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DESIGN BRIEF

Reducing urban respiratory allergies via seasonal
spray-applied BioClay pollen suppression
Shreeya Aravind, Ridhima Bajaj, Anudeep Gadipalli, Siri Nuthalapati, Shriya Palwai, Hanssini Premku-
mar, Michelle Rarasati, and Hassan Syed■ South Forsyth High School BioBuilder, Cumming, Georgia, UnitedStates
Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Airborne pollen exposure in Atlanta increases respiratory-related ER visits by 8%, disproportionately affect-ing children, older adults, and individuals with asthma. Rather than focusing on treatment after exposure, ourproject introduces the implementation of RNA interference throughBioClay nanoparticles to address pollen pro-duction at its biological source. At the biological level, pollen maturation in white oak is largely dependent ongibberellin (GA) signaling, a pathway present in most land plants. When GA binds to the GID1 receptor, DELLArepressors are degraded, enabling pollen development. In annual crops such as tomatoes, this pathway hassuccessfully been suppressed through transient and reversible RNA interference, utilizing spray-applied double-strandedRNA (dsRNA). In thismechanism, dsRNA is processed into siRNAs that cleave GID1mRNA,maintainingDELLA-mediated repression of pollen-related gene expression. However, translating this approach to perennialtrees is challenging due to thick cuticles, long developmental timelines, and rapid degradation of dsRNA, requir-ing the use of BioClay nanoparticles to protect dsRNA and enable sustained uptake into plant tissues. Buildingon validated tomato crop applications, we aim to adapt this approach for the white oak, a leading contributor ofpollen production in Atlanta due to its high abundance. RT-qPCR (reverse transcription quantitative polymerasechain reaction) and multispecies testing, quantifying GID1 levels, and validating species specificity can evalu-ate project success. Ultimately, the project extends RNAi intervention from annual crops to perennial trees byenabling a scalable, seasonal, and non-transgenic method for mitigating pollen-driven health challenges.
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is distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.Atlanta consistently records some of the highestpollen levels in the United States, frequently ex-ceeding 1,500 grains per cubicmeter (Dillard, 2026). AMarch 2026 study by the Asthma and Allergy Founda-tion of America ranked Atlanta as the 34th most chal-lenging city to live in with allergies, placing it worsethan average overall. On high-pollen days, pollencounts in themetro area have surpassed5,000 to 7,000grains per cubic meter, far above levels seen in manyother U.S. cities (Asthma and Allergy Foundation ofAmerica, 2025). Moreover, evidence indicates thatpollen seasons in Atlanta are occurring earlier than inthe past and are becoming longer (Lappe et al., 2023).Pollen levels in Atlanta peak intensely from March to

April, while they fluctuate frommild to negligible fromAugust to October, displayed in Figure 1 (Atlanta Al-lergy & Asthma, 2025).Although pine pollen is the most visible, hardwoodtrees, especially oak, are the primary drivers of aller-gic disease in Atlanta. For instance, in the spring of2025, when Atlanta experienced 10 consecutive daysof extremely high pollen, oak was listed as the lead-ing contributor (Grapevine, 2025). Oak pollen grainsare small, “measuring about 25 microns” (Grapevine,2025), allowing them to remain airborne longer andpenetrate deeper into the respiratory tract, makingthem more allergenic than pine pollen. A single ma-ture oak can release up to 3 million pollen grains per
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Figure 1. Atlanta Allergy Pollen Count (2025). Pollen
levels peak from March to April, with earlier pollen de-
velopment in February. Data found fromAsthma and Al-
lergy Foundation of America.

