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The NP101 Food Animal Production program covers production research for Beef and Dairy Cattle, Sheep and Goats, Pigs and Chickens and Turkeys. 



Vision
ARS will provide the scientific community and food 
animal industries with scientific information, 
biotechnologies, and best management practices that 
ensure consumers an abundant supply of competitively 
priced, high quality animal products that enhance human 
health, while ensuring domestic food security, and 
enhancing the efficiency, competitiveness and 
environmental sustainability of the food animal industry.

Presenter
Presentation Notes
Vision statement for the program, from the NP101 action plan. There is a lot here. Abundant, high quality, competitively priced and sustainable animal products are the key concepts. 



Mission
Conduct research to improve food animal 
production efficiency, industry 
sustainability, animal welfare, product 
quality and nutritional value while 
safeguarding animal genetic resources.

Presenter
Presentation Notes
Mission statement from the NP101 action plan. Much of the focus is on sustainability of the industry, defined broadly. 



Program Components
Component 1: Increasing Production and Production 
Efficiencies while Enhancing Animal Well-Being across 
Diverse Food Animal Production Systems

Component 2: Understanding, Improving, and Effectively 
Using Animal Genetic and Genomic Resources

Component 3: Measuring and Enhancing Product Quality and 
Enhancing the Healthfulness of Meat Animal Products

Presenter
Presentation Notes
The NP101 action plan has three components, and those components are broken down further into problem statements (addressed in a later slide). Component 1 includes Nutrition, Reproduction and Animal Welfare research, Component 2 is all things genetics and genomics. Component 3 is Meat product quality and healthfulness. The quality of other animal products such as milk, eggs and poultry meat are dealt with in other National Programs. 



NP101 Overall Statistics (2019):
94 SYs (75 Sys and 19 vacancies) 14 locations
26 projects Appropriated funding = $51.6M
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Presentation Notes
Overview of the NP101 National Program. The program has 94 SY positions, 75 current scientists and 19 vacancies. We are actively working this year on filling these vacancies and are in a “hiring sprint”. There are 14 locations within the National Program that are each pictured on this slide. There are 26 projects that are funded with 51.6 million dollars. The newest location within the program is in Columbia MO, funded with new funding for gene editing in collaboration with the NIH funded gene editing program at the University of Missouri. This funding came with passthrough dollars for the University to enhance collaboration on Agricultural gene editing applications. 
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Presentation Notes
This slide shows the locations that work with Cattle, either beef or dairy. Our main location for beef research is Clay Center, with smaller numbers of cattle available at El Reno and Miles City. Our main location for Dairy production is Madison WI with about 400 cows, but our Beltsville location also has a dairy of about 100 cows. Our main Dairy genomics effort is in Beltsville, and provides genomic analyses and research that has had global impact. Locations in Lubbock and West Lafayette perform cattle welfare research. Our Fort Collins location is our main repository for stored animal germplasm. Although they are in the Food Animal Production program, they serve more than just livestock. They also store aquaculture germplasm. 
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This slide shows the locations that perform swine research. Our main location is in Clay Center, which has a facility that resembles a 500 sow herd. There are also swine research efforts in Beltsville and Ames, and swine welfare work in Lubbock and West Lafayette. As previously indicated, we have a new swine gene editing effort in Columbia MO. Finally, the National Animal Germplasm Preservation center in Fort Collins stores a variety of swine germplasm
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This slide shows our sheep research locations. Clay Center and Dubois are our two main locations, but sheep research is also conducted at Lexington and El Reno. Sheep germplasm is stored at Fort Collins. Clay Center and Dubois are very different environments (Pasture versus rangelands, respectively). Within NP101, our only goat research takes place at Beltsville. 
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This slide shows locations involved in poultry research. Our main location for poultry genomics is East Lansing, which will soon be moving to Athens GA. Our main location for poultry production work is at Mississippi State. Smaller efforts are found at Beltsville (cryopreservation and microbiome) and West Lafayette (layer welfare). Poultry germplasm is stored at Fort Collins. 
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This slide is a schematic of how the three components are distributed into problem statements. Central to the program is our Genomics effort, which is Component 2. Problem statements within this component address A. the development of genomic tools, B. research in functional genomics, C. preserving germplasm, D. developing genomic selection technologies for livestock species and E. gene editing of livestock. Information from these efforts feeds forward to inform research in the other two components, and phenotypes measured by the other two components feeds back to the genomic research. Component 1 is divided into Nutritional Efficiency, Reproduction and Animal Welfare Research. Component 3 has two problem statements addressing Meat quality and Meat Healthfulness. 



Component 1: Increasing Production and Production Efficiencies while Enhancing Animal Well-Being across Diverse Food Animal Production Systems
Problem Statement 1A: Improving the Efficiency of Growth and Nutrient Utilization
1) Elucidation of the genes and metabolic pathways that contribute to growth and developmental performance and nutrient utilization efficiency of 
livestock.
2) Biological markers that are useful in predicting and improving growth performance and nutrient utilization efficiency of livestock.
3) Strategies that alter metabolic pathways to improve growth performance and nutrient utilization efficiency in livestock.
4) Best management practices and genetic selection parameters that improve the rate of improvement for growth and feed efficiency for producers.
5) Comprehensive characterization of digestive system microflora in livestock species, including the organisms present and their prevalence, and 
identification of those species that are correlated with improved performance, nutrient utilization efficiency, and reduced environmental impact.
6) Strategies that can be used to alter digestive system microflora populations resulting in improved nutrient utilization efficiency in livestock species.
7) Effective strategies for determination of consumption and improved use of forages to meet livestock nutrient needs.
8) Identification of alternative feeds that can be used to provide nutrients for livestock while maintaining production and production efficiencies and 
meat quality.
9) Precision feeding systems for livestock and poultry that optimize nutrient availability to the animal while minimizing nutrient losses to the 
environment.
10)Development of refined methodology allowing precise real time nutrient evaluation of forages including improved sampling procedures.
11) Strategies to reduce the negative effects of fescue toxicosis in grazing livestock and realize the potential benefits of endophytes in forages.
12)Development of optimized year-round forage-based beef finishing systems, including the use of crop residues, cover crops and summer/fall 
annuals.
13) Identification of alternatives to antibiotics for improving growth performance in livestock.
14) Management strategies and programs for improving grazing-land health and sustainability and conservation/return of natural ecosystem services.
15) Reducing stress and the severity of disease through the use of pre-, pro- and para-probiotics.
16) Identification and development of alternatives to antibiotics to decrease pathogens and improve growth performance in livestock and poultry.

