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Background and General Information 
Introduction 
Food animal production and product consumption is increasing significantly around the world as 
consumers seek higher quality and more nutrient dense sources of protein, iron and other vital 
nutrients.  This trend will continue as the world’s population continues to grow and as animal 
production systems increase efficiencies across varied environments and production systems.  
Animal production systems fit a unique and valuable niche in the global food production 
equation by utilizing feeds and forages not appropriate for human consumption.  Animal 
production will continue to serve in this vital role in human nutrition and in environmentally 
sustainable food production systems across the globe.  

The United States has historically been a leading source of quality animal products and has led 
the world in technological development and adoption.  These advances have enabled the 
United States to develop one of the most efficient animal production systems on earth and U.S. 
Department of Agriculture Agricultural Research Service (USDA/ARS) has been a vital part of 
that achievement.  However, agriculture is being relied on to provide for a growing world 
population more now than at any other time in modern history.  Pressure to feed a projected 
nine billion people by 2050 make the role of the USDA/ARS critically important and underscores 
the importance of this retrospective review of National Program 101 (NP101) and the 
subsequent 5 years programming planning process.  To remain competitive in the face of 
extraordinary growth in animal production systems around the world, the animal industries in the 
United States must continue to focus on increasing production efficiencies through the 
development and adoption of scientific technologies.  The application of new tools in genomics, 
metagenomics, reproductive physiology, nutrition, and molecular biology in concert with animal 
health and in support of traditional husbandry, animal welfare and ecosystem services will 
continue to improve the long tradition of global economic competitiveness and sustainability of 
U.S. food animal production. 

US systems of agricultural animal management and production face formidable challenges. One 
of the most exacting challenges is successful adaptation to the accelerating demands of society 
that impact animal productivity and product quality.  The demands placed on the national 
system of food animal production by a rapidly changing world, for example increasing 
population, rising obesity, demands for better nutrition and lower costs, can only be met by 
technologies that optimally harness the inherent genetic potential of animal and plant 
germplasm in concert with certified industry and food marketing practices. Production systems 
that successfully identify, preserve, and harness that genetic potential will maximize profits, 
secure supply, increase market competitiveness, sustain small and mid-sized producers, and 
maintain genetic diversity and consumer confidence.   

Unfortunately, the USDA-ARS or NP101 does not have the resources or scope to address all 
valid researchable priorities for the livestock production industries in the US or internationally, so 
consequently must concentrate in areas where maximum impact is possible.  While these 
limitations may restrict the overall scope of the research in NP101, the current priorities and 
focus of the research in NP101 have produced extraordinary results for the livestock industries 
in the US and internationally in specific areas of focus.  ARS research in NP101 directly impacts 
production livestock agriculture across species and around the world in genetics, reproduction, 
nutrition, animal well-being and product quality. 

According to the USDA-Economic Research Service, agricultural research has historically 
produced remarkable rates of societal return on investment with estimates ranging from 20% to 
60% for annually.  In other words, for every $1 invested in agricultural research approximately 
$5 to as much as $15 is returned to the economy in present value terms.  A specific focus on 
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industry priorities has allowed NP101 to produce returns estimated to be well within this range 
and the current advancement of genomic technologies will increase the impact of the program 
even further.  Much of the current research in NP101 is just beginning to engage genomic 
technologies and the opportunities they provide to accelerate scientific discovery.   

It is important to consider that the value of applied and translational research is not typically 
maximized without prior basic research to set the foundation and identify scientific priority and 
opportunity.  Both are critical to deliver the ultimate promise and value of the research. There 
can be little truly valuable applied research without strong basic research and basic research is 
of no value if the technologies developed are never applied successfully in the field.  Basic 
discovery science is often more difficult, longer term and with additional inherent risk than 
applied or translational research.  However, basic discovery science provides the opportunity to 
realize extraordinary scientific benefit, ultimately through applied and translational research, by 
providing the foundation and vehicle for scientific discovery and eventual application.  That is 
one of the primary tenets of USDA/ARS and NP101 research and will continue to underpin the 
research programs.  The following graphics illustrate these points. 

Figure 1.  Flow of resources, research benefits and research costs for public research. 

   
 

This graphic developed by Alston et al., 1995, illustrates the flows of resources, research 
benefits, and research costs for public research in agriculture.  It shows clearly the challenge of 
basic discovery science in that while the benefit is often extraordinary, as reflected in the 
estimated value of the return on investment for public research of 20 to 60% annually, the 
benefits are typically not realized for many years.  This dichotomy – the time between discovery 
and application – jeopardizes the long term support and commitment required to realize 
maximum benefit, unless the funding entities and stakeholders clearly understand the critical 
need for long term sustained support and investment in basic discovery science. 
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Figure 2.  Optimizing the focus and timing of basic discovery science. 

     
 

This illustration adapted from Loehe illustrates the principal of the the Medawar Zone where the 
area of scientific discovery is most likely to produce maximum benefit.  Research that is trivial, 
repetitive or overly simple are unlikely to produce novel or significant results. Research that is 
too ambitious, purely academic or not adequately developed scientifically may not succeed at 
all, may be rejected by the research community at large or may be irrelevant.  The challenge for 
USDA/ARS and NP101 is to focus scientific discovery in the Medawar Zone or the area where 
maximum societal value is realized by the research, and to avoid trivial repetitive research as 
well as research that may be academically valuable but is poorly timed or has no ultimate 
scientific utility or value to industry stakeholders.  This challenge again underscores the need for 
long term sustained funding, strong visionary leadership and stakeholder commitment to ensure 
the value and impact of research in NP101. 

Finally, research in NP101 continues to increase in scientific complexity as the most valuable 
and impactful challenges to the livestock industries are addressed.  Challenges characterized 
as having maximum industry priority and value are well represented in Figure 2 at the top of the 
Medawar Zone and in the case of the USDA/ARS and NP101 to the right of the Medawar Zone 
peak as scientific discovery progresses over time.  These challenges are not simple.  They 
require strong research programs with visionary and long term commitment, multidisciplinary 
collaborations, strong leadership and strong industry stakeholder support.  These challenges 
now typify much of the research undertaken by scientists in NP101.  New models for research 
program development and implementation in NP101 are being developed across USDA/ARS 
program, Land Grant Universities and industry collaborators to best address the complex 
challenges facing the research community in NP101.  An example of the level of complexity for 
scientific discovery is illustrated in Figure 3.  
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Figure 3.  Scientific complexity of a production trait: Sow Lifetime Productivity 

   
Figure 3 illustrates the complexity of the production trait sow lifetime productivity and includes 
primary and secondary factors as well as primary interactions.  For a research program to make 
a significant impact on lifetime productivity of sows in the pork industry each of these factors 
must be considered and accounted for in a research program.  Significant scientific progress 
can only be reached through collaborative visionary research that is focused on impact while 
accounting for all relevant factors as shown in this Figure 3. 

The USDA/ARS has the national capability and demonstrated performance to lead U.S. food 
animal research and technology development to enhance the sustainable and economically 
viable production of food animal products in the United States.  USDA/ARS and partners 
conduct a food animal research program that has contributed significantly to national growth 
and global competitiveness of the U.S. production industries. A strong USDA commitment to 
food animal production research, technology development, and technology transfer through 
ARS and the National Institute for Food and Agriculture (NIFA)  in cooperation with university 
and private research programs, and linked to State and regional agricultural extension 
programs, is critical to energize industry development, improve production efficiency, and 
assure quality and wholesomeness of food animal products.  

The Agricultural Research Service (ARS) is the intramural research agency for the U.S. 
Department of Agriculture (USDA), and is one of four agencies that make up the Research, 
Education, and Economics mission area of the department. The ARS budget is allocated to 
research conducted in 22 national program areas. Research is conducted in 108 laboratories by 
~2,200 full-time scientists within a total workforce of ~8,000 ARS employees. The ARS national 
program addressing animal production is NP 101 – Food Animal Production. NP 101 involves 
research conducted at 20 U.S. locations by 102 full-time scientists and has an appropriated 
budget of approximately $46.5 million per annum.   

The vision for National Program 101 – Food Animal Production is “to furnish scientific 
information about biotechnologies and management practices that ensure an abundant supply 
of competitively priced animal products”.  The overall mission is to: 1) safeguard and utilize 
animal genetic resources, associated genetic and genomic databases, and bioinformatic tools; 
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2) develop a basic understanding of the physiology of livestock and poultry; and 3) develop 
information, tools, and technologies that can be used to improve animal production systems, all 
to ensure an  abundant, safe, and inexpensive supply of animal products produced in a healthy, 
competitive, and sustainable animal agriculture sector of the U.S. economy. This National 
Program mission follows from the USDA/ARS Strategic Plan (see 
http://www.ars.usda.gov/aboutus/docs.htm?docid=1766) which, in turn, is directed towards 
achieving goals mandated by the USDA Research, Education, and Economics Mission Area 
Strategic Plan and the USDA Strategic Plan (see 
http://www.usda.gov/ocfo/usdasp/usdasp.htm). 

The products of research conducted in this national program contribute toward broader goals 
associated with four specific Performance Measures from the ARS Strategic Plan for 2007 - 
2012. 

Goal 1: Enhance Economic Opportunities for Agricultural Producers. 
Performance Measure 1.2.1: Provide producers with scientific information and 
technology that increase production efficiency, develop improved germplasm, safeguard 
the environment, improve animal well-being, and reduce production risks and product 
losses. Target: Specific information and technology will be available to food animal 
producers for evaluating animal productivity and wellbeing, increasing efficiency, and 
decreasing environmental impact through improved management models and 
reproduction methods. 

Performance Measure 1.2.2: Develop needed information on the relationships between 
nutrients, reproduction, growth, and conversion to and marketability of animal products. 
Target: Information will be available to producers for more efficiently converting 
improved knowledge about the interactions of reproduction, growth, and nutrient intake 
to increase marketability of food animals.  

Performance Measure 1.2.3: Identify genes responsible for economically important traits, 
including animal product quality, efficiency of nutrient utilization, and environmental 
adaptability. Target: Better understanding will be available of how genes are responsible 
for economically important traits in food animals, such as nutrient utilization and 
environmental adaptability.  

Performance Measure 1.2.4: Maintain, characterize, and use genetic resources to 
optimize and safeguard genetic diversity and promote viable, vigorous animal production 
systems. Target: The diversity of food animal germplasm will be maintained and 
optimized to invigorate production systems. 

Linkages with Other ARS National Programs 
Research projects in the Food Animal Production National Program are strongly inter-linked to 
activities in a number of other ARS national programs which either directly or indirectly impact 
animal agriculture. These programs include NP 103 (Animal Health); NP 104 (Veterinary, 
Medical, and Urban Entomology); NP 106 (Aquaculture); NP 215 (Rangelands, Pastures, and 
Forages); NP 206 (Manure and Byproduct Utilization); and NP 108 (Food Safety). 

Linkages with USDA-NIFA National Programs 
Research projects in this ARS national program are also coordinated with research, education, 
and extension programs administered by USDA’s National Institute for Food and Agriculture 
(NIFA). This process was facilitated by co-hosting of a Joint USDA-ARS/NIFA Stakeholder 
Planning Workshop for the national program area of Animal Production and Well-Being held in 
April 2006. The activities of the ARS NP 101 research program are directly inter-linked with 

http://www.usda.gov/ocfo/usdasp/usdasp.htm�


8 
 

activities in the NIFA national program areas of: 1) Genetic Improvement of Animals and Animal 
Genomes; 2) Reproductive Performance of Animals; 3) Nutrient Utilization of Animals; 4) Animal 
Physiological Processes; 5) Environmental Stress in Animals; 6) Animal Management Systems; 
7) Improved Animal Products (Before Harvest); and 8) Animal Health and Protection. These 
programs are all coordinated with the goals and funded research programs affecting animal 
production within the AFRI Competitive Grants Program of NIFA. 

 

Planning and Coordination for NP 101 
USDA/ARS established national programs for organizing and communicating its research 
programs with customers, stakeholders and partners in 1996. A national program on food 
animal production was established at that time to provide leadership in research for the U.S. 
animal production industries. The ARS Food Animal Production National Program Team held a 
National Program Planning Workshop to establish program direction and implementation of the 
plan. An Action Plan was written which provided the basis for individual prospectus and project 
plan development, peer panel review and the authority for the research conducted in the 
national program. 

The first Joint ARS-CSREES (NIFA) Food Animal Production National Program Stakeholder 
Planning Workshop was held on April 10-12, 2006 in Kansas City, Missouri.  See 
(http://www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=12556) for 
more information.  

The expected outcomes of the workshop were:  

 Identification of a list of the research needs of the livestock and poultry industries. 

 Prioritization of the research needs for the USDA’s animal production and well-being 
research programs. 

 Communication to increase support and strengthen the integration of USDA’s 
research, technology transfer, and extension programs in animal production and 
well-being. 

 Enhanced  working dialogue among USDA’s partners, professional organizations, 
the livestock industries, and USDA national program leaders and scientists to help 
solve priority problems in American animal agriculture.    

The primary goal of this meeting was to establish the new USDA Animal Production and Well-
Being research action plan, which guided USDA projects over the next 5 years.  Review of 
output from the workshop indicated that the USDA/ARS Food Animal National Program was 
generally on target. There was a sense of urgency detected in customer presentations for 
information to solve problems with over-arching themes or contexts such as reducing costs of 
inputs, increasing production efficiency, improving animal health, developing and protecting 
domestic genetic resources, increasing environmental compatibility and sustainability, and 
improving product quality. It was recommended that the National Program 101 Action Plan 
incorporate food animal research holistically involving production system efficiencies, and, 
integrate biological and social sciences to focus on environmental stewardship, animal well-
being, and economic viability in food animal production. 

The NP 101 Action Plan was subsequently drafted by writing teams composed of ARS scientists 
and members of the USDA/ARS National Program Staff (NPS). The writing teams combined 
input from the workshop, their own knowledge of the subject matter area, and input from other 
ARS scientists and their cooperators to identify the key priority needs that could be addressed 

http://www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=12556�
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by ARS research in the coming five year period. These needs were aggregated into Problem 
Areas for each National Program Research Component. After a public comment period, the 
draft Action Plan was revised, edited, and completed in 2006.  See 
http://www.ars.usda.gov/SP2UserFiles/Program/101/2007-2012ActionPlan/101ActionPlan2007-
2012FINAL.pdf for more information. 

Once the Action Plan was completed, ARS project teams each developed a project prospectus 
containing objectives of specific research from the framework of the Action Plan. Project Plans 
were then written by project teams of scientists after NPS approval of their project prospectus. 
Project Plans included statements of the anticipated products or information to be generated by 
the project, how they contributed to solving the larger National Program Problem Areas, and 
time lines and milestones for measuring progress toward achieving the project goals. All project 
plans were then evaluated for scientific quality by external peer review panels. The project peer 
reviews were administered by the ARS Office of Scientific Quality Review (OSQR). Project 
Plans were revised in response to review panel recommendations, and were then approved for 
implementation. Project plans were approved for the period of October 2007 to September 
2012.  

The progress achieved in attaining the Action Plan goals is now being assessed by an external 
retrospective assessment panel. This program assessment is in preparation for the beginning of 
the next five-year national program cycle (October 2012-September 2017). The next cycle, 
which will begin with a national program stakeholder workshop in March 2011, will be 
driven by a new action plan that will incorporate information from this assessment 
process. 
Day-to-day coordination of the ARS national program in food animal production is the task of the 
National Program Leaders who comprise the NP101 Leadership Team. The national program is 
also coordinated with other ARS National Programs previously listed and with activities of other 
agencies. For example, discussions and analyses of the Interagency Working Group on 
Domestic Animal Genomics coordinate and align NP 101 research with efforts in other agencies 
across the Federal government. This interagency working group includes representatives from 
the USDA (ARS and NIFA), National Science Foundation, National Institutes of Health, 
Department of Commerce, Department of Energy, Food and Drug Administration, U.S. Agency 
for International Development, Office of Science and Technology Policy, National Oceanic and 
Atmospheric Administration, and the Office of Management and Budget. 

In addition to ongoing planning and coordination during the NP 101 program cycle, USDA/ARS 
National Program Staff and Area Offices organized and conducted various information gathering 
efforts focused on specific research issues relevant to the needs of U.S. food animal production 
industries. Most of these workshops also involved coordinating and integrating ARS NP 101 
efforts with those of cooperating agencies, and with university and industry partners.   

 

How This Report Was Constructed and What It Reflects 
In this report, information about NP 101 achievements and their impact is organized according 
to National Program Research Components and their constituent Problem Areas, described in 
the current National Program Action Plan. The report first outlines the individual NP 101 
Research Components. This is followed by a section for each of the components. The actual 
language from the current Action Plan is given to outline the committed goals, planned 
approaches, expected outcomes, and engaged USDA/ARS locations for each of the 
Problem Areas within each Component. These are followed by selected accomplishments 
achieved under the current Action Plan and include the impact and/or potential anticipated 

http://www.ars.usda.gov/SP2UserFiles/Program/101/2007-2012ActionPlan/101ActionPlan2007-2012FINAL.pdf�
http://www.ars.usda.gov/SP2UserFiles/Program/101/2007-2012ActionPlan/101ActionPlan2007-2012FINAL.pdf�
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benefits of those achievements on solving the problems and meeting the high priority needs 
identified by customer/stakeholders in the NP 101 action plan. 

The purpose and intent of this document is to illustrate the direction and impact of NP 101 to 
develop a more accurate vision and strategy for NP101 going forward.  This is a critically 
important task for the USDA/ARS.  The following excerpts from remarks made by USDA 
Undersecretary of Research, Education and Economics, U.S. Department of Agriculture, Dr. 
Cathie Wotecki underscore the importance and challenge of agriculture research, of leveraging 
resources and expertise and of the importance and role of the USDA/ARS.  They were provided 
to the Association of Public and Land Grant Universities Annual Meeting in Dallas, Texas on 
November 15, 2010.   

“Today, there is also growing recognition that agriculture and natural resources are at 

the crossroads of the world’s most critical problems: sustainable food production, providing 

clean and abundant water, responding to climate change, renewable energy, and improving 

human health.  Climate change, land use changes, population growth, and emerging pests 

and diseases are placing intense pressure on the world’s food and agricultural system and 

threaten the future availability of sufficient food supplies.  At the same time, 87% of 

America’s surface-derived drinking water comes from America’s farms, ranges and forests. 

The challenges facing agriculture, natural resources and conservation are immense, and 

need to be faced with the most robust research enterprise we can muster…. 

Our new compact must reflect that we have at USDA and in our partner institutions 

many of the world’s best scientists.  This rich and deep talent base is capable of addressing 

almost any problem we can put before it. But instead of focusing on myriad problems at 

once, we should be figuring out how those many problems relate to our most urgent issues 

and tackle the root causes, not manage the symptoms.   

Our new compact must reflect that we have at USDA, and in the researchers we 

support, unbounded passion and enthusiasm for all facets of agricultural and natural 

resource research.  But instead of trying to grow as many narrow, single-issue or single-

focus research programs as we can, we should identify who are the best minds – whether 

they are within USDA, or in programs we fund outside USDA – and make sure we recruit, 

retain, and reward those researchers for their work.   

Putting this new compact in place will require us to:   

• Articulate the scope and capacity of USDA’s scientific agencies and programs and of 

our university partners, and identify critical roadblocks and knowledge gaps that 

constrain rapid progress in the agricultural, conservation, economic, and social 

sciences.   

• Identify and prioritize agriculture’s most urgent problems that require the combined 

support of USDA, other federal agencies, and the States. 
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• Provide guidelines for investments in agricultural research, education and extension, 

so that limited resources are allocated effectively to realize the greatest public 

benefits. 

• Cultivate public awareness of the diversity and benefits of our research and 

information, whether in large-scale production agriculture or small family farms; by 

Native American communities; by organic farmers; by backyard gardeners; by 

foresters, livestock producers, farmers’ markets, and consumers.   

• Chart a course that includes a broader base of the contributors to and beneficiaries 

of agricultural science to plan and work together in a transparent and inclusive 

process, to advance our knowledge.  

We need to craft a compact firmly rooted in the 21st century.  We need to address both 

the direction of science and the structure and functions within the system, keeping in mind 

the sweeping changes in the scientific landscape itself.  This compact will call for enhanced 

science capacity through a more formal, coordinated and leveraged science organization.  It 

will integrate planning of science across USDA, its partners and beneficiaries of science.  It 

will enhance education and create opportunities for the next generations of scientists.  It will 

foster an appreciation of food and agricultural science, and will identify improved processes 

for engaging traditional and nontraditional stakeholders throughout the realm of research, 

education, and outreach activities. It will recognize that conservation is a principal that 

affects all working lands -- farm, range, or forest.  

Lastly, and very importantly, it will call for aggressive partnering with the states and with 

other Federal science agencies and for increasing the recognition of USDA’s research role 

in the broader science community.  USDA science needs to recommit to a true partnership 

with the states – and with the private sector – a partnership that is focused, that leverages 

the strengths and resources of all its partners, and that recognizes that each partner brings 

site-specific, experience based, or culture-specific expertise to the table.  And it needs to 

concentrate on select priorities at a large scale to produce valued outcomes. But most 

importantly, this partnership ultimately must be informed by the philosophy that our success 

in science has to be matched by impact in society.    

A 21st century research compact will be built on three important components:  

competitive, peer reviewed research grant making; coordinated and interwoven with a 

strong federal intramural research program; and leveraged against the incredible 

infrastructure, expertise,  and intellectual capacity of our state partners supported, in part, 

through state and federal funds.   It is important to acknowledge the vital role that the 
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capacity building funds have played and should continue to play in providing for the 

infrastructure for site-specific agriculture research. 

While competitive grants are central to our strategy, the federal government has a 

unique responsibility in this new compact:  intramural research capacity also needs to be 

sustained to undergird and complement competitively funded extramural research. Our 

intramural research will emphasize: 

• Research that directly addresses the scientific needs of USDA program delivery 

agencies whose characteristics may appear arcane outside of government. 

• Research that builds on unique or confidential data sources, collections, or special 

infrastructure unavailable outside of USDA. 

• Research that provides coordination for a national perspective or framework, setting 

a single standard for use by others, and; 

• Research addressing questions with payoffs in the short term or requiring immediate 

response to a health, safety, or policy challenges. 

Our state partners need to be fully vested co-creators and signatories to this compact.  

The success of the American agriculture to date can be attributed in large part to how well 

the relationship between the states, the LGUs, and the federal government has worked in 

the past 150 years. “ 

 

These remarks clearly illustrate the priority and direction for the USDA/ARS and should help 
guide the evaluation of the past research for ARS in NP101 and provide guidance for 
recommendations for future research program development. 

The content of this report is derived primarily from annual reports from individual NP 101 
scientists who were asked to summarize their project’s major accomplishments in terms of 
impact, and key references documenting those accomplishments. Consequently, this report 
does not include all accomplishments achieved in the national program but, rather, only those 
selected by ARS and the National Program Leader who authored this report. As a result, the 
scope of this report is not all inclusive, but encompasses a subset of the total spectrum of NP 
101 accomplishments, chosen to illustrate impactful stakeholder achievements at the 
national program level.  
 

Program Components and Associated Problem Statements 
Research Component 1: Genetic Improvement - Understanding, Improving, and 
Effectively Using Animal Genetic and Genomic Resources 
 

• Problem Statement 1A: Develop Genome-Enabling Tools and Reagents. 
• Problem Statement 1B: Identify Functional Genes and Their Interactions. 
• Problem Statement 1C: Preserve and Curate Livestock and Poultry Genetic Resources.  
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• Problem Statement 1D: Develop and Implement Genome-Enabled Genetic Improvement 
Programs. 
 

Research Component 2: Enhancing Animal Adaptation, Well-Being and Efficiency in 
Diverse Production Systems 
 

• Problem Statement 2A: Enhance Animal Well-Being and Reduce Stress in Livestock and 
Poultry Production Systems. 

• Problem Statement 2B: Reducing Reproductive Losses. 
• Problem Statement 2C: Improving Efficiency of Nutrient Utilization and Conversion to 

Animal Products. 
•  

Research Component 3: Measuring and Enhancing Product Quality 
• Problem Statement 3A: Developing Systems for Reducing Variation in Product Quality 

and Yield. 
• Problem Statement 3B: Characterization of Products from Non-Conventional Production 

Systems. 
 

The details of each highlighted accomplishment are documented selectively to illustrate the 
overall variety of products and knowledge generated by this National Program. In the report text, 
selected accomplishments found in the narrative are cross-referenced, by numerical citation 
[e.g., “(1)”], to supporting information presented in Appendix 1 – Selected Support 
Information and Documentation For Accomplishments and Impact of NP101 Research.  
Appendix 1 is organized according to the individual NP 101 specific areas of research that best 
exemplify the scope and direction of the research in NP101. 

 NP 101 encompasses 32 appropriated research projects. The titles of the individual projects, 
objectives, funding levels, scientific staffing and scientific collaborators are listed in Appendix 2 
- Listing of Individual Appropriated CRIS Projects by Geographic Location, which is 
organized according to the geographical location of the research unit. Each project is coded to 
reflect the National Program Action Plan components to which it contributes. 

Appendix 3 – Annual Report Information (2006-2010), provides an aggregated copy of the 
introduction of the annual reports of the national program for fiscal years 2006-2010. Full copies 
of the reports are available on the ARS website http://www.ars.usda.gov/research/programs/), 
but this information has been condensed to provide an overview of new scientists, awards and 
recognitions, and additional activities associated with the national programs not reflected by any 
other section of this report. 

 
National Program 101 – Food Animal Production – Action Plan (2007-2012) 
National Program 101 (NP101) strives to closely align research with industry priorities and 
specifically in researchable areas that positively impact production efficiencies through improved 
reproduction, growth, efficiency, health and animal well-being.  Livestock industry stakeholder 
and producer support is vital to program development and direction for NP101 research 
programs and was critical to the current Action Plan.  Addressing industry priorities are even 
more critical when considering the economic and structural challenges facing the industry such 
as increasing grain and input costs, increased regulation, growing foreign competition, 
increased reliance on export markets and increasing pressure on social responsibility and 
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animal well-being.  That direction from the livestock industries is exemplified in the following 
accomplishment summaries. 

ARS research has been on the front edge of scientific discovery and application in many areas.  
ARS research in genomics has produced impactful and economically valuable results for all the 
food animal species and has received national and international recognition.  Genomic science 
and the development of genomic tools and technologies will continue to be a high priority for 
NP101 and will provide opportunity to accelerate scientific discovery in all research disciplines.  
ARS research in reproduction continues to focus on basic physiology and has contributed 
significantly to the body of knowledge regarding factors critical to increasing reproductive 
efficiencies.  ARS research in growth biology and feed efficiency is a growing priority for NP101 
and is a high priority for the livestock industries.  ARS research in animal adaptation, stress 
management and animal well-being has also set the standard for research accomplishment and 
will continue to be a priority for NP101.   

The following sections provide a summary of these accomplishments and their impact and value 
to the livestock industries.  It is important to consider that some accomplishments were 
significantly impactful in their reporting year, but were improved upon by research in subsequent 
reporting years.  Some of these selected accomplishments are included in this report as a 
sequential point of reference.  It is also important to consider that this summary includes specific 
impactful accomplishments for NP101 but does not systematically represent the contributions of 
an individual research program or ARS laboratory.  Accomplishments are grouped by area of 
discipline and by farm animal species in longer sections, but are not in any priority order or other 
classification within a section.  Finally, many accomplishments fit into 2 or more categories 
(such as genomics and reproduction), but are listed only once in this summary in the section 
best related to the objectives of the original research project.  

Linkages:   
1. USDA/ARS National Programs: 103 Animal Health; 106 Aquaculture; USDA/ARS 

National Animal Germplasm Repository. 

2. Other Associated Agencies and Departments:  USDA National Institute of Food and 
Agriculture; U.S. Colleges of Agriculture and State Experiment Stations. 

3. Private Sector:  National Beef Cattlemen’s Association, National Pork Board, American 
Sheep Industries, American Livestock Breeds Conservancy, US Beef Breeds Council, 
National Swine Registry, National Association of Animal Breeders, U.S. Livestock 
Producers, Allied Genetic and Production Industries. 

NP101 Locations: Beaver, WV; Beltsville, MD; Booneville, AR; Brooksville, FL; Clay Center, 
NE; Dubois, ID; East Lansing, MI; El Reno, OK; Fort Collins, CO; 
Lexington, KY; Lubbock, TX; Madison, WI; Miles City, MT; Starkville, 
MS; and West Lafayette, IN. 
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Research Component 1: Genetic Improvement - Understanding, Improving, and 
Effectively Using Animal Genetic and Genomic Resources 

To meet preferences and needs of consumers for animal products while effectively utilizing the 
natural resource base, livestock and poultry are produced in a wide array of environments and 
management systems. Insufficient quantitative and genomic characterization of existing genetic 
resources compromises efficiency of production across climactic zones of the U.S., limiting 
optimal use of feed resources and response to disease threats. Losses in production efficiency 
from genotype by environment interactions and gene by gene interactions must be better 
understood to respond to these challenges and increase profitability. Existing genetic resources 
provide producers with numerous options that can be tailored to meet current and future 
demands. However, several of these resources are at risk of being lost, even before they are 
adequately characterized. Germplasm conservation efforts require a wide range of information 
and analytical tools. 

Genetic improvement of livestock and poultry populations is a key strategy for increasing 
efficient production in an ethically responsible manner. The rate of improvement, however, is 
hindered by lack of data on some economically important traits, inadequate understanding of 
quantitative and molecular genetic controls of component traits and interrelationships among 
traits, less than optimal methods for evaluating candidates for selection, and inefficient 
strategies to incorporate genomic data in to breeding programs.  This includes the ability to 
move novel forms (alleles) of genes between populations. 

Comprehensive knowledge of the genome and its interactions with environmental factors is 
required to fully understand the biological basis of all animal and poultry science disciples. 
Acquiring new knowledge in a “systems biology framework”, pertaining to animal adaptation and 
well-being, reproductive efficiency, nutrient utilization and conversion to animal products, and 
product quality, will be significantly enhanced with appropriate genomic tools and reagents. 
Continued public involvement in the construction of these resources is critical to ensure 
development of economically feasible management tools for livestock producers and to provide 
all researchers access to these tools and reagents to spur forward technology development for 
transfer to industry as quickly as possible. 

 

Problem Statement 1A: Develop Genome-Enabling Tools and Reagents. 
Significant public resources have been devoted to developing genomic and bioinformatic 
infrastructure for the important livestock and poultry species over the past two decades.  These 
efforts have culminated in significant improvement in the genomic information on these species 
available in the public domain, yet, considerable work remains to bring the poultry (chicken and 
turkey), and livestock (bovine, porcine, ovine, caprine, and equine) genomes to a level of 
information content necessary for optimal “mining” through functional genomic and proteomic 
approaches. ARS remains committed to devoting the necessary resources to fill these research 
gaps. 

Research Needs: 
ARS research will contribute to the development of annotated genome sequence assemblies of 
the chicken, bovine, and porcine genomes (minimum 7-fold coverage). These annotated 
genome assemblies will also be highly valuable for informing the physical maps of the ovine, 
caprine, turkey, and equine genomes through comparative genomic approaches. Haplotype 
maps of the chicken, bovine, and porcine genomes are required to speed fine mapping of 
quantitative trait loci (QTL) and evaluate the potential for whole genome selection for complex 
quantitative traits. A full and comprehensive array of full-length cDNAs is required for 
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functionally important tissues under differing environmental conditions and developmental 
stages to ascertain alternative splicing of genes and to fully explore gene function and 
regulation. Further development of gene expression tools to a commercially available le vel are 
required to fully facilitate functional genomic and genetical genomics approaches. ARS should 
further develop resource populations for these species that provide an optimal framework for 
mining genomic information. Furthermore, work is needed in the development and study of 
specialized cell lines from food animals that can be used to study gene expression through the 
use of tools such as RNA interference and targeted gene transfer. Fundamental research is 
needed to further develop methodology for transfer of genes within and across species. Finally, 
significant gaps exist in the minimum bioinformatic infrastructure required to facilitate rapid 
access to and visualization of livestock and poultry genomic and proteomic data by the research 
community on a routine basis. 

Anticipated Products: 
 Annotated genome sequence assemblies of the chicken, bovine, and porcine genomes. 

 Densely populated haplotype maps of the chicken, bovine, and porcine genomes. 

 Improved physical and genetic linkage maps of the ovine, caprine, equine, and turkey 
genomes. 

 Full-length cDNA libraries and gene expression tools spanning important tissues, 
environments, and developmental stages for the important livestock and poultry species. 

 Well-characterized and deeply phenotyped resource populations of dairy cattle, beef cattle, 
swine, and sheep. 

 Specialized cell lines enabling the study of gene expression.  

 Improved techniques and methodologies for intra- and inter-species gene transfer. 

 Improved bioinformatic tools for rapid, routine access to and visualization of genomic 
information. 

Potential Benefits: 
The completion of these genome-enabling tools and reagents is the foundation upon which 
continued genetic and managemental improvement of livestock and poultry systems relies. 
These tools will be used to develop new genetic selection methodologies, identify the functional 
role and interactions of gene products in the interactome of the animal, and ultimately to 
develop “precision genetic management systems” for livestock and poultry. These tools will not 
only be used for traditional animal production research applications (reproduction, growth and 
development, nutrient intake and utilization, product quality), but will also be used to decrease 
the environmental footprint of animal production, improve animal health, well-being and 
resistance to disease, and enhance food safety. 

