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HZ: > RNA (small RNA, sRNA) & — % 5 %] 42 T 300 bp #99E % 45 RNA, '€ /2 £ M4k 69 ta o &
¥ 5 s WA AT RPRIRELE TR RABER, R S AA R A, sRNA i 7T VA
VARG S 5T ahfr 2 a4, A3 R XA B RN, BT AT L, AWK AT
TAAR B o T A5 5 A Ao L IAZ 83, - F , sRNA 5 F RALT vl 2 A g AR WA 3 A il 42
KB RGA TR | A TAS 5 R LIRS M Ao b B AR R 945 & BB
EARK EDH B IR S ASERFGHEHR, LRIKAFLESHINR SRNA 5F, A4 T
sRNA /535 A4 09 o F A mh, 38 TS R X TR sRNA sl it A 4 B AL RIA R, 357
PR kR B R, Yol Sk B AL TR R 4 2 AR R AR BT R R AAT T SRNA
AFe935 - RNAL s R R A KE BB O F AR EE R PO LRI R, L RFHEHZN
sRNA 4-F 6935 74645 7T AR IR M 40 R e AR 2o M L R 0 e B 4510 i £ 4 09 sRNA N KK
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Research progress on cross-kingdom regulation of small RNA in

interactions of insects with host plants and pathogenic microorganisms

LI Zhen™* | CHEN Hao-Wei", FANG Hai-Bo, LIU Xiao-Xia, ZHANG Song-Dou ( Department of
Entomology, College of Plant Protection, China Agricultural University, Beijing 100193, China)
Abstract: Small RNA (sRNA) is a class of non-coding RNA with the sequence length shorter than
300 bp. It plays important roles in regulation of cell growth, division, differentiation, proliferation and
apoptosis. A number of studies in recent years have found the interspecific transmission of sRNAs and
their regulatory roles as signaling molecules in a cross-kingdom manner. In addition to visual and
chemical information, organisms can also communicate via various molecular signals. sRNA can serve as
a molecule signal linking animals, plants, and microorganisms, for its mobility and regulatory role in
gene expression, not only within organism, but also across species. Insects, with the largest number of
species and occupying the most abundant niches on earth, have been found owing a variety of exogenous
sRNA molecules inside their bodies. In the article, we analyzed the molecular basis that sSRNA mediates

the cross-kingdom regulation, summarized the recent research progress on cross-kingdom sRNAs, which
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enter insect bodies through biological interaction, regulate gene expression in insects, and affect

interactions of insects with their host plants and pathogenic microorganisms. We also discussed the

influences of sRNA-mediated cross-kingdom RNAi on the ecological adaptability of insects and their

prospective application in pest control. Cross-kingdom transfer of sRNA molecules between insects and

plants can regulate plant resistance to insect pests and caste differentiation of social insects. Cross-

kingdom regulation of sSRNA from microorganisms can assist the invasion of pathogenic microorganisms in

insects or affect the development of parasitic wasps. Based on genetic engineering, cross-kingdom

regulation with modified or artificially expressed exogenous sRNA would be a new approach for

development of efficient biological control products for insect pest control.

Key words: Insects; molecular signals; small RNA; cross-kingdom regulation; biological interaction

pest control

15 AU AELE P 1AL AR ELAE 0PI [v) 2 1) i 22
Pl Z—o B TR 58 Fk 2215 B BT, A=Y 1
PR Z )3 AT LASE 35 38 2 40 L R 7]y RNA (small
RNAs, sRNAs) S5 [ 68 53 115 5 19 4% 34 52 BLAE
B 22 ( Vaucheret and Chupeau, 2012 ; Zhang et al.,
2012; Zhang H et al., 2016) . T W5 & B, sRNA
Sy RS S B AR A AR R A F2 /R R K
TR RE S 2 T HAE 73 715 5, i ad 54>
PRFIRRRI RS 35| & RNAL {5 5 1% 32 52 BLAE W) A4k 8]
A5 B AN BAE, BN, % 22 [ AT DL i B L
RIS B sRNA 5 5 1 85 A 1A 1 3ef 1 Ak PR o 42
(Melnik et al., 2013) ; &4 AIAE Y IR miRNA 43T
AT LS R BE A B FR G, 1 4 5 W A i Sl )
S Y B FMEHARDL ( Zhang et al., 2012)

