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novel_miR_92) WFKikht, [ &R ] AWFIWE T VUPFR RTS8 R IR 27 74, R IR IR
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pretiosum, an important egg parasitoid of agricultural and forestry pests. [Methods] The third generation of 7. pretiosum
parthenogenetic strain was continuously fed with 2.5 mg/mL tetracycline hydrochloride honey solution. Parasitic rate, eclosion
rate and female ratio were calculated.The Illumina platform was used to sequence the small RNA transcriptome of 7. pretiosum
parthenogenetic strain adults. Differentially expressed genes were screened and GO/KEGG/COG analysis was performed. The
expression levels of 10 differentially expressed genes ( novel miR 124, novel miR 311, novel miR 176, novel miR_99,
novel_miR_510, novel miR_48, novel miR_96, novel miR 315, novel miR_280, novel miR_92) in the transcriptome data of
T. pretiosum were detected by RT-qPCR. [Results] The entire transcriptome of 7. pretiosum was sequenced and a total of 79
differentially expressed microRNAs identified, 67 of which were up-regulated and 12 down-regulated. A total of 4 129 target
genes were predicted, of which, 1 224 were differentially expressed. GO analysis indicated that these target genes were
involved in transcriptional regulation, transmembrane transport, catalytic activity, and other functions. KEGG analysis
suggests that the ECM, neuroactive ligand-receptor interaction, Mapk, and TGF-beta and Hippo, signaling pathways play key
roles in regulating thelytoky in T pretiosum after Wolbachia infection. [Conclusion] This study demonstrates that the target
genes and signaling pathways of novel miR_280, novel miR_99, novel miR 48, and novel miR 311, are crucial for regulating
thelytoky in 7. pretiosum, and that abnormal meiosis and first mitosis are indispensable for the transformation of its

reproductive mechanism. Additionally, this study provides a comprehensive transcriptome reference information for epigenetic

research on the reproductive mechanism of this species after alteration.

Key words Trichogramma pretiosum; microRNA; whole transcriptome; parthenogenesis; reproductive mechanism

IR SR JE T H Hymenoptera, R HR
#} Trichogrammatidae , A 7R R ¥ & Trichogramma
AR MEZEHE o AR IR M 0 A5y =X R M AR
B, DEORR S REIEA T IIOMEA B ( MK AE, 2011 ) &
AR, DICHE A 78 A A U A RS2 RS 1Y
PAAERDN, MEMETE B AR AZRE B Y R LR
(Lieral.,2024) o SR, 4R R RL IR /R 12
YK Wolbachia J5, HIGHACHCRI AT = A= 32 4
B, HMEVEEAC S EL4%iE 100% ( Werren et al.,
2008 ) o FIAWIFERM, YL Wolbachia f7RHR %
PIA TSR AN BT ), AR A Sk M
AMKRPI AT ST R EE (Fasteral., 2011 ) o Hit, F
H Wolbachia W] 7535 MR 8 A= MEAE Bt 2R 19242
ViR B S E IR IR R R T, IERE
RFERPFEREA (Rahimi-Kaldeh et al.,, 2018 ) .
HHT, XT Wolbachia 55 27 A W4 58 )7 =X
BB NENLHIE ZH P IRIE . W Wolbachia
T A AN B A R MEE I ST BOR R
A AT T =0 (kPSR 2015; Somayeh
et al., 2017, FiW, 2023 ) . Ak, Wolbachia 7]
TEfE ERNIATIERS , REWE ML 40 i J&] 6 142
FRAMEEE RS R ON R, IF RS A AE TR A A
JE G A FE 4 M b ( Serbus and Sullivan, 2007;
Dregni et al., 2025 ) . Wolbachia it —FhFR

RRTHAR B AR RE T, RIAERYY Wolbachia
MIONANRE I bR, PIRG4S R F B
B, DLR e AR 5 20 B ) 53 24 5 oAb R
Wolbachia ¥FERETE F AR KB HATHRRZLTH
(Tom et al., 2021 ) . Wolbachia WIENE ST
3, HHSE A HAE S e 27 A e e b s S8 AR
SE b 58 I AR
Wolbachia W%} B H AL FE AR BLAE 73+ K
- o A3 TP R I R T B HUR B R O A
2R, WL AL ML H b 4545 A T s VR
A ( Yocum et al., 2015 ), FWiREIEFE1E DNA
FEONA R AR G LT, PR R iA1= U k4 i
RAR W] B R IS, HRAE LG
KA/ MAE DL | G BT E 38 | B . DNA
4L . RNA AJZ8 504 | JE4if% RNA | RNA &
AR FIE RS 2210 ( Mehler, 2008; Bonasio
et al., 2010; BFIHAE, 2012; H %5, 2022
Zekry et al., 2023 ), FER A, R AEHLH]
AT EZRER], TS SRELESET . A,
A B DI RE SR e S5 R ) opad B (Kang e al.,
2017; Kohno and Kubo, 2019; Phillipp et al., 2020;
Rui et al., 2020; BRI, 2024 ) . HA, JEZRES/)N
RNA 5 3R 35t 4% I8 45 22 (] 19 5C B I 3 B 1] 1
FH T A A P BRI R %, SIS H Y
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PRI 38 BRI 42, LA ) 1o, 40 % 7 B BB L
LR #F K (Marco and Giorgio, 2022)

microRNA H R ILE 4, 7545 Fh Gk A8 9k &
M, FHFERRMAERKRAER. B8LRE . RIEHM
WO R EERA MRS
ELWPHEEN (EEH, 2024) o BEEXTE R
microRNAs W52 IR KITR A, &I microRNA |~
TS HRRM R A KB MY EY
E SUN C R I S AU A s R X (S

