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INTRODUCTION

Last year marked the 150" anniversary of the Department of Agriculture. Established on May 15, 1862, President
Abraham Lincoln later coined the phrase “the People’s Department” in acknowledging the role of the Department in
solving problems for the agriculture sector that benefits all people every day. Thus, well before the coining of the
modern day phrase of “technology transfer,” it was the culture of USDA to deliver these solutions to the people of the
United States. Today, USDA broadly defines technology transfer as the adoption of research outcomes (i.e., solutions)
for public benefit. Seemingly a simple statement, that process of adoption is complicated, requiring integration of
many assets from disparate sources in the successful delivery of solutions. “Public benefit” is achieved through many
mechanisms including public release of information, tools, and solutions (e.g., germplasm, plants and other materials),
adoption by partners through collaborative research, formal cooperative research and development agreements
(CRADA) authorized by the Federal Technology Transfer Act (1986), direct federal, state, or local technical assistance,
or through licensing of biological materials or protected intellectual property directly to not-for-profit entities and for-
profit private sector firms. Additionally, successful adoption of USDA knowledge and research outcomes typically
requires complementary assets and services provided by multiple agencies in USDA, including agencies that are not
primarily engaged in direct research in the physical and life science arenas.

Agencies themselves seldom can transfer technologies to the end user and knowledge alone; except where benefit is
provided directly by federal, state, or municipal entities, the private sector serves as the essential delivery mechanism
and intermediary between public research and realization of public benefit. Additionally, private sector involvement
also adds the benefits of creating new or expanded businesses, jobs, and economic prosperity.

Science-based innovations from USDA intramural research --- often developed through public/private partnerships-
create new or improved technologies, processes, products and services that benefit the nation by increasing
productivity, increasing efficiency (keeping costs low) and enhancing global competitiveness for the U.S. agriculture
sector. Thus, technology transfer functions are critical to accelerating utility of public R & D investments, creating
economic activity, and in job creation and sustainable economic development.

The Agricultural Research Service (ARS) has been delegated authority by the Secretary of Agriculture to administer
the patent program for ARS, and the review of CRADAs and the technology licensing program for all intramural
research conducted by USDA. These activities are housed in the Office of Technology Transfer.

On October 28, 2011, following a series of reports identifying the status of technology transfer from federal funds and
federal laboratories, the White House issued the Presidential Memorandum — Accelerating Technology Transfer and
Commercialization of Federal Research in Support of High-Growth Businesses.” Issuance of this Memorandum
provided an unprecedented opportunity for unifying technology transfer across USDA S&T agencies as the mechanism
to deliver these outcomes for public good. In the USDA’s response to the Presidential Memorandum
(http://www.nist.gov/tpo/publications/upload/USDA-Tech-Transfer-Plan.pdf), several initiatives were identified to
promote technology transfer and commercialization. These initiatives will usher in a new era of unprecedented
collaboration among agencies of USDA to enhance services and opportunities to the customers and stakeholders of the
Department. This Report describes progress in implementing these initiatives.

This report covers technology transfer activities and metrics for the Agricultural Research Service (ARS), Forest
Service (FS), Animal and Plant Health Inspection Service’s Wildlife Services (APHIS-WS), Animal and Plant Health
Inspection Service’s Veterinary Services (APHIS-VS), Animal and Plant Health Inspection Service’s Plant Protection
and Quarantine (APHIS-PPQ), Animal and Plant Health Inspection Service’s Biotechnology Regulatory Services
(APHIS-BRS), Animal and Plant Health Inspection Service’s International Services (APHIS-IS), National Institute of
Food and Agriculture (NIFA), Economic Research Service (ERS), National Agricultural Statistics Service (NASS),
Foreign Agricultural Service (FAS), Rural Development (RD), Agricultural Marketing Service (AMS), Grain
Inspection, Packers and Stockyards Administration (GIPSA), Food Safety and Inspection service (FSIS) and Natural
Resources Conservation Service (NRCS).
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COMBINED METRIC TABLES FOR ALL USDA AGENCIES

Table 1: Invention Disclosures and Patents from APHIS, FS and ARS.

FY 2009 FY 2010 FY 2011 FY 2012 | FY 2013
Invention Disclosures
1 | Number of new inventions disclosed 178 149 158 160 180
Patents
2 | Number of patent applications filed 123 113 124 122 147
3 | Number of patents received 24 45 49 69 51
Table 2: Income Bearing Licenses from APHIS, FS and ARS.
FY 2009 FY 2010 FY 2011 FY 2012 | FY 2013
Income Bearing Licenses
4 | Number of income bearing licenses 327 340 354 379 397
5 Exclusive licenses 234 248 257 277 291
6 Partially exclusive licenses 20 16 16 14 13
7 Non-exclusive licenses 73 76 81 88 93
Elapsed Amount of Time for
Granting Licenses
8 Average (months) 6.7 6.6 5.9 5.8 35
9 Minimum (months) 0.7 0.7 0.6 0.3 0.4
10 Maximum (months) 18.4 18.5 18.2 19.7 12.5
Table 3: Licensing Income from ARS.
FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Earned Royalty Income
Earned Royalty Income from top
11 | 1% of licenses N/R N/R N/R N/R N/R
Earned Royalty Income from top
12 | 5% of licenses $2,756,813 | $1,493,458 | $1,932,199 | $1,752,369 | $1,969,157
Earned Royalty Income from top
13 | 20% of licenses $3,874,294 | $2,540,103 | $2,672,416 | $2,604,010 | $2,892,798
14 | Minimum Earned Royalty Income $12 $2 $6 $44 $5
15 | Maximum Earned Royalty Income | $1,715,890 $331,674 $630,847 $757,219 $856,987
16 | Median Earned Royalty Income $4,485 $4,911 $4,748 $5,000 $3,609
Disposition of Earned Royalty
Income
17 | Total amount of Earned Royalty $4,422,023 | $3,075,199 | $3,136,813 | $3,059,989 | $3,353,876
FY13 Page 5
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Income received

Percent of Earned Royalty Income

18 | distributed to inventors 2504 2504 2504 2504 2504
Percent of Earned Royalty Income
distributed to the agency or 0% 0% 0% 0% 0%

19 | laboratory

20 | Licenses terminated for cause 0 0 0 0

N/R, data is not reported due to its proprietary nature.

Table 4: CRADAs from APHIS, FS and ARS.

FY 2009 FY 2010 FY 2011 | FY 2012 FY 2013

CRADAs

21 | Number of active CRADAS 243 273 292 274 259
Number of newly executed

22 | CRADAS 81 92 102 65 86
Act!ve CRADAS with small N/A N/A N/A 130 117

23 | business involvement
Number of small businesses

24 | involved in active CRADAS N/A N/A N/A 130 17
Traditional CRADAS

25 | Active traditional CRADAS 201 219 207 211 211
Newly executed traditional

26 | CRADAS 58 66 68 45 54
Non-traditional CRADASs

27 | Active non-traditional CRADAS 42 54 85 63 48
Newly executed non-traditional 18 99 21 14 21

28

CRADAs

N/A, data is not available at time of report..

FY13
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Response to Presidential Memorandum on Accelerating Technology Transfer and
Commercialization of Federal Research in Support of High-Growth Business

USDA 1: New metrics proposed for standard annual reporting in addition to those required by
Circular A-11 instructions on annual reporting of technology transfer (ARS)

Over the past few years, ARS has added tabular metrics beyond those required by OMB Circular A-11
instructions for annual reporting to Congress as part of the President’s budget submission. In response to the
Presidential Memorandum, ARS initiated several new performance metrics in FY 2012 (Table 2 and 3) in
addition to those already reported in the Annual Report on Technology Transfer. These metrics will enhance our
ability to better monitor partnerships with small businesses, and to quantify some technology transfer activities
specific to USDA. This initiative is now completed and the new data will now be reported as standard metrics in
future years.

Table 2. New metrics included in the standard annual reporting in addition to those required by
Circular A-11 instructions on annual reporting of technology transfer.

R&D

Agreement-related

Patent-related

License-related

Number of plant varieties &

germplasm distributed

Number of CRADAS
modified with an expanded
research plan

Number of university
co-owned
inventions/patents

Number of inventions
licensed to university
CO-Owners

Examples of significant

technology transfer outcomes

that did not involve a

Development of new
agreements to advance
ARS’s mission, such as the

Breakdown of
patenting activities
based upon scientific

Breakdown of the
distribution of
licensing income

Material Transfer Research
Agreement

patent/license discipline

Number of trade journal
articles & meeting abstracts

USDA 2: Update Policy and Procedure (P&P) 141.2 “Technology Transfer in ARS” (ARS)

An update is necessary to reflect statutory changes since 2000, and to reflect changes in structure and operation of
the National Patent Committees, and to include licensing of biological materials and use of the ATIP network. In
FY 2013, ARS’s Program Leadership Team (PLT) held a workshop to develop a plan for coordinating all
technology transfer activities within ARS to create a more robust and broad technology transfer program. ARS is
currently redefining the technology transfer roles of the Office of Technology Transfer, ARS research line
management, and the Office of National Programs. A new P&P will be written as soon as these roles are defined.

USDA 3: Expand Agricultural Technology Innovation Partnership (ATIP) efforts to enhance
access to complementary assets by USDA partners (ARS)

ATIP members provide the current or prospective private sector partners of ARS with access to business mentors,
entrepreneur schools, and seed and venture funds. ATIP members identify businesses within their region with
technology needs which are matched to ARS scientists’ research outcomes (see ATIP FY 2013 accomplishments
described above).
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USDA 4: Expand outreach efforts of Office of Technology Transfer (OTT) to scientists in ARS
New Title: Expand outreach efforts in technology transfer to scientists in ARS (ARS)

In FY 2011, a new position (Coordinator for Partnerships and Grants) was created to help ARS researchers find
funding opportunities, form partnerships and collaborations, and prepare and submit grant proposals. The
Coordinator created a monthly newsletter (Grantsmanship Times) and a Partnerships and Grants SharePoint site.
This position, originally within OTT, was transferred to the Office of National Programs in FY 2013. In FY
2013, the Coordinator worked to connect ARS’ research capabilities and technologies with a number of different
companies in areas ranging from crop production to tires. This was done through independent scouting,
responding to public solicitations, responding to industry scouting, and through webinars conducted by Federal
Laboratory Consortium. This outreach has resulted in several agreements as well as ongoing discussions between
ARS and commercial partners in a number of areas

OTT continued a series of webinar training events organized by research topic rather than by geographic area.
This approach results in more robust technology transfer training program tailored to a specific field of science.
By including researchers across the country with common research programs, this training method also resulted in
greater research collaboration among ARS scientists across the country.

OTT developed an online training module that compares and contrasts partnership agreements to help scientists
determine what type of agreement matches the partnership they would like to establish.

In order to better serve its stakeholders, OTT redesigned its website
(http://www.ars.usda.gov/business/Docs.htm?docid=763) to include a technology transfer training section and to
provide ready access to OTT brochures, documents, and templates.

USDA 5: Encourage other S&T agencies to adopt OTT’s approach to technology transfer (ARS)

Both Rural Development (RD) and National Institute of Food and Agriculture (NIFA) have utilized the ARS
Regional Forums (see USDA 7 initiative) as an outreach activity. RD has programs to assist rural businesses and
cooperatives in both the adoption of innovative technologies and the manufacture of products that derived from
innovative technologies. NIFA’s Small Business Innovation Research (SBIR) grant program provides funds to
engage in Research and Development that has the potential for commercialization. During the Forums, ARS
provides technology-based solutions, while RD and NIFA provide funding opportunities. Through this
cooperative effort, RD and NIFA programs can provide businesses funds to implement ARS technology-based
solutions.

OTT also worked with the ARS Office of International Research Programs (OIRP) and Foreign Agriculture
Service (FAS) on one of the initiatives of the Energy and Climate Partnership of the Americas (ECPA),
Advancing Renewable Biomass Energy and provided input for the Initiative’s FY 2013 Policy & Technology
Forum in Panama. The forum include a discussion on how to create a technology transfer program to efficiently
and effectively provide farmers and businesses technology-based solutions to their agricultural problems.

Through an interagency funded agreement, OTT has provided technology transfer services (policy advice,
agreement review, patenting / licensing services, etc.) to the USDA Animal and Plant Health Inspection Service’s
(APHIS) Wildlife Services, USDA Forest Service, and Department of Interior’s (Dol) Bureau of Reclamation.
OTT has also provided policy advice and limited agreement and patent review for APHIS Veterinary Services,
APHIS Plant Protection and Quarantine, and Dol U.S. Fish and Wildlife Service. See USDA 8 initiative on how
ARS is working with SBIR to advance ARS’s technology transfer effort.
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USDA 6: Explore expanded use of Enhanced Use Lease (EUL) authority as technology transfer
tool to promote longer term relationships with key customer groups (ARS)

Under the 2008 Farm Bill, the Secretary was given the authority to establish a pilot project at the Beltsville
Agricultural Research Center (BARC) to lease non-excess property to any private or public entities. The EUL
Project was used as a technology transfer tool designed to provide longer term public-private partnerships than
can be done through existing technology transfer partnership instruments. The pilot authority was used to develop
a process to identify underutilized laboratory resources that could be used by the private sector to commercialize
ARS research outcomes. Prospective lessees needed to establish either a licensing partnership or research
collaboration with ARS. In exchange, EUL terms provide the lessee 20-30 years of use of the facility to develop
its business.

Although this authority has now expired, it proved to be a very successful strategy to leverage resources for
entrepreneurial activities. USDA’s first lessee (Plant Sensory Systems) was a small business that in FY 2013 was
awarded a $1.8 million ARPA-E grant (Better Biofuel Feedstock from Beets) based on the success of the research
project conducted using BARC laboratory facilities. Access to these facilities was essential, because this small
business did not have sufficient capital to build the facilities needed for this research project.

USDA 7: Beginning in FY 2012 /2013, roll out a nationwide series of regional forums to identify
issues and deliver solutions (ARS)

An ATIP Partner, Maryland Technology Development Corporation (TEDCO) established the Rural

Business Innovation Initiative (RBI?) program to enhance commercialization activities and to provide technical
and business assistance to small early-stage, technology-based companies in the rural areas of Maryland as
defined by the Rural Maryland Council. Through this program, TEDCO and ARS partnered to hold a number of
regional events, called “Maryland Rural Agriculture and Business Innovation Forums.” The goal of these forums
was to provide to rural farmers and businesses innovations and technology-based solutions to their regional
agricultural problems. The forum approach entailed several steps: (1) A series of regional listening sessions
comprised of businessmen, farmers, economic development organizations, regulatory and extension personnel
were held to identify a broad list of regional issues. (2) From the list of rural issues, TEDCO and ARS selected
those issues that were related to agriculture and had an existing research-based solution, or represented
researchable issues that could be addressed by ARS. (3) ARS & TEDCO selected a smaller group from those that
attended the first listening session for an in-depth discussion of the vetted list of rural issues. (4) Based upon the
in-depth discussion, the forum was convened as a roundtable discussion to address the selected topic issues with
farmers, agri-business professionals, university and ARS researchers, extension service personnel, rural
development personnel, NIST Manufacturing Extension Partnership (MEP), and funding and regulatory agency
personnel.

The goal of this initiative is to roll out the forums nationwide. These forums are described in the ATIP FY 2013
accomplishments described above.

USDA 8: Provide opportunities for applicants to the USDA Small Business Innovation Research
(SBIR) program to partner with ARS scientists to further develop science necessary for
business success (ARS)

This initiative is in collaboration with NIFA, who manages the SBIR program for USDA. This initiative includes
both funded and unfunded SBIR applications. SBIR applicants are provided with information on partnering with
ARS, and receive information from the ATIP Foundation and the ATIP member proximal to the applicant to help
facilitate partnering with ARS after award announcements are made.
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In FY 2013, OTT and SBIR sent letters to both ARS CRADA partners and SBIR applicants. In the letters to ARS
CRADA partners, ARS encouraged these partners to submit SBIR grant proposals. In the letter to SBIR
applicants, SBIR encouraged their FY 2013 applicants that needed research expertise to contact ARS for help.

OTT requested the ATIP network members to encourage their portfolio companies to submit SBIR grant
proposals, if appropriate. Several of the ATIP network members provide mentors to their companies to help
develop grant proposals.

This initiative is now completed and the procedures described above will routinely occur every year.

USDA 9: Provide Cooperative Research and Development Agreement (CRADA) partners
opportunities to link to local Manufacturing Extension Partnership (MEP) resources to
assist in commercialization efforts (ARS)

In FY 2013, OTT worked with the MEP contractor Eureka! Ranch International to find commercialization
partners for four ARS non-patented technologies. These technologies were marketed through the USA National
Innovation Marketplace web portal. Recently, one of the technologies was selected for commercialization. This
approach is an innovative way to find commercialization partners for non-patented technologies. Because many
ARS research technologies are not protected, there is need to find new and innovative approaches for
commercialization.

When appropriate, ARS CRADA partners are provided a contact in their regional National Institute of Standards
and Technology’s Hollings Manufacturing Extension Partnership (MEP) office to provide manufacturing
assistance. OTT works with MEP headquarters to identify those contacts.

When a particular ARS Regional Forums (see USDA 7 initiative) has a manufacturing component, the regional
MEP field staff is invited to provide an overview of the resources they have available to assist in manufacturing.

OTT requested the ATIP network members to encourage their portfolio companies to contact their local MEP for
help in manufacturing.

This initiative is now completed and the procedures described above will routinely occur.

USDA 10: Partner with the University of Mississippi’s “Insight Park’ for extraction, chemical
analysis, and scale up of natural products for production agriculture and pest /
pathogen / disease vector management (ARS)

This initiative directly addresses Section 4 of the Presidential Memorandum in establishing joint partnerships with
university research parks, incubators, and other state / community economic development organizations. DoD’s
Armed Forces Pest Management Board, and the Office of National Programs, USDA ARS, have identified
development of next generation insect repellents as the priority project.

A three way CRADA was signed to combine the research expertise of ARS in entomology and the University of
Mississippi in chemistry with a small business to develop a commercial production protocol for a patented
biopesticide.
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USDA 11: Partner with the National Cancer Institute (NCI) on “Enhancing translation of
nutrition science from bench to food supply” (ARS)
New Title: Establishment of the “Branded Food Products Database for Public Health”
Public-Private Partnership

This initiative has evolved from the initial discussions with NCI. Since NCI as an agency is no longer a partner in
this project, the title has been changed to more accurately reflect the initiative. Individuals within NCI still
participate in the discussions.

In FY 2013, ARS, the ATIP Foundation, and the International Life Science Institute North America (ILSI North
America) established a public-private partnership to enhance the public’s health through increased knowledge of
the nutritional content of the nation’s food supply. This will be accomplished by obtaining comprehensive food
composition data from the food industry and making it available to government, industry, the scientific
community and the general public through an enhanced National Nutrient Database, developed and maintained by
the ARS Nutrient Data Laboratory in Beltsville, MD. A Steering Committee composed of ATIP, ILSI North
America, ILSI North America member scientists, and USDA-ARS was established. In October and November,
2013, two “listening sessions” were held to gather input regarding current and potential usage, and opinions on the
addition of products and nutrients to the proposed enhanced USDA National Nutrient Database, specifically from
existing and potential user groups, and providers of the data.

USDA 12: Evaluate various options for reducing license negotiation transaction costs (ARS)

The Licensing Section is currently reviewing several proposals for establishing standard pre-commercialization
license terms for all CRADA Subject Inventions. The possible benefits include: creating business certainty for

CRADA partners; providing an additional incentive to enter into a CRADA with ARS; and reducing transaction
costs for both the CRADA partner and ARS.

There are, however, some serious considerations to this proposal. For example, some inventions have much
greater market potential than others and would therefore ordinarily command larger license fees. If standard
terms are applied to all inventions regardless of the size of the potential market, then the standard payment
amounts must necessarily be sufficiently low to be reasonable for smaller market opportunities. This may result
in a reduction in license revenues over time. Because technology transfer is an unfunded mandate, ARS uses
license revenues to help support technology transfer activities, including the payment of patent filing and
maintenance costs, negotiation of CRADASs and other collaborative research instruments, and training of scientists
and engineers. Consequently, a reduction in license revenues would negatively impact ARS technology transfer
efforts broadly. Therefore, proposals for the establishment of standard pre-commercialization license terms for all
CRADA Subject Inventions will be evaluated based on both effectiveness in reducing transaction costs and
impact on projected future license revenues. Several different models were developed for further evaluation.

USDA 13: Develop Material Transfer Research Agreement (MTRA) as a new instrument to
promote development and commercialization of materials from USDA

USDA scientists create new materials that may have value in further research and development with the private
sector. Current Material Transfer Agreements (MTA), widely used by USDA, only allow for the transfer of
materials, but not engagement in joint research between the provider and the recipient of the materials. This new
agreement will serve as the authorization to conduct some joint research on the materials transferred. Because
this instrument would not convey rights to negotiate exclusive licenses to any intellectual property arising from
the research, it is intended as an early stage opportunity for proof of concept that may lead to more extensive
research that would be conducted under a CRADA. The MTRA was created in FY 2012 by combining the
Material Transfer Agreement and the Trust Fund Cooperative Agreements authorities. MTRA templates were
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created and integrated into the agreement process. This initiative is now completed and appears to be a success. In
the first year (FY 2012), 12 MTRASs were signed. In FY 2013, the number has increased seven fold to 86. MTRAs
will now be reported as metric in the Collaborative Relationships for Research and Development Table.

USDA 14: Accountability of Scientists and Engineers in Technology Transfer Accomplishments
(FS)

Starting in FY 2012, scientists’ annual performance standards for evaluation were revised to include science
delivery and technology transfer. Scientists now need to document in their performance reviews additional work
beyond publishing to accomplish effective technology transfer and science applications. To be “Fully Successful”
under the “Mission Results” element, both careful planning and actual delivery of technology transfer and science
application activities must be demonstrated. Going forward this effort continues to be high priority.

USDA 15: New uniform metrics for Forest Service Outcomes (FS)

During FY 2013 new performance metrics for Science Delivery products and Science Delivery Activities were
developed. Changes were proposed in the Research Information Tracking System (RITS) to better record and
uniformly track metrics data and the changes are to be implemented in FY 2014. The data entered into RITS
during FY 2013 will be used to evaluate how standardized are the accomplishments reported among the Research
Stations. During FY 2014 the structure of RITS will be adjusted where needed to further refine the way
accomplishments are reported to maximize standardization in the way Stations report accomplishments.

During FY 2013, all Forest Service R&D performance metrics were reviewed to ensure that each existing metric
was appropriate for adequately presenting R&D accomplishments. Where needed, the definitions of metrics
were revised:

Formally refereed publications

Informally refereed publications

Number of patents issued

Number of US states for which FIA data is less than 2 years old and accessible to external customers
Number of US States covered by the FIA Program

Metrics were retired:
o Non-refereed publications
e Percentage of total R&D publications that are refereed
e Total Publications

New metrics were developed:

Patent licenses executed

New patent applications filed

New invention disclosures received

Science delivery products

Science delivery services

Funding to 1862 land grant colleges and universities
Funding to 1890 land grant colleges and universities
Funding to 1994 land grant colleges and universities
Funding to non-academic institutions

Leveraged funds from Grants and Agreements

FY13 Page 12



Annual Reporting on Technology Transfer in USDA, FY 2013

Or were not changed:
o Fire Science Output efficiency index
o Fires science quality index
o Five-year running average of the number of R&D tools developed, delivered, and used for management
of Invasive Species
Customer satisfaction index score for R&D products and services
Dollars of federal research funding provided to institutions of higher learning
Dollars of research funding awarded to Historically Black Colleges and Universities (HBCUSs)
Dollars of research funding awarded to Hispanic Serving Institutions (HSIs)
Dollars of research funding awarded to minority serving institutions
Percent of federal research funding awarded to HBCUSs, Tribal Colleges and Universities (TCUs), and
HSIs
e Dollars of research funding awarded to TCUs

A new “Science Delivery Award” under the Deputy Chief for R&D awards system was created, with the first
recipient awarded in January 2012. The first recipient was selected for playing a critical role in developing fire
behavior prediction and fire danger rating systems models now available for fire management applications.

The second Chief’s Science Delivery Award was presented in January, 2013 for a FS employee’s work in the area
of agroforestry for the development and delivery of user-friendly tools for planning, designing, implementing, and
managing conservation buffers for producing multiple services. This award will continue to be presented
annually.

The Patent Program website has recently been updated and includes a current listing of patented FS technologies
available for licensing. Patent Program staff are currently working with FS Office of Communication to
showcase key patents on the National R&D website, with further revisions underway. Also, an RSS feed of
available technologies has been posted on the Federal Laboratory Consortium website, which is another way for
FS patented technologies to gain national exposure.

USDA 16: New metrics on research outcomes related to intellectual property (patents) (FS)

FS R&D developed and implemented the Research Information Tracking System (RITS), which became the
official FS reporting vehicle for all science publications in FY 2010. RITS improves the quality and consistency
of data, provides transparency to the public, and reduces the need for burdensome data calls. The newest version
of RITS incorporates patent data which is connected to related publications on specific technology focus areas.
Patent data in RITS has now been entered from FY 2010 through FY 2013. Work is underway to add one more
year of patent data for a total of five years. Going forward, patent data will be entered in RITS annually.
Additional updates to improve the patent portion of RITS are planned for future releases.

During 2013 a number of advances in metrics reporting were accomplished. FY 2013 was the first year that RITS
was used to report Invasive Species tools, as the tools had been submitted manually in previous years. Reporting
the tools through RITS was an improvement because it standardized reporting so there was less need for the
program lead to winnow mis-categorized accomplishments. There proved to be a greater diversity and number in
the types of Invasive Species tools reported indicating a more complete response from the field compared to past
years.

Currently, Forest Service R&D is reporting citations of Station scientists’ publications as indices of the impact of
Forest Service science. These indices are the average number of times FS scientists’ papers are cited in the
Science Citation Index during the previous 10-year period beginning two years after publication. These include
the average annual number of high impact papers (papers cited more than 20 times) and the average annual
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number of very high impact papers (papers cited more than 50 times). As reported in Web of Science, over the
period from 2004 through October 2013, publications authored by FS R&D scientists were cited in peer reviewed
scientific journals an average of 11,898 times per year for a total of 118,984 citations over the ten year period.
There were 1,676 high impact papers during that period and 452 very high impact papers.

FY 2013 marked the third year of operation for the Forest Service Research Data Archive
(http://www.fs.usda.gov/rds/archive). It added 37 research data sets to its catalog in FY 2013 (56 percent increase
relative to FY 2012), and now offers 103 research data sets to the public and global science community. Four of
these new data sets resulted from the archive’s service agreement with the Joint Fire Science Program
(http://www.firescience.gov). Another four of the new data sets were second editions of previously published
data; copies of each of these have already been acquired by customers. Over 950 people downloaded a published
data set in FY 2013 (> 400 percent increase relative to FY 2012); 70 percent of the data sets have been
downloaded by a customer at least once. The archive expects to begin tracking citations of its published data sets
in FY 2014 using the digital object identifiers (DOIs) it assigns to each data set. To help Experimental Forests &
Ranges (EFRs) prepare for improved management of research data and for meeting the requirements of the OSTP
memao of February 2013, the archive presented a well-attended webinar on data sharing and publication to the
EFR science community

USDA 17: Explore additional ways FS and ARS can work together on intellectual property and
related matters (FS)

Cooperative Research and Development Agreements (CRADAS) are widely used within the FS to enable
researchers to work with university partners and industry leaders and are drafted by the FS Grants and
Agreements Specialists. Recognizing efficiencies that could be gained by having standardized agreement
language and procedures, FS has used ARS as a CRADA resource in FY 2013 to assist with CRADA questions.
The ARS Partnership Liaison and Deputy Assistant Administrator, Office of Tech Transfer, held a teleconference
training session on CRADA s for FS Grants & Agreements Specialists in FY 2013.

Further collaboration on various technology transfer agreements, such as Material Transfer Agreements (MTAS)
and CRADA:s is planned for the next FY, as are collaborations involving jointly owned inventions and patent
prosecution matters.

USDA 18: Enhance education and extension outreach efforts (FS)

FS R&D has a focused effort to educate children about conservation of natural resources and ecology. For
example, FS R&D, in cooperation with University of Georgia, created a web-based conservation education
program tool called EUGENE (Ecological Understanding as a Guideline for Evaluation of Non-formal Education)
based on ecological principles. Educators can use this on-line tool to measure students’ gain in knowledge of
ecological principles after exposure to the program. Metrics related to this effort that are currently tracked, or will
be tracked, include number of downloads of course materials, number of Natural Inquirers downloaded and
mailed in printed form, number of teachers using FS-developed educational materials, and cooperative
agreements and other efforts with related groups, such as the Cradle of Forestry.

Similar to state Extension services provided by many universities, the Forest Products Laboratory’s (FPL)
Technology Marketing Unit (TMU) provides a broad scope of expertise in wood products

utilization, marketing, technology transfer, and technical assistance. The TMU is part of the FS S&PF and
collaborates with many different partners, particularly the FS R&D staff and state forestry agencies. In promoting
the efficient, sustainable use of wood, the TMU assists private businesses, local governments, and rural
communities by transferring wood-based technologies developed by the FPL, other FS research stations,
universities, and other Federal research laboratories. The TMU supports the national and international mission of
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the FS in forest products utilization by ensuring ready adoption of forest-based material technologies to many
small, rural forest product businesses. The breadth of TMU’s work includes forest products conservation,
processing, manufacturing efficiency, marketing, recycling, and bioenergy. Technical assistance efforts include
publications, technical assistance visits, conferences, workshops, meetings, and individual consultations. The
TMU manages and awards approximately $5 million annually each year in grants dedicated to helping improve
the utilization of woody biomass removed from forest restoration projects.

USDA 19: Enhance FS interactions with entrepreneurship activities at educational institutions
(FS)

FS Patent Program has been working with University of Wisconsin-Whitewater through their Small Business
Development Center for five semesters in which upper class undergraduate business and entrepreneurship
students enrolled in “Consulting for Entrepreneurial Companies” develop marketing plans and ideas for patented
FS technologies. Each semester a single technology is investigated in depth and a marketing report is produced.
This report is shared with the FS inventors and, if applicable, joint owners for possible further action. In
addition, students are encouraged to consider starting businesses based on the technologies.

FS has also been working with University of Wisconsin-Madison MBA students in the “Strategic Management of
Innovation” class each spring semester for two years. For this class, a variety of patented FS technologies along
with patented technologies from Wisconsin Alumni Research Foundation, the patenting and licensing arm of the
University of Wisconsin, are presented to the class at the beginning of the semester. Students are divided into
groups of 4-6 students. Each group picks one of the technologies to research and prepare a marketing report.
These students are also encouraged to consider starting businesses based on the technologies.

A new effort in fall, 2013 is working with Gonzaga University’s Hogan Entrepreneurial Leadership Program on a
jointly owned patent pending technology for a cheat grass biocontrol. The students are preparing a marketing
strategy report as well as discussing the technology with Gonzaga alumni and others to locate potential licensees
to manufacture and market the product so it is available for use throughout the western United States where cheat
grass is a major invasive plant problem.

USDA 20: Increase awareness in WS of technology transfer mechanisms, leading to increased pace
of effective technology transfer and commercialization (APHIS)

Wildlife Services/ National Wildlife Research Center has traditionally been active in transferring technology and
scientific information through use of outreach to collaborators, including Wildlife Services operational personnel,
and through publications. Successful outcomes may include improved wildlife damage management practices,
scientific information that enhances U.S. competitiveness by protecting crops and structures, or increased
awareness about wildlife diseases that threaten health of livestock or humans. Most of these outcomes do not
require a patent and license for implementation. This initiative is designed to increase awareness among WS
personnel about the importance of both formal and informal technology transfer.

In FY 2013 WS provided training on technology transfer to its scientists increasing the general knowledge and
raising the awareness of scientists as to the power of partnerships, importance of developing intellectual property
and the array of technology transfer agreement available to facilitate their research. WS will continue to track and
encourage scientist participation in technology transfer agreements.