B g ek F YR ECR IR 2 WSV 2ERE, £ 2
M A= 507 R ARG HEINRE, S S AU EY)
BB RGBSR EEXRR, TERMR AL
B, R sRNA BT LUAEZ F B AR R R Y1, OF
XF AR AR U R R B B B SO A P45
YEF (Wang HC et al., 2017 ; Zhu et al., 2017 ; Zhang
et al., 2019) , PRI, & T 5 A sRNA 7R HUAE RS 5C
F IR PR X — B8 A S, A OGS XS T
DR PR B e 55 5 AE A 0 0 DI ) AR A 280 7 1
B LA S A 8 553 T Je i 3 ) Bp ] By 45 2
R S BT U, AT T sRNA i 3085 7
PERY TR, 2508 T Aok 5C T AR sRNA i i
AW EAEREA R BRI B R B O IR 30k
i B HL 55 A7 AR B0 IR 1 2 TR B G R A F
FUHEE , FFX8 i 03 Vel 4 76 3 BBy 4 v i L iy
ST TR,

1 sRNA 7+ SEFIFAER T FEM

IE4iAS RNA (non-coding RNA, ncRNA) 12 5 4
JLH B A AN G 2 SR RNA 70 5 RE A% i
PEAE A K A B RNA 20 T A HE, neRNA K
— LT 300 nt, F W PR /)y RNA, AR
B B neRNA AT L4k 3 2K /)y ncRNA (18 ~ 30
nt) 41 neRNA (31 ~200 nt) 14 ncRNA (> 200
nt) (Wang JJ et al., 2017), /> ncRNA £ 5 />
RNA ( microRNA, miRNA) . /N TF 4L RNA ( small
interfering RNA, siRNA) #1 piRNA ( PIWI-interacting
RNA) £, tf ncRNA fJ35%532 RNA (transfer RNA
tRNA) #%{~ RNA (small nucleolar RNA, snoRNA) .
/N RNA (small nuclear RNA, snRNA)Z; >200 nt
) ncRNA £ 45 #% ¥ /& RNA ( ribosomal RNA,
rRNA) | & 5% JF 4 ih RNA (long non-coding RNA,
IncRNA) D4 X % 5 19 25 Ik RNA ( circular RNA,
cireRNA) X6 ncRNA 0] DIAE 32 48 % W4 1
Oy TR LA S siIRNA iR TEAR ) A 4 5 P30 aod 7
Hgr v B 2 £ £ (Lu and Thum, 2019; Yu et al.,
2019) o ncRNA YA Nt % 74 36 2R PR P4
F1, ncRNA a] DL i £ 2 B 53 4100 4] I 5 (tumor
suppressor ) B il 298 55 K] (oncogene ) 1Y 435 3
FEREAN I o3 5 A €, X B AR T R RE 1 /N
T2 R4 T B P K ) T 7E 4 2 ( Slack and
Chinnaiyan, 2019)

