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B. Executive Summary

1.

Problem: California farmers and ranchers lose millions of dollars every year because of
vertebrate pests. Ground squirrels, roof rats, feral wine, and pest birds such as pigeons destroy
crops, damage irrigation systems, and degrade rangeland. Existing tools—trapping,
fumigation, and chemical poisons—have serious drawbacks. They are expensive, labor-
intensive, and often temporary because pest populations rebound quickly. Poisons also harm
non-target species through secondary poisoning, including raptors and carnivores, and create
long-term environmental risks. Using immunocontraceptive vaccines that target the
reproductive hormone gonadotropin (GnRH) has been shown to effectively induce infertility
and help control invasive wildlife populations. For example, GonaCon, a USDA-developed
and EPA-approved GnRH vaccine, has been used in wild horses, deer, and feral pigs in the
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U.S. However, the limitations of GonaCon and similar vaccines are that they require
intramuscular injection and are not species-specific, making them unsuitable for smaller
vertebrate pests such as rodents.

2. Objectives, Approach, and Evaluation: The overarching objective of this project is to
determine if rodent-specific GnRH-based immunocontraception delivered via an oral bait is a
better alternative to current pest control methods and rodenticides. The approach will combine
protein engineering, vaccine vector design and in vivo testing. Several GnRH fusion proteins

have been designed and tested by various research groups for immunocontraception. However,
the lack of standardized protocols and the inconsistency in species used make it difficult to
compare their utility for rodent-targeted applications, highlighting the need for a direct, head-
to-head comparison of available GnRH antigenic proteins. To address this, we have selected
three previously tested antigenic carrier proteins for further evaluation, each fused with
multiple copies of GnRH to increase antigen density and enhance immunogenicity. These
purified recombinant proteins will be assessed both in vitro and in vivo, and then inserted into
arodent-specific viral delivery vector, based the Volepox virus, a DNA virus from the poxvirus
family. In vivo testing of the vaccine candidates will follow a defined immunization and
monitoring schedule. Evaluation will be based on each candidate’s ability to elicit strong and
durable anti-GnRH antibody responses correlated with reduced reproductive hormone levels
and reproductive organ size. Comparisons across GnRH protein constructs will identify the
most effective antigen, with viral vector delivery benchmarked against our earlier fusion
protein results. These studies will provide key outcomes needed to evaluate the feasibility of
GnRH-based immunocontraception for rodent population management.

3. Audience: The primary beneficiaries of this work are California growers and ranchers, who
face heavy losses from vertebrate pests and need affordable, practical solutions. Pest control
professionals will gain a humane tool to add to integrated pest management programs. Wildlife
managers and conservation groups will benefit from a method that avoids secondary poisoning
of predators and reduces ecological risk. Regulators and policymakers will have a science-
based option that balances agricultural productivity with environmental stewardship and
animal welfare. This work will generate data and tools that advance vaccination, reproductive
biology, and alternative contraceptive research.
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C. Justification

1. CDFA VPCRAC Mission and Responsibilities: The California Department of Food and
Agriculture’s Vertebrate Pest Control Research Advisory Committee (VPCRAC) is charged
with addressing research priorities that advance effective, economical, and humane methods
for controlling vertebrate pests that threaten California’s agricultural economy, infrastructure
and natural resources. Guided by the objectives established under the VPCRAC, it seeks to
identify and support research that develops alternative pest management tools, generates the
scientific data needed to maintain or register control products, and reduces reliance on harmful
or outdated toxicants.

This project directly contributes to the VPCRAC mission by exploring immunocontraceptive
vaccines as a sustainable alternative to rodenticides for population-level control of rodent pests
in California. By evaluating GnRH protein antigens, advanced vaccine formulations, and
vectors capable of oral delivery, the research addresses VPCRAC priorities of investigating
new materials, developing humane methods, and generating data to support effective and
environmentally responsible vertebrate pest control. In doing so, it supports CDFA’s broader
mandate to protect California’s agricultural productivity, safeguard biodiversity, and promote
long-term ecological and public health resilience.

2. Impact: The proposed project has the potential to generate meaningful agronomic, economic,
environmental, and public health benefits across California. From an agronomic perspective,
fertility suppression in key pest species such as roof rats will directly protect high-value crops,
including nut and citrus orchards, vineyards, and rangelands, from destructive feeding and
burrowing. By reducing rodent pest populations, growers will see healthier crops, more
consistent yields, and less structural damage to irrigation systems and levees that are critical to
California’s agricultural productivity.