day, andGeorgia is dominatedby over 30 species of oaktrees (Dillard, 2026). Particularly, White oak (Quercus
alba) is found throughout the state of Georgia, beingthe most abundant oak species in North Georgia, andis present in many urban areas (Georgia Native PlantSociety, n.d.); therefore, it was selected as the focal treefor this project.The extreme levels of oak tree pollen have mea-surable health impacts. In a US-based study, 31% ofmilitary children with rhinitis, a disease commonlytriggered by allergens, were reported to show a posi-tive skin prick test towards oak tree extract allergen,demonstrating the significant effects of oak tree pollenon respiratory conditions (Turacoz Healthcare Solu-tions, 2021). Higher airborne pollen concentrationshave been associated with up to an 8% increase inemergency department visits for asthma and wheezein the Atlanta metropolitan area (Lappe et al., 2023).Furthermore, local allergists and sinus clinics in theAtlanta area commonly report that many newcomersbegin experiencing seasonal allergy symptoms withintheir first few years of living in the city, a pattern of-ten informally referred to as “Atlanta allergy initiation”(Dillard, 2026). For individualswith asthma or chronicsinus disease, elevated oak pollen commonly triggerswheezing, airway inflammation, sinus infections, anddisrupted sleep (Dillard, 2026). Looking ahead, usingsimulations of climate change scenarios, Anenberg etal. (2017) predict that pollen concentrations are likelyto increase, and oak tree pollen seasons are likely to

lengthen in the future due to increased temperaturesfrom climate change. Their simulation also predictsthat in the Southeastern region of the United States,pollen-related asthma ED visits will increase by 29%from 2010 to 2090, illustrating the impact that pollenwill have across decades. Currently, mechanical re-moval, chemical sprays, and medications are used tomitigate the health impacts of pollen; however, thesemethods act after pollen is released and do not scaleacross the urban tree populations effectively.To combat this, our team considered two ap-proaches. The first was to redesign a leaf bacteriumto release GA2ox enzymes and reduce the concentra-tion of hormones required for pollen production. Thesecond was to spray dsRNA onto buds, triggering RNAinterference (RNAi) to lower levels of GID1, a proteinessential for pollen production. From these two ap-proaches, the latter was selected due to its efficiencyand controllability. Unlike the first approach, whichreduces hormone concentrations, targeting GID1 of-fers a more tractable regulatory point, though it maystill have broader effects on GA signaling. In addi-tion, spraying dsRNA is more targeted, non-invasive,and scalable than engineering and maintaining modi-fied bacteria. This project extends prior spray-inducedRNAi application on annual crops, such as tomatoplants, into outdoor woody and perennial species,which have been underexplored compared to its us-age on annual crops. Moreover, it targets a develop-mental commitmentwindow in oak trees: during earlybud formation, reproductive tissues undergo a briefbut critical period in which they commit to develop-ing pollen. Intervening during this window allows fortemporary suppression of signaling pathways withoutpermanently altering the tree’s genome or disruptinglater growth.
Systems levelThis system is designed to temporarily reduce pollenproduction during the flowering season without per-manently changing the plant’s DNA. The interventionoccurs in late winter to early spring, just before flow-ering begins, a season that “usually extends until lateMarch and May (or June)” (Turacoz Healthcare Solu-tions, 2021). The timing is critical because genes in-volved in hormone signaling and pollen developmentare most active during the pre-flowering and earlyflowering stages. Applying this system in this time in-terval allows pollen production to be reduced beforepollen release begins.Additionally, this intervention acts specifically onthe flowering buds of the tree. These buds contain tis-sue that later forms into pollen (Song et al., 2025). By
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targeting the buds, the system focuses on reproduc-tive development while not affecting the whole tree di-rectly. Through a process known as source-to-sink reg-ulation, resources in plants, including sugars and othermacromolecules, are transported from the producingareas (source) to consuming areas (sinks) (Cazzonelli& Pogson, 2010). In oak trees, buds are the main con-suming areas, so resources flow toward them. As a re-sult, dsRNA applied to the buds is expected to remainlargely localized to these tissues due to sink-directedtransport, reducing the likelihood of broader develop-mental effects, such as dwarfism, in other parts of thetree.To begin the mechanism, the double-stranded RNA(dsRNA), designed to match a specific target gene, issprayed onto the buds, triggering RNA interference inplant tissues (Bennett et al., 2022). In the case of thisproject, the target gene is the GID1 protein gene. Then,the plant utilizes the dsRNA to break down the mRNAof the GID1 protein, which acts as a temporary silencerfor the protein. As a result, the crucial GID1 proteinis produced in smaller amounts, leading to a reducedpollen production.Demonstrating reversibility, these temporary ef-fects of dsRNA and RNAi eventually fade and allownormal gene expression after the natural degrada-tion of the dsRNA. Furthermore, the system followsa non-transgenic approach centered on the design ofsequence-specific dsRNA targeting GID1. This sameapproach was demonstrated in the 2024 iGEM Thes-saly project, which targeted and silenced genes con-tributing to fungal virulence while ensuring “species-specific precision in defeating the deadly fungus”(Thessaly iGEM Team, 2024). Similarly, our proposedmethod is designed to leverage the transient proper-ties of dsRNAwithout the use of foreign DNA, allowingfor similar species-specific precision in a non-invasiveand reversible manner.
