Veenu Aishwarya AUM LifeTech, Inc AUM

Project Overview

At AUM LifeTech our goal is to further develop our paradigm shifting RNA silencing technology to control bacterial,
virus, insect and pest related problems in agriculture with an ultimate goal to further strengthen national security.
In addition, FANA RNA silencing technology also has the capability to potentially help develop products that can be
used in sustenance of our troops in hostile areas.

Through our technology, we aim to overcome the challenges of delivery, stability, toxicity and off-target effects
which is still a major problem in conventional RNAi and CRISPR based technologies.

Teaming Overview and Objectives

AUM LifeTech is a preclinical stage biotech company working on various genetic diseases. We strongly believe that
most influential innovations are made when people from different scientific and technology backgrounds work
together. In addition to scientific and technical expertise, we also have access to manufacturing capabilities and can
make our FANA products very easily.

We would like to collaborate with scientists and innovators who have identified important genetic targets but
lack a technology to effectively silence or knockdown these RNA targets. We strongly believe that our RNA
silencing technology can appropriate targets will make the perfect match.

In addition, we may also consider partnering with researchers who can help us further enhance the targeted delivery
capabilities of our FANA RNA silencing technology - either by spraying, dosing (as a bait) or directly injecting in the
plant (either through insects or programmable drones).

We are working on some programs with USDA, academic organizations and private companies. In addition, we are
very actively looking for new collaborations to significantly fast track our research objectives at the earliest.

Impact

AUM LifeTech’s FANA RNA silencing technology can be self-delivered and does not need a carrier (like a virus, a
carrier or formulation). Our technology is very selective and specific for its RNA target and has multiple applications.
Unlike CRISPR and other RNAI technologies we can regulate a wide spectrum of RNA targets — mRNA, miRNA and
long noncoding RNA.

1) Agriculture application: FANA can be used to kill or manipulate bacteria, virus, insect or a pest.

2) Defense application: FANA technology can be used to change or improve certain traits in insects (or other
biological organisms) at the genetic level. Such approaches can have a huge impact on nutrition and
sustenance. We can potentially use FANA RNA silencing technology in battle grounds where our soldiers
(serving in extreme hostile conditions) can use this technology to make certain “uneatable” insects
“eatable” (by knocking down genes that cause toxins or have a bad taste for human consumption).

3) Defense application: Due to the self-delivery capability of FANA oligos, we can sanitize the fish of infections
(and fish embryos) by silencing or over expressing certain desirable traits. This can be done by injecting the
fish with FANA oligos (or mixing FANA with fish in a bowl) that can kill the bacterial or viral infections in the
fish (or animals) and thus make them infection free to be eaten by soldiers serving in hostile conditions.
Another application can be excessive protein production or repressing the gene for bad taste. We would
like to make a product that will be as simple as mixing (or just a FANA injection) FANA oligos in a bowl! of
water with fish.

Contact Information

Email address: veenu.aishwarya@aumlifetech.com

Phone number: +1-916-934-9183


mailto:veenu.aishwarya@aumlifetech.com

Georg Jander Boyce Thompson Institute for Plant Research VIPER

VIPER: Viruses and Insects as Plant Enhancement Resources

Project Overview

Productivity of maize, the most important crop in the United States, is limited by cold, drought, pests,
pathogens, and other environmental changes. As field conditions vary from year to year and are not
predictable, there is interest in modifying mature maize plants to resist specific threats as they arise.
Our approach for addressing this problem is to develop insect-vectored maize viruses that can alter gene
expression in mature maize plants. We will target the three main DARPA Insect Allies technical areas by
engineering and deploying aphid-vectored maize viruses for whole-plant gene manipulation. Specific
technical approaches will include: (i) virus-induced gene silencing (VIGS) to reduce endogenous maize
gene expression, (ii) using viruses to transiently express foreign genes in maize, (iii) site-directed
mutagenesis to alter the function of specific maize proteins in a targeted manner, and (iv) engineering
aphid vectors for maize virus transmission. Technical challenges that will need to be overcome include:
(i) obtaining uniform gene silencing in all maize tissues, (ii) limited gene-carrying capacity of the
currently available virus vectors, (iii) genetic engineering of maize DNA viruses for gene replacement,
and (iv) containment of aphid vectors to prevent further spread.

Teaming Overview and Objectives

We have assembled a team of four project leaders with complementary areas of research expertise to
develop novel methods for altering maize gene expression using insect-vectored viruses. Dan Voytas
(University of Minnesota) is an expert in the area of plant genome editing (1, 2), S.P. Dinesh-Kumar
(University of California, Davis) is a leader in the VIGS field (3,4), Steve Whitham (lowa State University)
conducts virus research and has cloned and modified the genomes of maize-infecting viruses (5,6), and
Georg Jander (Boyce Thompson Institute for Plant Research) investigates maize-aphid interactions and
aphid gene expression silencing (7, 8). Together, we have the necessary maize, virus, and insect research
expertise, academic research facilities, and industry connections to accomplish the goals of this project.

Impact

Successful completion of the proposed experiments will allow manipulation of gene expression in
mature maize plants as a rapid response to new biotic and abiotic threats. Methods that we will develop
can be implemented in maize and other crop plant species. Potential applications include: (i)
introduction of new pathogen resistance genes into maize, (ii) expression of toxic proteins for insect
pest control, and (iii) targeted modification of endogenous gene expression to increase abiotic stress
tolerance. Major milestones during the three phases of the project will include: (i) development of a
virus that delivers genes and silencing constructs to whole maize plants, (ii) engineering of maize aphid
vectors for efficient and safe virus transmission, and (iii) targeted introduction of functional traits into
mature maize plants. Technology transition will be accomplished through publication of experimental
methods, making vectors publicly available, and collaborative arrangements with industry partners.
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Pl Name Institution Team Name
Bruce Hay Caltech ?

