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Abstract [Aim] To determine the effect of exposure to commonly used insecticides on expression of P450 genes in the
wasps Trichogramma japonicum and Trichogramma chilonis, in order to further understanding of the mechanisms responsible
for insecticide tolerance in these species, and promote their use for pest management purposes. [Methods] Expression of the
P450 genes of T. japonicum and T. chilonis populations that were either resistant, ortolerant , to imidacloprid, thiothiazide,
thiazone and nitenpyram was determined using RT-qPCR. [Results] The expression of several P450 genes varied across
populations of T. japonicum. Among these, CYP4AC1 and CYP4G15 were significantly upregulated in thiothiazide-tolerant
populations, CYP4C1, CYP6A2, and CYP9E2 in thiazone-resistant populations, and CYP4C1l, CYP4G15, CYP6A14, and
CYP6K1 in nitenpyram-resistant populations of T. japonicum. CYP4AAL, CYP6A2, CYP9AG4, CYPIE2, CYPIP3, CYP307AL,
and CYP315A1 were upregulated in imidacloprid-tolerant populations of T. chilonis, CYP9AGS in thiothiazide-tolerant

*YE I H Supported projects: 8 A M & RIE T (2023YFD1400800 ); HZ /KR ARIKR (CARS-01)
**JL[A] 2 —AE# Co-first authors, E-mail: luyanhui4321@126.com; 15738816862@163.com

xS [A]5H THAE# Co-corresponding authors, E-mail: luzxmh@126.com; tianjunce@163.com

Wik H W Received: 2025-02-07; #32 H I Accepted: 2025-04-09



33 BT PIRR R IR ST/ 250 P40 RN AR IAKE T - 709 -

populations of T. chilonis, and CYP4AA1, CYP6A2, CYPOE2, and CYP307ALl in nitenpyram-tolerant populations of T. chilonis.

[Conclusion]  These results show that two Trichogramma species from resistant, or tolerant, populations differ in P450 gene

expression, a finding that improves understanding of the mechanism underlying pesticide resistance in these species, and lays a

solid theoretical foundation for the release of resistant, or tolerant, Trichogramma wasps for biological control.

Key words Trichogramma japonicum; Trichogramma chilonis; insecticide resistance/tolerance; P450; gene expression
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japonicum FIE # AR HR % T. chilonis 23k 45 H
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FLH B 5175 53 3 L2 2 ik 3.

1.4 RNA 5 cDNA &5

FEAC L RNA $2HUF ] Tiosbio sh#1414%/40
e RNA P B & (et s8R AEY
HEARGR A, dvnt), BRSPS R &l
BI-FEFT. B 1 uL RNA FE5IE OD,6o/ODago

( Thermo NanoDrop 2000 ), FL{ETE 1.8-2.2 Z[H]
Y RNA LG F cDNA & B 1.0 pg it RNA,
FIH Oligo dT #47 cDNA &, PAELES R
Thermo Fisher F ik & Ui 45, cDNA &

F - 20 °CLAAF LIt RT-qPCR H,

x 1 EHFRIREMBERREFBEX A E KA H/MHEKTE (Xieetal.,, 2022)
Tablel Resistance/tolerent level of Trichogramma japonicum and T. chilonis populations
against different insecticides (Xie et al., 2022)

FOURWRE (95%E(E

PUEAR A

. AR ﬁ%éﬁ% %&\E?ﬂj befal ) (mg/L) Resistance ﬁﬁjk%
Trichogramma  Strain no. Insecticide LCso (95% Confidence ratio Resistance level
interval) (mg/L)

e e R e Tj-IM ik H Bk Imidachloprid 9.67 (7.536-13.455) 17.98 HHT Moderate resistance

T. japonicum Tj-TH  WEHBE Thiamethoxam 0.31 (0.220-0.509) 2.50 24 Tolerance
Tj-BU  BEWE[ Buprofezin 2.54 (1.936-3.411) 4.72 fi¥ 24 Tolerance
Tj-NI  JhE % Nitenpyram 3.55(2.719-5.042) 7.41 {IXPT Low resistance

0005 7 R e Tc-IM Nt HLAbk Imidachloprid 7.56 (5.185-14.131) 8.80 L Low resistance

T. chilonis Tc-TH B H B Thiamethoxam 2.59 (2.268-2.983) 6.90 &P Low resistance
Tc-BU  BEWEER Buprofezin 3.93 (2.401-7.596) 4.43 fif 245 Tolerance
Te-NI  JHE HUEE Nitenpyram 5.09 (3.858-7.204) 5.67 I&HT Low resistance
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*2 THIESREREE P4S0 EESIMFES
Table2 P450 gene primer sequences of Trichogramma japonicum