Device levelUnfortunately, RNA molecules are naturally unstableand degrade quickly due to environmental factors,such as UV radiation, rain and pH changes. This wouldaffect our delivery approach, which utilizes dsRNA, be-cause these conditions can degrade the strand before itpenetrates the leaves, preventing successful uptake bythe plant. To overcome these challenges, this systemis delivered using BioClay, “a nano-sized degradableclay used to release double-stranded RNA, that pro-tects plants from specific disease-causing pathogens”,which allows dsRNA to be slowly released over time.The device consists of two primary components: (1)dsRNA designed to target the oak gibberellin receptor

Figure 2. Molecule Dynamics of dsRNA + BioClay. Lay-
ered structure and positive charge of layered double
hydroxide (LDH) materials stabilize nucleic acids. Use
of phosphates and chlorine ions protects the stability,
structural integrity, and loading efficiency of the treat-
ment.

gene GID1, and (2) BioClay, a layered double hydrox-ide nanosheet carrier that protects dsRNA and enablessustained release (Mitter et al., 2017). The molecu-lar dynamics between the dsRNA and BioClay can befound in Figure 2.BioClay addresses environmental limitations byelectrostatically adsorbing dsRNA onto positivelycharged nanosheets, shielding it from degradationwhile enabling gradual release through ion-exchangemechanisms displayed in Figure 2. This extendsdsRNA stability from hours to several weeks, aligningRNA availability with the critical developmentalwindow of bud formation (Mitter et al., 2017).This formulation can be applied as a targeted sprayto oak buds during late-winter ecodormancy, whentissues are hormonally responsive but not yet com-mitted to pollen production. Following application,the BioClay–dsRNA complex adheres to bud surfaces,where it releases dsRNA over time. The releaseddsRNA is taken up into plant tissues and induces RNAinterference, leading to degradation of target mRNAtranscripts (Dalakouras et al., 2020; Mitter et al.,2017).Field-simulated studies have demonstrated that asingle application of BioClay-delivered dsRNA can sus-tain RNA interference effects for approximately 20days without long-term environmental accumulation,providing sufficient persistence for biological impactwhile maintaining reversibility (Mitter et al., 2017).The Lethbridge HS iGEM team further demonstratedthe viability of this approach by successfully produc-ing functional siRNA constructs through PCR amplifi-cation, in vitro transcription, and RNase H digestion,achieving confirmed construct concentrations of up to1787.7 µg/mL, and identifying BioClay as their deliv-ery method to maintain construct stability and mini-
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mize environmental health risks (Lethbridge HS iGEMTeam, 2021).Overall, this device enables targeted, sequence-specific modulation of plant signaling pathways in out-door environments while remaining temporary, non-transgenic, and environmentally contained (Dalak-ouras et al., 2020).
