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Abstract

With the increasing problems of pest and disease of global forests and crops, traditional chemical
pesticide control methods are being questioned due to environmental pollution and biological re-
sistance issues. However, recently, more researchers have turned to RNA interference (RNAIi) tech-
nology, using the properties of RNAi to control plant pests and diseases, reducing the negative im-
pact on the environments. This review focuses on the principles of RNAi technology, the applica-
tions of exogenous double-stranded RNA (dsRNA), while analyzing the associated opportunities and
challenges. Additionally, we explored the research progress in nanoparticle delivery systems for
dsRNA, such as chitosan nanoparticles (CNPs), layered double hydroxide (LDH), and star polycation
(SPc), which effectively protect dsRNA and enhance its delivery efficiency. These studies provide
innovative solutions for sustainable agricultural and forestry development, contributing to the
preservation of forest and the improvement of crop yields and quality.
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1. 515

AR S T 2FR 31%HFEHL IR 572 2960 1ZMEIER, FRMADGZR ZEEVIRIE, BN
FIRUEE — RPN ARG WL (2 TAUER R NGB RIZR 5200, AR B 52 2 s U
B LG DLRTSE A . 5 — 5T, R R — B A RAE M@ R E KA = B R RN R — . HURG
FERR £ A ZA(FAC) ittt 35 HURIR i A4 S U S B B = B A0 R 2 ot SRR AR T AR VR i = B
20%~40% [2] [3]. #A1M B ATBriatayme R F i 3 20T E RS 2550, X PMEEAMN S Z) PR EE it R ™
HygYL, 1 HSREEMZ DR, KRB R — 4 2 2570 28 2 B v B R AN SR R 2k
[4][5]. BEAh, KIARAMLER NS BB ORI R SRS RGO S8 M5 [6].

AESR, BEFEEAIITAR TR — Lo R s HR B P4 i, Qi BRI 7] A B 7RI [4] (81 AN
WIFAE[9]5 . BARIX LT VATE —EFR B L mT LA R 2 A, AER ISP AT — B IR BR P [10]-[12] -
EMTE F T, RNA THU(RNA interference, RNAI)EI A,  4nimiji 175 5 3 K 771 2K (Spray-induced gene silencing,
SIGS)Hi A, PRIHIASE AU | e s 1 DR )87 58 ) S5 , RO — R B8 7 R CR 3 15 it - RNAI
A E Ik [ A A A e I e 4R 0 A R R B LTI XUBE RN (double-stranded RNA, dsRNA), il H b
AP RNAT HLGT, Hb B AR s Y H AR BRIk, AT S bR B e e vl . S5
RZHALL, RNAI B ARBERERSHEVE T HAREY), W00 HE B AR5, SORT DA 25kt e R 34
2R 2 S B0 R EGUE SR A T RNAT SR AERE Y9 U B U I 1 i 1 S T 52 [4]
(8], i H N SEEA MO 1 AT RE SR R R IR AL T T IR 7 & o

2. RNAI AR R X M B
RNAG AN Ay — R 0 2801 B DR TR S, 28 A AR B 00 B PR A HE A 4% = Bt 1 2B B 2 B . — 5]
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[10][13]. ‘EFEfe#EHY)E KK E LALIG IR . R 2 HOR S s S JEUR 1 5 B B ) 77 T ) 4
A B OREERAA[T] [14]. RNAT AL A B 1315 K75 dSRNA B/ RNA (small interfering
RNA, siRNA)KIVEH] N AR AETTER T B — R R [15]. Bl R E 1) dsRNA Jul, SEIb H R R R IA
AR E[16]. B5E, dSRNA #iAZKE% EL S Dicer, 1 RNase-1 SRS, YIEIRK N 18~30 M
TERKE M/ RNA (SRNA), H A+ siRNA Fl1fil RNA (microRNA, miRNA)%5[15] [17]. X4k
SIRNA/mMIRNA Bt J5 74005 N 5 AGO %5 (Argonaute proteins)Z K 7454, Tk RNA SRS E &
4 (RNA-induced silencing complex, RISC); RISC-siRNA E&¥I/RISC-miRNA E-&¥iEid il n )%
guide %E(SIRNA/MIRNA H ) —2685) B AN #ER: mRNA, B i 30 2 5 & Rk fis & TR [ 2 [15]
[18] [19]. FEFUECERZAYH, X—PiERR N AT L@ RNA KHiH RNA R4 B (RNA-dependent RNA
polymerase, RARP)i#H—3 UK, 4 VIEI mRNA #Ab 9k gt dsRNA, M350 ZE4E RNAT RN .

HHT, RNAI B HAERER Dfe 7 # BB 7t LR ANBEST T B, a2 FAE R U B 5
W2 —[5] [6] [9] [20], FEEEXSFCE . ae. T5Bsh ML s . filn, FIA 1 3215 5 5 BT BOR (Host-
induced gene silencing, HIGS)# i) 5 75 12 45 £k t1 (Meloidogyne incognita) rpn7 JE[K], 7] LA HZE 58 Al A% e
PE[21]. AMETE dSRNA/SIRNA IE AT DU M 8 SRR S 77 e N IR A, fid R AR 044 ) RNA
WU, A 5 1 B LR BT BR DG B JE (R () 3R IA , 8 242k BV 19 H I [4] [22]-[25] - 1% 28 53 T 1R
2 N B R A AR W R IR L dSRNA S8R, DAL dSRNA 45 7] DLTE EL IR ATE AR (A AT
B FHEREINEE 71, INTAIA RNAI HLl#E4T BAHSZ M [26] [27]. Wang 558 AFEZ /it (Solanum lycopersicum
L.) 1 % (Vitis vinifera L.) 557K 5 R S22 [ W it 2 [7) K 5% 14 (Botrytis cinerea) DCL1 1 DCL2 & [ ] dSRNA,
AT DL 0] B. cinerea [14E K [28] [29]. Sun & A ] R Ak 55 L 5 2508k (Lymantria dispar) 4y B 5 ) OAL
(OCULAR ALBINISM TYPE 1)Z£[X ] dsRNA J&, KIN%hHRFET- S LLx B4 & 4.80 £i5[30]. X sbgh F ik
B, AR dsSRNA (/)R AT DA A B (R BT v AR — o 25 S g

3. ShilR dsRNA FERME R ERE IR A

TEMY) ERSMNEYE dSRNA JE IS R B 55 @ gt N F RgIE S, Be9% 51k RNAI HLEI, JTEBREEAR LA,
P BT, WIMERIPE RE . R EWIERBL]. ER=EFM4T, Majumdar 55 AR 54 %E
(Solanum tuberosum L.)jiti FH#E ] L. decemlineata L3211 dSRNA, 3E5% T S. tuberosum X i Ui PE
[32]. [AI#¥, Wang %5 A Iq] S. lycopersicum F 7 Jiti FH AMJEPE dSRNA J5, &I dsSRNA X Blj i 75 i ik (Tuta
absoluta) th 27~ tH — 72 AR [33]. Hunter 25 A\ R B 7 A Bl (Diaphorina citri) . 544 28 K Hl(Bacteri-
cera cockerelli) 17 %j i i (Homalodisca vitripennis) 7EHU & 225 dsRNA AHEFIFEY) f5 K&EAET:, K
dsRNA Kb3E GEf A 20 FIX LeE B[P RNAT R, MITSFEGLAET:, A Rt i) f5134].