P450 ZXJik H AR HH e 519 (5-3") PR (bp)
P450 family  Gene abbreviation Gene full name Primer (5'-3") Product length (bp)
CYP4 55 CYP4AAL cytochrome P450 4AA1  F: TCAACGTGCTGCAAAAGTTC 128
CYP4 family R: GATTTCGTAAACGGCATCGT
CYP4C1 cytochrome P450 4C1  F: ACGCAAACAGAAACGAGCTT 244
R: TTCTTCGCGTATGCCTTCTT
CYP4G15 cytochrome P450 4G15  F: CGAACCCTGAGGTGTTTGAT 160
R: TTTCTCAGCACCGTTGACAG
CYP3 %% CYP6A14 cytochrome P450 6A14  F: TCCCGAAAGATACGATCCAG 112
CYP3 family R: GAATCGAGAACCGATGCAAT
CYP6A2 cytochrome PA50 6A2  F: GATCCGGAACTGATCAAGGA 248
R: TCCTGCTCAACCTGCTTTTT
CYP6K1 cytochrome P450 6K1 ~ F: ATACCGGCCTTCGCTTATTT 187
R: TGTGCTTGGACTTGGTGAAG
CYPYE2 cytochrome PA50 9E2  F: CGATCGTTTCCTCAGGTGAT 230
R: CCGCCGAAGAAAAATATGAA
CYP9P3 cytochrome P450 9P3 F: CCGAAAAATTCGATCCAGAA 179
R: TTTGGCGTCGAGCTCTATTT
Mito %1% CYP302A1 cytochrome P450 302A1  F: AATGCTGACTCCGATGATCC 244
Mito family R: TTTGCTCTTTGCAACCTCCT
CYP2 %5 CYP305A1 cytochrome P450 305A1  F: CCTGAGCCCTACCAATTCAA 200
CYP2 family R: AAAGTGGGAGCCGGTTTACT
CYP306A1 cytochrome P450 306A1  F: TGGAAAGGAGGATCTTGGTG 146
R: GACCTTCCCGAAGACAATGA
CYP307A1 cytochrome P450 307A1  F: GGATTATGTGCAGCCGAGTT 126
R: TCGGTGGAAGTTTGGTTTTC
. EF1 Elonggation factor 1 F: GCCATGGTTCAAGGGATGGA 162
Reference gene R: ACCGTTCCAATACCGCCAAT
PABPC1 E:Jé%/;ﬂe?yl atebinding  F: GCGACAACATCACCAGGAGA 150
R: GAAGAGATGGATCGCGCTGA

1.5 RT-qPCR #llE

DA G L) cDNA AR, Feis iR
1) EFL Al PABPCL g N2 A | M i 75 AR 0 LA
EF2 1 RPL44 NS LA, 43 Jil%F P450 JE K3
KT RT-qPCR A5, S Wik Z& 20 pL SYBR

( Bio-Rad ) 10 uL, L FUFE5|#14% 1 uL cDNA
M1 uL, ddH,O 7 pL. JWiz&M: 95 °Ci4s
P 15s; 95 CAMESs, 55 °CiRk 30s, &I
40 W, hfERLfEMth . I E 3 N EY)
FEAE, WEREGNEYFHEERE 3 MR
BwH,
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* 3 IEFEREREE P450 EE 4155
Table3 P450 gene primer sequences of Trichogramma chilonis