 
Problem Statement 1B: Identify Functional Genes and Their Interactions. 
The development of initial genetic linkage maps for the livestock and poultry species quickly led 
to whole genome scans for the detection of chromosomal regions (Quantitative Trait Loci, QTL) 
harboring genes contributing to the variation observed in economically important production 
traits. A large pool of QTL have now been identified for a variety of traits including growth rate, 
components of reproductive efficiency, and product yield and quality attributes; yet only a 
relative few of these QTL have been elucidated to the genic (Quantitative Trait Nucleotide, 
QTN) level. Additionally, QTL have yet to be identified in a significant way for complex traits that 
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have been more difficult to describe in genetic models. Such traits include efficiency of nutrient 
utilization, reproductive capacity and longevity, various animal behaviors, and genetic resistance 
to stress and disease. 

Research Needs: 
Post-sequencing genomic architectures will be used to fine map existing QTL for livestock and 
poultry production traits in chickens, dairy and beef cattle, and swine. Considerable research 
effort is required to develop and validate the measurement of relevant phenotypes for 
components contributing to the complex traits of efficiency of nutrient utilization, reproductive 
capacity and longevity, animal well-being and resistance to stress, and product quality. 
Identification of QTL for these traits is a high priority which will eventually lead to the identity of 
genes impacting these traits and how they may be regulated genetically, epigenetically, and 
environmentally. 

Anticipated Products: 
 Valid standardized phenotyping systems for determination of genetic and phenotypic 

variation in efficiency of nutrient utilization, reproductive capacity and longevity, animal well-
being and stress resistance, and product quality. 

 Identification of QTL for efficiency of nutrient utilization in livestock and poultry. 

 Information relating the function and regulation of individual genes contributing to 
economically relevant traits in livestock and poultry. 

 Development of DNA-based diagnostics to provide genotypic information for use in 
centralized genetic evaluation and improvement systems. 

 Further contribution to the annotation of the genome sequence of livestock and poultry 
species. 

Potential Benefits: 
Information generated from the research conducted in this area will form the basis for inclusion 
of genotypic data in national genetic evaluation programs.  Functional genomics data will serve 
as the cornerstone for enablement of systems biology research. Development of a more 
complete understanding of the biological systems underpinning livestock and poultry 
performance will ultimately lead to a precision livestock and poultry production management 
framework. Production of animal products will become more energy efficient, have lessened 
environmental impact, and be from animals with enhanced wellbeing and welfare. Ultimately, 
the impact of this research work will be to enhance profitability and economic competitiveness of 
U.S. livestock and poultry producers. 

 

Problem Statement 1C: Preserve and Curate Livestock and Poultry Genetic Resources.  
Maintenance of genetic diversity in populations of livestock and poultry is critical to the long-
term competitiveness of animal agriculture. Considering the trends of the past several decades 
toward increased consolidation and integration of production, along with employment of 
breeding systems that accumulate inbreeding within breeds and lines, this need has risen to 
highest priority. Furthermore, due to increased concentration of livestock and poultry, and 
continued increase in the easy and rapid movement of animals, the need exists to be able to 
respond to repopulation of animal and poultry systems in the event of a widespread disease 
outbreak or other catastrophe that would threaten the genetic resource base of animal 
agriculture. 
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Research Needs: 
Selection of specific germplasm to be preserved requires phenotypic and genetic 
characterization for a wide variety of phenotypic characteristics measured within the appropriate 
production environments and systems. Genetic diversity characterization of individuals within 
breeds and lines should be performed using a suite of tools, including carefully designed 
genomic evaluations using appropriate high-throughput DNA marker systems (eg. single 
nucleotide polymorphism (SNP) panels). Such a process will allow minimization of redundancy 
while insuring complete coverage of germplasm diversity. Considerable gaps exist in the ability 
to preserve gametes and embryos of the various livestock and poultry species, with the need for 
improved cryopreservation technologies being most critical in poultry. The need exists to select, 
catalog, and curate DNA and other tissue-based collections of germplasm for both research and 
germplasm conservation purposes. Finally, the bioinformatics platform (Germplasm Resources 
Information Network, GRIN) interfacing the database of the nation’s livestock and poultry 
genetic resources held in the National Animal Germplasm Program should be further developed 
to make information quickly and readily accessible, as well as become effectively linked to other 
such resources around the world. 

Anticipated Products: 
 A broad spectrum of genetic diversity in the form of viable and well documented livestock 

and poultry germplasm conserved. 

 Genomic diversity in conserved populations ensured via the use of molecular technologies 
in selection of individuals to be preserved. 

 Successful and efficient cryopreservation technologies and methods available for all 
livestock and poultry species. 

 DNA and other tissue banks in place for research and genetic resource preservation 
purposes for livestock and poultry species. 

 High-quality, comprehensive characterization, evaluation, and Genebank curatorial data 
made readily accessible, either from a transformed, upgraded, well-maintained GRIN, from 
databases housed at GRIN as the primary site, or at sites linked to GRIN. 

Potential Benefits: 
Careful strategic planning for and successful implementation of genetic resource management 
projects will provide industry users with a more dependable and more diverse source of high 
quality livestock and poultry genetic resources. In particular, vulnerable or threatened genetic 
resources will be better preserved and more secure. The National Animal Germplasm Program 
will be a repository of the alleles being elucidated in the post-genome sequencing era so that 
they may be available for long-term use by the animal agriculture industry in responding to the 
needs of the future. Readily available access to comprehensive and curated germplasm 
characterization information will allow strategic use of livestock and poultry genetic resources in 
fulfilling the demands for animal products in the future. 

 

Problem Statement 1D: Develop and Implement Genome-Enabled Genetic Improvement 
Programs. 
Application of quantitative genetics theory to populations of livestock and poultry has resulted in 
significant directed genetic change in particular components of performance, primarily from the 
use of field data recorded in both public and private national schema.  Much of this improvement 
was facilitated by the maturation of statistical methodology coupled with increased scope and 
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power of computing platforms that could be applied to large-scale pedigreed phenotypic data 
sets. Genetic evaluation and improvement programs are now poised to jump to new plateaus 
with elucidation of genetic parameters and interrelationships among traits, development of 
objective multi-trait breeding goals, and the availability of genomic resources for 
characterization at the individual gene and gene sets level. Additionally, the focus of genetic 
improvement programs is now shifting from production-driven to animal well-being and 
functionality-driven strategies. 

Research Needs: 
The suite of traits included in genetic evaluation programs of livestock and poultry is in need of 
expansion beyond the traditional production traits.  Specifically, research to describe genetic 
parameters for a suite of economically important traits including efficiency of nutrient utilization, 
reproductive capacity and longevity, animal behavior, and resistance to stress is needed. These 
parameters include direct and maternal breed and heterosis effects, heritabilities, and genetic, 
phenotypic, and environmental correlations. As new traits continue to be defined and added to 
the genetic evaluation pipeline(s), continued work to define breeding objectives incorporating 
information from multiple traits under specific production-marketing environments is warranted. 
Work in functional genomics and proteomics will yield new diagnostics and genetic evaluation 
tools regarding specific genes and gene complexes. This new molecular information must be 
incorporated in to genetic evaluation and prediction frameworks in order to maximize genetic 
improvement. Additionally, new approaches to holistically use molecular information from the 
entire genome at the haplotype map level, must be investigated and validated to determine if 
and how they can be employed in genetic selection and mating programs. The complexity of the 
new types of information becoming available for genetic evaluation and improvement will require 
significant advances in statistical methodology and software to effectively put such data to 
practical seed stock industry use. 

Anticipated Products: 
 Genetic prediction for a suite of new traits in livestock and poultry related to adaptability and 

functionality in production-marketing environments. 

 Enhancement of genetic evaluation and breeding system design for economically important 
production traits in livestock. 

 Validation of new whole-genome selection methods for genetic improvement programs. 

 Development of technologies allowing producers to identify genetic inputs fitting breeding 
objectives defined within their specific production-marketing environment. 

 Statistical tools and methodology for incorporating molecular genetic data into genetic 
evaluation and prediction programs, resulting in “genome-enabled” genetic improvement. 

Potential Benefits: 
Enhancement of genetic improvement programs by adding traits which enable producers to 
better match genetic potential to the production resource base and consumer and societal 
demands will lead to a more profitable and sustainable animal agriculture. Genomic-level 
information will allow complex traits previously excluded from genetic improvement to be 
evaluated, these traits include many of the most important to enterprise profitability. 
Identification of elite genetic seed stock at younger ages with higher levels of inherent accuracy 
will allow the rate of genetic change to accelerate to previously unattainable levels. Much of the 
value of previous public research investments in animal genomics will be realized through 
“genome-enabled” genetic improvement programs resulting from this research. 
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Selected Accomplishments for Genetic Improvement 
 
This section includes selected accomplishments that demonstrate stakeholder impact for NP101 
for the current action plan.  Each accomplishment is cross referenced with specific sections in 
Appendix 2 listing relevant references.  However, many of the accomplishments listed to not 
have a specific corresponding reference or journal article because the research in many 
instances is just being completed.  In addition, Appendix 2 includes many more references than 
can be linked to the accomplishment list and further demonstrates the scope of the research in 
NP101.  Accomplishments including a cross reference including “M” are listed in the 
“Miscellaneous” section of Appendix 2. 
 
Conserve, Characterize and Utilize Genetic Resources 
 
National Animal Germplasm Program (NAGP) – FY2010 Collection Summary (1).  This 
section summarizes the NAGP increases and impact over the past 5 years.  The national 
collection of animal genetic resources held by ARS, ended FY10 with 599,112 germplasm and 
tissue samples from 13,638 individual animals of agronomically important animal species. Over 
the past five years the collection has grown linearly and increased in size by 163%. To date the 
collection contains samples from 32 different species, 143 breeds, and 181 specialized lines 
across all life forms in the collection. The collection is the largest national repository in the world 
and is at least twice as large as any of the European gene bank collections.  This repository 
serves a vital role in protecting and preserving economically valuable germplasm and genetic 
diversity for the livestock industries. 
 
Table 1. Summary of Animal Numbers and Germplasm and Tissue Inventory by Species, 
Breed within Species, and Line within Breed and Species. 

Common Name Species     Breeds        Lines Number of 
Individuals 

Units of 
Germplasm 

Contribution to 
Inventory 

Aquatic Freshwater 
     Fish  

  13               0                24  690  20,444  3.35%  

Aquatic 
     Invertebrates  

    3               0                  3 213  7,198  1.18%  

Aquatic Marine 
     Fish  

     6              0                  0 15  823  0.13%  

Beef Cattle       2            47                  7 2,867  123,261  20.18%  
Bison       1              0                  1 73  1,565  0.26%  
Chicken       1            11              100 1,411  6,502  1.06%  
Dairy Cattle       1            12                  1 4,997  175,847  28.78%  
Elk       1              0                  0 4  340  0.06%  
Goat       1            14                  0 392  9,536  1.56%  
Pig       1            21                30 1,238  196,288  32.13%  
Screwworm       1              0                10 10  19,350  3.17%  
Sheep       1            38                  5 1,728  49,779  8.15%  
 
Total:  

 
   32           143             181 

 
13,638 

 
610,933 

 
100% 

 
National Animal Germplasm Program enhances genetic security and improves 
germplasm storage technologies (1). Research projects were conducted by ARS to ensure 
the long term viability of the germplasm collection. Beef semen has been cryopreserved since 
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the 1950’s but the viability of samples in long term storage has not been scientifically evaluated. 
Preliminary results indicate that storage time has not significantly affected fertility. Additional 
research was conducted to improve the efficiency of mating procedures with cryopreserved 
germplasm involving a non-surgical procedure for artificially inseminating sheep. The procedure 
is effective with fresh ram semen (55% conception rates) however cryopreserved semen 
typically produces significantly lower conception rates and therefore requires additional 
exploration for methods or technologies to overcome this limitation. In addition, 1,194 samples 
from 263 animals left the repository for animal generation, germplasm evaluation, or DNA 
studies. One example of the value of germplasm storage was demonstrated through a genetic 
distancing study (a study of genetic divergence between species) involving US sheep breeds 
and five breeds from Kazakhstan. It was determined that the Kazakh breeds were clustered and 
separate from US breeds, with the exception of the Karakul breed. This research is important to 
the identification of genetic variation in the sheep industry for economically important traits and 
to protect as much diversity as possible in the National Animal Germplasm Program. This 
research program has ongoing international collaborations with Canada, Brazil, and Tunisia to 
facilitate germplasm storage and to develop cooperative data base management protocols.  
 
Germplasm storage and evaluation technologies ensure that genetic diversity is 
preserved (1). Significant progress was made by ARS in the areas of sperm physiology during 
hypothermic storage to develop more efficient hypothermic storage methods for poultry, swine 
and fish sperm. High-performance liquid chromatography was used to characterize the lipid 
fraction of freshly collected spermatozoa and to classify the proportion of phospholipid to 
cholesterol. Lipids, which are essential for poultry sperm functions are disrupted during 
cryogenic storage and are partly responsible for the low fertility rates of frozen and then thawed 
semen. This baseline data provides the foundation necessary for delineating the effect of 
hypothermic storage on poultry sperm, and is critical for developing reliable methods for poultry 
semen storage to improve production efficiencies through increased genetic progress and 
improved fertility and to ensure long-term germplasm preservation for the poultry industry.  
 
Securing Holstein germplasm – expanding collections in France, the Netherlands, and 
the US (1).  Globally, Holstein is the predominant dairy cattle breed but has been shown to have 
a relatively small effective population size (< 36 animals). This analysis determined how well the 
Holstein breed is secured and the diversity represented in each of the three countries’ gene 
banks. Working with scientists from France and the Netherlands ARS scientists coordinated 
information and analyses for the US Holstein collection, suggested analytical approaches, 
interpreted the results, and co-authored a proceedings paper. This project concluded that, 
among the three gene banks, the US collection was the largest in terms of number of bulls 
represented, and had the lowest genetic relationships (more variation) when compared to the 
French and Dutch collections. Using the effective number of foundation sires to compare gene 
bank collections to each country’s set of active bulls it was determined that the US collection 
with 784 foundation bulls, exceeding our current population of active bulls with 115 foundation 
bulls. Given these results, we can state that the US collection is the largest and most diverse 
collection among the three countries and includes significantly more diversity than the current 
U.S. Holstein breed population and that the gene bank has secured the Holstein breed for future 
use by industry. 
 
Worldwide and genome-wide assessment of poultry biodiversity indicates large loss of 
alleles in commercial lines (1). Following decades of intense selection primarily for meat or 
egg production, and competition that has reduced the poultry industry to a few multi-national 
firms, the question has arisen as to whether sufficient genetic diversity exists to address future 
needs (nutritive value, emerging diseases, etc). To survey extant biodiversity of commercial 
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poultry, an extensive collection of commercial pure lines, experimental chickens, and standard 
breeds were assembled (2,580 unique individuals), genotyped with 3,072 genetic markers 
equally spaced throughout the chicken genome, and analyzed for loss of alleles by the ARS 
scientists. Results revealed that individual commercial breeding lines have lost 70% or more 
genetic diversity of which only 25% can be recovered by combining all stocks of commercial 
poultry. However, modern agricultural practices do not appear to be the primary source of this 
allele loss as the majority of the alleles were lost prior to the formation of the current industry. 
These results emphasize the need for concerted national and international efforts to preserve 
chicken biodiversity to ensure adaptability and development opportunity for emerging 
challenges or genetic opportunities for the poultry industry. 
 
Determining germplasm collection requirements for chickens (1). Knowing the quantity of 
germplasm necessary to reconstitute a population is one requirement for gene banks to use in 
setting goals for germplasm collections. The Food and Agricultural Organization of the United 
Nations (FAO) has recommended that to secure a chicken breed at 150% of reconstitution 
needs, gene banks must have a minimum 2,454 straws (0.5 ml) of semen to capture the scope 
of the inherent genetic variation. In FY2007 scientists at the National Animal Germplasm 
Program in Fort Collins evaluated inseminating hens intramagnally vs intravaginally and found 
the intramagnal procedure was significantly better in regard to fertility rates. Additionally, 
econometric procedures were used to evaluate the maximum efficiency and duration by which 
fertile eggs could be obtained from a single insemination. These results showed that maximum 
efficiency occurred at day 8 and maximum fertility occurred at day 17. These findings 
significantly impact the development of germplasm collections for chickens. By using 
intramagnal insemination, rather than intravaginal insemination the number of units of 
germplasm required to secure a breed can be reduced from 2,454 to 386. The impact of this 
finding is that collections of germplasm from chicken breeds can be secured more rapidly at a 
lower cost of collection and a lower storage cost.  In addition the results have been adopted by 
FAO in their gene banking literature. 
 
Embryonic death due to cold egg storage in poultry (1). Cold egg storage is a common 
practice prior to incubation in the broiler industry to prevent spoilage.  However, cold storage 
longer than 10 days is typically associated with an increase in early embryo mortality.  ARS 
scientists in collaboration with scientists from Aviagen, Ltd. found that after prolonged egg 
storage at 16 C, embryonic deaths within the broiler lines examined varied and occurred at 
different stages of development.  The time of embryonic death from a broiler line with lower 
overall fertility was predominately before the onset of blood formation.  In contrast, embryonic 
death in a broiler line with higher fertility was after the onset of blood formation.  Further 
research is needed to investigate the cell and molecular mechanisms regulating the onset of 
embryonic blood formation, and the impact of cool egg storage on these mechanisms, to 
determine if this specific stage of embryonic development is associated with the biological basis 
of early embryonic mortality in broilers.  This research will lead to improved fertility and 
reproduction rates for broiler improving production efficiencies for the poultry industry. 
 
Sperm surface carbohydrate improves the fertility of turkey sperm (1).  ARS scientists 
previously have shown that carbohydrates essential for poultry sperm function (sperm/egg 
recognition, sperm energetics and sperm motility) are lost during cold storage, and that this loss 
is partly responsible for the low fertility rates of stored poultry semen.  This basic information 
served as the foundation for a strategy to improve the fertility of stored poultry semen by 
supplying exogenous carbohydrates in the semen extender.  ARS research first demonstrated 
that turkey sperm can bind the carbohydrates in a time- and dose-dependent manner, followed 
by selection of the optimal dose that substantially improved the fertility of stored semen from 
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40% to 80%.  While commercial breeders require fertility rates of 96-98% to maintain economic 
profitability, the results here provide significant progress towards the goal of using stored semen 
instead of freshly-collected semen for artificial insemination of turkeys which will improve 
production efficiencies for the poultry industry by increasing genetic progress and lowering costs 
of production. 
 
Oviduct tissue type, presence of sperm, and genetic line affect gene expression in turkey 
hens (1).  Turkey sperm maintained in the hen’s sperm storage tubules (SST) are capable of 
fertilization for up to ten weeks after a single insemination; whereas the fertility rates of turkey 
semen stored in vitro decline dramatically after six to eight hours of storage. The genetic basis 
of SST sperm storage activity is unknown.  ARS scientists found that differences exist between 
lines of turkeys with respect to expression of avidin and avidin-related proteins, and that these 
differences correlated with the known fertility of the turkey lines.  Moreover, the presence of 
sperm in the oviduct increased avidin mRNA expression in the SST.  These results improve the 
understanding of turkey fertility.  The recent availability of the turkey genome sequence provides 
an opportunity to build on these results for a more thorough investigation of the genetic basis of 
sperm storage in the turkey hen which should lead to improved semen storage techniques for 
the turkey industry. 
 
Comparing sheep DNA from Brazil and the US (1).  Understanding the genetic distinctness of 
U.S. sheep breeds in relation to those in other countries can impact conservation strategies and 
breeding programs. Using genotypes generated in our respective countries, ARS and Brazilian 
scientists explored methods to combine and analyze genetic differences of sheep breeds found 
in the US and Brazil. This approach successfully determined genetic distances and illustrated 
how breeds are grouped together based upon physiological function (meat vs wool/hair 
production). Importantly, this study also showed that the Brazilian and U.S. hair breeds are 
substantially different from one another suggesting different and distinct histories of origin. As a 
result, U.S. breeders interested in Brazilian breeds (and vice versa) could expect substantial 
hybrid vigor by importing and crossing these breeds; potentially enhanced genetic performance 
for traits such as heat tolerance, and disease and parasite resistance; and that countries can 
leverage information generated independently and use that information to enhance germplasm 
conservation programs.  Exploiting these differences may provide sheep producers in the U.S. 
with opportunities to increase genetic value and improve production efficiencies. 
 
Efficient use of cryopreserved boar semen (1).  Germplasm collected and stored in a gene 
bank will become a limited resource as it is used over time. To address this issue, an evaluation 
of the optimal insemination dose (1.0, 0.75, 0.5, and 0.25 billion sperm) for boar semen was 
performed.  ARS scientists co-designed, cryopreserved boar samples, performed pre-freeze 
and post-thaw analysis of the semen samples, provided input into statistical analysis and 
prepared an abstract with university collaborators. The experiment found no statistical 
differences in pregnancy rate for each of the respective doses. However, the 0.25 treatment had 
numerically fewer pregnant sows. To ascertain the dose most appropriate to use if semen is 
limited, the total number of fetuses per sow inseminated was multiplied by the number of 
potential doses available if only one billion motile sperm cells existed. The results suggest that 
the optimal dose of semen to utilize per insemination was between 0.50 and 0.75 billion motile 
sperm cells. Such information significantly aids the National Animal Germplasm Program in 
planning germplasm collections and assures that effective use of stored germplasm can be 
made when needed. For industry, these results suggest that inseminating sows with one or two 
billion cells may exceed what is needed to create a pregnancy with optimal litter size and 
illustrates the need for additional research to address these issues for the commercial swine 
industry. 
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Science to Industry: Conserve, Characterize and Utilize Genetic Resources 
 
National Program 101 is leading a very productive effort to conserve and characterize genetic 
resources for the livestock industries.  Primary focus has been on germplasm preservation 
through the National Animal Germplasm Program and in basic science to develop better 
techniques and technologies to store and preserve avian germplasm.  These programs have 
been very successful and are closely coordinated with industry stakeholders, breed 
representatives and external experts worldwide. The animal germplasm collection administered 
by ARS and NP101 is the largest and most diverse of its kind in the world and continues steady 
annual growth.  NP101 scientific efforts to address the challenges associated with avian semen 
and germplasm preservation are recognized worldwide and continue to produce promising 
results.  Collaborative efforts are underway to better understand the longevity of semen and 
germplasm storage and to develop alternative germplasm storage technologies featuring stem 
cell lines and related technologies.  Additional focus is being directed at analyzing the genetic 
diversity of germplasm collections to ensure that maximum genetic variation is captured in 
existing collections and that target priority areas can be identified for future expansion of 
germplasm collections. 
 
 
Genetic Improvement and Selective Breeding for Economically Important Traits 
 
Beef 
 
Test for Osteopetrosis for the beef industry (8). Osteopetrosis is a rare inherited disorder 
that makes bones increase in both size (mass) and fragility and is an emerging genetic disease 
in the Red Angus breed resulting in stillborn calves. Research was conducted by ARS to map 
the Osteopetrosis disease mutation locus using genotypes developed from Red Angus DNA 
samples using the Bovine SNP50 beadchip, also developed by ARS. This project was then 
used to develop a commercial diagnostic test for Osteopetrosis in collaboration with the 
University of Illinois, University of Nebraska, and the Red Angus Association of America. This 
research led to the identification of the mutation and a commercial DNA test was produced that 
identifies carriers of the defect in the Red Angus breed.  This test is enabling beef producers to 
prevent the occurrence of the disease and to systematically eliminate this deleterious mutation 
from the Red Angus breed. 
  
Across-Breed EPD Adjustment Factors (2).  Beef cattle breed associations produce expected 
progeny differences (EPDs) as a measure of the genetic merit of individual animals for 
economically relevant traits. However, association EPDs are not directly comparable among 
different breeds. To address this challenge, across-breed EPD adjustment factors were 
calculated by ARS scientists for 16 breeds for growth traits (birth, weaning, and yearling weights 
and maternal milk) and for 8 breeds for carcass traits (ribeye area, backfat depth, and marbling) 
using data from the USMARC Germplasm Evaluation program and conventional EPDs from 
breed associations. These adjustment factors were presented and released at the Beef 
Improvement Federation meeting to a North American audience, followed by publication on 
various industry websites and in the popular press. This research allows producers to more 
accurately apply industry genetic resources and thereby more rapidly improve production of 
lean beef and meat quality. 
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Genetic evaluation of sustained reproductive success in beef cattle (8).  Genetic 
improvement of reproductive performance has been hampered by lack of systems for use in 
conducting national cattle evaluation.  In collaboration with the American Hereford Association, 
ARS scientists developed a system based on ages when females fail to maintain an annual 
calving interval, using survival analysis techniques. This system was adopted by the American 
Hereford Association to develop a genetic evaluation of reproductive performance for Hereford 
cattle breeders.  Breeders of Hereford seedstock now have a tool to use for genetic selection to 
improve reproductive efficiency which will significantly improve genetic progress for the Hereford 
breed. 
 
Using genomics to enhance national beef cattle evaluation (2).  Genomic companies 
produce products that may be predictive of economically relevant traits. When these products 
are used independent of national cattle evaluation, producers making selection decisions can be 
misinformed.  In collaboration with the American Angus Association, ARS scientists developed 
the necessary information to incorporate carcass merit genomic information into systems of 
national cattle evaluation (marker assisted). Breeders of Angus seedstock now have access to 
EPDs that incorporate both conventional quantitative genetic evaluations and genomic marker 
information which will accelerate genetic progress for carcass merit in the Angus breed. 
 
Genetic factors influence bovine respiratory disease (12). Genetic, environmental and 
economic factors influencing the incidence of bovine respiratory disease (BRD) in feedlot calves 
were characterized by ARS scientists in nine breeds (Angus, Braunvieh, Charolais, Gelbvieh, 
Hereford, Limousin, Pinzgauer, Red Poll, and Simmental) and three composite types (MARC I, 
MARC II, and MARC III) over a 15 yr period. Epidemiological patterns for BRD infection were 
described. Few differences among breeds for BRD incidence were detected, however Herefords 
were generally more susceptible than the composite types. Estimates of heritability for 
resistance to BRD were low to moderate suggesting resistance to BRD could be improved over 
time from genetic selection programs. Phenotypic, environmental, and genetic correlations of 
carcass and palatability traits with BRD were low or negligible; inferring that selection to reduce 
BRD would have an insignificant effect on those traits. Significant economic loss associated with 
BRD infection in a feedlot was estimated at $13.90 per animal in 2007. This research may lead 
to genetic selection programs that improve resistance to BRD. 
 
Heritability of follicle size and genetic correlation with fertility in beef cattle (2).  Sustained 
reproductive success is the most important determinant of beef industry profitability. However, a 
lack of identified highly heritable traits that are closely correlated with fertility limits opportunity 
for genetic improvement of reproductive success. Previous research had identified size of the 
ovulatory follicle as being temporally associated with conception and/or establishment of 
pregnancy. However, there has been no previous attempt to estimate the degree to which 
genetic effects control variation in follicle size or the magnitude of its relationship with pregnancy 
rate.  ARS scientists estimated the heritability of follicle size to assess its usefulness as an 
indicator trait associated with reproductive success in beef cattle. Results indicate the heritability 
of the size of the ovulatory follicle is greater than the heritability of pregnancy rate. However, 
because of the low genetic correlation of follicle size with pregnancy rate the use of follicle size 
as an indicator trait for fertility is limited. 
  
Identification of quantitative trait loci for infectious bovine keratoconjunctivitis (12).  
Infectious bovine keratoconjunctivitis, also known as pinkeye, is one of the most economically 
important diseases in cattle.  ARS scientists identified two putative quantitative trait loci for this 
trait, one on bovine chromosome 1 and the other on bovine chromosome 20.  A gene known to 
be involved in pathogen resistance has been located under the quantitative trait loci on 
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chromosome 1.  These findings should motivate future studies with the objective of identifying 
the genetic base of pinkeye resistance.  Resistance to pinkeye would improve production 
efficiencies for beef producers by lessening the incidence of pinkeye and would also enhance 
animal well-being. 
  
Identification of a genomic marker linked with pre- and post-natal growth in beef cattle 
(8).  A single nucleotide polymorphism in the osteopontin gene on bovine chromosome 6 was 
found by ARS scientists to be associated with birth weight, weaning weight, and yearling weight, 
but not twinning or ovulation rate, in a large multi-generation, cross-bred cattle population.   
Frequency of the minor allele in this cattle population was estimated to be 5.2%, and the 
estimated phenotypic difference between alleles was 1.14 kg for birth weight and 5.16 kg for 
205-day weaning weight.  This polymorphism is a probable functional mutation candidate that 
successfully tracks functional alleles affecting growth.  Marker-assisted selection for the 
favorable genotype could have a beneficial effect on growth in cattle positively impacting 
production efficiencies for beef producers. 
  
Slick hair gene localized to bovine chromosome 20 (5).  The slick hair coat phenotype has 
been observed in tropical breeds of Bos taurus cattle and has been found to be beneficial for 
heat tolerance with body temperatures often 0.5 degrees Celsius lower for slick-haired animals 
compared to their normal-haired half-sibs on hot days. ARS scientists conducted a genome 
scan to map the slick hair gene in Senepol-derived cattle. The gene was localized with high 
certainty to a specific region of bovine chromosome 20 bound by two very tightly linked 
microsatellite markers. The mapping of the slick hair locus is the first step towards the eventual 
identification of the causative mutation that would constitute the definitive test for the slick hair 
coat phenotype.  The results will facilitate efforts towards introgression of this gene into 
important temperate Bos taurus breeds (such as Angus and Charolais) to enhance their 
adaptation to tropical environments. 
 
Dairy 
 
Genetic prediction in dairy cattle improved using genomic and phenotypic information 
(2).  Previously developed genomic predictions were transitioned from a research project to a 
production system, and the United States became the first country to replace official traditional 
genetic evaluations with genomic evaluations based on direct examination of DNA in January 
2009. Numerous changes were made to the USDA genetic evaluation program to enable 
efficient management of genomic information, incorporate it in official USDA evaluations, and 
distribute those evaluations to stakeholders. Artificial-insemination and breed organizations now 
can use an online query to designate animals to be genotyped, determine if the animal has 
already been nominated, and check the reason a genotype was rejected. Four commercial 
laboratories provide genotypes that are stored in the USDA national dairy database, and the 
most recent international evaluations are combined with genomic and traditional data into a 
single evaluation that includes all available information. The evaluation system is continuing to 
be streamlined to provide genomic evaluations that meet industry needs with available 
resources. The programs and edited genotypes were also used to compute Canadian national 
evaluations in August 2009; USDA and Canadian researchers cooperated in developing 
international evaluation methods to combine genomic information from both countries.  This 
research led to the development of a web site (http://aipl.arsusda.gov/) to catalog and manage 
the genetic evaluations for 20 million dairy cattle and goats for yield (milk, fat, protein, and 
component percentages) and fitness (mastitis resistance, longevity, conformation, and 
reproduction) traits and economic indexes as well as supporting documentation. This website is 
utilized by dairy industries worldwide, including producers, breed registry societies, artificial-
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insemination organizations, milk-recording associations, and dairy records processing centers, 
as well industry and university researchers. The availability of genetic evaluations and 
supporting documentation on the web site allows earlier access to estimates of genetic merit, 
which significantly increases genetic progress for economically important traits that contribute to 
production efficiency. These increases lessen the real costs associated with dairy production 
making dairy products more available to those most in need and reduce the production of green 
house gases.  
 
First national genetic evaluations of U.S. dairy cattle including crossbreds implemented 
(2). Because of increased interest in crossbreeding by dairy producers worldwide, evaluations 
were developed and implemented to estimate the genetic merit of 19 million U.S. dairy cattle 
regardless of breed by ARS scientists. For the first time, genetic evaluations for crossbreds 
based on information from both parents were made available to dairy producers for use in 
making breeding decisions. Because evaluations are available for more animals, evaluation 
accuracy for purebred relatives was increased as well.  A primary benefit of multi-breed 
evaluations is that genetic differences among breeds can be measured and used to improve 
production efficiency and health of dairy populations. 
 
Genomic predictions of genetic merit for dairy cattle (2). Genotypes derived from DNA of 
5,285 Holstein bulls and 75 Holstein cows were used in estimating genetic effects for nearly 
40,000 single-nucleotide polymorphisms. Based on those effects, genomic predictions for yield 
(milk, fat, and protein), somatic cell score (indicator for mastitis resistance), productive life 
(longevity), daughter pregnancy rate (cow fertility), calving ease, final score (conformation), and 
net merit (a genetic-economic index) were developed. Two different evaluations were developed 
to predict the genetic merit of an animal's daughters and sons separately. Genomic predictions 
for genotyped bulls and cows were distributed in April and July 2008 to owners and to 
organizations.  These predictions significantly improved the accuracy of genetic evaluations in 
Holsteins which will accelerate genetic progress for economically important traits in the Holatein 
breed. 
 
Conception rate evaluation for the dairy industry (2).  Declining fertility in the U.S. dairy herd 
has been a concern of the dairy industry for many years, and the increased use of estrous 
synchronization as part of reproductive management programs has intensified the importance of 
conception rate as a fertility trait.  ARS scientists developed and implemented national genetic 
evaluations for heifer and cow conception rate for both bulls and cows, and the two new traits 
were included in genetic estimates for longevity.  Genetic evaluations for conception rate will 
improve reproductive efficiency for the dairy industry providing a valuable selection tool to 
address a significant economic priority.  Genetic evaluations for fertility traits also enhance 
animal well-being and welfare as well as provide an improved understanding of relationships 
between yield and functional traits.  The availability of conception rate evaluations also allows 
international comparisons that can enhance exports of semen, embryos, and animals and 
positively impacts the economic value of the U.S. dairy industry. 
 