Project Overview. The Hay lab has extensive expertise in transgenesis and building gene drive methods
to spread genes (which could include genomically located versions of viruses that could be vectored into
plants) into wild populations of insects. The lab has built and published several kinds of gene drive
mechanisms. These are of two basic types. The first are low-threshold gene drive mechanisms, designed
to spread genes far and wide throughout an insect population, from a target release area into outlying
areas connected to the source by only low levels of insect migration. These are ideal when one has
regulatory approval to do large-scale population modification within and across state and national
borders. The second kind of gene drive method we have pioneered is known as high threshold. As its
name implies, high threshold gene drive only spreads when transgenics are present at high frequency.
This has two appealing features. First, it means that population replacement only occurs locally, in areas
connected to the target area by high levels of migration. This should aid in regulatory approval. Second,
it becomes easy to eliminate the transgenes completely from the population simply by diluting the
population with wildtypes, alone or in combination with insecticide treatment. These drop the
frequency of the transgene below the critical threshold needed for spread and the transgenes are
actively eliminated from the population. Examples of these can be found on our web site
http://www.its.caltech.edu/~haylab/, and in a manuscript on biorxiv.org
http://biorxiv.org/content/early/2016/11/17/088393

Teaming Overview and Objectives. We hope to work with teams considering approaches to plant
modification that involve using insects that carry sequences that could be jump-started into a virus.
Obvious candidates would be RNA viruses that could be created through host-dependent transcription.
So long as these assemble correctly in a relevant secretory tissue (salivary gland) it is not even necessary
that they be able to replicate in the insect. They just need to be vectored into the plant by the insect.
They can be designed to replicate only in the plant. Gene drive in the insect would then be used to
spread these viral particle-producing insects through a target range. A particular attraction of this
approach is that large numbers of viral particles can be assembled since this is driven by host
transcription using strong tissue-specific promoters, not viral replication.

Alternatively, one could imagine a more challenging scenario in which DNA viruses are mobilized from
the insect genome. The key point here is that viral genomes can be excised from somatic cells (salivary
glands, which are often polyploid) as circles using tissue-specific expression of site-specific
recombinases, allowing the insect to pass virus over multiple generations (linear DNA viruses would be
more challenging as cells tend to degrade linear DNA). These circles could be assembled into viral
particles using host-encoded capsid, DNA-binding proteins, etc. As above, they would not need to
replicate in the insect, only in the plant host. A particular challenge here is that there is, even in a
polyploid tissue, a modest number of viral genome equivalents are available for excision and packaging.
This means the virus would need to be quite infectious from small particle numbers unless it were able
to replicate in the insect. Nonetheless, it is an interesting goal since DNA viruses can probably
accommodate more genes and modes of regulation than an RNA virus, which must also avoid the RNAI
machinery.

Impact. Vectored delivery of a virus from an insect genome has never been done. It provides a
potentially revolutionary approach to bringing about local modification of plants. Specific diseases in
which this approach can be used are less clear to me. Plant pathologists will have more knowledge on
this. Key metric and milestones are the creation of a model virus that can be synthesized from a
transgene in a model insect and then transmitted to a plant. For safety reasons this might first involve
creation of a virus that can be assembled, but not replicate, in Drosophila. We would then ask if
mechanical transmission of the virus (from dissected Drosophila heads) resulted in replication in plant
cells of a relevant species. If these experiments were successful work would focus on 1) modification of
the virus to vector something interesting; and 2) introducing the viral genes into a relevant insect.

Contact Information: Email address haybruce@caltech.edu

Phone number 626-395-3399



Milad Navaei Georgia Tech Research Institute M.stylet

Project Overview

* Development and fabrication of insect-inspired universal delivery system of various biological
agents to a wide range of crop species based on MEMS and newest CRISPR gene editing

technology.
* Rapid mature plant transformation (“Plant”) and development of species-specific insect vectors
Teaming Overview and Objectives
* Milad Navaei, Gary McMurray Research Faculty at Georgia Tech Research Institute
Chung-Jui Tsai, Professor at of genetic at university of Georgia
Rajagopalbabu Srinivasan, Associate Professor of Entomology at University of Georgia

Impact

* Delivery of complex biological agents such as DNA , RNA (including viral vector), protein and
chemical compounds agents to a wide range of crop species

* potential applications (1) native gene silencing or mutation, (2) introduction of foreign genes, (3)
altering spatiotemporal expression of native genes, (4) delivery of chemicals, such as hormones,
herbicides, antibiotics, or some other signaling compounds

* spatiotemporal monitoring of the gene effect, specificity and stability
Contact Information
milad.navaei@gtri.gatech.edu

(850) 339-6707



Liu & Bonning, lowa State Univ. Virus Discovery / Insecticidal Agents

Project Overview

¢ |dentify novel, cryptic, aphid-transmitted viruses that do not cause significant pathology in the host
plant.

- Identification of appropriate plant viruses for use as delivery vehicles is Step 1 for the Insect Allies
Program.

- The use of viruses that are relatively benign to the host plant will be essential to achieve the full
benefit of vector use.

¢ Provide bioactive agents for delivery by plant viral vectors to target insect pests.

¢ Insect Allies Technical Area TAL: Engineer plant virus. Technical challenge that must be overcome —
1) identification of plant viruses that do not cause significant pathology in the host plant;
2) identification of bioactives appropriate for suppression of insect pests

Teaming Overview and Objectives

Sijun Liu, Associate Scientist

Bryony Bonning, Professor

* Extensive expertise with

- discovery from insect and plant virus-derived sequences from deep sequencing datasets (Liu)
- insect viruses, and insect transmitted plant viruses (Liu, Bonning)

- diverse insecticidal agents that could be delivered via a plant virus, including lectins, enzymes,
hormones, Bt toxins, neurotoxins, peptides, fusion proteins (Bonning)

» We are offering our services for projects requiring plant virus discovery and / or identification of
appropriate insecticidal bioactives for use in other proposed projects.

Impact

¢ Anticipated impact: Provision of
1) candidate novel, cryptic plant viruses for vector development;
2) toxins suitable for virus delivery to target specific insect pests

¢ These two areas will enable development of plant virus delivery vehicles, and delivery of insecticidal
molecules to target insect pests

» Both objectives (identification of candidate viruses and identification of insecticidal bioactives) would
be achieved in the first year of the project.

