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Abstract [Aim] To identify and analyze piRNAs in the midgut of Apis cerana cerana workers, thereby providing a
foundation for the in-depth study of the regulatory function and mechanism of piRNAs in this species. [Methods] piRNAs in
the midgut of 7- and 10-day-old 4. ¢. cerana workers (Ac7 and Acl10) were identified based on the available small RNA-seq

data, and their quantitative statistics and structural characteristics analyzed. The expression levels of piRNAs were calculated
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and normalized using the tag per million (TPM) method. Differentially expressed piRNAs (DEpiRNAs) were screened
following the criteria of |log, fold change| > 1 and P < 0.05. Relevant software was employed to predict target mRNAs of
DEpiRNAs followed by GO and KEGG database annotation. The expression of piRNAs was validated using stem-loop
RT-PCR. The expression trends of DEpiRNA were confirmed by RT-qPCR. [Results] A total of 534 and 495 piRNAs were
discovered in the Ac7 and Acl0 groups, respectively, including 602 non-redundant ones. The length distribution of piRNAs in
the above-mentioned two groups ranged between 24-34 nt, with most being 27 nt in length. The first base is biased toward C.
Two DEpiRNAs were screened in the Ac7 vs Acl0 comparison group, targeting a total of 472 mRNAs, which could be
annotated to 26 GO terms, including biological regulation, catalytic activity and organelle, and 167 KEGG pathways such as
endocytosis, Wnt signaling pathway and JAK-STAT signaling pathway. There were 27 and 11 target mRNAs, respectively,
involved in seven developmental signaling pathways (Wnt, Notch, mTOR, AMPK, Hippo, TGF-beta and Hedgehog), and eight
immune pathways (endocytosis, lysosome, phagosome, MAPK, PI3K-Akt, JAK-STAT, TGF-beta and FoxO). The stem-loop
RT-PCR results demonstrate that seven randomly selected piRNAs were actually expressed in the midgut of 4. c. cerana
workers. The results of RT-qPCR indicate that expression of the two DEpiRNAs is consistent with that observed in the
sequencing data, confirming the latter’s reliability. [Conclusion] The 602 piRNAs expressed in the midgut of the 4. c.

cerana workers have structural features analogous to those of other animals. These piRNAs are potentially engaged in the

development and immunity of the midgut through regulating the expression of related genes.
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PIWI % 1 H./F RNA( PIWI-interacting RNA,
piRNA ) J&—KH/INE 24-34 nt Z ][4/ 4G
RNA ( non-coding RNA, ncRNA ) , 7&#iil%% Az
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Ko 2 55 )4 B R 3 38 PN G 3 ol A0 45 A W 20

( Kolliopoulou et al., 2019 ) . piRNA fzZ: Hiff)
AEW)EE e &S PIWLER 141246 1 piRNA 7531
BE AR (piRISC) , 7R 5K S 17 K -F
XSUEE U0 ) B A~ %) B AR T e, DT P B A= 4
LR A9 5E 84 ( Yamashiro and Siomi, 2018 ) .
TR, piRNA £ “FEEfiER” (Ping-Pong
cycle ) AL SEIMGIRY 1S, FERF PR BIFEUIHI
e PRI S AR B[RS 72 AR YR R piRNA, S TR
A R R Y 7 JE T UCBRAAR &R ( Huang et al., 2021 ) .
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A 1A% &4 B v I & 4 2 O SHE 1) e AR - IR 45 R

( Wu et al.,2020 ) A6 T4y RNA( microRNA,
miRNA ) 25 HAb/N ncRNA . piRNA AYEH) % L
ML R EE (Sun et al., 2022) .