Presenter
Presentation Notes
In the NP101 action plan, each Problem Statement from the previous slides has a list of Anticipated Products, as shown in this slide for the Nutritional Efficiency Problem Statement. Here, there are 16 anticipated products that we would address as the result of our research. Similar lists are available for the other Problem Statement. One important aspect of the review of our program is whether we addressed these anticipated products. Part of our process for program management includes an annual report. These annual reports include short accomplishment paragraphs describing completed research and its relevance. To assess whether we have addressed the anticipated products that were named in the NP101 Action Plan, I went through the accomplishment paragraphs from the annual reports for the last 5 years and aligned them to anticipated products. In addition, all of our publications were assembled and aligned to its Component, Problem Statement and Anticipated Product. The next few slides summarize those alignments. 



Component 1. Increasing Production and Production 
Efficiencies while Enhancing Animal Well-Being across 
Diverse Food Animal Production Systems

Nutrition Reproduction Welfare

Presenter
Presentation Notes
	This slide shows the results of alignment of accomplishments and publications with anticipated products for problem statements for Component 1. The anticipated products are numbered in the order that they appear under each problem statement in the action plan. In the next few slides, the top graphs show the accomplishment statements from annual reports, which reflect alignments of the most impactful yearly accomplishments as indicated by scientists during the 5 year cycle. The bottom graphs reflect alignments of the publications with anticipated products. The graphs all appear on the same scale so comparisons can be made between graphs, components, problem statements and anticipated products. In total, there were 380 accomplishments and 904 publications, spreadsheets are included with this presentation containing the alignments to anticipated products. The scales of the accomplishment graphs are 0 to 30, the scales for the publication graphs are 0 to 60. 
	Some observations can be made for Component 1. The shapes of the distributions among the anticipated products are roughly similar between accomplishments and publications, but not identical. All the proposed anticipated products were addressed, but clearly some were addressed more than others. It should be recognized that not all accomplishments or publications are equal in merit, so the differences between the different anticipated products should be viewed with that in mind. The 5 most addressed anticipated products in nutrition differed somewhat whether accomplishments or publications were used.  Because the results of accomplishment and publication analysis was slightly different, I decided to focus on accomplishments as reported by the scientists in their annual reports for this presentation, because the scientists are asked to report significant accomplishments for each year. For reported accomplishments, the most addressed anticipated products in rank order were 2) Biological markers that are useful in predicting and improving growth performance and nutrient utilization efficiency of livestock, 1) Elucidation of the genes and metabolic pathways that contribute to growth and developmental performance and nutrient utilization efficiency of livestock, 8) Identification of alternative feeds that can be used to provide nutrients for livestock while maintaining production and production efficiencies and meat quality, and 11) Strategies to reduce the negative effects of fescue toxicosis in grazing livestock and realize the potential benefits of endophytes in forages. For Reproduction the top three anticipated products were 4) Identification of critical control points limiting improvements in reproductive rate in food animals including physiological and management factors, 6) Strategies based on physiological data and biological markers for increasing longevity and lifetime productivity of breeding females in livestock systems, and 3) Strategies that optimize male and female contributions to reproductive efficiency. For Welfare the top 2 anticipated products were 6) Development of specific management strategies (e.g., time of animal processing and vaccination, use of non-antibiotic supplements, etc.) targeted at reducing animal stress and improving immunity, and 3) Enhanced understanding of genetic, physiological, immunological, microbial and behavioral responses of food animals to management and environmental stressors. 
	The anticipated product least addressed for Nutrition was 12) Development of optimized year-round forage-based beef finishing systems, including the use of crop residues, cover crops and summer/fall annuals. For Reproduction it was 8) Complete characterization of the mechanism of implantation in cattle to mitigate embryonic losses. For Welfare it was 5) Improved precision animal management/production systems to better identify compromised animal well-being for individual and groups of animals in conventional production systems.
	For Nutrition, the two top anticipated products provide basic information on nutritional mechanisms and so these are likely to be appropriate. Alternative feeds are also an appropriate goal of this part of the program. The focus on fescue toxicosis is from our Lexington lab, which was set up for this purpose. During this cycle, they have been branching out their research to include forages with bioactive molecules as a replacement for antibiotics. For Reproduction, critical control points, male and female reproduction and a focus on longevity as a key aspect of reproductive efficiency makes sense for livestock. The two top products for Welfare also make good sense in terms of identifying the relevant factors contributing to poor welfare and strategies to improve welfare based on those factors. 
	The focus on Forage Nutrition, which was the least addressed within the Nutrition efficiency problem statement, is a research area that is shared between NP101 and the NP215 program, Grass Forage and Rangelands Agroecosystems, and I am co-lead of the NP215 program allowing me to coordinate efforts between the two programs. Work within NP101 on this topic is very animal focused and is likely to fit several of the other anticipated products in addition to this one. In 2017 and 2019, ARS received increased funding for cover crop research. This funding was placed into the NP215 program and was allocated to the Dairy Forage Research Center in Madison WI. The least addressed anticipated product in the Reproduction problem statement, characterization of implantation, was not well addressed because we do not have this expertise within the program, although there are plans to hire a scientist with this expertise in the current hiring sprint. The least addressed anticipated product in Animal Welfare, Precision Management, is actually a current area that I am very interested in increasing efforts. It has suffered from the recent loss of our best scientist in this research topic, but she remains an excellent collaborator with our USMARC location in Clay Center and others. It is our intention to create a critical mass of research expertise in the topic area of precision livestock management, that will contribute to the Nutrition, Reproduction, Welfare and Genomics (through phenotyping) research within the program. 














Component 2 Understanding, Improving, and Effectively Using Animal Genetic 
and Genomic Resources
Genomic Tools Functional genomics Germplasm preservation

