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Outline

1. Efficacy of RNAIi technology using non-GMO strategies to manage thrips and INSV
2. Novel approaches for understanding thrips dispersal using Gut Content Analysis (GCA)

3. Assessing lettuce transplants and winter weeds as refuges for thrips vectors of INSV
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The U.S. Environmental Protection Agency (EPA) has registered biopesticide products containing
Related to Pesticides

the new active ingredient Ledprona for three years, a timeframe that is consistent with EPA’s
approach to other novel biopesticide products. Ledprona is a new type of pesticide that relies on
a natural mechanism--called RNA interference (RNAi)--used by plants and animals to protect
against disease. EPA supports advancements in novel pesticide technology because this
technology replaces more toxic chemical-based pesticides, provide an additional tool for
farmers to address challenges of climate change, and aids in resistance management.

Ledprona is a sprayable double-stranded ribonucleic acid (dsRNA) product that targets the
Colorado potato beetle (CPB), a major pest of potato crops grown in the United States, including
in the potato-growing states of Colorado, Idaho, Maine, Michigan, Minnesota, North Dakota,
Oregon, Washington, and Wisconsin. The CPB feeds heavily on potato plant foliage. If left
uncontrolled, CPB will eat and destroy the leaves of the plant. If this occurs around the time of



Stability and systemic
movement in lettuce

1. Root uptake of double-stranded RNA targeting
INSV

2. Transplant back to soil

3. RT-PCR detection in leaves to determine systemic
movement and stability of dsRNAs

14 days after dsRNA uptake
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Stability and systemic
movement in lettuce

Root uptake of double-stranded RNA targeting INSV
Transplant back to soil

RT-PCR detection in leaves to determine systemic
movement and stability of dsSRNAs
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INSV severity (1 ug dsRNA)

Efficacy for reducing INSV it

infection in lettuce y 23
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1. Root uptake of double-stranded RNA targeting INSV % 13
2. Transplant back to soil S 10
3. Inoculate lettuce with INSV (manual inoculations) 2 05 . I
4. Effects of dsRNA on INSV infection 0.0
5.  Repeat studies with thrips transmissions of INSV 9 dpi 14 dpi 21 dpi
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Efficacy of RNAI technology using non-GMO strategies to
manage thrips and INSV

Objective 1: Test dsRNA root delivery strategies for managing INSV.
Deliverables: Reports on efficiency of delivering dsRNAs through the roots of lettuce,
systemic persistence, and suppression of INSV.

Objective 2: Test bio-based formulations of dsRNA as a foliar application for managing INSV.
Deliverables: Reports on a proof-of-concept for nanoparticle-based dsRNA formulations and
its potential as a foliar application for managing INSV.

?

Dr. Hanu Pappu
Washington State University



Objective 1: Test dsRNA root delivery strategies for managing INSV

Field trial
2023 Activity Days Notes Data collected*
Wed | 7/19 [Planting (direct-seeded romaine) 0
Fri 7/21 |First water 2
Thu | 8/10 [Thinning 22
Fri | 8/11 |RNAidrench (1) 23 500 ug dsRNA / plant in 442 ul
Wed | 8/16 |Drip tape 28
Fri 8/18 [First Evaluation 30 1,2,3
Fri | 8/18 |RNAidrench (2) 30 500 ug dsRNA / plantin 1 ml
Fri 8/25 |Second Evaluation 37 1,2,3
Fri | 8/25 |RNAidrench (3) 37 500 ug dsRNA / plantin 1 ml
Fri 9/1 [Third Evaluation 44 1,2,3
Fri 9/1 |RNAi drench (4) 44 500 ug dsRNA / plantin 1 ml
Fri 9/8 |Fourth Evaluation 51 1,2,3
Fri 9/22 [Fifth Evaluation 65 1,2,3,4
9/27 |Crop terminated 70

*Data collected:
1 = In-field INSV symptom severity
2 = INSV testing using TAS-ELISA

3 = dsRNA detection using RT-qPCR
4 = Above ground wet biomass

[ Outer Leat | (e
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Deena Husein
Postdoc, USDA-ARS