AMIEE FH ) dsSRNA B sRNAs A DL #eb B 40 M, sl id i) 40 s B s gafarh, DA
BRAH DG R SRl B Y [13] [35]-[37] filtw, $E1a) F. graminearum £ (38 P450 B 37 £ £ B A= W4 il dik
] dSRNA 1 1 HAE K (Hordeum vulgare L.) M- _E )4 K:[38] . 417 B. cinerea B¢V 4 1 B4 (Fusarium
asiaticum L.) 2 B B I H dSRNA #0878 Fi R M 24K, {£4" 7 #)K(Cucumis sativus L.). &
(Glycine max)Z (4 K &K B[39]. WF7EE M, McLoughlin %5 A\ i@ it 7E 48, B 7 (Arabidopsis thaliana) il =%
(Brassica napus L.)Hfijii ] dsRNA, J&%% T B. cinerea Fl14% %% i (Sclerotinia sclerotiorum) fJEAR[36], iX
W dsSRNA fEUE A R SAEYI A ELE 1 RNAT AL, T 58 4 4 s J5 B I B A e

SRIM, BREEH dSRNA FEMEE b A EVERR B 7 LN o fERIEI S, dSRNA A RELE 48 /M
SEATREMR, MBI R B @ E AN 7 K[8] [40]; FEHUBIEH I T AR RNAT % [41]
[42] H. dsSRNA [ 5 HU 0 D8] 1L B AP 2 RN 4 g 5 784 177 57 5 B. cinerea S. sclerotiorum . 374t 22 #% 14 (Rhizoctonia
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solani). %5 (Aspergillus niger) F1 KN #E ¥4 12 (Verticillium dahliae) &5 Al DL St U dsRNA, - T 4 B
B (Colletotrichum gloeosporioides) ] dsSRNA WIS 3 5L [43] « A L8 LR (19 4 F. asiaticum) H £ JLiE4ERF
SIRNA BT 1, 75 ZRESR A e AT, dSRNA SRYERFEE R TTBR R [37]. Rk, 21 dsRNA e
PE, s gk Bk % RNA BUHET RNA &5, DLAEK RNAT USR], & 4 AT Az —.

4. PAREEITFHI dSRNA X

I AMETE dSRNA A SEAE 2 S RN s 2R s L4832 N T 22 Rk 425 R 35 103 B 70 R 4]
SR E A SRR e I () — A 2 Bk 2 4R 55 (1) dsRNA 78 E AR IR T IR AR e, ELOHR I AR 37 Bt ]
BHEE8]. AT RNAL RN NFFA, DAZJHIE dsSRNA TEEMIR N A e 3 v FIRE A, [FIRH A £
dsRNA BERLIFFIIE N AEVIRANM, T 51 & RNALHLE], H0m R ERRAE, FPEyEREL. gk
BRLEISIN, A dsRNA FIRREESRHE T —FhEUE R 7 2, RIF QKBRS % dsRNA 5 BT 155
RNAI BAR B2, S2El 5 Fr A MR TR R . R BRL A RF/N ERR A . 2R it e A1 1
JET T o5 bR Z s s [44], EATRE A 245 & dSRNA B8 sSRNAs, TERIIAK - /N RNA H&¥6E0 8
ok N N AR AR AN A N0 S 1) R T S MNP R X 3k, DB S T AR B A - )5 dSRNA
5 SIRNA 75 MAK IR RS, DAZE RNAT I FE FFORFEVE R, 1 AT LASE ik e Jo7 200 i P ol st At i 4% oK
SEBA[13] [24] BRAh, GURBRLIAIRE L H 5 F A, nT LRSS AR 1 AR 451 R0 S 75 SR fil 4 oKk 2
s AH AR BRI % dSRNA, MY AL dSRNA IR, 1068 ol dsRNA i53% 2 A= Wik 4 i,
SEHIUAE HE 1) DTER

4.1, FRENRFN

7o (Chitosan, CNP) & —Fi RAR ZHE, B R AT AVIAE 2RI AR AT B fd v o B0 mT DU A6 2
PEAS B S AR 105 AP M R A5 B 35 32 T, 1& T 2 RS 3% 55 [45] - 72 SR A& — PR ERAE 1 dSRNA.
SIRNA Z5 3 F IR0 I% AR, &0 7l IE RS RNA By 5l (0 B RS A BAE F , Rets T lifa
EMEEY) . X CNP/ASRNA E-EWik ke 5 N EAE @2 %0 7 CHC (Clathrin heavy chain) & H 45
A, MM B RNAT 205 [13] [24] [33] [46].

TE HER B A A, RRBEANH SIS 7T RENHERE. Zhang % ARSI R, L
CNP/AgCHS1-dsRNA 5 &4 4 19 H ELTF #85 (Anopheles gambiae)4h 41/ AgCHS1 %5t /K - F K&
K T 62.8%7F1 33.8%, XK IHFEEME AT LLEN dSRNA )44 T3 B [47]. A CNP &
IEHE T A, gambiae JL'T & 2 (chitin synthase2) & (A /) dsSRNA,  JE TR Z Wik 40%~60%, & 5=
T A.gambiae [{IFET-#[48] . It A1, Kolge 55 A A 7522 B, CNP 1] DL ik 82 [m] 4 %% B (Helicoverpa armigera)
SR TP IR BEOHAMT) A 2 e E TG B (ACHE) 3 K 4% M dsRNA, filt k. RNAI B, 55 H.
armigera FET[49]. 7ML W] LU B RH & 1 R & 4(SPe) ik CSC &9, SHe5F1E dsSRNA 454 )5,
A LAYk /b 7K % (Oryza sativa L.) = R. solani HI{Z4Y, H4 dsRNA BRI R ZEK 2 20 K[50] [51].
Dhandapani %5 Nl CNP 5 = SRR B 45 AR =i 7 T AR Z A1), 4564514 dsRNA
Jei, A AEIR K s (Aedes aegypti) FIBE T 342 i & 60% LA 1-[52]. [FIR, 1708 CNP X4 f1 Ak
MPRTCEE, XN RBEER EBA T 22 4 R SRt T IR SERE Il X LeHE T SR AR T 5%
EHENE dSRNA SARLE T B va TG Rk, MR 7 AR i 77, N R, 24
100 R A AR AL T AR SRR [49]