Contact Information

Sijun Liu, sliu@iastate.edu 515-294-1815; Bryony C. Bonning, bbonning@iastate.edu 515-294-1989
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Pl: W. Allen Miller lowa State University Team: Miller-Falk

Project Overview

* Engineer RNA replicons that partner with aphid-transmitted poleroviruses to replicate and
express multiple genes in plants. These RNAs are naturally encapsidated in polerovirus particles
(virions), and thus are transmitted by aphids. These replicons include umbraviruses and satellite
RNAs. They are small, not essential, and packaged in polerovirus coat protein. They likely can
be modified to express additional genes via added subgenomic mRNA promoters on the same
RNA, or on a separate RNA containing replication signals. All RNAs would be packaged in the
coat protein provided by the co-infecting polerovirus (which usually benefits from the
associated RNA), and transmitted by aphids to the target plants in which the RNAs would
replicate and express the desired cargo genes.

* Insect Allies Technical Area TA1: Engineer plant virus. Hurdles: Identify sequences required
for: RNA replication, subgenomic mRNA synthesis and translation, packaging in polerovirus
virion. These should be straightforward, and in our area of expertise.

* TA2: Viral delivery by insect vector (aphid): Engineered RNA transmission by aphid relies on
unaltered, natural polerovirus as helper. Hurdle: Ways of controlling aphid in the field (seeking
collaborator).

Teaming Overview and Objectives

* Existing team members and partners:
o W. Allen Miller, lowa State University
o Bryce Falk, University of California-Davis
* Combined >60 years experience in engineering diverse insect-transmitted plant viruses:
o RNA replication and subgenomic mRNA synthesis
o Translation enhancing mechanisms
o Virus-aphid vector interactions
o Satellite RNAs
* Institutional assets: UC Davis has high-containment greenhouse.
*  For which Technical Areas are you seeking collaborators?
o Aphid biology
o Plant genes
Impact

* What is the anticipated impact of the team’s success (in terms of technique AND capability)?
o New and more efficient ways to rapidly express cargo genes in plants without altering
plant genome.
* Potential applications enabled by this technology.
o Any technology that requires rapid expression of foreign genes without plant breeding.
*  What metrics and milestones will the team aim to achieve?
o Those outlined in the DARPA proposal.
*  How will the team pursue transition of this technology?
o University resources to interact with industry, e.g. NSF IUCRC CamTech at ISU.
o
Contact Information

Email address: wamiller@iastate.edu, bwfalk@ucdavis.edu Phone number: 515-294-2436
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Anna E. Whitfield KSU/NCSU RGM

Project Overview

* Develop insect-transmissible genome editing systems for maize by expressing the CRISPER/Cas
guide RNAs and RNA-guided nucleases from positive and negative sense RNA viruses. Two
systems will be tested for expressing genome targeted RNAs and the nuclease: an aphid
transmitted potyvirus (positive sense RNA virus) and a leafhopper transmitted rhabdovirus
(negative sense RNA virus).

* The potyvirus system has the advantage that potyvirus vectors are well known in plants and an
infectious clone of maize dwarf mosaic virus (MDMV) is available. These positive sense RNA
viruses can be used to express fairly large genes/proteins in plants. Aphid vector species for
MDMV are known and are easy to maintain in colonies. Challenges for this system include insert
stability and potential resistance in the crop.

* The rhabdovirus system has the advantages that recombination is suppressed in RNA viruses,
which should provide much greater stability of inserted sequences. Expression of large
genes/proteins should be possible from these viruses. The only known vector of maize fine
streak virus (MFSV) is transmitted only by the leafhopper Graminella nigrifrons in a persistent
manner. This should allow for good delivery of virus clones to maize and post-infection vector
control. The challenge for this system is the need to develop an infectious clone. However, the
recent development of a vector based on the related rhabdovirus sonchus yellow net virus
should facilitate development of an MFSV-based vector.

Teaming Overview and Objectives

Existing team members
*  Lucy Stewart, USDA, ARS/Ohio State Univ
* Anna Whitfield, Kansas State Univ/NCSU
*  Feng Qu, Ohio State Univ
*  Peg Redinbaugh, USDA, ARS/Ohio State Univ
Strengths
* Scientifically strong individuals; successful at team research; previous collaborations.
* Experience working with viruses, vectors and hosts; virus transmission to maize; virus-based
vectors.
* BSL2P, BSL3P, insect rearing and plant transformation facilities; most virus and vector permits;
IBC protocols in place.
Additional expertise needed:
* TA1: Developing and infecting leafhopper cell cultures.
* TA2:Target gene selection.
* TA3: Containment for large scale experiments.

Impact

Impact and applications



Anna E. Whitfield KSU/NCSU RGM

* Development of maize virus vectors for expressing and silencing genes; CRISPR/Cas system for
maize.

* Infield phenotype manipulation; plant, virus, and insect gene function studies; virus-vector-
maize interaction studies.

Metrics

* TAI1: alter maize phenotype by heterologous expression of bacterial gene(s); infectious
rhabdovirus clone.

* TA2: Vector transmission of virus expressing bacterial gene, Cas9 and guide RNAs.

* TA3: Large-scale gene editing in maize.

Contact Information

aewtospo@ksu.edu

785-532-3364


mailto:aewtospo@ksu.edu

Jeffrey F.D. Dean Mississippi State University BCHEPP

Project Overview

* This project will demonstrate the feasibility of using tospoviruses, a broad host-range plant
pathogen, to deliver protective transgenes to environmentally challenged crop species at any
growth stage post emergence using sterile tobacco thrips as the insect vector.