Economically, the implications are substantial. Current estimates suggest that vertebrate pests
cost California growers hundreds of millions of dollars annually through direct crop losses,
damage to infrastructure, and ongoing control expenses. Even modest reductions in pest
population growth could translate into tens of millions of dollars in avoided losses each year.
By decreasing reliance on poisons, fumigants, and repeated trapping, this project offers a cost-
effective alternative that helps stabilize farm operating budgets while reducing the labor
demands of pest management.
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The environmental impact of new methods of pest control is increasingly significant in
California, where legislation such as the California Ecosystems Protection Act (AB 1788) has
placed strong restrictions on second-generation anticoagulant rodenticides (SGARs) due to
their devastating effects on non-target wildlife (Center for Biological Diversity) These poisons
not only eliminate rodents but also contaminate the food chain, leading to secondary poisoning
in predators such as mountain lions, bobcats, hawks, and endangered species like the San
Joaquin kit fox. By shifting the focus 'from lethal chemical control to a targeted fertility
vaccine, this project aligns with California’s sustainability and climate-smart agriculture
initiatives. It provides a solution that not only protects agriculture but also preserves
biodiversity and ecosystem health. (Center for Biological Diversity).

Taken together, the proposed vaccine approach has the potential to provide local benefits to
growers, regional benefits to farming communities, and statewide benefits to California’s
agricultural economy, natural resources, and public health.

Long-Term Solutions: This project lays the foundation for a durable, population-level fertility
control strategy. Unlike poisons, which require repeated applications and cause quick pest
rebound, immunocontraception provides a long-term reduction in reproduction rates. The

vaccine platform is adaptable, allowing tailoring to multiple pest species. This positions the
project as a pathway to measurable, sustainable suppression of vertebrate pests across
California’s agricultural landscapes, reducing recurring economic and environmental costs.

Related Research: Immunocontraception targeting gonadotropin-releasing hormone (GnRH)

has been extensively studied as a tool for managing wildlife and livestock populations (USDA
APHIS 2017). This work has led to the development of commercial products such as GonaCon,
used in wild species like deer and feral swine, and Improvac, approved for farmed pigs. While
these vaccines demonstrate that antibody-mediated suppression of fertility is feasible, a major
limitation is their reliance on intramuscular injection, which is effective for large, accessible
animals but impractical for smaller vertebrate pests, where capture at scale is not feasible. This
challenge has motivated research into new generations of GnRH protein antigens and improved
formulations, as well as exploring novel delivery methods. One promising avenue is the use of
poxvirus vectors, which combine immunogenicity with stability under field conditions. A
notable example is the RABORAL V-RG vaccine, a recombinant poxvirus expressing the
rabies glycoprotein, which vaccinates raccoons when consumed orally from specially
formulated bait (Maki et al. 2017). Approved by the EPA and deployed in multiple U.S. states,
RABORAL V-RG demonstrates the potential of poxvirus-based oral vaccines as scalable
platforms for wildlife immunization.

Contribution to Knowledge Base: This project will significantly expand both the scientific and

applied knowledge base for vertebrate pest management. Building on prior work, our research
will compare current protein antigen strategies and investigate poxvirus vectors for oral



delivery, including studies with the rodent-specific Volepox virus (a DNA virus from the
poxvirus family), with the goal of advancing understanding of oral vaccination in rodent
populations. The research bridges the gap between laboratory innovation, in the fields of
reproductive biology, virology, and vaccinology, and landscape-scale pest management,
providing essential evidence to guide regulatory and policy discussions around alternatives to
rodenticides while supporting California’s climate-smart agriculture and biodiversity
conservation initiatives.

6. Grower Use: The proposed vaccine platform is designed with grower adoption in mind. By
offering an oral bait, the technology has the potential to lower management costs by reducing
the need for poisons, fumigants, and repeated trapping. Because the baits are compatible with
existing bait station infrastructure, they can be integrated seamlessly into on-farm operations
without requiring major new investments. Importantly, the approach provides a regulatory
advantage, as it represents a non-lethal, environmentally responsible method that aligns with
tightening restrictions on rodenticides (e.g., California’s statewide restrictions on second-
generation anticoagulants in 2020) (Center for Biological Diversity, 2020) and growing public
demand for sustainable agricultural practices. For growers, the most tangible incentive will be
improved crop protection and profitability through measurable reductions in pest damage to
both crops and infrastructure. For example, rats alone are estimated to have caused $109-310
million in damages to California almond growers in 2024 (Goodhue et al 2025), losses that
could be significantly reduced by long-term fertility control. By fitting naturally into existing
Integrated Pest Management (IPM) programs, this platform offers a practical, scalable, and
grower-friendly solution for controlling vertebrate pests in California.
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D. Objectives

With this grant application, we are focusing on evaluating three versions of GnRH fusion
proteins, testing their efficacy both in vitro and immunocontraception in vivo, and using the
Volepox (VPXV) virus to deliver the vaccine to rodents.
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Figure 1. Diagram of GnRH-fusion constructs to be tested
under this grant.