Presenter
Presentation Notes
	This slide shows how each of the anticipated products within the first three of the problem statements for the Genomics Component (2) was addressed using accomplishments and publications. As before, general patterns were similar but not identical. The discussion below focuses on accomplishments provided yearly by scientists. 
	The top two accomplishments for Genomic Tools was 4) Improved annotation of genome sequence assemblies for food animals, including participation in the Functional Annotation of Animal Genomes (FAANG) consortium, and 6) Enhanced metagenomic characterization and analysis of the gut microbiome to develop better understanding of the relationship between the microbiome and the health, productivity and environmental impact of food animals. These are key priorities for Genomics Tools development. Anticipated product 7) Improved tissue/body fluid based phenotypes based on broad spectrum protein and metabolite analysis, was not addressed (red arrow), but metabolomic work was included in anticipated products from the Nutrition problem statement from Component 1. Clearly in the next action plan some effort is needed to make sure that components, problem statements and anticipated products do not overlap with each other. 
	The top accomplishment in the Functional Genomics Problem Statement was 2) Information relating the function and regulation of individual genes and their interaction with environmental and epigenetic effects contributing to economically important traits in food animals. The other three anticipated products were addressed equally. The number of accomplishments for this problem statement is quite low considering the importance of understanding gene function for a variety of traits. However, as for the metabolomic anticipated product, many of the program functional genomics efforts were assigned to anticipated products in other problem statements. Examples include FAANG efforts assigned to genomic tools, and various transcriptomic efforts in the Nutrition and Reproduction sections. 
	Within the Germplasm Preservation Problem Statement, all anticipated products were addressed, but the numbers of accomplishments were low. The number of publications was especially low for this problem statement. A significant part of the work of the germplasm preservation lab within NP101 is to provide collection and storage services, and therefore it is expected that research activities within this part of the program would be lower than others with an assignment to perform only research. There are two locations within NP101 that perform research in this area, with 2 scientists at each location. Storage capacity at the Fort Collins location is well in excess of our ability to collect and preserve needed germplasm. This location received additional appropriated funding in 2018, but funding is still insufficient to preserve all the genetic variation that exists within heritage breeds of many livestock species.
	




 



Component 2 Understanding, Improving, and Effectively Using Animal Genetic 
and Genomic Resources

Genomic selection Gene editing

• Improved tissue/body fluid based phenotypes based 
on broad spectrum protein and metabolite analysis.

• Strategies to elucidate the genetic, protein and 
metabolic pathways that translate genotypes into 
phenotypes in food animals to inform gene 
modification design.

• Scientific data for use in the decision-making 
process regarding the nutritional value, healthfulness 
and animal well-being impact of genetically 
modified animals in meat animal production 
systems.
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	This slide shows how the anticipated products within the last two problem statements for the Genomics Component (2) were addressed. By far our best work in genomics is within the genomic selection problem statement, with anticipated products 1) Genetic prediction tools for traits in food animals related to health, production efficiencies, adaptability, and functionality in varied domestic and international production systems and 3) Improved genetic evaluation and genetic selection programs for the food animal industries being the top two addressed anticipated products. Interestingly, anticipated product number 6) Demonstration of whole-genome prediction techniques applied to food animal industries is the most represented anticipated product when publications were used as the data source. This anticipated product is similar to anticipated product number 3, but lends itself more to publications describing GWAS analyses for traits of livestock. Anticipated product number 1 clearly overlaps with the Tools problem statement. The least addressed anticipated product in this problem statement is 7) Computer software implementing statistical developments in methodology for incorporating genomic data into genetic evaluation and prediction programs, resulting in “genome-enabled” genetic improvement for the food animal industries. This clearly overlaps with both anticipated product number 1 in this problem statement and likely belongs in the tools problem statement as does anticipated product 1. Here again, it is clear from this analysis that attention to reducing redundancies among the action plan components, problem statements and anticipated products is warranted. 
	Turning to Gene Editing, only anticipated product 1) Programs to evaluate specific DNA modification techniques (i.e., Gene editing) to determine the effects of natural mutations and rationally designed modifications on economically important traits in food animals, was addressed. The other two anticipated products (red arrows) were not addressed using accomplishments but anticipated product 2) Strategies to elucidate the genetic, protein and metabolic pathways that translate genotypes into phenotypes in food animals to inform gene modification design, was addressed in publications. Gene editing work in livestock within this program was performed at our Beltsville location. During the course of this National Program cycle, all of our ARS scientists working in this area retired. In addition, our collaborator at the University of Maryland took a position at the University of Missouri in Columbia. There was also significant animal infrastructure problems at Beltsville that would continue to limit progress in gene editing at the location, even if scientists were rehired. In 2020, we received increased funding for gene editing work in livestock that was tied to collaborating with the NIH swine gene editing lab at the University of Missouri. Realizing that the Beltsville lab would not be able to effectively continue with gene editing work, we have redirected the work at Beltsville to microbiome and nutritional efficiency research, which is more suited to the current and planned infrastructure. We are standing up a new effort in pig gene editing at Missouri in collaboration with scientists there, and my hope is that further funding will allow us to expand significantly into gene editing in livestock at this location.





 



Component 3: Measuring and Enhancing Product Quality and 
Enhancing the Healthfulness of Meat Animal Products

• Improved meat products 
that enhance the health of 
consumers and promote 
increased demand
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	This slide shows the results of the analysis of Meat Quality and Healthfulness research within NP101. This work is done by a single unit in Clay Center, and involves three scientists. All anticipated products in the Meat Quality Problem Statement were addressed with the most addressed being 3) Better understanding of the biological mechanisms that control and influence meat product quality, color stability and consistency. These scientists are very effective at serving the meat processing industry. 
	Turning to meat healthfulness, anticipated product 3) Identification of strategies for improving nutritional composition of meat products that will result in positive impact on human health, was most addressed and anticipated product 1) Improved meat products that enhance the health of consumers and promote increased demand was not addressed (red arrow). This research focused on the variation in fatty acids in fats of meat products. Despite our best hopes, the research has indicated that there is currently not enough variation in levels of fats within meat products to significantly alter health, although there may be opportunities to try to manipulate the fat in meat products to improve their healthfulness. It is likely that this problem statement will be abandoned in the next action plan. 
	The remainder of the presentation will provide details regarding research outcomes that address the most addressed anticipated products within the NP101 action plan, to demonstrate the quality of ARS research in these areas. I have included many of the anticipated products in this expanded powerpoint presentation that I am sharing with the review panel. Unless the panel wishes to hear the entire presentation, I will only present the two most addressed anticipated products for each problem statement from scientist provided accomplishments in their annual reports during the actual presentation. These may differ from the most addressed anticipated products from publications. Spreadsheets of the analyses of accomplishments and publications are included with the documentation for the retrospective review and I invite the reviewers to look over the publication titles for each anticipated product in advance of the retrospective review presentation. If panel members are curious about particular publications, I will be happy to present information from those publications during the review.  I will also add a discussion of any other anticipated products with the panel if the panel wishes them to be included during my presentation. 