sRNA 431 RNA T4 (RNAID) & EAZ A h
W3 A7 7E 1 — A PR <F PR L], J2 468 UEE RNA
Dicer fift %17 4= siRNA | Z J5 siRNA (1) — 55k N2k
#| ARGONAUTE (AGO) #HEH FIE M RNA #5318
241K (RNA-induced silencing complex, RISC) , &
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AR RNA B9%5 5 )5 35 R T 2R ( post-transcriptional
gene silencing, PTGS) & %% 5% 7K °F %t A Ui 2K
(transcriptional gene silencing, TGS) (Li and Wang,
2019) , Bk Z RIBFFERBT, sSRNA 735 AR LA
TEAEYIA PR N RS Sl HE 1] A RS B, 3 AT DA ) ol
(species) #: 2 #t (kingdom ) £ 4% 5L ULIR{E =, K
FEZN W) AE ) AR W) B G R W AE B Al VR
(Wang B et al., 2017 ; Shahid et al., 2018 ; Jaubert-
Possamai et al., 2019 ; Zhang et al., 2019)
AR T RNAL R H sSRNA 197 &
RUSE 1 4 e Wi 5L 3l v A MR % Y SRR
sRNA 7 fE H B8 B 2 A 2 30008 (Zhou et al., 2017)
T3A1 AR sSRNA SR 2 HAT R AR 1, i Ao 1
it R i RNase JH Ak A3 WEAE AR o pH (H
PSRRI FEN o T A 20 ~24 nt () miRNA J2&
WFRBNHREAR) —2& sRNA B ATAT PLR T E 1)
mRNA J7 41, B8 mRNA f 2 P 52 e H e s al
%K (Bartel, 2004; Kim et al., 2009) , T
SR A A A a3 3 B R T DA S B S v A
A 4w 15 3 (He and Hannon, 2004; Hwang and
Mendell, 2006 ; Hussain and Asgari, 2014 ; Tang and
Chu, 2017 ; #5EEE, 2021) , miRNA AP L
PEH AR E PR L 2 B TR BT 5 B 2 1 i A
sRNA {5575 7, o5 FLJ8 4 F 5l 77 72 T
S Iy A A BRI L 3h 1 B BAE SC &R v (Wang
B et al., 2017 ; Zhang et al., 2019) , WF3E KB, A
miRNA ) 3" 35 4% 1 R B A7 2'-0-H Je A &4, mT LA
PR3P miRNA e 32 4R 5 Mt ) e A S PR IR A, A
Mg 7 AR ENE(Li et al., 2005) s 400 A B HEH
J5T RSB 22 W8 R 22 I 55 R K o3t T DAARE A )
miRNA 7E3) ¥ 76 B 28 48 1 £ € 7 ( Yang et al.,
2015, 2016) , K L AE ) 5 miRNA AT 2 B i A 3
Yol 18 K RS E AR, X Bl P i A= BRAC & 15 15
FHFEAE I (Liang et al., 2014) , BT miRNA [ &
454 1Y A2 € M Ab, AP W K (exosome ) | TR HE 0
( microvesicle ) ¢ miRNA 1z %y #5147 DL AR 3
miRNA AN 4 4% R B R A, IF 0] LAY SR %) miRNA
i % 5 iz % ( Rutter and Innes, 2018 ), 4] 1,
Koberle (2013 ) % P8 2% 3 £, 22 32 25 1 miRNA X}
RNase A 4bHFHRFTIE DL T 2@ 5 H) miRNA ; 115
I+ Arabidopsis thaliana 2 Il 7] DL 43 W6 A1 Wb 145, %
sRNA 2743 3% B K 525 0 Botrytis cinerea {24
(Cai et al., 2018 ) 5 JK 5 % 461 73 W5 1) 40 g A1 € 30
(extracellular vesicles, EVs) IA & & 40 I B 16 11 il ,

RO RO A AR 21 A B T L EVs 080 ) 40 it
BE RS LR R SE B (Cai et al., 2018) , BR T
EV FIAM A, HoAd U A L o 7T AR 1R 25 5
sRNA 72 7% it F2 b 1Y [ A, Bl D 5 3L A 5 1% 3
( Mittelbrunn and Sanchez-Madrid, 2012 ; Knip et al.,
2014) . 40, o 7L 35 P i W B miRNA 7] DL 5
AGO2 JE JS 16 30 52 5 W, 25 F iU 2 5 W DR 30 1 36
miRNA 42 57 Ifil 3% RNase B% 5 Wi ( Arroyo et al.,
2011) ., RNA %54 # H (RNA binding protein, RBP)
FHOCE 2 R A B F I3 miRNA e 0 2L 30 Y 40
N shREE b 9 AS E 1 ( Chen et al., 2008) . LA |- #F
FEERR I AR N AEAE Z A R 1 AT Lo 1 S0 5
miRNA F & #E A HAW BAE A= W) 1R 9 & 15 85 S 45
R