( Etebari ef al., 2018; ZRFHIXIFE, 2025 ),

A W A B 9% 0 N, Wolbachia 8% Bt 1)
microRNA N HISFEAEY)#Tite, IRARKME
IRHRYE Trichogramma pretiosum =58 ¥R )
SR, AW RGESTHIT T 04 I W e I ™ e ot
R 5PIEAFE R &SR mictoRNA 1957
FHRAE R FRBER, VI T 27 RKE
microRNA K H UL PR il S (5 5@ %, i
S5 AR IR 0 A= FE AL 19 RN A B 5% 2 fl Ao i I
A, R MRS microRNA #E Wolbachia JE¥E
o A A AR e TR 7 A ML o A R AR AL T
BENSHRIE

1 #RSAX
1.1 #ikER

P % 3 . Kk Corcyra cephalonica 1311
FRAE R VTN — R B R A~ Bt B L 52 30 % 1Y)
JeIREEFEAE N (HC-05B, b —IERl A
PR T] ), HBE (25+1)°C  AHXHRIE N 71%+5%
JEEIAA 16 L 2 8 D,

At DICHE ™ L A5 R R e (DTG /™
at F& , 1 SCIRD ) d ik B AR R A A= M o & B At
TER I LN —F B2 37 s N AU B 3746

(#£70 RQHS80/H, KM A= T AR A BR A ] ) [l
JEH (25+1) °C AHXREE R 71%+5% . SLJEH
16 L : 8 D]l IR R R IR B0 2 221w 57 21X

1.2 iHE

B 30 Sk3PIMk 24 h By Fo ARJEAS IR IR 8%, M
ESARRIMUIAZR (2.5 mg/mL ) Y%K
(30% ), 24 h J5H2 AN 20 min 957 K Bk R

., HAAE A, 24 h JFIREIER-R, TERESRAE N IE
WS, PAFM F A F AR S WU R W)
MK, RAARRIPITEAE T &R DI AN &I
IRZ I 2 KA R R
A5 HL 30 KL 3R Fy L Fy A Fs A A AR IR 27
AR IREE , sy B8 RV T, PSRN ST
e 2 A M i (] B 4 e R AL f K i B
*, HFSI N~ FEE RPN S
], W OB P B A, 3R T A
Wolbachia FBR1EDL , I3 — B3 SRR VR G DR AF
£ - 80 °CvkAf, HT/RLLAIITH qRT-PCR 43
Mro tdsE 34K, BT 10 KEE . Giitd—
TARAF S, PIbE. MEMEL, RS,
FAER = (WA RLE/ S IR ) x 100%;
PUEEE = CPL IR / 27 A2 SRR ) x 100%;
MEPEEG = (PR / P S8 E ) x 100%

1.3 microRNA i

FIH Trizol $#2HERFRIUIFZE (2.5 mg/mL )
Ak B ) A I R e OTCME 7 M A 5L RNA,
Nanodrop One ( FEEK &, EE ) Il 1% IEH
B HL UK A AN B, RNA Y4l S5, R
H EZ-press microRNA Reverse Transcription Kit
( EZBioscience, Fi&L ) SRR & X5 646 1 5
RNA AT R )4 cDNA KEfh, IR
FZ MU BT,

K FH A B ( Sequencing-by-synthesis,
SBS) A, FIH Mlumina HiSeq “F- & X4 2 (1
cDNA HEASAT mm T . 5, X7 ERE
i I IR BOE ST AL R AL, R AR T
QHARK (0 wore = —10 x 1gP) FHH Q10
Q20 5 Q30 flFE S, Hrh P UKL
HAAER . BEE, O OREEUREDR, B TS
B PA) . N BBE il 10% . 3 Q f <10
RIS | 3 SR B 50% LA BRI R e B, DA
JAERIREE 2.0 BN ( GenBank &35 .
GCF_000599845.2 ) fE & Z W4, R H
HISAT2 ¥4 Fi#% J5 345 1Y B it Clean data 5%
RN IEAT HeXT o B 5 A StringTie X B 5F
LA H E AT B (Reads ) #EA75 A
2% BE T AT . FEH R IKAKE LA T
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B 3L BB E 3k ( Fragments per kilobase of exon
model per million mapped fragments, FPKM ) {H
Lo, HEALWT
FPKM = cDNA F Bt B4 2 U B B i g
(A ) < B A ARKE (T ),

1.4 microRNA 7% & H ¥ E FH i

FIFAE Y5 B 24454 TargetScan (http:/www.