WS continues to emphasize the importance of collaborative agreements with stakeholders to offset diminishing
discretionary funding, while increasing relevance of research to stakeholders such as the private sector. WS, as
part of the annual report table, will continue to track the number of agreements it maintains each year, including
cooperative agreements, cooperative service agreements, MOUs, and interagency agreements. In addition WS
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will track numbers of specific technology transfer agreements, including confidentiality agreements, material
transfer agreements, and CRADASs. In FY 2013, WS/NWRC maintained 9 active CRADAs. One new CRADA
was signed in 2013. This CRADA is with the Australian Invasive Animals Cooperative Research Centre and
provides WS $695,000 for the development of vertebrate pest control tools. Two additional CRADAS were
drafted in 2014 that will be signed in 2014. WS is currently partners in 48 Confidentiality Agreements, 9 of
which were new in 2013, and 41 Material Transfer Agreements, 11of which were new in 2013. WS will also
provide examples of outcomes adopted by end users.

USDA 21: Increase knowledge of WS and NWRC and their impact in preventing wildlife conflicts,
leading to increased development of collaborative research and more effective use of public
resources (APHIS)

WS NWRC has committed to increasing the amount of information disseminated to the general public and
stakeholders on research, collaborations and products provided by the Program. The WS NWRC works closely
with APHIS public affairs staff in the preparation and dissemination of information on NWRC research and
collaborations, as well as WS’ role as the premier organization for managing human-wildlife conflicts.

As part of continued efforts to increase local and regional community awareness of the WS NWRC, in FY 2013
the Center hosted tours to more than 300 students, visiting scientists, business and agency partners, and USDA
employees. It also partnered with representatives at Colorado State University and the Centers for Disease
Control and Prevention to coordinate and host 9 seminars as part of the Foothills Infectious Diseases Seminar
Series. Center representatives hosted booths at university career fairs to informatien students of potential job
opportunities with the WS NWRC. Through the USDA blog site, twitter site, and GovDelivery system, the WS
NWRC notified various stakeholders of research activities, accomplishments, and upcoming events. WS NWRC
published 28 brochures, factsheets, press releases and reports for the general public.

The Center highlighted its research accomplishments in various outlets including preparing and submitting
nominations for the CO-LABS Colorado Governor’s Award for High-Impact Research and the Federal
Laboratory Consortium’s Technology Transfer Award. Submissions were also prepared for the Federal
Laboratory Consortium’s 2014 Calendar and 2013 edition of Federal Laboratories & State and Local
Governments: Partners for Technology Transfer Success. These outlets highlighted WS NWRC at the Federal
level and encourage collaborations with other Federal and private research laboratories.

USDA 22: Increase the pace of WS technology transfer and commercialization activities (APHIS)

To accomplish this objective, WS/NWRC will increase its efforts to obtain partners for technologies ready to be
commercialized by working with ARS and by utilizing the ATIP Program.

Wildlife Services will continue maintaining existing products and registering new products with the
Environmental Protection Agency and the Food and Drug Administration for use by Wildlife Services personnel
and the public. In FY 2013, APHIS/WS maintained 15 Section 3 EPA Registrations and made 1 new registration
application submission. A total of 26 Section 24c (Special Local Need) Registrations were maintained and three
new labels were obtained; 1 Experimental Use Permit was in place. In addition, APHIS/WS maintained 2 FDA
Investigational New Animal Drug permits.

USDA 23: Enhance Collaboration Efforts in Pest Detection and Management (APHIS)
PPQ’s scientific support focuses on improving and developing pest detection and management tools to discover

new invasive species early and respond quickly, better identify and target offshore pest threats, develop diagnostic
tools and techniques, and transfer technology to cooperators and impacted industries.
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Objective - Enhance the Understanding of Potential Threats: Collaboration, cooperation and participation

between PPQ and domestic and foreign plant health communities that result in information transfer and project
cooperation and participation.

In 2013, PPQ’s Center for Plant Health Science and technology (CPHST) processed nearly $17 million
in 198 agreements. A total of 22 percent are represented by interagency agreements while 78 percent are
cooperative agreements. The financial resources for CPHST agreements are from appropriated and
special funds and from the Farm Bill ~ (Sections 10201 and 10202). Acquisition of Farm Bill funding
has become critical to the ability of PPQ to conduct cooperative research. Farm Bill resources fund 67
percent of the agreements established by CPHST. In 2013, colleges and universities represented 65
percent of the agreements followed by USDA ARS at 17 percent and non-ARS government agencies at
11 percent. The remaining 7 percent of agreements are represented by USDA Foreign Agriculture
Service (FAS), and non-profit and for-profit organizations. In 2013, 71 cooperative agreements were new
and 83 were continuing, and 28 interagency agreements were new and 16 were continuing. PPQ S&T
funded agreements in nearly every state.

Increased support of imports, exports and preparedness by directing the completion of 22 commodity
import pest risk analyses (PRAs, 17 for Q-56 and 5 for Q-37, representing potential new market access
for 39 country-commodity combinations), 23 weed risk assessments used to support policy decisions, and
technical justification (export pest lists, export PRAS, other analytical support) to open, expand or retain
43 export markets for the United States (31 analyses completed, 12 in progress).

The New Pest Advisory Group (NPAG) analyzed 50 pests, completing 33 full NPAG reports and 36 pre-
assessments. Of the 33 full NPAG reports, 19 pests received port policies of reportable/actionable, three
pests were kept regulated at the genus level, and 11 pests were deregulated (for continental US and/or
Hawaii and territories) after consultation with the National Plant Board.

The Deregulation Evaluation of Established Pests (DEEP) Team evaluated 35 pests in FY 2013, and
submitted 30 to the Federally Recognized State Managed Phytosanitary program and National Plant
Board for consideration. The New Pest Response Guidelines team completed reports for 12 organisms,
including five pathogens and seven insects.

Objective - Make Technically Accurate Diagnostic Tools Widely Available on a Timely Basis: PPQ leverages

partnerships with academic institutions, state and federal agencies, industry, and international partners to share
data, transfer technology, and ensure PPQ and cooperators are provided with the most current and robust
diagnostic tools. Strategies include

Develop infrastructure to provide technical advice and support to facilitate the technology transfer of
methods involving standardized surveys and operational diagnostics standard operating procedures
(SOPs); work instructions; and on-site hands-on training for PPQ and collaborating labs in the use of
survey, detection and identification protocols for high consequence plant pests and pathogens.

0 CPHST increased APHIS preparedness for plant pathogen detection by providing hands-on
training for 37diagnosticians from the National Plant Diagnostic Network, state departments of
agriculture, PPQ and universities. Six workshops were offered in 2013, providing training on
bioinformatics and molecular diagnostics for Phytophthora ramorum, Phytophthora kernoviae,
potato wart, sweet orange scab, citrus black spot, citrus leprosis, and citrus greening.

CPHST provided pest survey guidelines and other survey resources for state cooperators on the
Cooperative Agricultural Pest Survey Resource and Collaboration website.

The CPHST Identification Technology Program provided several new digital pest identification tools that
are made available online, including an online guide to pest identification websites and an image
reference collection. In addition, the program produced several identification tools for specific pest
groups through web-based resources and mobile apps.

Work with the Plant Germplasm Quarantine Program and its cooperators to identify and develop methods
to be utilized and validated to screen germplasm for targeted pests; work cooperatively with programs to
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transfer these methods into operations. Select program examples include:
o0 Continued coordination and resourcing of the National Clean Plant Network (NCPN), a
consortium laboratories throughout the nation established to diagnose for plant pathogens, apply
therapies, and establish clean plants into foundations

Objective - Make Appropriate and Technically Sound Survey Methods Widely Available on a Timely
Basis: PPQ science support provides survey methods and techniques that are practical and feasible for the
end-user.

¢ Enhance the technology transfer process to ensure transparency and effective use of the provided tools.

o0 Consulted with ARS to obtain assistance in establishing technology transfer agreements. Hired a
National Scientific Technologies coordinator to help identify new technology for potential
evaluation and determine technology transfer needs and opportunities.

0 CPHST provided pest survey guidelines and other survey resources for state cooperators on the
Cooperative Agricultural Pest Survey Resource and Collaboration website.

0 The CPHST Identification Technology Program provided several new digital pest identification
tools that are made available online, including an online guide to pest identification websites and
an image reference collection. In addition, the program produced several identification tools for
specific pest groups through web-based resources and mobile apps.

o CPHST also completed molecular analysis of ~160 Oriental fruit flies (Bactrocera dorsalis complex)
representing all captures reported by California for 2008-2012. DNA markers clearly showed that most
Bactrocera detections occurring in California LA Basin during 2012 did not originate from Hawaii, and
must have another origin.

e CPHST also developed DNA data sets to estimate the source of Mediterranean fruit fly captures and has
transferred these methods to state labs in California and Florida.

e CPHST provided new information host tree susceptibility to Asian longhorned beetle. Improved
information on host species will have major impacts on the effective use of resources for survey and
treatment.

Objective - Provide and Support New Technologies for Existing and New Programs: PPQ stays abreast of
cutting-edge technology developments by maintaining partnerships with industry, academia, state and federal
agencies, international entities, and PPQ program personnel and transfers these technologies to cooperators and
industry impacted by plant pests.

USDA 24: Provide Timely Scientific and Technical Support for Emergency Response and
Management (APHIS)

PPQ must develop and maintain a high level of expertise to support preparedness in the areas of science, technical
support, and technology transfer for rapid response efforts.

Objective - Ensure CPHST Resources and Tools Meet PPQ’s Emergency Response Needs: Resources and
tools must be accessible to collect information, analyze and respond to plant health and all-hazard emergencies.
CPHST must be able to effectively communicate and deploy the appropriate tools to support PPQ in
emergencies. CPHST must establish partnerships with external collaborators to coordinate Technical Working
Groups that analyze scientific information and data in support of emergency response. Strategies include:

e In order to enhance exotic fruit fly control efforts, CPHST delivered a tool for monitoring the
effectiveness of sterile Mexican fruit fly releases. The tool is used to determine optimum sterile release
rates for quality assurance, and aids in decision making for initiation of quarantines when mated female
Mexican fruit flies are captured. The tool was successfully used to avoid the initiation of 2 separate
guarantines during the 2012/13 citrus season.
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o Diagnostic tools are developed and deployed within established timeframes to accurately identify targeted
plant diseases and pests in support of PPQ pest management responses that will minimize economic
losses in agriculture and natural resources and to ensure international and interstate commerce.

0 In 2013, development or validation of improved diagnostic methods for pathogens causing citrus
black spot, maize late wilt, sudden oak death, citrus variegated chlorosis, sweet orange scab, and
Plum pox virus as well as methods for Phytophthora kernoviae, Peronosclerospora species of
concern including the Select Agent P. philippinensis, P. australiensis, and P. maydis, and rapid
diagnostic methods for CAPS for screening of Phytoplasmas. In addition, new methods were
developed for 21 insects and 7 mollusks. Citrus leprosis virus diagnostics were refined to allow
detection of the virus in single mite. Citrus greening detection methods were improved to increase
the composite number of Asian citrus psyllids that can be tested and reduce psyllid testing costs
by 80 percent, and permit simultaneous testing of Ca. Liberibacter asiaticus and L. americanus.

e Continue the NPPLAP accreditation of federal, state and academic diagnostic labs and certification of
diagnosticians.

0 The National Plant Protection Laboratory Accreditation Program provided proficiency test panels
for citrus greening, Phytophthora ramorum and Plum pox virus (PPV), resulting in the
certification of 35 diagnosticians in 12 labs in 9 states. The P. ramorum panel resulted in the
certification of 30 diagnosticians in 16 labs within 11 states and the PPV panel resulted in the
certification of 12 diagnosticians in 6 labs within 6 states.

Objective — Pest management treatments are developed and applied within established deadlines to eradicate or
manage regulatory pest of concern to facilitate safe international trade or interstate movement of agricultural
commodities.

e In 2013, direct development of biological control methods to control Asian citrus psyllid (ACP) and citrus
greening. CPHST released 370,000 parasitoids of the biological control agent Tamarixia radiata in the
Rio Grande Valley of Texas, with 176,000 agents released within 5 miles of the site where citrus greening
was detected in January 2012.

e CPHST has also partnered with local Master Gardeners, Texas A&M Agrilife Extension and Texas Citrus
Mutual to install 19 field insectary cages in RV parks to help augment parasitoid release humbers and
protect trees in urban areas. Average production per cage is over 11,000 parasitoids.

e In 2013, CPHST has also increased production of T. radiata and has provided Mexico (APHIS-IS) with
50,000 parasitoids per month to release in the state of Tamaulipas across the border from the Rio Grande
Valley. CPHST scientists collaborated with California to initiate mass rearing of T. radiata to protect the
state’s citrus industry, and the first collection of 19,000 wasps was provided for release in August in
southern California.

o For emerald ash borer (EAB) bio-control, CPHST discovered two additional parasite species in the
Russian Far East, and is currently in the process of transferring colonies to the Otis quarantine facility for
non-target testing.

USDA 25: Improve Communications between CPHST and its Customers to assure Market
Relevance (APHIS)

CPHST aims to establish and maintain an effective dialogue with its customers to ensure development activities
are useful and applicable to customer needs.

Objective - Improve CPHST Knowledge and Understanding of Customers: Scientists must understand the
customer and circumstance to provide appropriate deliverables. Strategies include:
o Place scientists responsible for tool development in the field to ensure effective tech transfer and learn
more about implementation under field conditions and environment.
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e Hold periodic reviews with customers to discuss ongoing projects and identify new needs and
requirements. Select program examples include:

0 Long-term program Strategic Planning focus groups with a wide range of stakeholders including
industries representing crops or entities such citrus, cotton, seeds, growers and nurseries.

o0 Continue participation in annual planning reviews of methods development activities with
operational programs (e.g. forest pest program review, treatment program review).

0 The CPHST Executive Director worked closely with APHIS Policy and Program Develop (PPD)
and the ST Management Team to develop a management review requirements document which
outlines a plan to review the six major CPHST laboratories in FY 2014, to ensure the structure
and function are effectively organized to meet current and future PPQ methods development
needs.

USDA 26: Improve the CPHST Work Plan Development and Project Prioritization Process to
Assure High Quality Outcomes for Customers / Stakeholders (APHIS)

CPHST will continue to develop a process with PPQ operations to produce mutually acceptable work plans that
ensure appropriate product quality.

Objective - Deliver Quality Products that Are Acceptable to the Customer and CPHST Scientist: CPHST strives
to deliver quality products that are acceptable and utilized by the customer. CPHST will accomplish this objective
by the customer and scientist agreeing on the product quality-level and building quality-control mechanisms into
the projects. CPHST scientists will work closely with their customers to ensure the end-user is prepared to use
the product appropriately and effectively, and will routinely review and evaluate products after they are delivered
and used by the customers. Strategies include:

o Establish a work group of PPQ operations staff and CPHST personnel to develop a process that details
work plans for priority projects. The work group is charged with considering all elements of the process
starting with the request-for-work through identifying and selecting priority projects.

0 CPHST holds annual meetings with PPQ stakeholders for major project areas (e.g. forest pests,
agricultural quarantine and inspection, etc.) to review current progress and prioritize projects for
the coming year.

o Within the Plant Health Quadrilaterals Group (Quads), a strategic coalition composed of the National
Plant Protection Organizations (NPPOs) of Australia, Canada, New Zealand, and the United States,
develop a diagnostic methods validation guidance document for use within Quads trading partner labs to
facilitate exchange of validated diagnostic methods reducing development/validation time and costs
within each country.

e Continue the work of the PPQ Molecular Diagnostics Coordination and Policy cross functional task force
to develop criteria, select targets and coordinate pilot studies and implementation of molecular diagnostics
at Plant Inspection Station with front-line personnel.

USDA 27: New Metrics (beginning FY 2014) on NIFA outcomes (NIFA)

Efforts to develop procedures for requesting information from NIFA awardees are still underway. Information
will be collected on: 1) number of new jobs created by a small business as the result of receiving SBIR grant
funds; 2) increase in sales of technology or services developed by a small business as the result of receiving SBIR
grant funds; and 3) sale to other businesses of licenses to technology developed by a small business as the result
of receiving SBIR grant funds.

The data on the patents issued based upon Competitive NIFA Funding has been collected for FY 2013 and is now
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being reported (see Table 1).

Table 1. Patents Issued in FY 2013 based upon Competitive NIFA Funding.

Institution Name

Award Number

Patent
Number

Issue Date

Invention Description

Oklahoma State
University

2001-34447-10302,
2002-34447-11908,
2003-34447-13162,
2004-34447-14487,
2005-34447-15711 and
2006-34447-16939

8,278,500*

10/2/2012

This invention provides a
new cultivar of switchgrass
“Cimarron” (SL93 2001-1)
with increased biomass
yield. The invention also
provides seeds, progeny,
parts and methods of use of
Cimarron, such as for the
production of biofuels.

University of
Missouri

2004-34450-14578

8,319,008

11/27/2012

The invention provides
methods for categorically
ranking animals for feed
efficiency.

Wisconsin Alumni
Research Foundation

2005-35503-16303

8,329,218*

12/11/2012

This invention provides
vapor deposition methods
that overcome the kinetic
restrictions imposed by more
conventional vapor
deposition processes and
liquid-cooling techniques to
form amorphous molecular
solids with greatly enhanced
stabilities.

Texas A&M
University

2004-35300-14686

8,362,329

1/29/2013

This invention provides
intergeneric hybrid plants
and methods for production.

Forest Concepts,
LLC., WA

2005-33610-15483 and
2006-33610-17595

8,359,974

1/29/2013

Method of baling
switchgrass at optimum
highway transport densities.
(SBIR Grant)

University of
Arkansas - Joneshoro

2007-33610-17978 and
2008-33610-19482

8,431,774

4/30/2013

A method for Avian
interleukin-12 production
from a plant-based
expression system and
demonstrated its use as an
adjuvant with a vaccine to
control bird flu.

(SBIR Grant)

Agrigenomics, Inc.,
IL

2004-34480-1441

8,431,346

4/30/2013

This invention provides
methods, materials and Kits
for analyzing DNA samples
from bovine to determine
whether the animal is a
recessive carrier of a genetic
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mutation that is associated
with arthrogryposis
multiplex.

Forest Concepts, 2005-33610-15483 and | 8,430,025 | 4/30/2013 | This invention provides an

LLC., WA 2006-33610-17595 engineered tall grass biomass
baling system.
(SBIR Grant)

Wisconsin Alumni 2006-35503-16998 8,431,174 | 4/30/2013 | A method to separate lipids

Research Foundation from cheese whey.

Colorado State 2004-35204-14916, 8,435,731 | 5/7/2013 Compositions and methods

University and 2004-35204-17005 and for the detection, diagnosis

University of 2008-35204-04652 and treatment of bovine viral

Wyoming diarrhea virus (BVDV) are
provided in this invention.

University of Florida | 2007-35607-17777 and | 8,445,24* | 5/21/2013 | Termite enzymes and uses

2009-05245 for in vitro conversion of

lignin-containing materials
to fermentable products.

University of 95-37300-1585 PP23,631 | 5/28/2013 | This invention provides

California, Oakland, Peach rootstock "HBOK

CA 27 which is useful as a
commercial under-stock for
peach and nectarine
cultivars.

Brigham Young 2002-35200-12228 8,450,364* | 5/28/2013 | Use of equol for treating

University; Colorado androgen mediated diseases.

State University and

Children's Hospital

Medical Center of

Cincinnati, Ohio

University of 2005-35605-15388 and | 8,475,807* | 7/2/2013 This invention provides

Maryland 2006-35204-17437 Avian influenza virus live
attenuated vaccine for
epidemic and pandemic
influenza.

Wisconsin Alumni 2005-35503-16328 and | 8,481,28 7/9/2013 This invention provides a

Research Foundation | 97-36200-5189 process of preparing
conjugates of allium
organosulfur compounds
with amino acids, peptides,
and proteins.

University of Illinois | 2003-35304-13482 and | 8,492,614 | 7/23/2013 | This invention provides

2006-34263-16926

compositions and methods
for protecting plants from
environmental stressors such
as UV radiation, arthropods
and nematodes. The
compositions and methods
described in this invention
can be applied to any plant
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(e.g., rice, cotton, soybean,
wheat, alfalfa, corn, garden
pea, barley, rye).

Texas A&M 2004-35300-14686 8,513,499 | 8/20/2013 | The invention provides

University Plants and seeds of Sorghum
line TX3361.

Central Signal, LLC., | 2006-33610-16783 and | 8,517,316 | 8/27/2013 | This invention provides an

WI 2006-33610-18611 improved and cost effective

vehicle detecting system and
methods for tracking,
detecting and monitoring
locomotives and on-track

vehicles.

(SBIR Grant)
Montana State 2001-35316-11109 and | 8,524,222 | 9/3/2013 Bacillus isolates and
University and 2005-33610-16085 methods for their use to
Montana Bio protect against plant
Agriculture, Inc., MT pathogens and virus

transmission.
University of 2001-35204-10184 8,535,685 | 9/17/2013 | This invention provides an
Wisconsin Alumni isolated H3 equine influenza
Research Foundation A virus and methods for

preparing and using the
virus, and genes or proteins.

*In addition to NIFA funding, other federal agencies funding contributed to this patent.

USDA 28: Partner with ARS and the Animal and Plant Health Inspection Service (APHIS) at
USDA on the National Plant Diagnostic Network, and the National Animal Health Laboratory
Network (NIFA)

There are two goals for NIFA in this area.

1) Develop competitive funding opportunities to include ARS scientists in the development of
diagnostic assays and validation protocols that are needed to support APHIS regulatory surveillance
efforts for foreign and emerging plant and animal diseases. Nothing was accomplished in this area in
FY 2013 due to lack of funding but in FY 2014 the Food Security RFA will promote this objective.

2) Coordinate APHIS regulatory and ARS research efforts with relevant components of the Cooperative
Extension Service in order to better identify producer needs and the transfer of relevant technology.
In FY 2013 the Extension Disaster Education Network (EDEN) hosted a symposium that was
supported by NIFA that brought together Extension, APHIS, DHS and other producer group
representatives to explore possible collaboration in, among other things, on-farm disaster
preparedness. Plans for FY 2014 are still being developed.
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USDA 29: ERS is making wider use of social media and new technologies (such as mobile phone
applications) to widen and expand the reach of our information services to the general public
(ERS)

ERS is implementing wider use of social media and new technologies (such as mobile phone applications and
open data methodologies) to widen and expand the reach of our information services to the general public. ERS
has been a leading innovator in support of the Administration’s Digital Strategy and Open Data initiatives,
providing a wealth of products—including data and resources—designed to enhance delivery of information and
services. In FY 2013, ERS released several new tools designed to help consumers more easily access critical
programs and stimulate further innovation:

o Mobile-optimized Amber Waves magazine, including a digital “eZine” (built with Responsive Design
principles to automatically render on multiple devices/screen sizes, providing efficiencies in
design/production) and a magazine app for tablets (enabling offline reading)

o Widgets. ERS build programming tools (“widgets”) that let bloggers and media outlets easily embed charts
from the ERS webpage (such as the popular daily Charts of Note product) onto their own blogs or web pages.
providing embeddable code that websites/bloggers can use to feature ERS’s popular daily Charts of Note
directly on their sites

o \Web content APIs (Application Programming Interface), offering digital professionals a machine-readable
option for accessing publications, charts, and other website content. This allows external customers to
integrate ERS information into their own website content.

e APIs for select data and geospatial/mapping applications, enabling researchers and developers to build
applications using ERS data and process for additional insights.

The new products and tools extend and expand access to ERS research findings, market outlook, and data—
making the Agency’s information more readily available to the general public. These items were a first among
USDA (and many government agencies), enabling USDA to meet its 12-month Digital Government Strategy
goals to ensure high-value services and systems are available anywhere, any time, and on any device. The work
also supports the President’s Management Agenda to improve efficiency, share data with entrepreneurs and
businesses, and stimulate job growth.

USDA 31: Engage in consultation with the Agricultural Technology Innovation Partnership
program (ATIP) to assist in establishing U.S. commercial partners with foreign entities (FAS)

In collaboration with the ARS/Office of Technology Transfer, FAS joined the March 2013 teleconference of the
ATIP to help raise members’ awareness of FAS’s infrastructure and programs to help U.S. commercial entities
find foreign partners and, more specifically, mutual interests for transfer of USDA technologies. In addition,
FAS encouraged the ATIP members to consider further exploring collaboration between FAS and the newly
established ATIP Foundation. The Texas-based Center for Innovation, which is the coordinating member of the
ATIP Foundation, and FAS followed-up to review options for future collaboration.

USDA 32: Provide assistance to ATIP members and their U.S. business clients in finding export
opportunities for goods and services arising from USDA innovations (FAS)

FAS invited ATIP members to attend a FAS regional policy and technology forum in support of the renewable energy
pillar of the Energy and Climate Partnership of the Americas (ECPA). ARS and two U.S. land-grant universities
participated in the forum to showcase collaborative projects in Colombia, Ecuador and Honduras for agricultural
production and usage of biomass for clean energy. In a separate initiative for food security in East Africa, FAS and the
Center for Innovation began exploring opportunities to showcase and potentially transfer USDA innovations to East
African partners to mutually benefit local food and agriculture systems in the region.
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1.0. Agricultural Marketing Service (AMS)

http://www.ams.usda.gov/AMSv1.0/

1.1. Mission Statement

The mission of AMS is to facilitate the strategic marketing of agricultural products in domestic and international
markets, while ensuring fair-trading practices, and promoting a competitive and efficient marketplace to the
benefit of consumers of U.S. food and fiber products. This includes distributing market information, developing
grade standards—many of which are used in the voluntary grading programs funded by user fees—protecting
producers from unfair marketing practices, random testing of commodities for pesticide residues, granting
intellectual property rights protection to new plant varieties, and oversight of industry funded programs to
promote agricultural products and research.

1.2. Nature and Structure of Program

The Agricultural Marketing Service (AMS) is a service-oriented organization that provides a vast array of
marketing services to the agricultural industry. Its mission is derived from over 50 statutes aimed at facilitating
the marketing of food and fiber commodities in domestic and international commerce, commodity grade
standards, and voluntary certification and inspection programs and laboratory testing. The challenge for AMS is
to adapt these programs to changing marketing practices and technological advances and be responsive to the
grading, quality and health issues facing domestic agriculture. AMS does not have a research and development
program in place to address these needs. However, AMS works with other Federal, State and local agencies,
academia and food and fiber industry stakeholders in developing and testing innovative technologies that improve
upon current marketing tools and services in a cost effective way. Both AMS commodity and support programs
and our stakeholders have benefited from this association.

1.3. Current Technology Transfer Goals, Objectives, and Measures of Success (Metrics)

Although AMS does not have a formal technology program in place, the agency does oversee the Plant Variety
Protection Act (of 1970, and amended in 1994), which provides legal protection in the form of intellectual
property rights to developers of new varieties of plants. The intent of the Act was to “encourage the development
of novel varieties of sexually reproduced plants and tuber propagated plants and to make them available to the
public, providing protection to those who discover, develop and/or breed new varieties, and thereby promoting
progress in agriculture in the public interest.” In order to gain protection over their intellectual property, plant
breeders must demonstrate that their new varieties are distinct from previously existing varieties, uniform within
each generation of reproduction, and stable across generations of reproduction. Once these standards have been
met, plant breeders gain control over the marketing of their new variety (i.e., advertising, exportation,
importation, and sales). The term of protection is 20 years for most crops and 25 years for trees, shrubs, and vines.
This creates an incentive for investment in the development for new plant varieties. Thus, the PVP Act facilitates
technology transfer by protecting the intellectual property rights of those individuals who discover, develop
and/or breed new plant varieties.

The AMS’ Plant Variety Protection (PVP) Office has the responsibility for administering the program and
is user-fee funded. Since 1970, PVP Office has issued more than 9,000 certificates of protection. The Office
maintains crop databases for over 180 species including 70,000 commercial seed-reproduced varieties.

1.4. Strengthening Current Activities

The PVP Office interacts with several Federal agencies and international organizations. These relationships help

FY13 Page 25


http://www.ams.usda.gov/AMSv1.0/�

Annual Reporting on Technology Transfer in USDA, FY 2013

to coordinate the application of Federal regulations related to the marketing of plant varieties. For example,
applicants for PV/P certificates are required to submit seed samples or tissue cultures to support and enable their
applications. These samples are stored at the National Center for Germplasm Resources Preservation (NCGRP) in
Ft. Collins, Colorado. The PVP Office regularly discusses issues of common concern with NCGRP staff. A
Memorandum of Understanding between the two programs is updated on a regular basis. The samples deposited
in support of applications are released to others after the term of protection ends. The deposit form and SOPs are
currently being updated to ensure that the eventual distribution of the samples is unencumbered by other
intellectual property rights or regulations related to genetically modified crops.

Seeds from outside the United States must be accompanied by a phytosanitary certificate. When they are shipped
into the U.S., they must be shipped to USDA’s Animal and Plant Health Inspection Service, Plant Protection and
Quarantine (PPQ) office. Once the seeds or tissues pass quarantine, PPQ sends them directly to NCGRP. Plant
varieties also need to have a variety name that is unique for marketing purposes. The Federal Seed Act,
administered by the AMS’ Livestock, Poultry and Seed (LPS) Program, Seed Regulatory and Testing Division
oversees truth-in-labeling laws to protect consumers. Such laws cover variety naming and trueness-to-variety
testing. The PVP Office uses the services of the LPS Program to determine if the variety names provided in PVP
applications are acceptable. PVP Office also cooperates with the LPS Program to provide descriptive information
to compare to field observations for trueness-to-variety tests.

The U.S. is a member of The International Union for the Protection of New Varieties of Plants, known by its
French acronym UPQV. The UPOV treaty sets forth the principles of how intellectual property rights are granted
to plants. These principles are then used to enact legislation in each member county, such as the PVP Act and the
Plant Patent Act. Regular meetings with UPOV working groups and the governing council help to update treaty
language and processes. As a member of this treaty organization, the PVP Office provides information about what
plant varieties are seeking PVP protection. Recently, UPOV released an online version of this information so it is
more quickly available to member countries. (Previously, this information was released on CD-ROMs bi-
monthly.) UPOV is also leading the discussion about harmonization of forms, processes, and the sharing of
varietal descriptive information. The PVP Office is actively involved in these discussions.

The office prepares annual reports for the World Intellectual Property Organization to track the effectiveness of
this form of intellectual property protection. These reports detail the number and sources of new applications
filed, and the numbers and sources of grants of protection. The most recent report was filed in March 2013.

1.5. Activities in FY 2013

The PVP Office received a total of 488 applications, ranging from agronomic crops to flowers and vegetables,
requesting PVP. The Office conducted searches on 963 applications to determine whether the plant constituted a
new variety. On the basis of those searches, the program issued 831 certificates of protection. At the end of the
fiscal year, 5,522 certificates were in force while protection expired for 112 different varieties. During the same
period, the Seed Regulatory and Testing Division cleared 1528 different variety names and tested 649 trueness-to-
variety samples for 4 different kinds of seeds.
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2. Animal and Plant Health Inspection Service (APHIS)

2.0. Combined Metric Tables

TABLE 1. Collaborative Relationships for Research and Development (R&D)

APHIS-Wildlife Services (WS) FY FY FY FY FY
2009 2010 2011 2012 2013
e CRADA:s, total active 4 4 8 9 9
- New, executed 2 1 5 3 3
» Amendments?, total active 2 1 2 2 7
- New, executed 1 0 2 0 5
= Traditional CRADAs, total active 4 4 8 9 9
- New, executed 2 1 5 3 3
= Small Business Cooperators, total active 1 1 4 5 7
- New, executed 1 0 3 1 2
= Foreign Cooperators, total active 1 2 4 6 7
- New, executed 1 1 3 2 1
e Other Collaborative R&D Relationships
= Confidentiality Agreements 6 11 33 38 48
- New, executed 2 17 16 10 9
= Material Transfer Agreements 5 14 30 41
- New, executed 3 7 9 11
« Other Agreements?, total active 89 99 109 149 81
- New, executed 47 54 69 76 72
e Publications
-Peer-Reviewed (Indexed) Scientific Publications 7 113 123 87 98
-Non-Indexed Publications 3 31 11 17 32
APHIS-Veterinary Services (VS) 2'32)(9 2';\1(0 2'31(1 2'31(2 2'31(3
e CRADA:S, total active ND ND ND 0 0
e Other Collaborative R&D Relationships
= Confidentiality Agreements ND ND ND 0 134
- New, executed ND ND ND 0 134
» Material Transfer Agreements ND ND ND 11 21
- New, executed ND ND ND 11 21
« Other Agreements?, total active ND ND ND 26 24
- New, executed ND ND ND 7 3
e Publications
-Peer-Reviewed Scentific Publications ND ND ND 61 24
-Trade Journal Publications ND ND ND 2 2
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! Amendments extend existing CRADAs for additional years to a maximum of 5 years, and/or change Statements of Work,

and/or change funding levels.

