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Abstract [Aim] To investigate the effects of two commonly used insecticides, tolfenpyrad and deltamethrin, on the
intestinal metabolites of the Glyphodes pyloalis. [Methods] A total of three G pyloalis treatment groups were established; a
non-pesticide treatment control group (DD), a tolfenpyrad treatment group (DC) and a deltamethrin treatment group (DX).
Intestinal metabolites were analyzed by ultra-high performance liquid chromatography-tandem, electrostatic, field orbitrap,
mass spectrometry (UHPLC-Q Exactive HFX, Thermo, USA). Data were processed using progenesis QI software. Principal
component analysis (PCA), partial least squares discriminant analysis (PLS-DA) and orthogonal partial least squares

discriminant analysis (OPLS-DA), were used to screen differential metabolites (screening criteria: P<0.05, FC > 1.5 or <
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0.667). KEGG metabolic pathway enrichment analysis was also conducted. [Results] There were significant differences in

the intestinal metabolites of G pyloalis among the different treatment groups. Compared to the DD group, 74 and 70

significantly differential metabolites were identified in the DC and DX groups, respectively, with 35 common, differential

metabolites shared between these groups (5 upregulated and 30 downregulated). The differential metabolites were mainly

attributed to glycerophospholipids, pyrimidine nucleosides, organic oxygenates, carboxylic acids and their derivatives.

Pathway enrichment analysis showed that differential metabolites in the DC and DX groups were mainly enriched in the

carbohydrate, amino acid and nucleotide, metabolisms. [Conclusion] Tolfenpyrad and deltamethrin can specifically disturb

the intestinal metabolic spectrum of G pyloalis, mainly by interfering with related metabolic pathways, such as amino acids

and carbohydrates. These characteristic metabolic changes may be important physiological responses of G. pyloalis to pesticide

stress.

Key words Glyphodes pyloalis; tolfenpyrad; deltamethrin; pesticide; metabolomics; metabolic pathways
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Fig.1 PCA score plot of differential metabolites
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The abscissa Compl represents the first principal component,
the ordinate Comp?2 represents the second principal component,

and the numerical percentage in brackets represents the
variance interpretation of the principal component.
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Fig. 2 Volcano diagrams of differential metabolites between the tolfenpyrad treatment group ( A ) and the
deltamethrin treatment group ( B)

Pl i — A B A AR — R, A bR 2 AR J 2% SO RIS AL, B logy(Fold change)fi, HAAEERY 2%
SR Rk 22 S SRR, Bl-1g (P-value){B . £LECH FiH, SESNTIE, KERRUDBEA BEH2ES .
Each dot in the figure represents a metabolite. The abscissa is the multiple change value of the differential metabolite
expression difference, that is, the logy(fold change) value, and the ordinate is the statistical test value of the differential
metabolite expression difference, that is, -1g(P-value) value. Red is up-regulated, green is down-regulated, and gray
represents no significant difference in metabolites.

o A3 Not significant: 3394 4 VIP>1

4 VIP<1

DC vs DD DX vs DD

35

B3 MHERELEA (DC) FIREHEELEA (DX)

