Genomics & Microbiome Analysis

to identify the nextgeneration biopesticides
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Genome sequencing costs have dropped dramatically in the past decade
allowing for consistent use in research programs
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1. Technology Review: https://www.technologyreview.com/s/601842/ingiéaomicspioneercraigventerslatestproduction/

2. Source Jeff Rostbarra from presentation by Dr. Pamela Roland at University of California Davis
National Human Genome Research Institute
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AMS- Superior Discovery Process

Conventional Microbial R&D Process (often years to lead discovery)
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Directed selection of the microbiome, under biotic or abiotic stress, identifying teams of beneficial microbes that impriare phenotype
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Microbiome Analysis
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Soil Microbiome Influences Crop Yield

Each soil has a different
microbial community

200 300 a00 SO0 (2=

|:_: Frequencl‘,yofspecieé representeld by each pleak ’ ) SOI| 1 ) Plants accumulate a dlfferent
-~ M 1 microbial community than the
=t ) s soil in which they are grown
I : I "Soil 2 : T Soil mlcrobes : ' ' 50”2
- T
] ] | I| . ] | h
o) s I..«..l...*‘..n.'...'l-ll' Ll .ull.."_"nl LT T T e s ""“"'"".““‘""J'Ill"‘—"" L ""II“.""“ oot ol
E: Soil 3 I -] Corn-r:nicrobes:. : ! Corr:1 grown |n Soil 2
I -
- 1 - |
o R | | ...JJ__AL~ FPTRPE R N - aL q_..w.l._..__..l..ll.__;._.__.____._.,.___...__.-.
:m; | ‘ Soil 150
] |
]
M il L |i_A.-.| ITITE VRPN OV 'V : :
- Soil 151 We exploit this natural process
= identifying the microbial consortia
[E T PN W |t dos ] that improve plant traits

Community Fingerprinting: Automated Ribosomal Intergenic Spacer
Analysis (ARISA)



Soil and Plant Microbiomes Differ

Relative abundance

Seedlings accumulate a different microbial community structure than
that present in the soll

SOIL: OTU abundance (%)
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SEEDLING: OTU abundance (%) Microbial species
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High & Low Performing PlantsMicrobiomes Differ

High & low performing plants have a different microbial community
AMS- differences are tracked over successive generations
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Advanced Microbial Selection
(AMS)
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Advanced Microbial Selection (AMS)

Directed selection of the microbiome to identify teams of beneficial microbes

Plant-
Microbe
Selection

Reinoculatio

Phenotype
Selection

Microbiome
Analysis

Diverse soil microbes Microbe capture  Directed selectio__

Conducted with or without application of stress

Process and selection informed by DNA and microbiome analysis

Proprietary, patented process
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Selecting Superior Phenotypes
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Selection process is completed in both ideal and stressed conditions, such as nutrient deficiency, drought, etc.
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Directed Selection

Pathogenic

Average Superior

=

Phenotype distribution

The AMS Process

Selecting the superior phenotype

Changing the microbial community

Driving an improvement in trait
performance

—ntli 1

Proprietary, patentpending process




AMS Induces a Shift in Disease Resistance

AMS for Pythium Resistance in Cucumber
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Initial BiofungicideProgram
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Disease Severity

Fus Severity: 20d  Fus Severity: 28d
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Tomato- Fusarium wilt
Florida Ag

Good level of disease Challenge

Disease inoculated, UTC

¢ Ridomil

Lead X (spore forming bacterium)
¢ | eading commercidiofungicide

Lead Y (spore forming bacterium)

Fus Severity: 36d  Fus Severity: 90d

Leading commerciddiofungicide

CONFIDENTIAL

No disease inoculation UTC
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AMS + Microbiome Analysis
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Microbiome analysis makes AMS more powerful
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Microbiome Analysis- Machine Learning ldentifies Key Microbes
A Comparative analysis of high and low performing plants across each AMS round
A Key species, strains and consortia-¢ccurring) identified



AMSand Microbiome Analysis

AMShelps us narrow in on the members of the microbiome that matter

Plant-associated microbes are M:cro_b es that are retained lfmdeg ;ggiti\e;: :af?;ciotﬂil)sutgﬂts);feocr;ig; °
: - tive pressure are transferre : .
selected during microbe capture selective p rounds are targeted for isolation
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High & Low Performing PlantsMicrobiomes Differ

High & low performing plants have a different microbial community
AMS- differences are tracked over successive generations

High Performing PlantOTU abundance (%)
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Machine Learning ldentifies Key Microbes

-the most important microbes are not always the most abundant

Abundance in
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Genomics
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Genome Sequencing & Comparative Genomics

A Genomic sequencing and comparative analggisolates
A Consolidating the link between community analyses, functional prediction
and strain selection
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