior
in honeybees and data from the transcriptome of the brain of the insecticide—induced dance honeybees , tophat
was used to compare the splice sites between imidacloprid treated group and the control group , as well as be-
tween deltamethrin treated group and the control group.[ Result ] Between the imidacloprid treated group and
deltamethrin treated group, skipped exon (SE) was the main alternatively spliced type, and the number of
events detected between each group accounted for more than 60% of the total number of events, while the num-
ber of different events of SE type accounted for more than 50% of the total number of different AS events.
There were significant differences in the total number of five alternatively splicing events in the brain transcrip-
tome of two insecticide—treated dancing bees at different trial distances at 300, 500, 1 000 m from hive (P<
0.001).And the number of genes with five alternatively splicing events were significant different between the
two insecticide—treated groups at different distances (P<0.001).Kyoto Encyclopedia of Genes and Genomes
(KEGG ) enrichment analysis was carried out according to these variable splicing genes , which mainly involved
in metabolism, cell repair, amino acid metabolism, fatty acid metabolism, signal transduction and other biologi-
cal activities, closely related to important signal pathways and immune response pathways.[ Conclusion ] Both
sub-lethal doses of insecticides cause genes in honeybees to undergo alternatively splicing, potentially alter-
ing ligand receptor binding, transcription factors, circadian rhythms, endocytosis, and nerve signal transduc-
tion.In response to insecticide stress, alternatively splicing events affect cellular functions , including immune
responses , learning , memory and navigation ect, thus influencing honeybee dance behavior.The study on the
gene expression and regulation of dance bees induced by the two sub—lethal doses of insecticides not only has
reference value for the environmental toxicity risk assessment of imidacloprid and deltamethrin, but also
makes corresponding protective measures , it is of great value for the conservation of the agriculture—important
pollinating insect.

Keywords: honeybees ; waggle dance ;insecticides ;sublethal dose;alternative splicing
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P18 B i e i PR 2 Sy 2 A TR, AT ST L T R I S 2 BT o R A WA A 114 AS BE PRI AT 3T
1.2 AIEBYISHT

PAREA 54T 22 57 AT A8 B 153 B ) LU ASCEH D s, S it A iR R AR B DD S AR R b2 S B, #5003
AARRZE AR B D SRR i, i X B2 AT AR B DI SRR T 22 S 0 o (TS ON 35 119 reads SR SEE 21
AP F RIS T E junction (937, tophat FLXT &5 S rh AL & T BT AT BT U107 505 B, sMATS 144 1] Lok
ASHiFo3 18 528, 3 LT LA AR W2 i O RORE e AT 22 57 AS 20 #r o 5 S8 IR B YT i3l o A W1k
BK (skipped exon, SE) , A] 48 5’ % 55 1] (alternative 5 splice site, A5SS) , 7] A% 3' ¥ 84 1] (alternative 3’ splice
site, A3SS) ,9Fﬁ%iﬁ*§‘@@ﬁﬂj’((mutually exclusive exon, MXE) F1 N & & (retained intron, R1) .
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BYI(A3SS) B F e FEPEBRER (MXE) , N & 7O/ B (RD A%, SEJ& F 29 nl A2 7 P2 4600 31) % 2H 2.
[ ECE b S EGE 60% L Lo 1T SE 8B (1) 25 S5 SR8k b 25 5 AS BB 50% ) . #E 300,
500, 1 000 m % AE 5 a] AR g 42 1) 5 S8 TR 7R 10 3% 22 7 ('=88.872,df=8,P<0.001) , Il & 4= 5 Ffi ]
A Y 22 S SR H Z MR AE .3 22 5 (¥=13.705, df=8 , P=0.09 )

F1 MHBGIEAEZERASHEMBE 5T

Tab.1 AS classification and quantity statistics between imidacloprid treatment group and control group

JR— ASFiF R %ﬁ AS R BB
NumEvent. JC. only SigEvents. JC. only
Event type
300 m 500 m 1 000 m 300 m 500 m 1000 m

SE 5607 8296 8724 281 126 176
MXE 972 1492 1591 64 13 35
AS5SS 1012 1245 1235 80 34 46
A3SS 1334 1551 1562 91 55 49
RI 411 515 504 38 18 30