2 5 sRNA EEZRERSEYIEE

NLABRIRUEE RNA (dsRNAs) R4 55 i 5
ek 4t Caenorhabditis elegans W I 7= A e E B9 T
LR, oy sRNA i S 45 4 1) e BLANIT 592 B8 08
T Al ( Timmons and Fire, 1998; McEwan et al.,
2012) , ZJ5, 55 sRNA J¥EAEAEY) 5 5 %) ( Zhang
et al., 2012) , f¥ S5 R4 Y (Zhang T et al.,
2016 ; Annacondia and Martinez, 2021) , F¥) 5 a7 4E
P3N ¥y (Shahid et al., 2018) UL K sh¥y 5 % 4 &
(Wang et al., 2022) i) HAE G R h OB W A . 1E
HOER b AR A A o T R sh e R ALY
MY EA BN EERR,

5 B B2 8] A AR TR 2% 24 (Lucas-
Barbosa, 2016) , #4475 2410 5 B 4 i B4R 55 A 45
EaamfimattE R IRe e EE AR AT, [
I 2 s L Ry B S A R AT A A JE . A
PR AKX AR sRNA I i HUR 56 7% 21 4
Bk R AR, SEE T AR S 08 RNAL AT
PR ) R R B IR, R R A T P R
F P EEHTHRMS (Baum et al., 2007) . N THY A%
dsRNA 3¢ Ht A8 ¥ AT DL R I AR 28 1y Helicoverpa
armigera CYPAS0 FEPH| 123K , AT I 25 B AIRAR 428 1
2y B A B 79 TR 52 1 42 TH BT AR (Mao et al.,
2007) . BCEEZ B LB, TE A SR SR T A
PR miRNA AT DL o BCR 3 AHE £ 7 B Ui iy
SEPLRE B (£ 1) o N, 7EIBCE A BT
WG HIRR I Aphis gossypii 2043 b a] LIAG:I 21 K 475k
V54 miRNA ( Sattar et al., 2012) ; S P miRNA
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F1 #EY RNA S TFEFRHENEREFARFREERABARTIR
Table 1 List of studies on cross-kingdom regulation of plant-derived RNA molecules in insects
e iy ZARER AR JHTETAE W 7 i PR
Existence RNA Donor Receptor Target Regulatory Assay S
modes plants insects genes function methods References
miR160, IR e g (e S (5556 530 % 1lumina i Sattar et
miR164, Cucumis Aphis To be identified  Signal transduction pathway  Illumina al., 2012
miR2911 melo Zossypii Eiflioata sequencing,
Cell differentiation qPCR
oA T
Catabolic process
miR166b eV P& e o & B 04 A FRAE TA clone, Sanger Jia et al.,
Morus Bombyx To be identified No obvious physiological il % Sanger 2015
notabilis mori effect found sequencing, fif
A ET
PCR  Droplet,
digital PCR,
RNA-seq
wimRidp, o g N0 g cem ARNAME WagHCa
sbi-miR2-3p, Sorghum Schizaphis E*ﬁ %ﬂ BB Participating in Small RNA al., 2017
sbi-miR2927a-5p,  bicolor graminum ﬁﬂ:ﬁj}t% [AI detoxification,, sequencing,
shi-miR3-5p K*FE o H R Detoxification, digestive physiology RT-PCR
Panicum i and such as
virgatum Sipha flava P450- starch and
sucrose
metabolism-
B RAETE related genes
Natural miR162a WAL g3 amTOR ES B EE N T Mumina JREM  Zhu et al.,
presence Brassica Apis Inducing larvae to develop  J¥* [llumina deep- 2017
campestris mellifera into worker bees sequencing,
qRT-PCR
miR159a, R /NS BJHSP1 M 4G ek F MBRE /N RNA JIF Zhang et
novel-7703-5p Arabidopsis Plutella PPO2 [i&< Small RNA al., 2019
thaliana xylostella Inhibition of pupal sequencing
development and
egg hatching rate
let-7 g, miR-203, [ H %% ipiEEa Hrs, Fdh 25 Hippo {5 5 i %, RNA-Seq Gharehdaghi
miR206 Helianthus ~ A. mellifera Wt {5530 1%, N-Bpid: et al., 2021
annuus YA N
Involved in Hippo signaling
pathway, Wnt signaling
pathway, and N-glycan
biosynthesis
osa-miR162a TKFG ey KL NITOR A SR RT-qPCR, Shen et al.,
Oryza Nilaparvata  Target of Affecting the oviposition of  Sanger il J5* 2021
sativa lugens rapamycin N. lugens adult Sanger
sequencing
Csu-novel-260 PRI REPEMIE fRXKE 03k £k B qRT-PCR Wen et al.,
[ K A Chilo To be identified ~ Inhibition of pupation 2021
Insect suppressalis
resistant
transgenic