2 Includes Trust Fund Agreements, Cooperative Service (Reimbursable) Agreements, Non-Funded Cooperative Agreements,

and MOUs.

TABLE 2. Invention Disclosures and Patenting

FY FY FY FY FY FY
APHIS-Wildlife Services (WS) 2008 2009 2010 2011 2012 2013
e New invention disclosures in FY 0 1 0 1 0 2
e Patent applications filed in FY, total 0 0 1 1 1 0
» Non-Provisional 0 0 1 0 1 0
* Provisional 0 0 0 0 0 0
e Patents issued in FY
= Life Sciences 0 0 1 0 0 0
» Chemical 0 0 0 0 0 0
* Mechanical & Measurement 0 0 0 0 1 1
TABLE 3. Licensing: Profile of Active® Licenses

FY FY FY FY FY FY
APHIS-Wildlife Services (WS) 2008 2009 2010 2011 2012 2013
e All licenses, total active in the FY? 1 1 1 1 1
= Patent licenses, total active in FY 1 1 1 1 1
!Active means legally in force at any time during the FY, whether or not the license is income bearing. USDA
licenses are patent invention and material transfer (invention) licenses. There are no other invention licenses or
other IP licenses.
2WS/NWRC has only one license
TABLE 4. Income Bearing Licenses*
FY FY FY FY FY FY

APHIS-Wildlife Services (WS) 2008 2009 2010 2011 2012 2013
e All royalty bearing licenses™ 1 1 1 1 1 1
= Patent licenses 1 1 1 1 1 1

! Totals include only those licenses that actually received royalty income.

“WS/NWRC has only one license

Since there is only a single license, License Income and Disposition of License Income is not

reported.
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2.1. WILDLIFE SERVICES (WS)
http://www.aphis.usda.gov/wildlife damage/nwrc/

2.1.1. Mission Statement

The mission of USDA APHIS Wildlife Services (WS) is to provide Federal leadership and expertise to resolve
wildlife conflicts to allow people and wildlife to coexist. Wildlife is an important public resource greatly valued
by the American people. However, wildlife is a dynamic and mobile resource that can damage agricultural and
industrial resources, pose risks to human health and safety, and affect other natural resources. The WS program
carries out the Federal responsibility for helping to solve problems that occur when human activity and wildlife
are in conflict with one another. The WS program strives to develop and use wildlife damage management
strategies that are biologically sound, environmentally safe, and socially acceptable.

2.1.2. Nature and Structure of Research Program

WS conducts program delivery through its Regional and State Offices and National Programs, providing high-
quality wildlife damage management services for its customers that result in the protection of agriculture, wildlife
and other natural resources, property, and human health and safety. The National Wildlife Research Center is the
research arm of Wildlife Services and is the federal institution devoted to resolving problems caused by the
interaction of wild animals and society. The Center applies scientific expertise to the development of practical
methods to resolve these problems and to maintain the quality of the environments shared with wildlife.

NWRC is headquartered on the Foothills Research Campus of Colorado State University (CSU) in Fort Collins,
CO. Approximately two-thirds of NWRC's 150-person staff is located in Fort Collins; the remainder of the highly
specialized staff are located throughout the United States, and address regional wildlife damage management
issues. Further, NWRC routinely conducts international consultancies in this specialized area.

WS also continuously improves and modifies wildlife damage management strategies through research at its
National Wildlife Research Center (NWRC) and Field Stations, developing methods that are biologically,
environmentally, and socially sound. Emerging technologies and improved knowledge of wildlife behavior and
human values lead to new strategies for resolving wildlife damage problems. NWRC develops effective wildlife
damage management methods through contributions in the following areas: Damage assessment; Investigation of
the biology and behavior of problem animals; Evaluation of the impact of management practices on wildlife and
the environment; Development and improvement of present management technologies; Investigation of potential
applications of new management technologies; Support of registration of chemicals and drugs used to manage
wildlife; Transfer of scientific and technical information; Provision of scientific guidelines on wildlife damage for
use by regulatory agencies; Development of cooperative research and training with other organizations; and
Responsiveness to needs of user groups and the public;

The Center employs more than 150 scientists, technicians, and support personnel at its Fort Collins, CO,
headquarters and at field stations in several other states. Scientific staff specializes in several disciplines including
animal behavior/psychology, chemistry, biology / ecology / zoology, economics, genetics, immunology,
pharmacology/toxicology, physiology, wildlife biology, and wildlife disease. The Center relies on the services of
people with additional specialties through cooperative ties with universities, not-for-profit research facilities, and
other public and private research entities.

2.1.3. Technology Transfer Goals, Objectives, and Measures of Success

NWRC scientists produce methods, technology, and materials for reducing animal damage. Through the
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publication of results and the exchange of technical information, the Center provides valuable data and expertise
to the public and the scientific community, as well as to APHIS's Wildlife Services (WS) program.

Wildlife Services follows the general USDA definition of technology transfer as the adoption of research
outcomes (i.e., solutions) for public benefit. These innovations from WS research, through public / private
partnerships, create new or improved technologies, processes, products and services that benefit the nation by
increasing productivity, increasing efficiency (keeping costs low) and enhancing global competitiveness for the
U.S. agricultural sector. WS uses formal instruments of technology transfer, including material transfer
agreements and Cooperative Research and Development Agreements (CRADAS). In addition, WS transfers
technology through patents and invention licenses for commercialization by the private sector. Wildlife Services
has an ongoing formal agreement with ARS Office of Technology Transfer to administer WS patents and
licensing; ARS’ annual report therefore includes technology transfer activities and metrics for the Animal and
Plant Health Inspection Service’s Wildlife Services (APHIS-WS), including tabular metrics of inventions,
licenses, and Cooperative Research and Development Agreements, as well as a section on notable “downstream
outcomes.” For APHIS-WS, invention disclosures are evaluated within ARS patent review committees that are
expanded to include three APHIS-WS members. ARS committee recommendations for APHIS-WS inventions
are made to the Director of the APHIS National Wildlife Research Center in Ft. Collins. ARS Patent Advisors
prepare, file, and prosecute WS inventions on behalf of APHIS, and coordinate patent application filings in other
countries through a contractor.

In addition to patents and licenses, WS/NWRC transfers knowledge and technology through many other formal
and informal mechanisms. Primary among these methods is publication in peer-reviewed scientific journals. Other
important mechanisms for transferring technology and knowledge include presentations at technical or
professional conferences and publications in proceedings, technical assistance to the public or stakeholders,
informal and formal exchange of information and products among colleagues, and laboratory open houses.

Formal agreements, including cooperative agreements, cooperative service agreements, interagency agreements,
material transfer agreements, and confidentiality agreements are used to formalize collaborations with other
government scientists, universities, private companies and other stakeholders.

The schematic below depicts one additional method by which Wildlife Services supports the Agency mission
through its technology transfer activities. APHIS/Wildlife Services has a dedicated staff devoted to registration /
authorization of products with regulatory agencies, including the Environmental Protection Agency, Office of
Pesticide Programs, the Food and Drug Administration, Center for Veterinary Medicine, and the USDA Center
for Veterinary Biologics. When products are developed, they proceed through the research and development
pipeline shown in the schematic, are registered with the appropriate regulatory agencies, and are typically
produced for sale by a private company. In the past, the majority of methods and products have not been licensed,
but efforts are currently being made by WS to increase the number of patents and licenses for WS products (e.g.,
co-hosting regional technology transfer fairs, enhancing training for NWRC scientists in technology transfer, and
developing a technology transfer brochure for the NWRC, and beginning engagement with the ATIP network).
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Wildlife Services currently measures success of its technology transfer using several metrics. To measure the
success with which its scientists are partnering with collaborators, the NWRC looks at the number of agreements
established with collaborators. These include confidentiality agreements, material transfer agreements and
CRADA s established with partners. However, because many of our partnerships do not necessarily involve the
transfer of intellectual property, NWRC also follows the number of other agreements established, including
cooperative agreements, cooperative service agreements, and interagency agreements, all of which measure the
degree of collaboration that NWRC has with universities, businesses, other federal government agencies, state and
local governments, non-governmental organizations, and foreign governments and universities. Cooperator
funding is very important to Wildlife Services and the Cooperator funding is very important to Wildlife Services
and the NWRC in accomplishing its mission, with an effort being made to increase the amount of cooperator
funding generated. For example, cooperator funding at NWRC averages about 10 percent of the annual budget,
generating $1.6 million in 2010, $1.4 million in 2011 and $2.49 million in 2012. Other federal agencies make up
~75 percent of cooperator funding, while 25 percent is derived through research agreements with other
collaborators.

The NWRC tracks its outreach and communication efforts through numbers of technical publications. NWRC
has a full-time legislative and public affairs staff person and is increasing its outreach efforts through press
releases, stakeholder announcements, fact sheets, website postings, facility tours, and workshops. One area we
have begun to emphasize is outreach to the business community and communication to Wildlife Services
operations and stakeholders regarding the economic value received for their research investment. The NWRC
also tracks the number of registrations (existing and new) that have been obtained with regulatory agencies. This
is an indicator of new product development that has been provided for use by the public or by Wildlife Services
operational staff.

2.1.4. Response to Presidential Memorandum on Accelerating Technology Transfer and
Commercialization of Federal Research in Support of High-Growth Business

In the USDA’s implementation plan for the Presidential Memorandum, WS described 3 initiatives to promote
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technology transfer response and commercialization.

USDA 20: Increase awareness in WS of technology transfer mechanisms, leading to increased
pace of effective technology transfer and commercialization.

Wildlife Services/ National Wildlife Research Center has traditionally been active in transferring technology and
scientific information through use of outreach to collaborators, including Wildlife Services operational personnel,
and through publications. Successful outcomes may include improved wildlife damage management practices,
scientific information that enhances U.S. competitiveness by protecting crops and structures, or increased
awareness about wildlife diseases that threaten health of livestock or humans. Most of these outcomes do not
require a patent and license for implementation. This initiative is designed to increase awareness among WS
personnel about the importance of both formal and informal technology transfer.

In FY 2013 WS provided training on technology transfer to its scientists increasing the general knowledge and
raising the awareness of scientists as to the power of partnerships, importance of developing intellectual property
and the array of technology transfer agreement available to facilitate their research. WS will continue to track and
encourage scientist participation in technology transfer agreements.

WS continues to emphasize the importance of collaborative agreements with stakeholders to offset diminishing
discretionary funding, while increasing relevance of research to stakeholders such as the private sector. WS, as
part of the annual report table, will continue to track the number of agreements it maintains each year, including
cooperative agreements, cooperative service agreements, MOUs, and interagency agreements. In addition WS
will track numbers of specific technology transfer agreements, including confidentiality agreements, material
transfer agreements, and CRADAs. In FY 2013, WS/NWRC maintained 9 active CRADAs. One new CRADA
was signed in 2013. This CRADA is with the Australian Invasive Animals Cooperative Research Centre and
provides WS $695,000 for the development of vertebrate pest control tools. Two additional CRADAS were
drafted in 2014 that will be signed in 2014. WS is currently partners in 48 confidentiality agreements, 9 of which
were new in 2013, and 41 material transfer agreements, 11o0f which were new in 2013. WS will also provide
examples of outcomes adopted by end users.

USDA 21: Increase knowledge of WS and NWRC and their impact in preventing wildlife
conflicts, leading to increased development of collaborative research and more
effective use of public resources.

WS NWRC has committed to increasing the amount of information disseminated to the general public and
stakeholders on research, collaborations and products provided by the Program. The WS NWRC works closely
with APHIS public affairs staff in the preparation and dissemination of information on NWRC research and
collaborations, as well as WS’ role as the premier organization for managing human-wildlife conflicts.

As part of continued efforts to increase local and regional community awareness of the WS NWRC, in FY 2013
the Center hosted tours to more than 300 students, visiting scientists, business and agency partners, and USDA
employees. It also partnered with representatives at Colorado State University and the Centers for Disease
Control and Prevention to coordinate and host 9 seminars as part of the Foothills Infectious Diseases Seminar
Series. Center representatives hosted booths at university career fairs to inform students of potential job
opportunities with the WS NWRC. Through the USDA blog site, twitter site, and GovDelivery system, the WS
NWRC notified various stakeholders of research activities, accomplishments, and upcoming events. WS NWRC
published 28 brochures, factsheets, press releases and reports for the general public.

The Center highlighted its research accomplishments in various outlets including preparing and submitting
nominations for the CO-LABS Colorado Governor’s Award for High-Impact Research and the Federal
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Laboratory Consortium’s Technology Transfer Award. Submissions were also prepared for the Federal
Laboratory Consortium’s 2014 Calendar and 2013 edition of Federal Laboratories & State and Local
Governments: Partners for Technology Transfer Success. These outlets highlighted WS NWRC at the Federal
level and encourage collaborations with other Federal and private research laboratories.

USDA 22: Increase the pace of WS technology transfer and commercialization activities.

To accomplish this objective, WS/NWRC will increase its efforts to obtain partners for technologies ready to be
commercialized by working with ARS and by utilizing the ATIP Program.

Wildlife Services will continue to maintain existing products and registering new products with the
Environmental Protection Agency and the Food and Drug Administration for use by Wildlife Services personnel
and the public. In FY 2013, APHIS/WS maintained 15 national pesticide registrations with EPA and made 1 new
registration application submission. A total of 26 Special Local Need registrations were maintained and 3 new
labels were obtained; and 1 Experimental Use Permit was in place. In addition, APHIS/WS maintained 2 FDA
Investigational New Animal Drug permits.

2.1.5. DOWNSTREAM OUTCOMES

Contraceptive for Overabundant Wild and Feral Horses

Overpopulation of wild horses and burros is a significant concern in the United States, as these animals can
overgraze native plant species and compete with livestock and local wildlife for food and habitat. APHIS-
National Wildlife Research Center scientists have developed and registered with the U.S. Environmental
Protection Agency a single-shot, multiyear wildlife contraceptive called GonaCon™ - Equine
immunocontraceptive vaccine (GonaCon) for use in adult female wild or feral horses and burros. The GonaCon-
Equine vaccine stimulates the production of antibodies that bind to the gonadotropin-releasing hormone (GnRH)
in an animal’s body. GnRH signals the production of sex hormones (e.qg., estrogen, progesterone and
testosterone). By binding to GnRH, the antibodies reduce GnRH’s ability to stimulate the release of these sex
hormones. All sexual activity is decreased, and animals remain in a nonreproductive state as long as a sufficient
level of antibody activity is present. The product can be delivered by hand injection, jab stick, or darting. This
nonlethal tool will provide another option to wildlife managers working to reduce overabundant wild horse and
burro populations in the United States.

Exploiting Avian Vision with Aircraft Lighting to Reduce Bird Strikes

Collisions between wildlife and aircraft result in more than $625 million in losses annually to U.S. civil aviation,
more than $1.2 billion annually to civil aviation worldwide, and have been responsible for the loss of more than
200 lives since 1988. Approximately 97.5 percent of these collisions involve birds. Vision is a primary sensory
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pathway in birds and recent research indicates that aircraft lighting can play a potential role to increase a bird's
ability to detect approaching aircraft and, subsequently, reduce bird-aircraft collisions. APHIS-National Wildlife
Research Center scientists and several collaborators have successfully transferred technology consisting of new
information on the visual and behavioral mechanisms involved in the response of wild birds to approaching
objects. By combining information on the visual capabilities of birds with their observed responses to the
approach of vehicles under different lighting scenarios, scientists aided the aviation industry in the development
of external lighting systems for aircraft that could serve to enhance detection and avoidance by birds.

Live Trap for Capturing Invasive Reptiles

Invasive species are one of the leading causes of worldwide biodiversity loss. The APHIS-National Wildlife
Research Center (NWRC) works with public and private sector partners to develop new tools and techniques for
reducing damage caused by invasive wildlife species. In 2013, NWRC scientists worked with Tomahawk Live
Trap LLC to develop a live snake trap that utilizes two trip pans for the capture of larger, heavier snakes, such as
the invasive Burmese python. Each pressure trip pan has an independent release mechanism so that both must be
depressed simultaneously in order to spring the trap. The trap design has been patented and efforts now focus on
evaluating the trap for use in monitoring and control efforts of invasive Burmese pythons and other non-native
reptiles in Florida. Nearly 1,000 Burmese pythons have been removed from the Florida Everglades National Park
and surrounding areas since 2002—Iikely representing only a fraction of the total population of pythons in the
State. If the python population continues to grow, it will likely have substantial impacts on native wildlife
populations, with impacts potentially most pronounced on endangered and threatened species.
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2.2. BIOTECHNOLOGY REGULATORY SERVICES (BRS)
http://www.aphis.usda.gov/biotechnology/index.shtml

2.2.1. Mission Statement

The mission of BRS is to protect and enhance U.S. agricultural and natural resources using a dynamic, science-
based regulatory framework to ensure the safe importation, interstate movement, and environmental release of
genetically engineered (GE) organisms.

2.2.2. Nature and Structure of Program

BRS does not perform research. BRS regulates the introduction (importation, interstate movement, and release
into the environment) of GE organisms that may pose a risk to plant health. Researchers and product developers,
Federal or private, should understand and work with the appropriate regulatory agencies that may have oversight
of an organism at different stages in the development of a product. This can facilitate efficient development of the
appropriate information necessary for regulatory review.

Since 2009, BRS has provided compliance assistance to the regulated community for the voluntary adoption of a
Biotechnology Quality Management System (BQMS) Program. A BQMS serves as an important tool to help
organizations involved in biotechnology research and development analyze the critical control points within their
management system to better maintain compliance with USDA APHIS regulations for the import, interstate
movement, and environmental release of regulated GE organisms (7 CFR part 340).

The BQMS Program integrates a dynamic, science-based approach of risk assessment and mitigation, allowing
for sound decision making and effective management of the research and development of regulated GE
organisms. The program integrates principles from other quality management systems, such as the Codex
Alimentarius Hazard Analysis Critical Control Point System and 1SO 9001:2008. The BQMS program offers to
organizations a flexible approach to implementing a quality management system, where the BQMS is tailored to
the organization’s individual size and research scope. The BRS Office of Compliance Assistance provides
participants with the tools and guidance needed to develop a BQMS through training, documented guidelines and
one-on-one assistance. BRS provides an initial assessment of an organization’s regulatory compliance processes
and assists with periodic reviews and audits of the organization’s BQMS. Twenty organizations, including public
sector research institutions and multi-national corporations, have voluntarily established a BQMS within their
organization through the services provided by BRS. These organizations share common goals of responsible
research and facilitating regulatory compliance. Information on the APHIS BRS BQMS Program can be found at
http://www.aphis.usda.gov/biotechnology/compliance_assistance_main.shtml
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2.3. INTERNATIONAL SERVICES
http://www.aphis.usda.gov/international safequarding/index.shtml

2.3.1. Mission Statement

The International Services (IS) Mission is to advance the Agency’s mission of protecting the health and value of
U.S. plant and animal resources through its overseas programs and workforce.

2.3.2. Nature and Structure of Program

IS’ presence abroad enables the Agency to monitor and respond to pest and disease threats, develop international
strategies and partnerships to prevent their spread to the United States, and support U.S. agricultural trade through
the resolution of technical barriers. Through its services, IS contributes directly to global food security by
promoting safe global trade and facilitating the development of science-based regulatory systems around the
world. IS works closely on an ongoing basis with its sister units, including VS, PPQ, BRS, WS and other
headquarters staff to ensure that its day-to-day work overseas reflects the priorities of these domestic programs.
This collaboration is key to IS’ success and is achieved through joint planning, enhanced communications, clear
direction to the field, and implementing coordinated strategies.

Consistent with the APHIS mission, IS’ overall strategic goals are the following:

e IS Goal 1: Protect U.S. agricultural and natural resources by working with foreign governments to prevent
the spread of high-risk plant pests and animal diseases.

e IS Goal 2: Facilitate the safe international movement of agricultural commodities, including those derived
from modern biotechnology, through science-based regulations and internationally accepted standards.

e IS Goal 3: Enhance global health and U.S. biosecurity through the development of science-based
regulatory systems and policies around the world.

IS supports APHIS Program Unit work overseas related to technology transfer through creating linkages and
supporting partnerships, collaborations and cooperative programs.

While IS did not have any specific goals related to technology transfer, IS supports APHIS Program Unit work
overseas related to technology transfer through creating linkages and supporting partnerships, collaborations and
cooperative programs. For example, in the island of Hispanola, IS assisted in the continued study of swine field
samples, which APHIS collected with the governments of Haiti and the Dominican Republic. This allowed IS to
help set a multi-pronged strategy for the ongoing classical swine fever (CSF) eradication efforts and for
controlling Teschen’s Disease, a new swine disease to the island. In an experimental field trial, a commercial
swine vaccine was used to improve the population’s immune status, and an experimental autogenous Teschen’s
vaccine was produced in the US by APHIS for a field trial in Haiti and possibly in the Dominican Republic. 1S
also continued to assist with the efforts to install modern CSF laboratory diagnostics in both national veterinary
laboratories.
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2.4. PLANT PROTECTION AND QUARANTINE
http://www.aphis.usda.gov/plant health/index.shtml

2.4.1. Mission Statement

PPQ safeguards agriculture and natural resources from the entry, establishment, and spread of animal and plant
pests and noxious weeds into the United States of America; and supports trade and exports of U.S. agricultural
products.

2.4.2. Nature and Structure of PPQ’s Methods and Technology Development Program

PPQ’s technology development is facilitated and implemented through its 3 divisions; namely Policy and
Management (PM), Field Operations (FO), and Science and Technology (ST) and is focused with its ST/Center
for Plant Health Science and Technology (CPHST). CPHST is responsible for ensuring that PPQ has the
information, tools and technology to make the most scientifically valid regulatory and policy decisions possible.
In addition, CPHST ensures PPQ’s operations have the most scientifically viable and practical tools for pest
exclusion, detection, and management. CPHST’s services and products support PPQ and cooperator programs,
strengthen regulatory actions, and enhance policy development.

CPHST is headquartered on the campus of North Carolina State University in Raleigh, North Carolina. The
broader CPHST system however consists of approximately 225 permanent and temporary employees in 7 labs and
several work stations throughout the United States. CPHST supports regulatory plant protection activities by
developing methods and conducting analyses in the following areas:

Plant pest risk analysis

Commodity treatment technology

Pest detection

Pest identification

Diagnostic methods

Laboratory accreditation and analyst certification

Pest management methods

Biological control

CPHST activities are primarily focused on supporting PPQ needs, but also support stakeholders such as State
plant regulatory programs and the agricultural and nursery industry. As well as conducting work internally,
CPHST works with cooperators in other agencies (i.e. ARS, Forest Service), academia, and industry to develop
methods needed for plant protection and management of invasive pests.

2.4.3. Current Technology Transfer Goals, Objectives, and Measures of Success

PPQ transfers new methods and technology through several mechanisms. Technical reports and pest survey
guidelines are distributed directly to stakeholders or are made available through PPQ websites. Another important
mechanism is through the publication of results in peer-reviewed journals. The CPHST Identification Technology
Program provides digital pest identification tools that are available online. CPHST also provides technical training
and accreditation to stakeholders in certain areas. For example, the CPHST Beltsville Lab provides hands-on
training on newly developed molecular diagnostics for regulated plant diseases to state and academic
diagnosticians. The National Plant Protection Laboratory Accreditation Program (NPPLAP) accredits state and
academic laboratories and certifies their staff to perform specific diagnostics through development and
distribution of proficiency tests.
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Other important mechanisms for transferring technology and knowledge include presentations at technical or
professional conferences and publications in proceedings and technical assistance to public or stakeholders.
Formal agreements, including cooperative and interagency agreements and memoranda of understanding are used
to formalize collaborations with other government scientists, universities, private companies and other
stakeholders.

PPQ is also authorized by the Stevenson-Wydler Act of 1980 to engage in formalized technology transfer
activities with its cooperators. In carrying out its methods development projects, the statute allows the directors
of any federally-funded research and development center (our laboratories) to enter into cooperative research and
development agreements (CRADA’s) with any person, any agency or instrumentality of the United States, any
unit of State or local government, and any other entity specified in the statute.

PPQ also enters into confidentiality agreements with entities when necessary to allow for appropriate protection
of confidential business information, thus facilitating technology transfer information exchange.

Additionally, PPQ has established a National Scientific Technology Coordinator to further help identify new
technology for potential evaluation, determine technology transfer needs and opportunities, and to ensure good
linkage between its technology development laboratories and end-users.

2.4.4. Response to Presidential Memorandum on Accelerating Technology Transfer and Commercialization
of Federal Research in Support of High-Growth Businesses

In the USDA’s implementation plan for the Presidential Memorandum, APHIS-PPQ described four initiatives to
promote technology transfer and commercialization. The initiates and their implementation in FY 2013 are
described below.

USDA 23: Enhance Collaboration Efforts in Pest Detection and Management

PPQ’s scientific support focuses on improving and developing pest detection and management tools to discover
new invasive species early and respond quickly, better identify and target offshore pest threats, develop diagnostic
tools and techniques, and transfer technology to cooperators and impacted industries.

Objective - Enhance the Understanding of Potential Threats: Collaboration, cooperation and participation
between PPQ and domestic and foreign plant health communities that result in information transfer and project
cooperation and participation.

e In 2013 PPQ’s Center for Plant Health Science and Technology (CPHST) processed nearly $17 million in
198 agreements. A total of 22 percent are represented by interagency agreements while 78 percent are
cooperative agreements. The financial resources for CPHST agreements are from appropriated and
special funds and from the Farm Bill ~ (Sections 10201 and 10202). Acquisition of Farm Bill funding
has become critical to the ability of PPQ to conduct cooperative research. Farm Bill resources fund 67
percent of the agreements established by CPHST. In 2013, colleges and universities represented 65
percent of the agreements followed by USDA ARS at 17 percent and non-ARS government agencies at
11 percent. The remaining 7 percent of agreements are represented by USDA Foreign Agriculture
Service (FAS), and non-profit and for-profit organizations. In 2013, 71 cooperative agreements were new
and 83 were continuing, and 28 interagency agreements were new and 16 were continuing. PPQ S&T
funded agreements in nearly every state.

e Increased support of imports, exports and preparedness by directing the completion of 22 commodity
import pest risk analyses (PRAs, 17 for Q-56 and 5 for Q-37, representing potential new market access
for 39 country-commodity combinations), 23 weed risk assessments used to support policy decisions, and
technical justification (export pest lists, export PRAs, other analytical support) to open, expand or retain
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43 export markets for the United States (31 analyses completed, 12 in progress).

e The New Pest Advisory Group (NPAG) analyzed 50 pests, completing 33 full NPAG reports and 36 pre-
assessments. Of the 33 full NPAG reports, 19 pests received port policies of reportable/actionable, three
pests were kept regulated at the genus level, and 11 pests were deregulated (for continental US and/or
Hawaii and territories) after consultation with the National Plant Board.

e The Deregulation Evaluation of Established Pests (DEEP) Team evaluated 35 pests in FY 2013, and
submitted 30 to the Federally Recognized State Managed Phytosanitary program and National Plant
Board for consideration. The New Pest Response Guidelines team completed reports for 12 organisms,
including five pathogens and seven insects.

Obijective - Make Technically Accurate Diagnostic Tools Widely Available on a Timely Basis: PPQ leverages
partnerships with academic institutions, state and federal agencies, industry, and international partners to share
data, transfer technology, and ensure PPQ and cooperators are provided with the most current and robust
diagnostic tools. Strategies include:

o Develop infrastructure to provide technical advice and support to facilitate the technology transfer of
methods involving standardized surveys and operational diagnostics standard operating procedures
(SOPs); work instructions; and on-site hands-on training for PPQ and collaborating labs in the use of
survey, detection and identification protocols for high consequence plant pests and pathogens.

0 CPHST increased APHIS preparedness for plant pathogen detection by providing hands-on
training for 37diagnosticians from the National Plant Diagnostic Network, state departments of
agriculture, PPQ and universities. Six workshops were offered in 2013, providing training on
bioinformatics and molecular diagnostics for Phytophthora ramorum, Phytophthora kernoviae,
potato wart, sweet orange scab, citrus black spot, citrus leprosis, and citrus greening.

e Work with the Plant Germplasm Quarantine Program and its cooperators to identify and develop methods
to be utilized and validated to screen germplasm for targeted pests; work cooperatively with programs to
transfer these methods into operations. Select program examples include:

o0 Continued coordination and resourcing of the National Clean Plant Network (NCPN), a
consortium laboratories throughout the nation established to diagnose for plant pathogens, apply
therapies, and establish clean plants into foundations

Objective - Make Appropriate and Technically Sound Survey Methods Widely Available on a Timely
Basis: PPQ science support provides survey methods and techniques that are practical and feasible for the
end-user.

o Enhance the technology transfer process to ensure transparency and effective use of the provided tools.

o0 Consulted with ARS to obtain assistance in establishing technology transfer agreements. Hired a
National Scientific Technologies coordinator to help identify new technology for potential
evaluation and determine technology transfer needs and opportunities.

e CPHST provided pest survey guidelines and other survey resources for state cooperators on the
Cooperative Agricultural Pest Survey Resource and Collaboration website.

e The CPHST Identification Technology Program provided several new digital pest identification tools that
are made available online, including an online guide to pest identification websites and an image
reference collection. In addition, the program produced several identification tools for specific pest
groups through web-based resources and mobile apps.

e CPHST also completed molecular analysis of ~160 Oriental fruit flies (Bactrocera dorsalis complex)
representing all captures reported by California for 2008-2012. DNA markers clearly showed that most
Bactrocera detections occurring in California LA Basin during 2012 did not originate from Hawaii, and
must have another origin.

e CPHST also developed DNA data sets to estimate the source of Mediterranean fruit fly captures and has
transferred these methods to state labs in California and Florida.

e CPHST provided new information host tree susceptibility to Asian longhorned beetle. Improved
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information on host species will have major impacts on the effective use of resources for survey and
treatment.

Objective - Provide and Support New Technologies for Existing and New Programs: PPQ stays abreast of
cutting-edge technology developments by maintaining partnerships with industry, academia, state and federal
agencies, international entities, and PPQ program personnel and transfers these technologies to cooperators and
industry impacted by plant pests.

USDA 24: Provide Timely Scientific and Technical Support for Emergency Response and Management

PPQ must develop and maintain a high level of expertise to support preparedness in the areas of science, technical
support, and technology transfer for rapid response efforts.

Objective - Ensure CPHST Resources and Tools Meet PPQ’s Emergency Response Needs: Resources and
tools must be accessible to collect information, analyze and respond to plant health and all-hazard emergencies.
CPHST must be able to effectively communicate and deploy the appropriate tools to support PPQ in
emergencies. CPHST must establish partnerships with external collaborators to coordinate Technical Working
Groups that analyze scientific information and data in support of emergency response. Strategies include:

e Inorder to enhance exotic fruit fly control efforts, CPHST delivered a tool for monitoring the
effectiveness of sterile Mexican fruit fly releases. The tool is used to determine optimum sterile release
rates for quality assurance, and aids in decision making for initiation of quarantines when mated female
Mexican fruit flies are captured. The tool was successfully used to avoid the initiation of 2 separate
guarantines during the 2012/13 citrus season.

o Diagnostic tools are developed and deployed within established timeframes to accurately identify targeted
plant diseases and pests in support of PPQ pest management responses that will minimize economic
losses in agriculture and natural resources and to ensure international and interstate commerce.