targetscan.Org/vert_60/) #1 miRanda(http://www.
Ebi.Ac.uk/enright-srv/mierocosm/htdocs/targets/v5)
XU E PR 25 571 miRNA 3 51 4 7 #E 35E BR) )
1540724k ( Fold change, FC ) “Mlog,(FC)|=1.00;
P-value<0.05, H.H# , 7% 79 N5 #1522 55 miRNA
HALTIN 4 129 LD, O =R F g s gk
JRIA 1224 MR

1.5 ZBF% microRNA HEEINEEER

FH|logy(FC)| =1, P<0.05 Fl FDR <0.05
YERTHERE, FT 5 27K IE /) microRNA
oy mRNA, %, i Blast /R8s W #E 5L A
J¥%)5 NR. Swiss-Prot, GO, COG. KEGG.
KOG . Pfam %it4fg 22 HL X, ARATHEIE PR 1 M5 R
FIIH Cluster Profiler #Xf4:, FEFH8 LAk 5 %) 2=
533K microRNA [HEEER ST GO TiReE %0
Mr, B A T IR AN 5y 3 A

25, [FR, FH KEGG ( Kyoto encyclopedia of
genes and genomes ) AR FE X 22 55 3K microRNA
R E Tl B TR S B . AUHE
FEHF ( Enrichment factor ) 437l B ) & A
JE, JEAIAT Fisher KA 4 )71 ( P<0.05) 155
R ENE,

1.6 qRT-PCR I&iiF

SRR SR 2H I PR 45 SR B TR, ASBIESE A
B TR 0 B 22 A BT I 6 A R TG 7 I i e
YK IN Wolbachia J& W% sk A1 EHE Th k#3520
A K LB R, 73908 AGE-RAGE 15 53 % |
Hippo 155 B&H TGF-p 155 g, Mkl
10 PNEEHFPFEATRAE, 5358 novel miR_124 .
novel miR _311. novel miR_176. novel miR 99,
novel miR_510. novel miR _48. novel miR 96
novel miR_315. novel miR_280. novel miR_92,
P 50 Sk PICHE ™ M i 5 RNA SRR, R
Aidlab A F] ) TUREscript Ist Strand ¢cDNA
Synthesis Kit a5l & 4T S e s I g o i
Vazyme /A 7] ( 4 50 ) F) FastStart Universal SYBR
Green Master ( Rox ) 7], #& UL A HEEERY fy:
MWAKZ , 7F analytikjena-qTOWER2.2 FIZ¢ Y 5E
PCR {X( 7% ) I #17 qRT-PCR #:iill . LI GAPDH
VERNS AL, W R 2Rk AT ROE (3R 1),

®1 5MER

Table 1 Primer information

A EE5IFE (5-3)

Sl 51yl (50-37)

Genes Forward primer sequences (5'-3")

Reverse primer sequences (5'-3")

novel-miR-124
novel-miR-311
novel-miR-176
novel-miR-99
novel_miR_510
novel_miR_48
novel-miR-96
novel-miR-315
novel-miR-280
novel-miR-92
GAPDH

CCTTCTCTTTGGTTGTTACCACTA
CTATCAGATCGGATGTCAGATCC
CTATCAGATCGGATGTCAGATCC
TTTTGCTTGCCGTTGGC
CCTTGACTGCAGGACGGC
TATTGCACTCGTCCCGGC
CGTGCTCTGGGGCTTTCTT
CCATTTCGAACGCAAATTGT
TCCCTACGAGTCGTTCGGT
ACCCCCAGAAATTCAATCAAA
TCAACGGCAACAAGATCACC

CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CCAGTGCAGGGTCCGAGGTCCG
CTTTGTGGCTTGGGTCGTAC
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FWARZ (20 uL): cDNA fhy 2 uL, 2xSYBR
Mix 10 pL, | FUESI4# (10 pmol/L) 45 0.8 uL,
6.4 pL ddH,0., ¥ HEFLF. 95 °C FiAEME 30 s;
Bfije 40 MG (95 °CAEME 5 s, 60 °Cil k/4E
130 s)o KA 27 AR T AR EE A
AR A & o BRI A 2 /> I ™ M
R RIR AL R, —2H oAb, —41 %)
MR41, FPfi qRT-PCR SLEIINE 3 IRAEY¥E
B 3 REARER

1.7 S

E5 T DU PR 2% Ak T PICE 7= fE o 2R e A R
IR 0 ol e 1 27 A 3 P  fEME EE 280 Excel
2020 #E478HE, R Graphpad Prism9.5.1 #£17
el [v)— Ak FHR 2 ACHE 7™ M ot 3R L A A MR e 5
R 2 A3 0 PR e b B3 Ak 3L f
SPSS 26.0, KHIHHZE 258 ( ANOVA ) Xt
F BRI T B EYER L, JF45 5 Duncan [K£