* The project will address all three Technical Areas of the Insect Allies call for proposals.
Technical challenges to overcome include:

* Adapt already available techniques for transgene delivery by bunyaviruses to
tospoviruses and demonstrate systemic expression in infected plants

* Create artificial laboratory diet and demonstrate uptake and persistent infection
of larval thrips with engineered tospoviruses

* Develop protocols to bulk up mass-rearing of tobacco thrips from existing
laboratory colonies and demonstrate efficient sterilization protocols

* Identify optimal tospovirus combinations for different crops and investigate
means to constrain transgene expression to targeted crop species

Teaming Overview and Objectives

*  Existing team members and partners: Jeffrey Dean, Professor and Department Head (Plant and
Insect Biochemistry and Genomics); Angus Catchot, Extension Professor (Field Crop
Entomology); Jonas King, Assistant Professor (Insect Molecular Genetics); Shien Lu, Professor
(Plant Bacteriology and Biocontrol); Fred Musser, Professor (Crop Entomology and Insect
Husbandry); Sorina Popescu, Assistant Professor (Plant Molecular Genetics); Sead
Sabanadzovic, Professor (Plant Virology)

*  Project Pls are all highly published experienced investigators whose combined expertise covers
all project needs. Identified need for large containment greenhouses for Phase 3 activities

* Among the assets available to this project are a leading insect husbandry center, CRISPR/Cas9
experience in plant, pathogen and insect models, a collection of plant susceptibility gene targets
to test, a catalog of soybean/corn/cotton pathogens, substantial field experience with pests

* Collaborators needed for large-scale containment greenhouse tests in latter stages of the work

Impact

*  Successful outcomes from the proposed work will provide the means to modify crop
susceptibility to pathogens in situ for corn, soybean and cotton. Thrips/tospovirus combinations
available for all major crop species

* Potential applications include knock-out of susceptibility genes and knock-in of resistance genes

*  The project will demonstrate systemic expression of small (e.g. CRISPR guide expression) and
large transgenes in seedling and mature plants after infected thrip exposure

* Technology transfer will proceed through private sector partners

Contact Information

Jeffrey F.D. Dean, Department of Biochemistry, Molecular Biology, Entomology and Plant Pathology,
Mississippi State University, Mailstop 9655, Mississippi State, MS 39762 jeffdean@bch.msstate.edu
(662) 325-2640



mailto:jeffdean@bch.msstate.edu

Feng Qu The Ohio State University SoyRes

Project Overview

Team goal: Disrupt the progression of frogeye leaf spot disease in soybean by using the
soybean-infecting bean pod mottle virus (BPMV), and BPMV-transmitting Mexican beetle, to
administer defense-inducing proteins and pathogen-subverting interfering RNAs.

The Insect Allies Technical Area(s) we intend to pursue: Our team of a virologist, an
entomologist, and a soybean pathologist aims to pursue Technical Areas 1 and 2 simultaneously.
Specifically, we will modify and optimize an existing BPMV-based vector, and use the optimized
vector to screen for defense-inducing proteins that effectively halt the multiplication of the
fungus causing frogeye leaf spot disease, as well as interfering RNAs inactivating fungal genes.
We will also establish the parameters that allow for highly efficient transmission of BPMV by
Mexican beetle. The technical challenge: achieve >80% BPMV infection rate in mature soybean
plants (older than six weeks), with Mexican beetle-transmitted inoculations.

Teaming Overview and Objectives

Impact

Existing team members and partners: Pls — Feng Qu, Andy Michel, and Anne Dorrance; students
— Fides Zaulda, Ashley Yates, Cassidy Gedling; Technicians — Junping Han, Xiaolong Yao.

Relevant experience: The Pls have been collaborating closely in the following areas: (1) using
BPMV to induce the silencing of soybean genes conferring resistance to soybean aphids, and the
root-rotting oomycete (Phytophthora sojae); and (2) using BPMV to express and interrogate P.
sojae effectors in soybean. Dr. Dorrance’s group has extensive experiences with reproducing
natural fungal infections in greenhouse or growth chamber-grown soybean, as well as a large
collection of isolates of Cercospora sojina, the fungus responsible for frogeye leaf spot.

Institutional assets: Pls have been working on soybean for many years. Specialized facilities
include designated growth chambers, insect rearing facilities and expertise, and experienced
staff and students. We have all permits needed for working with BPMV, Mexican beetle, and the
numerous isolates of the fungus.

For which Technical Areas or program activities are you seeking collaborators: Technical Area 3.

The anticipated impact: (1) provide a powerful tool for disrupting microbial disease progression
in mature soybean; (2) train a team of young scholars with the expertise of developing and
administering the tool.

Potential applications: treat fungal diseases of soybean like frogeye leaf spot and soybean rust;
potentially could also be applicable for treating insect pests like soybean aphid and stink bugs.

Metrics and milestones: Year 1: BPMV vector optimized, potent defense-inducing protein(s) and
interfering RNAs identified; parameters for efficient beetle transmission finalized. Year 2:
Disruption of frogeye leaf spot progression with Mexican beetle-transmitted, modified BPMV
demonstrated in greenhouse, monoculture setting. Year 3: Demonstration of the restriction of
the delivery system in soybean in a multi-species setting.

How will the team pursue transition of this technology? We will enlist the help of OSU’s
Technical Transfer Office, as well as the close working relationships Drs. Dorrance and Michel
fostered with interested industrial parties.

Contact Information

Email: qu.28@osu.edu; phone number: 330-263-3835.
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Peg Redinbaugh Ohio State Univ./USDA, ARS RGM

Project Overview

* Develop insect-transmissible genome editing systems for maize by expressing the CRISPER/Cas
guide RNAs and RNA-guided nucleases from positive and negative sense RNA viruses. Two
systems will be tested for expressing genome targeted RNAs and the nuclease: an aphid
transmitted potyvirus (positive sense RNA virus) and a leafhopper transmitted rhabdovirus
(negative sense RNA virus).

* The potyvirus system has the advantage that potyvirus vectors are well known in plants
and an infectious clone of maize dwarf mosaic virus (MDMYV) is available. These positive
sense RNA viruses can be used to express fairly large genes/proteins in plants. Aphid
vector species for MDMV are known and are easy to maintain in colonies. Challenges for
this system include insert stability and potential resistance in the crop.

* The rhabdovirus system has the advantages that recombination is suppressed in RNA
viruses, which should provide much greater stability of inserted sequences. Expression
of large genes/proteins should be possible from these viruses. The only known vector of
maize fine streak virus (MFSV) is transmitted only by the leafhopper Graminella
nigrifrons in a persistent manner. This should allow for good delivery of virus clones to
maize and post-infection vector control. The challenge for this system is the need to
develop an infectious clone. However, the recent development of a vector based on the
related rhabdovirus sonchus yellow net virus should facilitate development of an MFSV-
based vector.