FUARESE W] piRNA 2B 7R Sh ) A= 58 240
I FIA M A FEVEF( Aravin et al. , 2006 ; Kawaoka
etal., 2008a) ., Kawaoka 5§ (2008b ) Killl 7%
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R PR R A1 1 LAt 28 2R Bl 38 1 T A IR ATl R
1€ (Jones et al., 2016; Sato and Siomi, 2020;
Kiuchi ef al., 2023) . i1, Jones 5% (2016)
BRSNS Drosophila spp. W AEME BRI 41 it o 47
TESEHENY piRNA & 18, F &I piRNA 5200 S
AIE A LA RRE ; Feng 55 (2021) BFSY
RINF A R M (AR o i o 368 =F & 1% piRNA,
HAEYUw e h il 2 ZE A E L . A LT
RIBFIR B DR I, ) piRNA B
FERA R, HA BRI IE 2 5 ThAE VY
Apis mellifera, Liao %5 (2010 ) YV & erh
Y 3 piRNA WG Gl Y 2 A s A
Am-aub Fl Am-ago3. Watson 55 (2022) W54k
I piRNA 215 P4 75 8 S IE 1 A A PR IG % 5 R
¥ B T VRS T, piRNA A RE# 15 mRNA
1) 3'UTR Bt X B AN G, FERE SR I5 K-
58 A5 gt 3E R 19 32 34( Pyrkova et al., 2026 ),
EANBKE T &R, piRNA BB/ T K&
mRNA BIFEAE, BK & B WIER 47 (Sun
etal., 2021) . TEREE, piRNA 7] Ui i 4
Bk 2 IR G e A G R ) K38 ( Takase
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etal., 2022) . XUERFFTRY], piRNA X} mRNA
R A DR EE T A —
( Hanusek ef al., 2022) .

B AUl 8 AU B I A RS TR &
B, R R AR I AR . A S B
YER R CHEZH S ( Zeng et al., 2022) . it
i, A AT small RNA-seq ( SRNA-seq )
FARAE B KA B & Apis mellifera ligustica T 1%
i %5 51 596 4 piRNA (JE/NE%E, 2022)
IE AT T T 0 R 1 2R W AL - U Nosema
ceranae {R eI 2 piRNA AOFR B, DI
TERREEAENT CPRERRSE, 2022) 5 IBAb, 16
R ) 2 e T e 4y o g T b D B B 843 A
piRNA (Xu et al., 2022) , #WEmn T EFE
i~ piRNA ( Differentially expressed piRNA ,
DEpiRNA ) FE4) HUW & W ER T Ascosphaera
apis R IHEER (Sunetal., 2023) . H
A, HAEEE piRNA WMFREZ, 125{0H —
#ilHiE (Longetal., 2022) .

I TE R WITHAL | B FRSCRN G5 B
SEJT R FEE EAE A (AR, 2010) o fHpAE
W Apis cerana cerana 7T piRNA HIEE |
SEFFFIE RNV AE ] 8 AN TE A o AS TR 4 i 1938
M sRNA-seq XfH AR e 7 HIBF 10 H % T8
A LA T T sRNA T, K45 T B it iy
ARG . T HTIP AR, AR s
T aE i piRNA -7 T RGEE 545 %y
fiESMHT, T piRNA 95 mRNA J-#E{ 7D RE R
PRITRE, PEMI%) piRNA 1 DEpiRNA #1753 T5
ik, DU e piRNA FHEAGFE, I8
7 piRNA 75 T Wbl K & b sie i TR TE DI RE

1 #REFE

1.1 #ilEHR

Hh A g i T I R AR RO e e e S 2
Wy 2452 e 0 - i ELAEBIL I WIS P A ) 5% 11

1.2 sRNA-seq ##EEiE
REANTIE R, ARPREIZH E I sRNA-seq £

ARxFrpfes e 7 Hi (Ac7) #1110 HIE (Acl0)
TR TINR (=3 ), 345 T BB SRNA
HFRAE, S 127 523 419 &5 AELEE (Raw
reads ) , WiSELBE (Clean reads) ik 122 104 443
%, 15 95.75% (Chenetal., 2019) . JEIA¥HRET
I & NCBI SRA %k # % ( BioProject % :
PRINA487111)

1.3 piRNA HETESREEITE

piRNA 1A W)F B2 %0 2 JRAS AT AT I
S BIFHEA T (VN SE, 2022) ¢ B
S FH Bowtie2 #4454 )5 1Y) clean reads HE X}
BARTEBRSEZRHNA (MAS GCF_
001442555.1 _ACSNU-2.0) , fifiiskq52]mE— Xt
FIERARFH); BifSiEE BLASTN 235 L XS
GenBank ( https://www.ncbi.nlm.nih.gov )l Rfam