Combining genomic information from low- and high-density marker sets (2).  Recent 
advances in technology for detection of genetic markers have made genotyping dairy cows 
affordable for the commercial dairy industry.  However, genotypes are based on various marker 
densities and contain different amounts of genomic information.  ARS scientists developed and 
implemented computing software to determine (impute) missing genomic information based on 
haplotypes (closely linked genetic markers that tend to be inherited together) and to handle 
genotypes from detection chips of various marker densities.  The initial application was to 
impute genotypes of dams from their genotyped progeny.  These new algorithms for haplotyping 
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and imputation allow multiple marker sets to be included in the same genetic evaluation.  For 
young Holsteins genotyped with approximately 3,000 markers, the gain in accuracy of estimated 
net genetic-economic merit was almost 80% of the gain from genotyping 43,000 markers; 
simulated imputation of genotypes for 500,000 markers from 50,000 markers increased 
accuracy by 1.4%.  Including a combination of marker densities for genotypes in genetic 
evaluations can improve evaluation accuracy at lower costs for dairy producers increasing 
genetic progress for economically important traits. 
 
Genetic-economic indexes for lifetime merit of dairy cattle (2).   Since 2006, feed costs 
have dramatically risen, which affected the emphasis that should be placed on a number of 
traits in national dairy indexes (net merit, cheese merit, and fluid merit).  ARS scientists updated 
key economic values as well as milk utilization statistics, and recent changes in premiums paid 
for somatic cell score.  Compared with indexes developed in 2006, less weight now is placed on 
fat and protein yields and calving ability (an index that includes calving ease and stillbirth), and 
more emphasis is placed on longevity, mastitis resistance, udder and leg traits, body size 
(favoring smaller cows), and cow fertility.  The revised indexes should improve accuracy of 
selection of animals to be parents of the next generation of U.S. dairy cattle.  The increase in 
genetic progress from use of the revised indexes is estimated to produce $6 million for the dairy 
industry annually for the dairy industry. 
 
Sheep 
 
Evaluation of hair breeds of sheep (11). Two important goals of the sheep industry are to 
increase reproductive rate and to decrease costs of labor. Hair breeds of sheep evolved to 
express “easy-care” attributes and are widely perceived to perform well with minimum labor 
requirements due to hardiness, parasite tolerance, and shedding of hair/wool. To investigate 
these issues, ARS scientists mated rams of two wool breeds (Dorset, Rambouillet) and three 
hair breeds (Dorper, Katahdin, and White Dorper) with Romanov ewes and the resulting 
crossbred daughters were evaluated for productivity in both high- and low-input production 
systems. The relative performance of the five types of crossbred ewes was similar in both 
production systems, with White Dorper x Romanov crossbred ewes being the most productive in 
each system. These results documented that prolific sheep and low inputs can be successfully 
combined to increase efficiency, production and profitability for sheep producers.  
 
High prolificacy and lamb survival in a low-input system (11).  Sheep producers are 
reluctant to use prolific breeds in low-input, pasture-lambing production systems because of the 
perception that such breeds require more labor during lambing and that the increased prolificacy 
will be entirely offset by lower lamb survival. Easy-care sheep that achieve high prolificacy and 
high lamb survival while lambing on pasture are needed to improve efficiency of production, 
increase profitability, and address the issue of animal well-being. ARS scientists established 
that Romanov crossbred ewes can successfully raise triplets on pasture without labor or 
supplemental feed. Therefore, progressive sheep producers can use appropriate breed 
resources to increase profitability by marketing more lambs per ewe and reducing use of labor 
and harvested feed. 
 
Terminal-sire breed evaluation for sheep (11).  Sheep producers throughout the U.S. claim 
that fitness, specifically survivability, of terminal-sire breeds of sheep has decreased as mature 
body size and growth rates have increased. Scientists from ARS, Virginia Polytechnic Institute 
and State University, and The Ohio State University completed the initial analyses of data from 
a three-year study that was conducted to characterize Columbia-, USMARC Composite III-, 
Suffolk-, and Texel-sired crossbred lambs (Rambouillet ewes) for traits of survival, growth, feed 
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efficiency, carcass composition, meat quality, and pelt characteristics. The results of these 
analyses indicate that breed of sire did not affect the survivability of crossbred lambs from birth 
to harvest, but breed of sire affected feed efficiency, residual gain, and estimated profit. Based 
on these and other data from the study, ARS scientists and their collaborators have initiated the 
development of a white-faced, three-breed, terminal-sire composite genetic line to provide the 
sheep industry with an alternative terminal-sire genetic line.  This composite will provide 
competitive growth, carcass merit and efficiencies and should have superior fitness to 
conventional terminal sires in the breeding flock. 
 
Evaluation of maternal genetics for sheep (11). In a multiyear study, ARS scientists are 
comparing Polypay, Rambouillet, and ¼ Romanov ewes mated in a terminal-sire crossbreeding 
system to quantify the performance of the breed types in extensive management environments. 
In traditional extensive management environments, triplet litters have been reduced to twins, 
and the excess lambs have been sold at very low prices. One component of this study was 
aimed at assessing the ability of ewes to produce and raise triplet lambs. Initial data analyses 
indicate that ewes that produced twins raised approximately 87% of their lambs (1.74 lambs 
weaned), and ewes that produced triplets raised approximately 62% of their lambs (1.86 lambs 
weaned).  The per-lamb average weaning weight of twin lambs was approximately 2 kg greater 
than that of triplet lambs, indicating that no significant improvement in total weight of lambs 
weaned was achieved by ewes raising triplets. Based on these early data, the study has been 
expanded to better determine when, between birth and weaning, the lambs are lost and whether 
body weight of the ewes affects lamb survival to weaning. 
 
High fertility during spring breeding of Romanov crossbred ewes (11).  Most breeds of 
sheep are far more fertile during fall breeding than spring breeding, resulting in the vast majority 
of lambs being born in the spring due primarily to environmental photoperiod.  The seasonal 
production of lambs adversely affects product availability for consumers and this situation is a 
major obstacle for the U.S. sheep industry.  To address this problem, producers have 
traditionally used crossbred ewes of Dorset, Finnsheep and Rambouillet breeding to achieve 
fertility rates averaging from 60 to 70% when breeding in the late spring.  ARS scientists 
documented that Romanov crossbred ewes realized fertility rates of 87 to 89% when exposed 
during May, regardless of the remaining breed composition (Dorper, Dorset, Katahdin, 
Rambouillet, and White Dorper).  Commercial producers can now better overcome the seasonal 
constraint of fertility rate by use of Romanov crossbred ewes improving production and 
reproductive efficiencies as well as providing additional higher value marketing opportunities. 
 
Science to Industry: Genetic Improvement and Selective Breeding for 
Economically Important Traits 
 
National Program 101 is a world leader in areas associated with genetic improvement 
programs.  Historically, ARS and NP101 have been relied on to evaluate germplasm options for 
producers as well quantify genetic by environmental interactions to help producers identify best 
genetic and management programs for unique production systems.  NP101 has continued this 
traditional role, but has also progressed to assist industry with the addition of genomic 
information in traditional genetic evaluation programs.  ARS and NP101 was the first institution 
worldwide to offer genetic predictions for industry which combined direct DNA sampling for 
genomic information with conventional phenotypic data in the Holstein dairy breed.  This work, 
and the functioning model, is now being copied worldwide by numerous other animal breeds.  
The impact of the research has been profound and far-reaching. 
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NP101 continues to lead the animal breeding community as leaders in the development of 
genetic parameters for genetic/genomic evaluation and prediction systems for cattle.  These 
parameters are the statistical building blocks for development of genetic evaluation programs for 
all animal species and are critical components.  This NP101 role has become even more 
important as new traits are identified and as the utility and impact of genomic information 
increases.   
 
In the genomic arena, NP101 scientists have been instrumental in the discovery and 
development of genomic resources for application in all disciplines relating to food animal 
production and product quality as well innumity and disease resistance.  NP101 research has 
also developed specific genetic tests to fight genetic diseases such as Osteopetrosis in the Red 
Angus cattle breed.  This is a valuable role for NP101 which provides immediate industry 
support and creates simple and effective diagnostic tools for use in industry. 
 
Scientists in NP101 continue to serve as a critically valuable expert resource for genomic and 
genetic programs across ARS through support and collaborate of related areas of research 
where techniques and technologies developed in NP101 are relevant.  NP101 scientists are 
also leaders in the development and implementation of bioinformatic tools and techniques to 
enable the manipulation and evaluation of large genomic data sets which is necessary to 
produce the ultimate impact for producers. 
 
 
Genomic Resources 
 
General Accomplishments 
 
Commercial genotyping tool (BovineSNP50, Illumina) - impact on livestock research and 
the dairy AI industry (5).  Awareness of the success in the development and application of 
beadchips to genomic research in cattle fueled development of additional SNP beadchips for 
cattle.  ARS led the development of a low (3K) and a high density (777K) product, and their 
impact on the industry is anticipated to be high as testing of different genetic improvement 
paradigms begins using cheaper SNP chips.  The BovineSNP50 assay, developed by ARS 
remains the global de facto standard for cattle genomics research and genetic prediction use 
with sales having surpassed 500,000 samples. ARS received the USDA Secretary’s Honor 
Award for Excellence by implementing genome selection in dairy cattle.  Adoption of these 
technologies has had a tremendous impact on the dairy industry and has resulted in significantly 
improved genetic prediction accuracies and enhanced genetic progress. 
 
Genome wide association using sample pooling (5).  Whole genome association (WGA) 
studies based on high-density genotyping arrays are a powerful but expensive tool for 
dissecting genetic variation underlying a trait.  For traits with low heritability large required 
sample sizes lead to costs in the millions of dollars per trait.  A strategy to reduce these costs is 
to pool the DNA of many animals and genotype the pools, but the power of this approach has 
not been tested using genetic arrays currently available for cattle genotyping.  ARS 
demonstrated that DNA pooling is effective with a 50,000 marker commercial cattle genotyping 
array, and extended it to show that some tissues can be pooled before DNA extraction to further 
reduce cost. A tissue pooling approach reduces the cost of WGA as much as three orders of 
magnitude.  This technique makes it possible to evaluate more traits with higher accuracy at 
much lower costs significantly improving genetic progress for the dairy industry. 
 
Bovine genome tools being used to develop whole genome selection methods and 
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further genome annotation in dairy and beef cattle (5).  A research consortium including two 
ARS labs, an industry biotech company, a dairy industry organization representing all AI studs, 
and an industry pharmaceutical company has been formed to investigate the utility of genome 
selection in improving genetic gain, reducing costs of genetic testing in dairy cattle, and 
detecting quantitative trait loci (QTL).  Resources were assembled to develop a 60,000 single 
nucleotide polymorphism (SNP) "chip" for genotyping and material to extract DNA from over 600 
Angus, 2,500 Holstein, 250 Brown Swiss and 750 Jersey cattle.  This project was only made 
possible because of the new availability of genome sequence information that quickly allowed 
identification of new SNP markers on a dense and genome-wide scale.  In a second project, 
ARS scientists are developing a “gene atlas” of the bovine genome.  Total RNA from 98 tissues 
derived from the cow used to develop the bovine genome sequence and one of her offspring 
has been isolated.  Ultimately, this project will generate 100 million tags of sequence data that 
will be mapped back to the genome assembly.  This information will assist in annotating most of 
the bovine transcriptome and will provide a robust framework of gene expression similarities 
and differences between various bovine tissues to help guide annotation. 
 
Whole genome single nucleotide polymorphism assay development for estimating 
genetic merit (5).  A research consortium led by ARS, the University of Missouri, Illumina, Inc., 
National Association of Animal Breeders (a trade group representing cattle artificial insemination 
organizations in N.A.), INRA (France), and Merial, Inc. developed, tested, and commercialized a 
genome-wide bovine single nucleotide polymorphism (SNP) beadchip that assays the allele 
content at approximately 58,000 genome locations. Genotypes for over 10,000 cattle were 
generated on this SNP chip. These genotypes were used to develop a whole genome selection 
(WGS) algorithm that produced genome enhanced predictions of genetic merit for three major 
dairy breeds. Over 3,000 genomic DNA samples were extracted from semen to support this 
work. The initial success of WGS to enhance selection in Holsteins led to release of unofficial 
genome enhanced genetic predictions in April 2008. Genome enhanced evaluations are now 
provided quarterly to the NAAB.  These tools represent a portion of the initial development of 
significant technologies from the bovine genome sequence and will positively impact genetic 
progress and improve production efficiencies for beef and dairy producers. 
 
Partial-genome evaluation to partition individual additive genetic effects into polygenic 
and genotypic components (5).  Numerous progeny are needed to accurately predict an 
individual animal’s breeding value in traditional evaluation of polygenic effects informed by 
phenotype and pedigree records.  Accuracy of non-parent breeding value predictions can be 
increased by including genotypes of informative single nucleotide polymorphisms (SNP) in the 
genetic evaluation.  ARS scientists applied partial-genome evaluation procedures to feedlot 
intake and gain records of 1100 crossbred steers.  This research determined that including 
genotypes of the 96 most informative SNP for each trait would increase non-parent accuracy by 
the equivalent of 5 to 20 progeny for intake, gain and efficiency traits.  More accurate breeding 
value predictions enabled by partial-genome evaluations should significantly accelerate genetic 
improvement for these economically important traits in the beef industry. 
 
Metabolic and gene expression-related changes in response to Vitamin E treatment in 
bovine cells (8). ARS scientists discovered that Vitamin E - alpha-tocopherol is more than a 
simple fat-soluble antioxidant. Through integrated global gene expression information and 
knowledge of cell regulation, it was determined that the action of alpha-tocopherol is mediated 
by specific receptors in the cell nucleus, such as estrogen and androgen. This work provided 
evidence that alpha-tocopherol may interact with receptors or gene transcription factors that 
control a myriad of cell functions and ultimately affect production efficiency in dairy cattle. 
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Knowledge gained from this research may be used to develop effective interventions that 
enhance nutrient uptake and use by livestock. 
 
Discovery of microRNA expression in cattle and swine (5, 10).  MicroRNA genes are a 
recently discovered form of genetic regulation with enormous impact on a variety of traits 
including growth, development, and tissue homeostasis.  ARS scientists performed the first 
survey of microRNA in cattle and swine muscle, and identified similarities and differences 
between reports from human and mouse muscle microRNA expression profiles.  The small RNA 
fraction containing putative microRNAs was isolated, cloned and sequenced to identify 
regulatory molecules.  The first experimentally verified cattle microRNA sequences were 
deposited in the public database, and comparisons with published data from other species were 
made to identify potential ruminant-specific molecules.  These results have significant impact on 
understanding the biology of ruminant muscle and address the general problem of annotation 
and subsequent analysis of the bovine genome sequence.  Further elucidation of the bovine 
and porcine genome is a critical ongoing industry need and will require additional effort to 
provide maximum economic value from the sequences for the meat animal production 
industries. 
 
Copy number variation (CNV) and segmental duplication regions of the bovine genome 
(14).  A copy number variant (CNV) is a segment of DNA in which differences in base pairs or 
even genes exist between two or more genomes. The segment may range from one kilobase to 
several megabases in size.   Animals ordinarily have two copies of each autosomal region, one 
per chromosome.  CNVs may either be inherited or caused by mutation.  CNVs can be caused 
by genomic rearrangements such as deletions, duplications, inversions, and translocations and 
are a surprising and important source of genetic variation not associated with traditional genetic 
theory.  ARS research has identified over 200 candidate CNV regions (CNVRs) in total and 177 
within known chromosomes, which harbor, or are adjacent to, gains or losses in genetic 
material. These 177 high-confidence CNVRs cover 28.1 mega bases or ~1.07% of the genome. 
Multiple gene families, have gone through ruminant lineage-specific gene amplification.  ARS 
detected and confirmed marked differences in CNV frequencies across diverse breeds, 
indicating that some cattle CNVs are likely to arise independently in breeds and contribute to 
breed differences.  Regions with varying copy number span about 400 known genes for specific 
biological functions, such as immunity, lactation, reproduction, and rumination.  These results 
provide a valuable resource beyond microsatellites and single nucleotide polymorphisms to 
explore the full dimension of genetic variability for future cattle genomic research and will lead to 
significant genetic tools for the beef industry.  These tools will increase genetic progress for 
traits of economic value, illuminate variability in phenotypic trait expression, explain complex 
production and behavioral traits, and improve disease resistance and treatment strategies. 
 
ARS genomics research support.  ARS provides scientific, computing, technical, and 
bioinformatic support for various projects that incorporate next-generation sequencing 
applications.  ARS efforts have been highlighted by other researchers through the discovery of 
differential gene expression studies from corn smut, SNP discovery in catfish, metagenomic 
studies of the bovine rumen, gene expression studies for cattle, and genome sequence for 
water buffalo, cattle, and varroa mites.  ARS also generated and analyzed the world’s largest 
resource of DNA sequence information for cattle (>550 billion bases) representing more than 19 
breeds and containing the locations of more than 48 million high-quality SNP that form the basis 
for the vast diversity present in cattle.  These differences will lead to the development of 
numerous specific genetic tools for industry. 
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Beef 
 
Integrated genetic map developed to aid in assembly and annotation of the bovine 
genome sequence (5).    Through an internationally funded effort, the Baylor College of 
Medicine Human Genome Sequencing Center led the effort in generating sequences and 
assembling the bovine genome sequence.  ARS scientists contributed to this effort by 
constructing an integrated genetic map comprised of approximately 17,000 markers using 
several genetic linkage and radiation hybrid maps from around the world.  This integrated map 
was used in the bovine genome sequencing project to serve as the scaffold for assigning 
sequence contigs to chromosomal positions.  In addition, over 1,500 full-length cDNA 
sequences were generated and annotated.  These accomplishments will greatly accelerate the 
discovery of DNA markers suitable for marker-assisted selection and fine mapping of genes for 
economically important traits in cattle. 
 
Construction of a Gene Atlas for cattle (5). Genome research in cattle is hampered by the 
lack of data on the expression of genes in normal tissues. ARS scientists collected in-depth data 
on gene expression of 95 normal cattle tissues and created an interactive database permitting a 
genome-level view of expression across tissues, tissue types, and tissue functions (immune 
tissues, neurological tissues, etc). The bovine Gene Atlas had substantial impact in research of 
cattle physiology, genetics, and genomics by providing a control for gene expression patterns to 
contrast against expression in various physiological states or genetic backgrounds, and 
facilitated further annotation of the bovine genome sequence. Further elucidation of the bovine 
genome is a critical ongoing industry need and will require additional effort to provide maximum 
economic value from the genome for the beef industry. 
 
Bovine genome resources (5). The release of the bovine genome sequence assembly by the 
International Bovine Genome Sequencing Consortium facilitated the development of highly 
applied genomic tools for use in beef and dairy cattle research programs. ARS scientists 
provided principal leadership for the bovine community in this area. Results of these efforts 
include: 1) A genotyping platform was produced through Reduced Representation Libraries for 
use in genome-wide assessment of association of genotype with production phenotypes. “Next 
generation” sequence technology was implemented through Illumina Inc. to handle the 
sequencing of the libraries and identification of the single nucleotide polymorphisms, leading to 
the generation and validation of over 75,000 novel bovine SNP markers with minor allele 
frequencies. This work created the DNA marker resources for generation of a “50K SNP chip” 
that was made commercially available in 2007. 2) Developed an integrated genome map for 
cattle in cooperation with international collaborators. Several genetic and physical mapping 
resources were integrated into one map with over 20,000 markers and 300,000 large clones, 
providing an important resource for assembling and evaluating the genomic sequence, 
identifying quantitative trait loci, and supporting functional genomics. 3) Deposited over 500 full 
length gene sequences in the GenBank public database. Partial gene sequence and 
comparative information were used to identify clones containing complete genes. Genes 
containing clones were fully sequenced and 100 of these sequences were used by the 
international bovine genome annotation committee to assist in the annotation of the bovine 
genome sequence. Collectively these genomic resources will allow exploitation of the bovine 
sequence for genome-enabled animal improvement and precision animal management 
applications. 
 
Breeding programs to identify genetic tools for industry (5, 8). Crossbred progeny 
representing the seven most widely used breeds in the US beef industry underwent extensive 
performance recording by ARS scientists for feed intake, carcass and tenderness traits in 
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steers, and reproductive traits in females.  Crossbred cows born in 1999 and 2000 were 
individually fed to determine maintenance requirements and continue to be evaluated for 
longevity (productive herd life), reproductive and maternal traits. Additional traits evaluated 
include vaccination response, treatment and diagnostic records, lung lesions at slaughter, and 
blood counts on entering the feedlot to support research on genomics of disease resistance. 
Genotypes for over 54,000 single nucleotide polymorphism (SNP) markers on the BovineSNP50 
assay were obtained on steer and heifer calves, their crossbred sires and purebred grandsires. 
Genotype and phenotype data from this population, combined with that from similar populations 
in Canada and Australia will contribute to determining associations of genetic markers with traits 
important to cattle production.  The associations can be used to develop robust DNA tests to 
guide breeding and management decisions by cattle breeders, ranchers and feeders.  
  
Using data from the previous study, ARS scientists examined BovineSNP50 genotypes and 
weights at birth, weaning and one year of age of over 2500 crossbred cattle.  Hundreds of 
strong associations between markers and growth were estimated with a high degree of 
confidence. Thousands of weaker associations for growth were also identified. These results 
are a critical step in developing additional tools that can be widely used by the cattle industry to 
improve growth and birth weights.  As part of this study, the researchers also examined relative 
differences between weaning and yearling weights and birth weight, because undesirable 
increases in birth weight and calving difficulty can occur as a correlated response to selection 
for desirable increases in weaning weight and postweaning growth of beef calves.  They 
determined that several single nucleotide polymorphisms (SNP), located throughout the 
genome, were associated with postnatal growth but not birth weight.  These SNP may now be 
tested to determine their utility for selection to increase growth without affecting birth weight. A 
few other SNP, associated with large effects on birth weight and postnatal growth, may be 
considered in selection and mating decisions to manage both birth weight and growth.  These 
discoveries will lead to the development of advanced genetic tools for the beef industry that will 
improve growth and production without increasing birth weight and dystocia which would 
increase calf mortality and decrease reproductive efficiencies. 
 
Feedlot data were examined for growth and composition traits of beef cattle.   ARS scientists 
used the BovineSNP50 on 1,800 crossbred steers measured for weight gain, meat tenderness, 
marbling, carcass weight and fatness. Hundreds of strong associations between genetic 
markers and specific phenotypic expression were estimated with a high degree of confidence, 
and these markers were often located on chromosomes previously identified as affecting 
growth. Thousands of weaker associations between markers and growth were identified with 
less confidence. These results will be useful in developing additional tools that can be widely 
used by the cattle industry to increase genetic progress for growth, carcass quality and fat 
content. 
 
Genetic mechanisms associated with improved feed efficiency in cattle (8). Because feed 
efficiency is a time consuming and expensive trait to measure, genetic markers of feed 
efficiency in cattle could greatly enhance selection for this trait. However, measuring and 
improving feed efficiency is a very high priority for the beef industry because of the impact of 
feed costs on profitability.  A study was completed in growing steers to identify changes in liver 
gene expression associated with increased feed conversion efficiency during feed restriction 
and compensatory weight gain. Several pathways were up regulated during improved feed 
efficiency included electron transporter activity in the mitochondria. Mitochondrial complex 
genes will be targets of further characterization because these genes have been associated 
with increased feed efficiency in poultry and cattle, and with quantitative trait loci for feed 
efficiency in cattle. These results will lead to definition of markers to improve selection for feed 



35 
 

efficiency in cattle and industry tools that are much less expensive than measuring feed 
efficiency directly. 
 
Relationships between genotype and phenotype in beef cattle (2).  Scientists from ARS and 
North Carolina State University conducted studies examining the accuracy of imputed 
genotypes, changes in allele frequency resulting from selection, and conducted a genome-wide 
scan for regions having greater than expected heterozygosity. Using a segment of the Line 1 
Hereford population genotyped with a high density (high cost) single nucleotide polymorphism 
(SNP) chip, genotypes of the remainder of the Line 1 population were imputed from a low 
density (low cost) SNP chip with greater than 80% accuracy.  The close pedigree relationship 
among members of the Line 1 population makes this a more stringent test of imputation than 
using a pedigreed population that is less closely interrelated. Using a novel approach based on 
selection applied, four quantitative trait loci affecting growth to a year of age were identified. It 
also appears there are specific regions of the genome where heterozygosity is maintained in 
Line 1 in excess of levels expected except under an over-dominance model of inheritance.  
These results will lead to the development of low cost genomic tools for producers that will 
significantly impact genetic progress and improve production efficiencies. 
 
DNA markers associated with respiratory disease in cattle (12).  Previously, ARS scientists 
had established that bovine chromosome 20 is the site of genetic variation affecting a range of 
infectious disease-related phenotypes, using new high-density genotyping arrays.  ARS has 
now examined the annotated genome of cattle in the area of this variation and identified two 
functional candidate genes with known roles in immune function.  Previously discovered DNA 
sequence markers not present in the initial arrays, but predicted to lie in this area of the 
genome, were tested for association with disease traits in order to provide supporting data for 
the original study, and identify markers with better predictive merit for disease resistance.  
Seven markers in the two genes displayed association, providing potential markers for selecting 
animals with superior response to disease challenge in beef cattle.  Effective genetic resistance 
to disease would significantly improve production efficiencies for the beef industry and improve 
animal well-being. 
 
Specific genetic differences may identify cattle with superior fertility (8).  Fertility of the 
cowherd is important to the profitability of beef production. Use of traditional selection 
techniques is slow, usually requiring several generations to produce significant changes within a 
herd. However, use of specific genetic differences among cattle can accelerate the selection of 
cattle that are more fertile on toxic tall fescue. Scientists from ARS and the University of 
Arkansas identified genetic differences in certain regions of two genes, prolactin and heat shock 
protein 70, and determined the association of these differences with fertility in Bos indicus beef 
cows. Differences in these two genes were associated with significant differences in calving rate 
of beef cows. These results provide information that suggests identification of cows with specific 
genotypes can assist beef producers in selection of cows that may have increased fertility.  
Improved fertility and reproductive efficiencies in Bos indicus beef breeds would increase 
production efficiencies for beef producers. 
 
Dairy 
 
Genetic merit in dairy cattle increased through genome selection and analysis (5). The 
results of ARS development of the commercial genotyping tool (BovineSNP50, Illumina) 
continue to have a major impact on livestock research. The dairy artificial insemination industry 
capitalized on substantial gains in accuracies of predicted genetic value early in an animal’s life 
and predictions of genetic merit enhanced by genome-wide SNP genotypic data from the 
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BovineSNP50 have been implemented into the genetic evaluations of the Holstein, Jersey and 
Brown Swiss breeds. As a result, increased genetic gain will be an immediate impact of this 
technology as superior animals are more readily identified and more intense selection pressure 
applied to produce the next generations of dairy animals. Applications of commercial genotyping 
technologies developed by ARS scientists were used in numerous related applications including 
rumen metagenomic and soybean SNP discovery. These technologies were also used 
internationally in collaborative projects in Kenya to evaluate nematode resistance in sheep and 
in Pakistan to sequence indigenous dairy breeds and water buffalo. ARS scientists cooperated 
with the University of Maryland in research to identify a more precise marker order and 
complete coverage of the bovine genome, critical for cattle genome research. This research will 
further improve accuracies of genome enhanced predictions of genetic merit and identification 
of causal genetic variation underlying phenotypic differences in traits of economic importance. 
Increased genetic progress improves production efficiencies for dairy producers decreasing 
relative production costs. 
 
Variation in an immune-related gene and milk production traits. Understanding differences 
among individual animals in their susceptibility to stresses to the immune system is important for 
identifying superior (or inferior) animals for milk production. Two polymorphisms in an immune-
related gene called tumor necrosis factor alpha (TNF-alpha) were identified in cattle by ARS 
scientists and shown to be related to an increase in TNF-alpha protein expression in the blood 
and various measures of milk production. These results may reflect an increased efficiency of 
the mammary gland tissue to recover after injury, or improved aspects of immune function in 
certain individuals. The knowledge gained from this work can be applied to identifying 
mechanisms underlying differences in milk production efficiency of dairy cattle, and used in the 
development of selection criteria for improved mammary gland function and health. 
 
Nutritional regulation of the transcriptome of cattle (8). Butyrate is a normal byproduct of 
carbohydrate fermentation produced by microbes present in the rumen and is a critical energy 
source for the cow. Two molecular technologies (next-generation sequencing and chromatin 
immunoprecipitation) were combined by ARS scientists to map key protein targets encoded in 
the bovine genome that are responsive to butyrate. In addition, microarray technology was used 
to identify a specific type of genetic material, called microRNAs, as targets of butyrate action. 
The microRNAs function in the regulation of gene expression. This research provides 
systematic and novel insights into relationships between nutrition and regulation of gene 
expression in cattle by showing microRNA involvement in butyrate response and will lead to 
nutritional strategies to improve dairy cattle production efficiencies. 
 
Salmonella dublin infectivity and immune response in neonatal dairy calves (M-1). 
Salmonella dublin persists as a cause of morbidity and mortality of neonatal dairy calves and 
can be perpetuated on a dairy to become a potential pathogen for humans. Although body 
temperature increases within 48 hours in experimental models, little enteric disease is evident 
as with other Salmonella types. ARS scientists found that microbial analysis and immune 
communication genes showed quick progression to lung tissues within 48 hours of an oral 
infection. A supplement of a yeast extract plus ascorbic acid (vitamin C) increased the number 
of immune cells in lung tissues and Salmonella dublin infection increased cell infiltration into the 
lungs. No changes caused by the supplement or by the Salmonella dublin challenges were 
detected in white blood cells, mesenteric lymph nodes, or spleen cells. Weight gain increased 
with supplement feeding, except with the challenge when gain was similar to the non-
supplemented calves. This information shows that lungs are a likely tissue for prevention or 
intervention for calves that are at high risk for Salmonella dublin infection and that yeast extract 
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plus ascorbic acid is effective in immune modulation in lung tissues. 
 
Poultry 
 
Turkey genome assembly completed using a novel combination of sequencing and 
computational technologies (6).  Scientists from ARS, Virginia Tech’s Bioinformatics Institute 
and the University of Maryland’s Center for Bioinformatics and Computational Biology 
completed the genomic map of turkey which will serve as the cornerstone for the development 
of sophisticated genomic technologies for the turkey industry.  The information gleaned from this 
project will help breeders develop improved commercial turkey lines for producers and 
consumers. The turkey genome assembly was further strengthened when physical, comparative 
and genetic maps built by researchers from Michigan State University and the University of 
Minnesota were used to match DNA sequences to the turkey chromosomes. At completion, the 
original partnership expanded to include 68 scientists affiliated with 28 national and international 
research institutions.  This project illustrates the rapid pace of genomic sequencing technology 
improvements.  The turkey genome was sequenced in less than a year at a fraction of the cost 
of the chicken or bovine genomes and provides a valuable tool for the turkey industry to improve 
production and performance and decrease production costs. 
 
Selection for body weight in chickens affects genes controlling growth and metabolism 
(6).  Increased body size in commercial chicken and turkey lines has been accompanied by 
unintended changes in correlated traits such as increases in voluntary food intake and energy 
storage.  Poultry breeders have intensively selected meat-type birds over many generations 
with specific emphasis on increasing growth rate (body weight) and meat production.  Scientists 
at ARS and Virginia Polytechnic Institute and State University determined the levels of 
expression for genes involved in the regulation of fat metabolism, growth, and energy balance.  
Significant differences were observed for the expression of genes encoding lipogenic enzymes, 
AMP-activated protein kinase subunits and IGF system components in liver, brain and breast 
muscle tissue.  These results indicate some of the potential impact of genetic selection for body 
weight on genes regulating growth and metabolism in chickens and this information will be 
useful for developing genetic selection strategies for commercial lines of poultry. 
 
Restriction feeding management of female broiler breeder candidates affects gene 
expression (6). Broiler breeders in the poultry industry are feed restricted to reduce the 
occurrence of reproductive problems associated with obesity. Skip-a-day feed restriction 
programs are commonly used in preference to everyday programs even though there is a 
potential for excess fat accumulation by using the skip-a-day regimen. A project was conducted 
by ARS scientists to determine the effects of certain management regimens and metabolism of 
the broiler breeder candidate. The regimens were: 1) restricted amount of feed given to 
candidates on a daily basis (every day feeding) and 2) the daily feed allocation given on a two-
fold basis but only given every other day (skip-a-day). Skip-a-day feeding increased the 
expression of certain genes implicated in the regulation of lipid metabolism. An increase in 
hepatic lipid accompanied the increase in gene expression, which could be deleterious to the 
long-term health of the birds. These results show the potentially significant impact of feeding 
regimens on gene expression in breeder pullets.  
 
Chicken genome sequence enables DNA fingerprinting of commercial and experimental 
chicken lines (6). The availability of the chicken genome sequence offers opportunity to 
understand complex biological questions such as how genetic variation influences economically 
important traits. As a prelude to this advancement, ARS scientists evaluated a large number of 
chicken lines including birds from 36 elite commercial lines. By scoring 3,072 SNP markers on 
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2,580 different chickens, it was possible to screen the genome for unique or common alleles 
among the various chicken lines. These results are valuable to scientists and poultry breeding 
companies as it helps determine what genes are under genetic selection for economically 
important traits in industry broiler and layer lines. In addition, it is now possible to “trace back” 
poultry products to individual companies and lines through DNA fingerprinting using these 
markers. Additional aspects of this project are developing a linkage disequilibrium map of the 
chicken genome (haplotype map) to allow evaluation of whole-genome selection methodology.  
This is the first comprehensive genetic profile of virtually an entire commodity group. This 
research provides substantial contributions to poultry breeding and food safety and will lead to 
increased genetic progress for economically valuable traits in poultry.. 
 