Postdoc, USDA-ARS




Objective 1: Test dsRNA root delivery strategies for managing INSV

First, second, third evaluations (30, 37, 44 days after planting)
* dsRNA detected in various parts of plants: roots, inner leaves, outer leaves

Fifth evaluation (65 days after planting)

* No difference in INSV incidence in dsRNA treated and untreated
* Low field incidence = <10% INSV

* No difference in aboveground wet biomass

Lettuce Biomass in RNAI Trial

INSV Incidence
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Objective 1: Test dsRNA root delivery strategies for managing INSV

Current and future work:

* Greenhouse studies to assess suppressive effects of dsRNA on INSV infection
 dsRNA root drench applications
e Thrips transmissions of INSV to lettuce

e Second field trial in summer 2024




Background

Objective 2: Bio-based foliar sprays for managing INSV using RNAi

Silica nanoparticles have emerged as a promising formulation strategy for drug delivery in
the human biomedical field
* Cheap and eco-friendly

Mesoporous silica nanoparticles (MSN), offers additional amenities such as modifiable pore /
. . . . . . . . Dr. Hanu Pappu
size and volume, leading to high drug loading capacity, including RNAi-based drugs Washington State University

Application of MSNs in the agriculture sector has not been fully exploited

OC2Hs OH / SiNP

NHsOH (non-porous)
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Objective 2: Bio-based foliar sprays for managing INSV using RNAi

Preliminary data using bean common mosaic virus (BCMV)
e dsRNA-treated plants had mild or no symptoms and had
significantly less virus accumulation

30 days post inoculation

MSN-conjugated dsRNA +
BCMV ‘




Objective 2: Bio-based foliar sprays for managing INSV using RNAi

Current project Effect of INSV-specific dsRNA on N. benthamiana
* Synthesized nanoparticles for conjugating plants inoculated with INSV
dsRNA
* Generated dsRNA to target same regions [ INSVonly
of INSV (N and NSs genes) B3 Nanoparticles
- [ INSV N gene

 Obtained INSV cultures to conduct
. . . 1 INSV NSs gene
inoculation studies B Phosphatase 2A

* Delivery and efficacy studies are underway (Housekeeping gene)

Ongoing and future work LA
* Continue efficacy studies in N.
benthamiana
* Suppression of INSV gene expression
e Suppression of INSV symptoms 05k
e Test efficacy in lettuce

27ACt

0.0

3dpi 7dpi 14dpi

Three biological and two technical replicates used for gPCR.



Outline

1. Efficacy of RNAi technology using non-GMO strategies to manage thrips and INSV
2. Novel approaches for understanding thrips dispersal using Gut Content Analysis (GCA)

3. Assessing lettuce transplants and winter weeds as refuges for thrips vectors of INSV



Assessing thrips dispersal and landscape movement using
molecular gut content analysis (GCA)

Approach
e Surface sterilize insects
 PCR amplify plant DNA from the guts of insects
* trnL/trnF (chloroplast)
e |ITS gene (nuclear)
e Sequence amplicons
e PacBio: long reads
* Organize sequences into Operational Taxonomic Units (OTUs)
* de novo assembly of Geneious Prime
* 98% overlap/98% identity
* Conduct BLAST sequence analysis to identify plant taxa

Dr. Rodney Cooper
USDA-ARS, Wapato, WA

Host and Non-host ‘Whistle Stops’ for Psyllids
Environmental Entomology, 2019, 48: 554-566

Molecular gut content analysis

Outcomes

* |dentify dietary history of insects

* Infer landscape movements of insects prior to their capture
* |dentify plants that are epidemiologically important

Created in Biorender.com by R. Schmidt-Jeffris and G. Douglas



Assessing thrips dispersal and landscape movement using
molecular gut content analysis (GCA)

Objective 1: Apply and optimize GCA protocols for thrips.
Deliverables: Provide a proof-of-concept to implement the protocols for thrips.

Objective 2: Apply GCA on thrips to assess dietary history and movement.
Deliverables: Provide dietary history profiles for thrips collected from lettuce to infer their landscape origins and
patterns of dispersal.