( https://rfam.org/ ) FHE%E , Bk rRNA | tRNA
snoRNA . snRNA Jz scRNA 45 H A A AR 4
ih RNA; PRI F 427 51 E X 2 miRBase %4 1%

( https://www.mirbase.org/ ) ( Griffiths-Jones et al.,
2008 ) , FFffiH] miRDeep2 A FIN JF ik i
CHIAET Y miRNA; 5 Jm (R B K JETE 24-34 nt
RN T, E &ML piRNA, R
A A% %L ( Transcripts per million, TPM )
AT pIRNA PRI HATIH L3, TR
F K. TPM = ( H:— piRNA A9 clean reads %%/
FTA sRNA f4 5 clean reads %¥ )x 10 Liu et al.,
2016) .

1.4 piRNA BIEHEFES T

HRAE 1.3 795 piRNA 95 0 45 X 7347 T[]
KR piRNA HEAPECRSEI . RIS ]
() piRNA 2B 750 1 1 o B 35 0 ) 14 3204 7 40 AT

(Yuetal., 2019) . i GraphPad Prism 8.0.2
AR T2 R
1.5 piRNA HY stem-loop PCR I&iE

FEHLIEHL 7 1 piRNA ( piR-ace-1216942
piR-ace-752152 . piR-ace-858637. piR-ace-252931,
piR-ace-202265 . piR-ace-932156 #1 piR-ace-
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1128833 ) #FATHGUE . JEF %215 211 piRNA J7
5, f#ifl DNAMAN 6.0 K/Fi% i34 stem-
loop S5k Wy . 1 UiEs |14 Kd R e 149 (51
YWIFHIER 1), a5 A TAY TR L
1) A A FRA Fl A Bl SR SCRHR A ] (K1)
S RNA $2 B &0 B4 7 H A 10 H i
g T 21 5 RNA, 4 Nanodrop

=1
Table 1

2000 Al RNA ¥ B FIafi B )5, 1 26 R0 1
)] HiScript 1 1st Strand cDNA Synthesis Kit,
Ph stem-loop 751¥)iE4T S % 5% & L ¢cDNA, PCR
FIW AR Z IR Ty 2 BEAS [T BTG 91 & 38 18 O i
1 (WE/NEEE, 2022) o P74 1.8%KUE
BEBERE IR B )5, BB JS-680B BEKE
HUR R GEHA TSN R

ElE 2]

Sequences of primers

5% Primer

J¥31 (5'-3") Sequence (5'-3")

piR-ace-1216942-Loop
piR-ace-1216942-F
piR-ace-752152-Loop
piR-ace-752152-F
piR-ace-858637-Loop
piR-ace-858637-F
piR-ace-867282-Loop
piR-ace-867282-F
piR-ace-252931-loop
piR-ace-252931-F
piR-ace-202265-Loop
piR-ace-202265-F
piR-ace-932156-Loop
piR-ace-932156-F

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACATCTT
TCGGCAGGCACTGATCGAGTCGTC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCAAACTCC
TCGGCAGGAGGACACTGCCAGGCG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCTGTCCTC
TCGGCAGGCTAAGGCCAGCTCAGC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCATTTGCCG
TCGGCAGGTGTAGGTAAGGGAAGT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGTACCGCC
TCGGCAGGCAGGCGGGGAGTTTGA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTTGCCGAC
TCGGCAGGAATGTAGGTAAGGGAA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCGCCC
TCGGCAGGGCGGGGAGTTTGACTG

piRNA-R CTCAACTGGTGTCGTGGA
U6-F CCAGGAGATGAAGTGGATACTC
U6-R CTTGCTTGAACTGCTGCTT

1.6 piRNA Y8 [ FIill & 5 #

FIH TargetFinder #X1F X} piRNA #E47# [a] 75
W, R A BRI SE A Blast T mRNA
Sl EEXF 2] GO ( https://www.geneontology.org )
1 KEGG( https://www.genome.jp/kegg/ ) B4 %
DAARASAH B () B RE AN E BT R AR4E piRNA M
R mRNA 2 1] (30 [ 25 65 0% ZR 0 R I 45
817 Cytoscape3.8.2 #f4:( Shannon et al., 2003 )
XA R 2% AT R AL