BN E LT R B R, DL AfAS [R] A B (A 1Y
R BEHKFE, P<0.05 HERNERLE X
HA 2 55 4 PRA 6] fF FHAMST BEAS ¢ 46556

2 GREHH

21 MERLEXNEEFRREFTER, AUX
B A b B R

DUPRZE A BSR4 R IR e 5 AR R F R 2
Fi 8 Fy b8, HF, 5 F FAERhEREE(P<
0.05), F3 5 F, ZR A& (P>0.05); M4 ARIR
PR Fo b, Fi3l Fald, H F, 5 Fy
PULRLEFALE (P>0.05), F3 5 F, Pbxx
S (P<0.05); 555 o IR Mg e Lo Ak 3/ %K
i F AR, HARBRE 2 5 82 (P<0.05 );
X REZH 50 A8 AR IR e 27 A 3 P R DL M L
(B Fo 55 Fy AIZF RSN, ATREmiRiRs) &
RIr¥ TR EZS (P>0.05) (£2),

K2 DAERLENEWMEERREEYFZRENRIT

Table 2 Effects of antibiotic treatment on biological characteristics of Trichogramma pretiosum

AR AEE (%) PR (%) WEPELE (%)
Generation Parasitism rate (%) Mergence rate (%) Female ratio (%)
TF, 40.33+0.88 b 41.67+3.38 ¢ 88.67+2.40 a
CF, 74.00£2.52 a 68.67+4.70 a 100.00+0.00 a
TF, 28.67+£2.03 ¢ 51.67+3.76 be 74.33+£5.78 b
CF, 68.67+5.24 a 73.67+£3.18 a 100.00£0.00 a
TF; 22.00+£2.08 ¢ 53.33+£0.88 b 32.33+6.57 ¢
CF; 71.67+£2.03 a 76.67+3.28 a 100.00+0.00 a
TF,. TF,. TF;: DL 2.5 mg/mL Jit i ik BE (R AR DU PR SRR 1, 20 3 AR 10 6 A5 oI MR e ICOHME 7 Ml ot % e b B
CF,. CF,. CFs: AJtiFHERMRIUPRZ A 1, 2 3 AU A S HR e fME 7 ot R pl e o) R 5 P L. /B, P BSdE hy

SEREbR R, [FISNERE SR [ R R ORE 0.05 K F F 257 8% (Duncan [REZEH 2T ).

TF,, TF,, TF3: The T. pretiosum parthenogenetic female strain adult treatment group was fed with 2.5 mg/mL tetracycline
hydrochloride for 1, 2 and 3 generations; CF;, CF,, CF;3: The 1st, 2nd and 3rd generation of 7. pretiosum parthenogenesis
strain adult bee control group without tetracycline hydrochloride application; Female ratio: Female/male. The data in the
table are mean+SE. The different letters after the data in the same column indicate significant difference at the 0.05 level
(Duncan’s multiple range test).

P Bl 5153 147 080 931 AR
M6 ANEER TR 3] 184.4 Gb MR EAIERE . ks
SRR, AR I IS A S TR 49.75%-
51.23% 208, HErAHAMN Q30 HH KT
96.08%, i HH %% SE 2H I 7 AR A5 X 5080 o e 2 1
AT F IR 5T

2.2 MFHEERE

2% 3 AL, LAt FH DU 22 0 DO 7= 0 o 2R
S AR MR MR VR AL LA it FH DU 2R 2 (1) 90
O 7 s R A R R A R VR Xt R, = 6
A~ ¢DNA S, FF-A7 5 sy o 07 I 14
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Table 3 Sample sequencing data and quality inspection
FEAS Sample 1 reads £X Total reads BaseSum GC (%) Q30 (%)
gcl 32118 127 2432284707 49.98 98.72
gc2 29 668 675 2492 295 030 50.22 98.62
gc3 18 040 550 1 814286 036 51.23 98.68
Ix1 22 183 217 1919 628 066 50.55 98.59
1x2 28 007 356 2 422 825 788 50.33 98.63
1x3 17 063 006 1306 426 965 49.75 96.08

gel. ge2. ge3 JAIME™ MES REERIREER 1. 2. 348

Ix1, Ix2. Ix3 NPIPEASE M RIS RIS 1, 2. 348,

BaseSum: Clean data SB8JE%; GC (%): Clean data #1 G. C Bk (7 B IL A E 20 3 Q30 (%): Clean data Jfi g {H =

Q30 YL T 5 19 0 He

gcl, ge2 and ge3 were the first, second and third generations of the parthenogenetic T. pretiosum; 1x1, 1x2 and Ix 3 are the 1st,
2nd and 3rd generations of the hermaphroditic 7. pretiosum; BaseSum: Total base count in clean data; GC (%): Percentage of

G and C bases in total bases in clean data; Q30 (%): Percentage of bases with quality value= Q30 in clean data.

wmE 1CA, B) B, #riiiil 2] #4) microRNA
KJE 5P microRNA KEERN B &EEVIE,
EL% microRNA 434 AN/ (22-23 nt A ),
56 B microRNA K FH/ZE 525 57  microRNA
KL 550 mRNA A E AMECXF, ] 4
Byt [ AT RE A Ak
2.3 ZRBERIE microRNA X EMERAE

L REA A LB s, I = 0 s 22 R
AR R Z A ZE 533K 79 4 microRNA, 12 4~

(15.19% ) 2Z7Fik microRNA N FRFEL, [

PEIFEIAAY microRNA H7 67 4~ (84.81% ) (&l 2: A),
2257 253K microRNA B9 2 (B ).