42. BRSS9
JEARE ALY (Layered double hydroxide, LDH)&—28 B A B I A= Wk 250 A AE W o] B IR TS LE
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ARAPELS3] [54]. LDH KBtk iR M =M/ = &R AWM ZH L, X ES5IE 7 oK s T4
TE—HS, TR T AR EREE M . LDH IR G5 M Ry IF s fer A AL E R, (R % T
A7 7 (40 DNAL RNA FIEE )5 55) H) BRAR 24 [55] . A LDH il £ 1) AE M)A 245 9 K RITkL RE 6 e
PRI IR — PR e, S H 2 eI R T &

LDH 99Kk /7 5 dsRNA 454 1) dsRNA-LDH E&%)(BioClay) [54] [S6]WH R )5, STEAR
pH 214 CO FIZK 3 HIVEH RSB f, DR dsSRNA I, A58 dsRNA (182 5e M I i KA
VI LR 8] [56] [57]. Mitter 5 NIIWFFT R, (A LDH GUAKRUR 38R =P dsSRNA J5, Wit T
H1 & (Vigna unguiculata) ! N. tabacum it v f5, ] LAt %2/ 20 R HIH E 47 [56]. 53— 77 1H, Duanis-
Assaf %5 \{# ] BioClay W#jiti V. vinifera. S. lycopersicum. [% 15 (Cicer arietinum L)% 55, KIATLLE
N B. cinerea A K, HELE B 1R 7E S50 A 1 BERI R S () JE 4, I B AT LA AR R B A 9 IR i ) SR
SRR T 2 AR [57] [58]. BEAL, LDH a4 )i 2 i 7% 4  (Colletotrichum siamense) CsSCS7 (1]
dsRNA, A LLE 980 1% 6 S R ROR, AR IR Fr i AR THIAR[59] . Tang 55 A Jiid H i 7 iR 12
i LDH, 83 1 Sk PR A e otk @k B 4w s e K L (Nilaparvata lugens) X dsRNA FHEH,
[F] i} {2 12k BioClay M O. sativa I fr BI4EE WK 2 4, 285 LA 77 =0EN N lugens 74, #2155 N. lugens
MIFET:#[60].

43. ERHETREY

IR A7) (Star polycation, SPc) LA s AR B AN 25 44 (] HL T E PR, & BB ZKAZ Lo Al 1E HL Aar
(AN R R, RERS 57 57 FAT IRAX R T A e IS & (6], i REIE I S . YA R r IR B 45 43 1
[ IR AR 2 73 1(62] [63]. kT SPc MIZNKIEIL R SE, (EIETT dSRNA (AR EVERTA Rtk LK
FER RNAI A 2555 77 T It BRI 7).

SPc 5 dsRNA/SIRNA 7 F45 &, RES B AL TATRIBE R, JHIEIX oy T IS A 5 07, SEI
A R BL R T ER [24] [64] - SPC/dSRNA & & W) fe 8 FEARA I/ b 2 1% (Agrotis ypsilon) FTK 587 31 (Aphis gly-
cines) ' H (LRI Ik, 5 B0mh) % i A= K [61] [65] . Zhao %5 NFET- SPc (it 2%, JFk T —H
B E AL )RR R npfr A1 ampk F2EAT ) RNAT 99K AR 2, 1R ZGEANHE I KIS (Ostrinia furnacalis)%))
HAR AR KR B 7 T s SRR B IR 2R [63] - Wang 25 A f# ] SPe [F] i 2 2 dsRNA AT 4 — ¥,
YR —Fh Ak R 2 T EHIF, KX RIS S, tuberosum MBS, I T 09 5 # (Phy-
tophthora infestans) {2 4%, XI S. tuberosum LRI R =ik 68%, FFIEHK T RNAI FIRN K [66]. Yin
L NFIH SPe il % /KRG KFEPIR, A 2836 T B V. dahliae 51 RSHIRBIEREZER[67]. Li AN
SPc 2% hem-dsRNA M AEYIA 2575 200, TR I0 2 450 4l K A% 245 6k Bk i (Myzus persicae) B H v 25 3
TR B 2 R AE T 26 [62] 0 25 LFTIR, SPeAFA—Fh 2 IR Mg Ktk 404k, 7E5Em RNAI Bk, K
B RNAT A2 LK a8 EVI R S5 T A T IZ MR AT 5, SR EFIm] RRa AR MOl SR 4E T 37 i vl R
P,

4.4. HAgREn

B T ERGKIRL AL, A 22 MoK RN A 0% 6 2 dSRNA/SIRNA &893, JRR H IR 2. FLH
B RS, ARAGEHEY R B, Qiao SENAEHBHE M & R T4 K FE L (Artificial nano-
vesicles, AVs)fLZE#E 1] B. cinerea VDS £ [A 1) dsRNA, 2R J5 KLt 1 S. lycopersicum H:52. V. vinifera
SRS b, AT DL R B K /N A AR ) IR R 3 B K [68] . Wang 55 A A Th e AL Bk B T a5
(Functionalized carbon dots, CDs){E>A dsRNA [1#44, 4 dsSRNA-CDs E-& Y)Wt THE4), nI LR EHRF
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%I P.infestans. K597 %% 1 (Phytophthora sojae) Fl & #(J% &5 (Phytophthora capsici) {15y R4 [69] . BH & T
JE R ARt — R RURI6IE RS, Lin 2 A% dsSRNASIRNA 5 50 7 HE k4 &, s R E &9,
REfg 3 dSRNA [ [ 132 4 [ /N (Blattella germanica) (RIZET- 3 [70]. th4h, 4 (Microcells)
[71]. 449K H%(Gold nanoclusters, AUNCs) [72]F12iff % iZ ik (Cell-penetrating peptides, CPP) [73]55:442K
BAAAE P U ) AU EAE R I BRI RS 77, AT DURR 98 FAR 75 SR % £ A [8] ) 4 K S A E AT HF 7