1.7 DEpiRNA BIfFiEF0 RT-qPCR WiE

i ] edgeR #fF ( Robinson et al., 2010) ,

iz i|log, fold change|=1 (|logFC|=1) H. P<
0.05 MUbRYE, Gk Ac7 vs Acl0 FLEZHL )
DEpiRNA., 4 5#2H 7 A1 10 H #4 T8 v i i
RNA, Y53 hWifiy, —f RNA FIH] stem-loop
STk, 13510 cDNA VR A T
piR-ace-1216942 #ll piR-ace-752152 ) RT-qPCR ;
73— RNA FIFHAFEE/R ILIR G Oligo dT
Random 6 mer 5|97 5%, 1320%) cDNA
£ W % U6 ( GeneBank & % 5 .

LOC107992425 ) MRt i#E1T RT-qPCR, W {4
RSN 2022 )W HGE TS
BBV BIHAT 3 IRERE AN 3 PATEE .
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KA 2 MRS piRNA MR FRA R, R
GraphPad Prism 8 #X {4 if 17 qPCR % #& 19
Student’s ¢ #5465 & 22 & . R GraphPad Prism 8
BAEHEAT qPCR (P51 Student’s ¢ K46 M 24

2 HRESH

2.1 FREEWE TG piRNA KHBEMREE

1E Ac7 Fl Ac10 ZHH 3l %E5E 3 534 1 495 4>
piRNA, 4% 602 1~4ETTA piRNA; PIZL LA
piRNA ¥t H Jy 427 4>, 454 piRNA H%H 5391
9107 #1168 4> #E—2B oM kI AcT ARk
10 I = )& piR-ace-992993, HK A piR-ace-
338826 fil piR-ace-361874; Acl0 4Kk
IR 3 1 73 912 piR-ace-410371 . piR-ace-267432
il piR-ace-992993 (£ 2) .

2.2 HhEAEEEE TG piRNA I KESHIE
B 4 10 1

Ac7 Fll Ac10 407 piRNA AU B0 A B4 T
24-34 nt; Hrh, 4ME7E 27 nt B9 piRNA B i
% (104 F954~) , 4r4ifE 28 nt 1Y piRNA %X
HIKZ (90 F1 82 4~) (K 1: A) . Mhh, |k
IRPZH H piRNA B AR IE I R B g AL C il
m (K 1: B, C) .

x2

2.3 HREERTEFRET piRNA FRERIE

Stem-loop RT-PCR 4 345 3 k7R, BEALIEHL
[ 7 /> piRNA HJREY 1 B — . VT R S5
&, K/N R 100bp (B 2) , ST 1
PRI EEARAT, FRWIXEE piRNA 7E IR % T
Wb i i SEAEAE RIS . 20 RT-qPCR %
WFZE R B R, 2 > DEpiRNA FyZik 2L #i s
sRNA-seq M4 HRoee—3, AR K
%) SR 2R KAl LS AT 4

2.4 DEpiRNA AJ$E mRNA £#7

£ Ac7 vs Acl0 HLEAFTHER] 2 4
DEpiRNA, F:#l[E] 472 4~ mRNA, GO IIfgH B
Z53RM], 144 ML mRNA HEE AR 26 1~DIhE
SH, HpAEYEErZE 10 4, EZaRE40
AR AT AR A S T
IREZE 9 4, EBW A G E . EkTEYE . 5
ST SRR A T A,
FEAFEANNL . AT . A0 A S fh 45 (& 3
A) . KEGG i & 850 Hr i, 107 MM mRNA
IERE] 167 FI55EM, TEEEBERRKE
fite . WERR NIRRT . INERRR IS A S 25 5 5%
i (E3: B) .