A 100

86

48

¥r& Count

20 D

0 1 1 1 1 1 -
20 21 22 23 24 25
HFMmiRNAK B Novel miRNA length

1

72 S F2 7K microRNA F4) V2 Jif 72 7 Tl 25
T, 3 9H 47.32%. 30.53%. 21.37%F1 0.76%
Y microRNA €7 FAUMuAZ . QM . AN FI
FHER T S B H B S v E] microRNA

(E 2. C),

24 ETFL£EFAB microRNA EEFAS T

N TN T #2252 F IR microRNA, X} H:
FIJLNPEFT T GO F1 KEGG {EB /. GO &4
ST BN, 2532235 microRNA 50 3L A & £ 7
AT EE . A S AT e = K2, GO
ST, 25 %35 microRNA 48 5L K 7E
A R W W AR R | i R L R

25 26
220t
§ 16
&)
i
10+
3 3
2
0 1 1 1 1 1 .

20 21 22 23 24 25
B AImiRNAK E Known miRNA length

5 & R AREE microRNA KB

Fig.1 Length of Trichogramma pretiosum microRNA

A. BB microRNA K ; B. £ microRNA YK,
A. Length of newly predicted microRNA; B. The length of known microRNA.
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Fig. 2 Expression levels of differentially expressed microRNAs

A. Z53R3K microRNA K INE; 206, LR B, g, EERTIE; B. 79 MR £k

microRNA ik & ; gcl.
WP A B R A R IR e 1,

ge2. ge3 SAPIME ™ ot R A AR R e ) 1,
2. 3f%; C. ZRFIK microRNA W40 E LRI E .

novel_miR_96
novel miR_312
novel miR_332

_{

novel miR_(

novel miR"377

novel miR_629
novel_miR_98 _6
novel miR_510

novel miR_218
novel_miR_343

‘novel miR_686
novel_miR_706
novel_miR_674

novel miR_649
novel_miR_562

novel_ miR_445

novel mik 404

novel 7 347

novel_ miR_384

novel 1 nuR 54

novel_miR_654
novel_miR_52
novel_miR_484
novel_miR_442
novel_miR_662
novel_miR_56
novel miR’_ 361
novel_miR.
novel_miR_: 357
novel miR 48
novel_miR_549
novel_miR_705
novel_miR_634
novel | mﬁ_@

novel_miR_573
novel_miR_578
novel_miR_266
novel_miR_624
novel miR_195
novel_miR_633
novel_ miR_518
novel_miR_555

rwver me’SII

rwver mlR 337
rwvel' miR_390
I miR_684

rwvel— ‘miR_443
novel_miR_463

IxI Ix2 1x3

gcl gc2  gc3

£ 2 RIX microRNA RizE

2. 348 Ix1. 1x2. 1x3 W

A. Volcano plot of differentially expressed microRNAs; Red: Upregulated genes; Green: Downregulated genes; B. Heatmap

of expression levels of 79 differentially expressed microRNAs; gcl, ge2 and ge3 were the 1st, 2nd and 3rd generations of the

parthenogenetic T pretiosum; 1x1, 1x2 and 1x3 are the 1st, 2nd and 3rd generations of the hermaphroditic 7. pretiosum; C. Pie
chart of subcellular localization of differentially expressed microRNAs.
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Fig. 3 Gene ontology (GO) classification of differentially expressed microRNA target genes
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Fig. 4 KEGG pathway analysis of target genes for differentially expressed microRNAs
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Fig. 5 Gene ontology (GO) analysis of target genes regulated at the transcriptional
level by differentially expressed microRNAs
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W% . AGE-RAGE {5538 8% . ¥ I AR TGF-B 7
S, X H1pp0 fE 5. WEVEHRIR
Hﬁ‘%‘fﬂgiﬂﬁ/ﬁi X L6 K DRSS 50

2.6 qRT-RCR WiF

KRR SR 25 5, AWF5T NS 3 AR HR
B AR P AT SV BOR P REALIE IR T 10 22 R
iKY microRNA #£1T qRT-PCR HilE. 435N

novel miR_124 . novel miR 311 . novel miR_176.
novel miR_99. novel miR_510. novel miR _48.
novel miR 96 . novel miR 315, novel miR 280
F1 novel_miR_92 . X HEZH g A< it FH DU 34 2= i DICHE
77 MR A SRR AT R o qRT-PCR S5 45 SR ANl 7
PR, FriER) 10 4> microRNA ERIHGERY
B S EL R I A A RARAT , RBP4 R T & )
HZWERIr 200 Z2 H X Rk i, Hrp,
novel miR_176, novel miR_510 Fl novel miR_92
(AT 2 F B 23 i T4 B ( P<0.01 ), novel
miR 176 1 novel miR_99 WIFHIX] ik B g &
& T xR (P<0.01),
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Fig. 6 KEGG enrichment analysis of target genes regulated by differentially
expressed microRNAs at the transcriptional level
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Fig. 7 RT-qPCR analysis of 10 differentially expressed genes in adult bees of the thelytokous

lineage before and after tetracycline hydrochloride treatment

FE_LARA # e x F R A FL 5 X IR Z (8] 22 A B2 (P<0.000 1, ¢ K25 );
X BEZH Sk e P DU 3 32 ) PIOME ™= 4 A5 IR IR W 2R

**%% above bars indicate extremely significant difference between the treatment and the control (P < 0.000 1, #-test);
The control group was a parthenogenetic female 7. pretiosum strain without tetracycline application.
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27 HBARRLBEEFRREENERRE
EFHREER

