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Nanocarrier-Assisted Foliar Applications in RNAi-Based Plant Protection Systems
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Abstract

RNA interference (RNAI) is a highly effective gene-silencing mechanism that provides sequence-specific
protection in plants against viruses, fungal pathogens, and insect pests. Based on this natural defense system, spray-
induced gene silencing (SIGS) utilizes the exogenous application of nucleic acid molecules onto plant surfaces to
suppress pathogen-derived genes. As this approach does not require the development of transgenic plants, it has
emerged as a promising and environmentally friendly strategy for sustainable crop protection. Despite its considerable
potential, the practical implementation of SIGS in agriculture remains challenging. The effectiveness of double-
stranded RNA (dsRNA) is often constrained by environmental and physicochemical factors, including rainfall,
ultraviolet radiation, temperature fluctuations, enzymatic degradation, and limited retention on leaf surfaces, all of
which reduce RNA stability and biological efficacy under field conditions. These limitations represent major barriers
to the successful application of RNA-based gene-silencing technologies in crop protection. In recent years,
nanoparticle-based delivery systems have gained considerable attention as potential tools to address these challenges
by enhancing dsRNA stability, prolonging its persistence on leaf surfaces, and improving its biological activity
following application. Nevertheless, the successful implementation of RNA-based crop protection strategies requires
a comprehensive understanding of the interactions among nanocarriers, dSRNA molecules, plant surfaces, and
environmental factors, together with careful evaluation of their biosafety and agricultural applicability.
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RNAI Temelli Bitki Koruma Sistemlerinde Nanotasiyici Destekli Yaprak Uygulamalari

Ozet

RNA interferans (RNAi), bitkilerde viriisler, fungal etmenler ve bocek zararlilarina karsi dizi-spesifik koruma
saglayan oldukga etkili bir gen susturma mekanizmasidir. Bu dogal savunma sistemine dayanarak gelistirilen spray
aracili gen susturma (SIGS), patojen kokenli genleri baskilamak amaciyla niikleik asit molekiillerinin bitki
yiizeylerine eksojen olarak uygulanmasini temel alir. Bu yaklasim, transgenik bitkilerin gelistirilmesini
gerektirmedigi i¢in stirdiirilebilir bitki koruma stratejileri agisindan umut vadeden ve ¢evre dostu bir yontem olarak
one ¢ikmaktadir. Bununla birlikte, SIGS’in tarimsal uygulamadaki pratik kullanimi halen ¢esitli zorluklarla karsi
karstyadir. Cift iplikli RNA (dsRNA)’ nin etkinligi; yagmur, ultraviyole radyasyon, sicaklik dalgalanmalari, enzimatik
yikim ve yaprak yiizeyinde sinirli tutunma gibi gevresel ve fiziko-kimyasal faktorlerden siklikla kisitlanmaktadir. Bu
durum, RNA stabilitesini ve biyolojik etkinligi tarla kosullarinda 6nemli 6l¢iide azaltmaktadir. Bu sinirlamalar, RNA
temelli gen susturma teknolojilerinin bitki korumada basarili sekilde uygulanmasmin 6niindeki temel engelleri
olusturmaktadir. Son yillarda nanopartikiil tabanli tasima sistemleri, bu zorluklarin asilmasinda potansiyel araglar
olarak 6nemli bir ilgi odag1 haline gelmistir. Bu sistemler, dsSRNA stabilitesini artirarak, yaprak yiizeyinde kaliciligim
uzatarak ve uygulama sonrasi biyolojik etkinligini artirarak bu sorunlarin giderilmesine katki saglayabilir. Bununla
birlikte, RNA temelli bitki koruma stratejilerinin basarili sekilde uygulanabilmesi i¢in nanotastyicilar, dSRNA
molekiilleri, bitki yilizeyleri ve gevresel faktorler arasindaki etkilesimlerin kapsamli sekilde anlagilmasi ve bunlarin
biyogiivenlik ile tarimsal uygulanabilirlik acisindan dikkatle degerlendirilmesi gerekmektedir.
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