I S5 E 1),

Table 1. Common nanoparticles and their key characteristics

3?1 B R BIARIRL R, B K R E

AR RIRL Sk B A LR NN S FH 4, EE BTN
7o S i fi& 100~200 nm Bl [47]-[49]
EARE A SRNIS i 20~80 nm HE. Bl [56]-[59]
BIUHETFREY H{E {iS 100 nm B, Bl [61]-[67]

N LYK ZEN i i 200~400 nm HE [68]
DRtttk E T A ik 2.7~3.9nm HF [13] [69]
FH 257 i o 1 ik o8 100~250 nm N [24] [70]

5. RE

RNAI {ER—FFN TR, BIRC ARSI =40 MIEA R, HIELEZDHE) 2 H E] 5250 [5] [49]
[50][66] [74], {HZESZILHAERMOL A R ALFIT 2 N, 575 s i — LSk, HRZE W57
Ml 6

HMIEYE dSRNA (1782 T 2 i A2 B AR B 1) 3 B2 pehiS 2 —[8]. B2 2% i) LI PR BE Bl 5 o Jlg i PR 455 Ak
AbH 2976 RNAT RLE . ARRAIE I 77 1) RLZ o ) FH 9K RO 3 1% 2R Gt sl #1211 dSRNA, - [\ Ak
dsRNA ik 202, 358 dsSRNA FIFRE ML ISR, NI HE = RNAT 203 R B S A0 251 [8] [25] -

TE LI, dsSRNA EIEH AR SRR 2 M EAE, AR5 HRREENEAE, &5 —Mafs
PR B[ 75] o AERRAHR B it FH 1 B AR L R S AR B A1, v LS MR i BB BRI SR AE R &R, T
dsRNA F#1 8 AT DAORAP AR Bk 2R A Bt AR G 52 5 RN B 1R 05 JE AR 1042 5 o el ) FH I — AR ML SR 3 o
YN SR RE )T, 2 — ARl s e 7 5 )

HIR RNAT BRI 72 1S A5, B A5 EXT dsSRNA 77 b 1) 2 H 58 BRATS Ak T2 A0 f B [6]
[76]. 7EFRME, HATIERA dsSRNA RKZGAHDCEICEHME, X7 EACE FEEE ] SR A RS DA 7
%5, EMVFAGIE A AMEYE dSRNA JITis Ko N7 1, 40 dsSRNA SR . RMEL 2. dsRNA £+
BEANKAR R AR E It AW BB I RAE S FR RS, DI ORI BRI AT RR S A, i A S @&k

E&InE
[ 5 [ SRR L 4T 25 H (32370108, 32170116); 5743 13 Ut i 2500 4 1] 2 i Sz 58 70k 4 00
(KF2024-4).

SE K

[1] AL, 2024 Gt FARAMARDL: (RIEMETTEUR, W RREEARKIM]. B 5 AR AL, 2024,
[2] Moore, D., Robson, G.D. and Trinci, A.P.J. (2011) 21st Century Guidebook to Fungi. Cambridge University Press.

DOI: 10.12677/0jns.2025.133048 460 SR/ A=A


https://doi.org/10.12677/ojns.2025.133048

FEREML W%

(3]

(4]
(5]
(6]

[7]
(8]

[°]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
(18]

[19]
[20]

[21]

[22]

[23]

Eskola, M., Kos, G., Elliott, C.T., HajSlova, J., Mayar, S. and Krska, R. (2019) Worldwide Contamination of Food-Crops
with Mycotoxins: Validity of the Widely Cited ‘FAO Estimate’ of 25%. Critical Reviews in Food Science and Nutrition,
60, 2773-2789. https://doi.org/10.1080/10408398.2019.1658570

MRA 2%, mE, BRRE, IS, Bt 05 R TTER (SIGS) B AR il i P 0 7T it e [J]. M ERY, 2022, 48(5):
15-22.

Fletcher, S.J., Reeves, P.T., Hoang, B.T. and Mitter, N. (2020) A Perspective on RNAi-Based Biopesticides. Frontiers
in Plant Science, 11, Article 51. https://doi.org/10.3389/fpls.2020.00051

Spada, M., Pugliesi, C., Fambrini, M. and Pecchia, S. (2024) Challenges and Opportunities Arising from Host-Botrytis
Cinerea Interactions to Outline Novel and Sustainable Control Strategies: The Key Role of RNA Interference. Interna-
tional Journal of Molecular Sciences, 25, Article 6798. https://doi.org/10.3390/ijms25126798

Khalid, A., Zhang, Q., Yasir, M. and Li, F. (2017) Small RNA Based Genetic Engineering for Plant Viral Resistance:
Application in Crop Protection. Frontiers in Microbiology, 8, Article 43. https://doi.org/10.3389/fmich.2017.00043
Mitter, N., Worrall, E.A., Robinson, K.E., Xu, Z.P. and Carroll, B.J. (2017) Induction of Virus Resistance by Exogenous
Application of Double-Stranded RNA. Current Opinion in Virology, 26, 49-55.
https://doi.org/10.1016/j.coviro.2017.07.009

Opdensteinen, P., Charudattan, R., Hong, J.C., Rosskopf, E.N. and Steinmetz, N.F. (2024) Biochemical and Nanotech-
nological Approaches to Combat Phytoparasitic Nematodes. Plant Biotechnology Journal, 22, 2444-2460.
https://doi.org/10.1111/pbi.14359

Zotti, M., dos Santos, E.A., Cagliari, D., Christiaens, O., Taning, C.N.T. and Smagghe, G. (2018) RNA Interference
Technology in Crop Protection against Arthropod Pests, Pathogens and Nematodes. Pest Management Science, 74, 1239-
1250. https://doi.org/10.1002/ps.4813

Wong, C.K.F., Saidi, N.B., Vadamalai, G., Teh, C.Y. and Zulperi, D. (2019) Effect of Bioformulations on the Biocontrol
Efficacy, Microbial Viability and Storage Stability of a Consortium of Biocontrol Agents against fusarium Wilt of Ba-
nana. Journal of Applied Microbiology, 127, 544-555. https://doi.org/10.1111/jam.14310

Wang, B., Liu, J., Liu, Q., Sun, J., Zhao, Y., Liu, J., et al. (2023) Knowledge Domain and Research Progress in the Field
of Crop Rotation from 2000 to 2020: A Scientometric Review. Environmental Science and Pollution Research, 30,
86598-86617. https://doi.org/10.1007/s11356-023-28266-6