¥ 4 A~ L1511 DEGs ( novel_miR_218 novel
miR 176, novel miR 48 Fl novel miR 96 ) it
KEGG il B AT DI RBIERE (£ 4), 0lE

A TRAE B 3 R % . E Y TP
BEVR A=W e Al . 12 3R B 2 K A o g
HING Btz fg S AU B . E— PRI, X
4 > DEGs % fith i) 1 73 501l 99 T B O 200 i 1 R 2
H. Rt CEARES 2. BRadEA 2 Mg
g 3 2%,

R4 BRNARLEEEFRREME~ERANEENEFERREIERIRER
Table 4 Differentially expressed gene expression and annotation information in Trichogramma pretiosum
parthenogenetic female strain adults treated with tetracycline hydrochloride

B A T WS BRI PR TR A A O B
Average reads per kilobase of transcript
per million mapped reads value

A Genes FRHEiR Genes description

XFHE CK AbPE Treatment
novel_miR_218 43.15 65.25 MMI-E B H Cytoskeleton proteins
novel_miR_176 23.63 50.91 JEHAPE (4 R FE H 2 Periodic tryptophan protein 2
novel_miR 48 16.89 29.42 RING-box %5 H 2 RING-box protein 2
novel_miR_96 40.62 60.45 g7 Lipase (EC3.1.1.3)

CK: Al FHER TR PUFR 2R 14 S8 oI MR e ICHE 7™ W ity 2% J0Ce 0] IR 2L s AL DL 2.5 mg/mL e vk B2 F) R DU A 3R i 2 1]
MR 3 ARG A Fy AR A HR e ITCHEE 7™ BfE i 2% ni e b B AH

CK: Control group of T. pretiosum parthenogenetic strain without tetracycline hydrochloride; Treatment: The treatment group
of F5 generation of 7. pretiosum parthenogenetic strain after continuous feeding with 2.5 mg/mL tetracycline hydrochloride

for 3 generations.

3 @S

Bl I P R B A, microRNA A9 BF5Y
iR B 125 AU, Bk B 2 Y ik 4 R B
microRNA 7EZ A Py 0 A 5 b BA7 J 2 1 7R
A, HAETET microRNA 7E AR T 075 2K
BRI AR | ARl JAS o3 Ak o iV 1 - U
Tia) e 7 3k — IO ™ e ok R b R L A
KAEHBLET A (Li e al., 2024 ), ASHF
i, AT AT IR IR M AT T 42 SR T 4
BT, VA ZR Ge A 9 1) e s = g 1R 51 s IR
) microRNA . FRATTEERE FH43 B 1 4F B AR B
BLI 0 4 o R e v 22 5 3R3K 1Y microRNA 3%
iE, 2& T [F/EHPLET Y microRNA 7E 40 i A B
AL EEARTE] , X 22 57 33K 1 microRNA #5471 W
4 e o 57 NS RS T o ASBIF 2 B OO AR iR
HR e 42 SR A A T 0 AT, R 5 0 IR MR e A T A
K DIHEYE microRNA WFFTHEAL T4 M E i B
AR

T AL T ST, AE PR AR AL T A A AR
R %% microRNA v, FEUE5E Y 79 DNRIKAFAE
250 microRNA, FftE—2aE 1 32 H
(19 1224 ANEEIEIA 08 IR HR G Pk 5 P P 2 B
MM T PR R BVE . AR R, diffd 3t
A2 T8 Wolbachia 18 i 3R HEAZ IR IK V56 B FE DN 52
M) P 1) e S AR O A5 R AT AR B T E ) g
Encarsia formo-sa JRMEr=ME, BB T 4 g Py 2t
AW SR SR R AR (2
Afdf, 2023 ), T PR Ay —Rhbi A AU
T Wolbachia, [F]i X 563 45 75 MR et 25 7= A 52 i)
o A8 I MR e B A 3 0 S, X S A
A B AR R A I R e 3 N e A 2R M bR A Bl T 5K
ROEERL , AN, microRNA V2 it 52 v 45
IR 47.32%0 2 7335 microRNA #AbF 41 il
Birh, X FEUAYE microRNA X8 45 i MR i A T L
il R e SRk R R R R A 2 OC AR
1, {H i F miRanda J&—ANil i A AZ AT IR 7 5
ST T Y TR AN S 2 T Y R R PR AT
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frEENL, IrLUEN G RIUENSF, FkaK
SRR AN AT 2 A0
ik KEGG Zr#rig s 7 —Len] 58 55048 %