Parts levelThis proposed system targets endogenous hormoneregulation in oak trees by modifying the gibberellin(GA) signaling pathway through a spray-induced genesilencing mechanism. This approach relies on the in-teraction between gibberellins, their receptor GID1,DELLA repressors, ubiquitination machinery, and theproteasome to regulate pollen development.Gibberellin (GA) is a plant hormone essential for re-productive development, including pollen formation.However, GA signaling depends on the receptor pro-tein GID1, which functions to “stimulate GA responsesincluding seed germination” and “stem elongation”(Hauvermale, 2012). Without effective GID1 function,GA signaling is significantly reduced, preventing acti-vation of downstream processes required for pollenproduction. For this reason, this system targets GID1rather than GA itself, allowing for more precise dis-ruption of the signaling pathway to potentially reduce,though not eliminate, broader hormonal effects. TheGA-GID1 Pathway is displayed in Figure 3.In the absence of GA, DELLA proteins act as tran-scriptional repressors by inhibiting factors responsi-ble for developmental progression (Davière & Achard,2013). When GA is present, it binds to GID1, forminga GA–GID1 complex that subsequently interacts withDELLA proteins. This complex can be “recognized andubiquitinated by the SCF complex” (Fukazawa et al.,2015). Ubiquitination, a process involving the attach-ment of a polypeptide ubiquitin chain, commits DELLAproteins to irreversible degradation by the 26S protea-some. (Sun, 2011; Fukazawa et al., 2015; Bard et al.,2018; Schrader, 2009). The degradation of DELLA pro-teins relieves transcriptional repression, allowing GA-responsive genes involved in pollen development to beexpressed (Davière & Achard, 2013).Disrupting this pathway by reducing GID1 expres-sion prevents DELLA degradation, maintaining repres-sion of pollen-related gene expression. There are twodifferent homologs for the GID1 protein, GID1a andGID1b. The project focuses on targeting the GID1ahomolog because it is more prevalent in oak species,and there is limited data on the GID1b homolog ingene databases. Experimental evidence supports thisapproach: mutations in GID1 (gid1a-1 gid1b-1) have

been shown to reduce fertility and pollen developmentby approximately 66% (Griffiths et al., 2006). Whilereal-world application will likely produce a smallereffect due to environmental variability, this demon-strates the effectiveness of targeting GID1 as a controlpoint for pollen regulation.To achieve this, the system utilizes dsRNA to in-duce RNA interference (RNAi) targeting GID1 mRNA(Venu et al., 2024). Following cellular uptake, dsRNAis processed by the RNase III enzyme Dicer into shortinterfering RNAs (siRNAs) approximately 20–25 nu-cleotides in length (Choudhary et al., 2007). These siR-NAs are incorporated into the RNA-induced silencingcomplex (RISC), which binds complementary mRNAsequences and induces cleavage, preventing transla-tion. In this system, siRNAs specifically target tran-scripts encoding the GID1 receptor, reducing proteinexpression and limiting GA signaling.As a result, reduced GID1 availability preventsDELLA degradation, maintaining transcriptional re-pression and limiting pollen development. Spray-induced gene silencing (SIGS) systems have demon-strated the ability to reduce target gene expression byapproximately 70–90%depending on sequence designand delivery efficiency (Wei et al., 2023), supportingthe feasibility of this RNAi-based approach.Importantly, GID1 primarily regulates growth andreproductive pathways, with no evidence suggestingdirect involvement in essential processes such as pho-tosynthesis or nutrient uptake (UniProt, 2026). Thissupports the specificity of the intervention, althoughfurther validation is required to confirm minimal off-target effects in complex environmental conditions.
SafetyThe development of strong environmental and safetyprocedures prior to application can result in deliberatemethods to counteract negative environmental effectsthat protect human sustainability. In regards to the hu-man safety of the dsRNA+BioClay, research has shownthat the use of the BioClay - dsRNA treatment has alow risk of causing harm to humans and other mam-mals. According to the OECD, “available evidence sug-gests that dsRNAs have a long record of safe consump-tion by humans and othermammals” (Organisation forEconomic Co-operation and Development, n.d.). Thisclaim is justified by not only the physiological and im-mune barriers within humans and mammals, but alsothe natural occurrence of nucleic acid, like dsRNA.Additionally, the University of Queensland arguesthat BioClay naturally degrades in the presence ofmoisture and carbon dioxide. This usually occursthroughout a 6-8 week period (Mitter et al, 2017). In
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Figure 3. GA-GID1 Pathway. Figure shows transcriptional pathway expression of pollen development at the molec-
ular level. Occurs according to the tree’s temperature regulation and season, around late winter.