Component 1: Increasing Production and Production Efficiencies while Enhancing 
Animal Well-Being across Diverse Food Animal Production Systems

Problem Statement 1A: Improving the Efficiency of Growth and Nutrient Utilization

Anticipated product: Biological markers that are useful in predicting and improving growth 
performance and nutrient utilization efficiency of livestock.• Ghrelin, leptin and endocannabinoids in beef cattle• Acid 1 glycoprotein in pigs• Growth and gut epithelial proteins in poultry during Eimeria infection

Anticipated product: Elucidation of the genes and metabolic pathways that contribute to 
growth and developmental performance and nutrient utilization efficiency of livestock.• Cattle transcriptomic analysis of rumen, liver, spleen, small intestine, muscle, between 

high and low feed efficiency cattle• Butyrate metabolism and responses in sheep and cattle

Presenter
Presentation Notes
	This slide shows the top two anticipated products based on scientist provided accomplishments from the Nutritional Efficiency Problem Statement of Component 1 of the NP101 action plan. The slides that follow describe examples of research that address these anticipated products. The slides that follow provide results from studies indicating that Ghrelin, leptin, endocannabinoids, Acid 1 glycoprotein, and gut epithelial proteins may be useful biomarkers for growth performance. A second set of slides provides results indicating transcriptomic analysis of various tissues in high and low feed efficiency cattle, and the role of butyrate metabolism in growth and organ development in sheep and cattle. 



Foote et al., 2014

Foote et al., 2015

Ghrelin, leptin and 
endocannibinoids as biological 
markers for production traits in beef 
cattle

Anandamide 2-AG
DMI -0.11 -0.04
ADG 0.07 -0.07
RFI -0.07 0.04
G:F 0.20** -0.02
YG -0.15* -0.08
Marb 0.06 -0.03
Fat -0.17* -0.05

Artegoitia et al., 2016

Presenter
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The top leftmost table indicates work from Clay Center investigating whether plasma Ghrelin concentrations can be used as a biological marker of various measures of feed efficiency in beef cattle including dry matter intake, average daily gain and gain to feed ratios. Assays distinguished between active Ghrelin and total ghrelin in plasma, and the ratio of active to total was also calculated.  Significant correlations were found for active Ghrelin and the active Ghrelin to total Ghrelin ratio for dry matter intake and average daily gain, but the correlation coefficients are quite low as are their contributions to the total variance in these traits. Total Ghrelin was correlated with average daily gain and gain to feed ratio, but again correlations were low. The lower table in the figure indicates the pseudo R square and percent of variance for relationships between leptin and dry matter intake, average daily gain, gain to feed ratio, residual feed intake, 12th-rib fat, hot carcass weight, yield grade and marbling score. Once again, relationships were low. Finally, relationships between endocannibinoids and feed efficiency measures are in the table on the right. Anandamide was correlated with gain to feed ratio and yield grade, but correlations were low. Although no single biomarker from this work is likely to be useful in prediction by itself because of the low correlations and variance, the goal of the research was to provide a combination of these markers together that may be more effective in prediction. The scientist leading this work left the agency and the unit is currently in the process of trying to rehire a beef nutritionist to continue this work. 



Acid 1 Glycoprotein and growth in piglets

Caperna et al., 2017
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The Beltsville location has provided research that demonstrates a relationship between Acid 1 Glycoprotein and growth rates of nursery age piglets. This biomarker is the result of proteomic analyses of proteins associated with piglet growth, followed by the development of an ELISA to measure the protein more easily in piglets. The results shown here are from an ELISA developed by the lab used on piglets from several litters from USMARC in Clay Center, and is an example of multilocational research to develop solutions. The ELISA needs further validation on piglets from commercial herds and the unit is interested in pursuing this further. 



Growth and gut gene expression during Eimeria 
infection

Miska and Fetterer, 2017
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Presentation Notes
This slide shows the effects on growth rates of Eimeria infections in poultry (left graph), along with gene expression analysis for specific genes that were affected by Eimeria infection. Growth rates are impaired by Eimeria infection. The top graph on the right indicates Eimeria effects on both passive (GLUT) and sodium driven active (SGLT) glucose transporters (GLUT2 is a bulk sugar transporter, GLUT5 is specific to fructose, the expression of both are impaired). Of the SGLT genes, only SGLT1 is impaired by Eimeria, SGLT5 is not. The graph on the lower right shows results for various genes involved in protein digestion and amino acid uptake, including aminopeptidase N (APN; protease); neutral and cationic amino acid transporter (ATB0/+); Cationic and zwitterionic amino acid transporter (b0+AT and rBAT as a heterodimer); Neutral and cationic Amino Acid Transporter (B0AT),  anionic amino acid transporter (EAAT3) and di- and tri-peptide transporter (PepT1). ATB0/+ was significantly increased, and all the others were significantly decreased in response to Eimeria. In general these data indicate that gut transport is reduced by Eimeria infection and help to explain the impairment of growth caused by this pathogen. Understanding transporter effects of the disease may allow for strategies that reduce the negative effects of Eimeria on growth of chickens. 



Differential expression in the duodenum

Differential expression in the jejunum

Differential expression in the ileum

Differential expression in the gut 
from steers differing in feed 
efficiency, Lindholm-Perry et al., 
2016
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This slide summarizes a very large and comprehensive experiment from Clay Center to determine gene expression in a variety of tissues associated with high or low feed efficiency. Average daily intake and growth rates were measured on several hundred steers, and the data were analyzed for the relationship between intake and growth rate. Cartesian axes were placed corresponding to the bivariate mean (growth rate and feed intake) and 4 steers were selected from each resulting quadrant that represented high gain-high intake, high gain-low intake, low gain-high intake and low gain-low intake. Transcriptomic analysis was measured using an Affymetrix array. Tissues for analysis included duodenum, jejunum and ileum. Genes that differed between the high gain-low intake and low gain-low intake groups (representing a difference in feed efficiency) are presented above. The expression of several genes were increased or decreased. Notable genes included heat shock and immune genes, suggesting that responses to stress (disease or environmental) may distinguish the two groups of animals. These experiments provide basic information to understand gene expression differences between cattle with differences in feed efficiency.



Rumen epithelium response to 
butyrate in dairy cattle, Baldwin et al., 
2018. Increased protein transcription, 
indicated by EIF2 signaling. 

Butyrate effects on glucose flux 
across the gastrointestinal tract in 
whethers. Foote and Freetly, 2016. 
Butyrate stimulates glucose uptake.