0 In 2013, development or validation of improved diagnostic methods for pathogens causing citrus
black spot, maize late wilt, sudden oak death, citrus variegated chlorosis, sweet orange scab, and
Plum pox virus as well as methods for Phytophthora kernoviae, Peronosclerospora species of
concern including the Select Agent P. philippinensis, P. australiensis, and P. maydis, and rapid
diagnostic methods for CAPS for screening of Phytoplasmas. In addition, new methods were
developed for 21 insects and 7 mollusks. Citrus leprosis virus diagnostics were refined to allow
detection of the virus in single mite. Citrus greening detection methods were improved to increase
the composite number of Asian citrus psyllids that can be tested and reduce psyllid testing costs
by 80 percent, and permit simultaneous testing of Ca. Liberibacter asiaticus and L. americanus.

o Continue the NPPLAP accreditation of federal, state and academic diagnostic labs and certification of
diagnosticians.

0 The National Plant Protection Laboratory Accreditation Program provided proficiency test panels
for citrus greening, Phytophthora ramorum and Plum pox virus (PPV), resulting in the
certification of 35 diagnosticians in 12 labs in 9 states. The P. ramorum panel resulted in the
certification of 30 diagnosticians in 16 labs within 11 states and the PPV panel resulted in the
certification of 12 diagnosticians in 6 labs within 6 states.

Objective — Pest management treatments are developed and applied within established deadlines to eradicate or
manage regulatory pest of concern to facilitate safe international trade or interstate movement of agricultural
commodities.

e In 2013, direct development of biological control methods to control Asian citrus psyllid (ACP) and citrus
greening. CPHST released 370,000 parasitoids of the biological control agent Tamarixia radiata in the
Rio Grande Valley of Texas, with 176,000 agents released within 5 miles of the site where citrus greening
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was detected in January 2012.

e CPHST has also partnered with local Master Gardeners, Texas A&M Agrilife Extension and Texas Citrus
Mutual to install 19 field insectary cages in RV parks to help augment parasitoid release humbers and
protect trees in urban areas. Average production per cage is over 11,000 parasitoids.

e In 2013, CPHST has also increased production of T. radiata and has provided Mexico (APHIS-IS) with
50,000 parasitoids per month to release in the state of Tamaulipas across the border from the Rio Grande
Valley. CPHST scientists collaborated with California to initiate mass rearing of T. radiata to protect the
state’s citrus industry, and the first collection of 19,000 wasps was provided for release in August in
southern California.

o For emerald ash borer (EAB) bio-control, CPHST discovered two additional parasite species in the
Russian Far East, and is currently in the process of transferring colonies to the Otis quarantine facility for
non-target testing.

USDA 25: Improve Communications between CPHST and its Customers to assure Market Relevance

CPHST aims to establish and maintain an effective dialogue with its customers to ensure development activities
are useful and applicable to customer needs.

Objective - Improve CPHST Knowledge and Understanding of Customers: Scientists must understand the
customer and circumstance to provide appropriate deliverables. Strategies include:
o Place scientists responsible for tool development in the field to ensure effective tech transfer and learn
more about implementation under field conditions and environment.
o Hold periodic reviews with customers to discuss ongoing projects and identify new needs and
requirements. Select program examples include:

0 Long-term program Strategic Planning focus groups with a wide range of stakeholders including
industries representing crops or entities such citrus, cotton, seeds, growers and nurseries.

o0 Continue participation in annual planning reviews of methods development activities with
operational programs (e.g. forest pest program review, treatment program review).

0 The CPHST Executive Director worked closely with APHIS Policy and Program Develop (PPD)
and the ST Management Team to develop a management review requirements document which
outlines a plan to review the six major CPHST laboratories in FY 2014, to ensure the structure
and function are effectively organized to meet current and future PPQ methods development
needs.

USDA 26: Improve the CPHST Work Plan Development and Project Prioritization Process to Assure High
Quality Outcomes for Customers / Stakeholders

CPHST will continue to develop a process with PPQ operations to produce mutually acceptable work plans that
ensure appropriate product quality.

Objective - Deliver Quality Products that Are Acceptable to the Customer and CPHST Scientist: CPHST strives
to deliver quality products that are acceptable and utilized by the customer. CPHST will accomplish this objective
by the customer and scientist agreeing on the product quality-level and building quality-control mechanisms into
the projects. CPHST scientists will work closely with their customers to ensure the end-user is prepared to use
the product appropriately and effectively, and will routinely review and evaluate products after they are delivered
and used by the customers. Strategies include:

e Establish a work group of PPQ operations staff and CPHST personnel to develop a process that details
work plans for priority projects. The work group is charged with considering all elements of the process
starting with the request-for-work through identifying and selecting priority projects.

0 CPHST holds annual meetings with PPQ stakeholders for major project areas (e.g. forest pests,
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agricultural quarantine and inspection, etc.) to review current progress and prioritize projects for
the coming year.
Within the Plant Health Quadrilaterals Group (Quads), a strategic coalition composed of the National
Plant Protection Organizations (NPPOs) of Australia, Canada, New Zealand, and the United States,
develop a diagnostic methods validation guidance document for use within Quads trading partner labs to
facilitate exchange of validated diagnostic methods reducing development/validation time and costs
within each country.
Continue the work of the PPQ Molecular Diagnostics Coordination and Policy cross functional task force
to develop criteria, select targets and coordinate pilot studies and implementation of molecular diagnostics
at Plant Inspection Station with front-line personnel.
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2.5. VETERINARY SERVICES (VS)
http://www.aphis.usda.gov/animal health/index.shtml

2.5.1. Mission Statement

As the recognized animal health leader and trusted partner, Veterinary Services safeguards the health of animals,
people, and the environment. VS’s authorities derive from the Animal Health Protection Act and the Virus Serum
Toxin Act. VS integrates One Health principles with USDA business objectives by contributing leadership,
expertise, infrastructure, networks, and systems to collaborate effectively with local, State, Tribal, national, and
international partners. Its comprehensive and integrated on-farm surveillance activities provide VS the capability
to achieve national goals for animal disease prevention, detection, and early response.

2.5.2. Nature and Structure of Program

In FY 2013, VS was organized into policy and permitting staffs, a field force, and three science centers,
described below:

The National Veterinary Services Laboratories (NVSL)

The mission of NVSL is to safeguard U.S. animal health and contribute to public health by ensuring that timely
and accurate diagnostic laboratory support is provided directly or by its coordination of the nationwide animal-
health diagnostic system. NVSL accomplishes its mission through:

o Performing diagnostic laboratory testing for Veterinary Services’ program disease and for suspected
outbreaks of foreign animal diseases

e Serving as the U.S. national and international reference laboratory for animal disease diagnosis by
providing unique veterinary diagnostic capabilities, providing other diagnostic laboratories with animal
disease information, technical guidance, reagents and reference materials;

e Providing national leadership in coordination of the National Animal Health Laboratory Network
(NAHLN) and emergency laboratory response by training State, University and foreign laboratory
personnel, providing proficiency testing, and developing improved diagnostic technologies;

e Preparing for responding to animal health emergencies and emerging threats to animal agriculture
including threats to the poultry and aquaculture industries by being able to conduct and/or support
diagnostic testing in an outbreak environment

Among other potential TT activities, NVSL develops and validates assays, and manufactures and distributes over
500 biological reagents to support veterinary diagnostics, many of which are not available from any other source.

Before a test is utilized by Veterinary Services for disease control or surveillance, it must be validated for that
purpose. Samples for test validation for program diseases such as brucellosis and tuberculosis are in serum and
tissue banks generated and maintained at the NVSL. These samples are made available to commercial kit
manufacturers for their initial validation, and additional test validation is conducted at the NVSL before the
results are submitted to the USAHA Scientific Advisory Committees. This is in addition to any testing for
licensure required by the Center for Veterinary Biologics.

The NVSL is also involved in the development and validation of assays used to detect diseases that are foreign to
the United States. Some of these assays are utilized in the reference laboratory as confirmatory tests, while others
are deployed to the NAHLN laboratories and utilized in surveillance programs.

Identification, feasibility testing, development, optimization and validation of new assays and/or technologies are
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all accomplished within the NVSL. The NVSL staff collaborates with, and provides scientific advice to other
Federal and State Government agencies that are also developing new assays and technologies, and NVSL
scientists partner with other reference laboratories around the world to obtain diagnostic specimens from naturally
infected animals. These collaborative efforts result in enhanced expertise at the NVSL and in reference
collections that are available for assay development and validation.

Centers for Epidemiology and Animal Health (CEAH)

The mission of CEAH, with a view to the future, is to explore and analyze animal health and related agricultural
issues to facilitate informed decision-making in government and industry. CEAH also partners with the World
Organization of Animal Health (OIE) and its member countries to improve international disease surveillance
capabilities and analytic methods supporting trade decisions. CEAH has a multidisciplinary staff that includes
agricultural economists, spatial analysts, GIS and computer specialists, veterinary epidemiologists, technical
writers/editors, and data managers.

CEAH collaborates with university partners on analysis methods and tools. In some cases the products produced
are commercialized by the academic partners.

Center for Veterinary Biologics (CVB)

The mission of the CVB is to implement the provisions of the Virus-Serum-Toxin Act (VST) to assure that pure,
safe, potent and effective veterinary biologics are available for the diagnosis, prevention, and treatment of animal
diseases. This mission mandates the use of sound scientific technology to:

» Ensure that biologics are free of disease producing agents, especially foreign animal diseases

» Develop appropriate standards and procedures for product release

* Issue licenses and permits

» Monitor and inspect products and facilities

» Control field tests and release of veterinary biologics

CVB-developed methods and biological standards are applied equally to all products, but by the same token can
be adopted whole by the regulated commercial manufacturers, becoming part of their manufacturing and release
process.

2.5.3. Current Technology transfer goals, objectives and Measures of Success

APHIS-VS transfers technology primarily to State animal health agencies, animal owners, and their associations.
Recent examples have included:

1. Information technology - Development of and training on Mobile Information Management systems for
recording animal health information in the field for incorporation not only with VS supported data bases
but other industry databases as well — utilized by industry, state/federal animal health.

2. Animal disease surveillance - Development of and training in methodologies/software for outbreak
surveillance (outbreak surveillance toolbox) — utilized by state/federal animal health

3. Geospatial analysis — Development of and training in a process to integrate spatial/geophysical features of
the environment and county level land use policies to determine suitable sites for carcass disposal—
utilized by industry, state/federal animal/public health.

4. Diagnostic assays — Training (courses and one-on-one) in diagnosis of high consequence diseases from
foot and mouth disease to spring viremia of carp.

5. Diagnostic protocols and reagents — Recently protocols and reagents for assays and assay validation were
provided to APHIS-equivalent laboratories in Mexico and Canada.
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6. Interpretation of new technology results — APHIS-VS has recently migrated to whole genome sequencing
and single nucleotide polymorphism (SNP) analyses to replace their current genotyping methods. These
techniques will provide better information for determining the source of new infections of B. abortus and
Mycobacterium bovis. Training on interpreting the results was provided to federal, state and wildlife
officials in affected areas to allow them to trace disease transmission at the herd level.
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3.0 Agricultural Research Service (ARS)

http://www.ars.usda.qov

3.1. Mission Statement

ARS conducts research to develop and transfer solutions to agricultural problems of high national priority and
provides information access and dissemination to:

ensure high-quality, safe food, and other agricultural products;

assess the nutritional needs of Americans;

sustain a competitive agricultural economy;

enhance U.S. natural resources and the environment; and

provide economic opportunities for rural citizens, communities, and society as a whole.

3.2. Nature and Structure of Research Program

ARS is USDA’s principal intramural scientific research agency. Agency goals are to find solutions to agricultural
problems that affect Americans every day, from field to table, such as (a) protecting crops and livestock from
pests and diseases, (b) improving the quality and safety of agricultural products, (c) determining the best nutrition
for people from infancy to old age, (d) sustaining our soil and other natural resources, (€) ensuring profitability for
farmers and processors, and (f) keeping costs down for consumers.

ARS employs approximately 1,800 permanent full-time scientists and approximately 3,600 permanent full-time
technical staff conduct research in projects funded by Congressional appropriations at more than 90 locations.
Research projects are managed as 19 National Programs (Table 1). The Office of National Programs in Beltsville,
MD plans the scope and objectives of Agency’s research projects, while eight Area Directors implement research
projects at the locations in their geographic areas.

Table 1. Research program management of ARS, showing 19 National Programs.

Animal Production

Natural Resources &

Crop Production &

Nutrition, Food

& Protection Sustainable Ag Protection Safety & Quality
Systems
Food Animal Water Availability & Plant Genetic Human Nutrition
Production Watershed Resources, Genomics
Management & Genetic
Improvement
Animal Health Climate Change, Plant Biological & Food Safety
Soils, and Emissions | Molecular Processes (animal &

plant products)

Veterinary, Medical,
& Urban Entomology

Pasture, Forage &
Range Land Systems

Plant Diseases

Quality and
Utilization
of Agricultural
Products
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Aquaculture Biorefining Crop Protection &
Quarantine
Agricultural & Crop Production
Industrial Byproduct
Agricultural System Methyl Bromide
Competitiveness & Alternative
Sustainability

ARS conducts a series of reviews designed to ensure the relevance and quality of its research work and maintain
the highest possible standards for its scientists. Customer input helps keep the research focused on the needs of
the American food and agricultural system. Plans for each of the approximately 1,000 active research projects
undergo a thorough independent external prospective peer review managed by the Office of Scientific Quality
Review (OSQR). All ARS employees, including the scientific workforce, are subject to annual performance
reviews, and all scientists and engineers have technology transfer as a performance element in their annual
performance appraisal. Senior scientists undergo a rigorous peer review (Research Position Evaluation System-
RPES) on a 3 to 5-year cycle. These processes ensure the continuing high quality output of the ARS research
addressing the needs of U.S. agriculture.

3.3. ARS Approach and Plans for Conducting Technology Transfer

Because of the delegations of authority by the Secretary (stated previously), ARS’s Office of Technology
Transfer (OTT) is assigned the responsibility for obtaining patent protection for intellectual property (IP),
developing strategic partnerships with outside organizations, and performing other activities that effectively
transfer ARS research outcomes and technologies to the marketplace. USDA’s Office of the General Counsel
provides legal guidance to OTT in regard to intellectual property

The technology transfer program is centralized in policy and approval procedures, and provides one-on-one
customer service to intramural researchers through the Area Offices’ Technology Transfer Coordinators (TTCs).
The TTCs serve as liaisons with scientists, ARS managers, OTT, university partners, and the private sector. They
also negotiate CRADAs and other technology transfer agreements. To facilitate technology transfer, OTT is
organized into four sections. The Administrative Section conducts day-to-day operations, coordinates technology
transfer policy development, and oversees the activities in the partnership, patenting, and licensing sections. This
Section also takes the lead in interactions with the Agricultural Technology Innovation Partnership (ATIP)
Foundation. The Partnership Section maintains strong stakeholder relationships at the local, regional, and national
levels, ensuring the adoption of research results. This Section is also responsible for coordinating and managing
both agreements and the ATIP network. The Patenting Section provides strategic guidance to scientists regarding
patent protection for their research results. The Section is also responsible for receiving invention reports,
convening three National Patent Committees (Mechanical and Measurement, Life Sciences, and Chemistry),
preparing and prosecuting patent applications, and reviewing patent legal work performed by cooperator and ARS
contract law firm. The Licensing Section manages invention licensing from all the intramural scientists in every
USDA agency, including the review of license applications and the negotiation and monitoring of license
agreements to assure compliance with agreement terms. This Section also collects and disburses license revenues,
manage international patent filings, and provides expert advice on all matters related to USDA invention
licensing.

Technology transfer is accomplished through many mechanisms, such as:

e developing written information for customers and stakeholders, including scientific publications,
publications in trade journals, and reports to stakeholders;
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releasing plant germplasm to the public;

transferring research materials to scientists outside of ARS;

entering into formal partnership agreements, such as CRADAs, and other cooperative agreements;
licensing IP (patents, Plant Variety Protections Certificates, and biological materials);

participation in meetings with industry organizations and universities, workshops and field days; and
distributing information to the public via the ARS Information Staff, the National Agricultural Library,
and other sources.

Because the ARS mission is to transfer technologies for broad public use by the most effective mechanism, ARS
pursues patents and licensing principally when they facilitate technology transfer to the marketplace. This is
usually the case when complementary investment by the private sector is necessary to commercialize a product,
and patent protection is required to protect this investment. By ARS policy, IP that is considered a research tool is
not protected so as to encourage scientific research. In licensing practices, ARS continues to reserve the right to
allow use of any IP protected technology for research purposes (non-commercial).

Meaningful performance metrics in technology transfer are often difficult for research agencies to formulate. ARS
is continuing to work on defining better metrics for technology transfer within USDA. For example, for ARS,
successful outcomes may include improved agricultural practices, scientific information that enhances U.S.
competitiveness, increased awareness about pathogens to help prevent human and animal diseases, or findings
that help corporations and universities make informed decisions in allocating their research resources. Many of
these outcomes do not require patenting, nor subsequent licensing for implementation. Additionally, ARS uses its
ATIP network (see below) to gather information on the economic impacts of technology adoption by private
sector partners, including jobs created, impact on the regional economy, and ability to match technical expertise
of intramural researchers with firms who can capitalize on this national network of labs, regardless of geographic
proximity to the businesses.

Licensing policies also promote small business success with nominal licensing fees in the early years, but with
annual maintenance fees and royalties that escalate in subsequent/future years, usually after sales of product have
begun. Terms of sublicensing by the exclusive licensee also incentivize small-businesses, in that the licensee
retains a substantial percentage of all fees and royalties arising from the sublicenses. This policy further enhances
commercialization by encouraging broadest utilization of a federal invention. ARS also incentivizes scientists on
the reporting of inventions, patenting, and licensing by providing 25 percent of the license revenues to inventors
(statute requires >15 percent). Thus, there are policies in place that incentivize commercialization, minimize
transaction costs, and yet provide fair and equitable compensation for those who create federal innovations.
Development of the ATIP network further enhances opportunities for the outcomes of scientists to be adopted.

These are all parts of a robust and effective technology transfer program that consists of a variety of mechanisms
and programs to complement the research conducted by the agencies.

3.4. Agricultural Technology Innovation Partnership (ATIP) Program

The ATIP Program is comprised of two separate components: ATIP Network and ATIP Foundation. In general,
the ATIP Network provides technology transfer assistance at the regional level; while, the ATIP Foundation
develops public-private partnerships around specific initiatives of high national priority.

The ATIP Network (http://www.ars.usda.gov/business/Docs.htm?docid=763&page=3) is a nationwide initiative
established by ARS to further enhance the likelihood that USDA intramural research outcomes are adopted by the
private sector for commercialization. The program also strives to enhance opportunities for USDA to form
research partnerships by leveraging public, private and non-governmental sectors to address contemporary issues
in agriculture and stimulate innovation. Currently the members of the ATIP Network include nine economic
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development organizations located across the U.S. that work alongside USDA to promote activities that translate
and transfer research into commercial applications.

ARS initially developed the ATIP Network by partnering with well-established economic development entities
that have the ability to provide complementary assets to those provided by ARS. While ARS scientists are
invaluable scientific experts in their respective fields, they do not have the resources nor the authority to provide
business partners of USDA with marketing, manufacturing, and fiscal resources (i.e. complementary assets to
help their businesses to be successful).

Membership in the ATIP Network is formalized through non-funded Trust agreements executed by the Office of
Technology Transfer. The ATIP Network members are:

* Ben Franklin Technology Development Authority, Pennsylvania (BFTDA)
» California Association for Local Economic Development (CALED)

* Center for Innovation at Arlington, TX (CFI)

» Center for Innovative Food Technology, Toledo, OH (CIFT)

* Georgia Research Alliance (GRA)

* Innovate Mississippi (IM)

» Kansas Bioscience Authority (KBA)

» Maryland Technology Development Corporation (TEDCO)

 Wisconsin Security Research Consortium (WSRC)

Each ATIP partner works with ARS to establish specific strategies and regional activities to make technology
transfer more readily available to the private sector. The members assist in connecting ARS innovations and
technical expertise with businesses and farmers to help address specific technology-based needs and opportunities
and host events to showcase ARS technologies and research capabilities.

The ATIP Network continues to promote the flow of ARS technologies and research capabilities to the private
sector thus encouraging and enabling technology-based economic development. In FY 2012, ARS began to
expand the ATIP concept by building new relationships with governmental and non-governmental organizations
within the U.S.

FY 2013 ATIP Network accomplishments:

* ARS
Hired a Technology Transfer Liaison to coordinate ATIP activities across ARS geographic areas. The
liaison worked on building relationships with current ATIP members and has begun to establish new ones
in an effort to garner new opportunities and expand OTT’s outreach activities.

Worked with USDA Rural Development, specifically with Rural Cooperative and Business Services
(RBCS), to meet mission goals by providing an increased range of technology solutions to rural America.
As a result of the collaborative efforts of ARS and its ATIP partner, RBCS participated in the Annual
Southern BioProducts and Renewable Energy Conference held in September 2013, in Tunica, MS. ARS
also participated in the conference by co-hosting a listening session on biomass feedstock. (See below
under Innovate Mississippi).

Began collaborating with University of Maryland Cooperative Extension Service and Department of
Economic Development, Agricultural Services Division, Montgomery County Maryland to plan a forum
covering high tunnel production. A listening session was held in December 2013 to uncover challenges
and opportunities surrounding high tunnel production for farmers and businesses in Montgomery and
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neighboring counties in Maryland. The listening session was only the first step. ARS staff and other
technical and business solution providers will discuss the issues from the listening session to determine
potential solutions. A public workshop will then be scheduled to provide technology-based solutions.
Many farmers purchased high tunnel equipment through USDA’s Natural Resources Conservation
Service (NRCS) cost sharing program. The forum concept integrates with NRCS’s high tunnel funding
initiative by bringing ARS scientists together with local high tunnel producers to share knowledge and
provide practical solutions for local food production.

Implemented an ongoing series of discussions and meetings between OTT and California Rural
Development to determine areas of common interest in promoting economic development in California
and ARS technology transfer. Conducted a webinar for nine California State, academic and non-profit
organizations to provide program overviews and brainstorm ideas for partnering. Follow-up discussions
are in progress.

Built a planning team to organize two forums in Northeastern Pennsylvania, one on challenges for small
farmers and growers and a second forum on issues and opportunities for food processing companies. The
members of the planning team were initially brought together by a group managed by BFTDA (an ATIP
Member) called Ben Franklin Technology Partners of Northeastern Pennsylvania (BFTP). The team
includes ARS’s Office of Technology Transfer (OTT), BFTP, Northeast PA Manufacturing Extension
Partnership (MEP), Penn State county extension and University of Scranton Small Business Center.
Listening sessions are being planned for FY 2014. It is anticipated that public workshops will be
organized based on findings during the listening sessions.

Engaged USDA, Foreign Agricultural Service (FAS) in discussions with ATIP members on the
possibility of working together to connect U.S. companies with foreign organizations and provide
assistance to ATIP members and their U.S. business contacts in finding export opportunities. OTT
arranged for a FAS representative to participate on a conference call with all the ATIP members to meet
them, present an overview of FAS initiatives and provide an opportunity to schedule one-on-one meetings
to discuss parallel areas of interest with FAS.

Updated the ARS Partnership website and brochure, “USDA Partnership
Intermediaries” (https://www.ars.usda.gov/sp2UserFiles/Place/01090000/AT IP%20Partnership%20Interm
ediaries%200f%20USDA.pdf) to inform stakeholders of the many possibilities of partnering with ARS.

« California Association for Local Economic Development (CALED)

CALED brought together organizations that planned and hosted the Fresno Broadband Water
Management Technology Showcase. The event highlighted technologies from ARS and the Department
of Energy Lawrence Livermore National Labs (LLNL) and was hosted by Central Valley Business
Incubator, the Office of Community and Economic Development at Fresno State and the City of Fresno.
The showcase featured broadband water management technologies developed at ARS and LLNL
available to support development of agriculture technology growth in Fresno.

Facilitated discussions with the deputy director of the Governor’s Office of Business and Economic
Development (GO-Biz) on partnering opportunities. Go-Biz manages the twelve California state
designated innovation centers called iHubs that are spread across the state and cover many of the state’s
sectors from agriculture to life sciences. Because of these discussions, ARS collaborated with the
CalValleyTech iHub to identify and provide solutions to water issues through a ARS technology
showcase.
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* Center for Innovation (CFI)

CFl arranged for ARS to participate in a large company scouting workshop. The workshop was designed
to bring together the company’s business and technology scouting community and external innovation
stakeholders. This was an opportunity for OTT to meet company technology scouts.

TechComm and ARS worked together to match industry needs for new products with ARS technologies
available for licensing and research capabilities. As a result, discussions are underway between ARS and
businesses regarding potential collaborations and licensing opportunities.

ARS and TechComm are working together to host a series of listening sessions/innovation workshop.
These will be sessions to meet with local farmers and agribusinesses to identify their problems, followed
by an innovation forum to provide potential research solutions. Events are being considered in
Oklahoma, North Central Florida, Kansas and Texas.

» Center for Innovative Food Technology (CIFT)

CIFT expanded the ARS-ATIP innovation forum concept. The original forum approach entails two
separate events: a problem-identification listening session and a problem-solving public workshop.
During the listening session, a moderator leads a discussion with a group of stakeholders on aspects of
key issues for a selected subject area. This year CIFT implemented a modified approach to the listening
session wherein selected companies were interviewed and information was collected relating to research
needs associated to their business. The responses were evaluated and communicated to ARS in order to
correlate with current research. Three webinars are being planned to present the results to those
companies interviewed plus others with similar interests. The topics for the webinar series are soybean
oil, wheat, and bio-plastics.

CIFT is working in collaboration with the Toledo Botanical Garden and has constructed a mobile hoop
house for evaluation of root crop production. ARS developed carrot varieties were incorporated into the
plots. The intention is to determine varieties best suited for production during the later months while
exploration into flavor impacts and storage/handling is also monitored.

A report was provided to the Ohio Soybean Council describing ARS technology specifically focused on
soy and biobased products.

The Dallas Hamilton Center for Entrepreneurial Leadership at Bowling Green State University completed
a few additional market analysis reports featuring ARS technologies that were included in the information
provided to Ohio Soybean Council.

» Georgia Research Alliance (GRA)

GRA connected OTT with the Georgia Department of Economic Development, Center of Innovation for
Agribusiness. The center provides connections and expertise to help Georgia’s agribusiness industry
grow and compete globally by connecting clients to key resources, emerging technologies, and university
research. OTT and the center are working on strategies to collaborate and coordinate activities to connect
ARS technologies and researchers with Georgia farmers and agribusinesses and find technology based
solutions that will have a sustainable impact.
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» Kansas Bioscience Authority (KBA)

KBA is shifting its investment strategy to focus on investments that will yield returns, rather than awarding
grants. To improve the return on invested funds, KBA has implemented a strategic shift to a market-based,
sustainable financial model.

KBA met with ARS Northern Plains Area Director and Technology Transfer Coordinator to discuss
connecting KBA client companies in the animal health area with ARS labs with the goal of establishing
partnerships.

* Innovate Mississippi (IM)

The Mississippi Technology Alliance changed its name in November 2012 to Innovate Mississippi. The
concept behind the rebranding is to better clarify what they do for the state. Innovate Mississippi is
focused on assisting innovation-based startup companies, inventors and entrepreneurs and strengthening
Mississippi’s manufacturing and renewable energy innovation economies.

ARS and Strategic Biomass Solutions, a program managed by Innovate Mississippi that assists early stage
renewable energy ventures along the path to market, co-hosted a listening session on biomass feedstock
during the 12th Annual Southern BioProducts and Renewable Energy Conference in Tunica, Mississippi.
While this region of the country has a tremendous competitive advantage in growing various types of
biomass, many barriers remain to effectively and economically producing higher values added products
from biomass. The listening session provided an opportunity for all conference attendees including
agricultural producers, biomass conversion technology providers, and transportation logistics personnel to
provide feedback on the challenges that still exist and what seems to be working. Lillian Salerno,
administrator for the USDA Rural Development - Rural Business Cooperative Service, delivered the
keynote address at the conference.

» Maryland Technology Development Corporation (TEDCO)

TEDCO engaged in matchmaking companies with ARS for research collaborations. A CRADA between
a small company and ARS scientists was established as a result of one of these connections.

TEDCO held several innovation and entrepreneurial workshops in which ARS has actively participated.
* Pennsylvania Ben Franklin Technology Development Authority (BFTDA)

BFTDA manages and supports the Ben Franklin Technology Partners (BFTP) program which is one of
Pennsylvania’s economic development programs. BFTP has four regional offices located across
Pennsylvania that provide seed and risk capital to start and grow technology firms throughout the state.

BFTP offices engaged in matchmaking companies with ARS for research collaborations. A CRADA
between a small company and ARS scientists was established as a result of one of these connections.

BFTDA, Pennsylvania State University, Pennsylvania Department of Agriculture and ARS hosted two
listening sessions during Penn State’s large outdoor agricultural exposition called Ag Progress Days. The
listening sessions were planned to coincide with the well established Ag Progress Days because farmers
and business people were already gathered. The subject areas for the two listening sessions: 1) impacts of
state and federal regulations on agriculture production and possible technological solutions for reducing
their impact; and 2) opportunities in value-added agriculture for increased economic impact. Each
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session was attended by 15-20 people including farmers, businesses and farming associations, councils
and foundations. The next step is to further discuss issues identified in these listening sessions and
determine potential solutions. A round-table follow-up workshop will then be organized to present
potential solutions.

» Wisconsin Security Research Consortium (WSRC)

WSRC engaged entrepreneurial programs with business school at the Small Business Development Center
at the University of Wisconsin at Whitewater. USDA Forest Service patented technologies serve as class
projects for students to develop business and marketing plans.

ATIP members serve dual roles as members of the ATIP Network as described above and as Board Managers for
the ATIP Foundation (http://atipfoundation.com). The ATIP Foundation was established in 2011 by the members
of ATIP to provide a unifying entity independent of ARS with the flexibility to engage other organizations that
have a vested interest in seeing USDA research outcomes adopted by the private sector. Foundation objectives
are: (1) Expedite the transition of USDA technologies from USDA labs into the commercial sector; (2) Increase
the use of agriculture technology discoveries that meet the needs of emerging markets (3) Seek funding to support
the technology needs of the Agricultural industry and efforts to adopt and commercialize new technologies; (4)
Develop industry access to utilize USDA research and research facilities; (5) Create sustainable communities by
promoting regional innovation clusters, supported by USDA research outcomes; and (6) Co-host regional events
with USDA, showcasing technologies and facilitating adoption of research outcomes; and (7) provide for the
development of skilled workers needed to sustain the growth of the industry. Coordination and day to day
management of the Foundation is the responsibility of the Organizing Member (CFI) and the Secretariat
(TEDCO).

The Foundation’s interface with the USDA is through the USDA Liaison Committee (LC). The LC is an internal
USDA committee and not a part of the Foundation. The LC serves three primary purposes: (1) to ensure the
independence of USDA-ARS research activities; (2) maintain mission relevance; and (3) align the purpose of
research and mission with the work of the ATIP Foundation. The USDA Liaison Committee will receive and he
USDA Liaison Committee will review and approve internal USDA and external Foundation requests to fund
USDA research to determine whether those requests fit the USDA mission and research priorities.

FY 2013 ATIP Foundation accomplishments:

Establishment of the Resilient Economic Agricultural Practices Public-Private Partnership.

Developed and managed a Resilient Economic Agricultural Practices Public-Private Partnership to fund a
sustained research effort by ARS for enhancing soil, water and air resources while meeting the increasing
demand for cellulosic feedstocks. There are seven founding participants: POET-DSM, Monsanto,
National Corn Growers Association, New Holland, Nature Conservancy, DuPont Pioneer, and Archer
Daniels Midland. In November, 2013, the first public-private partnership meeting was held with the ARS
scientists, ATIP Foundation and the founding participants.