regards to the human safety of BioClay, the paper “APerspective on RNAi-based Biopesticides” states thatthe layered double hydroxide structure of BioClay issimilar to that ofmany safe humanmedications. Due tothese chemical similarities, the safety associated withLDH medications can likely represent BioClay in mat-ters of human safety. As a result, the treatment is lesslikely to be associated with the adverse effects per-tained to inorganic/artificialmatter - dangerous chem-ical reactions, non-biodegradability, and physical dis-ruption (Organisation for Economic Co-operation andDevelopment, n.d.).Additionally, application of the treatment is unlikelyto affect pollinators and nectar production as the treat-ment targets wind-pollination or anemophily in WhiteOak trees. Anemophily is used by certain types ofperennial trees for pollinator-independent pollination(Moisset, n.d.). The treatment targets these trees astheymake up amajority of allergen-related pollen pro-duction. Though only 10-18% plants wind pollinate,trees such as oak, birch, and cedar produce millions ofpollen grains, dominating the pollen landscape (Asamet al., 2015). However, pollinators only interact withplants that use entomophily or pollinator-dependentpollination (Moisset, n.d.). Since the treatment targetsonly trees that use wind-pollination, entomophily pol-lination or nectar production won’t be affected. As aresult, pollinators, such as bees, moths, and butter-flies, are not likely to be negatively affected since en-tomophilous flowers can create sufficient nectar.

This project presents a potentially viable method todecrease the allergenic pollen levels in Atlanta by tem-porarily reducing the amount of pollen produced bythe Oak tree, a species common to this city. This willpositively impact the health of Atlanta residents as thereduction in pollen leads to a decrease in allergenic re-sponses. The application of this project is expected tomitigate the health consequences of urban air mixingwith allergenic pollen. For those with conditions ofasthma and chronic sinus diseases, the minimizationof pollen will prevent the triggering of the aggressivesymptoms they might normally face without the im-plementation of this project. Moreover, it is expectedto reduce the amount of emergency room visits due topollen-related respiratory conditions.In terms of environmental impacts, the temporarydecrease in pollen for that periodwill consequently re-duce the amount of fertilization for that season. This isexpected to produce less Oak tree acorns aswell. How-ever, the negative ecological consequences and effectson local fauna are factors considered in the project’sdesign. Many urban experts argue that the regulationof allergy-related pollen production could be balancedwith predicted declines in acorn production to mini-mize ecological effect. An NIH paper by Stevanovic etal. discussed that targeting only specific high-allergy,anemophily species, avoiding insect-pollinated trees,and increasing the biodiversity of tree species arewaysto mitigate ecological effects of the treatment (Ste-vanovic et al., 2025).
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This is the main reason for the project’s focus on theWhite Oak tree. Firstly, White Oak trees are preva-lent in Atlanta’s ecosystem and release high-allergypollen through anemophily pollination. As a result,the project’s targeting of White Oak trees will meanboth decreasing pollen production and blocking off-target effects to insect pollinators such as honey beesand butterflies. Additionally, the design of the dsRNAaround the genetic components of White Oak treesmeans the treatment is intended to primarily decreasepollen synthesis in White Oak and similarly relatedspecies, though off-target effects in other species can-not be fully ruled out. This means that other animalsand pollinator-dependent tree species will less likelybe affected by the genetic regulation caused by thedsRNA treatment.Finally, acorn production is activated by the fertiliza-tion of female trees by pollen. This is why the project’sfocus on regulating pollen can result in a decrease inacorn production. However, cities contribute to anenvironmental phenomena known as “botanical sex-ism” where more trees are produced that only con-tain male parts (McGill University, 2024). As a result,increasing the diversity of trees will mean introduc-ing new species that have both male and female parts,contributing to more acorn-producing or female treeswithin the area.