Objective 1: Apply and optimize GCA protocols for thrips

Viviana Camelo
Postdoc, USDA-ARS

Thrips reared on green beans Thrips feed for 1, 3, or 7 days
# - .

1 thrips
Transfer to 5 thrips
lettuce 10 thrips

- DNA
sequencing

1. Detect lettuce DNA from thrips?

2. Detect bean DNA from thrips?
How long after feeding on lettuce? 1,
3, 7 days...



Objective 1: Apply and optimize GCA protocols for thrips

Reared on bean =

no-this | Gene ] Loctus | spnach
ITS

1 day on lettuce

42% |

. 100% 85%
trnF 100% 0% 0%
s ITS 88% 63% 0%
trnF 100% 0% 0%
10 ITS 100 25% 0%
trnF 100 0% 0%
Summary:

Consistent results across time periods.
Bean not detected from thrips

w N e

3 days on lettuce
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*  Evidence for short signal lifespan in thrips (<1 day)?
4. Numerous other plant taxa identified: spinach, squash, tomato, tree species, more...
*  Evidence for thrips feeding on detritus?

0%

0%

7 days on lettuce
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Consistently detected lettuce, even from single thrips = GCA possible with single thrips
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Objective 1: Apply and optimize GCA protocols for thrips

Second experiment

Thrips reared on green beans

Transfer to

Thrips feed for 1 day

1. N/A
2. Lettuce (in soil)
3. Lettuce (in water)

4. Dead (mixed with soil)

1 thrips

- DNA
sequencing

1. Detect bean DNA from thrips?

2. Detect other plant DNA from thrips?

Waiting for sequencing results



Objective 2: Apply GCA on thrips to assess dietary history and movement

Thrips collections:
* 36 commercial lettuce fields (3/7/23 — 10/19/23)
e Conventional, organic, romaine, iceberg
* Salinas, Chualar, Gonzales, Soledad
* Neighboring crops and habitats documented with orientation to lettuce
e 55 neighboring crops and non-crops recorded
e Can GCA help infer landscape movements of thrips prior to their capture in lettuce?

Thrips collected from 25 fields sent for sequencing

Current and future work:

* Lab studies: confirm the length of dietary history of thrips

* Field studies: compare landscape data to thrips dietary data
* Repeat second year of thrips collections in 2024




Outline

1. Efficacy of RNAi technology using non-GMO strategies to manage thrips and INSV
2. Novel approaches for understanding thrips dispersal using Gut Content Analysis (GCA)

3. Assessing lettuce transplants and winter weeds as refuges for thrips vectors of INSV



Assessing lettuce and brassica transplants and
winter weeds as refuges for thrips vectors of INSV

Dr. Kirsten Pearsons
UCCE

Objective 1: Identify INSV-infected thrips from lettuce and brassica transplants at nurseries.
Deliverables: Understand the potential risk of transplants as vehicles for moving INSV-infected thrips.

Objective 2: Identify INSV-infected thrips from lettuce transplants at intermediate sites.
Deliverables: Understand the potential risk of transplants to be infected with INSV after leaving the nursery and
before planting.

Objective 3: Identify INSV-infected thrips from winter weeds.
Deliverables: |dentify weedy areas where thrips can acquire INSV during the lettuce-free period.




Objective 1: Identify INSV-infected thrips from nursery transplants

UC Cooperative Extension USDA - Agricultural Research Service
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Thrips nursery sampling
March — August 2023

~
Mostly

Organic
Lettuce

Slide provided by Kirsten Pearsons



Thrips populations in nurseries followed
Salinas Valley trends

200 60
150 [ Brassicas 45
Average O ORG lettuce Average
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100 sqgft trap
50 15

0 lo—o—e—o—

3/22 4/5 4/19 5/3 5/17 5/31 6/14 6/28 7/12 7/26 8/9

0

Slide provided by Kirsten Pearsons



Highest adult densities on conventional cauliflower
and organic broccoli, sampled in July
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731 adult thrips tested

~98.7% western flower thrips
~1.64% positive for INSV (no TSWV)
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Juan Vargas
Former CSUMB student
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Lab Tech, USDA-ARS
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399 larvae tested

~99.6% western flower thrips
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399 Ia rvae tEStEd Current and future work:

~99.6% western flower thrips * Repeat second year of thrips
None pOSitive for INSV (no TSWV) collections from nurseries in 2024

with lan Grettenberger, UC Davis
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Objective 3: Identify INSV-infected thrips from winter weeds

Top 10 INSV weed hosts

Common name
Little Mallow
Annual Sowthistle
Nettleleaf goosefoot
Mare's Tail

Field Bindweed
Shepherds Purse
Common Purslane
Hairy Fleabane
Burning Nettle

Common Lambsquarter

Scientific name
Malva parviflora
Sonchus oleraceus
Chenopodium murale
Conyza canadensis
Convolvulus arvensis
Capsella bursa-pastoris
Portulaca oleracea
Conyza bonariensis
Urtica urens
Chenopodium album

35%

30%

25%

20%

INSV (%)

15%

10%

5%

0%

8 locations: Salinas and Chualar

Dec 2019

Dec 2020

Dec 2023



O 0 N O UV A WN =

Objective 3: Identify INSV-infected thrips from winter weeds

Top 10 INSV weed hosts

Common name
Little Mallow
Annual Sowthistle
Nettleleaf goosefoot
Mare's Tail

Field Bindweed
Shepherds Purse
Common Purslane
Hairy Fleabane
Burning Nettle

Common Lambsquarter

Scientific name
Malva parviflora
Sonchus oleraceus
Chenopodium murale
Conyza canadensis
Convolvulus arvensis
Capsella bursa-pastoris
Portulaca oleracea
Conyza bonariensis
Urtica urens
Chenopodium album
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8 locations: Salinas and Chualar

Dec 2019

Dec 2020

Locations: areas

with highest rate
of INSV infection
of weeds

Sampling: top 10
INSV hosts
(weeds + thrips)

Testing for INSV:

weeds (TAS-ELISA)
+ thrips (RT-qPCR)

U

Dec 2023



Objective 3: Identify INSV-infected thrips from winter weeds

)
Chaela Hicks
Former CSUMB student

% of plants testing positive for INSV
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O 0 N O UV A WN =

Objective 3: Identify INSV-infected thrips from winter weeds

Top 10 INSV weed hosts

Common name
Little Mallow
Annual Sowthistle
Nettleleaf goosefoot
Mare's Tail
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Objective 3: Identify INSV-infected thrips from winter weeds
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UC Davis
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Objective 3: Identify INSV-infected thrips from winter weeds
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Adults

Objective 3: Identify INSV-infected thrips from winter weeds

1200
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Western flower thrips
Onion thrips
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*All immatures tested negative for INSV and TSWV
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Key points

1. Efficacy of RNAIi technology using non-GMO strategies to manage thrips and INSV
* Root absorption of dsRNAs into lettuce plants under field conditions showed no effect on plant biomass. Low INSV
incidence.
*  Foliar sprays of dsRNAs using nanoparticles reduced INSV gene expression in N. benthamiana.
e 2024: Repeat lettuce field trial and continue greenhouse efficacy studies. Test foliar sprays in lettuce.

2. Novel approaches for understanding thrips dispersal using Gut Content Analysis (GCA)
 GCA approach can be used on a single thrips.
e Evidence for thrips possibly feeding in the soil.
* 2024: Analyzing sequencing data from second controlled experiment and field collections.

3. Assessing lettuce transplants and winter weeds as refuges for thrips vectors of INSV
e Majority of thrips from nurseries were found on brassicas.
* Very low percentage of thrips tested positive for INSV, no TSWV detected.
 Low INSV infection rate in weeds at locations that historically had high levels of infection.
 Abundance of thrips collected from weeds, but low INSV infection rate.
e 2024: Continue nursery sampling for thrips with lan Grettenberger (UC Davis).



Thank you

Hasegawa Lab, USDA-ARS, Salinas, CA

e Lab Technician: Laura Hladky

* Postdocs: Viviana Camelo, Shulu Zhang, Deena Husein

* Biological Science Aids (CSUMB undergrads): Kiara Gable, Kai
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Hardy, Lisette Godinez-Rivera, Suzette Segoviano-Quiroz, Ulisses
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