AR e A5 R . 440 ] B R G 5 R OC IR {5 5

( Pathway ) 2 H:# 4% microRNA, %177 & ( Hippo
signaling pathway, Hippo ). ZZZ45iE{bE A
fif ( Mitogen-activated protein kinase, MAPK ) [/
NFEALA KA F B (transforming growth factor-
beta, TGF-B ) 55{5 5 4 . Hippo i} 7E P §.4=
PSR ELE 5 rh 4 A G 8, BRI
NI TR A B S R I A K R B Sl
HAAZEE, WHAE SRS T R B %A
K (FHFA, 2025 ), TEADISE T, HE™ HE
& IR R B AE L TP o R S R R Y Hippo
R 5 E s P 2 AR/ AR EH MM LATS1/2
W novel miR_ 99 TWFiL, WF5EFEM, 7
LATS1/2 # s prBiss 5 MOBIA/B 4%,
MIfEHE Yes KIKEH (YAP) 585 g
K+ 17 WW 2543 (WW domain containing
transcription regulator 1, WWTRI1, JRFK TAZ )
IR AL, ST S Vi) 240 B A PN 1 B Sk R 4R AL

(R, 2025), BN AL LR
YAP 5 novel miR 311 F) T 223K 7] BE L IE W)
VR, S T YAP BIEH K, YAP i)
I B VO BE 8175 R 22 A i SIS AR R A A
MG, ELHE N AR L [ R 20 | B9 5350k 20 if
B0 R AN R A N B AR (TR I, 2017 ),
Hippo {5 5-1 % 1A% Co A FTAIL 2 R 4 HALON; 43
T YAP1 5 TAZ MIBERRAGIRZS, MMRSEH
Gifi o BLAN, 238 I A T 1 R B SRR hid 27 3
G SRS TN, G Wat {5538 15
Notch {5 5 % . REAKKF3Z4 (Epidermal
growth factor receptor, EGFR ) Ul & TGF-B 55
W X SAMFSEGERAALT, P HERT Hippo 1Y
AL FBEARAE L 22 R/ O = R R
LATS1/2 3 Hippo 761201 781k

MM HPIL T ( Extracellular matrix, ECM )

ST AR A AL . B E 5 PR T Y 55 W
K. THE YRS E A A E R
ECM %5, ZS5 70240 M3 78 AT 8 rhoid JCHE

YEF ( Manikantan et al., 2017 ), Jg#h 35 ( ECM )
PG R rh 2 OCH T, HOCHE I/ IN2F ikl i
#E  ( Fibronectin, FN ), JZ2Ki#% & 1 ( Laminin,
LN ) MR 4E ( Collagen, CL) ¥WHHESS
HHr,

Hippo {55 B¢ A 7E TR FI L s
HEI AR, AR, e3R8
FRA IR, BRE AR AS AT R %) 240 ] 71
KGR 55K 07 A e AR e T Ak izam %, BRI 45 (5 38
ST 7 R B v 2H 6 BT B0 ( Badouel et al.,
2009; Georg and Johnson, 2011 ) . 7£ 50 Ip S |
Hippo {5518 B AR T Oy a4 iy 3458 . o
5254, AT DI4EREOR ST RemissE . Kt
T P A I 23 S e B B DI RE , AU 4E 2 A
BEEAIE . NI R 255 R G ne s (5K
B4, 2024 ), TGF-B {5 5l 2 Z 5450 R
TPk S b IR E o A 7R (PN B4R,
2024 ), 1A, MAPK HYREER AT & DR A B &
WO, X RS S S AE Wolbachia YL FE & IR
MRS TR R E R R E L MER . BT AR % |
PR BT I R 1 BN T M3 2R A S Y R 1 O A A
SRR, SRR BN T e R R R
% . BEREREREHER . XRY, KRR
H) microRNA AJ BEXJH#EEE K SCh T 2 Fh 4
ALAE S SR G B B, 18 SE{f 22 57 53 )5 ) mRNA
B BENUN T & A igs &G