Establishment of the “Branded Food Products Database for Public Health’” Public-Private Partnership.
Established a public-private partnership with USDA-ARS, ATIP Foundation and International Life
Science Institute (ILSI) North America to obtain food composition data from the food industry which can
be used to enhance the USDA National Nutrient Database. Created a Steering Committee composed of
ATIP, ILSI North America, ILSI North America member scientists, and USDA-ARS. In October and
November, 2013, two “listening sessions” were held to gather input regarding current and potential usage,
and opinions on the addition of products and nutrients to the proposed enhanced USDA National Nutrient
Database, specifically from existing and potential user groups, and providers of the data.
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Co-Principal Invenstgator on NIFA grant “Accelerated Development of Commercial Hydrotreated
Renewable Jet (HRJ) Fuel from Redesigned Oil Seed Feedstock Supply Chains. TEDCO is taking the lead
for the ATIP Foundation on this project. TEDCO attended the regular team meetings and in FY 2014 will
be moderating a forum to deliver research results to stakeholders.

White House Lab-to-Market Summit. Rob Rosenbaum from TEDCO and Wes Jurey from CFI
participated as “experts” in the White House Lab-to-Market Summit. In the Summit Report, the ATIP
Network and ATIP Foundation were highlighted as models for moving technologies out of the lab into
the marketplace.

3.5. Technology Transfer Highlights

In FY 2013, 62 new CRADASs were executed and the scope of research was expanded in 86 active
CRADAs. An outreach and training effort was initiated in FY 2013 to facilitate the development of
research collaborations. In addition, a new type of research agreement (Material Transfer Research
Agreement, MTRA) was developed to fit the needs of specific research projects (refer to USDA 13 on
page 61). It appears that these efforts were successful. The number of newly executed CRADA was
slightly higher from 1 CRADA per 35 scientists in FY 2012 to 1 CRADA per 29 scientists in FY 2013.
The total number of other R&D agreements was also slightly higher from 1 agreement per 1.5 scientists in
FY 2012 to 1 agreement per scientist in FY 2013. Approximately 34 percent of the newly executed
CRADAs were with small businesses. The current 230 active CRADAs are valued at more than $125
million over the course of their life (up to 5 years) with more than $24M in funds going directly to ARS
researcher projects. The current trend in research collaborations is to form large multi-disciplinary teams.
Refer to Figures 1, 2 and 3 in Section 3.11 beginning on page 140.

ARS received 154 new invention disclosures and filed 134 patent applications with the U.S. Patent and
Trademark Office (USPTQ) in FY 2013. Approximately 10 percent more invention disclosures were
received this year as compared to FY 2012. One of the reasons for this increase was probably due to a
new webinar training effort to remind scientists to report inventions in a timely manner. There was a very
significant increase (24 percent) in the number of patent applications filed. This was the result of the extra
effort from the patenting staff to file applications before the America Invents Act provisions went into
effect on March 16, 2013. This extra effort allowed filing under the old rules and lower fees. Refer to
Figures 4 and 5 in Section 3.11 beginning on page 140.

The ARS patenting and licensing program has a strong emphasis on partnerships with small businesses
and universities. Of the new licenses agreements that were executed, 40 percent are with small businesses
and 30 percent are with universities. In FY 2013, no licenses were granted to start-up companies; however
of the current active license agreements 11 (3 percent) are with start-up companies. The number of
income bearing licenses has steadily increased from 313 to 378 over the last five years. The percent of
those licenses that were granted exclusively has basically remained constant at approximately 70 percent.
Approximately 56 percent the earned royalty income came from five licenses. Refer to Figure 6 in
Section 3.11 beginning on page 140.

Although the number of peer-reviewed publications decreased in FY 2013, the number of publications per
scientist (2.7) remained the same. The number of presentations at meetings, as reflected in the number of
abstracts, has remained constant at approximately 2 per scientists. ARS views publication in trade
journals is an important and effective tool for technology transfer to end users. Over the last several years
the number of these publications has been increasing from 1 article per 27 scientists in FY 2010 to 1
article per 19 scientists in FY 2013. Refer to Figures 8 and 9 in Section 3.11 beginning on page 140.
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e Alist of ARS scientists and engineers, categorized based upon their scientific research expertise, was
created in order to more efficiently identify the most appropriate ARS researcher for specific
collaborative projects. OTT participated in the first of an ongoing series of webinars hosted by the Federal
Laboratory Consortium to connect federal researchers with industry. Using the list described above, ARS
Area Offices, Office of National Programs and OTT were able to match the most appropriate ARS
scientists with commercial partners for discussions on transferring ARS research capacity and results.
Several CRADAs are currently under negotiation as a result of these interactions.

e ARS Area Offices, Office of National Programs and OTT staff held a workshop to explore options for
ensuring an effective technology transfer program by utilizing limited resources effectively and
efficiently. The workshop divided the technology transfer program into two categories - research results
that do not require intellectual property protection for adoption and research results that require
intellectual property protection for effective technology transfer. As a result of the workshop, ARS is
developing specific technology transfer strategies for each of its research programs. By deciding upon the
most effective technology transfer strategy for a specific research program, ARS can be proactive in
developing the appropriate partnerships for transferring research results for adoption. In addition, a
technology transfer strategy will help scientists decided whether to publish and/or patent their research
results.

e Based upon the Area Offices, Office of National Programs and OTT workshop, ARS made changes to its
National Patent Committee invention disclosure review process with the goal of utilizing limited
resources both effectively and efficiently. These changes have improved the quality of the committee
discussions to determine the most appropriate approach for getting research results adopted. Patent
protection is only pursued if a patent-license is required to transfer the research results.

3.6. Response to Presidential Memorandum on Accelerating Technology Transfer and
Commercialization of Federal Research in Support of High-Growth Business

In the USDA’s implementation plan for the Presidential Memorandum, ARS described 13 initiatives to promote
technology transfer and commercialization. These initiatives and their implementation are described below. The
following initiatives were completed in FY 2013: USDA 1, USDA 8, USDA 9, and USDA 13.

USDA 1: New metrics proposed for standard annual reporting in addition to those required by
Circular A-11 instructions on annual reporting of technology transfer

Over the past few years, ARS has added tabular metrics beyond those required by OMB Circular A-11
instructions for annual reporting to Congress as part of the President’s budget submission. In response to the
Presidential Memorandum, ARS initiated several new performance metrics in FY 2012 (Table 2 and 3) in
addition to those already reported in the Annual Report on Technology Transfer. These metrics will enhance our
ability to better monitor partnerships with small businesses, and to quantify some technology transfer activities
specific to USDA. This initiative is now completed and the new data will now be reported as standard metrics in
future years.
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Table 2. New metrics included in the standard annual reporting in addition to those required by
Circular A-11 instructions on annual reporting of technology transfer.

R&D Agreement-related Patent-related License-related
Number of plant varieties & Number of CRADAS Number of university | Number of inventions
germplasm distributed modified with an expanded co-owned licensed to university
research plan inventions/patents CO-0OWnNers
Examples of significant Development of new Breakdown of Breakdown of the
technology transfer outcomes | agreements to advance patenting activities distribution of
that did not involve a ARS’s mission, such as the based upon scientific | licensing income
patent/license Material Transfer Research discipline
Agreement
Number of trade journal
articles & meeting abstracts

USDA 2: Update Policy and Procedure (P&P) 141.2 “Technology Transfer in ARS”

An update is necessary to reflect statutory changes since 2000, and to reflect changes in structure and operation of
the National Patent Committees, and to include licensing of biological materials and use of the ATIP network. In
FY 2013, ARS’s Program Leadership Team (PLT) held a workshop to develop a plan for coordinating all
technology transfer activities within ARS to create a more robust and broad technology transfer program. ARS is
currently redefining the technology transfer roles of the Office of Technology Transfer, ARS research line
management, and the Office of National Programs. A new P&P will be written as soon as these roles are defined.

USDA 3: Expand Agricultural Technology Innovation Partnership (ATIP) efforts to enhance
access to complementary assets by USDA partners

ATIP members provide the current or prospective private sector partners of ARS with access to business mentors,
entrepreneur schools, and seed and venture funds. ATIP members identify businesses within their region with
technology needs which are matched to ARS scientists’ research outcomes (see ATIP FY 2013 accomplishments
described above).

USDA 4: Expand outreach efforts of Office of Technology Transfer (OTT) to scientists in ARS
New Title: Expand outreach efforts in technology transfer to scientists in ARS

In FY 2011, a new position (Coordinator for Partnerships and Grants) was created to help ARS researchers find
funding opportunities, form partnerships and collaborations, and prepare and submit grant proposals. The
Coordinator created a monthly newsletter (Grantsmanship Times) and a Partnerships and Grants SharePoint site.
This position, originally within OTT, was transferred to the ARS Office of National Programs in FY 2013. In FY
2013, the Coordinator worked to connect ARS’ research capabilities and technologies with a number of different
companies in areas ranging from crop production to tires. This was done through independent scouting,
responding to public solicitations, responding to industry scouting, and through webinars conducted by Federal
Laboratory Consortium. This outreach has resulted in several agreements as well as ongoing discussions between
ARS and commercial partners in a number of areas
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OTT continued a series of webinar training events organized by research topic rather than by geographic area.
This approach results in more robust technology transfer training program tailored to a specific field of science.
By including researchers across the country with common research programs, this training method also resulted in
greater research collaboration among ARS scientists across the country.

OTT developed an online training module that compares and contrasts partnership agreements to help scientists
determine what type of agreement matches the partnership they would like to establish.

In order to better serve its stakeholders, OTT redesigned its website
(http://www.ars.usda.gov/business/Docs.htm?docid=763) to include a technology transfer training section and to
provide ready access to OTT brochures, documents, and templates.

USDA 5: Encourage other S&T agencies to adopt OTT’s approach to technology transfer

Both Rural Development (RD) and National Institute of Food and Agriculture (NIFA) have utilized the ARS
Regional Forums (see USDA 7 initiative) as an outreach activity. RD has programs to assist rural businesses and
cooperatives in both the adoption of innovative technologies and the manufacture of products that derived from
innovative technologies. NIFA’s Small Business Innovation Research (SBIR) grant program provides funds to
engage in Research and Development that has the potential for commercialization. During the Forums, ARS
provides technology-based solutions, while RD and NIFA provide funding opportunities. Through this
cooperative effort, RD and NIFA programs can provide businesses funds to implement ARS technology-based
solutions.

OTT also worked with the ARS Office of International Research Programs (OIRP) and Foreign Agriculture
Service (FAS) on one of the initiatives of the Energy and Climate Partnership of the Americas (ECPA),
Advancing Renewable Biomass Energy and provided input for the Initiative’s FY 2013 Policy & Technology
Forum in Panama. The forum include a discussion on how to create a technology transfer program to efficiently
and effectively provide farmers and businesses technology-based solutions to their agricultural problems.

Through an interagency funded agreement, OTT has provided technology transfer services (policy advice,
agreement review, patenting / licensing services, etc.) to the USDA Animal and Plant Health Inspection Service’s
(APHIS) Wildlife Services, USDA Forest Service, and Department of Interior’s (Dol) Bureau of Reclamation.
OTT has also provided policy advice and limited agreement and patent review for APHIS Veterinary Services,
APHIS Plant Protection and Quarantine, and Dol U.S. Fish and Wildlife Service.

See USDA 8 initiative on how ARS is working with SBIR to advance ARS’s technology transfer effort.

USDA 6: Explore expanded use of Enhanced Use Lease (EUL) authority as technology transfer
tool to promote longer term relationships with key customer groups

Under the 2008 Farm Bill, the Secretary was given the authority to establish a pilot project at the Beltsville
Agricultural Research Center (BARC) to lease non-excess property to any private or public entities. The EUL
Project was used as a technology transfer tool designed to provide longer term public-private partnerships than
can be done through existing technology transfer partnership instruments. The pilot authority was used to develop
a process to identify underutilized laboratory resources that could be used by the private sector to commercialize
ARS research outcomes. Prospective lessees needed to establish either a licensing partnership or research
collaboration with ARS. In exchange, EUL terms provide the lessee 20-30 years of use of the facility to develop
its business.

Although this authority has now expired, it proved to be a very successful strategy to leverage resources for
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entrepreneurial activities. USDA’s first lessee (Plant Sensory Systems) was a small business that in FY 2013 was
awarded a $1.8 million ARPA-E grant (Better Biofuel Feedstock from Beets) based on the success of the research
project conducted using BARC laboratory facilities. Access to these facilities was essential, because this small
business did not have sufficient capital to build the facilities needed for this research project.

USDA 7: Beginningin FY 2012 /2013, roll out a nationwide series of regional forums to identify
issues and deliver solutions

An ATIP Partner, Maryland Technology Development Corporation (TEDCO) established the Rural

Business Innovation Initiative (RBI?) program to enhance commercialization activities and to provide technical
and business assistance to small, early-stage, technology-based companies in the rural areas of Maryland as
defined by the Rural Maryland Council. Through this program, TEDCO and ARS partnered to hold a number of
regional events, called “Maryland Rural Agriculture and Business Innovation Forums.” The goal of these forums
was to provide to rural farmers and businesses innovations and technology-based solutions to their regional
agricultural problems. The forum approach entailed several steps: (1) A series of regional listening sessions
comprised of businessmen, farmers, economic development organizations, regulatory and extension personnel
were held to identify a broad list of regional issues. (2) From the list of rural issues, TEDCO and ARS selected
those issues that were related to agriculture and had an existing research-based solution, or represented
researchable issues that could be addressed by ARS. (3) ARS & TEDCO selected a smaller group from those that
attended the first listening session for an in-depth discussion of the vetted list of rural issues. (4) Based upon the
in-depth discussion, the forum was convened as a roundtable discussion to address the selected topic issues with
farmers, agri-business professionals, university and ARS researchers, extension service personnel, rural
development personnel, NIST Manufacturing Extension Partnership (MEP), and funding and regulatory agency
personnel.

The goal of this initiative is to roll out the forums nationwide. These forums are described in the ATIP FY 2013
accomplishments described above.

USDA 8: Provide opportunities for applicants to the USDA Small Business Innovation Research
(SBIR) program to partner with ARS scientists to further develop science necessary for
business success

This initiative is in collaboration with NIFA, who manages the SBIR program for USDA. This initiative includes
both funded and unfunded SBIR applications. SBIR applicants are provided with information on partnering with
ARS, and receive information from the ATIP Foundation and the ATIP member proximal to the applicant to help
facilitate partnering with ARS after award announcements are made.

In FY 2013, OTT and SBIR sent letters to both ARS CRADA partners and SBIR applicants. In the letters to ARS
CRADA partners, ARS encouraged these partners to submit SBIR grant proposals. In the letter to SBIR
applicants, SBIR encouraged their FY 2013 applicants that needed research expertise to contact ARS for help.
OTT requested the ATIP network members to encourage their portfolio companies to submit SBIR grant
proposals, if appropriate. Several of the ATIP network members provide mentors to their companies to help
develop grant proposals.

This initiative is now completed and the procedures described above will routinely occur every year.
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USDA 9: Provide Cooperative Research and Development Agreement (CRADA) partners
opportunity to link to local Manufacturing Extension Partnership (MEP) resources to
assist in commercialization efforts

In FY 2013, OTT worked with the MEP contractor Eureka! Ranch International to find commercialization
partners for four ARS non-patented technologies. These technologies were marketed through the USA National
Innovation Marketplace web portal. Recently, one of the technologies was selected for commercialization. This
approach is an innovative way to find commercialization partners for non-patented technologies. Because many
ARS research technologies are not protected, there is need to find new and innovative approaches for
commercialization.

When appropriate, ARS CRADA partners are provided a contact in their regional National Institute of Standards
and Technology’s Hollings Manufacturing Extension Partnership (MEP) office to provide manufacturing
assistance. OTT works with MEP headquarters to identify those contacts.

When a particular ARS Regional Forums (see USDA 7 initiative) has a manufacturing component, the regional
MEP field staff is invited to provide an overview of the resources they have available to assist in manufacturing.

OTT requested the ATIP network members to encourage their portfolio companies to contact their local MEP for
help in manufacturing.

This initiative is now completed and the procedures described above will routinely occur.

USDA 10: Partner with the University of Mississippi’s “Insight Park” for extraction, chemical
analysis, and scale up of natural products for production agriculture and pest /
pathogen / disease vector management

This initiative directly addresses Section 4 of the Presidential Memorandum in establishing joint partnerships with
university research parks, incubators, and other state / community economic development organizations. DoD’s
Armed Forces Pest Management Board, and the Office of National Programs, USDA ARS, have identified
development of next generation insect repellents as the priority project.

A three way CRADA was signed to combine the research expertise of ARS in entomology and the University of
Mississippi in chemistry with a small business to develop a commercial production protocol for a patented
biopesticide.

USDA 11: Partner with the National Cancer Institute (NCI) on “Enhancing translation of
nutrition science from bench to food supply”
New Title: Establishment of the “Branded Food Products Database for Public Health”
Public-Private Partnership

This initiative has evolved from the initial discussions with NCI. Since NCI as an agency is no longer a partner in
this project, the title has been changed to more accurately reflect the initiative. Individuals within NCI still
participate in the discussions.

In FY 2013, ARS, the ATIP Foundation, and the International Life Science Institute North America (ILSI North
America) established a public-private partnership to enhance the public’s health through increased knowledge of
the nutritional content of the nation’s food supply. This will be accomplished by obtaining comprehensive food
composition data from the food industry and making it available to government, industry, the scientific
community and the general public through an enhanced National Nutrient Database, developed and maintained by
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the ARS Nutrient Data Laboratory in Beltsville, MD. A Steering Committee composed of ATIP, ILSI North
America, ILSI North America member scientists, and USDA-ARS was established. In October and November,
2013, two “listening sessions” were held to gather input regarding current and potential usage, and opinions on the
addition of products and nutrients to the proposed enhanced USDA National Nutrient Database, specifically from
existing and potential user groups, and providers of the data.

USDA 12: Evaluate various options for reducing license negotiation transaction costs

The Licensing Section is currently reviewing several proposals for establishing standard pre-commercialization
license terms for all CRADA Subject Inventions. The possible benefits include: creating business certainty for

CRADA partners; providing an additional incentive to enter into a CRADA with ARS; and reducing transaction
costs for both the CRADA partner and ARS.

There are, however, some serious considerations to this proposal. For example, some inventions have much
greater market potential than others and would therefore ordinarily command larger license fees. If standard
terms are applied to all inventions regardless of the size of the potential market, then the standard payment
amounts must necessarily be sufficiently low to be reasonable for smaller market opportunities. This may result
in a reduction in license revenues over time. Because technology transfer is an unfunded mandate, ARS uses
license revenues to help support technology transfer activities, including the payment of patent filing and
maintenance costs, negotiation of CRADAs and other collaborative research instruments, and training of scientists
and engineers. Consequently, a reduction in license revenues would negatively impact ARS technology transfer
efforts broadly. Therefore, proposals for the establishment of standard pre-commercialization license terms for all
CRADA Subiject Inventions will be evaluated based on both effectiveness in reducing transaction costs and
impact on projected future license revenues. Several different models were developed for further evaluation.

USDA 13: Develop Material Transfer Research Agreement (MTRA) as a new instrument
to promote development and commercialization of materials from USDA

USDA scientists create new materials that may have value in further research and development with the private
sector. Current Material Transfer Agreements (MTA), widely used by USDA, only allow for the transfer of
materials, but not engagement in joint research between the provider and the recipient of the materials. This new
agreement will serve as the authorization to conduct some joint research on the materials transferred. Because
this instrument would not convey rights to negotiate exclusive licenses to any intellectual property arising from
the research, it is intended as an early stage opportunity for proof of concept that may lead to more extensive
research that would be conducted under a CRADA. The MTRA was created in FY 2012 by combining the
Material Transfer Agreement and the Trust Fund Cooperative Agreements authorities. MTRA templates were
created and integrated into the agreement process. This initiative is now completed and appears to be a success. In
the first year (FY 2012), 12 MTRAS were signed. In FY 2013, the number has increased seven fold to 86. MTRAS
will now be reported as metric in the Collaborative Relationships for Research and Development Table.
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3.7. Metric Tables

TABLE 1. Collaborative Relationships for Research and Development.

*ND- no data available.

Agricultural Research Service (ARS) FY 2009 | FY 2010 | FY 2011 | FY 2012 | FY 2013
Total number active CRADAs 233 262 275 243 230
Active traditional CRADAs 191 208 190 180 182
Active non-traditional CRADAS 42 54 85 63 48
Active CRADAs with small businesses ND* ND ND ND 116
Number newly executed CRADAS, total 69 83 78 53 62
Newly executed amendments 74 91 91 82 86
Newly executed traditional CRADAs 51 59 57 39 41
Newly executed non-traditional CRADAS 18 22 21 14 21
Newly executed CRADAs with small businesses ND ND ND 20 21
Total number active MTRAS? ND ND ND 12 100
Newly executed MTRAS ND ND ND 12 86
Total number of active other agreements® 9,960 10,214 13,007 13,835 12,717
Newly executed other agreements 1,381 1,273 1,525 1,119 1,776
Number newly executed MTAS 784 885 1038 970 991
Newly executed outgoing MTAS 550 633 672 661 647
Total number of publications 11,300 11,459 11,260 8,695 8,295
Peer-Reviewed Scentific Publications 5,085 5,083 5,279 5,027 4,922
Trade Journal Publications 96 79 83 86 93
Abstracts 3,943 4,076 3,773 3,582 3,280

1. Amendments extend existing CRADAs for additional years to a maximum of 5 years, and/or change Statements of Work,

and/or change funding levels.

2. Material Transfer Research Agreements. Involves collaborative research on a specific material.
3. Includes mostly Trust Fund Cooperative Agreements, Reimbursable Agreements, Specific Cooperative Agreemensts and Non-

Funded Cooperative Agreements.

TABLE 2. Invention Disclosure and Patenting

*ND- no data available.

Agricultural Research Service (ARS) FY 2009 | FY 2010 | FY 2011 | FY 2012 | FY 2013

Total number new invention disclosures’ 141 131 126 137 154

University co-owned 35 42 22 66 40

Based upon scientific discipline

Life science 60 68 61 59 74

Chemical 52 36 36 53 49
FY13 Page 61




Annual Reporting on Technology Transfer in USDA, FY 2013

Mechanical & measurement 25 24 28 14 19
Plant patents 6 5 7 17 12
Total number patent applications filed 117 106 110 108 134
University co-owned ND* ND ND ND 30
Based upon scientific discipline
Life science ND ND ND ND 62
Chemical ND ND ND ND 44
Mechanical & measurement ND ND ND ND 13
Plant patents ND ND ND ND 14
Total number patents issued 21 42 46 60 46
University co-owned ND ND ND ND 17
Based upon scientific discipline
Life science ND ND ND ND 17
Chemical ND ND ND ND 25
Mechanical & measurement ND ND ND ND 11
Plant patents ND ND ND ND 7
1. Inventions arising at the federal lab.
2. Includes U.S. patent applications, foreign patent applications filed on cases for which no U.S. application was

filed, divisional applications, continuation-in-part applications, and provisional applications.
TABLE 3. Profile of Active Licenses
*ND- no data available.
Agricultural Research Service (ARS) FY 2009 | FY 2010 | FY 2011 | FY 2012 | FY 2013
Total number active licenses 316 323 337 363 380
Executed to small businesses’ ND* ND ND 118 137
Executed to startup businesses? ND ND ND ND 11
Executed to universities ND ND ND 142 169
Invention licenses® 288 292 301 321 331
Executed to small businesses ND ND ND ND 113
Executed to startup businesses ND ND ND ND 11
Executed to universities ND ND ND ND 162
Other IP Licenses* 28 31 36 42 49
Executed to small business ND ND ND ND 24
Executed to startup businesses ND ND ND ND
Executed to universities ND ND ND ND
Total number newly executed licenses 25 22 33 31 23
Executed to small businesses ND ND ND 15 9
Executed to startup businesses ND ND ND ND 0
Executed to universities ND ND ND 12 10
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Invention licenses 17
Executed to small businesses ND ND ND ND 5
Executed to startup businesses ND ND ND ND 0
Executed to universities ND ND ND ND 10
Other IP Licenses 6
Executed to small businesses ND ND ND ND 4
Executed to startup businesses ND ND ND ND 0
Executed to universities ND ND ND ND 0

1. A small business, together with its affiliates, must not have more than 500 employees.

2. For the purpose of this report, a startup company is a privately-held, U.S., for-profit company operating for less than 5 years
and actively seeking financing to commercialize a federal scientific work product.
3. Invention licenses refer to patents and plant variety protection certifications.

4. Other IP licenses refer to biological materials licenses.

TABLE 4. Characteristics of Income Bearing Licenses

Agricultural Research Service (ARS) FY 2009 | FY 2010 | FY 2011 | FY 2012 | FY 2013
Total number of income bearing licenses 314 321 335 360 378
Exclusive 222 230 239 259 273
Partially exclusive 20 16 16 14 13
Non-exclusive 72 75 80 87 92
Invention licenses' 286 290 299 318 329
Exclusive 218 226 234 252 265
Partially exclusive 20 16 16 14 13
Non-exclusive 48 48 49 52 51
Other IP Licenses’® 28 31 36 42 49
Exclusive 4

Partially exclusive 0 0

Non-exclusive 24 27 31 35 41
Total number royalty bearing licenses 129 125 130 128 134
Invention licenses 120 113 119 114 115
Other IP licenses 9 12 11 14 19

1. Invention licenses refer to patents and plant variety protection certifications.

2. Other IP licenses refer to biological materials licenses.

TABLE 5. Income from Licensing

*ND- no data available.

Agricultural Research Service (ARS) FY 2009 | FY 2010 | FY 2011 | FY 2012 | FY 2013
Total income all active licenses $5,376,463 | $3,641,476 | $3,989,228 | $3,806,164 | $4,385,952
Invention licenses’ $5,318,483 | $3,566,048 | $3,854,820 | $3,670,692 | $4,053,931
Other IP licenses® ND* ND ND ND | $332,021
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Total earned royalty income (ERI) $4,422,023 | $3,075,199 | $3,136,813 | $3,059,989 | $3,353,876
Median ERI 4,485 4,911 4,748 5,000 3,609
Minimum ERI 12 2 6 44 5
Maximum ERI $1,715,890 | $331,674 | $630,847 | $757,219 $856,987
ERI from top 1% of licenses NP? NP’ NP NP? NP’
ERI from top 5% of licenses $2,756,811 | $1,493,456 | $1,932,197 | $1,752,367 | $1,969,155
ERI from top 20% of licenses $3,874,292 | $2,540,101 | $2,672,414 | $2,604,008 | $2,892,796
ERI distributed

Inventors $1,371,346 | $1,370,296 | $1,391,111 | $1,206,713 | $1,192,808
Funds to be used for FY 2014 & 2015 OTT Salaries ND ND ND ND | $1,488,322
Patent filing preparation, fees, & annuity payments paid* $669,040 | $587,795 | $647,950 | $657,696 $672,746
1. Invention licenses refer to patents and plant variety protection certifications.

2. Other IP licenses refer to biological materials licenses.

3. Not presented, represents one license.

4. Approximately 40% is reimbursed when licensed.

TABLE 6. Licensing Management: Elapsed Execution Time and Termination

Agricultural Research Service (ARS) FY 2009' | FY 2010° | FY 2011° | FY 2012* | FY 2013°
All licenses

- average (months) 6.7 6.6 5.9 5.8 3.5

- median (months) 6.8 6.4 3.3 4.2 2.3

- minimum (months) 0.7 0.7 0.6 0.3 0.4

- maximum (months) 18.4 18.5 18.2 19.7 12.5
Licenses terminated for cause 0 0 0 0 0

1. During FY 2009, USDA received 31 new invention license applications, for which 7 new licenses were granted, 14 license
agreements are currently in negotiation, 5 applications were withdrawn by the applicants, and 5 applications are on hold by
request of the applicants. The FY 2009 data is based upon 15 licenses granted to commercial licensees and does not include
licenses executed with universities for co-owned inventions. In accordance with 35 USC 202(e), such licenses are granted for the
purpose of consolidating rights in the invention, and therefore license applications are not required.

2. During FY 2010, USDA received 24 new invention license applications, for which 4 new licenses were granted, 16 license
agreements are currently in negotiation, 3 applications were withdrawn by the applicants, and 1 application is on hold by request
of the applicant. The FY 2010 data is based upon 14 licenses granted to commercial licensees and does not include licenses
executed with universities for co-owned inventions. In accordance with 35 USC 202(e), such licenses are granted for the purpose

of consolidating rights in the invention, and therefore license applications are not required.

3. During FY 2011, USDA received 29 new invention license applications, for which 4 new licenses were granted, 21 license
agreements are currently in negotiation, 0 applications were withdrawn by the applicants, and 4 applications are on hold by
request of the applicant. The FY 2011 data is based upon 13 licenses granted to commercial licensees and does not include
licenses executed with universities for co-owned inventions. In accordance with 35 USC 202(e), such licenses are granted for the
purpose of consolidating rights in the invention, and therefore license applications are not required.

4. During FY 2012, USDA received 16 new invention license applications, for which 7 new licenses were granted, 9 license

agreements are currently in negotiation, 0 applications were withdrawn by the applicants, and 0 applications are on hold by
request of the applicant. The FY 2012 data is based upon 18 licenses granted to commercial licensees and does not include
licenses executed with universities for co-owned inventions. In accordance with 35 USC 202(e), such licenses are granted for the
purpose of consolidating rights in the invention, and therefore license applications are not required.
5. During FY 2013, USDA received 28 new invention license applications, for which 8 new licenses were granted, 15 license
agreements are currently in negotiation, 3 applications were withdrawn by the applicants, and 2 applications are on hold by
request of the applicant. The FY 2012 data is based upon 18 licenses granted to commercial licensees and does not include
licenses executed with universities for co-owned inventions. In accordance with 35 USC 202(e), such licenses are granted for the
purpose of consolidating rights in the invention, and therefore license applications are not required.

FY13

Page 64




Annual Reporting on Technology Transfer in USDA, FY 2013

3.8. Downstream Outcomes

NEW PRODUCTS, PRODUCT QUAILITY, AND VALUE ADDED

National Programs:
o Quality and Utilization of Agricultural Products, NP 306
e Biorefining, NP 213

New, rapid digital imaging wheat sorting system developed

Single grain wheat sorting is traditionally a human, hand-held visual detection of mold, weather, disease, and
storage damaged grains. Although several attempts have been made over the decades to develop instrument-based
alternatives, inspection still remains a challenge. ARS scientists from Beltsville, Maryland, have developed a
digital imaging system that captures images of individual seeds in freefall. The imaging system, coupled with
rapid image processing, scans more than 82 percent of each seed during high speed sorting. This new system will
affect the inspection/grading of U.S. wheat and its trading and milling industries. It also is being tested by a
pharmaceutical company for assessing the quality of pill coatings. Licensing and patent applications are being
filed.

Milk processing plant simulator lowers greenhouse gas emissions

Life cycle assessments of on-farm and off-farm fluid milk production found on-farm activities generated 70
percent of greenhouse gas emissions due to methane from cows and manure. Off-farm activities such as milk
processing, packaging, and refrigeration contributed 30 percent. Significant reductions in greenhouse gas
emissions for off-farm processors are practical only if processors know the energy hot spots in their plants and if
the costly upgrades will reduce greenhouse gas emissions. ARS scientists in Wyndmaoor, Pennsylvania, partnered
with dairy processors to create a computer-based model of the fluid milk process to lower greenhouse gas
emissions. The model can offer multiple ways of making changes in individual processing plants and instantly
calculate both greenhouse gas reductions and costs of implementing the changes. The model has been distributed
to more than 100 processors in the United States and should help the dairy industry realize its goal of reducing
greenhouse gas emissions by 25 percent per gallon of milk by 2020.

Novel nanoparticles improve glass window cleaners

While nanoparticles have attractive industrial properties, when used in liquids over time they bind together, fall
out of solution, and become ineffective. ARS scientists in Peoria, Illinois, developed a biodegradable solution of
protein nanoparticles that when applied to solid surfaces such as glass, spread out and prevent the beading of
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water. Near term application includes solar panels and side windows on vehicles that have no wipers. This
technology is expected to show superiority over current, commercially available cleaners. An invention disclosure
has been submitted and a patent application is in process.