R g 7 HiRAN 10 B THEH A7 piRNA BIRIZE (BT 10 4L )

Table 2 The expression levels of piRNAs in the midgut of Apis cerana cerana 7-and 10-day-old worker (Top 10)

7 H#& 7-day-old

10 H i 10-day-old

BE AL . e A T RAAL
. P ; o piRNA i . 1
piRNA %5 piRNAID  Transcripts per million (TPM) ) Transcripts per million (TPM)
piRNA ID
value value
piR-ace-992993 1907.33 piR-ace-410371 1412.67
piR-ace-338826 1791.00 piR-ace-267432 1371.00
piR-ace-361874 1 790.67 piR-ace-992993 1 300.67
piR-ace-912809 1764.33 piR-ace-1125230 1269.67
piR-ace-326296 1762.00 piR-ace-805822 1269.67
piR-ace-361873 1728.67 piR-ace-930874 1235.00
piR-ace-397987 1677.33 piR-ace-361874 1231.67
piR-ace-969859 1673.33 piR-ace-338826 1227.33
piR-ace-326295 1 645.33 piR-ace-912809 1213.33
piR-ace-251649 1 645.33 piR-ace-361873 1199.67
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A. GO database annotation of target mRNAs of DEpiRNAs; B. KEGG database annotation of target mRNAs of DEpiRNAs.

2.5 FREEEETEFRFH DEpiIRNA-#E mRNA
SRTEEAY Y

T T R R, DEpiRNA [ 27 2%
# mRNA # & Wnt, Notch, mTOR, AMPK ,
Hippo . TGF-beta 1 Hedgehog 7 55 & B HIX(5 5
W%, Horp XM 017056336.1, XM _017056337.1 .
XM_017056338.1 Fll XM _017056339.1 25 9 /N4
mRNA A] [A iR E] Wnt Fl Notch {5 518 1% ;
XM_017052745.1 7] [A] i3 B 2] Wnt #1 Hippo 1%
S (K4) .

A1, DEpiRNA A 11 &% mRNA # &N
TAEH] . WEHEA . JAK-STAT il FoxO {551 %
45 8 SRMPERI B HIIEEAL, Hidh XM 017050636.1
XM_017054127.1 .  XM_017054128.1
XM _017056318.1 . XM _017049981.1 i
XM_017060159.1 A LATFEREEIFWEIA | i BEHASE
3 %40 e AH O I XML_017050440.1 |
XM_017058556.1 . XM_017059772.1 .
XM _017062705.1 1 XM_017062706.1 #J DL iF %

| PI3K-Akt . JAK-STAT Fl FoxO 5 53 K45 5 4
PRI AR B . XM 017058556.1 7] LA ]
HBF] MAPK ., PI3K-Akt., JAK-STAT Fil FoxO
i (Es5) .

2.6 DEpiRNA B9 RT-qPCR L&

E Ac7 vs Acl0 LA P HHES 2 4
DEpiRNA, 4354 piR-ace-1216942 (log,FC =
14.29, P=4.44 x 10™*) Fll piR-ace-752152 ( log,FC =

- 1.70,P=3.46 x 10 %) . RT-qPCR Kl %4 i
7~ ik 2 > DEpiRNA f 2 ik #4345 1 e 4
IRk —E (B 6) , UESE T AHISE frH#%
SR A AT SEE

3 itig

AWFFTAE AL I 7 A1 10 H i T8 b rp
TR % E ) 534 1 495 4> piRNA, £ICAR)E
HUEF] 602 P piRNA, X KHEFZEIFE piRNA
PR T M b g kBN B IR G 1) D R AL
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AT S T BB IE . TR G, AR BATE
s i T e du i iE b 4 2] 621 1~ piRNA
(Long et al., 2022) , ilit LA A 448 4
piRNA [F] i 78 T8 g e v i A1 T 04 %)) i il v
FEik, MM 154 #1230 4> piRNA 7E T8,
Horb iz A T e 4y i i bR RS o DA 2R
FW/DEL piRNA TE rfr A28 e 06 pig v Jig A T
W 4y U 38 P R HE R )RR SRR L i — 2P
I RER, A 70.93%01 piRNA 4 7 F1 10 HiR T
Wb PrLs , FEA piRNA S50 17.77%
I 11.30%, N LiR%: SPERIER piRNA 76T
W i 2 B AN RIS ]t & R A o