DiscussionsAtlanta experiences some of the highest airbornepollen levels in the United States, with oak pollen serv-ing as a major driver of seasonal allergic disease in ur-ban environments (Sleep & Sinus Centers of Georgia,2025; Grapevine, 2025). Climate change has intensi-fied this burden by extending pollen seasons and in-creasing peak concentrations, contributing to measur-able increases in asthma-related emergency depart-ment visits (Lappe et al., 2023; Anenberg et al., 2017).These trends highlight pollen exposure as both an en-vironmental and public health concern.Current approaches primarily focus on symp-tom management rather than exposure reduction.Treatments such as antihistamines and allergenimmunotherapy improve individual outcomes but donot address the environmental source of allergens(Cleveland Clinic, 2023). As pollen levels rise, thisreactive approach contributes to sustained healthcaredemand, emphasizing the need for interventions thatreduce exposure at the population level.Even modest reductions in pollen levels couldyield meaningful benefits. In Atlanta, peak pollenevents are associated with an estimated 8–10% in-crease in respiratory-related emergency visits (Lappe

et al., 2023), while projections suggest pollen-relatedasthma visits may increase by approximately 29% inthe southeastern United States over time (Anenberg etal., 2017). This showcases that although Atlanta mightnot be largely impacted by pollen-related emergencyvisits, other areas in the southeasternUnited States arestrongly affected by pollen-related ER visits, and thatpollen-related ER visits will increase in the future.Although the teamattempted to derive amathemati-cal function to describe the treatment’s effect in pollen,factors such as temperature, climate, dsRNA release-rate, UV level, and wind flow made the situation toocomplex for mathematical application. However, thereis a correlation that decreases in pollen productioncontribute to a decrease in pollen-related ER visits. Bytargeting pollen production directly, this approach re-duces exposure rather than relying on long-term treat-ment adherence, which is often limited in practice (Ri-dolo et al., 2022; Benjamin, 2012).This system addresses that gap by using spray-applied double-stranded RNA to target GID1 mRNAthrough RNA interference, temporarily suppressingpollen development prior to release (Dalakouras et al.,2020; Venu et al., 2024). Because the approach acts atthe mRNA level rather than modifying DNA, its effectsare reversible and limited to a single season, allow-ing normal gene expression to resume after treatment(Mitter et al., 2017; Dalakouras et al., 2020). This non-transgenic and temporarydesign strengthens its safetyprofile while enabling controlled, need-based applica-tion (Organisation for Economic Co-operation and De-velopment, n.d.; Dalakouras et al., 2020).Already, factors such as tree distribution and pestmanagement are actively regulated by urban plannersto improve the aesthetic, economic, and environmen-tal quality of cities. In parallel, extensive research andplanning efforts focus on tree canopy distribution andthe integration of pest management strategies, such asintegrated pestmanagement (IPM), to support agricul-ture, green infrastructure, and urban design. Thesepractices demonstrate that the growth, maintenance,and even biological functions of urban vegetation arenot entirely natural, but are instead deliberately man-aged systems (Giarusso, 2019).Within this context, the proposed treatment repre-sents a logical extension of existing urban environmen-tal control strategies. As a controllable, temporary, andnon-transgenic intervention, it aligns closely with cur-rent regulatory frameworks and can be implementedin a similarly targeted and need-basedmanner. Ratherthan disrupting natural systems, this approach buildsupon the reality that urban ecosystems are alreadyengineered and optimized for human health and liv-ability. By incorporating pollen regulation into these
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established management practices, the solution posi-tions pollen control as a practical and scalable compo-nent of urban planning, with the potential to signifi-cantly improve accessibility and quality of life for in-dividuals affected by seasonal allergies.However, several challenges remain. Environmen-tal factors such as UV radiation and rainfall may re-duce treatment stability, while spray-based deliveryintroduces variability in targeting efficiency and con-sistency across large tree populations (Dalakouras etal., 2020; Mitter et al., 2017). Additionally, althoughoak trees arewind-pollinated, reductions inpollenout-put may produce indirect ecological effects that war-rant monitoring (Asam et al., 2015; Dalakouras et al.,2020).Future work should focus on improving deliveryconsistency and environmental persistence, as well asexploring alternative strategies such as root-based orsoil-mediated delivery systems to enhance uptake effi-ciency and reduce environmental exposure. Expand-ing this approach to additional tree species and in-corporating ecological assessment will be essential forevaluating scalability and long-term impact (Mitter etal., 2017).Overall, reducing pollen production at the source of-fers a proactive, scalable strategy to mitigate climate-driven increases in allergen exposure. By combining areversible, non-transgenic designwith targetedmolec-ular intervention, this approach shifts allergy manage-ment from reactive treatment toward environmentalprevention, with the potential to improve respiratoryhealth outcomes and reduce long-termhealthcare bur-den in high-risk urban environments.