DNA fingerprinting of unique chicken lines (6).  For over seventy years, ARS has developed 
and maintained forty unique genetic lines of chickens, which serve ARS scientists and other 
institutes and universities by providing germplasm for critical research needs. Selected chicken 
lines were DNA fingerprinted with 3K and 60K genetic marker panels. Efforts were made to 
explore and analyze this unique data to improve and enhance the general understanding of the 
genetic variability between and within the chicken lines with respect to the underlying 
mechanisms that confer disease resistance. The findings will enhance the power of scientists to 
solve problems facing the poultry industry, especially with respect to infectious diseases and 
animal welfare issues which will improve the production efficiency of the poultry industry. 
 
Targets in the chicken genome for a viral oncogene (12).  Marek’s disease, a T cell 
lymphoma of chickens caused by a pathogenic virus, costs the poultry industry approximately 
$1 billion worldwide annually in losses and control measures. Thus, understanding how the 
Marek’s disease virus leads to disease is of both scientific and commercial interest.  Meq is the 
putative cancer-causing viral protein and leads to aberrant expression of chicken proteins. 
Using molecular biology techniques and high-throughput sequencing, ARS research identified 
several target candidate genes in the chicken genome that Meq might affect. This information 
may help develop more effective vaccines or improve genetic resistance, both of which would 
reduce costs and improve animal welfare in the poultry industry. 
 
Fine-mapping of genes conferring genetic resistance to Marek’s disease (MD) (12). MD is 
an avian herpes virus-induced disease, which continues to pose a significant threat to the 
poultry industry. Although MD has been tenuously controlled by vaccines since the 1970s, the 
importance of host genetic resistance to MD is widely recognized. A chicken population was 
developed by ARS scientists from highly inbred chicken lines, which differ in genetic resistance 
to MD. Chickens from this population were challenged with the causative virus and examined for 
MD incidence. DNA samples from 254 chickens were comprehensively analyzed for sequence 
variations throughout the entire chicken genome. Preliminary analyses of the data identified 172 
genetic markers located on four chromosomes, some of which agreed with previous reports 
while others are new. The identified genetic markers will be very useful in two ways: to search 
for causal genes responsible for disease resistance and to accelerate genetic improvement of 
chickens in selection and breeding programs. 
 
Marek’s disease virus evolves to higher virulence in poultry with limited genetic variation 
(12).  Marek’s disease (MD), a serious problem for the poultry industry caused by the 
pathogenic Marek’s disease virus (MDV), is primarily controlled by vaccines. However, MD is 
now increasing in impact as the MDV continues to evolve to higher virulence. Most studies 
addressing the evolution of MDV virulence have concentrated on the virus while largely ignoring 
the hosts’ influence. The host system, called the major histocompatibility complex (MHC), 
represents a highly variable system designed to defend a species from extinction from the fast 
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paced evolution of a parasite. In natural chicken populations, there are hundreds of different 
MHC haplotypes that oscillate or rotate in response to pathogen evolution providing protection 
and resistance.  A haplotype is a specific and preserved combination of alleles (DNA 
sequences) at different places (loci) on the chromosome that are transmitted together. A 
haplotype may be one locus, several loci, or an entire chromosome and in this case represents 
the MHC.  Commercial poultry breeding has limited the number of MHC haplotypes to six or 
less which restricts the ability of the poultry line to adapt to the disease challenge – the proper 
MHC haplotype does not exist.  ARS research shows that MDV can evolve to higher virulence in 
birds with a single MHC haplotype.  Based on this research ARS recommends that producers 
rotate the placement of MHC haplotypes by rotating genetic lines, similar to the simple method 
of crop rotation used to control pests in the field.  This simple production practice should prevent 
the increase in virulence in MDV and to reduce the chronic problem of MD for producers 
resulting in substantial savings to the poultry industry and increased performance and 
production efficiencies. 
 
RNA interference to inhibit viral disease in chickens (12). Modern vaccines have reduced 
productivity loss to viral diseases, however, many viral diseases continue to decrease animal 
productivity and welfare. Additional tools to complement vaccine control methods could aid in 
further reducing the negative effects of viral disease. Recently, a system known as RNA 
interference or RNAi has been developed that reduces the expression of specific genes. ARS 
scientists adapted this technology to reduce the severity of viral infections in chickens by 
targeting virus genes. The feasibility of this approach was shown in live birds where Marek’s 
disease virus replication and pathogenesis has been reduced. This method has the potential to 
inhibit any infectious disease and may offer a valuable tool to control viral disease in the poultry 
industry. 
 
Host chicken genetics - effect on vaccine efficacy (12).  Vaccines have proven to be the 
most effective and economical method to combat infectious diseases in humans as well as in 
livestock. Efforts to improve vaccine protective efficiency have continued and expanded. Host 
genetics differences were investigated by ARS scientists for the influence on Marek’s disease 
(MD) vaccine efficacy using unique genetic lines of chickens. ARS data suggests that host 
genetics play an important role influencing MD vaccine protection efficiency. Continuous 
analyses of ARS research data further suggest that different genetic lines of chickens respond 
to the same vaccine with variable protective efficiency.  These results will be utilized to develop 
methods to target vaccine development to specific genetic lines in poultry, possibly improving 
health, production efficiencies and animal well-being. 
 
Genetic markers to accelerate, enhance, and improve precision in poultry breeding (6).  
Genomic selection, which involves the use of a dense genetic marker panel to predict breeding 
values, is an exciting method that has great potential for accelerating the breeding of 
commercial chickens to meet growing consumer demands. Using two elite broiler (meat-type) 
and three layer (egg-type) commercial lines, ARS scientists led an international consortium to 
select birds over multiple generations based on predictions from 60K genetic markers. To date, 
genomic selection has been shown to be superior for the vast majority of the traits selected, 
including body weight and breast yield, compared to birds selected in parallel using current 
state-of-the-art quantitative breeding methods. This research strongly suggests that genomic 
selection is an improved breeding method. If costs for genetic testing continue to decrease, 
poultry breeders should be able to significantly increase genetic progress using genomic 
selection and increase genetic progress for economically important traits. 
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Swine 
 
Genomic technologies developed for the pork industry – production, fertility and carcass 
quality (7).  ARS scientists contributed 115,572 novel genetic markers which were combined 
with other publicly available markers to produce a high density porcine genomic assay for use in 
genome selection programs and research for the swine industry. ARS scientists also contributed 
DNA samples for preliminary assessment of the assay (SNP chip). This technology has now 
been adopted worldwide for use in genomic research and breeding programs in the swine 
industry. Similar research identified 18 genes and various other regions for associations with 
female reproductive performance. This research validated several known genes involved in 
signaling or synthesis of reproductive hormones additional results indicate that genes affecting 
energy metabolism are also significant, especially for reproductive performance traits. In related 
work, predictive DNA markers for pork quality near the calpastatin gene were evaluated for pork 
tenderness. Five markers were identified that were consistently associated with shear force 
tenderness across four different populations of industry-relevant pigs. These SNPs are highly 
predictive of pork tenderness in industry populations and will enable the swine industry to 
improve product tenderness increasing consumer demand for pork products.  
 
Mapping the porcine genome (7). The swine linkage map is based on over 3400 markers, 
developed by ARS scientists. The Swine Genome Sequencing Consortium assembled 172 
large fragments, from over 260,000 pieces, covering approximately 98% of the pig genome into 
a BAC physical map. Several computational methods were utilized to create thousands of links 
between the linkage and physical maps. Furthermore, comparing the porcine physical map to 
the human genome, the continuity and local ordering of segments of the porcine genome were 
improved. Some pig chromosomes are well mapped with few gaps remaining, while others 
consist of many fragments. The map is publicly accessible on the internet 
(http://pre.ensembl.org/Sus_scrofa/index.html). This physical map is providing a framework for 
the generation and assembly of the pig genome sequence. Furthermore, the map is 
immediately useful to the pig research community to direct maker development, identify genes 
and fine map quantitative trait loci. 
 
Development of a panel of DNA markers for parentage and animal identification in swine 
(7). The swine industry required a panel of single nucleotide polymorphism (SNP) markers for 
parentage and animal identification to reduce the cost and improve the reliability of these DNA 
tests. Highly informative genetic markers developed by ARS were selected and tested in a large 
group of pigs selected from the industry by the National Swine Registry to represent purebred 
Duroc, Hampshire, Landrace and Yorkshire germplasm populations. Sixty markers that were 
sufficient for these industry applications remained in the final panel. These markers were then 
grouped together so that the information could be obtained in an economical manner. This 
panel has been provided to the U.S. swine industry and will improve genetic progress for 
economically important traits by providing more accurate relationships between animals. 
 
Quantitative trait loci (QTL) affecting first parity female reproductive performance in 
commercial swine (10).  Currently, over 20% of females retained for breeding in commercial 
production fail to produce two litters largely due to poor reproductive performance. The 
identification of genetic markers capable of predicting a gilt’s future reproductive performance in 
commercial herds would help eliminate many of these poor performing animals before they 
enter the breeding herd. Genotypic data were collected by ARS scientists on 700 boars 
contributed by industry partners using the Porcine 60K BeadChip. Phenotypic data on each of 
the boars’ daughters were available and their deviations from contemporary group means were 
used as phenotypes for each boar. In addition, similar data were available for 123 boars used in 
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the USMARC commercial population. Two significant QTL were detected for number born dead, 
nine suggestive QTL were detected for number born alive, and two suggestive QTL were 
detected for weaning-to-estrus interval by ARS scientists. These findings will be used to develop 
tools for the pork industry to improve reproductive efficiency. 
 
Reproductive and production traits in a Landrace-Duroc-Yorkshire population (10).   
Heparanase (HPSE) and Hyaluronidase (HYAL) 1 and 2 have been shown to be biologically 
relevant in ovarian and placental activity. Therefore, a study was conducted by ARS scientists to 
determine if polymorphisms within these genes were associated with reproduction and 
production events in a Landrace-Duroc-Yorkshire population of pigs. Both age at puberty and 
weaning-to-estrus interval were associated with a genetic marker for HYAL2. Birth weights and 
litter size components were associated with genetic markers for HPSE, HYAL1, and HYAL2. 
The identified genetic markers for HPSE, HYAL1, and HYAL2 will be further examined for use in 
marker-assisted selection protocols for breeding females to determine potential fertility, litter 
size capabilities, and(or) piglet survivability prior to introduction into the breeding system. 
 
Adipose secretory genes revealed by gene expression studies in swine (10).  ARS used 
microarray and real time RT-PCR technology to demonstrate the expression of numerous  
genes that encode secreted and non secreted regulatory proteins in porcine adipose tissue from 
growing pigs. Furthermore, this is the first report of expression of five secretory genes in 
adipose tissue of any kind. Many of these genes are cytokines and include interleukin- 8, 
interleukin-1beta, brain derived neurotrophic factor, and Insulin-like growth factor binding 
protein-7. Gene expression of insulin-like growth factor binding proteins (IGFBPs), hormones, 
growth factors, neuropeptide Y (NPY) receptors (NPYRs) and other receptors in OSQ and MSQ 
changed little with age in growing pigs. Distinct patterns of relative gene expression were 
evident within NPYR and IGFBP family members in adipose tissue from growing pigs. Relative 
gene expression levels of NPY2R, NPY4R and angiopoietin 2 (ANG-2) distinguished OSQ and 
MSQ depots in growing pigs. We demonstrated, for the first time, the expression of IGFBP-5, 
NPY1R, NPY2R, NPY, connective tissue growth factor (CTGF), and ciliary neurotrophic factor 
(CNTF) genes in pig adipose tissue. Furthermore, adipose tissue CTGF gene expression was 
upregulated while NPY and NPY2R gene expression were significantly down regulated by age. 
These studies demonstrate that expression of neuropeptides and neurotrophic factors in pig 
adipose tissue may be involved in regulation of leptin secretion,This information is vital to the 
development of novel methods to promote maximal growth and enhance onset of puberty and 
subsequent reproductive function in the pig. Furthermore, expression of cytokine secretory 
factors indicates that adipose tissue may mediate the influence of health and well-being on the 
onset of puberty. Furthermore, the relative expression of 13 non-secreted regulatory genes 
distinguished OSQ and MSQ depots in growing pigs. The expression of several such genes 
were influenced by age including an increase in CCND3, HSF1 and PTGR1 expression in MSQ 
and a decrease in UCP2 and REA (prohibitin -2) expression in OSQ. Negative associations 
between expression of some regulatory factors and leptin gene expression indicated that local 
leptin may decrease or antagonize adipogenesis. 
 
 
Specific Breeding Aids 
 
A cell culture model to study heat stress (4). Controlling production losses enable cattle 
producers to increase production efficiency of their herds by ensuring that the metabolic costs 
for maintenance of health are minimized. Heat stress is common in dairy cattle during summer 
months and often decreases milk production and reproductive performance.  Heat stress can 
also exacerbate the detrimental effects of infectious and metabolic diseases. An immortalized 
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cell line from a specific cell type present in the mammary gland of cattle was developed and 
used to demonstrate significant changes in cell form and structure in response to a temperature 
increase as small as 2.5°C and as brief as 1 hour. This development will allow the more efficient 
study of cellular and molecular changes during heat stress without the use of live animals and 
expensive environmentally-controlled chambers. 
 
Feeder-cell-independent culture of the ARS-PICM-19 pig liver stem cell line (4).  The ARS-
PICM-19 pig liver stem cell line that is normally dependent on a layer of mouse fibroblast 
“feeder-cells” was adapted to growth without the feeder cells.  ARS scientists established the 
feeder-independent cell culture of ARS-PICM-19, designated PICM-19FF (feeder-free), and 
validated its maintenance of key liver functions.  The PICM-19FF cells were found to retain their 
normal liver cell morphology and functions.  The creation of the PICM-19FF cell line will simplify 
the genetic analysis of the cells when used as an in vitro model of pig liver function and will 
simplify the use of the cells for future projects of agricultural interest including the metabolic 
engineering of pigs, and of biomedical interest, for example use as the biological component of 
an artificial liver device.  ARS scientists also successfully created new bovine cell lines from 
umbilical cord tissue, allantoic fluid, and fetal skin tissue.  The cell lines will be useful for animal 
cloning, or for the creation of bovine induced pluripotent stem cell (iPSC) lines. 
 
Triple-acting staphylolytic peptidoglycan hydrolase fusion proteins are refractory to 
resistance development (4).  Staphylococcus aureus is a notorious pathogen that has a very 
high rate of antimicrobial resistance development.  It is believed that no bacterium can resist 
three simultaneous, uniquely-acting, antimicrobial agents.  To develop such antimicrobials ARS 
fused the staphylococcal phage K endolysin LysK, to the staphylolytic bacteriocin, lysostaphin.  
These two proteins together harbor three unique, synergistic peptidoglycan hydrolase enzymatic 
domains.  The resultant triple-acting fusion protein maintains all three enzymatic activities in the 
final fusion.  When S. aureus cultures are exposed repeatedly (>10X) to sublethal doses of this 
triple fusion, there is no resistance observed, despite significant resistance observed in cultures 
exposed to either LysK or lysostaphin alone.  S. aureus naturally resides topically on humans 
and animals including the nasal nares.  The triple-acting staphylolytic peptidoglycan hydrolase 
fusions described above perform with greater efficacy than either of the parental lysins in 
eradicating S. aureus in a rat model of nasal colonization. We predict these triple fusion 
antimicrobials will be refractory to resistance development in animal models of staphylococcal 
infection which may potentially result in the development of a new class of antimicrobials for the 
livestock industries. 
 
Protein fusions developed to combat mastitis in dairy cattle (4). Streptococcus aureus is a 
notorious pathogen causing chronic bovine mastitis in dairy cattle. The unique ability of S. 
aureus to hide in mammary cells provides a high level of protection to the pathogen from both 
the host immune defenses and conventional antibiotics, preventing elimination. This usually 
results in the culling of between 8% and 15% of the US dairy herd annually due to chronic 
infection. To combat this significant economic threat to the dairy industry, ARS scientists have 
developed a fusion of 2 proteins capable of carrying a lysostaphin enzyme across the plasma 
membrane of mammary epithelial cells and kill intracellular S. aureus. This technology is not 
limited to just mammary epithelial cells and may have novel antimicrobial application in many 
other areas. Now in field trials, this work will potentially produce tremendous saving for the dairy 
industry. This research program has ongoing international collaborations with Pakistan, Russia, 
Switzerland, the United Kingdom and Spain to develop related technologies in dairy cattle and 
other ruminant species. These collaborations provide extraordinary opportunities to leverage 
funding and scientific expertise for this research. They also help in the effort to ensure 
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international food security by rapidly disseminating technology which enhances the productivity 
and efficiency of meat and milk production.  
 
Bioinformatics and Statistical Analysis Tools 
 
Bioinformatics pipelines to analyze metagenomic datasets (13). The rumen microbial 
community has profound effects on the health and ability of the cow to digest and extract 
nutrients from its feed.  ARS initiated several studies to examine changes in the rumen microbial 
population in response to dietary changes, developmental changes, and disease states (e.g., 
parasitic infection) using next-generation sequencing technology. Limitations of this approach 
include the extensive data sets that are generated from this technology, statistical analysis of 
the data, and biological interpretation of the results. To facilitate these studies, we have 
successfully developed bioinformatics pipelines to improve our efficiency and ability to analyze 
large, metagenomic datasets.  These tools increase the speed and efficiency of scientific 
discovery facilitating the development of better and more timely technologies for the dairy 
industry. 
 
A statistical method for estimating the degree to which DNA tests are able to predict 
economically important traits (13).  A method to estimate the proportion of genetic variation in 
economically important traits accounted for by the DNA test, which in turn determines the 
degree to which a DNA test can improve the accuracy of evaluations of genetic merit. Previous 
approaches to estimating this proportion were widely recognized as overstating the effect of the 
test and, consequently, were not widely used. The method developed by ARS scientists 
provides accurate estimates and is able to use DNA tests results in the form that DNA testing 
companies are currently providing them – molecular breeding values.  
The estimator can be computed using software that is commonly used by animal breeders. This 
method provides a basis for potential customers of DNA tests to evaluate the utility of DNA 
testing technology and compare alternative DNA testing products. 
 
Science to Industry: Genomic Resources 
 
A primary research effort in National Program 101 is the development of genomic resources for 
the livestock industries.  These efforts have been extraordinarily productive and NP101 
continues to be a world leader in many of these areas.  NP101 collaborated and provided 
significant contribution and leadership in the sequencing efforts of the genomes for beef, 
chicken and swine as well as other species of industry and scientific interest.  In 2010, NP101 
scientists led the successful effort to sequence the turkey genome.  Work is currently underway 
by several NP101 teams to further refine and annotate the sequences for each of the food 
animal species.  Further efforts are being made to address genetic variation not tied directly to 
the original genome sequences such as copy number variation.  Additional research is being 
undertaken to better understand the epigenetic effects associated with food animal production 
traits and relationship between genetic/genomic merit and widely varying environmental effects. 
 
A particular impactful research development in NP101 was the Bovine 50K SNP bead chip.  
This technology was instrumental to the NP101 effort to develop and implement the first genetic 
evaluation system in the world that combines genomic and phenotypic data – for the Holstein 
breed in the U.S.  This technology has now been copied and developed for multiple species and 
populations around the world, much of which is also being led by ARS and NP101 scientists. 
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NP101 scientists are applying these and other tools, along with sequence information, to 
develop an impressive record of genomic discovery and application for traits of economic 
importance as well as for traits of basic scientific relevance and importance.  NP101 scientists 
are developing and implementing much larger SNP bead chips and are exploring technologies 
which facilitate individual genome sequencing of animals with significant impact in relevant 
populations.   
 
Related current research focused on the functional genomics of growth, reproduction, 
development, carcass quality and immune function is producing extraordinary results.  
Understanding the genomic basis for these traits is providing impactful tools for the livestock 
industries and is rapidly advancing the scientific body of knowledge relating to genomic function. 
 
Additional research focused on the direct physical manipulation of the genome and of specific 
cells in ongoing in NP101 to develop technologies and techniques that will enable further 
exploitation of cellular and genetic resources.  Current research is focused on the development 
of pluripotent stem cells in cattle and in techniques to develop alternative antimicrobials that are 
resistant or refractory to the development of pathogen resistance.  Research to develop 
immortal cell lines and related technologies is also ongoing for use in research and for the 
development of new technologies relating to germplasm preservation, basic genomic function 
and numerous other functions.  These “next generation” technologies offer significant potential 
future value for the food animal industries. 
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Research Component 2: Enhancing Animal Adaptation, Well-Being and Efficiency 
in Diverse Production Systems 

 
Livestock and poultry production are considered value-adding industries to various agricultural 
input commodities as well as land resources considered marginal for crop production. 
Production systems operate in a wide range of physical and marketing environments from a 
highly diverse natural resource base. Proper matching of animal genotype and management 
system to the production-marketing environment is critical for sustainable and profitable 
production. This requires a comprehensive understanding of factors affecting animal adaptability 
and functionality, well-being, and efficiency.  The development of scientific measures of stress 
and well-being and an enhanced ability to interpret such measures is crucial to the evaluation of 
current animal agriculture management practices and development of improved alternatives. 
Stress caused by social, nutritional, and environmental factors and their interactions need to be 
understood to limit negative impacts on care, production efficiency and well-being.  Society is 
now demanding that scientific standards for documenting animal welfare within industry 
production systems become a critical control point in quality assurance programs. 

The major cost contributing to unit cost of production in the livestock industry is the maintenance 
of the breeding herd or flock. Two limiting factors hinder reducing this cost:  1) reproductive rate 
per breeding female, and 2) the relatively high energy cost required for maintenance of the 
breeding herd. Furthermore, longevity of breeding females is an important contributor to 
lowering cost of production (i.e. increased longevity is desirable due to the high cost of 
producing replacements), yet, in several of the livestock industries the average age of breeding 
females has been declining in recent years, reflecting a loss of longevity. 

Successful and efficient reproduction is essential to food and fiber production from livestock and 
poultry. Numerous environmental factors compromise reproductive success and contribute to 
decreased breeding longevity. Seasonal infertility in swine and reduced conception rates in 
cattle breeding programs are particular areas of concern. Sub-optimal embryonic, fetal, and 
neonatal development and survival significantly contribute to reduced reproductive efficiency in 
several of the species.  Feeding and nutritional regulation of cells and organs jointly affect every 
aspect of livestock and poultry production. Animal industries are challenged to efficiently 
produce livestock products and to balance growth, feed consumption, and management of 
waste products. Given that upwards of 60% of total energy costs in the livestock and poultry 
industries are in feed inputs, it is imperative that solutions be found to allow improved efficiency 
of nutrient utilization for conversion to animal and poultry products. 

 
Problem Statement 2A: Enhance Animal Well-Being and Reduce Stress in Livestock and 
Poultry Production Systems. 
Recent food industry trends reflect a growing concern in the American public regarding animal 
welfare in food production systems. These concerns have resulted in a new set of supply 
system requirements from a number of major animal product customers for certification of 
specific animal care, production, and transport guidelines. It is unlikely that this trend will 
diminish in the near-term future. The livestock and poultry industries need to have clear and 
interpretable scientific criteria developed to allow proper assessment of animal well-being to 
meet these consumer demands in the marketplace. These criteria must be developed and 
validated within standard industry production systems. Development of such criteria will require 
a much improved understanding of stress physiology and animal ethology. The ultimate goal is 
to identify means for enhancing animal well-being through identification of improved production 
management practices that are profitable and sustainable for producers. 
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Research Needs: 
Research is needed to further develop and refine scientific criteria for measuring animal welfare 
within production systems by comprehensively utilizing endocrine and immunological 
biomarkers in combination with animal behavioral and production performance data. A more 
complete understanding of the physiological, immunological, and behavioral responses of 
livestock and poultry to various stressors is needed to allow strategies to be developed to 
reduce production risk and losses. Specific research data are needed to address preweaning 
piglet losses, gastric ulceration, aggression, and sow welfare in swine production systems. 
Improvement of production systems to reduce neonatal calf morbidity and cow lameness is 
needed in dairy production systems while stress imposed by weaning, transportation, and co-
mingling as well as from heat stress and fescue toxicosis are areas of needed focus in 
commercial beef production systems. Housing related issues encompass the primary need 
areas of poultry production including delineation of appropriate space, thermal, and lighting 
requirements, and a better understanding of feather pecking and aggression in birds. Research 
is also needed to consider the impacts and alternatives to beak trimming as well as to reduce 
lameness in laying hens and broilers. Forage and secondary metabolite induced equine 
conditions, including laminitis and fescue toxicosis, are not well documented or understood. A 
more complete understanding of the relationship between various animal temperaments, innate 
and adaptive immunity, and productivity is needed for all livestock and poultry species. 

Anticipated Products: 
 Scientific criteria for the assessment of animal welfare in livestock and poultry production 

systems. 

 Enhanced understanding of physiological and behavioral response of livestock and poultry 
to environmental stressors. 

 Improved management practices and production system designs that maintain or enhance 
productivity while improving animal well-being targeted to specific priority animal welfare 
issues. 

 Identification of means to increase longevity of breeding animals. 

Potential Benefits: 
Animal stress and well-being research will benefit animals, producers, and ultimately 
consumers, by ultimately identifying means for reducing animal healthcare costs and improving 
food production efficiencies. Achievement of these economic and societal goals will help 
maintain and increase demand for livestock and poultry products in domestic markets and 
become more competitive in world markets, particularly in light of rapidly changing requirements 
for animal production practices in the international sector. 

 
Problem Statement 2B: Reducing Reproductive Losses. 
Increasing reproductive rate has been a goal of livestock and poultry research for the last 
several decades but has been largely unrealized in ruminants while only modest gains have 
been achieved in non-ruminants. Reproductive capacity and longevity is a complex trait and is 
affected by a number of environmental factors including temperature, humidity, photoperiod, 
and plane of nutrition. Managing the production environment for optimum reproductive efficiency 
requires an understanding of basic neuro-endocrine regulatory mechanisms, gonadal and 
uterine function, and development of the conceptus. These systems may be further altered by 
other environmental factors including social interactions among animals, handling by humans, 
housing, and transportation. Prepubertal development, seasonally reduced gamete production, 
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postpartum anestrus, and aging all represent periods of reproductive inefficiency in livestock 
and poultry. Opportunities exist to optimize economic returns by determining how to combine 
genetic and nutritional resources in a manner that reduces the duration of these periods of 
reproductive quiescence. Delays in establishing pregnancy increase cost and reduce output of 
food animal systems. Maximum production efficiency requires every fertilized egg to result in 
birth of a healthy offspring that survives and grows during the neonatal period. Factors 
contributing to embryonic and fetal losses and/or inappropriate development in domestic 
livestock are only partially understood. Incidence of embryonic and fetal mortality has been 
estimated to be 20 to 40% in livestock species and 10 to 14% in poultry. Collectively, significant 
improvement of reproductive efficiency will require a true “systems biology” approach to be 
successful. 

Research Needs: 
Data to elucidate the impacts of environmental stressors on successful gamete production, 
fertilization, and pregnancy resulting in live births are needed for all livestock and poultry 
species. Research to address the observed decline in conception rate per service in dairy cattle 
as well as research to identify the physiology underlying seasonal infertility in swine should be 
conducted.  Data to address how to reduce the prevalence of small litter sizes in swine are 
needed as well as research to better predict male fertility at early ages. Research to identify 
contributing factors and underlying physiology responsible for embryonic and neonatal losses in 
swine, cattle, and sheep is warranted. Physiological factors underlying lowered longevity of 
breeding females must be elucidated to address this issue in cattle and swine. Research to 
better understand the relationship of fescue pasture systems with cattle, small ruminant, and 
equine reproductive function is needed in the transition zone of the U.S. Finally, maternal 
epigenetic and behavioral effects on neonatal survival should be investigated. 

Anticipated Products: 
 Identification of critical control points limiting improvements in reproductive rate in livestock 

and poultry. 

 Data to facilitate appropriate matching of management and production resources with 
genetic potential of breeding animals with the goal of increasing reproductive rate. 

 Improved management practices and systems for improved reproductive success across 
production systems and environments. 

 Identification of physiological means for reducing seasonal infertility in swine. 

 Recommended production practices and management alternatives for increasing non-return 
rate in dairy cattle. 

 Strategies based on physiological data for increasing longevity of breeding females in 
livestock systems. 

Potential Benefits: 
Increasing reproductive capacity and longevity of the nation’s breeding herds of livestock and 
poultry will lead to a more stable and profitable animal agriculture primarily by reducing 
production risks and losses. By spreading overhead costs associated with maintenance of 
breeding herds and flocks over more output per individual, production efficiency and profitability 
should be concurrently increased. Optimization of management and human and natural 
resources with genetic potential of breeding animals has the greatest potential payoff in animal 
production systems in this arena. 
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Problem Statement 2C: Improving Efficiency of Nutrient Utilization and Conversion to 
Animal Products. 
The single largest cost of livestock and poultry production lies in feed inputs. Enhancement of 
nutrient utilization, therefore, is one of the major pathways toward improvement of production 
efficiency. A number of research priority areas exist in this area, including: 

1) Livestock and poultry improvement programs continue to rapidly change genetic merit for 
production, particularly for rate of growth and yield of meat, milk, and eggs. Specific nutrient 
requirements and feeding systems must be determined and validated to allow the realization 
of these higher levels of genetic potential while minimizing nutrient losses to the 
environment. A comprehensive understanding of the metabolic or physiological functions 
that limit production potential is required to achieve this goal. As the genomes of livestock 
and poultry species are annotated, opportunities are increased for using functional 
genomics to develop an understanding of the regulation of genes and gene complexes by 
specific nutrients. 

2) A major controlling factor of growth and development across species is feed intake. Feed 
costs represent the primary economic input into livestock and poultry production systems. 
Metabolic and sensory factors affect short-term feeding behavior. Long-term feeding 
behavior is controlled by the animal in its attempt to achieve a defined equilibrium within its 
environment. Understanding mechanisms involved in regulating feeding behavior and 
appetite should lead to more efficient production of livestock and poultry. 

3) Ruminants rely on diverse microflora to digest feeds while monogastrics also host 
microbial populations in their gut that can influence efficiency of nutrient use. However, past 
research in microbiology of the rumen and other gut environments has barely scratched the 
surface of understanding the composition, function, and dynamics of these communities. 
Mathematical tools and new technologies emanating from the genomics revolution (i.e. 
metagenomics) provide exciting opportunities to delve deeper in to this area. Enhanced 
understanding of rumen microbiology also may provide insight in to applications to the area 
of bioenergy production. 

4) Ethanol and biofuel production is rapidly increasing in the U.S., with current estimates 
predicting that over 20% of corn supplies will be used for ethanol production by 2010. This 
shift in the availability of feedstuffs for livestock and poultry production, along with the 
concurrent increase in byproducts from biofuel production, will require attention to the 
development of nutritional regimens under lower energy diet systems. 

5) A substantial portion of the livestock production in the U.S. relies on forage based 
systems. In recent years, there has also been a growing trend toward development of 
pasture-based dairy and beef production systems. Effective utilization of forages by 
livestock suffers from a lack of adequate understanding of rumen digestion of forages in 
mixed diets, an incomplete understanding of the characteristics of forage plants that alter 
nutrient digestibility, inability to deal with toxicosis problems from some forages, and 
inadequate methodology for evaluating feed characteristics and digestibility. 

Research Needs: 
Research to utilize the chicken, cattle, and swine annotated genome sequences to develop an 
understanding of the regulation of genes and gene complexes by nutrients needs to be 
undertaken. Developing an understanding of metabolic syndromes in cattle through this 
approach is also warranted. Work to better understand feed intake in poultry and cattle should 
be conducted including identification of genes and gene products affecting feed intake and how 
they may be regulated by specific nutrients. Knowledge gaps exist in how feed efficiency may 
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be altered in beef cattle, particularly in understanding genetic effects.  Means of increasing the 
efficiency of nitrogen utilization are lacking and need further development in cattle and swine. 
Metagenomics, community fingerprinting, and PCR-based population assessments to 
characterize the rumen and other gut microbial ecosystems is warranted. Gaps exist in the 
ability to optimally utilize forage-based systems for dairy and beef production including an 
incomplete understanding of: 1) plant characteristics and factors limiting digestibility; 2) 
digestive physiology; 3) transformation of nutrients and factors affecting the partitioning of 
nutrients into end products from digestive fermentation; 4) animal physiological response to 
fescue toxicosis; 5) methodology for describing the relevant characteristics of forages including 
digestibility, physically effective fiber, starch, non-fiber carbohydrates; and 6) year-round forage-
beef finished systems. Finally, critical research is needed to determine the nutrient requirements 
of genetically-enhanced livestock and poultry in combination with genetically-enhanced 
feedstuffs. This includes research to address the changing composition of production diets due 
to the increase in the biofuels sector of the U.S. economy. 

Anticipated Products: 
 Precision feeding systems for livestock and poultry that optimize nutrient availability to the 

animal while minimizing nutrient losses to the environment. 

 Updated and current nutrient requirement tables for enhanced feedstuffs and increased 
genetic potential for production of animals and poultry. 

 Optimization of lower energy diets in poultry and swine. 

 Development of refined methodology allowing precise nutrient evaluation of forages. 

 A demographic picture of the rumen and other gut environments. 

 A “gene atlas” for feed intake, animal metabolism, and effects of various feed nutrients. 