New healthy functional foods from oats

Studies revealed that the soft-solid characteristics of various oat carbohydrates (beta-glucan) provided creamier,
less runny properties that are valuable for developing new functional foods such as yogurt, instant puddings,
custard, batter, smoothies, and ice cream. ARS scientists in Peoria, Illinois, developed the oat concentrates, which
appear to have great potential for health concerned consumers. An industrial partner has licensed this ARS
patented digestible, functional food from oats for the production of Calorie-Trim and Nutrim. Z-Trim is licensing
this product for expanded markets, including USDA’s school lunch program.

New, rapid, low-cost process for making nano materials

The promise of nanotechnology for use in manufacturing biobased packaging materials has been slowed by the
inability to scale up the production of nano-based materials and be cost-effective. ARS scientists in Albany,
California, have developed a new spinning process that blows nano-type materials onto surfaces that is much
cheaper and can be more rapidly scaled up compared with the industry standard, electrospinning. The specific
advantages of nano-scale blow-spinning include a higher fiber production rate; an ability to scale up production
using inexpensive, commercially available components; an ability to blow nano-based materials onto surfaces
without consideration of their electrical charge; its relative portability; and savings (i.e., no high-voltage
equipment is required). A patent has been filed. Currently, blow-spinning using bio-based materials is being
tested by a large convenience food company to reduce noisy packages.

Packaging inserts that fights decay of fresh produce

Decay of fresh produce, especially small fruits such as strawberries and blueberries that cannot be washed,
contributes to a short postharvest shelf life. ARS scientists in Fort Pierce, Florida, in collaboration with a CRADA
partner, developed small, single use packets that when inserted into packaged fruit release an antimicrobial vapor
(Curoxin) that surrounds the fresh fruit. The vapor extended the postharvest shelf life of blueberries and
strawberries by maintaining fruit firmness, reducing water loss and decay, and maintaining color and overall
quality. It was also used to treat citrus fruit infected with citrus canker. Canker is a problem for the fresh citrus
market because fruit coming from groves where canker is found cannot be marketed internationally. Packets
containing the vaporizing compound placed inside containers of citrus significantly reduced bacterial canker
counts. The antimicrobial vapor packets are being tested in pilot studies with commercial packing houses. The
packets could save the international fresh produce industry more than $1 billion annually.

White grape seed flour may lower cholesterol and weight gain

Grape seeds, a waste byproduct of the wine-making process, are a disposal issue for producers. ARS scientists in
Albany, California, found that flour made from chardonnay grape seeds, but not red grapes or grape skins,
prevented increases in plasma cholesterol and weight gain in hamsters fed a high-fat diet. In subsequent research,
the scientists measured changes in the metabolic pathways of cholesterol and fat metabolism that supported the
weight-loss observations. The sale of grape seeds for milling into flour has the potential to offer an additional
revenue stream for wine producers. An invention disclosure has been submitted, and human clinical trials are
underway at the Mayo Clinic.

A computerized, in-orchard, apple sorting harvesting aid

Currently, both defective and sound apple fruits are not sorted at harvest, but are combined, causing significant
storage losses due to the defective fruits being susceptible to pest and disease infestation. The result is costly
postharvest handling to remove unmarketable fruits. ARS scientists in East Lansing, Michigan, developed an in-
orchard mobile system that automatically sorts and grades apples into culls (defective), processing, and fresh-
market quality fruits by measuring fruit color, size, shape, and weight using color-imaging, machine-vision
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technology. This system incorporates harvest aid functions to reduce safety hazards for fruit harvesters. This
technology will enable apple growers to leave defective fruit in the orchard, resulting in less postharvest
disease/pest problems and lower postharvest storage and packing costs, and will assure a better fruit quality
inventory at the warehouse. The Michigan Apple Industry Committee is testing this novel harvesting aid in
commercial orchards.

A new family of bio-based lubricant additives using boron

Current lubricant additives require the use of phosphorous, zinc, and sulfur to be effective, but they can react with
water to form acids that corrode engine parts and bearings, and they are often incompatible with plant (bio-based)
lubricants. ARS scientists in Peoria, Illinois, in collaboration with an industrial partner, have synthesized new
organic additives, made primarily from boron compounds, in formulations utilizing gel-stabilized
(hardened/epoxidized), bio-based oils. Anti-wear and anti-oxidation boron additives have been shown to be highly
effective with soybean oil lubricants. This development helped in the creation of new bio-based lubricants that
can be used in a wide variety of industrial applications. A patent on organoboron compounds has been filed.

Improved winter hardy switchgrass strains have high biomass yields

Lowland switchgrass cultivars have greater biomass yield than upland switchgrass, but are largely of southern
origin and are often affected by winter cold temperature injury or loss from winter Kill. ARS researchers in
Lincoln, Nebraska, have developed an experimental lowland switchgrass with improved winter hardiness and
high biomass yield potential. The lowland strain was obtained by crossing upland and lowland plants followed by
three generations of selection and breeding for winter survival in Nebraska, Wisconsin, and Illinois. In eastern
Nebraska, average yields were 2.4 tons per acre greater than the best available released upland cultivar. This
research demonstrates the feasibility of improving the winter hardiness of switchgrass through conventional, non-
genetically modified plant breeding methods by understanding the underlying genetic diversity of native
germplasm populations and utilizing appropriate traits not found in existing cultivars. The lowland experimental
strain is now in the seed increase phase for potential release as a cultivar. The availability of this new strain is
crucial to the success of the first commercial biorefineries being constructed in the region which need high yield
biomass cultivars to reduce biofuel production costs.

Genetically engineered yeast overcomes major limitation to ethanol production

A major technical barrier in the commercial conversion of biomass to ethanol is the fact that the lowest cost
biomass pretreatment technology — dilute-acid hydrolysis — produces byproducts such as furfural and
hydroxymethylfurfural, which inhibit yeast metabolism and ethanol production. ARS scientists in Peoria, Illinois,
engineered a new inhibitor tolerant, pentose utilizing yeast strain for lignocellulose-to-ethanol conversion. A
patent application has been filed. They also found that the final ethanol concentration obtained from xylose
fermenting, inhibitor tolerant yeasts can be increased almost 10-fold by choosing casein as the fermentor’s
nitrogen source. This research overcomes a major technical barrier to commercial conversion of biomass to
ethanol.

First estimates of cellulosic biofuel potential for double cropped Midwest winter rye

Concerns have been raised over potential conflicts between land used for food and biomass production. One
approach to reduce potential land use conflicts is to raise cellulosic biomass crops during the period from fall
through spring, between major summer crops when land lays fallow during the winter. ARS researchers in Ames,
lowa, estimated potential biomass production from winter rye planted in the fall that could be harvested for
cellulosic biofuel prior to spring planting of corn or soybean for the upper Midwest regions. Using computer
simulation, the average biomass yield projected for 30 locations within the study region was 1.9 tons of dry matter
per acre. Total potential annual biomass production for the entire region was projected to range from 120 to 170
million tons which would yield the energy equivalent of as much as 20 billion gallons of gasoline. These results
provide biofuel producers and policymakers with estimates of double crop biofuel production that could be
considered as a potential resource helping meet our domestic renewable energy needs.
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Energy cost savings achieved when displacing fuel oil with switchgrass

Many renewable energy studies focus on quantifying the life cycle greenhouse gas (GHG) emissions of biofuel
use without considering the economic implications. Given that biomass is a limited resource, switchgrass biomass
densified by pelleting was evaluated for its potential to displace fuel oil, natural gas, and coal, as well as relative
consumer energy costs. ARS scientists in University Park, Pennsylvania, with collaborators at Drexel University
and Pennsylvania State University, found that switchgrass pellets were a cheaper energy source than fuel oil and
could save northeast U.S. consumers $2.3 billion to $3.9 billion annually. Switchgrass was also found to displace
more than twice as much petroleum when replacing fuel oil compared with gasoline, and is cheaper as a GHG
mitigation strategy when replacing fuel oil as compared to electricity. This study highlights the importance of
explicitly targeting GHG reductions and petroleum offsets so that biomass is not used for more expensive options,
such as electricity generation.

Keeping ethanol producers a step ahead of antibiotic resistant microbes

Antibiotics are routinely used to control bacterial contamination in fuel ethanol plants but their use may be
increasingly constrained by new strains of antibiotic resistant bacteria, or by new regulations to limit the presence
of antibiotics in livestock feed (for which ethanol co-products are used). ARS scientists in Peoria, Illinois,
discovered laparaxin, a polypeptide produced by Lactobacillus paracasei, that inhibits growth of bacteria that
contaminate ethanol plants, as well as some human and animal pathogens such as Staphylococcus aureus. A
patent application has been filed. This research provides commercial ethanol distilleries with regulatory friendly
tools for controlling bacterial contaminations.

Capitalizing on urban biomass for bioenergy production

Utilizing biomass from urban landscapes could significantly contribute to the nation's renewable energy needs.
ARS scientists in Woodward, Oklahoma, demonstrated that in years of high rainfall, it was possible to harvest
from 13.5 to 19.0 metric tons of dry bermudagrass biomass per hectare planted in an urban landscape. In years
with normal rainfall, 0.8 to 2.3 metric tons of dry biomass per hectare was shown to be possible. It was estimated
that the City of Woodward could generate about 3,750 metric tons of dry matter in a normal rainfall year and
about 6,100 metric ton in a high rainfall year if every homeowner collected their lawn thatch, lawn clippings, tree
leaves, and tree prunings for bioenergy production. On the basis of a 10 metric ton yield, it is estimated that 164
million metric tons of dry biomass material collected and/or recycled in the United States from urban areas
annually. Biomass from urban landscapes is an untapped resource and may represent a potential resource helping
meet domestic renewable energy needs.
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LIVESTOCK PRODUCTION
National Programs:
e Food Animal Production, NP 101
e Aquaculture, NP 106

Alternatives to conventional antimicrobials for livestock

Finding novel antimicrobials that kill multi-drug resistant pathogens is a worldwide problem for livestock
industries and human medicine alike. In collaboration with Spanish scientists, ARS scientists in Beltsville,
Maryland, identified a bacterial cell wall degrading protein from a virus of Staphylococcus bacteria that when
applied externally binds and kills Staphylococcus aureus bacteria. The protein was then fused to lysostaphin,
another protein that is lethal to S. aureus bacteria, and then to a third bacterial cell wall degrading protein. The
combination of these three proteins effectively kills both bovine and human strains of S. aureus, including multi-
drug resistant strains. This three protein fusion strategy, to create cell wall degrading enzymes with multiple
simultaneous lethal activities, is potentially applicable to any bacteria with externally exposed cell wall
components and should enable production of antimicrobials that are highly refractory to resistance development
while not targeting beneficial strains of bacteria. This novel fusion protein has the potential to effectively treat
persistent mastitis on dairy farms and multi-drug resistant S. aureus (MRSA) in hospitals and clinics.

Genome copy number variation affects reproduction, tropical adaptation, and metabolism in cattle
Previously, no links between genome copy number variation (CNV) and phenotype differences in cattle were
known. ARS scientists in Beltsville, Maryland, and Clay Center, Nebraska, using next generation, whole genome
sequencing, completed the first comprehensive discovery of CNV in cattle in relation to phenotypic differences.
CNV regions from indicine and taurine cattle were linked to genes associated with health and production traits
such as fertility, parasite resistance, and feed efficiency. In related research, ARS scientists evaluated more than
700,000 genome markers in beef cattle for fertility. Evidence of CNV regions were found on all chromosomes
associated with reproductive efficiency, and a DNA region was identified specific to cattle that fail to conceive.
These results were validated in more than 300 Bos indicus x Bos taurus pregnant females, confirming the
negative effect of the CNV related gene deletions. These findings are a major step forward in identifying
components affecting genetic variation beyond typical mutations which are not accounted for in current genetic
evaluation systems and will lead to greater genetic insight and greater genetic progress in cattle breeding
programs. These results will also enable development of DNA marker tests to improve reproduction and
production efficiencies for the beef industry.
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Temperature humidity index as a useful predictor of live performance in heavy broiler chickens

As the temperature humidity index increases drastic declines in growth and efficiency occur in heavy broiler
chickens. ARS scientists in Starkville, Mississippi, found that once building temperatures exceed a surprisingly
relatively cool temperature of 20°C (68°F) for 49 day old birds, the amount of feed consumed per pound of live
weight gain increases dramatically from about three pounds of feed per pound of gain (which is typical for the last
two weeks of production) to in excess of six pounds of feed per pound of live weight gain at 27°C (80°F), an
increase of more than 100 percent in some production systems. This finding was significant to the poultry
industry. As feed costs escalate, this research underscores the critical need to optimize cooling techniques and
ventilation rates to best manage feed conversion efficiencies in heavy broiler production systems, particularly in
warmer climates and warmer periods during the year.

Controlling ammonia emissions and increasing nutritional efficiency in dairy cows through diet

Cows excrete urea nitrogen in urine which is rapidly converted to ammonia gas and volatized into the atmosphere.
Milk urea nitrogen (MUN) testing was developed to help dairy producers and nutritionists evaluate protein levels
and nitrogen use efficiency of dairy cattle diets. A large component of protein is nitrogen. ARS scientists in
Madison, Wisconsin, determined that MUN is also a reliable indicator of concentrations of urea nitrogen in urine
and ammonia emissions from dairy farms. Six feeding trials were analyzed to determine the relationships between
feed nitrogen intake, MUN, and ammonia emissions from dairy barns. Ammonia emissions dropped between 10
percent and 34 percent when MUN levels decreased, whereas milk production and animal well-being were
maintained. Feeding less dietary nitrogen would save dairy producers approximately $740 million annually in
reduced feed protein (nitrogen) costs while reducing the environmental footprint of the dairy industry through
reduced ammonia (greenhouse gas) emissions.

Management options for range livestock producers during drought

Dealing with drought is a major challenge for livestock producers. To provide producers with options to help
address severe localized drought conditions for range beef cattle producers, ARS researchers in Miles City,
Montana, evaluated the effect of early weaning calves at 80 days of age on all segments of range livestock
production. Early weaning was shown to improve body weight and condition of cows through the subsequent
critical winter period, particularly in young cows which are generally more adversely affected by drought and
body condition. It had no effect on heifer calves that were retained for breeding replacements, and it improved
growth and quality performance of feedlot steers under some management protocols. Early weaning of calves
provides range cattle producers with a method to conserve drought limited forages, preserve sensitive range lands,
maintain cow condition and reproductive performance, and minimize the need for significant herd reductions
during periods of extreme seasonal drought.

Yeast supplementation improves adaptation to heat stress and enhances the health of feedlot cattle

ARS research in Lubbock, Texas, identified yeast products as nonantibiotic alternatives that improve productivity
in feedlot cattle by enhancing immune function, which in turn, lessens the need for conventional antibiotics.
Further collaborative research indicated that supplementing yeast products during a period of heat stress improved
feed intake and weight gain while maintaining the overall health of the cattle. Analyses also indicated that yeast
supplementation appears to mitigate the negative immune response effects of dietary endotoxins in feedlot rations
which are increased in grain during drought years. Mitigating endotoxins improves or maintains immune function
and enhances the overall health of feedlot cattle. Collectively, these studies indicate that using yeast products as a
feed supplement for feedlot cattle improves health and well-being, mitigates dietary endotoxins, and reduces the
negative effects of heat stress on growth and feed intake. These benefits will improve the economic
competitiveness of the feedlot industry through improved efficiencies, lower costs, and enhanced adaptation to
heat stress.
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Improved genetic progress for poultry breeders using genomic technologies

Genomic selection of animals on the basis of their DNA provides significant benefits over traditional breeding
methods that rely on familial relationships and the collection of performance data. However, genomic selection in
poultry has not typically been employed due to genotyping costs, the relative economic value of individual birds,
relatively high reproduction rate, and relatively short generation interval for poultry. ARS researchers in East
Lansing, Michigan, in collaboration with other scientists at several academic and industry research institutions,
compared commercial chickens selected by genomic selection versus traditional selection. Results demonstrate
that genomic selection improves breeding accuracies by up to 100 percent depending on the trait being measured.
As costs for genome sequencing and genetic testing continue to decrease, poultry breeders will be able to
economically adopt genomic selection and significantly speed genetic progress for a host of economically
important traits.

Causative mutations found affecting dairy cow fertility

Extensive genotyping of U.S. dairy populations by ARS scientists has revealed portions of the genome that
contain five lethal mutations causing embryonic death. ARS scientists in Beltsville, Maryland, in conjunction with
the University of Illinois, discovered the causative mutations underlying two of these recessive lethal mutations in
the Holstein and Jersey cattle breeds. The HH1 mutation in Holsteins caused a deletion of a gene and the deletion
induces spontaneous abortion after the first trimester. The JH1 mutation in Jerseys causes a deletion of a gene that
is important in regulating proper RNA splicing, and the deletion induces spontaneous abortion during the first
trimester of pregnancy. These relatively late-term abortions are particularly costly because affected cows would
have been confirmed pregnant by the producer and would be receiving management appropriate for pregnant
females. The subsequent abortion creates stress for the cow, increases costs, decreases efficiency, and delays the
onset of the next lactation. DNA tests for both mutations are now available to producers. Results are being used to
guide future mating decisions in both breeds, thus increasing reproductive efficiency in dairy cows by preventing
embryonic loss.

Reducing the risk of ovine progressive pneumonia infection in sheep

Ovine progressive pneumonia (OPP) is an incurable, slow-acting, wasting disease that affects sheep in most
countries, including the United States. It is one of the most costly sheep diseases due to a 20 percent decrease in
lamb weaning weights and greatly increased premature culling or death of infected breeding stock. OPP also
affects Bighorn sheep populations, causing death losses and jeopardizing the sustainability of commercial sheep
production in the proximity of Bighorn populations. ARS researchers in Clay Center, Nebraska, compared
infection rates of sheep with differing forms of a gene known to affect susceptibility to the OPP virus. Infected
ewes that were heterozygous for the OPP susceptibility gene were mated to similarly heterozygous rams. Lambs
born to these ewes were then tested at 10 months of age for OPP. Lambs with one or two copies of the dominant
form of the OPP gene (susceptible) had three times the infection rate of lambs without the dominant form.
Producers can now use DNA testing to reduce the risk of OPP virus infection which will increase productivity and
improve the health and well-being of their sheep.

Improving the fertility of stored turkey semen

Storing turkey semen for up to 24 hours has long been a challenging problem for the turkey industry by increasing
labor and handling costs and creating production level inefficiencies compared with other species. ARS scientists
in Beltsville, Maryland, discovered that specific components of the sperm membrane (phospholipids,
carbohydrates) are altered when poultry semen is stored under hypothermic conditions. Alteration of these
membrane components affects the ability of stored sperm cells to fertilize eggs, resulting in the exclusive use of
freshly collected (i.e., nonstored) semen for artificial insemination. A new semen extender formulation developed
by ARS scientists reduces the sperm membrane alterations and improves the fertility of stored turkey semen from
30 percent to 85 percent. This is a significant advancement in semen storage technology for turkey artificial
insemination practices that will improve production efficiencies, lower costs, and improve genetic performance.
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Chromosomal regions discovered affecting female reproductive performance and sow lifetime productivity
in swine

Reproductive efficiency has a great effect on the success of pork production. Improving reproductive performance
and sow lifetime productivity are high priorities for the National Pork Board. To address this challenge, ARS
researchers in Clay Center, Nebraska, scanned the genome of more than 1,500 female pigs for reproductive
performance traits including age at first estrus, ovulation rate, litter size, preweaning mortality, and maternal
influence on birth weight. Significant chromosomal regions were identified on every chromosome and accounted
for 50 percent or more of the additive genetic variation in some traits. In related work, excessive weight loss
during lactation often has adverse effects on reproductive performance leading to higher culling rates, delayed
estrus, and compromised production, particularly in first- and second-parity young sows. The weaning-to-estrus
interval (time to rebreeding), a key industry metric used to assess sow productivity; was found to be significantly
affected by DNA mutations in three genes known to be involved in fat production. Five markers were identified
that predicted variation in weaning-to-estrus interval from —2.6 to +0.4 days. These findings are important
because producers typically invest in excess of $350 to develop a young gilt for breeding. Additionally, 20 to 30
percent of all commercial gilts developed fail to complete parity 1 and up to 50 percent fail to complete parity 3 in
some production systems. These results will now inform DNA tests to evaluate the reproductive potential of
replacement gilts prior to incurring development costs and will increase the number of females that reach parity 3
or later—the minimum threshold for sow profitability in the pork industry.

Exploring the bovine rumen microbiome

Using next-generation DNA sequencing technologies and newly developed bioinformatic pipelines, ARS
scientists in Beltsville, Maryland, systematically reviewed the diversity and population dynamics of microbes in
the rumen of newborn calves, mature dairy cows, and beef steers. Collectively, 21 phyla, 31 classes, 93 families,
219 genera, and at least 1,079 operational taxonomic units in the rumen were identified. The common rumen
microbiome consists of 8 phyla, 11 classes, 15 families, and 17 genera across all cattle sampled. However, the
bacterial communities in the rumen of preruminant dairy calves, dairy cows, and beef steers also were clearly
distinguishable. For instance, greater abundance of Fibrobacteraceae and Ruminococcaceae (fiber digesting
bacteria) in the rumen of beef steers were demonstrated, which may be associated with differences in their diet
and likely reflect the need for enhanced fiber-digesting capacity in beef cattle. Results of this work are important
in understanding the dynamics of rumen microbial populations in cattle during rumen development and in
response to management, genetic, and dietary changes. A better understanding of the rumen microbiome and its
interaction with these factors is needed to optimize cattle diets and will provide opportunities to improve feed
utilization and production efficiencies for the cattle industries.

Humane euthanasia technique developed for swine

Swine producers are seeking improved techniques to humanely euthanize piglets—a high priority for the National
Pork Board. ARS researchers in West Lafayette, Indiana, in collaboration with the National Pork Board,
developed a technique involving a combination of common and readily available gases: nitrous oxide, oxygen,
and carbon dioxide. This two-step technigue initially anesthetizes (nitrous oxide and oxygen) and then humanely
euthanizes a pig (carbon dioxide), virtually without exception when administered properly. Development of this
technique for on-farm use will allow pigs to be humanely and efficiently euthanized with minimal cost and
oversight. This technique offers an effective and efficient alternative to current, often objectionable, euthanasia
techniques that are consistently criticized by animal welfare and associated meat industry activist groups.

Light source stability increases the accuracy of commercial beef carcass quality grading cameras

Variation in ambient light sources among beef carcass-grading cameras has created grading inconsistencies in
packing plants that significantly affect carcass value and create marketing inefficiencies. ARS scientists in Clay
Center, Nebraska, collaborated with both instrument manufacturers and commercial beef processors to develop an
accurate predictor of carcass grade for use with both carcass-grading cameras typically used in commercial beef
packing plants. The predictive formula has been approved by the USDA Agricultural Marketing Service (AMS)
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and is being rapidly adopted by the beef packing industry. These efforts will further enhance the accuracy and
implementation of instrument grading for fresh beef, thereby increasing product quality, value, and marketing
opportunities for the beef industry.

A method to recover high value co-products from grain-based ethanol production

There is increasing production of fuel ethanol from grains in the United States; the primary co-product is corn
distiller's dried grains with solubles. The quantity of this relatively low value product is increasing and is used
primarily in cattle but its use for feeds is limited due to an imbalance of nutrients. ARS scientists in Aberdeen,
Idaho, developed a new processing method that will produce more consistent, higher protein distiller's dried
grains with solubles and two new products, a protein and a mineral source with improved nutrient profiles.
Feeding trials with rainbow trout demonstrated that both products are highly digestible which is vitally important
to the trout industry. This new process can be easily added to the existing process which reclaims valuable
phosphorus and protein from the soluble and separates the nutrients into distinct products, thus increasing the
overall flexibility, economic value, and sustainability of ethanol production.

Development and validation of split pond production systems to increase catfish production

Most U.S. aquaculture production comes from large, earthen ponds. Disadvantages of traditional pond production
are the need for continuous management of pond oxygen concentrations, sporadic algae related fish off flavors,
losses to avian predators, difficulties in disease control, inefficient fish harvesting, and lack of tight control of
water quality. ARS scientists at Mississippi State University in Stoneville, Mississippi, have addressed these
constraints by modifying ponds to physically separate the fish holding function from the life support and waste
treatments functions. A commercial scale system, called the split pond, has been developed and validated in
Stoneville. The split pond is constructed by dividing an existing earthen pond into two unequal sections with an
earthen levee and then linking the two sections with water flow. Validation studies indicate that the split pond is
easy to manage and that fish production can be tripled compared with that of traditional ponds. Split ponds have
now been widely adopted by the catfish farming industry. More than 1,000 acres of commercial ponds have been
built with at least an additional 1,000 acres under construction or planned.

Third generation of selectively bred yellow perch reach market size four months sooner

High performers of yellow perch strains were identified, tagged, genotyped, and selectively bred by ARS
researchers in Milwaukee, Wisconsin, and their University of Wisconsin at Milwaukee partners. As a result of
two generations of selection, the time needed to reach market size has been reduced from 11 to seven months.
Faster growth to market size will enable producers to have multiple production cycles in a single year which
increases profitability of commercial yellow perch aquaculture operations. Additionally, genetic differences in
resistance to viral hemorrhagic septicemia virus have been demonstrated and will enable further genetic
improvement in disease resistance.

Atlantic salmon selected for increased growth and weight released to industry

Commercial salmon producers in the eastern United States are legally required to culture stocks certified to be of
North American origin. Therefore, they use stocks that are only a few generations removed from wild, unselected
stocks with relatively poor performance under farming conditions. ARS researchers in Franklin, Maine, are
selectively breeding salmon of North American origin for faster growth and evaluated the growth of salmon from
their breeding program in commercial sea cages in collaboration with industry. A salmon line selected for
increased growth, more than 50 percent larger than unselected control fish, has been developed and germplasm
was released for commercial production. Genetic gain has been 7 to 10 percent per generation. Utilization of
improved germplasm will increase the profitability and sustainability of coldwater marine aquaculture in the
United States while providing a quality seafood product to U.S. consumers.
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Development of a live attenuated vaccine and in pond vaccination platform to protect catfish against
enteric septicemia

A new vaccine and vaccine delivery platform have been developed resulting in exceptional protection against
Enteric Septicemia of Catfish (ESC). Based on experimental pond studies conducted under conditions similar to
the commercial production setting, vaccination increased survival, fish size, and feed consumption while
improving the feed conversion ratio by 40.4 percent. The improved feed conversion represented up to a 30 percent
reduction in feed costs, while improved production efficiencies in vaccinated fish increased gross sales more than
100 percent. Similar results were obtained over two years of field testing. Field and laboratory research is being
conducted as part of the USDA licensing process for live attenuated vaccines.

Summer diets for hybrid striped bass

High daily summertime feeding rates can result in concentrations of ammonia in pond water that are toxic to
hybrid striped bass. In response, farmers may curtail feeding or switch to a lower protein feed, both of which
reduce production. With input from a Mississippi-based hybrid striped bass producer, Nature's Catch, ARS
scientists in Stuttgart, Arkansas, demonstrated that a diet with higher digestible protein and fat that was
supplemented with deficient amino acids maximized growth and nutrient retention and reduced ammonia waste
production. Fish feed manufacturers are using new digestibility coefficients recently developed by ARS in their
diet formulations for hybrid striped bass, feeding the new summer diet formulation and improving summer
production.

Sex steroids linked to muscle degradation in rainbow trout

Sexual maturity affects growth and meat quality in most terrestrial livestock but little is known about their actions
in fish. Understanding how sex steroids affect muscle growth and quality will enable development of strategies
for more efficient fillet production. ARS researchers in Leetown, West Virginia, discovered that increased rates of
muscle protein degradation occur in sexually maturing rainbow trout with high sex steroid levels, even when
feeding rate is high. Subsequent studies indicated that estrogens, but not androgens, act directly in muscle to
reduce protein retention by both increasing rates of protein degradation and decreasing rates of protein synthesis.
These data demonstrate that harvesting before sexual maturation and sex steroid exposure should result in the
most efficient production of high-quality fillets in the rainbow trout.

Lower water exchange rates save money without negative effects on health and performance of Atlantic
salmon

Water availability and cost of water use are two key variables for fish production in recirculating aquaculture
systems, so one research goal is to minimize the rates of water exchange while maintaining excellent conditions
for fish. Atlantic salmon were reared by ARS researchers in Leetown, West Virginia, for 6 months in replicated
water recirculating systems operated with either high water exchange (97.5 percent of system flow recirculated;
that is, 2.5 percent new water added each day) or low water exchange (99.75 percent of system flow recirculated,;
0.25 percent new water added each day). Fish performance, health, and welfare were measured. The scientists
determined there were no significant differences i in growth, survival, and other fish health outcomes even though
the low water flushing treatment operated with 10 times less water. Though significant differences in a variety of
water quality parameters were noted, none of these parameters was outside acceptable ranges for raising
salmonids. This study illustrates that Atlantic salmon perform well in recirculating systems with low water
exchange and demonstrates that farmers with limited water resources can compete in salmon production.

Identification of the causative agent of a significant disease outbreak in farmed rainbow trout and
development of an autogenous vaccine

Emerging pathogens are a significant threat to U.S. aquaculture. ARS researchers in Leetown, West Virginia,
isolated a new gram-positive bacterial pathogen causing significant loss of rainbow trout in North Carolina. The
pathogen was found to be similar to Weissella sp., which has been associated with recent disease outbreaks in
farmed rainbow trout in both China and Brazil, and this is the first report of this pathogen in the United States. At
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the request of stakeholders, the scientists developed and validated an effective autogenous vaccine that is now in
commercial production and in use at North Carolina farms affected by this pathogen. Early pathogen detection
and the rapid development and implementation of a vaccine are aiding control efforts and reduce the likelihood of
further pathogen dissemination in the United States.

Rainbow trout selected for growth on plant-based feeds have increased tolerance for soy’s antinutritional
factors

Fishmeal is an expensive component of many trout diets. To reduce the reliance on fishmeal-based feed, ARS
scientists in Aberdeen, Idaho, have selectively bred a strain of rainbow trout that grows faster and more efficiently
when fed a fishmeal-free, plant-based diet. The improved fish have adapted parts of their intestinal tract to utilize
a plant-based diet more efficiently without developing the intestinal inflammation observed with conventional
strains of rainbow trout fed such a diet. Increasing our understanding of how trout adapt to being fed plant-based
diets will aid in the continued development of improved strains of trout.

Production and evaluation of hybrid catfish using various strains of blue catfish

Hybrid catfish production (female channel catfish crossed with a male blue catfish) has expanded greatly in the
United States over the past 5 years. While channel catfish strains have been well characterized over several
decades, little information is available on blue catfish germplasm regarding production traits, especially in
channel x blue hybrid catfish offspring. ARS scientists in Stoneville, Mississippi, have obtained strains of blue
catfish from several geographic sources and initiated a program to determine the effects of blue catfish strain and
individual within strain on hybrid offspring growth and fillet yield. Significant effects of individual male and
female parent on offspring performance were identified and importantly, these effects were additive. This result
means that the effect of parent on offspring performance is predictable and improvements will be cumulative.
Based on results of these trials, blue catfish germplasm that produces superior performing hybrid offspring will be
identified and released to the industry.