Presenter
Presentation Notes
This slides shows the results of different experiments testing the effects of butyrate on the gastrointestinal tract of ruminants. In the leftmost table, effects of a pulse of butyrate on nutrient fluxes across the portal drained viscera in lambs were measured. Butyrate infusion increased glucose usage by the portal drained viscera, but did not affect other nutrients. Butyrate is known to cause maturation of gut epithelium as ruminants transition from primarily a milk diet to a forage diet. Increased glucose uptake by the viscera may be part of that mechanism. To further explore butyrate effects, scientists at Beltsville performed transcriptomic analysis on rumen epithelium, and the results are shown in the remainder of the figures on this slide. The volcano plot shows genes whose expressions was increased or decreased in response to butyrate on various days after treatment. The diagram in the bottom middle shows the overlap in gene expression between the different days measured in this experiment. Finally, the expression of individual genes are displayed in the leftmost figure. Red is increased, green is decreased. Pathway analyses of changes in expression revealed that butyrate affected mitotic pathways, consistent with its role in epithelial maturation. Genes expressed later were associated with transcription of genes and translation of mRNA. Butyrate also inhibited expression of HDAC, which controls histone acetylation, consistent with the role of butyrate in ruminal epithelial maturation. Understanding how the rumen matures and the factors involved could provide information to improve feed efficiency in ruminants. 



Anticipated product: Identification of alternative feeds that 
can be used to provide nutrients for livestock while 
maintaining production and production efficiencies and 
meat quality.•Distillers grains in poultry•Canola meal in dairy diets

Presenter
Presentation Notes
This anticipated product looks at the potential use of alternative feeds for livestock production. The use of dried distillers grains in poultry and the use of canola meal in dairy diets were both investigated by NP101 scientists. The slides that follow provide details of this research. 



Dried distillers grains incorporated into poultry diets. Kim et al., 2016. Progressive decrease in carcass yield 
when processed day 43, gone by day 57. 
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Presentation Notes
Producers are always looking for alternative feeds that can be used to feed livestock. With the advent of ethanol production from corn, various types of dried distillers grains became available, but they needed information on appropriate use for different livestock. This slide shows results from scientists at our Mississippi State location to determine the effects of increasing concentrations of DDGS on poultry growth and carcass characteristics. Results indicated that after 43 days of growth, increasing concentrations of DDGS progressively reduced yield as a percent of live weight. This effect disappeared by day 57 of age. These results demonstrate that DDGS could be used depending on the goals of the producer in terms of the size of the birds being marketed. Production of heavy broilers would be less affected by DDGS in the diet compared to birds marketed at a smaller size. 



Canola meal as a protein source in dairy cattle increases milk production and 
decreases nitrogen excretion Broderick et al., 2015

Presenter
Presentation Notes
This slide demonstrates results from the Dairy Forage Research Center in Madison WI. In this experiment, the use of canola meal as a protein source in dairy diets was tested compared to soybean meal. Results indicated a small but statistically significant increase in milk production compared to soybean meal.  Higher crude protein in the diet also increased milk production. Although the effect is small, every increase in milk production reduces the number of cows needed to produce milk, improving efficiency and sustainability of production. 



Anticipated Product: Strategies to reduce the negative effects of 
fescue toxicosis in grazing livestock and realize the potential 
benefits of endophytes in forages.
Basic information on fescue toxicosis
Strategies to mitigate fescue toxicosis including inhibitin seed 

head formation and feeding selenium.

Presenter
Presentation Notes
This slide describes our efforts to mitigate the effects of fescue toxicosis. For the most part, this work is done in Lexington KY. Fescue toxicosis is caused by toxins produced by an endophyte that commonly infests fescue grass. The endophyte is primarily passed from plant to plant through infestation of the seed head. The main toxin is ergovaline but there are others. The slides that follow address two topics, basic information needed to understand how the endophyte toxins affect livestock, and strategies to mitigate these negative effects. 



Aiken et al., 
2015, 
endophyte 
infested 
fescue effects 
on testis 
artery 

Klotz et al., 2016; up to 7 weeks for vascular recovery 
from endophyte poisoning

Presenter
Presentation Notes
This slide shows results exploring the effects of endophyte toxins on arterial contraction, which is one of its main detrimental effects. In the top left figure, doppler ultrasound is used to measure the diameter of the testicular artery and pampiniform plexus, along with blood flow through the artery. Endophyte infested fescue reduces the diameters of the testicular artery. Sperm production requires that the testes be maintained at a temperature below the normal temperature of the body, and testicular blood flow and the pampiniform plexus are a main mechanism to regulate the proper cooling of the testis. Factors that disturb blood flow to the testis will disrupt normal production of sperm. The table on the top right and the graph on the bottom right indicates that it can take up to 7 weeks after animals are removed from infested fescue for blood vessels to recover their normal diameter and blood flow. The graph on the lower left also shows that the arteries are refractive to further contraction, indicating a reduction in the ability to control blood flow. This information improves our understanding of the mechanisms of fescue toxicity and may suggest ways to mitigate its effects. 



Biochanin A (from red clover) effects on ergotamine 
induced contraction of mesenteric artery. Jia et al., 2015

Comparison of novel endophyte fescue varieties with toxic 
endophyte varieties Review by Aiken and Strickland, 2013

Improved weight gain in cattle 
by suppressing seedheads
Aiken et al., 2012

Presenter
Presentation Notes
	This slide shows a variety of strategies to mitigate the effects of fescue toxicosis. One strategy is to use fescue varieties that do not have the toxic endophyte, and instead are infested with novel endophytes that are not toxic. Endophytes provide some advantage to the grass in the pasture environment, which is why one would choose to replace the endophyte rather than eliminate it. The table on the top left indicates results of comparisons of fescues infested with novel endophytes compared with the normal endophyte infested fescue. The endophyte toxin also inhibits the production of prolactin, which has a variety of effects including regulating lactation. The results indicate that most of the novel endophyte infested fescues result in greater average daily gain and increased serum prolactin levels, which are similar to endophyte free fescue controls.  
	Another strategy is to suppress the seeds on the plant, which is where the highest concentrations of the toxin are typically found. The table on the lower left indicates results from using that strategy. Treating fescue with Chaparral herbicide to suppress seedhead emergence increased average daily gain, reduced rectal temperature (improved blood flow improves temperature regulation) and increased serum prolactin secretion. 
	Another strategy is to feed red clover containing isoflavones. The graph on the right indicates the effects of isoflavones on the response of mesenteric artery to infested fescue extract (EXT). Both Formononetin (F) and Biochanin A (B), block the contractile effects of fescue extract. Incorporating isoflavone containing forages (red clover) into fescue pastures infested with toxic endophyte has subsequently be shown to reduce some of the negative production effects of the infested fescue. 



Anticipated Product: Strategies that alter metabolic pathways 
to improve growth performance and nutrient utilization 
efficiency in livestock.
Zilpaterol studies in cattle

Presenter
Presentation Notes
This anticipated product addresses strategies that alter metabolic pathways to improve growth performance. Zilpaterol is a b2 adrenergic agonist that improves growth rates and reduces fat deposition through modification of metabolic pathways controlling growth and fat metabolism. The next slide presents work on zilpaterol in cattle.