immunogenic on its own, it is fused with antigenic carrier proteins to enhance its
immunogenicity. Such fusions provide T-cell epitopes, improve antigen processing and
presentation, and increase stability and solubility. This strategy ensures that the immune
system recognizes GnRH as part of a larger foreign protein, driving the robust antibody
production needed for effective immunocontraception. In our internal studies, we have tested
a Maltose Binding Protein (MBP) fused with 12 copies of GnRH. Several other antigenic
carrier proteins have also been identified and tested in combination with GnRH (Lee et al.
2019, Duan et al. 2024, Zhang et al.). We will test two protein fusion alternatives:
STF2(Salmonella typhimurium flagellin)(Lee et al. 2019) and CRM197 (Cross-reacting
material 197) (Duan et al. 2024, Cui et al. 2024) (Fig 1). The choice of these antigens is
governed by extensive biophysical and structural studies (Lee et al. 2019; Duan et al. 2024) At
the same time, we and others have shown that introducing multiple copies of GnRH enhances
both antigen density and immune recognition (Duan et al. 2024). Multiple copies also improve
antigen presentation and help sustain a more durable immune response, increasing the chances
of long-term suppression of reproductive hormones for effective immunocontraception. Based
on our preliminary results (see Fig 2), we are optimistic that the new fusion proteins will be
even more immunogenic while eliciting GnRH specific immune response.

After in vitro testing, selected protein-encoding constructs will be cloned into the Volepox
vector and characterized in vitro. Towards this goal, we have already characterized three rodent
poxviruses and performed host range compatibility studies, which determined that Volepox
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virus is an ideal vector for future testing of oral delivery in rodents. In preparation for poxvirus
vector delivery, our lab has successfully engineered a recombinant GFP-labeled variant of
Volepox virus with 11 deletions in host immune-related genes, rendering it ready for insertion
of the GnRH-coding fusion cassette. Vaccines will be delivered either intramuscularly or
orally. Immune and physiological responses will be monitored by measuring anti-GnRH
antibody levels, hormone concentrations, and reproductive organ parameters post-

immunization.
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Figure 2. Characterization of the leading Rodent Specific
Vaccine Candidate (A) Diagram of MBP-GnRH fusion protein
tested in vivo in male. (B) Vaccination with MBP-12XGnRH led to
a 12X fold increase in anti-GnRH antibody levels as measured by
GnRH-specific ELISA. (C) MBP-GnRH resulted in 80% decrease in
levels of testosterone in the vaccinated rats. (D) A 30% decrease in
testes size was observed 30 days post-vaccination.

2. Methods:

Protein Production and Characterization. Recombinant protein antigens will be produced
using an E. coli expression system. This process will include the design and construction of
plasmid vectors, followed by protein purification using established (Duan et al. 2024; Lee et
al. 2019; Gowripalan et al. 2020). All proteins will be purified by a combination of affinity
chromatography and size exclusion chromatography (SEC) as a polishing step. Final protein
products will be analyzed for purity using SDS-PAGE, and protein concentration determined
by absorbance at OD280. Amino acid identity will be confirmed by liquid chromatography
followed by mass spectrometry (LC-MS).



Vector Production and Virological Characterization. Our laboratory has extensive experience
in the genetic engineering of viral vectors. Antigen-encoding vectors will be generated through
homologous recombination and CRISPR-Cas9 gene editing-based selection (Gowripalan et al.
2020). Purified vectors will be characterized in vitro using western blotting (to confirm antigen
expression), genetic stability testing, and growth kinetics assays.

In Vivo Testing in Rats. Sprague-Dawley rats will be used to evaluate vaccine performance in
a GLP-like study. All procedures related to animal handling, care, and treatment will be
performed in accordance with guidelines approved by the Institutional Animal Care and Use
Committee (IACUC). Animals will be assigned to groups receiving either purified protein
antigen (two intramuscular doses) or a single oral dose of the poxvirus vector. Throughout the
study, body weights will be monitored and clinical observations recorded daily. Blood samples
will be collected at designated timepoints. At the study endpoint, reproductive organs will be
collected, weighed, and fixed for histological analysis.

Evaluation of Vaccine Efficacy. Vaccine efficacy will be assessed by measuring both hormonal
and immune responses. Serum hormone levels will be quantified by LC-MS/MS, the gold
standard in reproductive biology. Antibody responses against GnRH and other antigens will
be evaluated by ELISA. Our laboratory has developed optimized GnRH ELISAs following
protocols established by the USDA during the development of GonaCon (Massei et al. 2015),
ensuring high sensitivity and reproducibility.
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F. Project Management, Evaluation, and Outreach

1. Management: M. Selman will serve as the PI and oversee all aspects of the project.
Protein production and in vivo testing will be conducted by Pharmaron, a contract research
organization with whom we have successfully collaborated in the past (see attached letter
of support). Vaccine construction and antibody characterization will take place in our BSL-
2 laboratory in Los Angeles, while hormone assays will be performed by the endocrinology
laboratory at UCLA.