rice
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453 1 Table 1 continued
e iy ZARER FUBRIE PR WE 5k 2 .
. 27 3CHK
Existence RNA Donor Receptor Target Regulatory Assay
References
modes plants insects genes function methods
ANTHgE  dsRNA Jii 1t 53 FRe i CYP6AE14 K qRT-PCR Mao et al.,
Artificially Gossypium Helicoverpa Larval growth 2007
constructed hirsutum armigera
dsRNA TR T KRRE  DuSnfl ol A K, B & %E 1= RT-PCR Baum et
Transgenic IH-F Inhibition of growth, and al., 2007
maize Diabrotica ultimately to die
virgifera
virgifera
sRNA Il 7> Ivashuta et
dsRNA bl 1A e
: il _ %ngam DuSnf7 e SRNA al., 2015
Lycopersicon  Leptinotarsa To be identified

esculentum decemlineata

sequencing
52 RT-PCR
Real-time RT-
PCR

REAZ I ok UL A 38 i A\ 5K Aix Bombyx mori 2141,
WL Z 30 min J5, 54 I RN G 1K Hh oA 40k
R miR166b 3k $WEAH (Jia et al., 2015) s F T —
AR R, 7622 — X WF Schizaphis graminum 1%
HRERF HL Sipha flava (R YR H 13 />3 5 miRNA
13 A~ K miRNA )3 6] 22 35 (Wang HC et al.,
2017).,
FEY IR miRNA X B s AR 8 e 2405
T B0, F86 ) ok 95 1) miR159a, miR166a-3p #i
novel-7703-5p B] LL# [w] BJHSP2, BJHSP1 F1 PPO2 ,
SN /NSEME Plutella xylostella (A CHH AN, I
PR & B A IR AL % ( Basso et al., 2019; Zhang et
al., 2019) . 7KFEG osa-miR162a A LA 2t 15 S #5548
KA\ Nilaparvata lugens NITOR ) 5MH 18 CEK
TR E , BXF osa-miR162a B it 4T A= 9 3 AJ
DA 9 /KRS R 48 BT B, [ -t ml LA 250k A
KR IR osa-miR162a X { B2 K& B i B 7
SR, SR E B A SR A TR % (Shen et al.,
2021) o
SR, sRNA FEANIE T8 i A H8 9 F0 B e i) B A
KA AR EAT B 0 5 AR T Bl 7 £k
N EAKAR S B Diabrotica virgifera virgifera A N3
IARL S 1 £ LA B H W1 Leptinotarsa decemlineata
AR FIESE H B R () W EAERG D, K
27 32 dsRNA [ miRNA 5255 o B BRSO & $4F
FH (Bolognesi et al., 2012 ; Ivashuta et al., 2015) , 5
WA, FEFR A 5 i H B U E AR R G, B
HEdUXF dsRNA B miRNA (1) IOSCRFRANGF, 31X

FIRE S WM H B 18 pH =% RNA B 35k
AT R ¢ (Dow, 19925 Terra, 2001)

FEY U5 miRNA ) 4 2 Ve B UM N 9 85 e 7
ZRIAEYIPT R PERY G 8 | 10 B IR miRNA J6] i
Yy R I 25 2 B03F AT RPE AN Sy ) B AR
(Chi et al., 2023) , TEULBR RAR1 MHEL 5 &b, 5
B AR R AL, & N T 15 )5 A4l By
JEE 3 WA RN B AT B H 4y R b R 2 T 8
FHE P miR390 2 i RN, JA & & AR, 206
T (Pandey et al., 2008 ) , JX ZEIRAE HUARIE R
(% miRNAs 7] LAZ e AE Y5k