Zilpaterol effects on carcass composition in beef cattle. Boyd et al., 2015

Presenter
Presentation Notes
This slide shows results of using zilpaterol and its interaction with providing shade to cattle in the feedlot during the summer. The hypothesis was that zilpaterol treatment worsens the effects of heat stress on cattle, and that provision of shade would reduce this negative influence. There were no effects of zilpaterol on growth rates or feed efficiency. Zilpaterol reduced carcass fat and increased hot carcass weight (HCW). Zilpaterol also increased respirations and panting score, indicating that it does increase the heat stress on the animals. Shade had no effects and there was no interaction. These results indicate that shade is not an effective remediation for the heat stress effects of zilpaterol. 



Problem Statement 1B: Improving Reproductive Efficiency
Anticipated product: Identification of critical control points limiting 
improvements in reproductive rate in food animals including 
physiological and management factors.•Colostrum, glucosamine, feed restriction and sow posture in pigs•Ovarian and uterine interactions in cattle•Fertilized egg storage and fertility assessments in turkeys
Anticipated product: Strategies based on physiological data and 
biological markers for increasing longevity and lifetime 
productivity of breeding females in livestock systems.•Metabolic factors and return to estrus in pigs•Antral follicle counts and relations to fertility in cattle

Presenter
Presentation Notes
The second problem statement in Component 1 addresses research in Reproductive Efficiency of livestock. The two greatest anticipated products addressed in this 5 year cycle included identification of critical control points limiting reproduction and strategies to increase longevity and lifetime productivity of females. Critical control points addressed included the roles of colostrum, glucosamine, feed restriction and sow posture in reproduction in pigs; ovarian and uterine interactions in cattle, and fertilized egg storage and fertility in turkeys. Strategies for longevity included metabolic factors correlated with postweaning return to estrus in pigs and the use of antral follicle count, measured by ultrasound, and genome wide analyses for longevity in cattle. Subsequent slides deal with research in these areas. 



Immunocrit effects on litter 
size Vallet et al., 2015

Immunocrit effects on endometrial 
gene expression George et al., 2015 Glucosamine effects on placental development and litter size Vallet et al., 2017

Presenter
Presentation Notes
	The top left-hand graph on this slide shows the relationship between the immunoglobulin immunocrit, which is a measure of colostrum intake shortly after birth, and subsequent litter sizes of those same females during adulthood. It shows that females that don’t get much colostrum have reduced litter sizes. The immunocrit is a simple measure of immunoglobulin in the plasma of newborn piglets. Piglets are born with no immunoglobulin, and all the immunoglobulin in piglets comes from the colostrum of the mother. Colostrum is known to contain growth factors needed for development of various organ systems. In a subsequent experiment, uterine transcriptomic analyses were used to compare high and low immunocrit females at birth, and colostrum intake was demonstrated to alter uterine protein secretion on day 13 of pregnancy, potentially explaining the effect of colostrum on litter size in adult females. The differentially expressed genes were known to affect solute transport, uterine receptivity and immune response, all of which could influence the success of pregnancy. 
	The tables on the right of this slide address the effects of glucosamine on placental development and litter size. The top graph demonstrates that glucosamine treatment allows the placental interface to be wider and more extensive, which would increase the exchange of nutrients from mother to fetus. The bottom graph indicates the effect of glucosamine treatment on litter sizes from sows of increasing parity. This experiment was performed in a commercial system. Glucosamine treatment increased litter size, particularly in later parity sows, without have detrimental effects on piglet birth weights or preweaning mortality. 



Brown-Brandl unpublished

Reduction in 
dietary protein 
reduces the rate 
of puberty 
attainment

Presenter
Presentation Notes
	The graphs on the left of this slide show results of a set of experiments funded by the National Pork Board and led by ARS, to develop diets that could be fed ad libitum to gilts during their development, and then determine the effect of that slower growth rate on reproductive parameters. ARS led this set of experiments, which also included a commercial collaborator and University collaborators. The results indicated that the reduced growth rate reduces the attainment of natural puberty in gilts, but it also reduced the weight of gilts when they were first bred. Excessive weight at first breeding contributed to leg problems and poor herd retention in other studies. These studies culminated in observing the gilts through 3 parities to observe the effect of the diets on litter sizes and herd retention. The data are still being evaluated. 
	On the right hand side of this slide research to use 3D imaging of sows in farrowing crates is summarized. Scientists developed image analysis to be able to determine the time that sows were lying standing sitting or kneeling, using these images. The ability to automatically monitor sow movements and posture in the farrowing house could allow producers to make management decisions that could reduce preweaning piglet mortality, because previous studies have shown that much of preweaning mortality is caused by the piglet being crushed by the sow during sow movements. 



Lower Antral follicles associated with less uterine protein
McNeel et al., 2017

Presenter
Presentation Notes
	This slide shows a comparison of uterine protein secretion on day 6 or 16 of pregnancy (graph), and individual uterine proteins from day 16 of pregnancy visualized by 2D-PAGE analysis (figures A and B), between pregnant animals with low and high antral follicle counts measured on the ovaries of cattle. These figures clearly show that uterine protein secretion is reduced in low antral follicle count cattle compared to high antral follicle count cattle. Lower uterine protein secretion could contribute to the reduced fertility that has been previously reported by these same scientists. Determining the mechanisms by which low antral follicle counts in cattle reduce uterine protein secretion could provide strategies to improve fertility in these animals. These experiments, combined with the colostrum effects on uterine function in pigs, provide significant evidence that uterine protein secretion is an important factor controlling fertility in livestock. 



Turkey egg storage for longer than 6 days reduces development 
and embryo weights when incubation is resumed Bakst et al., 
2016 (correlates with increased mortality)

Presenter
Presentation Notes
	During turkey production, fertilized eggs are routinely stored for periods of time to synchronize hatching and improve production efficiency. It was unknown how long fertilized turkey eggs could be stored without impairing fertility. Results of these experiments from Beltsville indicate that fertility of fertilized turkey eggs begins to fall after 6 days in storage, and longer periods are associated with further reductions in embryo development. These results provide needed information to the turkey industry to appropriately manage fertilized eggs to optimize the survival and growth of turkey poults. 