*  We will pursue all three technical areas; the challenges are outlined above.
Teaming Overview and Objectives

Team Members:
*  Lucy Stewart, USDA, ARS/Ohio State Univ
* Anna Whitfield, Kansas State Univ/NCSU
*  Feng Qu, Ohio State Univ
* Peg Redinbaugh, USDA, ARS/Ohio State Univ
Strengths
* Scientifically strong individuals; successful at team research; previous collaborations.
* Experience working with viruses, vectors and hosts; virus transmission to maize; virus-based
vectors. MDMV clone.
* BSL2P, BSL3P, insect rearing and plant transformation facilities; most virus and vector permits;
IBC protocols in place.
Additional expertise needed:
* TA1: Developing and infecting leafhopper cell cultures.
* TA2:Target gene selection.
* TA3: Containment for large scale experiments.



Peg Redinbaugh Ohio State Univ./USDA, ARS RGM

Impact
Impact and applications
* Development of maize virus vectors for expressing and silencing genes; CRISPR/Cas system for
maize.
* Infield phenotype manipulation; plant, virus, and insect gene function studies; virus-vector-
maize interaction studies.
Metrics
TA1: alter maize phenotype by heterologous expression of bacterial gene(s); infectious rhabdovirus
clone.
TA2: Vector transmission of virus expressing bacterial gene, Cas9 and guide RNAs.
TA3: Large-scale gene editing in maize.
Contact Information

Email address: peg.redinbaugh@ars.usda.gov

Phone number: 330-263-3965



Lucy Stewart Ohio State Univ./USDA, ARS RGM

Project Overview

* Develop insect-transmissible genome editing systems for maize by expressing the CRISPER/Cas
guide RNAs and RNA-guided nucleases from positive and negative sense RNA viruses. Two
systems will be tested for expressing genome targeted RNAs and the nuclease: an aphid
transmitted potyvirus (positive sense RNA virus) and a leafhopper transmitted rhabdovirus
(negative sense RNA virus).

* The potyvirus system has the advantage that potyvirus vectors are well known in plants
and an infectious clone of maize dwarf mosaic virus (MDMYV) is available. These positive
sense RNA viruses can be used to express fairly large genes/proteins in plants. Aphid
vector species for MDMV are known and are easy to maintain in colonies. Challenges for
this system include insert stability and potential resistance in the crop.

* The rhabdovirus system has the advantages that recombination is suppressed in RNA
viruses, which should provide much greater stability of inserted sequences. Expression
of large genes/proteins should be possible from these viruses. The only known vector of
maize fine streak virus (MFSV) is transmitted only by the leafhopper Graminella
nigrifrons in a persistent manner. This should allow for good delivery of virus clones to
maize and post-infection vector control. The challenge for this system is the need to
develop an infectious clone. However, the recent development of a vector based on the
related rhabdovirus sonchus yellow net virus should facilitate development of an MFSV-
based vector.

*  We will pursue all three technical areas; the challenges are outlined above.
Teaming Overview and Objectives

Team Members:
*  Lucy Stewart, USDA, ARS/Ohio State Univ
* Anna Whitfield, Kansas State Univ/NCSU
*  Feng Qu, Ohio State Univ
*  Peg Redinbaugh, USDA, ARS/Ohio State Univ
Strengths
* Scientifically strong individuals; successful at team research; previous collaborations.
* Experience working with viruses, vectors and hosts; virus transmission to maize; virus-based
vectors. MDMV clone.
* BSL2P, BSL3P, insect rearing and plant transformation facilities; most virus and vector permits;
IBC protocols in place.
Additional expertise needed:
* TA1: Developing and infecting leafhopper cell cultures.
* TA2:Target gene selection.
* TA3: Containment for large scale experiments.



Lucy Stewart Ohio State Univ./USDA, ARS RGM

Impact
Impact and applications
* Development of maize virus vectors for expressing and silencing genes; CRISPR/Cas system for
maize.
* Infield phenotype manipulation; plant, virus, and insect gene function studies; virus-vector-
maize interaction studies.
Metrics
TA1: alter maize phenotype by heterologous expression of bacterial gene(s); infectious rhabdovirus
clone.
TA2: Vector transmission of virus expressing bacterial gene, Cas9 and guide RNAs.
TA3: Large-scale gene editing in maize.
Contact Information

Email address: lucy.stewart@ars.usda.gov

Phone number: 330-263-3834



Xiaohan Yang Oak Ridge National Laboratory  Soybean Defense

Project Overview

Soybean is one of the major crops in the U.S. and world, with a production value of ~$40 billion in USA in
2014. Soybean is a major source of protein for humans. It is also one of the largest sources of vegetable
oil and of animal protein feed in the world. Severe disease epidemics are a major threat to soybean
production worldwide. Our team seeks to develop a synthetic tri-partite antimicrobial system for
improving biotic stress resistance in soybean crops. We intend to pursue the following three Technical
Area(s): TAl: Engineered plant virus (“Virus”); TA2: Viral delivery by insect vector (“Insect”); and TA3:
Rapid mature plant transformation (“Plant”). Specifically, we will engineer novel genetic circuitry in a
virus and deliver it to soybean plants by insect for synthesis of antimicrobial molecules.

Teaming Overview and Objectives

Dr. Xiaohan Yang is a staff scientist in BioSciences Division, Oak Ridge National Laboratory (ORNL). His
has research experience in plant genomics, plant-microbe interaction, synthetic biology, including plant
pathway engineering, genome editing, high-throughput assembly of multi-gene constructs, and gene
stacking. The Yang lab is well equipped for gene construct design and construction, plant
transformation, gene stacking, and plant phenotyping in greenhouse. His major contribution will be to
TA3.

Dr. Gerald A. Tuskan is a Corporate Fellow at ORNL. He has focused on the genetics and genomics of
renewable feedstock for bioenergy and plant-microbe interactions. His major contribution will be to
TA3.

Dr. Tessa Burch-Smith is an Assistant Professor at the University of Tennessee, Knoxville. She has a
strong background in plant viruses and plant disease resistance to viruses. She also has extensive
experience with virus-induced gene silencing and has authored several highly cited manuscripts in this
area. Her lab is well equipped for plant virology and is currently permitted as a BSL2 lab. Her major
contribution will be to TA1.