W72 5P S FE REIECER, miRNA 12
Y S R R EAE A, ik e R
H o W 1) it R RE 731K (Schwander et al., 2010)
4N, SR AR IR miRNA R DL o 410 1 P4 7 2 0
Apis mellifera ¥ IR T 2 NA T L,
T T3 rp R A7 5 R4 miRNA | BRI 3] 23 11
LN 25 % B R HO R BEAE R ) 1Y 6 F (Zhu et
al., 2017) , ¥ 5 sRNA 7EAEY) AN L BLAE G &
(IR FLATE A W & IR, FLTRAE B A 1k
— B HIREFIWTI

3 5 sRNA FiEERSRERHED
HEE
FARARAE T, B e A K 5 7 A 7 o ol il il

52 25 Tl IR AR I T AR T, A B0 R )
C BB A B A 0 Bl 7= il IO FH T T 8] 5 L7
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(££2) . WIFERI, 25 A miRNA 78 B 45 0% )5 H
R HAE G & vt & 45 5 28 0 I % /E ] (Hussain
and Asgari, 2014) , A T fif A0 ¢ B AEHL IR T 38
— B 15 T BSOS L T Y A B R A
Mo Cui 45(2019) KB, HAETIZ W T4k
W IG5 B EL BRI B/ Beuaveria bassiana 1]
PUFIFH miRNA 100 R 1 25 5 3 A B A4
il & HL A B2 S DA T At R g o IS R I, B
HEAEREET S AGOI 454, % sRNA bba-milR1,
T4 25 = 8 FC F2 B Anopheles stephensi [) RNAi #J1
i, U5 W Y B g g, AR IR s, T Wang 4§
(2021) A B, i PG4t o, mT DA 43 W6 22 Ff miRNA 5]
BRI AR R 22 P4, G 5 S RNAG AL R IR
o LR TR i AR RO ) X g Rl
W75 0 1 L R 2 G Ll P e B B

R T I L T, B S A SR A R AR
Hits e BT RS SR k. AR A R
Nosema ceranae J&:E R YL R ITE M A, cerana B
NN ELAZ A A 1L, ™ R I R 0 M ) ft BRE N 42 42
Ji€, Fan 55(2022) FIE /N5 55 (2021) KB, AR 5 %
WA T IR R YL i F b, ¥ E Y miRNA
AT LA Ik 3] R e W S 2B AR ) PR R i ik
615 HOA IS, T 9 HOR TR miRNA a] DL i
it 27 Y S ROV DR Bl B B ARG

B TP EAE, 5 HE sRNA T8 35 K 395 I ik
Py B e 5 o B e s W) i BAE R R Pl R T
HE A AR . a0, ¢k 3% 50 1§ Cotesia
vestali Y P B FFIR I B 7 A2 9 miRNA 1T 273304 2]
/INSRE I 4y H it g EEL b A I R A S R R A2 AR
EcR W33k, T AE IR 75 32 & & i R DULORAIE ¥ 2
[ S8 UL E (Wang et al., 2018) 3 YL R 15 A
PR I P Y has-miR-150-5p A LAE I £ ifF AR
T AR Aedes aegypti F1 LU A, albopictus 1) Ifil
JE 5 T RO AR N A BT BE R T, AT T 5
B HAAMERERES) (Zhu et al., 2021)

Y] UL, 85 A sSRNA 7E B d 5 G A= W 1) B A
T 4% T 2R (R 2) , R sRNA 1%
JR AR Y 5 R B AR R R v ) 5 LR AR TR A T AR
U JL A W) 14 35 1 0 R SR B 3 E R B 7 ik Y
BB, Cui 85(2022 ) i 4 i e % E 15 3 1R T
B e APISC i) B o 45 HUA B B S A ) miRNA,
FER IR A T IR X P miRNA (R 4 4 3 T
FERRAR o 75 LA ARG R i FE v, miRNA fEfS
AL T 4 L 5 2 i B AR i O AR L N,

ST EL TR ISR O T IR T IS R S T
JE o AMIFIAF 32 B HUA N 42 5 A9 miRNA BI04 18t
el B AR B AR AR T HUR T B 80 1A 8K
FBL I R Z R TR IR ) AR R
miRNA RN PR 75 1 ok RS HOg It A= 900, A7 B
FETHAOMP AT AR T R Y2 0 2 2 B P RCR (Wang e
al., 2021) o AR fi BB A B MR AT sRNA 15 57
PR AL A RE— AR AR