 Nutritional and production-management strategies for reducing the incidence of metabolic 
imbalance in cattle. 

 Strategies to reduce the negative effects of fescue toxicosis in grazing livestock. 

 Determination of the degree of genetic control of feed efficiency in cattle. 

 Optimized year-round forage-based finished beef systems. 

Potential Benefits: 
Research in this area will allow the development of precision management livestock and poultry 
systems that make optimal use of nutrient inputs in both intensive and extensive production 
environments. Better understanding of genetic regulation will lead to the development of 
nutritional modulators that increase efficiency of nutrient use. Improved nutrient utilization will 
allow improved use of natural resources and will lower the environmental footprint of animal 
agriculture. Development of forage-based and other less-conventional production systems 
opens up new value-added market opportunities for midsized and small livestock producers. 
Improved understanding of the digestive environment will lead to applications to enhance gut 
fermentation, including potential applications to other processes including bioenergy production. 

 
Selected Accomplishments for Animal Adaptation, Well Being and Efficiency 

 
This section includes selected accomplishments that demonstrate stakeholder impact for NP101 
for the current action plan.  Each accomplishment is cross referenced with specific sections in 
Appendix 2 listing relevant references.  However, many of the accomplishments listed to not 
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have a specific corresponding reference or journal article because the research in many 
instances is just being completed.  In addition, Appendix 2 includes many more references than 
can be linked to the accomplishment list and further demonstrates the scope of the research in 
NP101.  Accomplishments including a cross reference including “M” are listed in the 
“Miscellaneous” section of Appendix 2. 
 
Well-Being and Immune Response 
 
Beef 
 
Yeast products for feedlot cattle (15).  As with other livestock production systems, there is an 
increasing concern over the potential link between feeding low levels of antibiotics in cattle 
feedlots and the incidence of antibiotic-resistant bacteria that affect human health. In an effort to 
identify potential alternatives to antibiotics, ARS scientists in cooperation with scientists from 
Texas Tech University and Lesaffre Feed Additives, Milwaukee, Wisconsin, evaluated the effect 
of feeding the cell wall of yeast to feedlot cattle that are at a higher risk for becoming sick. The 
researchers demonstrated that supplementing the diet of incoming feedlot cattle with yeast 
(Saccharomyces cerevisiae) and/or its cell wall not only improved the health of the cattle, but 
also improved their ability to combat exposure to the toxin from E. coli bacteria. Additionally, 
inclusion of this yeast altered the population of bacteria species within the intestine in a manner 
that suggested that the yeast may have caused an increase in beneficial bacteria. Identifying 
alternatives to low levels of antibiotics for inclusion in livestock feeds is an essential step 
towards securing the sustainability of livestock production in the U.S. 
 
Respiration rate used as an indicator to determine heat stress in feedlot cattle (14).  ARS 
scientists used respiration rate as an indicator to determine risk factors for heat stress in feedlot 
heifers.  It was determined that at temperatures above 25ºC, dark-hided animals were 25% 
more heat stressed than light-colored animals; a history of pneumonia increased stress level by 
10.5%; each level of fatness increased stress level by approximately 10%; and excitable 
animals had a 3.2% higher stress level than calm animals.  Not only did the stress level 
increase with these risk factors, but average daily gain was reduced.  The results of this study 
have not only revealed heat-stress risk factors of breed (color), condition score (fatness), 
temperament, and health history (treated or not treated for pneumonia), but also have shown 
the effectiveness of using respiration rate as an indicator of heat stress.  These results will be 
developed into intervention strategies for beef producers to better manage heat stress and 
improve feedlot performance. 
 
Intervention strategies to predict and prevent heat stress losses in cattle feedlots (15). 
Animal susceptibility to heat stress is difficult to determine visually. Animal performance can be 
reduced and well being compromised during periods of hot weather. Impacts of excessive heat 
load are varied, ranging from little or no effect to death of vulnerable animals during an extreme 
heat event.  During a severe event, producers can lose 5% of their animals in a single day with 
resulting losses can exceed $1,000,000 to a single producer. A knowledge-based inference 
system with 11 animal characteristics has been developed based on previous research findings. 
This model summarized the risk factors into a single susceptibility number. Currently, data is 
being summarized to validate the model based on cattle feedlot data. An additional heat stress 
prediction model has been developed to summarize weather factors into a single index value. 
The model was used to develop a feedlot cattle heat stress website through a collaborative 
project with National Oceanic and Atmospheric Administration (NOAA) and National Weather 
Service (NWS). The website’s primary feature is a seven-day graphical forecast of cattle heat 
stress. Additionally, helpful information is included such as impacts of heat stress, cattle and 
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environmental risk factors, guides to recognizing heat stress, and actions to take for minimizing 
heat stress. The model continues to be evaluated to ensure accurate predictions of stress level. 
These tools help beef producers determine when intervention strategies are needed to prevent 
excessive heat stress to ensure animal comfort and welfare and prevent production losses. 
 
Cattle temperament and production (14).  Scientists from ARS,  Texas A&M AgriLife and 
Mississippi State University investigated the influence of cattle temperament on various 
production parameters and stress responses to determine if an animal's temperament 
influenced its ability to handle management practices such as being transported, or its ability to 
cope with a bacterial infection. These studies have clearly indicated that calm and 
temperamental cattle have distinct physiological and immunological responses. Temperamental 
cattle seem to be more resistant to a toxin produced by E. coli bacteria, displaying less sign of 
clinical illness and recovering more rapidly. While handling temperamental cattle in production 
systems poses various challenges, there are clearly beneficial characteristics of these animals 
that could possibly be exploited to improve disease resistance and the associated morbidity and 
mortality that are significant economic burdens for the beef industry. This research will 
undoubtedly lead to a better understanding of variations in beef cattle production and will be 
essential information needed to develop alternative management practices to improve livestock 
production, health, and overall well-being. 
 
Romosinuano cattle are more heat tolerant than Angus (14).  Heat tolerance is an important 
attribute for the productivity of cattle in subtropical and tropical regions of the world.  Typically 
Brahman or Bos indicus and their crosses are featured in these regions primarily for their heat 
tolerance capability.  However, the Romosinuano a tropically adapted Bos taurus breed was 
evaluated for heat tolerance as a possible alternative source of germplasm in subtropical and 
tropical production environments.  To increase understanding of heat tolerance in Romosinuano 
and heat sensitivity in Angus, scientists from ARS and the University of Missouri evaluated the 
physiological response in purebred steers of each breed while housed in environmentally 
controlled chambers.  Steers were evaluated under thermoneutral conditions for 18 days 
followed by heat stress for 14 days.  During thermoneutral, Angus steers maintained higher 
rectal temperature, respiration rate, and sweating rate compared to Romosinuano steers.  
During heat stress, although steers of both breeds increased in rectal temperature, respiration 
rate, and sweating rate, Angus steers maintained significantly higher levels than Romosinuano 
steers.  This study clearly shows that Romosinuano are more heat tolerant compared to Angus.  
Elucidation of those mechanism(s) responsible for heat tolerance or those that maintain core 
body temperature will require further comparative studies. 
 
Immune response in cattle is characterized (14).  Understanding how stressors impact the 
immune system of cattle is important to maintain animal well being and productivity.  The acute 
phase response is a component of the innate body defense that is characterized by varied 
reactions of the body to infection, inflammation, disease, or trauma.  Characteristic reactions 
include fever; shifts in liver synthesis from normal products to acute phase proteins; increase in 
circulating white blood cells; and changes in behavior.  The acute phase response is stimulated 
by the release from macrophages and monocytes of the pro-inflammatory cytokines at the site 
of inflammation or infection.  Scientists from ARS, the University of Missouri and the University 
of Florida examined the immune response in cattle to a challenge of bacterial 
lipopolysaccharide (LPS).  This study was designed to characterize the circulating patterns of 
six cytokines and four acute phase proteins in response to an LPS challenge.  Results indicated 
that LPS increased concentrations of cortisol, four of six cytokines, and one of four acute phase 
proteins studied.  Likewise, rectal temperature and respiration rate were increased by LPS.  
These new baseline results are being used in other studies to compare differences in the acute 
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protein immune response due to breed and heat tolerance. 
 
Intramuscular fat and immune response in beef cattle (14).  Scientists from ARS and 
Mississippi State University demonstrated that the amount of intramuscular fat, fat located 
between muscles, may affect the immune response of cattle. In this study, researchers 
evaluated the ability of Angus heifers that had been genetically selected for high and low levels 
of intramuscular fat to combat the unfavorable effects of a toxin produced from E. coli bacteria. 
The study revealed that heifers lacking the genetic markers for intramuscular fat deposition had 
an altered immune response compared to those heifers that had a greater number of genetic 
markers. Further research is needed to determine the link between the amount of intramuscular 
fat and an animal's ability to mount an immune response. 
 
Dairy 
 
Novel methods to measure stress in livestock are developed (15). Cow lameness is one of 
the biggest challenges faced by the dairy industry and contributes to animal stress and 
decreased production efficiencies. ARS scientists compared cows housed on rubber mats to 
cows housed on concrete floors and found that cows on rubber mats had a greater ability to 
fight disease. Molecular markers of pain signaling taken from white blood cells were lower for 
the concrete-housed cows. These data imply that inflammation was occurring in the concrete-
housed cows leading to increased lameness and stress. These data are useful for producers to 
determine the potential benefits of investing in rubber flooring that may extend beyond the 
reduction of incidence of lameness.  
 
Molasses consumption is a reliable measure of social stress in dairy calves (15). 
Obtaining non-invasive measures of stress is a challenge to researchers who wish to evaluate 
housing and management procedures. ARS scientists established a mixing and isolation model 
and showed that stressed calves would voluntarily consume more molasses compared to non-
stressed controls. This model can be used by researchers in the design and evaluation of novel 
agricultural housing methods and procedures.  
 
Bedding material for calf hutches can affect well-being (15).  Heat stress effects on calves 
begin before birth, but housing after birth can also affect well-being during heat episodes.  To 
assess housing effects on the heat stress, health, and fly loads of calves, bedding material of 
the hutch (straw, sand, or wood shavings) and flooring of the outdoor area of hutches (dirt or 
rubber mats) were examined during later summer months. Immature fly populations (larvae and 
pupae) were greatest for straw; however fly counts on the inside of the hutch were least with 
straw bedding. The calves that had rubber mats in the exercise area had reduced growth rates 
compared to those with the uncovered dirt.  ARS and Purdue researches determined that during 
a mild summer, straw, sand, or wood shavings were all acceptable hutch bedding, but fly larvae 
may need control measures in straw-bedded hutches and rubber mats are not a good addition 
for calves during summer months.  These results can be used by producers to optimize their 
calf housing using bedding choices that are most available and economical for them.  
 
Molecular mechanisms of improved milk production and immune function in dairy cows 
(14).  Heat stress contributes to nutrient loss of dairy cattle through energy spent on non-
productive processes to maintain proper body temperatures. Controlling these losses enables 
dairy producers to increase the production efficiency of their herds by reducing metabolic costs 
for maintenance and health. In collaboration with the University of Florida, dairy cows were 
provided cooling (sprinklers and fans) for the ~45-day period prior to calving known as the dry 
period, or no cooling during the dry period. The cows that were not cooled experienced heat 
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stress. Relative to heat-stressed cows, cooled cows showed improvements in their transition 
into milking and exhibited gene expression changes in the signaling pathway for the hormone 
prolactin, which supports milk yield. In addition, improvements in the function of the immune 
system were observed in cooled cows. Cooling exclusively during the dry period is a promising 
management strategy to improve the cow's transition into milking, although additional study on 
its effects on the incidence of diseases related to calving are needed to confirm the practical 
application of these findings. 
 
Poultry 
 
Feed additive is successful in inducing molt without feed restriction (15). Induced molting 
by food withdrawal is a routine husbandry practice in the poultry industry, which may cause 
stress in birds and affect their well-being. ARS scientists discovered that including melengestrol 
acetate into the diets of laying hens allows for an induced molt, without food deprivation. These 
results show that this compound could be used as a welfare-friendly alternative for molting. The 
results also provide evidence that it is valuable to further examine if low energy fed birds are 
experiencing hunger.  These results are useful to producers in addressing society and industry 
demands for an alternative to traditional induced molt practices.   
 
Cannibalism can be reduced with genetic selection and infra-red beak trimming (15). 
Beak trimming in layer hens functions to reduce and/or inhibit undesirable behaviors. Beak 
trimming in the poultry industry typically involves the removal of 33 to 50% of the upper and 
lower mandibles using a heated blade that both cuts and cauterizes the beak tissue. There is a 
considerable body of morphological, neurophysiological, behavioral, and production research 
demonstrating the emergence of several markers of acute pain, chronic pain or both (e.g., 
persistent lethargy and guarding behaviors, reduced feed intake, and development of 
neuromas) as a result of beak trimming. ARS scientists have shown that: 1) genetic selection of 
kind, gentle birds is a suitable approach for controlling cannibalism in poultry, and 2) infrared 
beak treatment causes less beak re-growth and fewer bill morphological changes compared to 
hot blade cutting. These results will aid producers and scientists in managing layers most 
efficiently by reducing beak trimming associated damage and losses due to cannibalism before 
non-cannibalistic egg-laying strains are commercially available. 
 
Infrared beak trimming improves hen welfare (15).  Beak trimming, using a hot blade, is a 
common practice in the poultry industry that is often criticized as inhumane.  ARS scientists 
investigated an alternative method of beak trimming which uses an infrared laser, similar to 
those used in biomedical procedures.  They used both treatments and studied 60 production 
hens from 5 to 35 weeks of age.  Hens which were beak-trimmed using the infrared laser 
method showed an improvement in performance and a reduction in stress levels. These results 
suggest that the infrared beak treatment provides a more welfare friendly means of beak 
trimming, allowing birds to display more efficient feeding behavior with less morphological 
abnormalities of the beak stumps. This study provides scientific evidence to support the use of 
infrared beak-trimming by producers and addresses the welfare concern of the current practice. 
 
Genetic variation in heat stress responses in laying hens (14).  Heat stress is a major 
problem experienced by poultry during high-temperature conditions. The ability to manage the 
detrimental effects can be attributed to many factors, including genetics. ARS scientists studied 
two different genetic lines of poultry to determine their ability to cope with heat.  The two strains 
tested differed in their ability to cope with heat, with one strain showing more panting and 
behavioral modifications aimed at reducing their heat load. The data suggest that heat stress 
has detrimental effects on the physiology of laying hens; however, differences were observed in 
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the heat stress response due to the genetic basis of variation. This study provides scientific 
evidence to support the use of genetic selection to combat heat stress. These results provide 
evidence that will be valuable for determining interventions for laying hens under heat stress 
conditions. 
 
Genetic selection in layer hens reduces social stress (14).  Social stress is a major problem 
in the poultry industry. Layer hens respond to social interaction affected by many factors, 
including genetics. ARS scientists studied three stains of layer hens to determine their ability to 
cope with social stress, resulting from large group size plus high density. The hens selected for 
high group productivity and survivability exhibit an altered regulation of their neuroendocrine 
homeostasis in response to social stress. The data suggest that genetic selection improves 
hens’ behavioral adaptation to domestic environments. These results provide scientific evidence 
that genetic selection is a useful tool to address the welfare concern of social stress in the 
modern egg production industry. 
 
Bill searing improves duck welfare (14). Bill trimming is a routine husbandry procedure used 
by the duck industry to prevent or control feather pulling and to minimize injury. It typically 
involves the removal of the tip of the both the upper and lower mandibles by cutting with hot-
blade cautery (TRIM) or by searing (SEAR) the tip. Bill trimming may cause scar tissues, 
neruromas, and pain in ducks as those found in the beak trimmed chickens. ARS scientists 
showed that: 1) trauma-induced pathological changes are dependent on the type of bill 
trimming methods used and 2) in Pekin ducks, SEAR caused fewer morphological changes 
than TRIM, which suggests that SEAR may causes fewer effects on bird welfare compared to 
TRIM.  These results will aid duck producers in managing ducks most efficiently and to 
decrease losses due to cannibalism.  
Biomarkers for evaluating welfare in poultry (14). Social stress resulting from aggression 
and cannibalism is one of the major stressors in the poultry industry. Selective breeding of 
chickens for kinder and gentler domestic behavior could provide an alternative approach to 
address these problems and improve chicken welfare. However, biomarkers to be used for the 
selection are severely lacking. ARS scientists showed that neurotransmitters (dopamine and 
serotonin), stress hormones (epinephrine, norepinephrine, and corticosterone), and 
lymphocytes (T- and B-cells, and IgG) are useful indicators for evaluating chicken welfare. 
These results will aid producers and scientists in selection of chickens with greater resistance to 
stress.  
Visual imprinting improves welfare in broiler chickens (14). Broilers are kept in large groups 
in a single house. Some of them self-restrict themselves within a small area of the house, 
causing them difficulty to get to feed and water, which affects chicken health and increases 
mortality. One contributing factor may be a deficit in spatial skills arising from the absence of 
essential environmental factors during routine rearing.  ARS scientists illustrated that 1) the 
development and function of the central nervous system can be further induced in chicks by 
early imprinting and 2) imprinting improves chicks’ spatial skills. This result provides a new 
approach for the controlling of physical damage and reducing mortality in broiler chickens by 
visual imprinting at an earlier age. 

Swine 
 
Lairage beneficial to pigs during transport (15).  ARS scientists showed that use of a clean 
lairage (temporary housing) environment and maintained social structure for a period of 8 hours 
was beneficial to pigs during transport.  Lairage in a known clean environment had benefits of 
diminished stress and immune stimulation, even 2 weeks after transport.  Measures of behavior 
on the truck, during the lairage, and after the transport showed effects of increased transport 
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stress in continuously transported pigs.  Rehydration during the lairage was beneficial and 
access to feed improved intestinal microbial population stability, potentially altering the ability of 
the pig to use the nutrients that it eats.  These results will aid producers and scientists in 
managing transported swine more efficiently while simultaneously decreasing losses due to 
animal stress. 
 
Heart rate variability frequency provides a measure of positive and negative stress (14). 
The causal neurophysiological processes that mediate behavioral and physiological reactivity to 
an environment have largely been ignored. Heart rate variability analysis is a clinical diagnostic 
tool used to assess affective states (stressful and pleasant) in humans, but its application is very 
limited in farm animals. ARS scientists conducted an experiment to define the low frequency 
and high frequency components of heart rate in swine using pharmacologic blockade. They 
successfully defined both the low and high frequency bands which are measures of negative 
and positive states, respectively.  This will allow future research to use heart rate variability 
analysis in assessing the welfare state of swine. 
 
Understanding aggression when sows are mixed in indoor and outdoor housing systems 
(15).  ARS scientists identified important behavioral sequences when unacquainted sows meet 
in limited and unlimited space. Unacquainted sows fight when introduced to each other but their 
detailed behavior during introduction has not been studied to determine whether escalation of 
their behavior into aggression can be predicted from behavioral sequences.  The study found 
that certain behaviors such as nose-to-nose contact decrease subsequent risk of aggression, 
whereas others, such as ignoring social contact, increase subsequent risk of aggression, 
particularly in indoor pens.  Indoors, sows engage in steadily escalating aggressive behaviors 
over time and display more pushes, knocks, and bites than sows being mixed outdoors in more 
space.  However, outdoor sows are quicker to initiate high intensity aggression without the 
steady escalation seen indoors.  Although biting occurs more quickly outdoors, the total number 
of bites delivered and the number of bites per interaction are lower than seen indoors.  These 
differences in strategy are most likely due to the amount of space in the different situations.  
Indoors, sows cannot get away from each other after a fight has taken place, and therefore 
before engaging in a fight, they probably use low intensity interactions to obtain information 
about their chances of winning a fight.  Outdoors, the space available for escape means that a 
loss can be immediately followed by withdrawal and avoidance.  Aggression at mixing is a major 
issue for the U.S. swine industry as it moves towards group housing of sows.  These results 
improve the understanding of what causes aggression to escalate and will help in the design of 
methods and facilities that will promote ‘positive’ behaviors before mixing, thereby reducing the 
aggression. 
 
Antimicrobial alternatives for young pigs (15). There is an increasing demand and interest in 
alternatives to feeding low levels of antibiotics in livestock production systems due to concerns 
over increased incidences of antibiotic-resistant pathogens. In fact, there has been a recent call 
for voluntary elimination of the use of low level antibiotics in livestock production in the U.S. A 
collaborative study by ARS scientists demonstrated that feeding a diet that contained 10% citrus 
pulp for 13 days eliminated the presence of E. coli in the feces of pigs. Supplementation of 
citrus pulp could potentially be used to enhance growth in weaned pigs by suppressing chronic 
and acute pathogenic challenges without the use of low levels of antibiotics. Identifying 
alternatives to antibiotics for inclusion in livestock feeds is an essential step towards securing 
the sustainability of livestock production in the U.S if subclinical uses of feed grade 
antimicrobials is eliminated. 
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Removing the human element when measuring stress (15).  ARS scientists evaluated stress 
conditions in livestock with the objective to measure stress more accurately and develop 
strategies and interventions to target and reduce stress in food animals.  For example, obtaining 
a true measure of stress hormones from pigs is difficult because traditional blood sampling 
involves restraint of the animal. A novel penning system allows blood samples to be taken 
automatically. Levels of hormones such as cortisol and norepinephrine were significantly lower 
than those in blood obtained using a traditional restraint method. The development of automatic 
blood sampling will enable ARS to investigate real effects of environmental stressors rather than 
artifacts influenced by collection method.  
 
Understanding the neurochemistry of aggression in pigs (14). Aggression among pigs is 
common especially when pigs are mixed, or if they have to compete for resources. It can impact 
the pigs’ health and welfare and may reduce profitability for the producer. Ractopamine, a β-
adrenoreceptor agonist, is fed to finishing pigs to improve growth performance and leanness. By 
mimicking catecholamines, ractopamine increases arousal but may also have other impacts. 
ARS scientists found that feeding ractopamine increased activity and led pigs, especially 
females, to engage in more, higher intensity aggression. Physiological measures showed that 
ractopamine-fed females had greater plasma catecholamine concentrations, lowered serotonin 
concentration in the blood and in parts of the brain. The expression of receptors essential for 
aggression inhibition was also suppressed in the brain of female pigs. By linking behavior of 
pigs with neurophysiological profiling, scientists have elucidated potential mechanisms related 
to aggression. This understanding is an essential component to help improve swine productivity 
and welfare. 
 
Exercise of sows enhances bone health and sow productivity (15).  A high percentage of 
sows are culled from the herd due to lameness.  ARS scientists exercised sows to determine if 
the lack of exercise due to stall housing caused bone, cartilage or muscle injury. They found 
that sows who were exercised during gestation had stronger bones and lost fewer pigs.  Thus 
producers which group house sows may find it beneficial to increase separation between feed 
and water, and to increase the number of times sows are fed.  This will increase sow movement 
and may decrease sow lameness.  However, we found no effect of exercise on cartilage health 
or lameness.  Thus researchers still need to concentrate future efforts on decreasing the 
occurrence of lameness in the sow herd.  
 
Prenatal stress alters sexual morphology and stress response (14).  Prenatal stress, the 
stress imposed on a pregnant dam that may influence her subsequent offspring, has been 
shown to have profound effects on behavior and physiology of many species, including 
monkeys, rats, guinea pigs, goats, humans and swine. ARS scientists found that swine, 
exposed to pre-natal stress, can have alterations in sexual morphology and hypothalamic-
pituitary-adrenal function; but with little effect on growth or immune function. This project has 
shown that prenatal stress in swine is likely caused not by cortisol alone but by other factors as 
well. These findings will aid scientists in understanding the implications of prenatal stress and it 
identifies possible mechanisms of action. 
 
Refining piglet processing (15). One to three days after being born, piglets on commercial 
farms undergo various routine processing procedures to safeguard later welfare. These 
procedures have come under scrutiny from the animal welfare lobby as they inflict a degree of 
pain and distress when carried out. Alternative methods have been developed to reduce the 
impact of single procedures on the piglet. However, ARS scientists found quite clear distinctions 
between techniques. Processing techniques that can be carried out quickly and with minimal 
tissue damage are least stressful for the piglet. Alternative techniques such as teeth grinding, 
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hot-iron tail-docking and oral dosing of iron, which might be expected to have some well-being 
advantages over teeth clipping, cold tail-docking and iron injecting respectively, were found to 
be disadvantageous primarily because of the amount of extra time needed to carry the 
procedure out. However, the alternative method of tagging for identification purposes, rather 
than ear-notching, did appear to improve piglet well-being, by being both a quicker technique 
and by greatly reducing tissue damage. Producers should ensure that procedures are carried 
out as quickly and as accurately as possible. 
 
Decreasing pig aggression through diet (15). Aggression is a major problem for swine 
production as it negatively impacts the pigs’ health and welfare. The neurotransmitter serotonin 
is essential for aggression control and is synthesized from the amino acid tryptophan. ARS 
scientists found that feeding a high tryptophan diet raised the concentration of tryptophan in 
blood at both 3 and 6 months of age. The high tryptophan diet also reduced behavioral activity, 
decreased the number of fights and overall aggressiveness when fed to the 3-month-old gilts, 
but not when fed to the 6-month-old gilts. These results are likely mediated by activation of the 
serotonergic system in the brain. Inclusion of higher levels of tryptophan in commercial diets 
could improve swine welfare by reducing aggression. 
 
Yeast product and vitamin C modulate piglet and calf innate immunity (15). Some 
management practices may cause animals to become stressed and have a decreased abilty to 
combat disease.  Thus methods to enhance immunity during times of stress are beneficial.  
ARS scientists found that yeast extracts and vitamin C act synergistically to improve calf and 
piglet growth; and to enhance well-being and the immune function of calves and piglets 3 to 4 
weeks post-transport.  This product has also been shown to be beneficial in reducing the 
incidence of respiratory disease. The product is now on the market and producers can use it to 
enhance immune function when livestock are expected to be stress.   
 
Science to Industry: Well-being and Immune Response 
 
Society’s perspective of animal production continues to evolve.  Consumers now are much 
more interested in the “way” animal are cared for and managed than at any other time in history.  
NP101 scientists are leading efforts to ensure animal health and well-being in modern 
production systems that are efficiently addressing the increasing global demand for animal 
products.  This is a critical and expanding role for NP101.  Current research is focused on the 
basic physiology of animal stress and adaptation, as well as management, housing and 
environmental factors relating to animal well-being.  Specific research is producing a 
significantly improved understanding of how animals react to, and adapt to, stressors relating to 
housing, handling and transportation.  Additional research is targeted at better understanding 
how animals adapt to environmental stressors such as heat stress in feedlots and in sub-tropical 
production environments common in the Southern U.S..  This research has led to numerous 
industry tools and technologies which are improving the production efficiencies of producers 
while protecting and enhancing the well-being of the animals in their care.  Specifically, NP101 
research has developed improved methods for de-beaking hens and castrating piglets, 
developed better flooring options for dairy cows and has developed a heat index-heat stress 
monitoring and computer based alert system for feedlot producers.  NP101 research has also 
led to a better understanding of physical factors such as pen sizes and stocking density and 
transportation and lairage practices on stress and well-being as well as environmental factors 
such as ventilation rates and temperature variation. 
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Nutrient Utilization, Growth and Efficiency 
 
General Accomplishments 
 
Microbial diversity in the bovine rumen (13).  Scientists at ARS and the J Craig Venter 
Institute completed a survey of the diversity of microbial populations in the rumen of cows fed 
forage diets and established guidelines for conducting future research examining the rumen 
micro-biome. The observed bacterial diversity was between 3181 to 7483 species-level taxonic 
units, the largest number observed for a ruminant species.  This diversity was dominated by 
Bacteroidales, Bacteroidetes, Clostridiales, unknown bacteria taxa (group of organisms).  There 
was a considerable difference in microbial diversity between cows from which the samples 
came.  The fungal community was sequenced to saturation and also resulted in identification of 
a novel unknown fungal group.  Raw extrusa should be suitable for future studies on rumen 
microbial diversity.  These findings shed light on the incredible microbiological diversity in the 
rumen and identify ways to improve production efficiencies and mediate environmental effects 
through manipulation of the rumen microbiome.  
 
Unique bacterial communities in the rumen (13). Performance differences in cows fed the 
same diet have been suggested to be due in part to a specificity of the ruminal bacterial 
community for the host cow, but this has not been demonstrated experimentally.  ARS scientists 
used molecular markers to characterize changes in bacterial community composition in pairs of 
cows following nearly complete (~95%) exchange of ruminal contents. Ruminal pH and organic 
acid concentrations in rumens generally returned to their pre-exchange profiles within one day, 
while the bacterial community returned to its pre-exchange composition over a longer time scale 
(generally 2 to 9 weeks). The data suggest that cows harbor specific communities adapted to 
the individual host, and will vary in their response to microbial inoculants (probiotics) intended to 
beneficially alter ruminal microbial populations. These results will help researchers as they seek 
to improve the efficiency of dairy cattle diets and minimize the output of greenhouse gases by 
dairy cattle. 
 
Determination of relative population sizes of classical ruminal bacterial species (13). 
Previous studies have not systematically quantified populations of individual bacterial species in 
the rumen. ARS scientists determined the percentage of 16S ribosomal RNA gene copy number 
contributed by 13 different bacterial species, two bacterial genera, and the domain Archaea, in 
several different cows, using a novel adaptation of a real-time PCR method originally developed 
for eukaryotic gene expression. The genus Prevotella was shown to account for nearly half the 
ruminal bacterial population, although classical Prevotella species make up only a small fraction 
of the group. Overall, the 13 most commonly studied ruminal bacterial species comprise only 5 
to 7 per cent of the total bacterial 16S rRNA gene copy number, indicating that the vast majority 
of ruminal bacteria are likely to represent uncharacterized species. These results indicate that 
large-scale application of metagenomics for characterization of the rumen microflora is needed 
to address this large pool of uncharacterized species. 
 
Modifying rumen fermentation with plant metabolites (13).  A principle theory in rumen 
microbiology is that the activities of the rumen microbes can be optimized like any other 
fermentation. This concept has been applied in a number of ways, and antimicrobial feed 
additives are one of the most successful. Bacteria produce most commercially available 
antimicrobial feed additives (i.e. antibiotics), but plants also make antimicrobial compounds. 
ARS scientists demonstrated that hops (Humulus lupulus L.) decreased ammonia production by 
mixed rumen bacteria and inhibited pure cultures of ruminal hyper ammonia producing bacteria. 
Hops extracts revealed that the active compound was β-lupulone, and the mechanism of action 
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was bioenergetic uncoupling of the cell membrane.  Like many membrane-active antimicrobials, 
the activity was enhanced at low pH values.  Results indicate that plant-based feed additives 
could be beneficial in improving ruminal efficiency through decreased ammonia production and 
may serve as alternatives to bacterial products in modifying the rumen ecology.  This 
accomplishment has attracted attention by feed industry representatives and is currently being 
considered for a Cooperative Research and Development Agreement. 
 
Influence of fiber composition on corn silage digestibility (10). Corn silage is a major feed 
resource for livestock, but fiber digestibility of the stover fraction is poor. A corn mutant with 
reduced inhibition of fiber digestion was fed to lambs (silage) by ARS scientists to measure feed 
intake and digestibility response. Lambs fed the mutant corn silage were less selective against 
fiber in the feed they consumed and digested more fiber. Future research will focus on the 
isolation of the gene responsible which will then have the potential to improve the digestibility of 
all forages used for livestock, increasing their value and utility and improving nutritional 
efficiency in ruminant species. 
 
Value of amino nitrogen sources in ruminant nutrition (6). The ability of most ruminal 
bacteria to use ammonia as a nitrogen source for growth is a highly advantageous characteristic 
of ruminal fermentation, but non-fiber carbohydrate (NFC) degrading bacteria typically grow 
faster and more efficiently if amino nitrogen sources (ruminally degraded protein, peptide or 
amino acids) are also available. ARS Scientists showed the potential impacts of amino nitrogen 
on the efficiency of NFC bacterial growth include: 1) carbon sparing and an increased 
availability of carbohydrate to generate energy, 2) an increase in growth rate and a concomitant 
decrease in the fraction of energy used to maintain the cells, and 3) a decrease in energy loses 
(energy spilling). The effect of amino nitrogen sources on bacteria was incorporated into a 
model of ruminal fermentation that will improve the prediction accuracy of nutrient availability for 
ruminant species. 
 
Coumarate-3-hydroxylase (C3H) down-regulation alters lignin composition and improves 
forage digestibility (10).  The lignin component of the plant cell wall limits the utilization of 
polysaccharides by dairy and beef cattle. Down-regulation of the gene for C3H in alfalfa results 
in lignin that is derived from 65% of a lignin monomer, p-coumaryl alcohol, that is normally only 
minor (~1-2%). The compositional and structural changes result in improved digestibility of the 
plant cell wall. In collaboration with the Noble Foundation who produced transgenic plants, ARS 
scientists performed detailed structural and compositional analysis, and involved the industry in 
field trials for digestibility. C3H-down-regulation provides a new approach to improving 
digestibility of forages. A 10% improvement in cell-wall digestibility of forages by dairy cows in 
the U.S. is estimated to annually produce $350 million in increased milk sales and meat 
production concomitantly with 2.8 million tons less manure solids and 2 million tons less in grain 
supplements. 
 