We are seeking collaborators in TA2: Viral delivery by insect vector (“Insect”).
Impact

The success of our research will create a novel synthetic plant—virus—vector system as an alternative
strategy to defend soybean crops against multiple biotic stresses. It will benefit soybean growers
worldwide. The milestones to be achieved include construction of genetic circuits, genetically modified
viruses compatible with plant host, improvement of insect vector for efficient viral delivery. The new
technology will be transferred to agricultural industry through the institution's licensing program.

Contact Information

Xiaohan Yang, Ph.D.

Biosciences Division, Oak Ridge National Laboratory
Email address: yangx@ornl.gov

Phone number: 865-241-6895



Wayne R. Curtis ~ The Pennsylvania State University Penn State / PNNL

Title: Crop Protection using non-Replicating Viral Vectors with Complementary Transgenic Plants

Project Overview:

Create a complementary sub-genomic viral vector that will replicate in a complementary
transgenic plant expressing the viral replicase. The work involves identifying appropriate stress-
inducible tissue specific promoters to express the viral replicase only under stress conditions.
Prior work has demonstrated feasibility of the complementary viral vector system in plant tissue
culture, however, expression of the viral replicase is required to avoid abnormal plant
development. These promoters will be identified utilizing PNNL/EMSL’s state-of-the-art high
sensitivity OMICS capabilities.

Teaming Overview and Objectives

Impact

Pl: Wayne Curtis, Professor of Chemical Engineering, Penn State University
Co-PI: Ryan Kelly, Sr. Research Scientist & Capability Lead, EMSL/PNNL.
PRIOR WORK: We developed the complementary viral vector expression system in work
supported by Monsanto & NSF. This expanded to other viral vector systems targeted at tissue
culture applications. We have extensive experience in protein expression technologies and
plant improvement programs (e.g. Agracetus, Dupont/Pioneer, DowAgro, Fraunhoeffer).
Agrobacterium-mediated viral vector-amplified transient gene expression in Nicotiana
glutinosa plant tissue culture. DOI: 10.1021/bp060342u
RNA viral vectors for improved Agrobacterium-mediated transient expression of
heterologous proteins in Nicotiana benthamiana cell suspensions and hairy roots. DOI:
10.1186/1472-6750-12-21
Enhancing bottom-up and top-down proteomic measurements with ion mobility
separations; DOI: 10.1002/pmic.201500048
CAPACITY: Penn State has extensive plant greenhouse facilities (>30,000 sq.ft) with much of this
certified for transgenic plant work, and recently completed a 22,000 sq.ft. BSL3 facility. The
Department of Energy’s Environmental Molecular Sciences Laboratory (EMSL) at PNNL, Richland
is a National user facility with ~150 state-of-the-art analytical instruments, super-computer
capability, experienced OMICS staff and advanced imaging capabilities that are considered to be
some of the best in the world.
SEEKING: We are looking to teams with entomology experience for gemini-virus transmission
and associated plant-specific expertise related to plant stress physiology (environmental /
biological stressors).

The goal is a generalizable technology to deliver genes to mature plants — where transgenic host
plant is cultivated.

Applicable to cultivated plants (food / energy crops, pasture, ornamentals, lawn).

The goal is proof-of-principle for delivery of heterologous gene; with an appropriate teaming
partner, we would hope to demonstrate plant protection in greenhouse implementation.
Translation as a stackable trait component of integrated pest management via traditional seed /
agricultural chemicals companies.

Contact Information: wrc2@psu.edu, cell: 814.360.3069
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Dr. Mandar Godge Temasek Polytechnic, Singapore TP_SINERGY

Project Overview

The team from Plant Molecular Technology Laboratory, Temasek Polytechnic focuses on building
sustainable continuous monitoring and improvement capabilities for agriculture. This is to ensure
high yields and nutrition through enhancement of plant health and vigor. The team also focuses
on directed design to generate novel but predetermined and specific biological or molecular
diversity - engineering microbiomes and viruses to improve plant health coupled with synthetic
biology applications. The team is also building up plant pathogen database for Singapore and the
region which is part of the Surge Research and Education Programme, which aims to have a ready
and deployable team to help in environmental surveillance and be able to support diagnostics,
identification and mitigation of a biological threat when an emergency arises.

The Insect Allies Technical Area(s) that we intend to pursue: Trait design, selective gene therapy
in mature plants.

Technical challenges to overcome — Mapping of agriculture industry and consumer demands,
regional regulations, SOPs for insect allies to be used under containment, controlled test bedding
and applications.

Teaming Overview and Objectives

Impact

Existing team members: Dr. Mandar Godge, Dr. Shabbir Moochhala, Dr. Kadamb Patel
Partners: Singapore Consortium for Synthetic Biology (Universities, Research Institutes and
Polytechnics)

Patents:

1. Putative Cytokinin Receptor and methods for use thereof (Suppression of cytokinin binding
protein causes excessive branching leading to significant yield increase).

2. Development of Multiplex High Resolution Melting Assay for Detection of Shrimp Pathogens.

The group has been working on commercial projects establishing strong collaborations with the
farmers and agriculture industry in the region. We have developed integrated urban intensive
farming technologies, diagnostic platforms (point-of-care), and molecular technologies for crop
improvement (leafy vegetables, rice, mulberry, jatropha, orchids) for the industry partners,
government agencies and regulatory bodies in the region. If needed, more details on projects and
publications would be provided.

Institutional assets:

Specialized facilities: NGS facility, Proteomics Centre, Centre for Analytical Science (Agilent
Partner lab), Centre of Innovation (COIl), CAVS (Centre for Agriculture and Veterinary Science),
CMD (Centre for Molecular Diagnostics) are housed under Temasek Polytechnic, supported by
Ministry of Trade and industry, catering to the industry needs and is a One-Stop centre for
industries in the region.