P P 1 AT, 45 A 28 B0 AT AR B 1A 3 - IR 2 2 1) Y 6 DR H L v SE 28 A8 58 DR BCHR U 430l R
2567,3 237 Fl13 395 ; A3SS 257 Ay JE R4 70 51 K 935, 1 047 F1 1 049 ; A5SS 2570 Y JE K1 %4 3 51l Ky 704,786
F1781; MXE 2881 (1) 3L R 805351 ok 332, 518 Fl1 561 ; RTZSAY Y 56 R 04> 51 311,388 1380, 7E 300, 500,
1 000 m & A 5 R AT A% 5y BE B H Z BT i3 25 5 ()’=36.501,df=8, P<0.001)
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Fig.1 Number of AS genes between imidacloprid treatment group and control group

22 MHMESEZEEERIBASEREKEGG pathway E &9

AR X 26 A AT AZ B YT A ST KEGG 5 48 73BT, 33X 26 1 25 412 100 368 8% T LS o ML AR 1) 37 R AR
A MAE A SRR RS A% A )G B, 5 E S (R 5 30 6 (wnt signaling pathway , MAPK
signaling pathway—fly, phototransduction—fly, hippo signaling pathway—fly, neuroactive ligand-receptor interac-
tion ) FlH P2 N7 2538 [ (ubiquitin mediated proteolysis, endocytosis, lysosome ) 2 P FI K (2 2) .
23 RAFNGFSHEEREMRTASEEXRRYE

H 6 3 TR, A G It S AR AR 5Y ) - Ah T BRER (SE) , AT A2 5735 85 U] (A5SS) , AT 7% 3”3y 55 4]
(A3SS) A B FEPEBRIR (MXE) , A& 70 B (RD A% SE 2 32 219 [ AZ BT U0, 45 I )45 20 2 [A]
PEECHE R SRR 60% DL E o 1 SE 28R 22 57 SRR 22 5 AS SHPE B 55% DL B 7 300, 500,
1 000 m %4 5 Al AR g 4 i) A S BCZ IR AE 35 22 57 ()’=101.225, df=8, P<0.001) , H &2k 5 Fpa] A5 5
e 22 5 B E Z RIAETE B35 25 53 (}*=23.844, df=8 , P=0.002) ,
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=2 FEZEYIREREFZEREZE KBRS (ML Hm)
Tab.2 Main Pathway Enrichment of AS Genes(Imidacloprid)

Silise 3 f% 4 B PAH B
Pathway ID Pathway P-value Genes
. LOC406106;1.0C410823;L.0C551691;L.0C413197;
ko04745 Phototransduction—fly 0.000 LOCA10489; LOC550818
L LOC408691;1.0C408976;1.0C411046;LOC551691;
k04310 Wit signaling pathway 0009 LOCT726113;L0CT726671;L0C406106;.0C409321
ko04120 Ubiquitin mediated proteolysis 0.046 LOC408749;1.0C411182;1.0C552700
ko04013 MAPK signaling pathway—{ly 0.041 LOC412003;L0C412529
ko04391 Hippo signaling pathway—{ly 0.014 LOC409348; LOC409904
ko04144 Endocytosis 0.042 LOC409274;1.0C413197;L.0C413680
Neuroactive ligand-receptor
ko04080 . ) 0.018 LOC411050;L0OC726953
interaction
ko04142 Lysosome 0.015 LOC724550;1.0C725688

*3 BREFHELBHEDERASHEMBESIT
Tab.3 AS classification and quantity statistics between deltamethrin

treatment group and control group

R ASF KK %E’ ASFF KL
NumEvent. JC. only SigEvents. JC. only
Event Type
300 m 500 m 1 000 m 300 m 500 m 1 000 m

SE 5763 8195 8928 317 144 216
MXE 1010 1556 1647 42 18 42
ASSS 1050 1222 1245 67 39 65
A3SS 1355 1534 1562 104 37 37
RI 424 503 515 31 21 18

H P 2 AT, 45 B 28 AU AT AR 55 U1 34 I s A ) 9 5 B H b SE 2 AU 1 6 BRBURK YR 40 i
2590,3 221 13 438 ; A3SS 2 U {1 FE KB435 Ky 945, 1 037 F1 1 0533 ASSS SR i JL K K051 711,788
F1791; MXE ZS R (1) 5L KBS0 344,531 K558 s RIZEAY (1 3 PR K351 R 316,380 #1385, 7 300, 500,
1 000 m %A 5 AT AR B 42 1) 5L D R H 22 (B FE7E 0 35 25 57 (}'=34.724, df=8 , P<0.001) .