MAPK {5538 2 T A5 RO , SR TE
JTCHE 170N B P BB 240 B D48 50 24000 9 v e B
HiEH K- 5400 A& X (Beyicln) B &
BUTE B ] b S0 B R 2D v (2R, 2009 ),
A, AT 7 M 2 A5 A AR M AH LT M
FAE TR IRIER) MAPK ZARE H 2 EGFR 4
#% microRNA novel miR_99 Fl novel miR_280 T
P FRIE, MAPK 1% PEAH G HE i MKK4 i 2
microRNA novel miR 48 Rk, X UiBHPIFh
A 3K FR ) A IR MR 0 A 2 L SR L A A
BWRZER . MAPK 1y ME R IEAHE (Yan ef al.,
2014; Qiu et al., 2023 ), FKUEH FIFAUUEY)
FRATE B2 BHAS B, TAE T 2R HR B 2R A2 K5 B9 7 B
Z R A 22 47 34 b e R B Y G B R
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WA Y ORI AR IR AL 0] P, JF e
DL 7 K T ZABACIRES o 25 B (A A E 2l HR ek
Yt Wolbachia Ji KIFRIVE &A= 1 I8 AFERE AL
BCA AT Z A0 0 (R 8E, BRAR 2k T I ™
14 715 R e — RS R AR O S A 5 — IR 2257 )5
WISE R, (B2 Wolbachia %ot 5848 7 HR W 20 it J8)
IR SZ A R WLARGE , PR A A AR
TH—RALLZIRY], (H& MAPK 5=
7 A2 A 1 s MR e K A — A A ) 422 D IR X AT 4%
SEARMNR) . [FIEE MAPK & M2 9 H i i) G A
¥, BRRRANMI AT M2 AR SRR SR . R HG
1) 248 B by T LA T 6 T M2 300 B LA B 248
AbiE 3, M MAPK AR AT LA | A& D48 ALY F
R o IANFRER /N B REAR AL MAPK %
HEM c-mos, REMEMEERILHEINFE M 1T % & BH
ARZS (Miyagaki et al., 2014 ), A2 H 45 R IR
B IUME P= M /5 MAPK. A93E PEAHSC microRNA
novel miR_99 #l novel miR 280 T ¥4 ,microRNA
novel_miR_48 [, 3% A] 8 &6 45 2 HR e B
BRI A A& S M2 I EERE 2 —.

Uife i iR, 22573835 microRNA [
FULEIAE KEGG i ol . 35 1 RS TGF-B {5
S PSRN IS T m . AR, PRk
MR FLBRPWYEAIZYS TGF-p (75
FEAE LA HUAFIIR G & & 34 48 ) 2,
THRER R CE AR (5%, 2023 ),
I HFZ LY Al B2 2] TGF-p 751 BK i
P, H ET B 5T R WA O R e R g
Wolbachia J5 HOES KA1, TGF-B & 0] il
TR 240 e S5 39T, 919815 ) Wolbachia A A= % Y
IR BN G 0 o 2 SO ok K HEAER . b T
Gl WM 4t i 2 ARG A AR 1Y, X AR G IR
&AL TGF-B {7 5 it TGF-B Z A& Smad
H 5% 'S S8 ( Andrew and Abraham, 2004 ), %
A AT B I ERAE bR R Bif% 4L ( Epithelial-
mesenchymal transition, EMT ) i F2 1 & CHE
YEHT, T iE FIER) Smad FE A, fE7F EMT A
KIEFRIL, MM 5E microRNA 54468

( EF4AF, 2025 ) FE A IREAEIRYL Wolbachia
PICHE 7 B J5 - TGF-p 32 1A KE -5 I8 &

( Bone morphogenetic protein, BMP ), ¥ %

( Activin, ACV ) J##% microRNA novel miR 48
Farm B T, XAl AR 104 o IR I FR Hif
SR G SABHA o A R0 Wik 1 v A
Muds, 76 B WE . Bk AR A 55 2 Fh 20 e A v
EEHEIEN . A —DERNER, 224
APBRIGITS, EHE ] A WRE R IR 3 %
HidFE (Ecker et al., 2010; Mauvezin and Neufeld,
2015 ), HAmEE R T AW R A SRRk,
s TN AR A G R, e, 215 5
TRRLG , BE S 00 20 i L 2 R W) R T 22 4
JRY#E AL FE (Shen et al., 2016; Zhang et al.,
2016 ), FWE3Z A H[Refractory to sigma P,
Ref(2)PP&MiFLsh#) P62 FE R iy [RliEey), &
BN BETE AR S 1 Z — ( Devorkin and
Gorski, 2014 ), Ref(2)P $)"Z JH T F Wit % i
PRIIBEAR AT, 4 WERE A A A SR FA T, Ref(2)P
Toik R, MERRTE A VRS IR . ANES 540
AR AT RBEMBET, DU HEWT A
2405 A o MR e A T 0 A DG o A T B
25 533K microRNA #L LR 13 B 5 TGF-B 15 =38
RN A5 0 Y D A

FRATT A 00 255 45 20 MR o 4 IO 7 B ) Ji
J& novel_miR_280 TRk YAP 5[&= A4
Hippo 7311 (A8 1L , Rl YAP ¥ novel miR_256
BN IHRIE, L& microRNA novel miR 510 I
18230 TGF-B 523 BMP ., Activin JoIkIEH
REFEDIRE, —HILRNE YAP # D) GEE 5P 4 A
&M% G1 WIFH#T ; microRNA novel miR_45 ik
IR MAPK 2R K EGFR DIREw
], microRNA novel miR 96, novel miR_99
Fl novel_miR_510 T J#3RKx 2B MAPK I PEAHC
L MKK4 HBERM G, AR SZRE T F &
s M2 IR EAAT 2253 %5 9F T MAPK
TEYEI B LA B2 microRNA novel miR_48 T 5
FHEMT DIREBAM G, SEmi R F Mk
B, AR ER AL T A oA R e PTG 7 A

FABLEIH microRNA 55— RGHHA . A5
AR B 2207, O3 Pl RE 55 045 AR MR e
PICHE 7= MfE A 58 R U AH SC ) microRNA - Sz HUH 3
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