Metabolic screening of sows 
indicated many differences in 
weaned versus post-farrowed sows, 
but only two unidentified metabolites 
between high and low weight loss 
sows. Rempel et al., 2016

Presenter
Presentation Notes
	This slide shows results from a metabolic analysis of sows comparing post-farrowing and weaning and high and low weight loss sows during the lactation period. High weight loss sows are associated with poor return to estrus after weaning. The results indicated numerous metabolite concentration changes between post-farrowing and weaning, with the most affected metabolite identified as Caprolactam. Only two metabolites were found that differed between high and low loss sows and these have not been identified yet. Further studies to identify these metabolites may provide clues to why some sows lose so much weight during lactation, which is associated with poor postweaning return to estrus and is likely to be a major contributor to poor sow retention in the breeding herd.



McNeel and Cushman, 2015

Santa Cruz et al., 2018

High 
antral 
follicle 
counts are 
associated 
with 
improved 
fertility

Presenter
Presentation Notes
	This slide shows the evidence that high antral follicle counts are associated with improved fertility in beef cattle. In the leftmost set of graphs, Cattle that calved early had higher antral follicle counts compared to those that calved late. The bottom graph on the left is a scatterplot of the distribution of calving day and antral follicle count and shows the relationship. Although the R square is not very high, it is clear that there is a relationship. There is also an inverse relationship between age at puberty in cattle and antral follicle count, as shown on the top right. Here again, the relationship is not tight, indicating that many factors affect age at puberty, but there is a clear relationship. In the lower right graph, progesterone concentrations were measured in low, medium and high antral follicle count in heifers and indicate clear effects of antral follicle count on plasma progesterone concentrations. These measures were made during the cycle, but could provide a mechanism for the effect of antral follicle counts on uterine protein secretion during pregnancy shown in a previous slide, because uterine protein secretion is controlled by progesterone. Taken together, we have made good progress in understanding the influence of antral follicle counts on fertility. Antral follicle counts can be relatively easily measured in cattle using ultrasound, so this represents a possible screening method for fertility in cattle. 



Anticipated product: Strategies that optimize male and female 
contributions to reproductive efficiency.
 GNRHR2 and varicocele in boar fertility
 Bull contributions to calving
 Possible additions to semen extenders in turkeys

Presenter
Presentation Notes
	This anticipated product is to develop strategies that optimize male and female reproduction. Many of the other anticipated products deal with female reproduction so this anticipated product is somewhat redundant with other anticipated products. All of our research findings dealing with male reproduction falls into this anticipated product. The slides that follow describe effects of GNRHR2 and varicocele on boar fertility, bull contributions to calving success and possible additions to semen extenders in poultry. 



From Desaulniers et al., 2017; GnRH2 receptor 
knockdown reduces testosterone in boars

Varicocoele in 
boars, Gruhot et 
al., 2018; In 
humans, 
varicocoele is 
associated with 
reduced 
fertility. 
Heritability is 
about 0.25

Presenter
Presentation Notes
	The left hand graphs on this slide indicate the results of GNRHR2 knockdown on mRNA levels and testosterone levels in boars. As expected, expression of the GNRHR2 gene was significantly reduced after knockdown of the gene. Testosterone secretion by boars was significantly reduced in GNRHR2 knockdown boars. One possible utility of this might be reduction of boar taint, which occurs in response to testosterone secretion, but it would also likely reduce growth rates of boars as well. The role of GNRHR2 in reproduction is not clear, and these experiments help to delineate the effects of this receptor in male physiology. 
	In other studies, ultrasound was used to measure diameters of the pampiniform plexus in boars, and significant natural variation in the diameter of the vessels in the pampiniform plexus was found. This is similar to the approach used for fescue toxicosis in bulls in previous slides, except that this explores the natural variation that occurs. This examination discovered that many boars may have enlargement of the vessels similar to varicocele in humans, which is associated with reduced fertility in humans because of the reduced ability to regulate testis temperatures. Size of the vessels was found to be heritable (around .5). Up to 20% of boars examined may have varicocele. The effect of this on fertility will be further explored. Measurements could be made easily by ultrasound. 



Bulls in multisire pastures 
differ in their fertility, and 
rankings appear to be 
consistent over time, 
although the difference 
decreases as the breeding 
season advances; Abell et 
al., 2017.

Presenter
Presentation Notes
	This slide shows a comparison of the fertility of bulls in a natural mating setting in pastures. Results indicate significant differences in fertility of bulls in pasture and that the ranking of bulls is stable over time. Thus, despite the use of multiple bulls in a natural mating pasture setting, the actual breeding is not equally distributed among bulls. The fact that the fertility of bulls is stable over breeding years suggests that one might determine factors influencing the superiority of one bull over another. Further research may turn up factors that could be used to determine bulls with higher fertility. 



Differential lectin binding suggests that sugar moieties on the sperm storage tubules may 
contribute to the storage and continued fertility of sperm, Bakst and Bauchan, 2017

Presenter
Presentation Notes
	This slide shows results of lectin analysis of sperm storage tubules in chickens. The table indicates a wide variety of sugar residues are present in the reproductive tract, and there are specific differences between the sperm storage tubules and other regions of the tract. In poultry, sperm in sperm storage tubules remain fertile for long periods (23 days). In the table above, the WFL lectin specific to galactose and N-acetylgalactosamine appears to be very specific to sperm storage tubules. Each lectin recognizes a particular sugar residue in a specific glycosylation setting, and the glycosylation present on sperm storage tubules may play a role in maintaining the fertility of sperm. It is possible that these glycosylations could be harnessed to improve semen extenders for poultry semen, increasing the fertile lifespan of semen collected from individual roosters. 



Anticipated product: Data to facilitate appropriate matching of 
management and production resources with genetic potential of 
breeding animals with the goal of increasing reproductive rate.
 Matching sheep breeds and composites to range conditions in the 

west

Presenter
Presentation Notes
	This slide shows an anticipated product that matches management to the genetic potential of breeding animals. The next slide presents work that provides sheep producers information to help match the fertility of sheep to range conditions in the west.



Crosses with greater 
fecundity are more 
profitable in rangeland 
conditions, Romanov-
White Dorper crosses 
developed at USMARC, 
tested at USSES; Notter et 
al., 2017

Presenter
Presentation Notes
Sheep producers on rangelands in the west question the utility of sheep crosses developed at USMARC in Clay Center with higher fecundity in their more challenging rangeland setting. Research from our Dubois location explored the success of lamb production using these crossbred ewes, both as young animals and as adult ewes. Breeds compared were Rambouillet (RA), Polypay (PP), and Romanov-White Dorper crossed with Rambouillet (RW-RA). Results clearly show that the RW-RA have a greater lambing rate, give birth to a greater number of lambs, and most importantly, wean more lamb weight compared to Polypay and Rambouillet, both as young animals and as mature ewes. In fact, in other studies, scientists have been able to show that range conditions can support a litter size up to 2.2 lambs per ewe, but increasing litter size beyond this threshold does not result in further efficiencies or profitability. 