Pharmacokinetics of florfenicol in channel catfish

ARS researchers in Stoneville, Mississippi, in collaboration with their colleagues from Mississippi State
University, College of Veterinary Medicine (MSU-CVM), conducted pharmacokinetic studies of florfenicol in
catfish. These studies along with laboratory and field efficacy studies were pivotal in obtaining Food and Drug
Administration approval for the use of florfenicol medicated feed to treat Flavobacterium (F.) columnare and
Edwardsiella ictaluri infection in catfish. In addition, these studies along with one conducted by the U.S. Fish and
Wildlife Service in Bozeman, Montana, cleared the way for approval of florfenicol to treat F. columnare
infections in all freshwater-reared warm-water fish. The drug is prescribed under a veterinary feed directive and
has been shown extremely effective in controlling bacterial infections in warm-water fish.
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LIVESTOCK PROTECTION
National Programs:
e Animal Health, NP 103
e Veterinary, Medical, and Urban Entomology, NP 104

Genetic evolution of novel reassortant swine influenza viruses with the capability of infecting humans
Swine influenza A virus causes a respiratory disease in pigs and variant strains that attain the ability to infect
humans pose a significant public health threat. In collaboration with the National Institutes of Health, ARS
scientists in Ames, lowa, investigated the genetic evolution of novel reassortant swine influenza A viruses
detected in the United States and Canada between 2009-2011 with a focus on H3N2 viruses. Analyses included
H3NZ2 viruses designated A(H3N2) variant (v) because of their capability to also infect humans as discovered in
the United States in July 2011. Analyses of samples from 12 human cases revealed that the variant swine lineage
H3N2 viruses contained the pandemic matrix (pM) gene from pandemic H1N1 viruses. The A(H3N2)v viruses
are distinct from contemporary H3N2 circulating in humans and the flu viruses incorporated in the human
seasonal flu vaccine, and hence represent a potential pandemic threat. Monitoring and reporting evolutionary
dynamics of gene segments in swine at a detailed level is critical to understanding how these novel H3N2 viruses
emerged in swine and to assessing and predicting the potential epidemic and/or pandemic threat of variant
influenza viruses pose to humans.

Seeking alternative strategies to antibiotics

Although widespread use of antibiotic-based growth promoters has improved the efficiency of worldwide poultry
production, there is an increasing interest in developing alternative strategies to antibiotics to control infectious
diseases in livestock and poultry because of the emergence of drug resistant pathogens. ARS scientists in
Beltsville, Maryland, investigated dietary phytogenics (cinnamon, garlic, and aloe vera) to enhance poultry
immunity using avian coccidiosis as a disease model. Phytogenics are a group of natural growth promoters
derived from herbs, spices, or other plants, and many medicinal foods and herbal products highly effective in
enhancing host defense against microbial infections. ARS scientists previously showed that phytogenics augment
host immunity against infectious agents and decrease inflammatory diseases. For example, cinnamon has been
shown to possess antioxidant properties and antimicrobial activities, as well as being able to modulate the immune
response. In chickens fed a diet supplemented with cinnamon, the levels of certain immune cytokines were 2- to
47-fold higher compared with chickens given a non-supplemented diet. Importantly, dietary cinnamon was shown
to attenuate bodyweight loss caused by Eimeria, an important intestinal parasite of poultry.
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Diagnostics to detect a newly emerging virus

HoBi-like virus is a newly emerging type of virus distantly related to bovine viral diarrhea virus (BVDV) that has
been isolated from cattle in South America, Southeast Asia, and Europe. The clinical presentation following
infection with this type of virus is very similar to that seen following infection with BVDV. Like BVDV, HoBi-
like viruses cause immune suppression and can establish lifelong persistent infection in cattle. HoBi-like viruses
have not yet been detected in the United States. ARS scientists in Ames, lowa, have developed tests to provide
diagnosticians and regulatory agencies with tools to screen imported animals and animal products to prevent
introduction of HoBi-like viruses into the United States. These tests have been transferred to APHIS and provide
the means to detect and control an introduction if it were to occur in the United States.

A genetic marker associated with reducing susceptibility to porcine reproductive & respiratory syndrome
Porcine reproductive and respiratory syndrome (PRRS) virus is the most important infectious endemic disease of
pigs. A genetic marker for reduced susceptibility to PRRS, the most economically significant disease in pigs, has
been discovered by a research team that includes ARS scientists in Beltsville, Maryland, and Kansas State
University and lowa State University scientists. This project was funded by the National Institute for Food and
Agriculture (NIFA). PRRS affects pigs at all stages of growth and is easily spread. PRRS costs the United States
an estimated $642 million per year. The PRRS Host Genetics Consortium (PHGC) was established with funds
from the National Pork Board to discover the genetic basis of host resistance or susceptibility to PRRS virus
infection. Groups of 200 commercial crossbred pigs were infected with PRRS virus and followed for 42 days;
blood samples and body weights were collected for detailed viral load and weight gain phenotypes. The entire
genome of all pigs from the first three PHGC trials were searched to identify chromosomal segments that were
common to pigs that had lower virus levels and faster growth after infection. This resulted in the discovery of the
genetic marker, called a quantitative trait locus (QTL), on swine chromosome 4 (SSC4) associated with improved
growth of pigs that are infected with the PRRS virus. These results could have a major impact on the swine
industry by enabling geneticists to develop plans for marker assisted selection of pigs with improved response to
PRRS.

Gold and nanotechnology bring viruses to light

Gold nanopatrticles have the ability to scatter and absorb light, making them ideal in detecting virus infected cells.
Using a technology called surface enhanced raman scattering (SERS), signals emitted from these nanoparticles
can be measured using a spectrometer. ARS scientists in Manhattan, Kansas, and collaborators at the University
of Wyoming used gold nanoparticles to design tests to rapidly identify West Nile virus, a virus spread by infected
mosquitoes that can cause headaches, fever, flu like symptoms, and sometimes fatal neuroinvasive disease—
aseptic meningitis, encephalitis, or acute flaccid paralysis. The goal of the project is to bring laboratory level
analytical sensitivity to the field for portable care devices. If successful, veterinarians and medical doctors will be
able to take a blood sample, put it in a small vile and read it with a hand held device. ARS scientists are also
working on adapting this technology to identify multiple disease agents.

Development of a monoclonal antibody specific for a Johne’s disease protein

Johne’s disease (Paratuberculosis) is a chronic, progressive enteric disease of ruminants caused by infection with
Mycobacterium avium paratuberculosis (MAP). Cattle become infected as calves, yet usually do not develop
signs of diarrhea and weight loss until two to five years of age. During the subclinical phase of disease, animals
may intermittently shed the organism in their feces, thereby contaminating the environment and infecting other
animals within the herd. Current diagnostic tests are not able to accurately identify these subclinically infected
animals. In order to prevent the further spread of this disease improved diagnostic tools for the detection of
infection, and development of new vaccines to enhance control strategies is needed. ARS researchers at the
National Animal Disease Center, Ames, lowa, identified a new monoclonal antibody that selectively detects MAP
and not other closely related bacterial strains. This antibody is currently the only one in the world that has this
capability. Further research identified the protein, termed MAP1025 that this specific antibody. This antibody is
the subject of a recently issued U.S. patent. The identification of this unique protein and antibody for MAP will be
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helpful in developing new diagnostic tools to detect infected animals.

Discovery of a new interferon and potential application in control of food and mouth disease
Foot-and-mouth disease (FMD) is one of the most serious threats to the livestock industry. Despite the availability
of vaccines, recent outbreaks in disease-free countries have demonstrated that development of novel FMD control
strategies is imperative. ARS scientists at the Plum Island Animal Disease Center reported the identification and
characterization of bovine (bo) interferon lambda 3 (IFN-A3), a member of the type ITII IFN family. Expression of
bolFN-A3 using a replication-defective human adenovirus type 5 vector (Ad5-bolFN-A3) yielded a glycosylated
secreted protein with antiviral activity against FMD virus (FMDV) and vesicular stomatitis virus in bovine cell
culture. Inoculation of cattle with Ad5-bolFN-A3 induced systemic antiviral activity and up-regulation of IFN
stimulated gene expression in multiple tissues susceptible to FMDV infection. The result of these studies also
demonstrated that the type 111 IFN family is conserved in bovines and bolFN-A3 has potential for further
development as a biotherapeutic candidate to inhibit FMDYV or other viruses in cattle.

Proposal for a unified nomenclature and classification system of Newcastle disease virus genotypes

Virulent Newcastle disease viruses (NDV) are found in most countries of the world. Although the United States
has strict rules to prevent their entry it is important to monitor and characterize viruses that are a potential threat to
the U.S. poultry industry. ARS scientists in Athens, Georgia, have obtained strains of NDV from Mexico,
Indonesia, Malaysia, Venezuela, Pakistan, Vietnam, Belize, Dominican Republic, South Africa, Peru and from
wild birds in the United States and have sequenced and characterized them genetically. The sequences of key
genes have allowed the prediction of the virulence of those viruses. This characterization has led to the
identification of viruses of Asian lineages for the first time in the American continent (in Peru and in Venezuela)
and to the identification of the expansion of the host range of North American virulent Newcastle disease from
cormorants to other wild birds and the discovery of this type of viruses on the East Cost of the United States
(Massachusetts, Maine, New Hampshire, and Maryland). The discovery of novel NDV on the American continent
provides an opportunity to improve the classification of these viruses. Historically, two systems have been
simultaneously used to classify NDV isolates into lineages or genotypes, generating confusion in the
nomenclature and discrepancies in the assignment of genetic groups. Based on the extensive characterization of
NDV collected worldwide, ARS scientists have proposed a unified nomenclature and a classification system
based on objective criteria to separate NDV into genotypes resulting in distinct taxonomic groups. Results
revealed that class | viruses comprise a single genotype, while class 11 contains 15 genetic groups including 10
previously established (I-1X, and XI) and 5 new genotypes (X, XII, XIII, X1V and XV). Adoption of a unified
nomenclature and of objective criteria to classify NDV isolates will facilitate studies on NDV epidemiology,
evolution, disease control and diagnostics.

The U.S. Veterinary Immune Reagent Network

The U.S. Veterinary Immune Reagent Network (VIRN) (www.vetimm.org) was established to address the lack of
immunological reagents specific for livestock and poultry species. Efforts are targeted at swine, ruminants,
poultry, equine and aquaculture species. ARS scientists in Beltsville, Maryland, have led the teams for swine and
poultry and have successfully developed and characterized bioactive immune proteins, cloned cytokine and
chemokine proteins, as well as monoclonal antibodies (mAbs) to these proteins and their receptors and immune
cells. These reagents will be used to evaluate swine and poultry immune responses, changes after infections or
following vaccination, and give scientists the ability to manipulate these immune proteins, and cell populations to
evaluate their roles in protective immunity, immunoregulation, and immunopathology. Recombinant cytokines
and chemokines for swine and poultry were cloned and expressed in yeast, purified and shown to be bioactive. All
immune proteins developed in this proposal are available to collaborators and have been made commercially
available through the U.S. VIRN partner, Kingfisher Biotech, Inc. www.kingfisherbiotech.com/. Another goal is
to produce mAb reagents that function in different diagnostic platforms. Overall the U.S. VIRN projects are
important as a means of identifying new reagents and technologies for veterinary diseases and diagnostic and
vaccine discovery research.
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Determination of an effective bison Brucellosis vaccine strategy

Brucellosis is a disease of production livestock that can cause devastating economic losses to producers and can
also cause severe illness in humans. Since being initiated in 1934, billions of dollars have been spent on the U.S.
Cooperative Brucellosis Eradication Program in efforts to eradicate the disease. However, the persistence of
brucellosis in wildlife reservoirs (bison, elk, feral swine, and other species) and in neighboring countries poses a
risk for reintroduction to domestic livestock. Although all 50 states have maintained brucellosis-free status for
cattle since 2009, the infection of 3 herds in Wyoming in 2010 demonstrates the risk associated with wildlife
reservoirs of B. abortus in the Greater Yellowstone Area. There is a high prevalence of brucellosis in free-ranging
bison in Yellowstone National Park. Any vaccination program of bison will be difficult and expensive so
determination of the most efficacious brucellosis vaccine strategy for bison is needed. ARS researchers in Ames,
lowa, evaluated the safety, immunity, and protection after bison were vaccinated with a single RB51 injection,
vaccinated four times by injection, or a single pneumatic vaccination with a needleless system. Measurements of
immunity were similar across treatments and did not support the hypothesis that multiple vaccinations would
induce greater responses. Experimental protection was similar for the single injection and pneumatic vaccination
treatments, but data suggested that bison receiving multiple vaccinations had reduced protection. These data
suggest that too frequent vaccination of bison calves with RB51 may actually reduce protection against
brucellosis. In addition, results from this study suggest that pneumatic vaccination can be a safe, effective, and
needle-less procedure for disease prevention in bison.

Development of blood based diagnostic tests for bovine tuberculosis

Since the USDA initiated a bovine tuberculosis eradication campaign in 1917, significant progress has been
achieved, but eradication has proved elusive. Obstacles to eradication include lack of rapid, sensitive and specific
blood based diagnostic tests for cattle and the wildlife reservoirs which serve as a source of tuberculosis infection
for cattle. Development of improved tuberculosis (TB) diagnostic tests serves the both the cattle and captive
cervid industries. Novel diagnostic tests allowing testing for TB in a single handling event, thus decreasing stress
and potential for injury to animals or humans as well as speed of results is critical in meeting this important need.
ARS scientists in Ames, lowa, developed two new blood based assays including a Enzyme-Linked
Immunosorbent Assay (ELISA) for diagnosing TB in cattle and white tailed deer. This will increase the ability to
quickly diagnose infected animals that will assist in eradication of this important zoonotic disease.

Development of a Pasteurella multocida vaccine for cattle respiratory disease

Respiratory disease of beef and dairy cattle is considered the most costly disease facing producers today with
estimated costs exceeding $1 billion annually. A recent National Animal Health Monitoring System (NAHMS)
survey confirmed that respiratory disease continues as the leading cause of morbidity and mortality in U.S.
feedlots and is the most common cause of weaned dairy heifer mortality. The availability of new, more effective
measures to prevent and control respiratory disease threats will have a significant impact on the future of the cattle
industry. The etiology of Bovine Respiratory Disease (BRD) is complicated by numerous factors of stress and
multiple bacterial and viral infections. Normal cattle may carry one or more of the bacterial and viral agents in
their upper respiratory passages with no apparent ill effects. Some of these agents produce only mild clinical signs
by themselves, but when combined with other viral or bacterial agents and/or stress they may cause severe clinical
disease and even death. Pneumonic pasteurellosis caused by Pasteurella multocida is an ongoing cause of multi-
million dollar losses to the beef and dairy cattle industries. Two new modified-live vaccine strains of P.multocida
were constructed by ARS researchers in Ames lowa, which may be delivered to calves by conventional injection
or by a intranasal route. Effective vaccines to control P. multocida in susceptible cattle populations will save
livestock producers millions of dollars annually while reducing therapeutic antibiotic usage and increasing the
quality of beef products.

Reduced bacterial clearance from the lungs of bighorn sheep
Respiratory pathogens of domestic sheep including Mannheimia haemolytica (Mh) lead to millions of dollars in
production losses annually. In addition to production losses in domestic sheep, Mh is an important bacterial
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pathogen of bighorn sheep. Data indicate that domestic sheep transmit pathogenic subtypes of Mh to bighorn
sheep, and a currently debated intervention is separation of domestic from bighorn sheep areas. However, the
current separation strategy consisting of removing domestic sheep grazing rights in the West economically
threatens a large fraction of the U.S sheep industry, and additional intervention strategies are urgently needed.
Researchers from Washington State University along with ARS scientists in Pullman, Washington, administered
equivalent dose of Mh simultaneously to bighorn and domestic sheep and the bighorn sheep failed to remove the
bacteria from their lungs as quickly or as thoroughly as the domestic sheep. As a result, bighorn sheep tend to
have more severe lung damage associated with Mh pneumonia than domestic sheep, but the reasons for lack of
bacterial clearance is not clear. These findings did not rule out an overactive immune response as part of the
explanation for differing lung damage between these closely related species. However, the differences in bacterial
clearance between the two sheep species provide baseline data for future studies to determine potential
mechanisms for the severity of respiratory disease in bighorn sheep.

Genetic resistance to nematode infection in cattle

Gastrointestinal nematode infections in ruminants remain a major impediment to the efficient production of both
meat and dairy products and an important factor in constraining global food availability. Effective parasite control
strategies are currently limited and based largely upon heavy drug usage. The treatments can be expensive and
labor intensive, thus reducing profitability. There has been a recent increase in parasite resistance to anti-parasitic
drugs making development of new strategies imperative. In order to develop new and novel strategies, the use of
bioinformatic tools enables us to better understand host-parasite relationships. ARS scientists in Beltsville,
Maryland, characterized the response of the abomasal transcriptome to gastrointestinal parasites in parasite-
susceptible and parasite-resistant Angus cattle using RNA-seq technology. These cattle displayed distinctly
separate resistance phenotypes as assessed by fecal parasite egg counts. After assessing 15,432 bovine genes
expressed in the abomasum, 64 genes were identified as significantly over-expressed in resistant cattle. Several
specific biological pathways were found to be impacted in resistant animals suggesting their potential
involvement in the development of parasite resistance. Understanding the mechanisms used by either the host or
the parasite to resist or reduce parasites will enable the development of alternative strategies of control, one of
which could include using genetic selection in the host.

Determination of a new tick vector for equine babesiosis

The insidious reemergence of equine babesiosis or piroplasmosis in 2009 in Texas is a poignant reminder of the
vigilance required to maintain an infection-free status in the United States. Equine piroplasmosis has been
considered a foreign animal disease in the United States since 1980's. Ticks native to the United States such as
Dermacentor variabilis and Riphicephalus microplus are known vectors for Babesia equi, the causative agent of
equine babesiosis. ARS scientists in Pullman, Washington, in collaboration with APHIS-National Veterinary
Service Laboratory in Ames, lowa, and APHIS-Western Regional Office, Fort Collins, Colorado, identified the
native U.S tick, Amblyomma cajennense, as the predominant tick species found on horses at the Texas outbreak
and capable of transmitting B. equi. In addition, it has the potential to geographically expand within the United
States due to acaricide resistance and distribution by infected horses and wildlife adding an additional risk factor.
Persistently infected horses are the reservoirs for tick acquisition of B.equi and its transmission to susceptible
horses. Understanding the competency of the U.S. native ticks is critical to designing an efficient control strategy
to prevent the dissemination of equine piroplasmosis within the United States and avoid great economic burdens
to the U.S. horse industry.

Pathologic and biochemical characterization of a genetic form of bovine spongiform encephalopathy
Bovine spongiform encephalopathy (BSE) is a transmissible spongiform encephalopathy (TSE) of cattle, and was
first diagnosed in 1986 in Great Britain. There have been four cases diagnosed in the United States, the first was
in December 2003 in a cow imported from Canada, and the three subsequent cases were found in cows born and
raised in the United States. The 2003 imported case is reported to have cost the U.S beef industry $3.2 to 4.7
billion. The first U.S. indigenous case was found in a downer cow in Texas in November 2004; the second was
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found on a farm in Alabama in March 2006; and the third was case was found in 2012 in a dairy cow in
California. One of the cases was shown to be genetic and inheritable. The genetic form of BSE is analogous to the
most prevalent hereditary form of human TSE. Heritable BSE along with spontaneous BSE forms are also
referred to as atypical BSE cases which have important implications in that they are not associated with the
feedborne epidemic of classical BSE first recognized in the United Kingdom in the 1980’s. The complete
pathologic and biochemical features of the U.S genetic form of BSE was defined and reported for the first time by
ARS scientists in Ames, lowa. The pathologic and biochemical characterization of this genetic atypical BSE case
will help greatly with detection and identification should future cases arise in the U.S.

A genetic marker associated with resistance to scrapie

Scrapie is a fatal neurodegenerative disease of sheep and goats. Its economic impact on the sheep industry is such
that the USDA administers a voluntary eradication program in collaboration with the sheep industry. The amino
acid, lysine, at position 171 of the sheep prion protein delays development of scrapie. Demonstrated the affect of
the amino acid lysine at position 171 of the sheep prion protein on susceptibility to scrapie, a transmissible
spongiform encephalopathy of sheep. Amino acid differences in the prion protein are known to play a major role
in scrapie susceptibility in sheep and these genetic differences are utilized in the strategy to remove scrapie from
our nation's sheep flock. Natural scrapie had previously only been described in one sheep with lysine at position
171 of the prion protein, hence not enough information was available from natural cases to determine the affect of
lysine at position 171 on scrapie susceptibility. ARS scientists in Ames, lowa, demonstrated that sheep with a
prion protein containing lysine at position 171 are susceptible to scrapie but have a prolonged scrapie incubation
period, and that the abnormal prion protein accumulates throughout the central nervous system and lymphoid
organs. Because sheep with lysine at prion amino acid position 171 develop scrapie at a slower rate than other
known susceptible genotypes this information is critical to sheep breeders that want to eradicate genotypes
susceptible to scrapie.

Development of a rapid method for detection of disease-associated prions

The rapid detection of transmissible spongiform encephalopathies (TSES) is a priority for the U.S. livestock
industries. A method for the detection of PrPSc in formalin-fixed paraffin-embedded tissue by ELISA has been
developed and described by ARS scientists in Ames, lowa. Methods for diagnosis of TSEs in cattle, sheep and
cervids have traditionally depended on the availability of both frozen fresh and formalin-fixed tissues. However,
in many diagnostic sample submissions only formalin-fixed samples have been available for TSE diagnosis, a
situation that previously precluded analysis by rapid diagnostic procedures such as ELISA. This work describes a
method suitable for extraction of the PrPSc from formalin-fixed paraffin-embedded tissue for detection by
ELISA. This represents a significant advancement for diagnostic laboratories and provides a rapid alternative
method for TSE detection beyond immunohistochemistry (IHC).

Accurate mosquito trapping results for precise integrated pest management

Integrated pest management requires accurate information on the number of pests and where they are. This is
particularly important for mosquito control because resources are always limited compared to the geographic area
requiring treatment. ARS scientists in Gainesville, Florida, compared the number of female mosquitoes captured
by suction traps, portable light traps (with carbon dioxide), and landing on a human subject. The results showed
that mosquito density from light trap samples was underestimated by 43 to 97 percent and over estimated by 80 to
85 percent, when compared with mosquito landing rates on a human subject. Corresponding values for suction
trap samples were 28 to 88 percent and 17 to 87 percent. A statistical algorithm that corrects mechanical trap-
based estimates of adult mosquito density to the landing rate of mosquitoes on a human host was constructed, and
will provide a better estimate of mosquito density in a local area. This information can be used to help mosquito
control professionals determine the best method of control. The algorithm will also enable State and Federal
authorities to more accurately compare trapping results from different locations. More accurate estimates of
mosquito numbers will help authorities target resources, make accurate risk assessments of disease, and assess
with more confidence whether or not invasive species are present.
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Treatment of stable fly larval sites using an organic compliant chemical

Stable flies develop in damp soil with an abundance of incorporated vegetable matter, conditions often associated
with feedlots and other cattle operations. The flies feed on the blood of many kinds of animals, including humans,
and are considered the principle pest of cattle in the United States, causing $2 billion per year in loss of yield.
Larval control has been difficult because of the widespread distribution of maggots and the difficulty of applying
chemicals to them below ground. ARS scientists in Lincoln, Nebraska, developed an encapsuled formulation of
catnip oil to control immature stable flies developing in animal wastes. The formulation deters female flies from
depositing their eggs and inhibits larval development under field conditions. A single application is effective for
five to seven days. This is the first botanical-based product for the control of immature stable flies. The
formulation, once registered, will provide an effective stable fly control option for cattle producers.

Bed bugs shown to affect human health

Bed bugs are a blood sucking pest that lives in homes, hotels, shelters, vehicles, and businesses. The bugs feed at
night causing a variety of reactions from mild irritation to extensive blistering and allergic reaction, though they
are not thought to transmit any pathogens. Bed bugs had been controlled effectively in the United States since the
1950s until they became much more numerous starting in 2002. ARS scientists in Beltsville, Maryland, in
collaboration with the University of Mississippi Medical Center and Harvard Medical School, showed that bed
bug bites can cause a very severe, localized inflammation of blood vessels. Moreover, the type of inflammation
that occurs has the potential to affect major body organs. These data show that bed bugs are not only an
annoyance, but also a health threat. The impact of this research may be greater involvement to control the national
bed bug problem.

Novel and effective vaccine for cattle against the cattle fever tick

The southern half of the United States used to be infested with two species of the one host tick that transmitted
bovine babesiosis to cattle. The disease is often fatal in adult cattle and is one of the infections that prevent export
of live animals. The ticks are abundant in Mexico and elsewhere in the world, so APHIS actively fights re-
introduction by requiring special treatment of cattle from areas where the ticks still live, and by maintaining a
guarantine zone in southern Texas between Mexico and the United States. Anti-tick vaccines are an attractive idea
for control, both to reduce the amount of pesticide required in eradication programs and to manage tick
populations overseas where the ticks continue to be a problem. A vaccine based on a tick gut protein, Bm86, has
been available in some countries for over 10 years. Recent evaluations performed by ARS in Mission, Texas, in
cooperation with APHIS, showed that the Bm86 vaccine is highly effective against one of the species of cattle
fever ticks and ineffective against the other. Genomic studies and bioinformatics of the cattle fever tick by ARS
scientists produced a series of vaccine candidates based on finding protein sequences likely to cause a strong
immune response in cattle. The scientists, in collaboration with EMBRAPA scientists in Campo Grande, Brazil,
completed trials of the most promising candidate vaccine antigens, one of which was 75 percent effective against
the cattle fever tick that was unaffected by Bm86. The mechanism of action of the vaccine was demonstrated by
knocking out the target tick gene with RNAI, showing this particular gene was essential for tick survival. This
novel antigen was highly expressed in tick nerve tissues. The results indicate that vaccination against cattle ticks
has great potential for integration into APHIS’ Cattle Fever Tick Eradication Program and for tick management.

Transgenic screwworm produces only males

The screwworm fly is a damaging pest of livestock that infests wounds and eats living flesh often killing cattle
and other animals. The screwworm fly used to live throughout the southern United States, but was eradicated by
the systematic release of sterile male flies that mated with wild female flies, a procedure developed by ARS.
Currently, the fly is prevented from reinfesting these areas by continuously releasing sterile males in eastern
Panama as a barrier between South America, where the fly still exists, and Central America, where it has been
eradicated. Screwworms are produced in a large factory in Panama, supported by the ARS research program. For
the past five years, APHIS funded ARS to develop a transgenic strain of screwworm fly that would only produce
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males, saving rearing, distribution, and sterilization costs. This project required discovery and insertion of a DNA
cassette that was female sex linked and lethal when tetracycline was not added to the larval medium. In 2012,
ARS scientists in Kerrville, Texas, and Pacora, Panama, worked with a collaborator at North Carolina State
University to successfully produce a strain in which 99 percent of females died if tetracycline was not present in
the medium. This strain will enable ARS to prove the concept of the value of a transgenic, male only strain,
eventually saving APHIS as much as $5 million per year.

A critical enzyme identified in a sand fly species

Sand flies transmit pathogens that cause a variety of diseases in humans, including verruga, kala azar, cutaneous
leishmaniasis, and sand fly fever. Cutaneous leishmaniasis was a major problem for the U.S. military in Irag, and
kala azar accounts for hundreds of thousands of childhood deaths in Africa. ARS scientists in Kerrville, Texas,
identified, cloned, and sequenced sand fly acetylcholinesterase, an enzyme which is the target for many kinds of
effective pesticides. Collaborative research with the University of Florida is identifying compounds that closely
target sand fly acetylcholinesterase. Such active ingredients will not only be effective but safe for people and
other non-target organisms. These findings offer the opportunity to develop new insecticides for effective sand fly
control.

Practical control of sand flies for the military

Old world sand flies are responsible for the transmission of leishmania to humans in areas where U.S. military
personnel are currently deployed. ARS researchers in Gainesville, Florida, successfully conducted the first study
examining the efficacy of ultra-low volume pesticide applications on Old World sand fly species in leishmaniasis-
endemic regions in a natural setting in Africa. These findings indicate that by combining ultra-low volume
treatments of natural sand fly populations with treatment of camouflage netting, permethrin-treated clothing, and
the use of DEET could substantially minimize human-sand fly contact and decrease transmission of leishmania to
deployed troops. The outcome of this research could lead to disease risk reduction for U.S. military personnel.

Supergene Gp-9 associated with multiple mating and male reproductive success in fire ants

Understanding fire ant male reproductive success and fitness are important components of research aimed at
suppressing fire ant populations, yet data on this important topic are virtually nonexistent. ARS researchers in
Gainesville, Florida, determined that some fire ant queens mate with more than one male and that whether a queen
mates with more than a single male is determined almost entirely by male genotype. Investigation of the
physiological basis for the inability of some males to discourage a second mating revealed that male sperm count
also is linked to male genotype, suggesting fire ant queens remain receptive to mating if their first partner does
not provide a sufficient quantity of sperm. Understanding the importance of the male genotype in fire ant colony
structure is an important basic discovery that uncovers a new pathway for disruption of this invasive species.

Progress in biological control of fire ants

Imported fire ants are unusually abundant in the United States, probably because they have escaped their natural
enemies left behind in South America. ARS researchers in Gainesville, Florida, are evaluating the release of a
new phorid decapitating fly, Pseudacteon cultellatus, near Miami and Gainesville, where it is beginning to expand
out of the release area. This new species of fly specializes on attacking the smallest sizes of fire ant workers,
which are most abundant in multiple-queen fire ant colonies. This preference is especially important because
multiple-queen fire ant populations average 2 to 3 times the densities of regular single-queen fire ant populations
and are therefore a substantially greater pest of homes, agriculture, and the environment. Another species of
phorid decapitating fly, Pseudacteon obtusus, preferentially attacks larger fire ant workers. This phorid fly was
shown to multiply well even in the presence of other species of decapitating flies. This is significant because
elimination of the larger worker ants will have a greater negative effect on the colony.

Genomics and biochemistry of termites
The threat of the Formosan subterranean termite to the southeastern United States resulted in a robust research
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program at ARS on this pest in 1997. Through basic and applied research, cooperation with academic institutions,
and a demonstration project, the program successfully solved the problem through areawide integrated pest
management and literally saved the French Quarter of New Orleans from destruction. Scientific accomplishments
continued through the last year of ARS’ termite research, with particularly significant contributions on genomics
and biochemistry. ARS scientists in New Orleans, Louisiana performed a project focused on sequencing the
Formosan subterranean termite genome and its comparison to the native subterranean termite genome. This work
was performed in collaboration with researchers at the J. Craig Venter Institute and Purdue University. The
project completed 18x coverage of the 926 mb genome using Illumina Nextgen sequencing. In addition, ARS
scientists identified and characterized a novel endogenous endo-13-1,4-glucanase (named CfEG5) in the Formosan
Subterranean termite. Eleven of 15 genes belonging to the metabolic mevalonate pathway were identified. This
pathway is responsible for the production of the morphogenic hormone, juvenile hormone, which controls caste
differentiation. Further progress was made in understanding caste differentiation by identifying differences in the
important musculo-neural protein, myosin, between worker and soldier termites. Basic studies of the biochemistry
of carbohydrate metabolism led to discovery of an inhibitor that has promise as a safe pesticide. These basic and
applied scientific accomplishments form a foundation for the next work on termites performed outside ARS.

Operational research in support of APHIS’ Cattle Fever Tick Eradication Program

The Cattle Fever Tick Eradication Program depends heavily on dipping cattle in solutions of the organophosphate
pesticide, coumaphos. An alternative developed in cooperation between ARS and APHIS involves injection of
long-acting doramectin. Although injections of doramectin to eradicate cattle fever ticks require half the number
of treatments as standard coumaphos dips and significantly reduces costs of regulatory treatments to ranchers,
there is concern that repeated injections at 25- to 28-day intervals could eventually reduce efficacy of treatments.
In a study at Edinburg, Texas, cattle were repeatedly injected at 28-day intervals throughout the year, with blood
serum concentration used as a predictor of the probability of female cattle fever ticks being able to survive and
reproduce by successfully feeding to repletion between treatments. Of the two dosages that were tested, the higher
dose had a 100 percent kill rate, and the blood serum concentration never dropped below this level between
treatments. Thus, at this dosage it would be impossible for ticks to reach full engorgement between consecutive
treatments. Results of this study demonstrated that the trial policy, instituted by APHIS Cattle Fever Tick
Eradication Program, of repeatedly treating cattle with doramectin injections at 25- to 28-day intervals for
eliminating cattle fever ticks would produce little or no risk of any viable ticks developing to repletion and re-
infesting the field between treatment applications.