Seeking collaborators for Technical Areas or program activities: Insect vector optimization



Dr. Mandar Godge Temasek Polytechnic, Singapore TP_SINERGY

* Anticipated impact: The future of insect allies is likely to rely on gene discovery, functional
genomics, crop trait improvements and synthetic biology technologies. The progression of this
programme will likely begin with a transition of the technologies into multiple crop systems
through addressing the challenges identified. These initial studies will likely target single gene
traits in existing cultivars. Improvement of existing cultivars has the added benefit of established
market shares. Such a strategy should prove relatively simple as a number of studies have
demonstrated that the knockout of a single gene can induce dramatic phenotypes and
economically important traits. As insect allies become more routinely performed in a crop system,
these modifications will likely increase in complexity, target new cultivars, and alter multiple
traits. The ability to modify entire pathways should also prove to be fruitful using synthetic biology
applications where cellular processes will be redesigned to facilitate the production of useful
chemicals, biomolecules, and/or products.

* Potential applications: Insect allies will play a large role in future efforts to improve crop traits and
engineer plants for directed design. Invariably many of these traits will be directed toward
improvements in biotic and abiotic stress tolerance, crop vyield, shelf life, color and enhanced
nutritional content.

* Transition of this technology: Temasek Polytechnic and our research team have strong
collaborations with industry, governmental agencies and regulatory bodies. We provide
professional development courses for industry to enhance and upgrade their skills which is
translated directly into the workforce. The adoption of the technology will be worked out in
collaboration with the Agri-Food and Veterinary Authority of Singapore, Ministry of Trade and
Industry, Ministry of National Development who are directly overseeing the food security in
Singapore and regulate the agriculture industry.

Contact Information

Dr. Mandar Godge
Research Scientist

School of Applied Science,
Temasek Polytechnic,

21 Tampines Avenue 1,
Singapore 529757

Email address: mandar@tp.edu.sg

Phone number: +65- 67804237 (Office); +65-94886075 (Handphone)



Dr. Kerry Mauck  University of California, Riverside Mauck Lab

Project Overview

We aim to understand how viral pathogens of plants modify plant chemical cues during
infections, and how these modifications influence plant interactions with vector and non-vector
insects.

Technical Area 1: develop a plant virus that delivers a transgene to a target plant species. We
will take into consideration how viruses influence plant cues when choosing strains to modify for
transgene delivery. We will focus our efforts on modifying viruses that induce changes in the
host plant that result in specific manipulation of the behavior of vectors and target pests.
Technical Area 2: produce insect vectors for the modified virus to be transmitted to mature
plants. We will determine how the modified virus affects plant chemistry and vector behavior
related to transmission. We also will determine how infection with the modified virus alters host
plant interactions with other targeted non-vector pest insects. We anticipate working with
cucurbits and alfalfa and associated viral pathogens as model systems.

Teaming Overview and Objectives

Impact

Dr. Kerry Mauck (Pl), Tessa Shates (graduate student), lan Wright (technician).

Frequent collaborators: Dr. Mark Mescher, Dr. Consuelo De Moraes, Dr. Jocelyn Millar

Pl has 10 years of experience in studying insect vector behavioral responses to plant chemical
cues and the dynamics of virus infection in host plants (relevant publications: Mauck, KE (2016)
Current Opinion in Virology 21: 114-123; Mauck, KE, et al. Current Opinion in Plant Biology 32:
53-61; Mauck KE, et al. (2014) Integrative and Comparative Biology 54(2): 193-209; Mauck KE, et
al. (2014) Plant, Cell & Environment 37(6), 1427-1439; Mauck KE, et al. (2010) Proceedings of
the National Academy of Sciences 107 (8): 3600-3605). The graduate student and technician also
have a combined 6 years of experience studying chemical ecology and entomology. Frequent
collaborators have 20+ years of experience each in chemical mediation of insect behavior.

Core genomics facility, proteomics facility, insectary and quarantine facility, greenhouses, land
and crew for field experiments, electrical penetration graphing equipment, access to numerous
plantings of annual and perennial crops and their emerging pests and pathogens (e.g., citrus and
citrus greening/Asian citrus psyllid, cucurbits and whitefly-transmitted plant viruses/whiteflies,
alfalfa and the alfalfa pest complexes and associated viral pathogens).

Seeking team members with expertise in molecular techniques to complement expertise in
insect behavior and chemical ecology (Technical area 1 and Technical area 2)

Development of viruses that both systemically produce insect-specific toxins and manipulate
herbivores to shift their preferences to favor virus-infected hosts will revolutionize our
capability to deploy plant-mediated pest control strategies in real-time. Importantly, using
viruses that manipulate herbivore host choice may preclude the need to construct a vector-
transmissible pathogen, since infected “trap plants” may provide enough protection to
companion plantings of unmodified, virus-free plants. Furthermore, identification of the genetic
elements responsible for virus effects on host chemistry will enable fine-tuning of the
technology based on the need to manipulate plant-herbivore interactions in specific crop hosts.

Contact Information
Email: kerry.mauck@ucr.edu  Phone: 302-242-7948
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Sanford Eigenbrode University of Idaho Viral Drought Therapy

Project Overview

Our team is focused on harnessing the documented effects of infection by vector borne-plant viruses
that confer tolerance to water stress or drought. The mitigating effects of plant virus infection on
drought stress occurs in Barley yellow dwarf virus (BYDV) (Davis et al. 2015a,b). We have also modified
luteoviruses to enhance their potential for spread by aphids (Eigenbrode & Kuhl, in prep). Our goal is
to modify BYDV to simultaneously reduce its pathogenicity, enhance its drought mitigating effect in
wheat, and accelerate its spread into the target crop by aphids. The project is expected to span all
three Phases. Wheat varieties representative of the major production classes will be included in trials.

Teaming Overview and Objectives

Team members (all are faculty): T. Seth Davis (Colorado State Univ.), N. Bosque-Pérez, Sanford
Eigenbrode, Joseph Kuhl, Daolin Fu, Jianli Chen (University of Idaho) include expertise in all three
technical areas.

Capabilities and key publications: Chemical ecology, aphid behavior, virus biology, recombinant DNA,
insect mass rearing facilities, wheat breeding, growth chambers, in-house cultures of BYDV and its aphid
vector Rhopalosiphum padi, molecular biology and serological equipment technologies, sequencing, and
gene expression. The team has decades of experience with the production system, but has made new
discoveries relevant to the DARPA call.