Ray, P., Sahu, D., Aminedi, R. and Chandran, D. (2022) Concepts and Considerations for Enhancing RNAI Efficiency
in Phytopathogenic Fungi for RNAi-Based Crop Protection Using Nanocarrier-Mediated dsRNA Delivery Systems.
Frontiers in Fungal Biology, 3, Article 977502. https://doi.org/10.3389/ffunb.2022.977502

Dietzgen, R.G. and Mitter, N. (2006) Transgenic Gene Silencing Strategies for Virus Control. Australasian Plant Pa-
thology, 35, 605-618. https://doi.org/10.1071/ap06064

Zhao, J. and Guo, H. (2022) RNA Silencing: From Discovery and Elucidation to Application and Perspectives. Journal
of Integrative Plant Biology, 64, 476-498. https://doi.org/10.1111/jipb.13213

Agrawal, N., Dasaradhi, P.V.N., Mohmmed, A., Malhotra, P., Bhatnagar, R.K. and Mukherjee, S.K. (2003) RNA Inter-
ference: Biology, Mechanism, and Applications. Microbiology and Molecular Biology Reviews, 67, 657-685.
https://doi.org/10.1128/mmbr.67.4.657-685.2003

Preall, J.B. and Sontheimer, E.J. (2005) RNAI: RISC Gets Loaded. Cell, 123, 543-545.
https://doi.org/10.1016/j.cell.2005.11.006

lwakawa, H. and Tomari, Y. (2022) Life of RISC: Formation, Action, and Degradation of RNA-Induced Silencing Com-
plex. Molecular Cell, 82, 30-43. https://doi.org/10.1016/j.molcel.2021.11.026

MAZAR, RILHI RNA THERINLE] R H R [I]. Akl 4, 2016, 28(5): 576-583.

Shidore, T., Zuverza-Mena, N., White, J.C. and da Silva, W. (2021) Nanoenabled Delivery of RNA Molecules for Pro-
longed Antiviral Protection in Crop Plants: A Review. ACS Applied Nano Materials, 4, 12891-12904.
https://doi.org/10.1021/acsanm.1c03512

Niu, J., Jian, H., Xu, J., Chen, C., Guo, Q., Liu, Q., et al. (2012) RNA. Silencing of the Meloidogyne Incognita Rpn7
Gene Reduces Nematode Parasitic Success. European Journal of Plant Pathology, 134, 131-144.
https://doi.org/10.1007/s10658-012-9971-y

Nerva, L., Sandrini, M., Gambino, G. and Chitarra, W. (2020) Double-Stranded RNAs (dsRNAs) as a Sustainable Tool
against Gray Mold (Botrytis cinerea) in Grapevine: Effectiveness of Different Application Methods in an Open-Air
Environment. Biomolecules, 10, Article 200. https://doi.org/10.3390/biom10020200

Zhang, H., Li, X., Yu, D., Guan, J., Ding, H., Wu, H., et al. (2023) A Vector-Free Gene Interference System Using

Delaminated Mg-Al-Lactate Layered Double Hydroxide Nanosheets as Molecular Carriers to Intact Plant Cells. Plant
Methods, 19, Article No. 44. https://doi.org/10.1186/s13007-023-01021-1

DOI: 10.12677/0jns.2025.133048 461 FIAR R


https://doi.org/10.12677/ojns.2025.133048
https://doi.org/10.1080/10408398.2019.1658570
https://doi.org/10.3389/fpls.2020.00051
https://doi.org/10.3390/ijms25126798
https://doi.org/10.3389/fmicb.2017.00043
https://doi.org/10.1016/j.coviro.2017.07.009
https://doi.org/10.1111/pbi.14359
https://doi.org/10.1002/ps.4813
https://doi.org/10.1111/jam.14310
https://doi.org/10.1007/s11356-023-28266-6
https://doi.org/10.3389/ffunb.2022.977502
https://doi.org/10.1071/ap06064
https://doi.org/10.1111/jipb.13213
https://doi.org/10.1128/mmbr.67.4.657-685.2003
https://doi.org/10.1016/j.cell.2005.11.006
https://doi.org/10.1016/j.molcel.2021.11.026
https://doi.org/10.1021/acsanm.1c03512
https://doi.org/10.1007/s10658-012-9971-y
https://doi.org/10.3390/biom10020200
https://doi.org/10.1186/s13007-023-01021-1

FERERL, W

[24] Yan, S., Ren, B. and Shen, J. (2020) Nanoparticle-Mediated Double-Stranded RNA Delivery System: A Promising Ap-
proach for Sustainable Pest Management. Insect Science, 28, 21-34. https://doi.org/10.1111/1744-7917.12822

[25] Abdellatef, E., Kamal, N.M. and Tsujimoto, H. (2021) Tuning Beforehand: A Foresight on RNA Interference (RNAI)
and in Vitro-Derived dsRNAs to Enhance Crop Resilience to Biotic and Abiotic Stresses. International Journal of Mo-
lecular Sciences, 22, Article 7687. https://doi.org/10.3390/ijms22147687

[26] Andika, 1.B., Wei, S., Cao, C., Salaipeth, L., Kondo, H. and Sun, L. (2017) Phytopathogenic Fungus Hosts a Plant Virus:
A Naturally Occurring Cross-Kingdom Viral Infection. Proceedings of the National Academy of Sciences, 114, 12267-
12272. https://doi.org/10.1073/pnas.1714916114

[27] Cai, Q., Qiao, L., Wang, M., He, B., Lin, F., Palmquist, J., et al. (2018) Plants Send Small RNAs in Extracellular Vesicles
to Fungal Pathogen to Silence Virulence Genes. Science, 360, 1126-1129. https://doi.org/10.1126/science.aar4142

[28] Wang, M., Weiberg, A., Lin, F., Thomma, B.P.H.J., Huang, H. and Jin, H. (2016) Bidirectional Cross-Kingdom RNA.
and Fungal Uptake of External RNAs Confer Plant Protection. Nature Plants, 2, Article No. 16151.
https://doi.org/10.1038/nplants.2016.151

[29] Capriotti, L., Molesini, B., Pandolfini, T., Jin, H., Baraldi, E., Cecchin, M., et al. (2024) RNA Interference-Based Strat-
egies to Control Botrytis Cinerea Infection in Cultivated Strawberry. Plant Cell Reports, 43, Article No. 201.
https://doi.org/10.1007/s00299-024-03288-7

[30] Sun,L.,Liu,P.,Zhang, C., Du, H., Wang, Z., Moural, T.W., et al. (2019) Ocular Albinism Type 1 Regulates Deltamethrin
Tolerance in Lymantria Dispar and Drosophila Melanogaster. Frontiers in Physiology, 10, Article 766.
https://doi.org/10.3389/fphys.2019.00766