4 NESRE

B A5 AR AT BEADE, #5 B p fr g
G ViU SERUTE SRR PN -0 E8 S NN T 695 21K
SELEAAREREZE L, R sRNA 7EE e 51
A I A o A R b R P B R PR AR
Ik B PR R O A ) R TR AN SRNA | R4
R A B H A P S OB PR Y RN A, DATI 32 250
B AR B IERBIET, O 2 Bh i B L R A )
AR B R SR 5 ), A R T S AR &
—VER R RCEYIB 4E TEA Y R U R T R Y
W A5t (Mao et al., 2007; Van Ekert et al.,
2014) . 4T miRNA 259 4if sSRNA 7EAEY) & & F
Ji 3 ok A A R A A L B R AT
75 % B #HF & A T miRNA ( artificial miRNA,
amiRNA) |, 38 52 BCEL FMAR S 6 45 15 SRR
YRR BREE A4 2 B v 24 1 By ¥ SR ( Chen et
al., 2013) . P4, B 5% A& B, R 2 3k #E 1) Spook
(Spo) £ 5t fz 2537 {4 ( ecodysone receptor, EcR)
BB miR-14 (4 5% & K R )5, Z AL IR Chilo
suppressalis 2] RAL TR B FH )0 (He et al., 2019) ;
R AR B LT o il e PRI < P JE ki il R
amiRNA [ TREH RS AR ee AR K 5 52 BT
R R AT, R AR £ ) Sy R B AE
(Agrawal et al., 2013 ; Saini et al., 2018) ; 35 7p—T51
W AR B JUR B 98 R B, RGBS IR
(HaEcR) amiRNA (1% B K 3 A AR AT LA 38 1 5
FERRXTHR 48 B BPLEE ( Yogindran and Rajam, 2021) ;
PR A %Wk Myzus persicae LT3 ARG 2
(MpAChE2) amiRNA {8 %% 3 X 50 (5 25 42 Tt 1 A
YInPriF e 71 (Guo et al., 2014)

W3 ok BE A TR G amiRNA % L P
Y, A BURLIZ 5 amiRNA | 380 53 (4 4 W5 78 1 A
F AR amiRNA BRI F 5 5 42 miRNA
8 g TR T DL 2 AR ) AR K R v
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x2 sSRNA S FEFRAEZEERSHRHBEMEERRIIR
Table 2 List of studies on the interactions between insects and pathogenic microorganisms regulated
by sSRNA molecules in cross-kingdom manner
TR o RUbREE Ve e W 7 i
. (3N IR 275 3CHk
Existence RNA Target Regulatory Assay
Donor Receptor References
modes genes function methods
bba-milR1 BRA R $7 PR A B Spatzle 4 MEACRHTEE . sRNA JIF Cui et al.,
Beauveria Anopheles PE RN sRNA 2019
bassiana stephens Inhibiting the antifungal ~ sequencing
Immune response of
mosquitoes
let-7, Hr 28 AR sec2p, C6TF FER B W B ) MIE  sRNARELNFE  Wang o
miR-100 An. stephensi B. bassiana i sRNA deep- al., 2021
Reducing the fungal sequencing,
virulence and qRT-PCR
pathogenicity
miR-60-y, IRy RTHE M WM/ ERE NSRRI EEMAE  RNA-seq, Fan et al.,
miR676-y Apis cerana T FH Ik TR R/ BSR4 RT-qPCR 2022
Nosema Glycolysis or  FNHT
H R FAAE ceranae gluconeogenesis-  Mediating  the N.
Natural related genes ceranae glycolysis or
presence gluconeogenesis
virulence factors
miR21x KB ArEE RERRBXE MBI ERENR  RNAeq, Fan et al.,
Tl A. cerana HH PE I N A RE EE AT RT-qPCR 2022
N. ceranae Genes related to  Inhibiting the immune
energy response and energy
metabolism metabolism  of  host
bees
Cve-miR-281-3p Sk #5404 i IINFE EcR e EEK sRNA /3 Wang et
Cve-miR- Cotesia vestalis Plutella Inhibition of the host sRNA al., 2018
novel22-5p-1 xylostella growth sequencing
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