P450 ZJ% BEPA AR SN g4 (5-3") PP (bp)
P450 family = Gene abbreviation Gene full name Primer (5'-3") Product length (bp)
CYP4 FJti CYP4AA1L cytochrome P450 4AA1  F: CGCAGAAAGAAACAACAGCA 164
CYP4 family R: GTGCAGCACTCGTTGATGAT
CYP4AB6 cytochrome P450 4AB6  F: CCCCGAAAATTATGGTTCCT 255
R: ACATTTTTCGACGCTTTTGC
CYP4C1 cytochrome P450 4C1  F: CCAAGTGGAAGCAGAGAAGG 246
R: CGGCCTGCTTGTAGTCTTTC
CYP4G43 cytochrome P450 4G43  F: CCACTTGAACGTGCTGAAGA 116
R: CGGACATGTAGTCGTGGATG
CYP3 %k CYP6A2 cytochrome P450 6A2  F: GCCTGCAAGAACTTGTCCTC 203
CYP3 family R: CAAGACTCGTCGACTGCAAA
CYP6AQS cytochrome P450 6AQ8 F: GGCTTCATCGCAATTCCTTA 137
R: CACTTTTCGCCAGTCCATTT
CYP9AG3 cytochrome P450 9AG3 F: TTCTACCGCTCCTTCGAAAA 212
R: TCTTTCTCTCCAGGCGTTGT
CYP9AG4 cytochrome P450 9AG4  F: TCAACGACACGCAGAATCTC 125
R: GTTCGGCACCAGATTGAACT
CYP9E2 cytochrome P450 9E2  F: AATGCCCTACTTGGATGCAG 159
R: ACCGGTACGACGATTTCTTG
CYP9P3 cytochrome P450 9P3  F: AGAGCATACGATTGGGCATC 105
R: GCTCATAGGCCAAGAAGCAC
CYP9P4 cytochrome P450 9P4  F: TCATGTTCGAGCTCATCGTC 105
R: ATCTGGTGAATGCCGATTTC
CYP2 Kk CYP306 Al cytochrome P450 306A1 F: ATCTCATCGTTTTCGGCAAG 232
CYP2 family R: TCGGTATCCTCGCGATACTT
CYP307A1 cytochrome P450 307A1 F: GAGAATTCAAACCCGAACGA 123
R: GGCCTATGCACGTACGTTTT
Mito ik CYP315A1 cytochrome P450 315A1 F: TACCAGTGGTCGATCGAGGT 223
Mito family R: CCGTCTCGAACGAGTAGTCC
NS EF2 Elonggation factor 2 F: CGTGGCGTGCGATTTAACAT 136
Reference gene R: GTTCCATGAGCCTCGGTGAA
RPL44 Ribosomal protein L44 F: GCAAGGAAAGGCATGCTAGC 132
R: TGCATTCCATCCTCAGCACA

16 BESR SR 2748 g5 PAS0 FEPRIAINT 3k B Y
' FIFI A Z 7 22007, L Tukey J7 AT S I
SEFAIXT FK TS IR PRaffl 450 2004) 4 (P<0.05); R4 bR,
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2 GR59H

2.1 FEIESRAREE PASO EERZESHT

CYP4 KFEIH N 145 CYPAAAL(P=0.0322).
CYP4C1( P=0.000 8 ) Il CYP4G15( P =10.000 1)
PFIRTEARFFPREZ M HA B EM2ER . 57
L N [ER L 2 A U W N
CYP4G15 JEH ikt & A% ; 198 R i} 24 Fh
7 CYPACL Fil CYPAGI5 [N F k2 i E 4 5
WEWE R T 25 Fh i CYPAAAL HL[H ik B FE
ik, 1 CYPACL JE [F ik & I E 4 5 g Ui

HiPERIEE CYPACL 1 CYPAGIS L Kk B3
e, SUERIEm 2R EEEML (B 1: A-C).
CYP6 F R fudE CYP6A2( P=0.000 1),
CYP6A14( P=0.000 6 ) Fil CYP6K1( P =0.0019)
M ZFREAF R REZ M HA B E 2R . 5
W 7 HR e SR AR A L, b R IR T B R R e /i
SN IRE TN A T CY P6 SR 1) e R 3254 e T
F a5 R 25 R E CYPBA2 JEN Faik it i &
5 (P <0.05), 1l CYP6A14 il CYPBK1 KE[H 3
N EZER; HE TR CYP6AL4 il
CYP6K1 HEF Feik it i 4t (K 2: A-C),

e E E
.:_:" 2.0 A CYP4A4A1 % 4. CYP4Cl1 L; 4 C CYP4G15
.2 15 1.8 3 4, .S 5 a
Wi 97 T N3 ol
K E1.0 WE2 K E2
RS B®S |p Db B | b
E205 F—‘ EEI ﬂ ﬂ Egl F—‘ .
g 0 @ RIS 30 S & QO S 30 S :»l & D
A % 2SS S PSS o3
@* & &8 A &Y (S RS S
®§&§a$$§* ®§*§é§$§* ®%§%@é§§§
uies Populatlons PR Populations F#¥ Populations

B 1 TEERRE CYPARKERREESH
Fig.1 Relative expression level of CY P4 gene family from Trichogramma japonicum

A. CYPAAAL TEAF I R N S AU RIL /Mo A Al B v 1) 3235 4 4347 3 B. CYPACL 75 e 5 o1 R e SRR AT/ A A R vl i1ty 3k
T C. CYPAGLS 7i A oi5 HR M RN L/ M PE AR A P A 28 i 70 A oSS RRMRUR IR SRR s Tj-IM: FRIEfR
R e bk Eh BRATC /R PR 5 Tj-TH . SR AR IR S 05 e R0/ PR s Tj-BU - R R A5 HIR 08 W08 8 470/ P Ao 5
Tj-NI: Fefl ok HR s s v sk e/ PR R, 18] 2-181 4 W), A DRTRVING FRHMCR AR B A 522 5
(P<0.05, Tukey ), FEIF,