[31] San Miguel, K. and Scott, J.G. (2015) The Next Generation of Insecticides: dSRNA Is Stable as a Foliar-Applied Insec-
ticide. Pest Management Science, 72, 801-809. https://doi.org/10.1002/ps.4056

[32] Majumdar, R., Rajasekaran, K. and Cary, JW. (2017) RNA Interference (RNAI) as a Potential Tool for Control of
Mycotoxin Contamination in Crop Plants: Concepts and Considerations. Frontiers in Plant Science, 8, Article 200.
https://doi.org/10.3389/fpls.2017.00200

[33] Wang, X.,Ji, S.,Bi, S., Tang, Y., Zhang, G., Yan, S., etal. (2023) A Promising Approach to an Environmentally Friendly
Pest Management Solution: Nanocarrier-Delivered dsRNA towards Controlling the Destructive Invasive Pest Tuta ab-
soluta. Environmental Science: Nano, 10, 1003-1015. https://doi.org/10.1039/d2en01076¢

[34] Hunter, W.B., Glick, E., Paldi, N. and Bextine, B.R. (2012) Advances in RNA Interference: dSRNA Treatment in Trees
and Grapevines for Insect Pest Suppression. Southwestern Entomologist, 37, 85-87.
https://doi.org/10.3958/059.037.0110

[35] Wang, M. and Jin, H. (2017) Spray-Induced Gene Silencing: A Powerful Innovative Strategy for Crop Protection. Trends
in Microbiology, 25, 4-6. https://doi.org/10.1016/j.tim.2016.11.011

[36] McLoughlin, A.G., Wytinck, N., Walker, P.L., Girard, 1.J., Rashid, K.Y, de Kievit, T., et al. (2018) Identification and
Application of Exogenous dsRNA Confers Plant Protection against Sclerotinia sclerotiorum and Botrytis cinerea. Sci-
entific Reports, 8, Article No. 7320. https://doi.org/10.1038/s41598-018-25434-4

[37] Song, X., Gu, K., Duan, X., Xiao, X., Hou, Y., Duan, Y., et al. (2018) Secondary Amplification of sSiRNA Machinery
Limits the Application of Spray-Induced Gene Silencing. Molecular Plant Pathology, 19, 2543-2560.
https://doi.org/10.1111/mpp.12728

[38] Koch, A., Biedenkopf, D., Furch, A., Weber, L., Rossbach, O., Abdellatef, E., et al. (2016) An RNAi-Based Control of
Fusarium Graminearum Infections through Spraying of Long dsRNAs Involves a Plant Passage and Is Controlled by the
Fungal Silencing Machinery. PLOS Pathogens, 12, e1005901. https://doi.org/10.1371/journal.ppat.1005901

[39] Gu, K., Song, X., Xiao, X., Duan, X., Wang, J., Duan, Y., et al. (2019) A B-Tubulin dsRNA Derived from Fusarium
asiaticum Confers Plant Resistance to Multiple Phytopathogens and Reduces Fungicide Resistance. Pesticide Biochem-
istry and Physiology, 153, 36-46. https://doi.org/10.1016/j.pestbp.2018.10.005

[40] Dubelman, S., Fischer, J., Zapata, F., Huizinga, K., Jiang, C., Uffman, J., et al. (2014) Environmental Fate of Double-
Stranded RNA in Agricultural Soils. PLOS ONE, 9, e93155. https://doi.org/10.1371/journal.pone.0093155

[41] Prentice, K., Smagghe, G., Gheysen, G. and Christiaens, O. (2019) Nuclease Activity Decreases the RNAi Response in
the Sweetpotato Weevil Cylas puncticollis. Insect Biochemistry and Molecular Biology, 110, 80-89.
https://doi.org/10.1016/j.ibmb.2019.04.001

[42] Song, H., Fan, Y., Zhang, J., Cooper, A.M., Silver, K., Li, D., et al. (2019) Contributions of dsRNases to Differential
RNA. Efficiencies between the Injection and Oral Delivery of dsSRNA in Locusta migratoria. Pest Management Science,
75, 1707-1717. https://doi.org/10.1002/ps.5291

[43] Qiao, L., Lan, C., Capriotti, L., Ah-Fong, A., Nino Sanchez, J., Hamby, R., et al. (2021) Spray-Induced Gene Silencing
for Disease Control Is Dependent on the Efficiency of Pathogen RNA Uptake. Plant Biotechnology Journal, 19, 1756-
1768. https://doi.org/10.1111/pbi.13589

DOI: 10.12677/0jns.2025.133048 462 FIAR R


https://doi.org/10.12677/ojns.2025.133048
https://doi.org/10.1111/1744-7917.12822
https://doi.org/10.3390/ijms22147687
https://doi.org/10.1073/pnas.1714916114
https://doi.org/10.1126/science.aar4142
https://doi.org/10.1038/nplants.2016.151
https://doi.org/10.1007/s00299-024-03288-7
https://doi.org/10.3389/fphys.2019.00766
https://doi.org/10.1002/ps.4056
https://doi.org/10.3389/fpls.2017.00200
https://doi.org/10.1039/d2en01076c
https://doi.org/10.3958/059.037.0110
https://doi.org/10.1016/j.tim.2016.11.011
https://doi.org/10.1038/s41598-018-25434-4
https://doi.org/10.1111/mpp.12728
https://doi.org/10.1371/journal.ppat.1005901
https://doi.org/10.1016/j.pestbp.2018.10.005
https://doi.org/10.1371/journal.pone.0093155
https://doi.org/10.1016/j.ibmb.2019.04.001
https://doi.org/10.1002/ps.5291
https://doi.org/10.1111/pbi.13589

FEREML W%

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

FHBUE, 28, BI0%E, LA, E6i. T gekihik REM RNA R 25 K8 IE BB et R[], My
1, 2021, 48(2): 267-274.