Gut hormone pathway in cattle (6). Glucagon-like peptide 2 (GLP-2) is a hormone released 
from specialized cells in the gut. Previous research in rodents and pigs showed that GLP-2 
treatment promotes growth and reduces loss of cells lining the intestinal tract. In addition, it 
enhances nutrient absorption and barrier function of the intestinal lining. The gene and protein 
expression of members of the GLP-2 pathway were evaluated in 9 regions of the bovine gut at 
different stages of development and lactation by ARS scientists. In addition, the correlation of 
expression of the hormone and its receptor with markers for cell growth, cell death, nutrient 
transporters, enzyme activity, and blood flow were evaluated. Our findings support a functional 
role of GLP-2 in cattle and suggest that GLP-2 therapy may be useful to improve intestinal 
function and nutrient absorption in ruminant species. This research contributes to basic 
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knowledge of the ruminant intestinal tract and suggests that GLP-2 treatment is a possible 
means to improve gut function and healing after injury or infection in cattle.  These finding may 
lead to selection or intervention strategies that will improve production efficiencies in cattle. 
 
Kinetic characterization of how bromocryptine (a model ergopeptine alkaloid) inhibits 
uptake of uridine by polarized bovine epithelia (12).  In ruminants, microbial-derived nucleic 
acids are a major source of N and are absorbed as nucleosides by small intestinal epithelia and 
reabsorbed by renal epithelia. Although the biochemical activities of 2 nucleoside transport 
systems have been described for cattle, nothing is known about their sensitivity to ergot 
alkaloids (apparent causative agents of fescue toxicosis). ARS scientists in collaboration with 
the University of Kentucky used an in vitro bovine epithelial cell culture model (Madin-Darby 
Bovine Kidney [MdBK] cells), delineated the sensitivity of the ENT2 equilibrative nucleoside 
transporter to inhibition of uridine uptake by bromocryptine; demonstrated that the IC50 curve for 
inhibition of uridine uptake by ENT2-activity was essentially identical to that observed for 
ergovaline (alkaloid of endophyte-infected tall fescue and suspect causative agent of fescue 
toxicosis); identified the mode of bromocrytpine inhibition of uridine uptake by ENT2 as a 
“mixed” mode of inhibition, suggesting that ergopeptines inhibit through both competition with 
uridine for binding and an allosteric mechanism.; documented that D2 receptor protein is 
expressed by MDBK cells and highly sensitive to forskolin-stimulated production of cAMP.  This 
accomplishment provides basic discovery data that will be useful in enhancing current prediction 
models and future improvements in the efficiency of nitrogen utilization in beef cattle, especially 
in regards to ergot alkaloid contaminated forage (e.g., endophyte-infected tall fescue). 
 
Influence of ruminal and post-ruminal starch digestion on basal expression of nucleoside 
transporter mRNA in beef steers consuming forage (6, 12). In ruminants, microbial-derived 
nucleic acids are a major source of N and are absorbed as nucleosides by small intestinal 
epithelia. Although the biochemical activities of 2 nucleoside transport systems have been 
described for cattle, little is known regarding the regulation of their gene expression. ARS 
scientists in collaboration with the University of Kentucky demonstrated (in vivo) the differential 
expression of concentrative and equilibrative nucleoside transporters within the various 
segments of the small intestine and a positive relationship between expression of nucleoside 
transporters within the small intestine and luminal supply of nucleosides and glucose.  This 
accomplishment provides basic discovery data that can be used to enhance current prediction 
models and future improvements in the efficiency of nitrogen utilization in beef cattle. 
 
Beef 
 
Tropically adapted beef breeds suited for Southern US cattle herds (6).  To improve the 
overall value of calves from Southern USA cow herds, tropically adapted Bos indicus and Bos 
taurus breeds were evaluated by ARS scientists to determine the impact of tropical adapted 
breed type on dry matter intake and digestibility of low- and high-quality forage diets with and 
without protein supplementation. In one experiment, with Boran, Brahman, Tuli, and Gelvieh 
sired steers, breed of sire had no effect on diet digestibility. However, Boran-sired steers had 
lower dry matter intake of the low-quality diet than the other breed types used. In a second 
experiment, dry matter intake of the low-quality diet was increased when supplemental protein 
was fed. Steers with 25% Senpol or Tuli breeding had greater dry matter intake than steers with 
25% Brahman breeding or purebred Romosinuano steers. We confirmed that previously 
developed concepts in conventional U.S. breeds describing the interaction of low quality forage 
diets and protein supplementation are applicable also to these breed types. Alternative sources 
of tropical adaptation germplasm in beef cattle can be incorporated into cow herds that generate 
stocker calves. The resulting prodigy could enter existing production systems without changing 
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management strategies while increasing heterosis and improving growth and efficiencies for 
beef producers. 
 
Forage intake by beef cattle (11).  Hardware and software to classify ingestive events and 
estimate intake in grazing beef cattle was developed by ARS scientists and has the capacity to 
record and classify grazing events for up to 5 hours.  This system is first to solve the previously 
intractable problem of estimating forage intake directly.  The estimates demonstrate a high 
degree of precision and are relatively inexpensive to make providing an accurate technology for 
forage research in cattle based on grazed forage sonsumption. 
 
Ethanol extract of tall fescue seed for induction of fescue toxicosis in Holstein steers 
(12).  Tall fescue toxicosis caused by ergot alkaloids produced by the endophyte Neotyphodium 
coenophialum results in health and production issues in animals grazing the infected fescue, 
resulting in negative economic effects for producers.  The decrease in productivity caused by 
fescue toxicosis has been estimated to cost producers more than $600 million per year. Most 
research examining the effects of fescue alkaloids on animal performance uses ground seed 
added to a basal diet to mimic grazing infected pasture.  As one of the symptoms of fescue 
toxicosis is a reduction in feed intake, alteration of alkaloid intake level can occur using this 
methodology.  A more precise method may be to dose animals with an extract containing the 
alkaloids found in toxic fescue. University of Kentucky and ARS scientists measured 
physiological indicators of fescue toxicosis following ruminal dosing of Holstein steers with an 
ethanol extract and showed that the ethanol extract of tall fescue seed can induce the 
symptoms of fescue toxicosis. Animals exhibited reduced intake, lowered heart rates, increased 
core temperatures, in addition to other symptoms. This research demonstrates the validity of an 
extract model for further research in the field of fescue toxicosis. This model should provide a 
more precise and repeatable method for inducing fescue toxicosis and subsequent nutritional 
and physiological studies on the mechanisms of the intoxication. 
 
Hemodynamics in the caudal artery of beef heifers fed different ergot alkaloid 
concentrations (12).  Fescue toxicosis, induced by consumption of ergot alkaloids (ergovaline) 
produced in endophyte-infected tall fescue, is a syndrome that costs cattle, horse, and small 
ruminant producers nearly a billion dollars a year in lost production. Although the syndrome was 
identified approximately 30 years ago, the lack of sensitive tools for measuring in vivo (real time) 
effects of the intoxication have hindered definition of the threshold level of exposure for 
induction of fescue toxicosis and also, the development of fully successful mitigation protocols 
for the syndrome. Recently, ARS scientists validated the use of Doppler ultrasonography for 
tracking fescue toxicosis induced vascular dysfunction (a primary functional deficit in intoxicated 
animals) in cattle on endophyte-infected tall fescue. Caudal artery area and blood flow rates 
were reduced in heifers receiving endophyte-infected tall fescue seed and these reductions 
were related to dose and length of exposure. These data demonstrate the usefulness of Doppler 
ultrasound technology as a tool for the real time study of fescue toxicosis and form the 
beginnings of a database that will be useful in determining the threshold level of intoxication. 
 
Separation and quantification of ergot alkaloids in forage animal vein tissue to study 
endophyte toxicity (12). Ergot alkaloid related toxicosis (fescue toxicity) has been documented 
in forage animals for over 30 years. However, analytical methods for measuring these 
compounds have typically been limited in sensitivity making them unsuitable for tracking alkaloid 
levels in tissues of animals exposed to these alkaloids in their feedstuffs. ARS scientists in 
collaboration with Eastern Kentucky University developed a high performance liquid 
chromatography/mass spectrometry method for the detection and quantification of 8 ergot 
alkaloids (lysergic acid, ergovaline, alpha-ergocryptine, ergocornine, ergonovine, ergotamine, 
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ergocristine, bromocryptine) from vascular tissue exposed in vitro to the alkaloids. This 
procedure provides the ability to now study the in vitro bioaccumulation of each of these 
alkaloids in vascular tissue. Recent efforts by ARS scientists using this technology have shown 
that ergovaline but not lysergic acid (two ergot alkaloids in tall fescue) is bioaccumulated in 
vascular tissue.  Providing evidence that ergovaline is the primary vascular toxicant in animals 
afflicted by fescue toxicosis.  Further, this method will be useful in helping to determine the 
needed time to clear an animal of the tall fescue toxicants. 
 
Comparing feed efficiency across groups of cattle (6).  Approaches currently used to 
identify efficient cattle allow for cattle to be ranked within study or experiment; however, these 
approaches do not lend themselves to comparing the feed efficiency of cattle across 
populations.  The inability to compare efficiency measurements across studies reduces the 
ability to identify superior animals for genetic selection, and makes identifying common 
physiological differences that result in improved feed efficiency difficult.  ARS scientists 
demonstrated that using robust biological systems models such as the Decision Evaluator for 
the Cattle Industry developed by ARS, provides a method to compare data across studies and 
provides more accurate estimates of feed efficiency in small data sets. 
 
Evaluation of the effects of early versus normal weaning in beef cattle (6).  Scientists from 
ARS and the University of Florida conducted a study to evaluate the effect of early weaning beef 
calves (90 days) compared to normal weaning (250 days of age). Previous research indicated 
that early weaning prior to shipment can reduce transportation stress and can increase 
subsequent performance in the feedlot. These data suggest that coincident weaning and 
transport stresses may compromise the immune system of calves, thus hindering subsequent 
performance and health. This study was conducted to determine if the innate immune response 
of early weaned calves differed from normal weaned calves in response to an immune 
challenge. Eighteen Brahman x Angus calves were fitted with an indwelling jugular catheters 
and blood samples for 10 hours to determine serum concentrations of stress hormones, pro-
inflammatory cytokines and acute phase proteins. Based upon these data, the innate immune 
system of early weaned calves appears to be less naïve than that of normal weaned calves, 
therefore making them more effective at recognizing and eliminating endotoxin from their body. 
These data suggest that an altered innate immune system may be responsible for the improved 
feedlot performance previously reported in early weaned calves. 
 
Providing glucose to the small intestine does not decrease amino acid metabolism (6).  
Improving the efficiency that nitrogen is converted to animal products improves feed efficiency 
and decreases nutrient release into the environment.  Catabolism of amino acids at the small 
intestine represents one of the major events in the metabolism of protein that leads to 
inefficiency.  Research conducted by ARS reported that providing glucose, a readily available 
energy source, to the small intestine did not improve the net appearance of amino acids into 
circulation.  These finds suggest that amino acid catabolism by the small intestine is not solely 
driven by energy metabolism, and occurs to support other metabolic requirements. 
 
Effect of µ-calpain deficiency on skeletal muscle development (6).   Protein turnover 
requires proteolytic enzymes to degrade skeletal muscle proteins and the calpain system has 
been identified as a potential candidate protein turnover enzyme.  ARS scientists reported that 
the proteases m-calpain and caspase 3/7 are up-regulated in skeletal muscle to compensate for 
the lack of µ-calpain. However at 30 weeks of age, muscle from mice lacking µ-calpain had 
cellular changes that indicated a potential for increased protein synthesis and skeletal muscle 
growth. These findings improve our understanding of µ-calpain function, including interactions 
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with other proteases, which will contribute the development of approaches for promoting the 
preservation and(or) restoration of skeletal muscle mass. 
 
Viral effects on growth hormones in beef cattle (6, M2).  Scientists have known for many 
years that sick animals don't grow to their full potential. Scientists from ARS and Mississippi 
State University demonstrated that even a relatively mild infectious bovine rhinotracheitis viral 
challenge in beef steers alters the growth hormones in these animals. In fact, the study revealed 
alterations in the hormones that control growth, even in the absence of detectable increases in 
the blood of chemical messengers that are associated with regulation of the immune system. 
Therefore, it appears that even a mild viral infection can have significant impact on the potential 
growth and performance of cattle decreasing profitability. 
 
Brahman influenced cattle have lower residual feed intake than Angus (6).  Feed efficiency 
is one of the more important economic traits in beef cattle production.  Brahman (Bos indicus) 
influenced cattle are important for cow-calf production in warmer climates such as the Gulf 
Coast region of the U.S., but the calves are purported to be less productive or efficient during 
growing and finishing.  Scientists at ARS and the University of Florida evaluated the feed 
efficiency of Brahman:Angus crossbred cattle ranging in Brahman influence from 0 to 100 
percent during a 70 day feeding test.  Brahman cattle were more efficient than Angus when 
residual feed intake (RFI) was the criterion for efficiency but were less efficient by the feed 
conversion ratio (FCR) criterion.  As the proportion Brahman increased, the trends for efficiency 
(RFI) or inefficiency (FCR) were linearly affected.  The reasons for the discrepancy will require 
further research but may relate to a lower rate of growth in the cattle as the proportion of 
Brahman increased. 
 
Beef cattle production efficiency improved through heifer development (6). Reducing cost 
of production hinges on maintaining high rates of reproductive success while reducing the use 
of harvested feeds. Traditional heifer development systems attempt to maximize pregnancy 
rates, but not necessarily optimize profit or sustainability. ARS scientists found that heifers 
developed to lower target weights than those traditionally recommended by industry consumed 
27% less feed over winter and had improved efficiency throughout the post weaning period and 
subsequent grazing season in Northern climates. This strategy is estimated to reduce costs of 
developing each replacement female by more than $31.  
 
In related research ARS scientists have undertaken efforts to; identify significant markers and 
genetic relationships in the beef cattle genome sequence focusing on energy utilization and 
carcass quality; develop a genetic analysis of longevity using survival statistics; and develop 
evidence that nutritional influences on replacement heifers may begin in utero and continue 
throughout life. 
 
Dairy 
 
Diet and management impacts on nutrient losses from dairy farms (6, M3). Two integrated 
feed-manure management trials and a survey of dairy feed practices were conducted by ARS to 
examine relationships between dairy diets, milk production, manure nutrient excretions and 
environmental risks. On Wisconsin dairy farms, approximately 20-35% of feed crude protein and 
phosphorus is secreted into milk and the remaining is excreted in manure. The amount and form 
of nitrogen and phosphorus losses to the environment were highly influenced by what was fed 
to dairy cows, and other management practices. For example, feeding dietary protein above 
recommended levels increased excretions of nitrogen in manure, and subsequent ammonia 
nitrogen loss from barns and field after manure land application. Unnecessary dietary 
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phosphorus supplements dramatically increased total and water-soluble phosphorus 
concentrations in manure, and runoff from soil surfaces after manure application. 
Recommendations to use total mixed rations, balancing rations at least four times per year, and 
milking thrice daily results in highest milk yields and highest levels of feed nitrogen and 
phosphorus transformed into milk. Dietary options and practices are now available that satisfy 
the nutritional requirements of high-producing dairy cows, and also produce manure less 
susceptible to environmental contamination. 
 
Nutrient use assessment tool developed for the dairy industry (6, M3). Nutrient use 
efficiency can be broadly defined as the relative amount of feed, fertilizer and/or manure 
nutrients inputs that are incorporated into milk, crops/pasture or other outputs. Relatively little 
information has historically been available on nutrient use efficiency for commercial dairy farms, 
or on how it can be measured and evaluated for impacts on profitability and environmental 
performance.  Scientists at ARS and the University of Wisconsin-Madison developed tools that 
can be used to provide snap-shot assessments of feed, fertilizer, and manure use on dairy 
farms in various settings. These tools and an associated web site now enable dairy producers to 
optimize production inputs and manage nutrient to optimize efficiency for the dairy and the 
accompanying crop lands. These tools not only improve producer competitiveness and 
profitability but limit environmental risk and pollution potential.  
 
New dairy ration development tools developed (11). Inaccurate analyses of carbohydrates in 
dairy rations lead to inefficiencies and additional feed costs. Digestible carbohydrates in animal 
feeds provide critical nutritional energy, but can also lead to health issues if not properly 
balanced in the diet. ARS scientists collaborated with industry to develop a nutritional definition 
for dietary carbohydrates to represent the true nutritional value in a dairy ration. This definition 
will increase conformity of feed evaluation, improve interpretation of research results, allow 
standardization of feeding recommendations for different species and increase the nutritional 
information available to nutritionists. In a related project, ARS developed a carbohydrate assay 
that increased ease of handling of samples, increased accuracy and shortened the assay time. 
The assay is still being validated, but has already been adopted by some commercial feed 
analysis and research. The assay will improve the accuracy of ration fed dairy cows and all 
livestock. Improving the accuracy of carbohydrate nutrition in dairy cattle rations lowers 
production costs and protects the health and welfare of the animals in the industry.  
 
Changes in moisture of feeds can have substantial impact on the amount & composition of 
rations fed to dairy cows. Typical dairy rations contain whole-plant silages that are stored in 
open bunker silos. Changes in dryness of the crop harvested, & rain/snow events can change 
silage moisture from day to day. When moisture increases, dry matter of the feed (containing 
the nutrients) is replaced by water. This changes the relative proportions of ingredients, 
resulting in rations with imbalanced nutrient ratios leading to a loss in production of as much as 
1.5 lbs milk per cow daily. ARS scientists calibrated a Near-Infrared real time sensor to 
accurately predict moisture in silages. The technology can be used to adjust rations routinely 
and account for daily deviations in moisture associated with rain/snow events, drying and 
storage, etc. The technology improves cow performance & reduces health problems & excretion 
of excess nutrients associated with poorly balanced rations.  
 
Measuring the quantity of feed protein passing through rumen in dairy cows (11). There 
are no reliable laboratory methods to measure the amount of feed protein moving undigested 
through the rumen, which determines much of the value of feed protein for dairy cows. ARS 
scientists developed an improved technique to measure dietary protein escape from the rumen 
by incubating rumen microbes with specific proteins being tested in the presence of chemicals 
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that prevent microbial uptake of protein digestion products. Because the microbes cannot use 
the undigested products, there is a direct relationship between the microbes and how fast 
protein is being degraded. Previously, no accounting was made of the formation of peptides 
(small protein fragments produced during protein breakdown). This research involved adapting 
a new chemical assay that measured peptides, as well as the other protein degradation 
products, and evaluating whether this new assay yields improved results. The method was 
applied to several kinds of soybean meal, one of the most important protein supplements fed to 
dairy cows. Overall, accounting for peptide formation reduced the variation, increased the 
observed protein degradation rate by 28%, and yielded estimates of protein escape for soybean 
meal that were similar to measurements made in living dairy cattle. These results were more 
reliable than those obtained using one of the most widely applied assays for evaluating proteins 
fed to dairy cows. This research indicated that the new laboratory based diagnostic method 
provides significantly faster, less expensive and more accurate estimates of protein escaping 
the rumen for common feedstuffs. 
 
Canopy structure and nutritive value influence pasture utilization (11).  Forage availability 
is generally considered the primary criteria influencing intake and performance of grazing dairy 
cattle. However, when carefully controlled by rotational grazing, forage availability often exceeds 
the cow’s daily requirement, and intake may be affected by other factors. A study of four diverse 
cool-season grasses by ARS scientists demonstrated that canopy height and proportion of the 
leaf fraction relative to the poorer quality stem fraction often governed herbage consumption. 
Cows consumed more forage as both canopy height and the proportion of the leaf fraction 
increased. When grasses had similar canopy structure, pasture utilization was positively 
correlated with herbage nutritive value. The results provide guidelines for the selection and 
management of cool-season grasses in rotational grazing systems for dairy cattle. 
 
Rumen-protected methionine allows cows to produce more milk on less protein (6).  
Dietary protein supplies lactating cows with amino acids to make the protein in milk and body 
tissues. About half of the amino acids are essential, meaning they cannot be made by the cow 
but must be supplemented and are absorbed in the intestine. Methionine, often the most limiting 
essential amino acid, is available in rumen-protected form allowing absorption at the intestine. A 
new, cheaper type of protected methionine has just become commercially available. This 
compound is a chemically modified derivative of methionine that can resist microbial attack in 
the rumen and is converted to methionine in the cow’s body after absorption. Lactating dairy 
cows fed a 15.6% protein diet were given no methionine, methionine protected with a physical 
coating, or the new chemically protected form of methionine. None of the diets influenced feed 
intake or actual milk production. However, feeding the chemically protected form of methionine 
increased yield of energy-corrected milk and milk protein concentration.  Moreover, cows tended 
to yield more fat and protein on either methionine source versus low or high protein diets without 
methionine. Feeding 16.8% protein without methionine elevated urinary nitrogen excretion and 
reduced nitrogen efficiency from nearly 35% to about 30%. Results with either methionine 
source were similar, indicating that the less expensive chemically protected form was as 
effective as the physically protected methionine. This research indicates that protein efficiency is 
increased and the potential for nitrogen pollution on U.S. dairy farms is reduced by an 
inexpensive supplement of rumen-protected methionine. 
 
Poultry 
 
Use of distillers dried grains by broiler chickens (7).  A possible alternative feed ingredient 
for broilers is distillers dried grains (DDGs).  The goal of this work was to determine if lower 
energy diets formulated with DDGs could be utilized by broilers produced in the U.S. which have 
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been typically selected based on growth attained with much higher energy diets.  ARS scientists 
tested the possibility that diets formulated with DDGs could cause birds to perform differently 
from those fed traditional diets based on a corn-soybean composition.  Measurements of 
metabolism including rate-limiting enzymes in the regulation of growth and metabolism as well 
as indirect measurements of body composition indicated that there were some beneficial 
characteristics of feeding DDGs.  DDGs could be fed in high quantities to augment the known 
effect of protein on reducing fat accumulation in broiler carcasses.  In particular, results 
indicated that DDGs fed as part of broiler starter rations improved apparent bone strength 
during the finisher period.  This work clearly demonstrated that the modern broiler can achieve 
acceptable performance on diets containing high levels of DDGs.  Thus, feeding DDGs 
represents a viable and economical option for replacing a significant portion of the corn used in 
feed formulations for broiler chickens. 
 
Managing obesity in the female broiler breeder (7).  Broiler breeders are adult birds and the 
parent stock responsible for producing the next generation of broilers used for meat production.  
These birds must be raised with strict feed restriction to reduce the incidences of reproductive 
and metabolic problems associated with the progressive development of obesity in adulthood.  
Skip-a-day feed restriction is commonly used in preference to an everyday limited-feeding 
program even though there is still a potential for excess fat accumulation by using the skip-a-
day regimen.  Scientists at ARS and the University of Arkansas determined the effects of certain 
feed management regimens on metabolism in the female broiler breeder.  The feeding regimens 
tested were: 1) restricted amount of feed given to birds on a daily basis (everyday feeding) and 
2) twice the daily feed allocation but only given every other day (skip-a-day).  Skip-a-day feeding 
increased the expression of certain genes implicated in the regulation of fat production and 
metabolism.  An increase in liver fat content accompanied an increase in fat regulating gene 
expression which could be deleterious to the long-term health and survival of these birds. This 
work identified potentially negative impacts of an alternate day restricted feeding regimen 
currently preferred by poultry producers.  Protocols to provide limited feed on a daily basis 
lessen the degree of fat production and accumulation in female broiler breeder chickens and 
should promote healthier and more productive breeders. 
 
Sheep 
 
Real-time ultrasound of live sheep for estimating carcass measures, yield, and value (6). 
Real-time ultrasound of live sheep can be used to estimate carcass compositional traits and 
produce information that can then be used to make sheep breeding decisions, with the goal of 
improving carcass merit and quality of lamb muscle foods. Research to validate ultrasound as a 
predictive tool, using current ultrasound technologies and with diverse populations of U.S. 
sheep, was conducted by ARS scientists. This study found that real-time ultrasound of live 
sheep can provide reliable estimates of carcass measures and value, and there are biologic and 
economic incentives for increasing longissimus muscle area in market lambs. Ultrasound 
technicians can use the information to validate their procedures, and sheep producers can use 
the information to make sheep breeding decisions that will improve the value and marketability 
of their lambs improving production efficiencies and profitability. 
 
Growth of stocker lambs on bermudagrass (6).  Forage quality declines throughout the 
growing season and grazing animal performance reflects the lower nutrition during the mid to 
late growing season. For animals grazing on warm-season forages, such as bermudagrass, 
animal performance is also negatively impacted by heat stress, and stocker performance on 
warm-season forages often does not approach the genetic potentials of the livestock.  ARS 
scientists showed that Katahdin (a tropically adapted hair breed of sheep) or Katahdin crosses 
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were generally superior to purebred Suffolk lambs (a temperate climate breed) in gains on 
bermudagrass forages during summer grazing trials. Protein supplementation had little benefit 
on stocker gain in Katahdin, Suffolk, or reciprocal-cross lambs. There was an indication of 
hybrid vigor for average daily gain in lambs only when they were not supplemented with protein, 
suggesting that protein supplementation may narrow the performance gap between purebred 
and crossbred lambs. This research demonstrated that tropically adapted breeds are superior 
for summer grazing, however, further research is needed to optimize supplementation strategies 
for summer grazing as forage quality declines. 
 
Swine 
 
Neonatal piglet growth rate affects body composition (8). During the preweaning period, a 
significant number of piglets born at normal weight exhibit poor growth and other signs of a 
failure to thrive. However, whether slower growth rate is accompanied by changes in the content 
of total body fat, lean (non-fat and non-bone tissue), and water (body composition) in normal 
birth weight piglets is not known.  ARS scientists utilized a technology, Quantitative Magnetic 
Resonance, which measures fat, lean, and water content in live piglets, to evaluate changes in 
body composition of 235 piglets from birth to weaning (postnatal day one to 23). Though 
measurements revealed a wide range in body composition and growth rates, body composition 
was more closely related to body weight, the measure of growth rate, than to postnatal age or 
birth weight. This research demonstrated that the body composition of a slower growing normal 
birth weight piglet is different than an age-matched faster growing piglet. It also suggested that 
factors other than birth weight have a greater influence on piglet growth rate and body 
composition during the preweaning period.  These results provide valuable insight into the 
growth and development of neonatal pigs and provide direction for further research to further 
determine the biology of growth in market hogs. 
 
A biological marker associated with impaired growth rate in piglets (8).  Biological markers 
predictive of growth rate are needed to identify poor postnatal performance prior to weaning in 
normal birth weight pigs. This would allow the producer to administer earlier treatments that 
improve piglet growth, health, and well-being. ARS scientists collected blood samples from 
normal birth weight baby pigs within a day after birth and the growth rate of each piglet was 
followed until weaning. A relationship between the quantity of a predominant blood protein 
(alpha-1 acid glycoprotein) and the rate of postnatal growth was found; piglets with a lower 
concentration of the blood protein after birth had a faster growth rate. This research pinpointed a 
protein that can be investigated further for its potential use as a readily available and simple 
diagnostic tool to identify slow growing normal weight vulnerable pigs immediately following 
birth.  Identifying these “at risk” pigs and developing intervention strategies may enable 
producers to decrease pre-weaning mortality and improve reproductive efficiency and growth in 
production herds. 
 
Piglet growth rate alters genes in tissues important for normal metabolism (8). Prior to 
weaning, piglets of normal birth weight may exhibit different growth rates that can make some 
pigs underperform and become economically inefficient to the producer.  Measureable biological 
markers have not been identified that predict which piglet will become an underperforming hog. 
To identify genes that may serve as early markers for divergence in growth rate, researchers at 
ARS delineated the gene level for factors regulating the immune system, hormones, or 
metabolism in fat, skeletal muscle, and liver tissue obtained from fast or slow growing piglets 
within litters prior to weaning. No common gene was found to differ across all three tissues 
between fast and slow growing piglets; however within each distinct tissue several genes were 
found whose level correlated with fast or slow growth. This study has identified potential 
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changes in genes that function in metabolism, hormone or immune processes that can be 
investigated further to determine if they have a role in piglet growth. 
 
Science to Industry: Nutrient Utilization, Growth and Efficiency 
 
A high priority and the focus of substantial research in NP101 is in the areas of growth, 
physiology and nutrient utilization.  Nutrient utilization has “re-emerged” as a very high industry 
priority over the past few years as demand for feed grains has increased production costs for 
many livestock producers.  Consequently nutrition, growth biology and physiology, and basic 
endocrine function are all areas of priority and focus for NP101 research.  Current research is 
focused on potentially high impact areas of research including physiological growth and 
development, evaluation of nutritional requirements, feeding and feed mixing technologies, 
evaluation of alternative ingredients, forage evaluation and forage utilization efficiencies and 
rumen-gut microbiology.  NP101 scientists have helped develop numerous significant 
technologies and techniques for industry that continue to improve production efficiencies for 
producers.  NP101 research has led to a much better understanding of the physiology of 
nutrient utilization and will lead to the additional development of tools for industry.  NP101 
research has also led to a tremendous increase in the level of understanding for the basic 
biology and physiology of animal growth and development in numerous areas.  Research in 
these areas continues to provide steady incremental improvements for industry which is the 
result of long term sustained funding and research efforts in NP101.  This continued basic 
research is critical to the future development of applied technologies that will continue to 
improve nutrient utilization, growth and production for the food animal industries. 
 
 
Reproduction and Reproductive Efficiency 
 
Beef 
 
Cows with higher calf production potential (5). Increased embryo and fetal mortality resulting 
from crowding in the uterus can be associated with greater than twin pregnancies. Research 
conducted by ARS found that selecting for increased ovulation rate can be used to increase the 
number of calves within a pregnancy thus increasing the annual production potential of a cow. 
However, capacity of the uterus to successfully support the growth of more than two calves may 
be limiting suggesting the need to include uterine capacity in a selection index for increased 
birth rate. These findings demonstrate that selection for increased birth rate in beef cattle can be 
used as a tool for developing cattle with higher production potential. 
 
Advances in reproductive efficiency lead to improved technologies for use in the beef 
industry (5).  Research by ARS scientists demonstrated that yearling heifers with fewer uterine 
antral follicle counts have decreased heifer pregnancy rates. Antral follicles are small follicles 
that can be seen and counted with ultrasound. Each primordial follicle contains an immature egg 
that can potentially develop in the future. Identifying heifers with greater antral follicle counts 
offers a strategy to increase fertility and pregnancy rates of yearling heifers. Additional research 
by ARS scientists has demonstrated that the size of the ovulatory follicle is related to the 
probability that a cow will successfully become pregnant and have a calf. Breeding herd 
reproductive rates are one of the key factors determining the success and profitability of a 
commercial beef enterprise. At breeding, the ovulatory follicle has a diameter range from 12 to 
30 mm. Fertility was demonstrated to be greatest for cows with ovulatory follicles ranging from 
14 to 18 mm in diameter. Cows with follicles greater than 21 mm, did not conceive. Screening 
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cows for ovulatory follicle size prior to breeding is a potential tool to allow producers to evaluate 
the fertility of individual cows if efficient production level diagnostic technologies can be 
developed. Decisions then can be made to cull non-fertile cows significantly improving 
reproductive efficiency and profitability. 
 
Toxic compounds in tall fescue influence bull semen (3).  Decreased performance of one 
bull will affect the pregnancy rate of 20 to 25 cows.  Tall fescue has been implicated in reduced 
fertility of bulls, however, minimal actual research exists determining the negative effects of toxic 
tall fescue on bull reproductive performance. Less is known of how alkaloids found in toxic 
fescue have their effects on sperm cells. Scientists from the University of Arkansas and ARS 
investigated the specific pathways involved in how toxic compounds found in tall fescue reduce 
bovine sperm motility. Most of these toxic compounds are fat solubles, suggesting that they may 
easily move across sperm membranes to directly interact within the sperm cell. Beef producers 
should minimize the use of toxic fescue during the breeding season to optimize pregnancy rates 
of the cowherd. Use of nontoxic forage diets or grain supplementation during the breeding 
season will alleviate the detrimental effects of toxic fescue on sperm motility. 
 
Genes associated with return to estrous in beef (5).  Being late in returning to estrous after 
calving compromises the ability of a cow to rebreed early in the breeding season after calving. 
This failure impacts both the chance that she will get rebred at all and the weaning weight of her 
subsequent calf, if she does get rebred. Scientists at ARS and Washington State University 
compared gene expression profiles in anterior pituitary glands collected from anestrous and 
cycling postpartum beef cows. Surprisingly few genes identified have been associated with 
reproductive function. Gastrin-releasing peptide exhibited the largest fold increase in 
expression, and IGFPB-3 was expressed at greater levels in samples from different stages of 
the estrus cycle than in anestrous cow samples.  Expression of versican was decreased in 
samples from the different stages of the cycle when compared to anestrous cow samples.  
Results identify numerous genes that may be involved in the transition from anestrous to cycling 
status, providing novel insight into mechanisms regulating reproductive function. 
 
Early embryonic mortality in beef cattle (4). Fertilization from a single insemination is known 
to approach 100% in beef cattle. However, subsequent pregnancy rates are only approximately 
60%. Scientists from ARS and University of Missouri used reciprocal embryo transfer to 
ascertain contributions of oocyte competence and maternal environment to pregnancy success 
in beef cows nursing calves. Increased ovulatory follicle size directly increased pregnancy rate 
by increasing fertilization rate, and indirectly increased pregnancy rate by: 1) increasing serum 
estrogen concentration at breeding through increased fertilization rate, increased progesterone 
during the early luteal phase, and increased pregnancy establishment, and 2) increased 
progesterone during the early luteal phase through increased embryo viability, increased 
embryonic developmental stage, and increased pregnancy establishment.  However, increased 
follicle size also had direct negative effects on embryonic developmental stage and pregnancy 
establishment.  The negative effects of ovulatory follicle size on pregnancy success appear to 
be mediated by oocyte competence and positive effects through improved maternal uterine 
environment. These results aid in understanding the complex interplay of factors ultimately 
affecting production efficiency through the timely establishment of viable pregnancies. 
 