2._Evaluation: Project success will be evaluated through defined scientific milestones.
These include the successful recombinant protein production of the engineered GnRH
antigens and vector, demonstration of immunogenicity and fertility suppression in the
initial rat study, and validation of antigen delivery using a poxvirus vector platform.

G. Budget Narrative

a. Personnel Expenses:

Salaries — $28,000. Funds are requested for salary support for one Staff Research Associate
(Nikolas Duenas) and one Staff Scientist, who will primarily coordinate data collection,
including protein and viral vector production and characterization as well as antibody
analysis from the in vivo study. Each position is budgeted at 14% effort (0.14 FTE) over
the project period.

Fringe Benefits-$3,920

b. Operating Expenses

Supplies-$9,400

Vector production: Supplies include Cas9 protein, cell culture plates, cell media, media
additives, and transfection reagents. These are required for the construction and
maintenance of vaccine vectors. $6,500

ELISA/antibody characterization: Supplies include recombinant proteins, buffers and
solutions, secondary antibodies, and ELISA plates. These materials will support evaluation
of immunogenicity and antibody responses. $3,500

Professional/Consultant Services $8,680.00
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Hormone quantification: Hormone testing will be conducted by an endocrinology
laboratory at the University of California, Los Angeles (UCLA), using LC-MS/MS.
Estimated at $90 per sample for 50 samples. $4,500

Protein production: Three GnRH fusion proteins will be produced by Pharmaron (a life
science contract research organization) at $2,750 each. $8,250

In vitro testing: Testing of vaccine constructs and vector performance will be conducted
through Pharmaron services. $25,000

Please note that the Tarshis foundation will contributes $29,070 towards these services.

c. Other Funding Sources: This project is partially supported by the Tarshis foundation’s
endowment and by private donations received by the foundation. These funds will
complement VPCRAC support and ensure continuity of project activities.
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Date: 09/26/2025
Dear VPCRAC Committee Members,

I am writing on behalf of Pharmaron to express our support for the Amber and Adam
Tarshis Foundation’s grant proposal to the California Department of Food and
Agriculture’s Vertebrate Pest Control Research Program. Pharmaron has been
collaborating with the Tarshis Foundation on the evaluation of GhnRH antigens through our
protein and in vivo teams. We have generated recombinant proteins and tested these
proteins forimmunization in rats, and we are committed to continuing our support of this
important research.

Sincerely,
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the formatting or formulas in cells. Rows may be added to accommodate additional personnel or funding sources, if necessary. Contact
the CDFA staff at (916) 764-7759 or IPCinfo@cdfa.ca.gov for help filling out this template.

Project Title: Vector based, GnRH Immunocontraception Vaccine for Rodent Control
Project Leader(s):  Mohammed Selman

2023-2024 2024-2025 2025-2026 Total
A. PERSONNEL (name, role, % based on full time salary)
Salary
Staff Research Associate (N. Duenas) (14%) $11,000.00 $11,000.00
Staff Scientist (14%) $17,000.00 $17,000.00
$0.00
$0.00
Salary Total $0.00 $0.00 $28,000.00 $28,000.00
Benefits
Staff Research Associate (N. Duenas) $1,540.00 $1,540.00
Staff Scientist $2,380.00 $2,380.00
$0.00
$0.00
Benefits Total $0.00 $0.00 $3,920.00 $3,920.00
Personnel Cost (A) $0.00 $0.00 $31,920.00 $31,920.00
B. OPERATING EXPENSES
Supplies $9,400.00 $9,400.00
Equipment $0.00
Travel $0.00
Professional/Consultant Services(Cannot exceed $65/hour) $8,680.00 $8,680.00
Other $0.00
Operating Cost (B) $0.00 $0.00 $18,080.00 $18,080.00
TOTAL Costs (A+B) $0.00 $0.00 $50,000.00 $50,000.00
Indirect Costs
C. (Cannot Exceed 10% of Total Costs (A+B)) $0.00
TOTAL CDFA FUNDING REQUESTED (A+B+C) $0.00 $0.00 $50,000.00 $50,000.00
D. OTHER FUNDING SOURCES
Tarshis Foundation $45,000.00 $45,000.00
$0.00
$0.00
$0.00
$0.00
TOTAL OTHER FUNDING (C) $0.00 $0.00 $45,000.00 $45,000.00
TOTAL PROJECT BUDGET (A+B+C+D) $0.00 $0.00 $95,000.00 $95,000.00
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