A. Expression levels of CYP4AAL in the susceptible and resistant/tolerant populations of T. japonicum; B. Expression levels
of CYPAC1 in susceptible and resistant/tolerant populations of T. japonicum; C. Expression levels of CYP4G15 in susceptible
and resistant/tolerant populations of T. japonicum. SS: Susceptible population of T. japonicum; Tj-IM: Imidacloprid
resistant/tolerant population of T. japonicum; Tj-TH: Thiamethoxam resistant/tolerant population of T. japonicum; Tj-BU:
Buprofezin resistant/tolerant population of T. japonicum; Tj-NTI: Nitenpyram resistant/tolerant population of
T. japonicum, the same for Fig.2-Fig.4. Different lowercase letters above bars represent significant difference between
various groups (P < 0.05, Tukey method). The same below.

CYP9 F 445 CYPIE2 (P =0.0001)
Al CYPOP3 (P = 0.007 6 ) FIFIATEARIRF#HEZ
[ A B E 25 5 o 5 R I iR R e B R A A AH
Lt m B R RE CYPOE2 HEPH 263k it i 5%
115 e R 25 Fh e CYPOP3 2[R e 3h B i 5 14
15 5 WEWRERTH 25 FhBE CYPOE2 LK #e ik i 1R
s M TR E CYPOE2 FII CYPOP3 LA
KB RELL (B 3: A-B),

Mito FKiE A& CYP302A1( P=0.000 2 ); CYP2

KRG CYP305AL (P =0.006 4 ), CYP306A1

(P=0.028 1) #l CYP307AL (P=0.0339) )%
ISTEA R AP Z B3 A B2 R . SRIE R
AR W fURRAR A L, mib Aok E CYP305AL
FEPR IR I W 2 BRI WE HLRT 25 P CYP302A1
LR ik i A PRAIG ; WEVRTRIT 24 FP i CYP305AL1
1 CYP307AL 5 K 2 A 0 i S5 FRARG 5 I e L e bt
PERIEE CYP302A1. CYP305A1, CYP306A1 i
CYP307AL JEHFA I T 22 5 (K 4: A-D ),
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< E 5520 5520
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eSS S TSP S 3 & < o
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B2 FEERRE CYPs RKERRIEZENT
Fig. 2 Relative expression level of CYP6 gene family from Trichogramma japonicum

A. CYP6A2 7t TR IE 7 R S AURAN T/t PR P (35 40 #; B. CYPGALA 76 R HE ik HIR w4 AR AN

YU PR A SR IA B

ZHr; C. CYPOKL 78 7% 8 ol HIR dee R AN B /M Pk e B v ) 32 08

G

A. Expression levels of CYP6A2 in the susceptible and resistant/tolerant populations of T. japonicum;
B. Expression levels of CYP6A14 in susceptible and resistant/tolerant populations of T. japonicum;
C. Expression levels of CYP6K1 in susceptible and resistant/tolerant populations of T. japonicum.

FAX IR
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HEL5E
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E 3 TEIESRIREE CYPO KiREFEFRIZEN

Fig. 3 Relative expression level of CY P9 gene family from Trichogramma japonicum

A. CYPOE2 7 f7 i 7 N 3 0B AN H0 /Mt M Al Bt v ) 28 38 1 40T 5

B. CYPOP3 7£ 5 B 7k HR Wi S BN /i ML B o 1) 2 ik i

é}*ﬁo

A. Expression levels of CYP9E2 in the susceptible and resistant/tolerant populations of T. japonicum;
B. Expression levels of CYP9P3 in susceptible and resistant/tolerant populations of T. japonicum.

2.2 IEEFRIREE P4S0 BEEREESHT

CYP4 FKJEFHF 45 CYPAAAL(P=0.000 8 ).
CYP4AB6 ( P=10.0003 ), CYP4C1 (P=0.0022)
Fl CYP4G43 (P =10.000 1) [FIETEA[EFPREZ
I‘Eﬂ PIEA B EEE S 5 R IR G U AR

, LR ERNE CYPAAAL LN ik i 3%
Tmm, W IR it 25 FPEE CYPACL Fil CYPAGA3 it
R e ik i i R AR WEVRTATT 25 FhiE CYP4AAL
LR Rk B W RS, T CYP4ABG 77 CYP4AGA3
LSRGk B W RS M RE R B v A RE
CYPAG43 JEH Rk i 4= (B 5: A-D),