Blood progesterone concentration decreases as a cow ages (5).  Replacing cows that are 
no longer reproductively sound is one of the major costs that effect production efficiency.  In 
cattle, progesterone is required to maintain pregnancy.  ARS scientists have shown that blood 
progesterone levels decrease as cows age.  The decrease in blood progesterone occurs both at 
breeding as well as during pregnancy.  These findings indentify one biological mechanism that 
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can cause a decrease in fertility as the cow ages, which may lead to tools to effectively predict 
fertility in aging beef cows. 
Poultry 
 
Early programming of metabolism in the broiler chick (4).  The first week after emerging 
from the egg is a critically important time for the broiler chick as it transitions from relying on 
nutrition derived from the egg to utilizing nutrients obtained from feed.  How well the chick 
adapts metabolically to this transition determines not only its initial survival, but also how well it 
will perform during the remainder of the production cycle.  To relate changes in the functioning 
of individual genes and gene products with the physiological adaptations that occur in response 
to the initiation of feed consumption, scientists from ARS and the University of Maryland utilized 
gene expression analyses surveying the entire chicken genome to evaluate unique gene 
functions that control metabolic activity in key tissues including liver, muscle, intestine and brain.  
These analyses revealed that a variety of genes involved in regulating the production and 
metabolism of fatty acids, cholesterol, carbohydrate and protein were coordinately activated or 
inactivated in different tissues with the onset of feed consumption during the first week of life 
outside of the egg.  Providing feed to chicks immediately after hatching was found to be a key 
factor controlling gene activity.  The impact of this work is to better define the genetic basis for 
programming the level of metabolic activity in newly hatched broiler chicks.  Such information 
can be used to develop specific nutrition and management practices, applied at hatch or shortly 
thereafter, that will have lasting and beneficial effects on the level of performance. 
 
Novel semen extender developed for turkey semen (3). Optimization of semen storage 
methods would greatly improve the efficiency of commercial turkey production. Traditional 
semen storage methods do not promote the high fertility rates required by the producers during 
the entire period of egg production. Previous ARS research has shown that turkey sperm are 
damaged by lipid peroxidation during semen storage. ARS scientists developed a method for 
preventing the loss of lipid from the plasma membrane during semen storage and have 
demonstrated that turkey sperm are able to incorporate supplemental phosphatidylcholine from 
the semen extender. Additional results have shown that the fertility rates of semen stored for 
24h in the presence of exogenous phosphatidylcholine are higher than control semen stored 
without phosphatidylcholine. This research has demonstrated that supplemental 
phosphatidylcholine appears to counteract the damaging effects of lipid peroxidation during in 
vitro storage by providing exogenous phospholipids for incorporation into the turkey sperm 
plasma membrane. These results are being used by the poultry industry to design new semen 
extenders that lead to greater fertility in artificial insemination programs.  
 
Sperm storage is not useful as a selection trait in breeder hens (3). ARS scientists 
investigated the biological basis of sustained fertility in broiler and turkey hens, specifically, the 
hen’s capacity to store sperm in the oviductal sperm storage tubules (SST).  The objective of 
this study was to determine if sustained fertility in different strains of broiler hens is a function of 
the average number of SSTs in a given strain. No statistical differences were observed in SST 
numbers in the 4 strains of broilers examined or in turkey hens before and after the onset of egg 
production. The mean numbers of SST for broilers and turkeys were 4,893 and 30,566, 
respectively.  It was conclude that any differences between the fertility of the four broiler breeder 
strains examined cannot be explained by differences in SST numbers. However, differences in 
the duration of fertility between broilers and turkeys are, in part, related to their respective 
numbers of number of SST.  Poultry geneticists cannot rely on numbers of SST in different 
strains of breeders as a selection trait for sustained fertility in their breeder hens.  These results 
effectively answer one specific question regarding poultry fertility enabling subsequent research 
efforts to be refocused. 



71 
 

Sheep 
 
Analysis reveals primary factors affecting lamb survivability in range sheep production 
systems (5). Poor lamb survivability reduces ewe productivity and flock profitability, and 
survivability may be enhanced through genetic and management approaches. Scientists at ARS 
and the Virginia Polytechnic Institute and State University evaluated genetic and environmental 
factors that affect lamb survival from birth to weaning. Data from more than 20,000 Polypay 
lambs were used for this survival analysis. The greatest risk of death was associated with lambs 
born to young ewes, lambs born to litters larger than two, or lambs with low birth weights. 
Heritability estimates for lamb survivability were low; thus, direct selection for this trait is likely to 
have only limited benefit. However, because larger lambs at birth are more likely to survive, and 
because birth weight is heritable, selecting for larger lambs at birth may improve survivability.  
 
Increasing lifetime productivity of breeding ewes (5).  Lifetime productivity of ewes that first 
lamb as yearlings is greater than it is for ewes that first lamb later in life. In 2010, ARS scientists 
completed the third year of a five-year study to better understand factors that affect the 
likelihood that a ewe will lamb as a yearling. The data for the first three years indicate that body 
weights and ages did not affect the average date that ewes were first detected in estrus 
(typically assumed to be age at puberty) or the percentages of ewes that lambed as yearlings. 
Based on these data, the scientists have expanded the study to determine the expected 
progeny differences for ability to lamb as a yearling. The results of this study should provide the 
information needed to develop breeding and management programs that will increase the 
number of ewes that lamb as yearlings and increase the lifetime productivity of ewes. 
 
Reducing difficult births in sheep (5).  Slow or difficult births (dystocia) that require 
assistance can reduce the survivability of lambs and reduce overall flock production. The use of 
terminal-sire breeds or genetic lines, which are selected for size, growth potential, and carcass 
merit, may increase lamb birth weights enough to increase the incidence and severity of 
dystocia. ARS scientists developed methods for identifying the lamb or lambs within a litter that 
cause or contribute to dystocia. These methods have been used to initiate a long-term study to 
quantify the incidence of dystocia and determine whether breeding programs can be developed 
to minimize dystocia and its effects on lamb survival and human labor requirements during 
lambing. Initial data analyses indicate that 92.5% of ewes give birth to lambs without any need 
for assistance; 5.8% of the ewes need assistance because of lamb malpresentations (e.g., 
breech, feet back, head back); approximately 1.2% need assistance with lambs that were 
considerably heavier than the average for the breed type; approximately 0.3% require 
Caesarian sections; and approximately 0.2% need assistance because of inadequate cervical 
dilation. Data from this study are being used to determine whether a white-faced, three-breed, 
terminal-sire composite, which is being developed by ARS, increases the incidence of dystocia-
related morbidity and mortality in ewes and lambs. 
 
Swine 
 
New Protocol Improves Fertility of Frozen-thawed Boar Semen (3). Use of cryopreserved 
semen in swine has been hampered by the poor performance of frozen-thawed semen which 
results in farrowing rates of 55% and 8 piglets/litter, which is 20-30 percentage lower and 2-3 
fewer pigs per litter than expected with non-frozen semen. In order to obtain better fertility with 
cryopreserved boar semen, ARS developed a new protocol where females’ time of ovulation 
was manipulated, and a single insemination of thawed boar semen was timed to have fertile 
sperm at the site of fertilization 0-4 hours before the expected time of ovulation. With our 
protocol litter size was about 96% of that using non-frozen semen; while the farrowing rate 



72 
 

(80%) was equal to that using nonfrozen semen in conjunction with standard industry breeding 
procedures. These results show that, with proper treatment of recipient females, frozen-thawed 
boar semen can be used by swine producers to obtain fertility that is comparable to non-frozen 
semen. 
 
Reproductive research in swine improves reproductive performance (5). ARS scientists 
focused on several aspects of swine reproductive efficiency including; identification of the 
genetic control of puberty onset in boars; genetic influences related to uterine capacity; the 
placental role in regulating fetal growth and survival; and the relationship between fetal nerve 
myelination and survivability of post natal piglets. This research is leading to the development of 
intervention strategies and technologies that will improve litter size through improved placental 
efficiency and enhanced uterine capacity. Larger litter size will improve efficiency and 
profitability of the swine industry. This research will also improve nutritional strategies during 
late gestation focused on improving piglet brain stem myelination which will potentially decrease 
preweaning mortality of piglets. Improved reproductive efficiencies not only improve the 
efficiency and profitability of pork producer, but help reduce the relative cost of protein to 
consumers and help to ensure international food security. 
 
Neonatal piglet energy stores vary by breed of the piglet (4).   Preweaning piglet mortality 
reduces the profitability of swine production and occurs primarily in low birth weight piglets for 
conventional breeds in the US. However, despite decreased birth weights compared to 
European breed piglets, Meishan piglets have lower preweaning mortality rates. ARS scientists 
used reciprocal embryo transfer between Meishan and white crossbred gilts to examine the 
contributions of the breed of piglet and sow and their interactions on the development of 
neonatal piglets. Results indicate that at day 1 of age, there are significant piglet breed effects 
favoring Meishan compared to white crossbred piglets on stomach content weights; percentage 
of fat and nitrogen within the body composition; liver, bicep femoris, and longissimus dorsi 
glycogen concentrations; and serum albumin levels. Preweaning survival in Meishan piglets 
appears to correlate to improved energy storage and use during the neonatal period and 
suggests that focusing on neonatal piglet physiology regulating energy stores, appetite, and 
activity will identify and improve factors associated with piglet survival. 
 
Metabolic measurements in the sow and relationship to post-weaning reproductive 
performance (5).   Excessive weight loss during lactation is an indicator of tissue catabolism in 
exchange for maintaining metabolic output and can have adverse effects on reproductive 
parameters. Therefore, scientists at U.S. Meat Animal Research Center in Clay Center, 
Nebraska, established blood metabolic measurements and body condition measurements at 
periods of physiological changes due to parturition and lactation in the sow and investigated 
how these components related to post-weaning reproductive performance.  First- and second-
litter females that lost less body weight from late gestation through weaning had greater return 
to estrus than those females that had substantial body condition loss. First-litter females with 
less increase in plasma creatine phosphokinase activity and plasma L-Lactate levels (indicators 
of protein degradation) from late gestation through day 1 post-farrowing had improved return-to-
estrus rates within a 14-day period following weaning. Post-weaning estrus rates from second-
litter females were negatively associated with backfat thickness and plasma creatine levels.  
These data suggest that body weight, backfat thickness, and metabolic parameters contribute to 
the complex trait of post-weaning reproduction and by understanding these relationships 
producers could more effectively manage females to ensure improved return-to-estrus 
capabilities of animals. 
 
 



73 
 

Improved embryo survival in swine increases litter size and reduces mortality (4). The 
pork industry is challenged to improve the survivability of piglets prior to weaning, particularly in 
modern highly prolific genotypes. ARS research focused on growth-retarded piglets and 
examined alterations of physiological mechanisms/factors in vital metabolic tissues that 
modulate environmental stress responses during gestation and preweaning. Retarded fetal 
growth (runting) is often a result of uterine crowding and impeded placental development 
creating metabolic stress for the piglet. ARS research demonstrated that metabolic stress can 
induce the expression of cytokines in adipose tissue of neonatal pigs. Since stress in the 
neonatal pig contributes to high mortality rates, the present data suggest that cytokine 
production by the adipose tissue may have some role in neonatal survival and will be the focus 
of further research. Additional research was conducted to identify serum protein biomarkers in 
normal and runt piglets associated with poor growth performance. Stress related proteins and 
oxidative protein modifications were investigated in serum proteins at 1, 7, and 21 days of age. 
Newborn runt piglets had significantly less total protein per unit volume in serum compared to 
their one day old normal littermates. These data indicate that specific protein biomarkers 
associated with impaired growth are present at birth and may lead to intervention strategies to 
lessen the incidence of runt piglets. Concomitant with the establishment of the placenta at about 
gestational day 18 and complete by gestational day 50, is the initiation of the development of 
organs, liver, lung and muscle. The expression of fifteen factors regulating placental growth, 
placental tissue differentiation, placental transport, or response to poor placentation was 
examined at day 50 in the placental tissue of runt and control fetuses. Specific mRNA involved 
in the synthesis of an important nutrient transporter, nitric oxide, was significantly increased in 
whole placental tissue of runts. Compared to gestational day 37, mRNA was significantly 
decreased by gestational day 50 in control subjects, however, in runts the higher level of this 
specific mRNA was maintained. Considering insufficient nutrition is an important contributor to 
the retarded growth of runts and their organs, this finding highlights a potential nutrient 
transporter in the placenta whose functional role should be studied further.  
 
Factors of the immune system regulate gene expression in the fat tissue of the neonatal 
piglet (4).  Environmental (temperature) and biological (disease) stresses that impact the 
neonatal pig result in a mortality rate that sometimes approach 20%. Distinct hormone-like 
factors called cytokines are produced by the immune system and are released in response to 
stress.  Consequently, cytokines are good indicators of stress in swine. Fat tissue also produces 
cytokines (adipokines), which are thought to play major roles in obesity and associated diseases 
including metabolic syndrome and insulin resistant diabetes in humans; thus, an understanding 
of the regulation of adipokines in swine could also be important for their health and well-being. 
This is relevant to the USDA priority of Childhood Nutrition and Health. ARS scientists were the 
first to investigate the role of two stress-induced cytokines, tumor necrosis factor alpha (TNF) 
and interleukin 6 (IL6), in regulating adipokines and genes that control fat metabolism between 
birth and weaning, a time when fat tissue is one of the fastest growing tissues in the piglet. Both 
cytokines altered the levels of distinct adipokines; however IL6 enhanced genes involved in fat 
metabolism and TNF inhibited genes involved in fat metabolism. These data indicate that 
cytokines released during stress could alter fat metabolism in the piglet during a critical survival 
period decreasing neonatal mortality. 
 
A method for determining whether piglets receive adequate colostrum from the sow (5).   
Preweaning mortality of piglets represents a substantial loss to swine producers and one 
possible factor contributing to this loss is the failure of neonatal piglets to obtain sufficient 
colostrum from the sow, which can be caused by either failure of the piglet to nurse or failure of 
the sow to initiate lactation. An inexpensive and rapid method, the “immunocrit,” was developed 
and validated by ARS scientists to measure newborn piglet serum immunoglobulin G (IgG), 
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which reflects whether a piglet has received adequate colostrum. Results indicated that 
immunocrit measurements are predictive of piglet mortality and litter average immunocrit 
indicated the ability of the sow to transmit IgG (via colostrum production). Low immunocrit 
values were primarily due to the failure of individual piglets to nurse and not due to failure of the 
sow to produce colostrum. Litter average immunocrit can be used to identify sows that fail to 
initiate colostrum production enabling selection for efficient IgG transfer (presumably efficient 
colostrum production) from sow to piglet.  The immunocrit has been adopted by industry to 
monitor and manage newborn piglet colostrum intake. 
 
Gromega and/or zinc supplementation on newborn piglet brain myelination (4).   Low birth 
weight predisposes newborn piglets to mortality, and previous results indicated that low birth 
weight is associated with reduced myelination of the brain stem, which could impair coordination 
of movement of newborn piglets and increase susceptibility to crushing by the sow. With funding 
from the National Pork Board, ARS scientists performed an experiment to determine whether 
essential fatty acid supplementation (Gromega) and/or zinc supplementation would improve 
brain myelination of low birth weight piglets. Combined Gromega and zinc supplementation 
increased myelin basic protein in myelin membranes from the brain stem, but there was no 
effect on myelin lipids. There were also no effects of supplementation on preweaning mortality. 
These results suggest that combined Gromega and zinc supplementation can improve aspects 
of brain stem myelination, but further research is needed to determine whether supplementation 
improves preweaning mortality. 
 
Science to Industry: Reproduction and Reproductive Efficiency 
 
A high priority and the focus of substantial research in NP101 is in the areas of reproduction and 
reproductive efficiency.  Historically, NP101 has focused on reproduction as a high industry 
priority and this research is ongoing.  Reproduction and reproductive efficiency remains a high 
priority for NP101 and is a primary factor for improved production efficiencies and profitability for 
food animal producers.  Research in NP101 is focused primarily on basic physiology and 
endocrinology.  This research has led to extraordinary improvements in the scientific knowledge 
base for reproduction in the areas of male and female reproduction and embryo development.  
This research has also led to improved industry technologies for semen evaluation and 
preservation, and to improved technologies and techniques to manage the reproductive health 
and productivity of cows, ewes, sows and hens.  Additional research has led to a better 
understanding of litter size and uterine function in swine.  Ongoing research continues to focus 
on areas of priority and impact for the animal industries such as piglet mortality, improved 
maternal reproductive efficiencies in beef and dairy and improved semen storage technologies 
for poultry.  This research will continue to produce incremental improvements in reproductive 
efficiencies for producers and will continue to add significantly to the scientific understanding of 
animal research as a result of long term sustained funding and research support in NP101. 
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Research Component 3: Measuring and Enhancing Product Quality 
 
The primary goal of animal agriculture is to provide consistently uniform, high quality and 
nutritious foods to the consumer. Consumer demands, however, are not static and production 
systems must evolve to meet marketplace preferences. For example, as consumers demand 
foods lower in fat content, animal production systems respond with changes in breeding, 
nutrition, and management to deliver such products. A growing sector of the consuming public is 
demanding animal products from less intensive and non-conventional production systems 
including grazing dairy and beef finishing systems and organic animal production systems. 
Product consistency and quality from these systems is as yet relatively poorly characterized. 
American consumers have a wide array of readily available food products, resulting in stiff 
competition amongst the sectors of the food industry. New information is continually needed to 
provide food animal producers with the tools to continue to develop innovative products that 
meet processor and consumer needs. 

Problem Statement 3A: Developing Systems for Reducing Variation in Product Quality 
and Yield. 
Survey data at the processor, purveyor, and retail marketing sectors of the food industries 
continually point to lack of product consistency as a major concern in the beef, swine, and small 
ruminant industries. Many defects in quality are only noticed by the consumer, when it is 
unfortunately too late to take corrective action. Processors require non-invasive, non-destructive 
testing procedures to identify defects and measure product yield and quality characteristics. 
Objective measures and systems for determining product value characteristics should allow 
processors to more effectively communicate value differences to producers and give producers 
greater incentive to improve product quality and consistency. Such “value feedback” will 
facilitate the development of coordinated supply chains which effectively apply all available 
known tools to guarantee improved product quality and consistency. 

Research Needs: 
Continued research which attempts to better understand the biological basis for product quality 
attributes, including tenderness, flavor, juiciness and other important organoleptic properties of 
meat is needed across all muscle cuts in beef, pork, and lamb. Product variation introduced by 
various animal stressors has begun to be described and needs further attention. Research to 
develop techniques and instrumentation for the assessment of product yield and quality under 
commercial meat industry conditions is warranted. 

Anticipated Products: 
 Identification of supply chain critical control points which can be targeted for increasing 

product quality. 

 Validated methodologies and instrumentation for on-line commercial industry use to 
determine product quality and yield. 

 Profiling of factors contributing to product quality differences on a by-muscle group basis. 

Potential Benefits: 
Results of the research conducted in this area will facilitate the further development of value-
based supply chains in the beef, swine, and small ruminant industries. Technology based on 
science to increase product quality and consistency will further reduce the risk experienced by 
livestock producers and will provide a means to enhance the profitability and sustainability of the 
U.S. livestock industry. 
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Problem Statement 3B: Characterization of Products from Non-Conventional Production 
Systems. 
Increasing attention has been given in the past decade to the development of niche livestock 
and poultry markets based on more extensively managed production systems. While a variety of 
these systems exist in animal agriculture, a prevailing theme amongst them is a return to 
previously used animal husbandry systems that make extensive use of pasture-based forage 
systems and/or require certified organic production practices.  While some research studies 
have been conducted to evaluate the characteristics of products from these systems, there is 
generally a lack of consensus in the research literature regarding the resulting comprehensive 
product nutritional profiles from them.  Additionally, society is demanding information concerning 
the quality and safety of animal products derived from bioengineered animals, including clones 
produced by somatic cell nuclear transfer as well as recombinant DNA animals (i.e. 
transgenics). 

Research Needs: 
Data are needed that comprehensively characterize the product yield and quality attributes of 
meat, milk, and egg products from pasture-based and organic animal production systems. The 
most critical needs exist in the areas of grazing dairy systems and year-round grass-finished 
beef systems. These research data are needed across the diverse seasonal and regional 
production system parameters required to meet year-round supply chains. Data are needed on 
the characteristics of products derived from bioengineered animals (somatic cell nuclear transfer 
clones and their progeny, transgenic animals). 

Anticipated Products: 
 Scientific documentation of the nutritional value of products resulting from grass-finished 

beef systems and how these profiles may be affected by environmental (seasonal) and 
management factors in the production system. 

 Identification of critical control points that define how production management systems 
should be operated to ensure the meeting of consumer preferences for these products. 

 Scientific data to be used in the decision-making process regarding use of bioengineered 
animals in animal production systems. 

Potential Benefits: 
Research in this area will provide foundational scientific data upon which producers can develop 
and implement supply chains to meet consumer demands for these products on a regional 
basis. This will allow small and mid-sized land managers to contribute to new markets and 
thereby provide a sustainable and profitable return on their properties. Finally, data will be 
available upon which to make science-based decisions regarding the regulation of food animal 
products from bioengineered animals (clones and transgenics). 

 
Selected Accomplishments for Product Quality,  

Composition and Characterization 
 
This section includes selected accomplishments that demonstrate stakeholder impact for NP101 
for the current action plan.  Each accomplishment is cross referenced with specific sections in 
Appendix 2 listing relevant references.  However, many of the accomplishments listed to not 
have a specific corresponding reference or journal article because the research in many 
instances is just being completed.  In addition, Appendix 2 includes many more references than 
can be linked to the accomplishment list and further demonstrates the scope of the research in 
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NP101.  Accomplishments including a cross reference including “M” are listed in the 
“Miscellaneous” section of Appendix 2. 
 
Development and validation of marbling prediction for beef cattle (2).  A primary 
determinant of beef carcass value is USDA quality grade, which is largely a function of the 
degree of marbling as estimated subjectively by USDA graders.  Because marbling score 
determination is subjective, the grading system has been widely scrutinized due to perceived 
variation in application from plant-to-plant and among graders within plants.  Therefore, USDA 
and the beef industry have sought development of instrumental methods to determine beef 
carcass marbling scores.  ARS scientists collaborated with an instrument manufacturer to 
develop accurate methods for marbling score determination as an additional function of the U.S. 
Meat Animal Research Center (USMARC) beef carcass image analysis system.  In 
collaboration with USDA Agricultural Marketing Service (AMS) scientists and meat grading 
coordinators, data was collected to develop standards for AMS approval of instruments for 
marbling score determination.  Additionally, a series of cooperative studies were conducted to 
gain AMS approval for use of the USMARC beef carcass image analysis system for marbling 
determination.  This technology has been widely adopted and it is expected to have an annual 
multi-million dollar impact on the beef industry.  This technology should benefit both consumers 
and all sectors of the beef industry by improving the consistency and accuracy of grading and 
valuing beef. 
 
Methods to measure and improve beef tenderness expanded for the beef industry (2). 
Previously, ARS scientists had developed a noninvasive method to predict tenderness of the 
ribeye muscle of U.S. Select and U.S. Choice beef carcasses based on visible and near infrared 
spectroscopy. Current research was expanded to demonstrate that this technology could also 
be used on the top sirloin and could logically be expanded to additional cuts. This technology 
should benefit both consumers and all sectors of the beef industry by identifying cuts of beef 
that are consistently tender and by providing the beef industry tools to improve overall beef 
tenderness and consistency. Additional research determined that injection marination could 
improve the tenderness of tip side steaks. The tip center steak had previously been identified as 
an economical menu alternative for foodservice outlets. However, tip center steaks have 
unacceptable tenderness characteristics. Restaurants can now feature tip side steaks as an 
alternative selection with acceptable tenderness levels improving customer satisfaction. 
Additional work demonstrated that previously identified genetic tenderness markers could 
partially mitigate the toughening effects of aggressive growth promotant strategies used by 
cattle producers. This work provides quantitative evidence of the value of genetic tenderness 
markers in commercial production systems. 
 
Noninvasive tenderness prediction system of most major beef muscles (2).  The U.S. beef 
industry and the Agricultural Marketing Service (AMS) have sought implementation of standards 
for tenderness claims.  To this end, industry and AMS need instrumentation to noninvasively 
predict tenderness of meats.  ARS scientists have developed a noninvasive method to predict 
tenderness of the ribeye muscle of beef carcasses based on visible and near infrared (VISNIR) 
spectroscopy.  Further research showed that the existing system could also predict tenderness 
of other muscles of the carcass.  These results suggest this technology could be utilized by 
virtually all segments of the industry to control variation in tenderness, which will greatly 
enhance the industry’s ability to manage tenderness in beef and should increase consumption 
of U.S. beef. 
 
Genomic analysis of meat tenderness in beef cattle (1). Previous ARS research had 
determined that genetic variation in the calpastatin gene (CAST) makes a substantial 
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contribution to variation in beef tenderness. Commercially available genetic markers in the gene 
have been successfully used for nearly ten years, but the marker system has limited utility in 
some breeds and populations. A thorough analysis of the CAST gene using new genomic 
technologies developed in part by ARS scientists identified 41 additional markers which were 
used to develop an improved test with wider applicability. In a test population of 556 animals, 
the improved test seperated animals into groups that differed by nearly twice the level of 
tenderness as groups based solely on the commercial markers, presenting the opportunity to 
make more rapid progress in genetic selection for increased meat tenderness. These advances 
in genomic technology for the beef industry will improve the health, welfare, efficiency and 
product quality of beef cattle improving beef producer competitiveness and profitability. This 
research program has ongoing international collaborations with Australia and France to further 
develop genomic technologies for the beef industry.  
 
Fatty acid composition in beef (2). The fat content and composition of beef has received 
considerable interest in view of its implications for human health and meat quality 
characteristics. While unsaturated fats are beneficial when consumed in moderation, high levels 
of saturated fat are associated with increased serum low-density lipoprotein cholesterol 
concentrations and pose a risk factor for coronary heart disease. In addition, beef with the most 
desirable flavor has a higher percentage of monounsaturated fatty acids. ARS scientists 
discovered a QTL with large effects on the fatty acid composition of beef and preliminary results 
suggest the myostatin locus may be causative. The results guide future research to provide a 
clearer understanding of genetic mechanisms controlling palatability and healthfulness of beef 
and should ultimately lead to tools for producing beef of greater nutritional value to consumers. 
 
Feeding of distillers grains has no detrimental effects on eating quality of beef (2). As 
corn prices increase and ethanol production increases, distillers grains are gaining widespread 
use in finishing cattle diets. The effects of various levels of distillers grains in cattle diets on 
eating quality of meat are largely unknown. ARS scientists evaluated the eating quality of meat 
from cattle fed 0, 15, 25, 40% distillers grains on an as-fed basis. There was no effect of any 
level of distillers grains on tenderness, juiciness, or beef flavor intensity. These results indicate 
cattle feeders can take advantage of the economic benefits of feeding distillers grains without 
detrimental effects on eating quality of beef.  
 
Quantitative trait loci (QTL) affecting composition and healthfulness of beef identified (1). 
Consumers of beef desire a palatable and healthful product at a reasonable price and are 
increasingly concerned about relative levels of saturated and unsaturated fats in their diet.  
Genetically modifying lipid profiles can help cattle producers produce beef that more 
consistently meets consumer expectations. ARS scientists conducted a whole-genome scan in 
a Wagyu x Limousin population and identified seven QTL on five chromosomes involved in lipid 
metabolism, beef tenderness, and beef flavor. These QTL were independent of genes encoding 
major enzymes involved in fatty acid metabolism. The results guide future research to provide a 
richer understanding of genetic mechanisms controlling palatability and healthfulness of beef 
and may ultimately lead to tools for producing beef of greater value to consumers.  
 
Body composition in broiler chickens (2).  Noninvasive methods to determine body 
composition in livestock and poultry are needed to accurately assess the effects of feeding 
different nutritional regimens in a commercial setting. Studies were conducted by ARS scientists 
to assess the body composition of broiler chickens fed varying levels of protein in their diet.  
Quantitative Magnetic Resonance (QMR) measurements of total body fat, lean, and water 
content of the live chicken were compared with dual energy X-ray absorptiometry (DXA) and 
chemical analysis of the carcass.  The results of this study demonstrated that, with proper 
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calibration, both QMR and DXA can provide accurate measurements of the body composition of 
live chickens.  The major advantage of the QMR method is that no anesthesia is required, thus 
facilitating the ease of single and repeated measurements.  This new and accurate method 
provides a powerful new tool for the assessment of different nutritional and management 
practices on broiler composition and quality.  Information obtained from this study will help to 
establish a data base to determine the relationship between dietary protein, body composition 
and gene expression in broiler chickens.   
 
Identification and validation of SNPs in pig calpastatin that are predictive of pork 
tenderness (1). The quality and palatability of fresh retail pork is variable and tenderness is a 
key factor guiding consumer choices for pork. The ability to selectively breed for animals that 
are superior and consistent for meat quality traits would improve consumer acceptance and 
benefit the pork industry. A quantitative trait locus (QTL) region has been identified by ARS 
scientists for pork tenderness around the calpastatin gene. Three markers in the calpastatin 
gene were highly significantly associated with slice shear force, a measure of tenderness, in 
Duroc-Landrace and Duroc-Landrace-Large White populations. These results provide publicly 
available genetic markers associated with slice shear force that may be useful to the swine 
industry for marker assisted selection of animals with superior tenderness. 
 
Noninvasive tenderness prediction system can accurately predict tenderness of pork 
loins (2).  As the Agricultural Marketing Service has sought implementation of standards for 
tenderness claims, the pork industry has sought methods to control variation in tenderness.   
ARS scientists cooperated with the industry to determine if the ARS noninvasive tenderness 
prediction system developed for beef could be applied to pork.  A series of trials were completed 
showing that pork loin tenderness could be predicted with the ARS noninvasive tenderness 
prediction system.  Thus, under a trust agreement between ARS and the National Pork Board, 
ARS scientists conducted a large-scale test in four commercial packing plants.  On-line 
classification of pork loins for tenderness based on visible and near infrared (VISNIR) 
spectroscopy using the USMARC noninvasive tenderness prediction was effective at identifying 
a class of loins that were more consistently tender. 
 
Prediction of meat color stability in the retail case for beef and pork (2).  Insufficient meat 
color stability results in huge economic losses to retailers when products don’t maintain their 
bright red color long enough and have to be discounted or diverted to ground product. ARS 
scientists have demonstrated that there is large animal and genetic variation in color stability 
with high correlations among muscles within an animal.  In addition, ARS scientists have 
developed technology to predict meat color stability based on visible and near infrared 
spectroscopy that will allow industry to select beef and pork cuts with more stable color that are 
destined for retail markets.  These findings will allow for genetic selection of animals with more 
stable meat color and will facilitate identification of meat cuts better suited to retail markets. 
 
Genetic markers and quantitative trait loci (QTL) regions for pork quality and palatability 
(1).  Numerous genetic marker associations for measures of pork eating qualities have been 
reported, but few have been independently evaluated in commercial pork products. The 
National Pork Board funded the Ohio State University to collect detailed pork quality data on 
over 900 pork loins collected at commercial abattoirs. ARS scientists genotyped each pork loin 
for over 200 single nucleotide polymorphisms (SNP) markers.  SNP markers utilized were either 
located in QTL regions, candidate genes, or were previously associated with measures of pork 
quality. Several associations between SNP markers and pork quality were validated. These 
results will aid producers in determining which genetic markers to test in their herds to improve 
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pork eating quality. 
 
Science to Industry: Product Quality, Composition and Characterization 
 
National Program 101 focuses in two primary areas for product quality and composition: genetic 
characterization and physical evaluation and improvement of meat products.  NP101 scientists 
have been instrumental in the determination and evaluation of animal product composition and 
quality and have discovered numerous genomic relationships.  NP101 research has led to a 
better understanding of numerous genetic and genomic factors relating to product tenderness 
and eating quality as well as composition traits relating to carcass lean and fat content.  This 
research is ongoing.  Significant additional research has been completed to characterize 
biological types of food animals for meat and carcass characterization.    
 
Research related to biological type is continuing in NP101 to evaluate the effect of alternative 
feeding and management programs on carcass characteristics and nutritional value.  This work 
is steadily expanding as the interest and consumer demand for products such as “grass fed 
beef” increases.   
 
NP101 scientists have also been instrumental in developing techniques and technologies to 
improve carcass and meat quality through physical evaluation and manipulation of traits such as 
carcass lean percentage and tenderness.  One high impact result of NP101 research was the 
development and subsequent industry adoption of a “near infrared” technology for evaluating 
carcass tenderness in beef cattle.  This technology has proven to be very effective in 
conventional processing facilities and is now being adapted for the pork industry.   
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APPENDIX 1. SELECTED SUPPORT INFORMATION AND DOCUMENTATION FOR 
ACCOMPLISHMENTS AND IMPACT OF NP101 RESEARCH 

 
Introduction 
This appendix lists relevant research articles for National Program 101 (NP101) from 2006 
through 2010.  All references are grouped according to research focus to best illustrate the 
direction and the impact of research in NP101 for the meat animal industries.  All 
accomplishments listed in the body of the report for the NP101 action plan are also cross 
referenced to their respective list of references below.  While a logical grouping of all references 
was performed, many of the references in this appendix could also be logically listed in two or 
more sections.  However, all references are listed only once.  Readers are encouraged to 
review all sections of interest to best understand the scope and impact of individual research 
programs. 