Next stepsThe next phase of our project involves testing our de-sign. Our first objective is to spray a designed dsRNAinto a model organism. The dsRNA used in this studywill be synthesized from a designed DNA templateusing in vitro transcription, followed by purificationand annealing of complementary RNA strands prior toloading onto BioClay for application. First, we will ex-plore the known RNAi efficiency of various model or-ganisms and determine its suitability for our experi-mental system. This is important to the experimentaldesign as it will help test the treatment’s functional-ity in a model organism. For instance, Nicotiana ben-
thamiana is a commonly used organism because it canbe easily transformed or agroinfiltrated (Baksa et al.,2025). However, the tomato plant (Solanum lycoper-
sicum) is another organism in which RNAi technologyhas beenusedwidely as a genetic tool for functional ge-nomics study (Termolino, 2021). Additionally, tomato

plants have more visible buds and could therefore bemore suitable for testing the application of dsRNA viabuds. Considerations such as these are essential whenchoosing the model organism.This is why future proof-of-concept testing, of thedsRNA and BioClay treatment, will be on the S. ly-
copersicum plant. The tomato plant is a multicellu-lar organism with a complex stem architecture. Ad-ditionally, the S. lycopersicum releases pollen duringthe reproduction season. This allows for direct test-ing of pollen functionality when using the treatment.As a result, these characteristics of the S. lycopersicummake it resemble the White Oak more closely than
N. benthamiana due to its reproductive architectureand visible floral buds. This is why it will become amore efficient benchmark regarding the feasibility ofthe design. Although tomato flowers can benefit frompollinator-assisted buzz pollination, they are largelyself-pollinating under controlled conditions. However,this pollinator dependency wouldn’t result in ecolog-ical downstream effects. This is because the exper-iments will happen in under controlled lab settingswithout pollinators.The dsRNA spray is made by first designing andamplifying a GID1a DNA sequence. This sequence ischecked using BLAST analysis to reduce off-target ef-fects, (National Center for Biotechnology Information,n.d.) The dsDNA template is separated into ssDNA andthen used for in vitro transcription with RNA poly-merase, ribonucleotides, magnesium ions, and reac-tion buffers to create ssRNA. Ion-exchange chromatog-raphy and RNase-free DNase I treatment are used toremove any leftover DNA, proteins, and ionic contam-inants. This is followed by acid phenol and chloro-form extraction to isolate purified ssRNA from the liq-uid phase. Finally, complementary ssRNA strands arebrought together at 85°C for 3 minutes, then cooledslowly to 4°C to form stable dsRNA.Finally, although the model organism has budswhich could be sprayed on, plant bud intake of dsRNAis a developing field of research. Therefore, it is es-sential to consider foliar application with mechani-cal enhancements such as sandpaper abrasions andtissue wounding as well as spraying at high pres-sures (7-8 bars) (Bennett et al., 2020). Nevertheless,research suggests that “spray-induced gene silencing(SIGS) technology represents an ecologically sustain-able approach” (Chen et al., 2025), reinforcing its fea-sibility in our experimentation.The second objective is to evaluate the RNAi effi-ciency. Firstly, due to the expected reduction of GID1a,it is hypothesized that the model organism will havemore vegetative than reproductive buds. This is be-cause the absence of GID1a will result in buds remain-
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ing vegetative and not produce pollen. Therefore, wecan compare the shape and texture of buds to iden-tify the number of reproductive and vegetative budsin the control and experimental groups. We can usemethods such as RT-qPCR, quantitative reverse tran-scription polymerase chain reaction, in order to quan-tify the amount of a target mRNA in cells. This methoduses fluorescence intensity to calculate the amount oftarget mRNA present after each cycle (Thermo FisherScientific, n.d.). One-step RT-qPCR combines reversetranscription and PCR in a single tube and buffer, us-ing only sequence-specific primers.While performing experimentation, we will incor-porate no-spray controls for comparison and a nega-tive control such as spraying with scrambled dsRNAto differentiate sequence-specific RNAi from off-targeteffects or non-specific cellular responses. Addition-ally, our experimentation period will align with eitherthe cell expansion phase or floral transition windowof the target organism; this way, the RNAi will targetmRNA that would translate into proteins that affect ei-ther growth or bud formation.
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