SEFRAE S Fr 45 R WoR , B e 2
piRNA A JE T E AT 24-34 nt, 55 A Kawaoka
et al., 2008a) . Bt Danio rerio ( Houwing
etal., 2007 ) ML Aedes albopictus ( Liu
et al., 2016 ) Y)Y piRNA KRl 1
Hh, TR piRNA BE AR T C, X5
AEFAARMIH piRNA B (B8 S 7] U B2 BURRIE A
[, {45 Vourekas 55 (2015) il iy /NEUARZH
MI piRNA ABREE 1] PE— 3, X —45 R 4n
Tl piRNA 7T REE i A2 i ARk 2k
WA, BRI A AL A Rrift— 5% .
AWFFEH, 183 stem-loop RT-PCR 471 3 1
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HEmRNA Target mRNA
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B4 FEEE AcT vs Acl0 LLRAK TE P HEEHRXESERIERRIE piRNA 55 mRNA H)IFERM %
Fig.4 Regulatory network between differentially expressed piRNA and target mRNAs involved in development-relevant
signaling pathways in the midguts of the Ac7 vs Ac10 comparison group of Apis cerana cerana workers
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XM_017060159.1

XM_017050440.1
XM_017049981.1 s

B

\\TGF-beta /
XM_017059772.1

PI3K-AKE

XM_017056318.1
JAK-STA
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XM_0170541281
Wi

./ Fex0 XM_017062706.1
":, T ﬁ ﬂﬁ %// Py L
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B 5 FEEEE AcT vs Acl0 LERAR T 7 R R XS SE A ERRIE piRNA 55 mRNA H)IFERM %
Fig.5 Regulatory network between differentially expressed piRNA and target mRNAs involved in immune-relevant
signaling pathways in the midguts of the Ac7 vs Ac10 comparison group of Apis cerana cerana workers

30 000 r iR - _ 15~
5 20000 A piR-ace-1216942 B piR-ace-752152 RT-gPCR
§ T>) [ sRNA-seq
= 10000 - 2 .
Hﬁﬂgé Iﬂlﬂiﬂ§ 1.0+ / s
#K % 8 ns X 8
rog) 6 —_— ® & LIPY
Ee  a4f 1 %3
£ 2l Egost
© N =
2 7. o =
21
0.2
0 / / . ) 0 / / . .
Ac7 Acl0 Ac7 Acl0 Ac7 Acl0 Ac7 Acl0

205 Group #1531 Group
& 6 piR-ace-1216942 ( A ) #A piR-ace-752152 ( B) #J RT-qPCR &iiE
Fig. 6 RT-qPCR verification of piR-ace-1216942 (A) and piR-ace-752152 (B)
PR Bl S (R 2S5 ns FRZERARE (P>0.05, MIFEA (K% ) ;
R EFWMEE (P<0.01, MFEA (AR5 ) .

Data are presented as mean+SD; ns represents non-significant difference (P > 0.05, independent sample ¢-test),
** represents extremely significant difference (P < 0.01, independent sample #-test).

£ 7 A piRNA W H B, UHTENTFE T 50R0E I m ER A/ RNA DI I S 7
Hliph ESCRE (F2) o %853R — e PR R, Si5EWER2T, REGEE h g G
TR P EFRY piRNA B R 5EME, 5220t FERA ) piRNA cluster, BRf piRNA KK 7E
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FHA A RAE, FE—L50E piRNA %1
HERPE

TELBHE SR Drosophila melanogaster ( Kotov
etal., 2019) . Z# (Sakaietal., 2016) FF
[l B3 T2 . Caenorhabditis elegans( Zhang et al.
2018 ) “54APr, piRNA ©#UFSE AEM o #0 i)
mRNA AR ik, HEm 8 EE A2t
T2 AFFEH, AcT vs Ac10 HLE 4] H ) DEpiRNA