Mosquito variation across the nation

The United States is host to over 150 species of mosquitoes and each region has its own group of problem species.
A few species occur across the country and are very important as vectors and pests. Two of those species are
Culex tarsalis, a principle vector of West Nile virus in the western United States, and Aedes vexans, a severe pest
and occasional virus vector across the entire country. In spite of the importance of these species, their genetic
population structure has never been thoroughly examined. ARS scientists in Manhattan, Kansas, have initiated a
project to collect many different populations of these species and use the most recent genetic methods to
determine population genetic structure. Those methods examine the entire genome of individual specimens to
make a thorough comparison of the degree of differences across the continent. More than 86 entities (individuals
or agencies) collected 454 unigue populations making this one of the largest coordinated collections of disease
vector mosquitoes in North America. These mosquitoes will be used to determine the differences between
populations of the two species with implications for how to control them and which populations are most likely to
transmit pathogens.

Control of mosquito larvae with polyoxyethylene tridecyl ether

Surfactants have been used in soft bodied arthropod control for years, but little is known about the mechanism.
ARS scientists in Stoneville, Mississippi, found that the combination of both the surfactant chemistry and its
specific hydrophilic—lipophilic balance number can create the best insecticidal activity against mosquito larvae
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and pupae. A chemical was found that is highly lethal to mosquito larvae and pupae. Oils are the only products
available that kill pupae, but oils are difficult to use and sometimes damaging to plants. A soluable, pupicidal
surfactant could prevent emergence of pupae and kill larvae in one step. This product may also be a valuable
adjuvant for other pesticides, improving penetration of the cuticle.

CROP PRODUCTION

National Programs:
o Plant Genetic Resources, Genomics, & Genetic Improvement, NP 103
e Crop Production, NP 104

New USDA Plant Hardiness Zone Map released

The USDA Plant Hardiness Zone Map (PHZM) is an essential tool for the country’s estimated 60 million
gardeners, nurseries, horticultural producers, plant breeders, and government agencies that use it as a primary
reference to define geographic patterns of extreme winter cold and identify plants that are most likely to thrive in
a particular area. ARS researchers from Ames, lowa, and colleagues from the PRISM Climate Group at Oregon
State University in Corvallis, Oregon, have completed a new 2012 edition of the PHZM which brought the map
into the “Digital Age.” It combines leading edge geographical information systems analytical technology, Internet
information delivery, and traditional horticultural and climatological scientific expertise and clientele input to
transform what had been a static, paper map into a dynamic, Web accessible, multi-functional interactive
information resource. The new PHZM has set a new standard of accuracy and repeatability for such maps. The
PHZM Web site attracted more than 500,000 visitors during the first two weeks after release and more than two
million visitors to date. The PHZM earned a Special Achievement in Geographical Information Systems Award
from Esri, Inc., one of 150 chosen for awards from 100,000+ Esri clients worldwide.

Import of genetically engineered, disease-resistant papaya to Japan approved

A major portion of the U.S. market share of papayas sold in Japan was lost when the Hawaiian papaya industry
was devastated in the 1990s by the papaya ringspot virus. The first shipments to Japan of ‘Rainbow,’ a transgenic
papaya ringspot virus-resistant variety, took place in December 2011, following final regulatory approval by the
Japanese government. The ‘Rainbow’ import application package was prepared and submitted in a collaborative
effort involving ARS researchers in Hilo, Hawaii, and researchers or representatives from several U.S.
universities and the papaya industry. ‘Rainbow’ papaya is the first fresh genetically engineered fruit to be
marketed commercially in Japan.
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Tomato genomes sequenced

The full genome sequence for a crop constitutes a powerful tool for a wide spectrum of research goals, most
importantly enabling breeders to accelerate the development of superior varieties. Tomato is one of the most
important vegetables globally, as it provides key vitamins and minerals to populations worldwide, and generates
billions of dollars of economic value in the United States. The International Tomato Genomics Consortium led by
ARS scientists in Ithaca and Cold Spring Harbor, New York, sequenced the genomes of the domesticated tomato
and its wild ancestor. These genome sequences constitute an invaluable knowledge base for uncovering the
genetic bases for tomato fruit taste, quality, size, yield, nutritional content, and host-plant resistance to diseases,
pests, and environmental extremes. Access to this new knowledge should enable tomato breeders and geneticists
to enhance the efficiency and effectiveness of tomato crop improvement for key, high value horticultural traits.

More than 150 corn traits mapped to specific regions of the corn genome

ARS corn researchers in Columbia, Missouri; Ithaca, New York; and Raleigh, North Carolina, completed
extensive evaluations of biochemical and agronomic traits for 5,000 corn lines that collectively included much of
the total variation found in the corn breeding gene pool. These evaluations located the regions of the corn genome
associated with more than 150 traits of major agronomic importance. Also, researchers characterized more than
55 million variable regions in the corn genome as a first step for identifying genetic markers for breeding those
traits or the actual genes controlling the traits. All of this important new information and corn genetic stocks are
accessible through the Maize Genome Database. This new information will enable variation in corn gene
sequences to be associated with gene function and with variation in plant traits. The analytical (informatics) tools
developed for managing those data and relating them to other genome databases for other plants will enable
geneticists and breeders to more rapidly identify genes for improved crop performance, quality, and yield.

Novel method for identifying different nitrogen fixing bacteria and determining their benefits to soybean
growth and production

Soybean benefits from symbiotic bacteria rhizobia that occupy the roots and help the plant to produce its own
nitrogen, thus eliminating the need for nitrogen fertilizer applications. The many different genetic types of
rhizobia differ substantially in their ability to produce the nitrogen required for soybean growth and production.
Several genetic types of rhizobia might occupy the same plant simultaneously, each with a specific preference for
a different site on the soybean roots, and each with significant variation in efficiency for producing nitrogen.
Consequently, identifying the unique types of rhizobia in culture collections is a priority, as is determining how
effectively the different types produce nitrogen in symbiosis with the soybean plant. ARS researchers at
Beltsville, Maryland, developed novel methods for describing soybean rhizobia genotypes belonging to the genus
Bradyrhizobium, and analyzing how these bacteria occupy soybean roots. This new technology includes a method
to extract rhizobial DNA directly from sites on soybean roots to identify genetic types of rhizobia in each root
location, determine nitrogen production efficiency, and identify the soybean varieties that form symbioses with
the most efficient rhizobia.

New wheat germplasm developed from wild relatives with more effective resistance genes to Ug99 stem rust
Stem rust strain Ug99 threatens wheat production worldwide. ARS researchers in Manhattan, Kansas, and St.
Paul, Minnesota, along with Kansas State University collaborators, developed a wheat germplasm line with Ug99
resistance gene (Sr52) derived from a wild wheatgrass species. In addition, ARS researchers in Fargo, North
Dakota, and St. Paul, Minnesota, used chromosome engineering techniques to successfully transfer small
segments of goatgrass chromosomes carrying the Ug99-resistance gene (Sr47) to durum wheat. The source of the
wild wheat relatives was from seeds safeguarded in the USDA Small Grains Repository in Aberdeen, Idaho. The
new lines with highly effective resistance genes from the wild relatives of wheat will help wheat breeders
throughout the world develop more durable protection of the global grain supply.
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Genetic control of essential dietary minerals in beans

Dry beans (Phaseolus species), a staple food world- wide, are a valuable source of dietary zinc and iron for
populations with largely plant-based diets. ARS researchers in East Lansing, Michigan, analyzed dry bean
cultivars with different concentrations of zinc and identified genes in two navy bean cultivars with divergent gene
expression patterns that yielded a 30 percent difference in seed zinc concentration. They determined that 10
differentially expressed genes are involved in zinc or iron transport in dry beans. The identification of these
differentially expressed transport genes will enable more effective breeding for increased seed zinc and iron levels
in dry beans to benefit human nutrition.

Genes that control the production of a key component of grape varietal aroma are mapped
Meothoxypyrazines, a class of volatile aromatic compounds, are commonly generated by grape varieties
traditionally grown in Bordeaux, such as Cabernet Sauvignon and Sauvignon Blanc. At moderate to low levels,
these compounds are considered a desirable and key component of wines fermented from these grapes. However,
at high concentrations, these compounds are considered undesirable because they yield wines that are excessively
“vegetal” in their aromatic profile. ARS researchers in Geneva, New York, demonstrated that variation in the
concentration of these compounds is quantitatively inherited and controlled by two unlinked genes with large
genetic effects. Mapping this trait is the first step in developing an assay that will improve the efficiency for
selecting this trait during grape breeding and will lead to further insights into how developing grape berries
produce these compounds.

Citrus rootstocks that confer greater tolerance to citrus greening in sweet oranges

Currently, no commercial source of resistance is known for the lethal citrus greening disease, which is widespread
in Florida where it severely threatens this important industry. ARS researchers in Fort Pierce, Florida, compared
tree health and fruit cropping for sweet orange trees grafted onto numerous rootstocks in four field trials
conducted in a region severely affected by greening. Significant differences in rootstock tolerance of the disease
indicated that some rootstocks will enable citrus trees to better tolerate greening disease as one component of
successful citrus production management in the presence of that disease.

Identifying a sorghum gene for superior livestock feed and bioenergy value

Lignin is the principal substance that makes cell walls resistant to breakdown either by livestock digestive
systems or during the cellulosic bioenergy conversion process. Brown midrib 2 (bmr2) is a mutant gene that
reduces lignin content and alters the lignin composition of sorghum cell walls. The specific genetic mutation
causing bmr2 was identified by ARS researchers in Lincoln, Nebraska, and their colleagues at the University of
Florida as affecting an enzyme involved in lignin synthesis. The function of the enzyme was characterized and
determined to be largely responsible for an initial step in lignin synthesis. This new information about the bmr2
gene can be applied to manipulate lignin content in sorghum and to improve that crop as a source of animal forage
and bioenergy feedstock.

Construction of a new high-quality cotton genetic map

ARS researchers in New Orleans, Louisiana, with their U.S. and French collaborators, have constructed a new,
high-quality (termed ultra-dense) genetic map for commercial Upland cotton by combining six separate high
density maps, to produce an ultra-dense map with more than 8,200 unique DNA markers. Statistical comparisons
of those mapped markers with the smaller and simpler genome sequence of a wild cotton species revealed strong
structural similarities between the genomes of the two species, allowing information from the simpler genome to
be used to locate genes or other genetic features on the larger genome of Upland cotton. This ultra-dense map is a
valuable resource for mapping the genes controlling complicated traits such as fiber yield and quality, isolating
and cloning key cotton genes, and more comprehensively understanding cotton genome structure and evolution.
The map will also serve as the standard reference and starting point for additional research on the structure of the
genomes of different cotton populations and species.
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RNAI technology -- a new strategy for controlling infectious diseases and parasites of bees

Israeli acute paralysis virus is a suspected cause of Colony Collapse Disorder (CCD). ARS scientists in Fort
Pierce, Florida, in collaboration with university, industry (Beeologics/Monsanto), and military partners, have
successfully developed a new control strategy that uses RNA interference (RNAI) technology to protect bees
against the virus. The RNAI product protects bees when fed sugar solutions, routinely used by beekeepers as a
honey substitute. This RNAI strategy not only controls the virus, and thus has potential for reducing CCD, but
could also be adapted to target and control other diseases and pests of bees and other insects. This was the first
large scale, field proof-of-concept use of RNAI for pest control. The bee treatment product is now commercialized
as Remebee®©.

Improved technology for producing long cane blackberry plants

U.S. blackberry growers would like to extend the growing period of their plants to enable them to sell fruit after
the traditional growing season as out of season blackberries command a higher price. ARS researchers in
Kearneysville, West Virginia, used a unique trellis and cane training system to propagate long cane plants which
can be manipulated to produce off season fruit. The new propagation system increased plant output five to seven
fold over the current commercial propagation technique. The new innovations include long cane plants that are
rooted at both ends of the cane. These long cane plants produced more fruit clusters, clusters with more fruit,
larger fruit, and 250 percent increase in fruit production compared to long cane plants produced by traditional
methods. The new propagation method is efficient for producing a large number of long cane blackberry plants
which will be useful to both growers and nurseries.

Maximizing benefits for energycane and sugarcane production systems

In some areas of Louisiana, sugar production is not economical because of delayed planting or flooded conditions.
ARS scientists in Houma, Louisiana, completed a five year study comparing the flood tolerance of energycane
and sugarcane. Production practices vary whether sugarcane is grown primarily for sucrose (sugarcane) or as a
biofuels feedstock (energycane); energycane increases management flexibility for the existing sugarcane
production system. Energycane tolerated the flooded conditions better than sugarcane when biomass and sucrose
yields were compared between treatments. Utilization of energycanes for production of cellulosic biomass may be
a sustainable rotational crop for sugarcane.

Fertilizer value of recovered phosphorus from animal manures

Many fields around large animal feeding operations in the southeastern United States have excessive soil
phosphorus from land applied animal manures. Previously, a method to recover phosphorus from animal waste in
a concentrated form was developed by ARS scientists in Florence, South Carolina. These ARS scientists field
tested the recovered phosphorus for its value as a fertilizer product, and found that the material can be processed
into commercial sized fertilizer pellets with relative ease. They discovered that when it is land applied as small
particles (between 0.5 and 1.0 millimeters in diameter) recovered phosphorus is effective as a fertilizer source.
Since the recovered phosphorus can be transported in concentrated form and recycled as plant fertilizer, adoption
of this technology by animal producers will reduce the environmental impact of excessive phosphorus in soils
around these animal farms. In addition, recycling manure phosphorus will lengthen the duration of the world’s
supply of minable phosphorus.

Agroenvironment impact on mamey sapote, a tropical tree fruit

The demand for tropical fruits has increased significantly during the last decade as consumers seek healthy and
more diverse food products. There is a lack of formal experimentation to determine yield performance and fruit
quality traits of mamey sapote (Pouteria sapota) cultivars. ARS scientists in Mayaguez, Puerto, Rico, evaluated
six mamey sapote cultivars (‘Copan’, ‘Magana’, ‘Mayapan’, ‘Pace’, ‘Pantin’, and ‘“Tazumal’) grown on ultisol
and oxisol soils for 5 years at Corozal and Isabela, Puerto Rico, respectively. The scientists found a significant
difference in the number and weight of fruit per hectare between locations. ‘“Tazumal’ had the highest 5-year
mean number and weight of fruit per hectare, but fruit of this cultivar was very small and contained several seeds,

FY13 Page 88



Annual Reporting on Technology Transfer in USDA, FY 2013

which could reduce its marketability. At Corozal, cultivars ‘“Tazumal’ and ‘Magana’ had significantly higher fruit
yield per hectare than the rest of the cultivars, whereas ‘Magana’, ‘Tazumal’, and *Pantin’ had the highest fruit
yield at Isabela. At both locations, ‘Pantin’ had relatively high yield, above-average soluble solids concentration
values, and adequate fruit size and weight for domestic and export markets (650-900 g), making this cultivar
suitable for planting at various agroenvironments typical of the humid tropics. This study provides, for the first
time, valuable information to growers and Extension specialists on yield, fruit quality traits, and adaptability of
mamey sapote cultivars grown in various agroenvironments.

Bees with varroa sensitive hygiene trait resistance against varroa mite commercialized

Varroa mite is the most important pest of honey bees. While miticides partially control the mite, some mites are
resistant and there is need for additional tools. ARS scientists in Baton Rouge, Louisiana, found that some lines of
bees remove mite-infested brood from hives. They named the trait varroa sensitive hygiene (VSH), and
commercialized VSH-bee lines. Twenty-five percent of the honey bee queens now being sold contain the VSH
trait. This success resulted in one of the top U.S. awards for technology transfer, a Federal Laboratory Consortium
Award for Excellence in Technology Transfer in 2012 for ARS.

New protocols for spray drift reduction

Numerous new spray technologies including nozzles, spray formulations, adjuvants, and operational practices
may significantly reduce spray drift potential, a critical concern for aerial applicators. There is a need to
standardize measurement and evaluation methods so as to provide science-based guidance to applicators for
enhancing drift reduction. In cooperation with EPA and other research and manufacturing entities, ARS scientists
in College Station, Texas, refined and tested protocols to evaluate droplet size and drift of aerially applied spray
using drift reduction technologies. Objective criteria were used to quantify the performance of drift reduction
technologies, and large-scale model simulations provided guidance on best operational practices such as droplet
size, swath offset, and application height. These new protocols will be used by applicators to counter
meteorological and other in-field conditions that can elevate drift potential. The results will be better on-target
deposition of aerial sprays, less drift, and more environmentally sensitive utilization of agricultural chemicals.

Commercializing Russian honey bee lines resistant to parasites, pests, and pathogens

Varroa mite is the most important pest facing honey bees. ARS researchers in Baton Rouge, Louisiana, found
honey bees in Russia with some resistance to varroa mite. Once imported to the United States, the bees were
intensively selected to produce a varroa-resistant stock. The bee also was found to be very resistant to tracheal
mites and American foulbrood, somewhat resistant to nosema, and to harbor fewer small hive beetles than the
standard Italian bee colonies. There are two mechanisms of varroa resistance: Russian bees uncap and remove the
mite from infested brood cells, and the bees control the mite through frequent auto-grooming. Tracheal mite
resistance is dependent on a few major dominant genes interacting with minor genes. These advances in
understanding resistance makes it possible to establish a breeding stock and, potentially, to develop marker-
assisted breeding. ARS lines of Russian bees are now being used by the bee industry, with 14 commercial bee
breeders having certified pure Russian stock. Several commercial honey producer/pollinators also have Russian
gueens and are creating their own breeding stock. Russian queens play an integral role in a pesticide-resistance
management program by controlling multiple hive pests and reducing the pressure to use miticides.

Ultra-violet light as a non-chemical plant growth regulator

Traditional floriculture crop production relies upon synthetic plant hormones or hormone derivatives for
controlling plant growth and development. ARS scientists in Wooster, Ohio, found that a single dose of UV light
on seedlings of 10 crop species decreased photosynthesis immediately after exposure and it remained low for 1 to
10 days. Leaf expansion also decreased leading to reduced overall growth in the following weeks. Depending on
the species, UV light suppressed growth in a predictable manner, similar to a chemical plant growth regulator
(lower photosynthesis, decreased leaf expansion, changed height, and no delay in flower development). This
research provides a new method for non-chemical plant growth regulation.
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Bee health possibly affected by pesticide-fungicide and pesticide-pathogen interactions

In a comprehensive survey, ARS scientists and university collaborators found 98 pesticides in the beeswax and
pollen of dying and healthy colonies alike, revealing the complexity of pesticide interactions. The study
highlighted the persistence of some products used to control hive pests, especially miticides for control of varroa
mite. The sublethal effects of pesticides and their synergistic interactions with other bee mortality factors are
prime suspects in Colony Collapse Disorder (CCD). Two results of ARS research support the need to continue
this line of inquiry: 1) A fungicide (Vanguard) used by almond growers in California was found to interact with a
miticide (Hivastan, fenpyroximate), to increase bee mortality. These results, from ARS scientists in Weslaco,
Texas, support previous findings that pesticide-fungicide interactions can overload cytochrome P450
detoxification mechanisms in bees, and suggests that one or the other product (i.e., either the fungicide or
miticide) should not be used during bloom. 2) Honey bee adults exposed to sublethal doses of imidacloprid (a
neonicotinoid insecticide) developed higher levels of nosema spores than did nonexposed bees. The research,
performed in Beltsville, Maryland, showed reduced queen emergence and higher virus levels in colonies fed
virus-contaminated pollen. Thus, pesticides, even at sublethal exposure levels, might affect honey bee colony
collapse, adding important evidence to the growing consensus that maladies such as CCD might be the result of a
synergism of multiple factors.

CROP PROTECTION
National Programs:

e Plant Diseases, NP 303

e Crop Protection, NP 304

Sudden oak death fungus soil remediation

Phytophthora ramorum causes sudden oak death and also seriously impacts the commercial nursery industry due
to losses resulting from quarantine issues. The nursery industry badly needs new methods to control P. ramorum
so that infested nurseries can be removed from quarantine status and resume normal production. ARS researchers
in Fort Detrick, Maryland, demonstrated for the first time in a nursery setting that the beneficial biocontrol fungus
Trichoderma asperellum grown on wheat bran and raked into nursery test plot soil can reduce P. ramorum soil
populations to non-detectable levels after six weeks. California regulatory agents confirmed these results at a
commercial nursery, and the nursery was lifted from quarantine status. The new method will have wide
applicability in reducing losses to the nursery industry due to P. ramorum. Technology transfer is underway to
facilitate development of a commercial formulation of the biocontrol fungus.
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Diagnostic test for the new boxwood blight pathogen

The recent rapid emergence and spread of boxwood blight disease in the United States places the nursery and
landscape industry at substantial risk. Boxwood is a high value ornamental nursery crop valued at $103 million
annually. Early and rapid detection of Calonectria pseudonaviculata in plants and soil is needed to prevent the
spread of this emergent disease which threatens the health and production of U.S. boxwood. ARS scientists in
Beltsville, Maryland, developed a DNA-based boxwood blight diagnostic assay capable of detecting the presence
of the causal agent of boxwood blight disease. This diagnostic test will be used by plant scientists to halt the
spread of boxwood blight and to develop control measures for the disease.

Extensive cereal disease evaluation protects U.S. wheat and barley from stripe rust losses

Cereal rust expertise provided by ARS researchers in Pullman, Washington, was applied in 2012 to protect the
wheat and barley crop from new, emerging strains of the stripe rust fungus. During the 2012 growing season,
ARS scientists evaluated more than 18,000 wheat and 5,000 barley lines for resistance to stripe rust in the field,
and hundreds were also tested in the greenhouse with cultured stripe rust strains. This enabled U.S. wheat and
barley breeders to select lines for advancing new varieties with resistance to new stripe rust strains. The results of
the extensive evaluation combined with molecular marker analysis in 2012 resulted in the advancement and
release of more than 10 new wheat and barley varieties with increased stripe rust protection.

High yielding soybean with resistance to multiple cyst nematode populations

In the United States, nearly $1 billion are lost in annual soybean production due to a tiny root parasite, soybean
cyst nematode. Cultivars with genetically controlled resistance would reduce these losses. ARS researchers in
Jackson, Tennessee, in cooperation with the Tennessee Agricultural Experiment Station, released soybean
germplasm line JTN-5203 with resistance to multiple pathogens endemic to the mid-southern United States, and
with high yield potential. Traditional breeding methods were combined with modern marker assisted
biotechnology techniques for rapid advancements. Soybean JTN-5203 will be highly useful as parent material in
breeding programs for providing more durable resistance, especially to soybean cyst nematode, while maintaining
very high yield potential in development of new cultivars. The soybean line can also be grown directly as an
excellent conventional soybean cultivar in the mid-southern United States.

New information developed to enhance biological control of aflatoxin contamination in corn

Infection of corn by some strains of Aspergillus flavus, and subsequent contamination with the mycotoxin
aflatoxin, results in costs of $923 million (U.N. Food and Agriculture Organization) and can cause illness in
livestock and humans. ARS researchers have developed an effective approach to reduce aflatoxin contamination
in corn thought biological control using non-aflatoxin-producing strains of A. flavus. In 2012, ARS researchers in
Stoneville, Mississippi, completed the genome sequencing of three benign strains of A. flavus, which will enable
the future comparison of the DNA genome sequence with that of the toxigenic strain. These researchers also
assessed two novel formulations for applying the non-toxigenic strains via solid application with bioplastic
granules and water dispersible granule formulation, and were granted a U.S. patent on “Granular bioplastic
biocontrol composition.”

Optimizing disease management strategies for HLB (citrus greening) in Florida

Raising a productive citrus crop in Florida, where citrus greening is endemic, poses a challenge to citrus growers.
An epidemiological model to predict the spatial and temporal dynamics of citrus Huanglongbing (HLB) from
infected areas of South Floridawas finalized and validated. A Web-based version of the model, which can be used
to test various disease control strategies, has also been developed for grower use. For example, the model output
suggests that controlling secondary infections by diseased tree removal and insecticide applications, plus
controlling primary infection from new insect immigrations through area-wide control strategies, can reduce
disease increase to a manageable 2 to 5 percent increase per year, which appears to be economically sustainable.
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Evaluation of beneficial yeasts to manage fire blight

Yeasts are being evaluated for use against fire blight of apple and pear. The fire blight bacteria are adapted to the
flower nectar cup; the point of infection. The yeast serve as competing organisms that primarily suppress the fire
blight bacteria on flower stigmas, which is the main access point for cells to invade the flower tissues. ARS
researchers in Wenatchee, Washington, demonstrated in orchard trials that the yeast strain Cryptococcus infirmo-
miniatus CIMyy6, employed for controlling postharvest fungal disease of fruit, also reduces fire blight in apple
trees. The potential inclusion of yeasts in fire blight management has received little attention by researchers until
recent years. The consideration of yeasts already approved or developed commercially will accelerate their
availability for improving biological control of this serious diseas

Preplant IPM strategy for managing root-knot nematode in peach

Peach growers in the Southeast often find it an economic hardship to apply fumigants to orchard sites. Finding a
nonchemical alternative to preplant chemical control of nematode pests is warranted. ARS researchers in Byron,
Georgia, and Beltsville, Maryland, evaluated a tall fescue grass cultivar as a preplant rotation for suppressing the
Southern root-knot nematode. Trees planted after a 1-year or 2-year tall fescue grass cover crop and planted in
fumigated soil are significantly larger than trees in unfumigated soil. This work provides the essential baseline
data needed to develop a nonchemical preplant nematode control recommendation that now appears in the 2012
Southeastern Peach, Nectarine, and Plum Pest Management and Culture Guide.

Soybean dwarf virus is limited by the aphid vector in the United States

Soybean dwarf virus, which significantly affects soybean crops in Japan and other Asian countries, has been
identified in multiple locations within the United States. Outbreaks of Soybean dwarf virus in the United States
have always been limited, perhaps because the primary aphid colonizing soybean (Aphis glycines) is reported to
be a poor vector of the virus. An experimental analysis conducted by ARS researchers in Frederick, Maryland,
demonstrated that specific mutations must occur in U.S. isolates to enable soybean outbreaks, and these mutations
tend to prevent effective transmission of the Soybean dwarf virus. This work demonstrates that the virus outbreaks
in the United States would require adaptation of the virus to the vector, and that risks associated with Soybean
dwarf virus for U.S. soybean production are limited. Soybean mosaic virus genome regions required for aphid and
seed transmission. Soybean mosaic virus is transmitted by aphids and through seed, and can cause yield
reductions as high as 35 percent in soybean. Infected seeds serve as the primary source of inoculum for the virus
in North America and secondary spread occurs by aphids. ARS researchers in Urbana, lllinois, and scientists at
the University of Illinois studied the role of virus-encoded proteins in aphid and seed transmission, severity of
foliar symptoms, and induction of seed coat mottling. Two virus proteins previously associated with aphid
transmission were shown to also be required for efficient seed transmission, and this discovery suggests that
interactions of the two proteins are important for multiple functions in the virus life cycle. In addition, two other
regions within the Soybean mosaic virus genome were shown to affect transmission through seed and the
presence of seed-coat mottling in virus-infected seeds. The information will be useful to pathologists and
virologists for development of novel methods to disrupt disease.

Postharvest irradiation treatment controls light brown apple moth

Since the invasive, light brown apple moth was found in California in 2007, several countries have imposed trade
restrictions on some of its host fruits and vegetables. ARS researchers in Hilo, Hawaii, found a radiation dose that
resulted in zero tolerance (100 percent control) at the most tolerant light brown apple moth stage. Some countries
require zero tolerance to access their markets. This information will facilitate the trade of commaodities that are
hosts of light brown apple moth.

Cold treatment stops coffee berry borer

Green coffee, which is shipped around the world for custom blending and roasting carries the risk of spreading
coffee berry borer. ARS scientists in Hilo, Hawaii, tested the freezing tolerance of over 15,000 coffee berry borer
insects at three different temperatures and determined the temperature and time at which they could control 100

FY13 Page 92



Annual Reporting on Technology Transfer in USDA, FY 2013

percent of all life stages. Hawaii State regulators are using this information to implement a freezing treatment
protocol that enables coffee growers in an infested area to ship green coffee to other islands without the need for
methyl bromide fumigation.

New lures for critical pests

The spotted wing drosophila is an invasive pest of soft fruits, and the brown marmorated stink bug is a pest of
many fruits, vegetables, and field crops. Both originated in Asia and are spreading throughout North America.
ARS researchers in Wapato, Washington, working with ARS colleagues in Poplarville, Mississippi, and Oregon
State Department of Agriculture scientists, isolated and identified a set of chemicals from the odors of wine and
vinegar that can be used as a lure for the spotted wing drosophila. ARS researchers in Beltsville, Maryland, and
Kearneysville, West Virginia, discovered a male produced pheromone that causes brown marmorated stink bug
nymphs and adults to aggregate. Both lures are being combined with traps and will be used to monitor pest
populations for treatment and, perhaps, to control the insects via trapping or insecticidal baits. A provisional
patent has been filed for the stink bug lure.

Improvement of the sterile insect technique in fruit flies

Fruit flies of all kinds are a major pest of fruit orchards and a major trade issue. ARS scientists in Tifton, Georgia,
have improved the efficacy of the sterile insect technique used to control tephritid fruit flies. They incorporated
the juvenile hormone analog methoprene (which coordinates sexual signaling and reproductive development) and
a protein supplement into the diets of adult sterile male flies. Flies fed the protein supplement became sexually
mature four to seven days earlier and thus mated earlier. The males also attracted more wild mates, thus
increasing the mating frequency. The International Atomic Energy Agency and the Food and Agricultural
Organization of the United Nations are including the technology in a coordinated research program to improve the
efficacy of the sterile insect technique. The technology is now used in Mexico to improve the reproductive
performance of sterile Mexican fruit flies that have been released to control invasive populations.

New methods using fungus to kill insect pests

Root weevils, soil grubs, rootworms, wireworms, fruit flies, and root maggots are insect pests that affect a wide
variety of agricultural crops, landscape plants, and turf. ARS researchers in Peoria, lllinois, developed new
methods to grow and commercially produce a bioinsecticidal fungus to kill these pests. The fungus, Metarhizium,
also kills lesser meal worm larvae and adults, which are pests in commercial poultry operations. Koppert BV has
licensed the technology from ARS through a patent. ARS researchers also developed dried granular formulations
of Metarhizium which will give homeowners, farmers, and land managers an effective, nonchemical way to
control numerous soil dwelling insect pests.

Stabilization of beneficial traits enhances effectiveness of biological control

Biological control (the use of predators, parasitoids, or pathogens in pest suppression) provides a safe alternative
to the use of chemical insecticides. However, during mass production biological control agents can lose some
beneficial traits, such as virulence and reproductive capacity which can make the agents less effective in pest
suppression. ARS researchers in Byron, Georgia, and colleagues at Brigham Young and Rutgers universities,
discovered that beneficial trait loss can be prevented by selecting inbred lines. Inbred line technology has been
adopted by three commercial companies that produce insect killing nematodes.

Plant growth bioregulators found to protect pecan foliage from black pecan aphids

Black pecan aphid causes chlorosis (loss of photosynthetic chlorophyll pigment) through its feeding. ARS
researchers in Byron, Georgia, found that treating pecan foliage with certain plant growth bioregulators improve
canopy health by lessening chlorophyll degradation by the aphid. Applying a plant growth bioregulator such as
gibberellic acid also increases season-long photosynthesis by encouraging longer foliage retainment into the
autumn. Return bloom is not affected and there appears to be little or no negative effect on beneficial insects. This
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new management tool is being adopted by growers. Use of this bioregulator is also applicable to other crops with
pests that elicit leaf chlorosis.

New genetic modifications yield "*sexing strains' in fruit flies

Mass release of sterile, male fruit flies is used to control the insects, but sterile females released along with males
do not contribute to fruit fly control and may distract the sterile males, thereby lowering control rates.
Conditional-lethality, in which an insect's offspring dies when certain environmental conditions prevail, is a
means of eliminating females early in their embryonic development. Females are not released, and rearing costs
are reduced. ARS scientists in Gainesville, Florida, developed a conditional-lethal strain of the Caribbean fruit fly
through genetic modification; females of this strain only survive when provided an antibiotic-supplemented
(tetracycline) diet, so only male progeny are produced on an 