Negm, N.A., Hefni, H.H.H., Abd-Elaal, A.A.A., Badr, E.A. and Abou Kana, M.T.H. (2020) Advancement on Modifica-
tion of Chitosan Biopolymer and Its Potential Applications. International Journal of Biological Macromolecules, 152,
681-702. https://doi.org/10.1016/j.ijbiomac.2020.02.196

Zhou, H., Wan, F., Jian, Y., Guo, F., Zhang, M., Shi, S., et al. (2023) Chitosan/dsRNA Polyplex Nanoparticles Advance
Environmental RNA Interference Efficiency through Activating Clathrin-Dependent Endocytosis. International Journal
of Biological Macromolecules, 253, Article 127021. https://doi.org/10.1016/j.ijbiomac.2023.127021

Zhang, X., Zhang, J. and Zhu, K.Y. (2010) Chitosan/Double-Stranded RNA Nanoparticle-Mediated RNA Interference
to Silence Chitin Synthase Genes through Larval Feeding in the African Malaria Mosquito (Anopheles gambiae). Insect
Molecular Biology, 19, 683-693. https://doi.org/10.1111/].1365-2583.2010.01029.x

Zhang, X., Mysore, K., Flannery, E., Michel, K., Severson, D.W., Zhu, K.Y, et al. (2015) Chitosan/Interfering RNA
Nanoparticle Mediated Gene Silencing in Disease Vector Mosquito Larvae. Journal of Visualized Experiments, 96, 181-
191. https://doi.org/10.3791/52523

Kolge, H., Kadam, K., Galande, S., Lanjekar, V. and Ghormade, V. (2021) New Frontiers in Pest Control: Chitosan
Nanoparticles-Shielded dsRNA as an Effective Topical RNAi Spray for Gram Podborer Biocontrol. ACS Applied Bio
Materials, 4, 5145-5157. https://doi.org/10.1021/acsabm.1c00349

Wang, X., Zheng, K., Cheng, W., Li, J., Liang, X., Shen, J., et al. (2021) Field Application of Star Polymer-Delivered
Chitosan to Amplify Plant Defense against Potato Late Blight. Chemical Engineering Journal, 417, Article 129327.
https://doi.org/10.1016/j.cej.2021.129327

Wang, Y., Yan, Q., Lan, C,, Tang, T., Wang, K., Shen, J., et al. (2023) Nanoparticle Carriers Enhance RNA Stability
and Uptake Efficiency and Prolong the Protection against Rhizoctonia Solani. Phytopathology Research, 5, Article No.
2. https://doi.org/10.1186/s42483-023-00157-1

Dhandapani, R.K., Gurusamy, D., Howell, J.L. and Palli, S.R. (2019) Development of CS-TPP-dsRNA Nanoparticles to
Enhance RNAI Efficiency in the Yellow Fever Mosquito, Aedes Aegypti. Scientific Reports, 9, Article No, 8775.
https://doi.org/10.1038/s41598-019-45019-z

Dong, H., Chen, M., Rahman, S., Parekh, H.S., Cooper, H.M. and Xu, Z.P. (2014) Engineering Small MgAl-Layered
Double Hydroxide Nanoparticles for Enhanced Gene Delivery. Applied Clay Science, 100, 66-75.
https://doi.org/10.1016/j.clay.2014.04.028

Xu, Z.P., Stevenson, G.S., Lu, C., Lu, G.Q., Bartlett, P.F. and Gray, P.P. (2005) Stable Suspension of Layered Double
Hydroxide Nanoparticles in Aqueous Solution. Journal of the American Chemical Society, 128, 36-37.
https://doi.org/10.1021/ja056652a

Zhang, L., Hu, J., Jia, Y., Liu, R., Cai, T. and Xu, Z.P. (2021) Two-Dimensional Layered Double Hydroxide Nanoadju-
vant: Recent Progress and Future Direction. Nanoscale, 13, 7533-7549. https://doi.org/10.1039/d1nr00881a

Mitter, N., Worrall, E.A., Robinson, K.E., Li, P., Jain, R.G., Taochy, C., et al. (2017) Clay Nanosheets for Topical
Delivery of RNAI for Sustained Protection against Plant Viruses. Nature Plants, 3, Article No. 16207.
https://doi.org/10.1038/nplants.2016.207

Duanis-Assaf, D., Shlar, 1., Galsurker, O., Davydov, O., Maurer, D., Feygenberg, O., et al. (2022) Nano-Clay, Layered-
Double Hydroxide (LDH), Improves the Efficacy of Double-Stranded RNA in Controlling Postharvest Decay. Posthar-
vest Biology and Technology, 193, Article 112051. https://doi.org/10.1016/j.postharvbio.2022.112051

Nifio-Sanchez, J., Sambasivam, P.T., Sawyer, A., Hamby, R., Chen, A., Czislowski, E., et al. (2022) Bioclay Prolongs
RNA Interference-Mediated Crop Protection against Botrytis cinerea. Journal of Integrative Plant Biology, 64, 2187-
2198. https://doi.org/10.1111/jipb.13353

Xi, Y., Long, X., Song, M., Liu, Y., Yan, J., Lv, Y., et al. (2024) The Fatty Acid 2-Hydroxylase Csscs7 Is a Key Hyphal
Growth Factor and Potential Control Target in Colletotrichum siamense. mBio, 15, e02015-23.
https://doi.org/10.1128/mbio.02015-23

Tang, X., Jiang, X., Chen, Q. and Lin, X. (2024) Amphiphilic Layered Double Hydroxides Enhance Plant-Mediated
Delivery of dsRNAs to Phloem-feeding Planthoppers. Chemical Engineering Journal, 491, Article 151953.
https://doi.org/10.1016/j.cej.2024.151953

Li, J., Qian, J., Xu, Y., Yan, S, Shen, J. and Yin, M. (2019) A Facile-Synthesized Star Polycation Constructed as a
Highly Efficient Gene Vector in Pest Management. ACS Sustainable Chemistry & Engineering, 7, 6316-6322.
https://doi.org/10.1021/acssuschemeng.9b00004

Li, M., Ma, Z, Peng, M., Li, L., Yin, M., Yan, S., et al. (2022) A Gene and Drug Co-Delivery Application Helps to
Solve the Short Life Disadvantage of RNA Drug. Nano Today, 43, Article 101452.
https://doi.org/10.1016/j.nantod.2022.101452

DOI: 10.12677/0jns.2025.133048 463 FIAR R


https://doi.org/10.12677/ojns.2025.133048
https://doi.org/10.1016/j.ijbiomac.2020.02.196
https://doi.org/10.1016/j.ijbiomac.2023.127021
https://doi.org/10.1111/j.1365-2583.2010.01029.x
https://doi.org/10.3791/52523
https://doi.org/10.1021/acsabm.1c00349
https://doi.org/10.1016/j.cej.2021.129327
https://doi.org/10.1186/s42483-023-00157-1
https://doi.org/10.1038/s41598-019-45019-z
https://doi.org/10.1016/j.clay.2014.04.028
https://doi.org/10.1021/ja056652a
https://doi.org/10.1039/d1nr00881a
https://doi.org/10.1038/nplants.2016.207
https://doi.org/10.1016/j.postharvbio.2022.112051
https://doi.org/10.1111/jipb.13353
https://doi.org/10.1128/mbio.02015-23
https://doi.org/10.1016/j.cej.2024.151953
https://doi.org/10.1021/acssuschemeng.9b00004
https://doi.org/10.1016/j.nantod.2022.101452