= FH B Venn
Fig. 3 The Venn plots of differential metabolites in the
tolfenpyrad treatment group (DC) and deltamethrin
treatment group (DX)
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The circles of different colors represent different comparison
groups; The numbers represent the number of differential
metabolites; The intersection area represents the number of
differential metabolites shared by the comparison group; The
non-intersection area represents the number of differential
metabolites unique to the comparison group.
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F1 WHERRLAESA (DC) MRSEHELEA (DX) RIEEHEEZRKIGY
Table 1 The intestinal differential metabolites of mulberry borer in the tolfenpyrad treatment
group (DC) and deltamethrin treatment group (DX)
£ Differential metabolites DC DX
(29)-6-F H-2-[[(2S)-2-F F-5-( A 2 H B4 ) I mE | & 2 2 g i Up i Up
(2S)-6-amino-2-[[(2S)-2-amino-5-(diaminomethylideneamino) pentanoyl] amino] hexanoic acid
2-((2-F2 L HE) B HE)-N-(3-(3-(1-WR W 2 Y 25 % a2 ) N T 68 ) £ T Mk Fi#Hup i Up
2-((2-Hydroxyethyl) thio)-N-(3-(3-(1-piperidinylmethyl) phenoxy) propyl) acetamide
Z& — JfiK-1- N B, Decadienyl-I-carnitine 1 Up 8 Up
T I BE F Physagulin F 8 Up 8 Up
WA, NER. KRR . KREAMR Val, Ala, Phe, Asp 18 Up 8 Up
2-R I 28 IH)[(2R)-3-[(92)- T 750k -9- I Bk AR I ] -2-F2 TN A L I R T Down T Down
(2-Aminoethoxy)[(2R)-3-[(92)-hexadec-9-enoyloxy]-2-hydroxypropoxy] phosphinic acid
(2-{[(2R)-3-(F 7 el A J )-2- R N BE R Joxy } £ 58) = HT SR R A 3R e T Down [ Down
(2-{[(2R)-3-(hexadecanoyloxy)-2-hydroxypropyl phosphonato]oxy } ethyl)trimethylazanium
2"-O-Z LT 2"-O-Acetylrutin T8 Down T 1 Down
(R A L) B2 (Benzyloxy) sulfonic acid T4 Down T Down
2-(5,8-1 VU Bk — &) T i 2-(5,8-Tetradecadienyl) cyclobutanone T Down T Down
2-fifi [}, —-R 2-Oxoglutarate T8 Down T 1 Down
2-FFe-4-(2-F FHFEHL)-4- 35 F2E ¥ 2-Amino-4-(2-aminophenyl)-4-oxobutanoic acid T Down T 1# Down
2-% k-6, 7-—&-3H-EEIS-6-[ 2-Amino-6,7-dihydro-3H-purin-6-one T Down i Down
3-SR A B 3-Oxohexadecanoylcarnitine T Down T Down
4-533-1-[(2R. 3R, 4S. 5R)-3,4- ¥ H-5- (W) EH-2-y1]-1, 2- & W hE-2-fi T Down i Down

4-Amino-1-[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)
oxolan-2-yl]-1,2-dihydropyrimidin-2-one

4-ZHE-1-[( 2R, 3S. 48, 5R)-3,4-FHE-5- (R HIEE) S -2-y1] -1,2- S MENE-2-
4-Amino-1-[(2R,38S,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)
oxolan-2-yl]-1,2-dihydropyrimidin-2-one

6-%Fk-1,2- " A WEE-2-F 6-Amino-1,2-dihydropyrimidin-2-one
o-fIE-3-FH N EERR Alpha-cyano-3-hydroxycinnamic acid
HiERES Calcium sulfate

DG(18:3(9,11,15)-0H(13)/0:0/2:0)

DL-a-#23£J% — 2 DL-alpha-Hydroxyglutaric acid

B A5k 7,/ Hydroxyindoleacetic acid

LPA(18:0e/0:0)

LPA(18:1(11Z)/0:0)

Lyso-P1(0:0/18:1(92))

Lyso-PI(0:0/18:2(9Z,112))

LysoPC(20:2(11Z,14Z))

LysoPG(18:1(9Z)/0:0)

N-(1-f 480- 1- 540 ) N & R N-(1-Deoxy-1-fructosyl) alanine
SR B A% 4 Nicotinamide riboside

PA(18:2(9Z,127)/18:0)

PC(2:0/18:1(12Z)-20H(9,10))

PE(18:3/0:0)

PE(22:2(13Z,16Z)/0:0)

IR PN 4 Propylene carbonate

T4 Down

T Down
T Down
T Down
T Down
T Down
T4 Down
T Down
T Down
T Down
T Down
T Down
T4 Down
T Down
T Down
T Down
T Down
T Down
T4 Down
T Down

