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. Multiple technologies for RNA suppression and gene editing have been shown to provide new methods and strategies to Psyllid
reduce arthropod pests and pathogens (Sinisterra-Hunter and Hunter, 2018). These technologies have been applied to develop MicroCT- scan Dev':'m' -
control strategies towards the Asian citrus psyllid (ACP), Diaphorina citri (Hemiptera: Liviidae) (Andrade & Hunter 2017; Hunter Anatomy

&Sinisterra-Hunter 2018). Population suppression, and preventing bacteria transmission are just two of the objectives

researchers have examined (Hunter et al, 2012; Hunter, Gonzalez, Tomich 2018). These efforts have advanced significantly
with the completion of the psyllid genome (Hunter et al, 2009, 2014; Arp et al, 2016; Surya et al, 2017, 2018; Fluoresce
www.citrusgreening.org open source database).
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. Other strategies using antisense oligonucleotides have successfully been developed to target the bacteria (Candidatus
Liberibacter asiaticus, CLas), in infected citrus trees and psyllids, as well as targeting the endosymbiotic bacteria within the
psyllids (Hunter et al 2017; Pelz-Stelinski et al, 2017; Hunter and Sinisterra-Hunter 2018; Hunter et al, 2019).

RNA modification, altered gene expression-- :ﬂic':::'d;’w
at en
RNA interference, RNAI, uses a natural mechanism that recognizes double-stranded RNA, dsRNA, which is the TRIGGER that Endosymbionts Protein
starts dicing up any complimentary mRNA sequences. This prevents or greatly reduces the protein titer associated with the sszn&
MRNA target. This disrupts normal biological needs within the insect.
Because this is built upon sequence recognition, RNAi is more specific than broad spectrum insecticides, providing a measure of Computational
safety to Beneficial's and other non-target insects. Systems Biology Omics
Analyses
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Example of dsRNA with the C & T replaced with modified, noncanonical nucleotides,

Shown in RED. This increases resistance to nuclease degradation, improving activity.
CCRAUCCRUCAARAUGUGUGACCAUGAUGUAGCCECUNUGEUCEUGEACRAUGCUUCCLGUAUGUGCAAG

Delivery of molecules into citrus trees and other plants can be tracked by Fluorescently labeling the RNA
treatment. Figure shows -Leaf midrib systemic movement of the tagged dsRNA in citrus tree and leaves,
| sweet orange, Madam vinous and Citrus sinensis. & Carrizo rootstock. Visualization of G-tagged dsRNA in
B the xylem and phloem of treated citrus leaf at 3 days post soil applied treatments. (ULYSIS® Nucleic Acid

GCCGGAUUCGCCEEAGRAUGACGCUCCCCLALCUGUCUUCCCCUCRAUCGUCGGUAGACCCCEUCAUCARG
GUGUCAUGGUGGGUAUGGGUCAARAAGACUCCUACGUCGGUGAUGAGGCUCARUCCAAGAGAGGUAUCCY
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é; INCORPORATION of MODIFIED NUCLEOTIDES ¢ - g o e R Sl Labeling Kit [Thermo Fisher Scientific]: Molecular Probes cat#U21650].
Sl 5.1 ¥ Methods can detect down to 0.4 picograms Tagged-dsRNA / 1 g citrus leaf tissue, using the BioTek H-1,
Canonical versus Non-Canonical dsRNA Activity, at two Two Concentrations - . . fluorescent plate reader (Hunter & Sinisterra-Hunter 2018)
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GFP Wild Type Psyllid
Hunteret al, 2018; 2019 in prep 4 days Ave. 12 days to pass thru 3.5 days Ave. 18-20 days
to hatch 1t to 4" nymphal stages Pupae as Adult
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Peptide assisted CRISPR Delivery Systems: TXT-KO Type Psvllid
To turn ACP into a non-vector Hunter (USDA) is using a direct Gene-editing CRISPR-Cas9 strategy (Hunter, | | : I Kit available- BAPtofect-25™,
] ] o 4 to 6 days 15 to 22 days to pass thru 4-5 days Ave. 8 days as (Phoreus Biotechnology, Inc., Olathe, KS.

Gonzalez, Tomich 2018) produced 2" generation mutants, by injecting adult females and nymphs. The gene knock to hatch 15t to 4th nymphal stage Pupae Adult https://phoreusbiotech.com
outs greatly reduced survival, and fecundity (A), or alter eye color (B). This is only the 2nd demonstrated method in Longer Development Time, with Increased Mortality Shortened Lifespan

insects of using adult insects for embryonic gene editing. The other study used yolk peptide, in mosquito (2018).

Other delivery systems being developed: using virus, yeast, bacteria, and a variety of carriers, peptides, lipids,

16 days X 8 eggs/day = 128 eggs in Lifetime
chitin, cholesterols, synthetic and organic nanoparticles, and many others.
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BAPC (Branched Amphiphilic Peptide Capsules)
self-assembling peptide nano-capsular spheres

§ 8 days X (1 egg every 3 days) = ~3 eggs over Lifetime
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