CYP6 Kt fufk CYP6A2 (P=10.000 1)
FI CYPBAQS (P =0.005 9 ) [FRIETEA A FPEEZ
l‘Eﬂ VIR R S o 5 I R R S U P AH

, M HRBTIEFRRE CYPBA2 1 CYPGAQS JL[A]
%éa_gﬂjﬁ frfeEr, {H CYPBAQS KLk ik 5 xf
HEAH L TG o 25 25 S 5 W U T 245 A CYPBA2 FlI
CYP6AQS8 J K A ik it T b #5481k 5 WE R
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Fig. 4 Relative expression level of Mito and CY P2 gene family from Trichogramma japonicum
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A. Expression levels of CYP302A1 in the susceptible and resistant/tolerant populations of T. japonicum;
B. Expression levels of CYP305AL1 in susceptible and resistant/tolerant populations of T. japonicum,;

C. Expression levels of CYP306ALl in susceptible and resistant/tolerant populations of T. japonicum;
D. Expression levels of CYP307A1 in susceptible and resistant/tolerant populations of T. japonicum.
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Fig. 5 Relative expression level of CY P4 gene family from Trichogramma chilonis

A. CYPAAAL T M58 I HR S AU AN BT/ TR AR PP ) 2 Ik 70 A 5 B. YPAABG 11 U5 B ik HIR S SR/ A A v 9 22 i
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A. Expression levels of CYP4AAL in the susceptible and resistant/tolerant populations of T. chilonis; B. Expression levels of
CYPA4ABS in susceptible and resistant/tolerant populations of T. chilonis; C. Expression levels of CYP4CL1 in susceptible and
resistant/tolerant populations of T. chilonis; D. Expression levels of CYP4G43 in susceptible and resistant/tolerant
populations of T. chilonis. SS: Susceptible population of T. chilonis; Tc-IM: Imidacloprid resistant/tolerant population of
T. chilonis; Te-TH: Thiamethoxam resistant/tolerant population of T. chilonis; Tc-BU: Buprofezin resistant/tolerant
population of T. chilonis; Tc-NI: Nitenpyram resistant/tolerant population of T. chilonis, the same for Fig.6-Fig.8.

E CYP6A2 E CYP64Q8
m E5[ A w8201 % ¢ s b
82,0 X §1-5 ab
Hé%iig b b Eguo0 b
Egosi[] [ [ L] [ =g L]
= 3
2 fo%&*x@* : FSHSSS
S QY7 &Y NS CAPCARIEN
S &@ o T E
FhEE Populatlons Fh#£ Populations

B 6 MEBEFRE CYP6KREEREENH
Fig. 6 Relative expression level of CYP6 gene family from Trichogramma chilonis
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A. Expression levels of CYP6A2 in the susceptible and resistant/tolerant populations of T. chilonis;
B. Expression levels of CYPBAQS in susceptible and resistant/tolerant populations of T. chilonis.
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Fig. 7 Relative expression level of CY P9 gene family from Trichogramma chilonis
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A. Expression levels of CYP9AGS3 in the susceptible and resistant/tolerant populations of T. chilonis; B. Expression levels of
CYP9AG4 in susceptible and resistant/tolerant populations of T. chilonis; C. Expression levels of CYP9E2 in the susceptible

and resistant/tolerant populations of T. chilonis; D: Expression levels of CYP9P3 in susceptible and resistant/tolerant
populations of T. chilonis; E. Expression levels of CYP9P4 in the susceptible and resistant/tolerant populations of T. chilonis.

T>) CYP306A41 E CYP30741 ‘g CYP31541
<20 =4, B =30
g Eﬂﬂ 9 mlmﬂ‘g 2 5 C a
BELS5E o ab ab %3 4320
FE10 RE2 ®ETs b
Ke 285 RO 1.0 b bc
Eg %0 § '0 _
: @%%&@&éi S & E T &@ yr % P é g &ﬁ\ R
5
& &% “&é& N\t @ @%‘9 & & & @%@
F#¥ Populations F#% Populations F#% Populations

B8 MEFHFRARIE Mito 1 CYP2 RGERERIXESHT
Fig. 8 Relative expression level of Mito and CY P2 gene family from Trichogramma chilonis
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A. Expression levels of CYP306A1 in the susceptible and resistant/tolerant populations of T. chilonis; B. Expression

levels of CYP307AL in susceptible and resistant/tolerant populations of T. chilonis; C. Expression levels
of CYP315A1 in the susceptible and resistant/tolerant populations of T. chilonis.
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15, 2016 ). Rk, e/t 24 1 im i i L e
T B S BH A L/ 24 P L o) 3 ) fidf e ) O e
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