FERERL, W

[63] Zhao, J., Yan, S, Li, M., Sun, L., Dong, M., Yin, M., et al. (2023) NPFR Regulates the Synthesis and Metabolism of
Lipids and Glycogen via AMPK: Novel Targets for Efficient Corn Borer Management. International Journal of Biolog-
ical Macromolecules, 247, Article 125816. https://doi.org/10.1016/j.ijbiomac.2023.125816

[64] Yan, S, Ren, B., Zeng, B. and Shen, J. (2020) Improving RNAI Efficiency for Pest Control in Crop Species. BioTech-
niques, 68, 283-290. https://doi.org/10.2144/btn-2019-0171

[65] Yan,S., Qian,J., Cai,C., Ma, Z., Li,J., Yin, M., etal. (2019) Spray Method Application of Transdermal dsSRNA Delivery
System for Efficient Gene Silencing and Pest Control on Soybean Aphid Aphis Glycines. Journal of Pest Science, 93,
449-459. https://doi.org/10.1007/s10340-019-01157-x

[66] Wang, Y., Li, M., Ying, J., Shen, J., Dou, D., Yin, M., et al. (2023) High-Efficiency Green Management of Potato Late
Blight by a Self-Assembled Multicomponent Nano-Bioprotectant. Nature Communications, 14, Article No. 5622.
https://doi.org/10.1038/s41467-023-41447-8

[67] Yin,J., Zhao, J., Wang, Z., Xue, F., Wang, Q., Guo, H., et al. (2024) Preparation of Salicylic Acid Nano-Protectant with
Dual Synergistic Mechanism: High Direct Fungicidal Activity and Plant Defence toward Cotton Verticillium Wilt.
Chemical Engineering Journal, 496, Article 154036. https://doi.org/10.1016/j.cej.2024.154036

[68] Qiao, L., Nifio-Sanchez, J., Hamby, R., Capriotti, L., Chen, A., Mezzetti, B., et al. (2023) Artificial Nanovesicles for
dsRNA Delivery in Spray-Induced Gene Silencing for Crop Protection. Plant Biotechnology Journal, 21, 854-865.
https://doi.org/10.1111/pbi.14001

[69] Wang, Z., Li, Y., Zhang, B., Gao, X., Shi, M., Zhang, S., et al. (2023) Functionalized Carbon Dot-Delivered RNA Nano
Fungicides as Superior Tools to Control Phytophthora Pathogens through Plant RARP1 Mediated Spray-Induced Gene
Silencing. Advanced Functional Materials, 33, Article 2213143. https://doi.org/10.1002/adfm.202213143

[70] Lin, Y., Huang, J., Liu, Y., Belles, X. and Lee, H. (2016) Oral Delivery of dSRNA Lipoplexes to German Cockroach
Protects dsSRNA from Degradation and Induces RNAI Response. Pest Management Science, 73, 960-966.
https://doi.org/10.1002/ps.4407

[71] Islam, M.T., Davis, Z., Chen, L., Englaender, J., Zomorodi, S., Frank, J., et al. (2021) Minicell-Based Fungal RNAI
Delivery for Sustainable Crop Protection. Microbial Biotechnology, 14, 1847-1856.
https://doi.org/10.1111/1751-7915.13699

[72] Zhang, H., Cao, Y., Xu, D., Goh, N.S., Demirer, G.S., Cestellos-Blanco, S., et al. (2021) Gold-Nanocluster-Mediated
Delivery of siRNA to Intact Plant Cells for Efficient Gene Knockdown. Nano Letters, 21, 5859-5866.
https://doi.org/10.1021/acs.nanolett.1c01792

[73] Thagun, C., Motoda, Y., Kigawa, T., Kodama, Y. and Numata, K. (2020) Simultaneous Introduction of Multiple Biom-
acromolecules into Plant Cells Using a Cell-Penetrating Peptide Nanocarrier. Nanoscale, 12, 18844-18856.
https://doi.org/10.1039/d0nr04718j

[74] Fweid, SEEE, BB, X175, JI770, IKEESE, BER. 9UKET RNAD SRS mBTia b sk Fo s H
[3]. " EAEYBE 1G24k, 2021, 37(6): 1298-1312.
[75] Singewar, K. and Fladung, M. (2023) Double-Stranded RNA (dsRNA) Technology to Control Forest Insect Pests and

Fungal Pathogens: Challenges and Opportunities. Functional & Integrative Genomics, 23, Article No. 185.
https://doi.org/10.1007/s10142-023-01107-y

[76] Mendelsohn, M.L., Gathmann, A., Kardassi, D., Sachana, M., Hopwood, E.M., Dietz-Pfeilstetter, A., et al. (2020) Sum-
mary of Discussions from the 2019 OECD Conference on RNAI Based Pesticides. Frontiers in Plant Science, 11, Article
740. https://doi.org/10.3389/fpls.2020.00740

DOI: 10.12677/0jns.2025.133048 464 FIAR R


https://doi.org/10.12677/ojns.2025.133048
https://doi.org/10.1016/j.ijbiomac.2023.125816
https://doi.org/10.2144/btn-2019-0171
https://doi.org/10.1007/s10340-019-01157-x
https://doi.org/10.1038/s41467-023-41447-8
https://doi.org/10.1016/j.cej.2024.154036
https://doi.org/10.1111/pbi.14001
https://doi.org/10.1002/adfm.202213143
https://doi.org/10.1002/ps.4407
https://doi.org/10.1111/1751-7915.13699
https://doi.org/10.1021/acs.nanolett.1c01792
https://doi.org/10.1039/d0nr04718j
https://doi.org/10.1007/s10142-023-01107-y
https://doi.org/10.3389/fpls.2020.00740

	基于纳米颗粒递送的dsRNA在农林植物病虫害防治中的应用
	摘  要
	关键词
	The Application of Nanoparticle-Delivered dsRNA in Agricultural and Forestry Plant Pests and Diseases Control
	Abstract
	Keywords
	1. 引言
	2. RNAi技术的原理及应用
	3. 外源dsRNA在农林病虫害防治中的应用
	4. 纳米载体介导的dsRNA递送
	4.1. 壳聚糖纳米颗粒
	4.2. 层状氢氧化物
	4.3. 星形阳离子聚合物
	4.4. 其他纳米颗粒

	5. 展望
	基金项目
	参考文献