( piR-ace-752152 ) nJ#fi[n] 472 454 mRNA, W
K264 GO 4 H, B, A, #%
EIEPEREALIG TESE . J34h, XEEH mRNA i
W 167 %% KEGG i, ffha . 258mn
WA AR AR IR &5 22 25 Qi i,
BERRAGHS . DI ERERA I FBE A AR 55 10 2%
et AR % ;X B piR-ace-752152 Wit I
R DI RE 2% B I AR PR o AR e T e v i
4 A RE A . ASWFFE (L ] TargetFinder
BAFIEAT piRNA HUFEH TN, v REAFAE—E
PR JE LRI 245 A RNA G LT s iy
(RIP-seq) “FSLHHA, #E—LI0IE piRNA 5

1 mRNA W ESEEEE R, IR LREALS]

Wt {5538 BRI g5 . k. AR
TH DL SRR 2 RO O, e TE R R K
B AFRSYER T R IEE AT REER (Steinhart
and Angers, 2018 ) . Hippo 5 Notch {55 %
Z A B2 a8 B, LR S 5 53 T 40
BETE 5 At BE , AR5 i b R 0 SE R v I T
AEVf; (Hong et al., 2020), Ik, AHFFIL K
M piR-ace-752152 [WHEEE XM_017058556.1
[Fif2 5 JAK-STAT Fll MAPK ¥ 4% G4 s 15
Tl LA DL LS REN, piR-ace-752152 ]
T o L [ 8] 2 3k S {5 55 e v 1 G B S T
2 5 v 4B 5 W T W v i B AT G 8 AR T B 38
I o

B U D ARAT M e, S A AR S K
TR IR E I AAR, B OISR i 43R 4 i £
PEFAR %% (Khan et al., 2023) . BF5E#EW
piRNA £ 51 NI Adedes aegypti( Blair, 2019 ) |
% A% (Feng et al., 2021 ) F17G )5 % % ( Sun et al.
2023 ) WY GRPBE N AT R o VA B AR A BRI S 3 BT
JEE] T R ELAIIE R CHEE R (Watts, 2022) .

Y N AR T 12 2 5L B G0 528 57 460 R0 240 it
51230 ( Cossart and Helenius, 2014 ) . ZA<H}F
i, SrAA 1 A4 NS mRNA RS R4
FINEEH . JAK/STAT {55 @M% 2 5 . 3%
B 45 . AL 38R 2 A e JER g 1) 4 B S I
N, [T DR ik IE R B AER (Yu
etal.,2022 ). Geng (2016 W57 & B JAK/STAT
ES S5 FXBEXNRMAMEE Beauveria
bassiana W5 N E i 72 . MAPK {5538 0] L)
AT B HU A 3 b s O e R Al v g R L A 2
S5, IR I3 2 4 2R A B 7 20/ S ik
Plutella xylostella ("5 J150%( Guo et al.,2020 ).
AWFFE R, # mRNA ( XM_017058556.1 ) 3 %
JAK-STAT Fl MAPK {55l %, Likg5R %KM
piR-ace-752152 il i AL LR RIX B ES 5 T
0 T i 1) A L RN TG B s
piRNA fe 2 LA D & M5 3% e 115 1 o A
5T 5 1y rh AR e s piRNA AT RE[RIFEEA
0T 2 PR B | AR A 240 R R 2 AR PR R A
F o TG SR04 22 G e v A W L PR A i e
JET, ST piRNA XS JAE 7 i ) 422 56
#, W piRNA TE4ERE iz 3L R Al RS M i
YEH o 7R8I F B 45 5 T, piRNA A IAE A Hr
RISy FH0s, B RA AR piRNA 3
5ER 285 0 o L AT T 5 T AT & 25T piRNA
1) RNAL HAR, T8 8o 8 A1 27 4= U BIG
TE B WL P K T, piRNA 2 5 015 2 e 10 4
KEBMEIERE, WXt piRNA AT L
R TR ER, SRR SR AP
S5 EE MR R piRNA, X L8y
PR T B EE ST T AT, ASH AT ST
BIEAKE ) piRNA 3 281K MRS R IR 2R
(Sunetal., 2023) . F—0 TAEH SURE XA
TRV IIER 7 4 piRNA #E173 2635 Rt
5T, RS EN e e i T i 2 B Mt
3E 7 25 3k A e ) R4 T RE R FHBILA
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