24 BEHRHEEFSEREERIASEREKEGG pathway &£ 5

HR A8 33X 86 S A i) A2 BT B AT KEGG & 4000 4
S 3T 0 35 4 00 B T L L 0 0 oo
WRACI AR TR AR LR AR I g & 3000 - 500
BB, SRR SEK e 52 |[] W 1000
naling pathway, TGF-beta signaling pathway, notch gg .
signaling pathway , MAPK signaling pathway—fly, pho- g( % 000 -
totransduction—fly, mTOR signaling pathway, phos- “
phatidylinositol signaling system, neuroactive ligand— 0 :
receptor interaction ) 19 2 N 2 il 4% (regulation of SE H%i;wﬁgsiypes h;;(AES K
autophagy, microbial metabolism in diverse environ- P2 9 A T A A ) T A B B PR
ments, nicotinate and nicotinamide metabolism, caf- Fig.2 Number of AS genes between deltamethrin

feine metabolism ) ZYJFH I (F4) ., treatment group and control group
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F4 AZEYIERTIZEREESERSN(REAHEE)
Tab.4 Main Pathway Enrichment of AS Gene(Deltamethrin)

s M 24 P1H 297
Pathway ID Pathway P—value Genes
LOC406106;1.0C410823;1.0C551691;
ko04745 Phototransduction—fly 0.027
LOC408791;1.0C410489
LOC406106;1.0C408691;L.0C408976;L.0C409050;
ko04310 Wnt signaling pathway 0.004
LOC551691;L.0C726280;1.0C408894
LOC406106;1.0C551173;1.OC551668;
ko04150 mTOR signaling pathway 0.042
LOC413467;1L.0C551198
ko04140 Regulation of autophagy 0.007 LOC413467;L0C726781
ko01120  Microbial metabolism in diverse environments 0.030 LOC413924;,L0C727153
ko00760 Nicotinate and nicotinamide metabolism 0.022 LOC408474
ko04350 TGF-beta signaling pathway 0.045 LOC408691;L.0C725711;1.0C726280
ko00232 Caffeine metabolism 0.048 LOC724718
ko04330 Notch signaling pathway 0.035 LOC408894
ko04013 MAPK signaling pathway—fly 0.032 LOC100576369
ko04070 Phosphatidylinositol signaling system 0.037 LOC406096;1.0C406106;1.0C408791
ko04080 Neuroactive ligand—receptor interaction 0.045 LOC410435;L0C411760;1L.0C412993
3 3 i

A T, B8 35 3 A ] DR 2 I BT ) Y 2% H T bt e R T T, e A SR A I A I 5 R
BRI AT AR BTG, e A AT AR BT S AR R AR TR E SE . | T 1S BEPR AT R Ak A [ 2 B AT A2 55 4]
P AN TRl Spe AU A 1 AN B PR pl T I ) R SE (A ] R R S [T A 2 1 BT T R A R e
PRI 2 & e — g W A2 85 U], P RE R FEAR 2 AR S5 G e sk IR AR BRHE  N BRI DL M &5 515 %, 4
XoF 20 R 8 AR R R ALFE e N B 2 2SR AT RE LA

TE W R IR A A GRS RN R 2 505 S55@ B 0 B R A TR 2 8580, tn 2 5 MAPK
signaling pathway—fly () 8 7 2 K (LOC412003, LOC412529, LOC100576369) , =5 Wnt signaling pathway
A3 2 (LOC406106,LO0C411046,1L.OC551691,LOC726671,1L0C408691,L0OC408976 ) Fl12: 5 Neuroac-
tive ligand—receptor interaction [ 185 3£ [ (LOC411050,L.0C726953,1.0C410435,1.0C411760) . MAPK {5
538 [ S /N GTTP il Y A DR R4 1 B A5 5 GO TS R R g ™), T A M A S By . KA T 2 ik
B MAPK {5538 fif BB i < AR 0217 28 RS2 RS SIS BIITE ™. 25 Wt signaling
AT B B R 522 20901245 Y, 1T Neuroactive ligand—receptor interaction i & — b A7 F AR IR 5
5 R m] SR Koo 20 RS2 AR U 2 A A E R A A% 2 e DR ) AT A B 4T, DT 5 e 4 e g 2 2
ez )y AR BAR A DR id T 22T 2R 1 AR (RNA TR0 — 05 . i oh, R AE P AR By ) 5L
WS 5 W A5 51T BRI E 5 iY A 38 2, (H AT AR 5 7] 58 DX A 245 1 G 28 Ly 2 LT 348 i
NIHRE AT
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