 

Research Component 1: Genetic Improvement 
 
1. Germplasm preservation and resource management.  

Blackburn, H.D., Silversides, F., Purdy, P.H. 2009. Inseminating Fresh Or Cryopreserved Semen For 
Maximum Efficiency: Implications For Gene Banks And Industry. Poultry Science 88:2192-2198. 
Blackburn, H.D. 2009. Genebank Development for the Conservation of Livestock Genetic Resources 
in the United States of America. Livestock Science 120:196-203. 
Blackburn, H.D., Gollin, D. 2009. Animal Genetic Resource Trade Flows: The Utilization of Newly 
Imported Breeds and the Gene Flow of Imported Animals in the United States of America. Livestock 
Science 120:240-247. 
Blackburn, H.D. 2006. National animal germplasm program: challenges and opportunities for poultry 
genetic resources. Poultry Science. 85:210-215. 
Blackburn, H.D. 2007. Integrating policies for the management of animal genetic resources with 
demand for livestock products and environmental sustainability. Animal Genetic Resources 
Information. 41:53-64. 

Blackburn, H.D., Mezzadra, C. 2006. Policies for the management of animal genetic resources. 8th 
World Congress of Genetics Applied in Livestock Production. 33(2):1-7. 

Gollin, D., Van Dusen, E., Blackburn, H.D. 2009. Animal Genetic Resource Trade Flows: Economic 
Assessment. Livestock Science 120:248-255. 

Macneil, M.D., Cronin, M.A., Blackburn, H.D., Alexander, L.J. 2006. Genetic relationships among 
breeds of beef cattle in the united states that originated from the british isles, iberian penninsula, or 
west-central europe. World Congress of Genetics Applied in Livestock Production 32(2):1-4. 

Moce, E., Purdy, P.H., Graham, J.K. 2009. Treating ram sperm with cholesterol-loaded cyclodextrins 
improves cryosurvival. Animal Reproduction Sciences 118:236-247. 

Moore, D.T., Purdy, P.H., Blackburn, H.D. 2006. A Method for Cryopreserving Chicken Primordial 
Germ Cells. Poultry Science. 85:1784–1790. 

Purdy, P.H., Moce, E., Stobart, R., Murdoch, W.J., Moss, G.E., Larson, B., Ramsey, S., Graham, 
J.K., Blackburn, H.D. 2009. The fertility of ram sperm held for 24 hours at 5 ºC prior to 
cryopreservation. Animal Reproduction Sciences 118:231-235. 
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Purdy, P.H., Song, Y., Silversides, F.G., Blackburn, H.D. 2009. Evaluation of Glycerol Removal 
Techniques, Cryoprotectants, and Insemination Methods for Cryopreserving Rooster Sperm with 
Implications for Breed and/or Line Regeneration. Poultry Science 88:2184-2191. 

Purdy, P.H. 2008. Gene banking: A quality control perspective on collection, and analysis of samples 
for a national repository. Theriogenology. 10.1016/j.theriogenology.2008.06.012. 

Purdy, P.H. 2006. Ubiquitination of boar sperm: what does this reveal about sperm physiology? 
Annual Meeting of the Society for the Study of Reproduction, Omaha, NE, July 29-August 1, 2006. 
p.189.  

Spencer, K.W., Purdy, P.H., Blackburn, H.D., Spiller, S.F., Stewart, T.S., Knox, R.V. 2010. Effect of 
number of motile frozen-thawed boar sperm and number of fixed-time inseminations on fertility in 
estrous-synchronized gilts. Animal Reproduction Sciences 121:259-266. 

Stewart, T., Gunsett, F., Welsh, C.S., Spiller, S.F., Purdy, P.H., Blackburn, H.D. 2006. Variation in 
sperm cell quality in cryopreserved boar semen. 8th World Congress of Genetics Applied in Livestock 
Production. 11(23):1-4.  

Welsh, C.S., Stewart, T.S., Schwab, C., Blackburn, H.D. 2010. Pedigree Analysis Of Five U.S. Swine 
Breeds And The Implications For Genetic Conservation. Journal of Animal Science 88:1610–1618. 
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APPENDIX 3.  ANNUAL REPORT SUMMARIES FOR 2006-2010 NP101 
 
National Program 101: Food Animal Production 
FY 2006 Annual Report 
 
Introduction 
The food animal production national program is charged with conducting cutting edge research 
to contribute to increased efficiency and sustainability of production of beef and dairy cattle, 
poultry, swine, and sheep.  Research efforts in the animal sciences over the past century have 
had dramatic impacts on animal agriculture both in terms of improved biological and economic 
efficiency of production and in terms of quantity, quality, and safety of animal products.  Many 
major challenges remain, however, requiring the dedicated focus of long-term research teams, 
particularly in the areas of reproductive longevity and animal well-being, adaptability to 
production environments, product quality, reduction of feed and energy inputs, enhancements in 
nutrient retention, and reduction of negative environmental impacts.  
  
During the past year, the structure of the national program changed as a result of the merger of 
the former national program 105, Animal Well-Being and Stress Control Systems, in to the Food 
Animal Production program.  This merger added four existing research projects to the portfolio 
and three new unit locations. 
  
The program had a very good year in 2006.  In total, 113 full-time scientists working at 20 
locations across the U.S. were actively engaged in 45 research projects in the program.  
Research projects in this program area were approved through the ARS Office of Scientific 
Quality Review in 2002, making this the fourth year of implementation of these five-year project 
efforts. 
  
During fiscal year 2006, program increases were appropriated for forage animal pasture 
research ($108,000 to Lexington, KY), bovine genetics ($270,000 to Beltsville, MD), dairy forage 
research ($510,000 to Madison, WI), beef cattle feed efficiency genomics ($315,000 to Clay 
Center, NE), and beef cattle rumen metagenomics ($135,000 to Miles City, MT) bringing the 
total appropriations in the national program to over $46.5M.  Additionally, funds were 
appropriated for development of new facilities in the program at Lexington, KY ($4M), 
Marshfield, WI ($8M), and Bozeman, MT ($4M). 
 
Several new permanent scientists were welcomed to the program including:  Wayne Coblentz 
(Madison, WI); Michael Flythe (Lexington, KY); Larry Keuhn (Clay Center, NE); Jeremy Miles 
(Clay Center, NE); Corey Moffett (Dubois, ID); and Michelle Mousel (Dubois, ID). 
  
The ARS animal production research community was saddened by the death of Larry Satter 
(retired) from the U.S. Dairy Forage Research Center. 
  
Ronnie Green served as the national program leader for the program with co-lead 
responsibilities provided by Lewis Smith.  Contributions to the national program were also 
provided by program team members Evert Byington, Cyril Gay, and Robert Heckert.   
  
Several scientists in the national program were recognized with prominent awards, including: 
  
Rick Barb, Athens, GA – Animal Physiology and Endocrinology Award, American Society of 
Animal Science 
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Tony Capuco, Beltsville, MD – WestAgro Award, American Dairy Science Association 
  
Jeff Carroll, Lubbock, TX – National Pork Board Innovation Award, Southern Section, American 
Society of Animal Science 
  
Bill Dozier, Starkville, MS – HyLine International Research Award, Poultry Science Association 
  
Calvin Ferrell, Clay Center, NE – Animal Growth and Development Award, American Society of 
Animal Science 
  
Mary Beth Hall, Madison, WI – Foundation Scholar Award in Dairy Production, American Dairy 
Science Association 
  
Mike Looper, Booneville, AR – Outstanding Young Animal Scientist Education Award, Southern 
Section, American Society of Animal Science 
  
Mike MacNeil, Miles City, MT – Hall of Merit Inductee, American Hereford Association 
  
John Nienaber, Clay Center, NE – Fellow Award, American Society of Agricultural and 
Biological Engineers 
  
Rex Powell (retired), Beltsville, MD – Distinguished Service Award, Northeast Section, American 
Dairy Science Association 
  
Vern Pursel (retired), Beltsville, MD – Hall of Fame Inductee, USDA Agricultural Research 
Service 
  
Dale Van Vleck, Clay Center, NE – International Gamma Sigma Delta Distinguished 
Achievement in Agriculture Award 
  
George Wiggans, Beltsville, MD – National DHIA Outstanding Service Award 
  
  
The high quality and impact of research conducted in the program was further evidenced by the 
fact that scientists delivered 128 invited presentations at international and national symposia 
during the past year.   During the year, two new CRADAs were established and four new 
patents were filed by researchers in the program.  Additionally, a total of $2.7M in extramural 
grant award funding was received by scientists in the program, supported in many cases by 
cooperative research programs with partners at land grant universities.  
  
Administrator’s Postdoctoral Awards were granted to Eduardo Casas (Clay Center, NE), Dan 
Nonneman (Clay Center, NE), John Ralph (Madison, WI), and David Donovan (Beltsville, MD). 
  
Partnerships with land grant and 1890s universities continued to be very important to the 
success of the national program in 2006.  These partnerships are greatly appreciated and take 
on a variety of forms including work with those in the states of Arkansas, Colorado, Connecticut,  
Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kentucky, Maryland, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nebraska, New York, Oklahoma, Oregon, South Carolina, 
Texas, Virginia, West Virginia, and Wisconsin. 
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Planning for the next 5-year cycle of the national program was a major focal point during the 
year.  A retrospective assessment panel was appointed and documentation 
(www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=14389) was 
prepared for their review which was completed in February 2006.  A Joint ARS-CSREES Food 
Animal Production Stakeholder Workshop was held April 10-12, 2006 in Kansas City, MO.  Input 
from the 145 participants of this workshop was used to guide the development of the newly 
published 2007-2012 national program action plan 
(www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=13753).  Project 
teams and objectives were developed during the last part of the fiscal year for 31 new projects 
to address this action plan.  These new 5-year project plans will undergo peer review prior to 
scheduled implementation in August of 2007.     
  
The following sections of the report summarize high impact research results addressing the 
various components of the current national program action plan… 
 
 
 

http://www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=14389�
http://www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=13753�
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National Program 101: Food Animal Production 
FY 2007 Annual Report 
 
Introduction 
The food animal production national program is charged with conducting cutting edge research 
to contribute to increased efficiency and sustainability of production of beef and dairy cattle, 
poultry, swine, and sheep.  Research efforts in the animal sciences over the past century have 
had dramatic impacts on animal agriculture both in terms of improved biological and economic 
efficiency of production and in terms of quantity, quality, and safety of animal products.  Many 
major challenges remain, however, requiring the dedicated focus of long-term research teams, 
particularly in the areas of reproductive longevity and animal well-being, adaptability to 
production environments, product quality, reduction of feed and energy inputs, enhancements in 
nutrient retention, and reduction of negative environmental impacts.  
  
During 2007, 110 full-time scientists working at 20 locations across the U.S. were actively 
engaged in 45 research projects in the program.  Research projects in this program area were 
approved through the ARS Office of Scientific Quality Review in 2002, making this the final year 
of implementation of these five-year project efforts. 
  
During fiscal year 2007, USDA-ARS operated under a full year continuing resolution with no 
program increases from the previous year.  However, previously “earmarked” funds were 
redirected during the year to permanent funding including funding for the national animal 
germplasm program ($390K), dairy cattle genetic improvement ($930K), bovine cloning 
($956K), dairy functional genomics ($956K), rumen metagenomics ($50K), beef and swine 
genomics ($928K), forage animal production ($1.74M), grass-finished beef production 
($1.875M) and poultry production and management ($1.67M) research. Total funding in the 
program for fiscal year 2007 was approximately $46.5M. 
 
 Several new permanent scientists were welcomed to the program including: Justin Holl (Clay 
Center, NE); David King (Clay Center, NE); Jimmy Kotz (Lexington, KY); Larry  
Kuehn (Clay Center, NE); Tara McDaneld (Clay Center, NE); and William Oliver (Clay Center, 
NE).  
 
Retiring from the ranks of scientists in the national program during 2007 were Larry Cundiff, 
John Klindt, and Dale Van Vleck (all Clay Center, NE). The distinguished record of service of 
these gentlemen in the areas of animal breeding, genetics, and physiology is recognized world-
wide in the beef, swine, and sheep industries and they will be missed.  
 
In January 2007, Lewis Smith retired from USDA-ARS after 45 years of dedicated and excellent 
service as a scientist working in dairy cattle nutrition, research supervisor and administrator, and 
national program leader. He had served as national program leader for animal nutrition and in 
recent years as co-lead of the food animal production national program and lead of the 
aquaculture and animal well-being and stress control systems national programs. He leaves 
behind a portfolio of dynamic and significant programs marked by his leadership and direction.  
 
Ronnie Green served as the national program leader for the program with co-lead 
responsibilities provided by Lewis Smith until his retirement. Jeff Silverstein became a welcome 
addition to the national program staff in October 2007 assuming the co-lead role. Contributions 
to the national program were also provided by program team members Evert Byington, and Cyril 
Gay.  
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Several scientists in the national program were recognized with prominent awards:  
 
Jeff Carroll, Livestock Issues Research Unit, Lubbock, TX  
(National Pork Board Research Innovation Award, ASAS Southern Section)  
 
Erin Connor, Bovine Functional Genomics Lab, Beltsville, MD  
(ASAS/ADSA Young Scientist Award, Northeast Section)  
 
Bill Dozier, Poultry Research Unit, Starkville, MS  
(USDA-ARS Early Career Scientist Award, Mid-South Area)  
 
Cal Ferrell, U.S. Meat Animal Research Center, Clay Center, NE  
(ASAS Fellow Award – Research)  
 
Cal Ferrell, U.S. Meat Animal Research Center, Clay Center, NE  
(Oklahoma State University “Graduate of Distinction”)  
 
Ronnie Green, National Program Staff, Beltsville, MD  
(USDA-CSREES TEAM Award for USDA Animal Genomics Blueprint)  
 
Neal Martin, U.S. Dairy Forage Research Center, Madison, WI  
(Honorable Mention Laboratory Director of the Year in Tech Transfer, The Federal Laboratory 
Consortium)  
 
John Nienaber, U.S. Meat Animal Research Center (Clay Center, NE)  
(Outstanding Contribution to Nebraska Agriculture, The Society for Engineering in Agricultural, 
Food, and Biological Systems, Nebraska Section)  
 
Duane Norman, Animal Improvement Programs Lab, Beltsville, MD  
(ADSA Land O’ Lakes Award)  
 
John Ralph, U.S. Dairy Forage Research Center, Madison, WI  
(Exceptional Citation Count in Agricultural Science, Institute for Scientific Information (ISI)) and 
(Carbohydrate Research Most Cited Paper: 2004-2007. Awarded to the “top 50 most cited” 
papers for Carbohydrate Research 339:2009-2017)  
 
Larry Satter (deceased), U.S. Dairy Forage Research Center, Madison, WI  
(National Dairy Shrine Posthumous Pioneer Award)  
 
Lewis Smith, National Program Staff, Beltsville, MD  
(ASAS/ADSA Distinguished Service Award, Northeast Section)  
 
Research Team, Poultry Research Unit, Starkville, MS  
(Honorable Mention for Excellence in Tech Transfer, The Federal Lab Consortium, Southeast 
Region)  
 
The high quality and impact of research conducted in the program was further evidenced by the 
fact that scientists published 115 refereed journal publications and three book chapters, and 
delivered 95 invited presentations at international and national symposia during the past year. 
During the year, 8 new CRADAs were established and 1 new patent was filed granted to 
researchers in the program. Additionally, a total of $3.27M in extramural grant award funding 
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was received by scientists in the program, supported in many cases by cooperative research 
programs with partners at land grant universities.  
 
Administrator’s Postdoctoral Awards were granted to Larry Kuehn (Clay Center, NE), Robert Li 
(Beltsville, MD), and Tad Sonstegard (Beltsville, MD).  
 
Partnerships with land grant and 1890s universities continued to be very important to the 
success of the national program in 2007. These partnerships are greatly appreciated and take 
on a variety of forms including work with those in the states of Arkansas, Colorado, Connecticut, 
Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kentucky, Maryland, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nebraska, New York, Oklahoma, Oregon, South Carolina, 
Texas, Virginia, West Virginia, and Wisconsin.  
 
Completion of planning and implementation for the next 5-year cycle of the national program 
was the major focal point during the year. The newly published 2007-2012 national program 
action plan developed from the Joint USDA-ARS-CSREES Stakeholder Workshop held in April 
2006, (www.ars.usda.gov/research/programs/programs.htm?np_code=101&docid=13753)  
served as the basis for the development of 31 new integrative projects to address this action 
plan. Included in the development of this project portfolio was a thorough analysis of the 
national program in relation to related program areas including animal health (NP 103), and 
rangelands, pastures and forages (NP 205). There was some shifting of projects and scientists 
between these three national programs for the next cycle to more accurately align resources 
with programmatic goals. These new 5-year project plans underwent peer review through the 
ARS Office of Scientific Quality Review in May-June 2007. At the end of the fiscal year, 29 of 
these projects had completed the review process and were fully implemented with the remaining 
2 near completion.  
 
Additionally, several years of planning and effort culminated during the year in the publication 
and implementation of a “Blueprint for USDA Efforts in Agricultural Animal Genomics: 2008-
2017” 
(http://www.ars.usda.gov/SP2UserFiles/Place/00000000/NPS/APP/USDABlueprintProofs7-27-
07.pdf ). This blueprint will guide decision-making and resource allocation for the coming 
decade in livestock and poultry genomics research, education, and outreach. The ARS Food 
Animal Production National Program is a major contributor to USDA efforts in this area and the 
new five-year projects are carefully aligned to meet the criteria and goals articulated in the 
Blueprint.  
 
The following sections of the report summarize high impact research results addressing the 
various components of the 2002-2007 national program action plan… 
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National Program 101: Food Animal Production 
FY 2008 Annual Report 
 
Introduction 
The food animal production national program is charged with conducting cutting edge research 
to contribute to increased efficiency and sustainability of production of beef and dairy cattle, 
poultry, swine, and sheep. Research efforts in the animal sciences over the past century have 
had dramatic impacts on animal agriculture both in terms of improved biological and economic 
efficiency of production and in terms of quantity, quality, and safety of animal products. Many 
major challenges remain, however, requiring the dedicated focus of long-term research teams, 
particularly in the areas of reproductive longevity and animal well-being, adaptability to 
production environments, product quality, reduction of feed and energy inputs, enhancements in 
nutrient retention, and reduction of negative environmental impacts.  
 
During 2008, 110 full-time scientists working at 20 locations across the U.S. were actively 
engaged in 33 research projects in the program. Research projects in this program area were 
approved through the ARS Office of Scientific Quality Review in 2007, making this the first year 
of implementation of these five-year project efforts.  
 
Total funding in the program for fiscal year 2008 was approximately $46 M. 
 
 Several new permanent scientists were welcomed to the program including:  

James Klotz, Research Animal Scientist, Forage-Animal Production Research Unit, 
Lexington, Kentucky  
 
Lea Rempel, Research Physiologist, Meat and Animal Research Center, Clay Center, 
Nebraska  
 
Amanda Lindholm-Perry, Research Geneticist, Meat and Animal Research Center, Clay 
Center, Nebraska 

 
Retiring from the ranks of scientists in the national program during Fiscal Year 2008 was John 
N. Stellflug, from U.S. Sheep Experiment Station, Dubois, Idaho. William Dozier, III, from the 
Mid South Area Poultry Research Unit, along with Gary Snowden, Mark Allen, and Justin Holl, 
from Clay Center, Nebraska, have left to work outside the Agency. The distinguished record of 
service of these gentlemen in the areas of animal breeding, genetics, and physiology is 
recognized world-wide in the beef, swine, and sheep industries and they will be missed.  
 
Ronnie Green served as the national program leader for the program until his departure in April 
2008. Jeff Silverstein assumed these responsibilities. Contributions to the national program 
were also provided by program team members Evert Byington and Cyril Gay. 
 
Several scientists in the national program were recognized with prominent awards:  

Joe Ford, Clay Center, Nebraska, received American Society for Animal Science Fellow  
 
Tim Smith, Clay Center, Nebraska, received ARS Northern Plains Area Outstanding 
Scientist Award  
John Nienaber, Animal Improvement Research Laboratory, Beltsville, Maryland, for 
Outstanding Contributions to Nebraska Agriculture, Nebraska Section, American Society 
of Agricultural and Biological Engineers (ASABE)  
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William Dozier III, Mid South Area Poultry Research Unit received the SE Federal 
Laboratory Consortium Technology Award  
 
Robert H. Miller, Animal Improvement Research Laboratory, Beltsville, Maryland,  
American Registry Of Professional Animal Scientists (ARPAS) Chapter Distinguished 
Service in the Animal Science Award 

 
The high quality and impact of research conducted in the program was further evidenced by the 
fact that scientists published over 200 referred journal publications and three book chapters, 
and delivered 120 invited presentations at international and national symposia during the past 
year. This activity was accompanied by over 40 articles in trade journals and popular press. 
During the year, 13 new CRADA and MTAs were established and two new patents were filed to 
researchers in the program.  
 
Administrator’s Postdoctoral Awards were granted to:  

Sherrill Echternkamp at US MARC, Clay Center, Nebraska, for “Establishment of 
Maternal Versus Embryonic Genomic Regulation of Early Embryonic development in 
Cattle and Identification of Genetic Markers Linked to Oocyte and Embryo Quality”  
 
Heng Wei Cheng at the Livestock Behavior Research Unit, West Lafayette, Indiana, for 
“Modification of Serotonergic System for Controlling Feather Pecking and Cannibalism in 
Chickens”.  

 
Partnerships with land grant and 1890s universities continued to be very important to the 
success of the national program in 2008. These partnerships are greatly appreciated and take 
on a variety of forms including work with those in the states of Arkansas, Colorado, Connecticut, 
Florida, Georgia, Idaho, Illinois, Indiana, Iowa, Kentucky, Maryland, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nebraska, New York, Oklahoma, Oregon, South Carolina, 
Texas, Virginia, West Virginia, and Wisconsin.  
 
The following section of the report summarizes high impact research results addressing the 
various components of the recently implemented national program action plan FY 2008 to 
2012… 
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National Program 101: Food Animal Production 
FY 2009 Annual Report 
 
Introduction 
Over the past century ARS has worked in concert with academia and meat animal industries 
around the world to redefine the science of food animal production. The resulting improvements 
in animal production, efficiency and quality are unparalleled in history and illustrate the 
extraordinary impact and value of these efforts. This work continues to create real value for the 
meat animal production industries and consumers worldwide. Today this work is even more 
important as the USDA and the US and international livestock industries address diverse global 
societal challenges such as international food security, obesity, and climate change.  
 
Food animal products fill a vital role in the diets of people around the world as valuable sources 
of high quality protein, fatty acids and minerals. The dramatic improvements in production 
efficiencies developed and harvested by ARS scientists help ensure international food security 
and directly impact human health and obesity by reducing the real cost of nutritionally valuable 
meat animal products, making animal products more available to those populations most in 
need. Ongoing improvements in production efficiencies also continually lessen the 
environmental impact of meat animal production by reducing grain and forage requirements and 
lessening the amount of manure produced. These improvements have dramatically reduced the 
amount of green house gas emissions produced by livestock and will continue to have impact.  
 
The scientific accomplishments of the USDA Agriculture Research Service and National 
Program 101 are truly remarkable and were again demonstrated vividly in 2009. NP 101 
scientists continue to make inroads toward a better understanding of food animal production 
challenges relating to genomic discovery science and application, growth and production 
efficiency, lifetime productivity, animal well-being, environmental adaptation, product quality, 
reduction of feed and energy inputs, enhancements in energy retention, and reduction of 
environmental impact. Application of technologies developed or enhanced by NP 101 scientists 
promise to continue to address the high priority issues for consumers while enhancing the 
profitability and competitiveness of food animal producers across the USA in today’s very 
competitive global agriculture community.  
 
During 2009, 96 full-time scientists working at 20 locations across the US were actively engaged 
in 32 research projects in the program. Research projects in NP 101 were approved through the 
ARS Office of Scientific Quality Review in 2007, making this the second year of implementation 
of these five-year project efforts. The total fiscal year 2009 funding for NP101 was $ 49,400,000. 
 
Personnel in NP 101  
The 2009 leader for NP 101 was Jeff Silverstein who also served as the leader for aquaculture, 
NP 106 in 2009. Mark Boggess assumed the responsibility as program leader in October 2009. 
Significant contributions to NP 101 were also provided by program team members Evert 
Byington and Cyril Gay.  
 
New additions to the NP 101 team in 2009 included:  
 
Amanda Lindholm-Perry, Research Geneticist, USMARC Clay Center, NE. Dr. Lindhom-Perry 
previously worked as a Research Scientist at Transgenomic, Inc., as a Product Manager at 
Streck, Inc, and most recently completed postdoctoral work at the US Meat Animal Research 
Center.  
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James Schneider, Research Geneticist, USMARC, Clay Center, NE. Dr. Schneider was 
previously Senior Geneticist with Babcock Genetics, Inc., Holmen, WI.  
 
Lea Rempel, Research Physiologist, USMARC, Clay Center, NE. Dr. Rempel completed 
postdoctoral research at USMARC and worked previously at the University of Kansas Medical 
Center.2  
 
Mark Petersen, Research Leader, Fort Keough LRRL, Miles City, MT. Dr Petersen most 
recently held a research and teaching position for 18 years at New Mexico State University. 
Previously he served 8 years at Montana State University and 3 years at University of Wyoming 
as a Ruminant Nutrition Extension Specialist.  
 
The following scientists retired from the ranks in NP 101:  
 
Mark Allan, USMARC, Clay Center, NE, left to work outside the Agency.  
 
Calvin Ferrell, USMARC, Clay Center, NE, retired.  
 
Thomas Jenkins, USMARC, Clay Center, NE, retired.  
 
David Riley, STARS, Brooksville, FL, left to work outside the Agency.  
 
William Rousch, MSU-PRU, retired.  
 
The distinguished record of service of these gentlemen is recognized world-wide in the beef, 
swine, poultry, and sheep industries and they will be missed.  
 
The following scientists in NP 101 received prominent awards in 2009:  
 
Harvey Freetly, Clay Center, Nebraska, received the American Society of Animal Science 
American Feed Industry Association Ruminant Nutrition Research Award in 2009.  
 
Mike Looper, Booneville, Arkansas, was distinguished as the Southern Plains Area, Early 
Career Research Scientist of the Year and the USDA-ARS, Herbert L. Rothbart Outstanding 
Early Career Research Scientist of the Year.  
 
Mike MacNeil, Miles City, Montanal was awarded the Western Section American Society of 
Animal Science Distinguished Service Award.  
 
Tara McDaneld, Clay Center, Nebraska; Timothy Smith, Clay Center, Nebraska; and Tad 
Sonstegard, Beltsville, Maryland each received the Red Angus Association Industry Service 
Award.  
Mark Thallman, Clay Center, Nebraska received the Beef Improvement Federation Continuing 
Service Award.  
 
Andy King, Clay Center, Nebraska; Steven Shackelford, Clay Center, Nebraska; and Tommy 
Wheeler, Clay Center, Nebraska received the Federal Laboratory Consortium Technology 
Transfer Award for the Mid-Continent Region.  
 
The quality and impact of NP 101 research was further evidenced in 2009 by following:  
• Over 200 refereed journal articles published  



147 
 

• Over 100 invited presentations at national and international symposia  
• Application for one new patent  
• Thirteen new cooperative research and development agreements with stakeholders  
• Over 40 new scientific technologies developed relating to genomics and other research, and  
• Administration or development of 4 web sites for stakeholders  
 
NP 101 scientists participated in research collaborations with scientists in: Australia, Brazil, 
Canada, France, Germany, Grenada, Israel, Italy, Kazakhstan, Kenya, Netherlands, New 
Zealand, Norway, Pakistan, Russia, Scotland, Spain, Sweden, Switzerland, Tunisia and United 
Kingdom in FY 2009. 
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National Program 101: Food Animal Production 
FY 2010 Annual Report 
 
Introduction 
Over the past century ARS has worked in concert with academia and meat animal industries 
around the world to redefine the science of food animal production.  The resulting improvements 
in animal production, efficiency and quality are unparalleled in history and illustrate the 
extraordinary impact and value of these efforts.  This work continues to create real value for the 
meat animal production industries and consumers worldwide.  Today this work is even more 
important as the USDA and the United States and international livestock industries address 
diverse global societal challenges such as international food security, obesity, and climate 
change.   
 
Food animal products fill a vital role in the diets of people around the world as valuable sources 
of high quality protein, fatty acids and minerals.  The dramatic improvements in production 
efficiencies developed and harvested by ARS scientists help ensure international food security 
and directly impact human health and obesity by reducing the real cost of nutritionally valuable 
meat animal products, making animal products more available to those populations most in 
need.  Ongoing improvements in production efficiencies also continually lessen the 
environmental impact of meat animal production by reducing grain and forage requirements and 
lessening the amount of manure produced.  These improvements have dramatically reduced the 
amount of green house gas emissions produced by livestock and will continue to have impact. 
 
The scientific accomplishments of the USDA Agriculture Research Service and National 
Program 101 are truly remarkable and were again demonstrated vividly in 2010.  NP 101 
scientists continue to make inroads toward a better understanding of food animal production 
challenges relating to genomic discovery science and application, growth and production 
efficiency, lifetime productivity, animal well-being, environmental adaptation, product quality, 
reduction of feed and energy inputs, enhancements in energy retention, and reduction of 
environmental impact.  Application of technologies developed or enhanced by NP 101 scientists 
promise to continue to address the high priority issues for consumers while enhancing the 
profitability and competitiveness of food animal producers across the United States of America 
in today’s very competitive global agriculture community.  
 
During 2010, 99 full-time scientists working at 18 locations across the United States were 
actively engaged in 32 research projects in the program.  Research projects in NP 101 were 
approved through the ARS Office of Scientific Quality Review in 2007, making this the third year 
of implementation of these five-year project efforts.  The gross fiscal year 2010 funding for 
NP101 was $ 51,491,000. 
 
Personnel in NP 101 
New additions to the NP 101 team in 2010 are:  
 
David Parker, Clay Center, Nebraska, Supervisory Agricultural Engineer in the Environmental 
Management Research Unit. 
Clay Lents, Clay Center, Nebraska, Research Physiologist in the Swine Reproductive Research 
Unit.  
 
The following scientists retired from the ranks in NP 101: 
 
John Nienaber, Clay Center, Nebraska, retired. 
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John McMurtry, Beltsville, Maryland, left NP 101 to serve as Director of the USDA-ARS Animal 
and Natural Resources Institute. 
 
The distinguished record of service of these gentlemen is recognized world-wide and they will 
be missed. 
 
The following scientists in NP 101 received prominent awards in 2010: 
 
Dale Van Vleck, retired, Clay Center, Nebraska, was inducted into the ARS Hall of Fame in 
2010. 
 
Curt Van Tassell, Tad Sonstegard, John Cole, Paul VanRaden, and George Wiggans, Beltsville, 
Maryland,  received the 2010 Secretary’s Honor Award as members of the Cattle Genomics 
Consortium for novel discoveries leading to the development of a commercial cattle DNA assay 
and developing methods for incorporating data into the national dairy cattle genetic evaluation 
system. 
 
David Parker, Clay Center, Nebraska, received the FLC Mid-Continent Notable Technology 
Award for work on emissions from feedlots for EPA compliance with Rick Todd and Andy Cole 
of USDA-ARS, Bushland, Texas. 
 
Tami Brown-Brandl, Clay Center, Nebraska, was awarded Engineer of the Year, by the 
Nebraska Section of the American Society of Agricultural and Biological Engineers. 
 
George Liu, Beltsville, Maryland, was named the 2010 Beltsville Area Early Career Scientist of 
the Year. 
 
Sherrill Echternkamp, Clay Center, Nebraska, was named a 2010 American Society of Animal 
Science Fellow Award. 
 
Duane Norman, Beltsville, Maryland, received the Distinguished Dairy Alumnus Award from the 
Department of Dairy and Animal Science at Pennsylvania State University for his leadership in 
genetic evaluation research on traits of economic importance to the dairy industry. 
 
George R. Wiggans, Beltsville, Maryland, received the Gamma Sigma Delta International 
Distinguished Service Award of Merit for his important contributions to the dairy industry and 
their international impact. 
 
Jeff Carroll, Lubbock, Texas, received the 2010 National Pork Board Research Innovation 
Award from the Southern Section of the American Society of Animal Science. 
 
Larry Kuehn, Clay Center, Nebraska, received the 2009-2010 Outstanding Recent Alumnus 
Award from the Department of Animal and Poultry Sciences in the College of Agriculture and 
Life Sciences at Virginia Polytechnic Institute and State University, Blacksburg, Virginia. 
 
Michael Looper, Booneville, Arkansas, received a 2010 Presidential Early Career Award for 
Scientists and Engineers, the highest honor bestowed by the United States government on 
science and engineering professionals in the early stages of their independent research 
careers. 
 
The quality and impact of NP 101 research was further evidenced in 2010 by following: 
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• Over 160 refereed journal articles published 
• Over 100 invited presentations at national and international symposia 
• Application for two new patents 
• Seven new cooperative research and development agreements with stakeholders 
• Over 30 new scientific technologies developed relating to genomics and other research, 

and 
• Administration or development of 6 web sites for stakeholders 

 
In 2010 NP 101 scientists participated in research collaborations with scientists in: 
Australia, Brazil, Canada, China, Czech Republic, Denmark, France, India, Ireland, Italy, 
Kazakhstan, Kenya, Mexico, Netherlands, New Zealand, Pakistan, Russia, Scotland, Spain, 
Sweden, Switzerland, Tunisia and United Kingdom. 
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