T4 Down

T Down
T Down
T Down
T Down
T Down
T4 Down
T Down
T Down
T Down
T Down
T Down
T4 Down
T Down
T Down
T Down
T Down
T Down
T4 Down
T Down
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DX Aifzs Ry FEEETAERN
WL BRI A . IR A A — A iE
B (B 7)o H =20 g mEng il . ABC iz
B HmeEIEARE . AERNAEY S K
( Biosynthesis of amino acids ) . T B 1% 4f
( Butanoate metabolism ) . 2 Z 2 i ( Histidine
metabolism ) J& 25 5 U & AR AR 2 iE i .
DX ZH Bk 2= AR S 4 > —JGm gk
S PREEAE BALH L F EALE . R, Y
4. (E 8). BREMEMLGH N AEY A K
( Flavonoid biosynthesis ) 4N, HA4y 18 2=
B HE T, A5G BEAR R N ERR
KA TR M AR ( Alanine, aspartate and
glutamate metabolism ), F7&ERIEIAE .

A 17.23%

3.45%
3.45%
3.45%
3.45%
3.45%

10.34%
15.16%

6.06%

6.06%

0,
9.09% 9.09%

27.59%

13.79%

3 g

Bifi 2 BRAR AR PR 2 T, AR 25 KRS
C B i G2, PRFTAR 245 % A AR 11 52 i 2 >4
A TR Z— (Lietal., 2022b; Wan et al.,
2025), HET, XTARZXRBGIERNZWE, 45
G B IE R Y Z R R TR TR
LRI, NP/ NSk, —ABEE Chilo suppressalis
AH A CSREREESE, 2013; SRR,
2018 ), 1A% 24 Jifpan s ne L H g 1 A QI AR Ak
TSR

AW R AR G A 2= BOR , RGHH
T SREAE e P e AR A TR I BT Ik R e
T AL P AR Ak s O RNV S A TR Ak

W H g Glycerophospholipids

I WEIERH Pyrimidine nucleosides

B Y& E A Organooxygen compounds

W AR N HAT Y Carboxylic acids and derivatives

B AEHIBEEE Fatty acyls

W PHiE R HAT A4 Pyridines and derivatives

0 ZPNEZ Azolidines

B A2 Flavonoids

[ HimAER Glycerolipids

0 FERBURATAY) Benzene and substitutedderivatives
HAth Other

B Hh#sBE Glycerophospholipids

W EHL & E 48 Organooxygen compounds

W 3588 K HAAE Y Carboxylic acids and derivatives
I wriER% AR Pyrimidine nucleosides

W #T2& Flavonoids

M fBHABEEE Fatty acyls

W S5 K HS Az 4 Steroids and steroid derivatives
B "MK K Aii A ) Indoles and derivatives

B 2R K HATA YY) Hydroxy acids and derivatives

21.21% g msopks B HATAE Y Quinolines and derivatives

HoAh other

B4 MABRELEA (A) MREAPELEA (B) ZRRIPWHLESXGIE
Fig. 4 The chemical classification pie chart of differential metabolites in the tolfenpyrad
treatment group (A) and the deltamethrin treatment group (B)

ANFBEREAF R 28 5% B 8\ o ARz A 70 2800 E 45 A P g A o o A 40E 21 iR
Bom Ao o o BB oA 2 o 2R R AR E SO HA .
Different colors represent different chemical classification attribution entries, and the number percentage represents the

percentage of the number of metabolites in the chemical classification attribution entry to the number of all identified
metabolites. Metabolites with fewer or no chemical classification are defined as others.
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PG SR 050774 74 R 70 D250
(FE2), Kb 8 35 AR r 22 5P &1 3),
X SR S5 2 RuhEN (K S,
Bl 7)), R0 BIPEL T SRIE R E A
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Fig. 5 Hierarchical classification diagram of differential metabolite metabolic
pathways in tolfenpyrad treatment group
i A Ao g T R B0 B b 22 S AR RO B, AR AR A AT B A 44 R
AN TR] €A T e T T 9 S [ R 26
The abscissa is the number of differential metabolites annotated to the pathway; The ordinate is the name of the metabolic
pathway; The different colors of the column represent the different levels of classification of the pathway.
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Fig. 6 Score plot of differential abundance of differential metabolic pathways in tolfenpyrad treatment group
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Fig. 7 Hierarchical classification diagram of differential metabolite metabolic
pathways in deltamethrin treatment group
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Fig. 8 Differential abundance score plot of differential metabolic pathways in deltamethrin treatment group
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