Davis, T. S., N. A. Bosque-Perez, N. E. Foote, T. Magney, and S. D. Eigenbrode. 2015. Environmentally
dependent host-pathogen and vector-pathogen interactions in the Barley yellow dwarf virus
pathosystem. Journal of Applied Ecology 52:1392-1401.

Davis, T. S., N. A. Bosque-Pérez, |. Popova, and S. D. Eigenbrode. 2015. Evidence for additive effects of
virus infection and water availability on phytohormone induction in a staple crop. Frontiers in Ecology
and the Environment 3: 114. doi: 10.3389/fevo.2015.00114

Impact

Techniques: manipulating an existing viral pathogen to augment its beneficial symptoms and reduce its
pathogenic ones. This general principle, to be demonstrated in BYDV, is potentially transferrable to
other related viruses affecting key crops including pulses, potatoes, other cereals. We have experience
in all of these crops.

Applications: Virus-based drought therapy in wheat, legumes, potatoes, other crops; Methods to
accelerate beneficial pathogens and complementary methods to minimize pathogen spread

Metrics: Symptoms, plant water potential, biomass gain, yield and quality of control and treated wheat
produced under various drought stress regimes (chronic, episodic, during different crop growth stages).

Transitioning plan: Work with an existing industry partner to the University of Idaho, Groupe Limagrain
Contact Information

Team lead: Sanford Eigenbrode, sanforde@uidaho.edu; 208 885 2972
Proposers Day Webinar Participant: T. Seth Davis; seth.davis@colostate.edu; 928 607 4941




Hein and Tatineni University of Nebraska-Lincoln UNL-USDA ARS
Project Overview: Triticum mosaic virus and wheat curl mites as allies for the management of wheat
diseases (stem rust, scab and bacterial streak diseases) and pest (wheat stem sawfly). We will pursue all
three areas of technical areas of Insect Allies Program using Triticum mosaic virus (TriMV) as an
expression vector to deliver transgenes into wheat (Triticum aestivum L) through wheat curl mites
(Aceria tosichella Keifer) as a vector. We have experience in developing TriMV as an expression vector
and mite transmission of TriMV to wheat. Hence, we do not expect major problems in delivering
transgenes to wheat. However, efficacy of transgenes toward other target species e.g. fungal or
bacterial pathogens, insects) is not known. Delivering multiple transgenes in different combinations may
provide effective changes in plant traits to address some of these pest/pathogen issues.
Team Overview:
Gary Hein (PI): Elliot Knoell (graduate student), Lindsay Overmeyer (graduate student), and Chris Wynn
(graduate student). Major accomplishments have dealt with transmission of multiple viruses by the
mite, and aspects of mite movement and virus spread in the field.
Research emphasis is on determining aspects of wheat curl mite biology and ecology (particularly mite
movement and virus spread) that are relevant to the epidemiology and management of its vectored
viruses in wheat. Relevant publications: Stilwell et al. 2013. J. Remote Sensing, 34: 4951-4966.
McMechan et al. 2014. Plant Disease, 98(6):806-810. Skoracka et al. 2014. Annals of Applied Biology,
165: 222-235. Oliveira-Hofman et al. 2015. Plant Disease, 99(8): 1170-1174. Szydlo et al. 2015.
Satyanarayana Tatineni (co-Pl): Adarsh Gupta (Graduate student); Jeff Alexander (Biological Science
Technician); Tammy Nguyen (Biological Science Technician). Major accomplishments development of an
infectious cDNA clone for Citrus tristeza closterovirus (CTV), the largest known single-stranded positive
sense RNA genome of plants (19.3 kb) and development of transient expression vectors of Wheat streak
mosaic virus (WSMV) and TriMV to unravel the functions of viral genes, interactions with host and
vector. Relevant Publication: Tatineni et al. 2011. Virology 410: 268-281; Tatineni et al. 2015.
Phytopathology 105: 1496-1505; Tatineni et al. 2016. MPMI 29: 724-738; Tatineni et al. 2016. Journal of
Virology 90: 10886-10905.
Institutional assets (specialized facilities, permits in hand, history with crop of interest, etc.)
Research emphasis: The main focus of our labs (Hein and Tatineni) is on viruses infecting wheat (WSMV
and TriMV) and their vectors, wheat curl mites. Our laboratories are well-equipped to carryout research
on virus-host-vector interactions of wheat viruses using reverse genetics system (Tatineni) and vector
transmission studies of WSMV, TriMV and High Plains virus (Hein). We have BSL-2 laboratories and
greenhouse facilities to work with recombinant viruses and their wheat curl mite transmission studies.
Our laboratories are competent to work on all three technical areas of ‘Insect Allies’ program. Tatineni
has extensive experience on reverse genetics system of plant viruses and modified the genomes of
WSMV and TriMV for expression of fluorescent proteins such as GFP and RFP. Hein has extensive
experience on transmission of WSMV, TriMV and High Plains virus using different biotypes of wheat curl
mites and field ecology and movement of the wheat curl mite.
Impact: As a team, we will be able to engineer TriMV as an expression vector with a series of
transgenes and able to be transmitted to wheat plants through wheat curl mites. Potential applications
enabled by this technology: We will be able to deliver TriMV expressing transgenes with antimicrobial
activity into wheat plants through wheat curl mites for potential control of fungal diseases such as scab,
stem rust, bacterial streak. Additionally, wheat stem saw-fly will be able to control by expressing
peptides encoding for insecticides or through RNA interference technology. Our team will be able to test
wheat plants infected with TriMV expressing transgenes for the management of wheat disease such as
scab, stem rust, and bacterial disease, and pests such as wheat stem sawfly. G. Hein has extensive
experience in Extension (technology transfer) and the team also has excellent connections to the wheat
industry so as to enable effective transition of technology through cooperative efforts between the
wheat industry and state Extension efforts.
Contact Information: Gary Hein (ghein@unl.edu) 402-472-3345

Satyanarayana Tatineni (satya.tatineni@ars.usda.gov) 402-472-2710
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