Problem Statement 1C: Enhancing Animal Well-Being and 
Reducing Stress
Anticipated product: Development of specific management 
strategies (e.g., time of animal processing and vaccination, use of 
non-antibiotic supplements, etc.) targeted at reducing animal stress 
and improving immunity.•Yeast and yeast product supplementation•Pre and probiotics (glutamine, lactobacillus)
Anticipated product: Enhanced understanding of genetic, 
physiological, immunological, microbial and behavioral responses 
of food animals to management and environmental stressors.•Heat stress•BRD

Presenter
Presentation Notes
	This slide introduces Problem Statement 1C, Enhancing Animal Well-being from Component 1. The two highest anticipated products addressed from this problem statement were development of specific management strategies to reduce animal stress and improve immunity and enhanced understanding of animal responses to stressors. For the first anticipated product, research investigating the use of yeast products as supplements and other pre and probiotics will be presented in the slides that follow. For the second, experiments to understand the mechanisms of heat stress and animal responses to bovine respiratory disease will be presented. 



Posadas et al., 2017

Young et al, 2017, Variability in effects on growth under 
challenge conditions depending on source of material

Presenter
Presentation Notes
	On the left side of this slide, in vitro adherence of pathogenic bacteria to yeast probiotic products are presented. Two commercially available yeast probiotics (LYA and LYB) and three yeast cell wall products were tested for bacterial adherence. Adherence of pathogens to yeast products varied from 6 to 97% depending on the pathogen and the yeast product. Cell wall products were even more variable ranging from 0 binding to 98%, depending on the pathogen and the product. The bottom graph shows results of a filtration assay to measure binding of E. Coli, Salmonella and Listeria to the 5 different products. Concentrations were measured on the filtrate, essentially measuring unbound bacteria. The two yeast products bound all three, reducing concentrations by nearly four logs. Yeast cell wall products bound salmonella and listeria in this assay, but not E Coli. Binding of bacteria to yeast products may provide a mechanism to explain their effects on gut health and growth rates, and these assays could serve as a screening tool for this effect. 
	On the right of this slide, experiments to determine the effects of yeast cell wall products on growth rates and feed efficiency are presented. The two tables represent results of trials using two different sources of yeast cell wall products. In the top table, yeast cell wall products were effective at increasing average daily gain and gain to feed ratios in cattle. In the second table, yeast cell wall products from another source were not effective in improving gain or gain to feed ratios. Collectively these results indicate that live yeast or yeast cell wall products can improve gain in cattle, possibly through adherence of pathogenic bacteria, but differences in results obtained from similar products obtained from different sources urge caution in the broad use of these supplements. 



Johnson and Lay, 2017. Glutamine increases 
weight gain in pigs treated with simulated 
transport stress

Lactobacillus fermentation products increase weight gain 
in piglets. Sanchez et al., 2019

Presenter
Presentation Notes
	This slide shows results of testing glutamine and lactobacillus fermentation products as alternatives to antibiotics in pigs. In the graph on the left, transport stress was simulated by placing piglets in transport trailers and holding them there for 12 hours. The graph illustrates that glutamine was effective in improving growth of piglets after this treatment, and other studies by this group have confirmed that glutamine can improve growth of piglets under stress conditions. 
	On the right, provision of lactobacillus fermentation products that are commercially available improved weight gain and gain to feed ratios on nursery age pigs during the course of the experiment, but ultimately did not affect the final weights achieved. Thus there may be periods during the nursery stage of piglet growth where these supplements may be effective, but ultimately pigs recover from growth setbacks probably due to the effects of compensatory gain. 



From Chapel et al., 2017. Fasting 
heat production and 
triiodothyronine are increased 
after gestation during heat stress. 
Suggests an increase in heat 
production that could reduce the 
use of nutrients for growth etc.

Presenter
Presentation Notes
	This slide shows the results of in utero heat stress on fasting heat production and triiodothyronine in pigs from our West Lafayette lab. Fasting heat production was greater in animals that were heat stressed in utero, and triiodothyronine was also increased, which is the hormone that controls basal metabolic rate, so the two observations are quite consistent. These results indicate that offspring that were exposed to heat stress in utero likely have a greater basal metabolic rate and heat production, which would reduce growth and feed efficiency. 



Comparison of sites of sampling and some 
evidence of bacteria associated with disease 
onset, McDaneld et al., 2018

*

*
*

Blood cells and cytokines associated with BRD, Lindholm-Perry 
et al., 2018. Used Bovine Inflammatory Cytokine and Receptor 
PCR
Array (Catalog #PABT-011Z; Qiagen)

Presenter
Presentation Notes
	This slide shows summaries of research directed at Bovine Respiratory Disease in cattle. In the two left most figures, the microbiome of shallow and deep nasal swabs taken from cattle that were diagnosed with BRD or controls are presented. Swabs taken from the two sites did not differ much, indicating that shallow swabs could be used for sampling, which is easier on the animals. There were clear differences in the bacteria present in cases versus controls, which are most obvious in the lower graph (see arrows). BRD is a complex disease with multiple organisms contributing. Increasing our understanding of the organisms involved in the disease will provide strategies to reduce its prevalence, and the detrimental effect it has on cattle welfare and production. 
	On the right hand side of this slide, results of analysis of blood cell changes to BRD are presented. The top table presents a comparison between cases and controls for concentration of different blood cells, and the lower table illustrates changes in cytokine gene expression in blood cells, comparing cases to controls. BRD calves had lower monocytes, neutrophils and basophils, suggesting that these cells had left the blood stream to fight infection in the lungs. Three cytokines were increased in blood cells of BRD calves versus controls. Cytokines contribute to the immune response and inflammation. CXCR1 activates neutrophils. CCRI and CCL16 are products of monocytes and the inflammatory cascade. Understanding animal responses to infection may provide strategies to reduce the detrimental effects of respiratory infections. For many respiratory diseases, an overly aggressive inflammatory response in the lungs often results in poor outcomes. 



Anticipated product: Objective, science-based criteria for assessment 
of animal stress and well-being in production systems in response to 
various management techniques.
 Tear stain, heart rate, intestinal permeability as measures of stress

Presenter
Presentation Notes
This slide introduces an anticipated product focused on developing science-based criteria for assessing animal stress. In the slide that follows, tear staining, changes in heart rate, and changes in intestinal permeability will be presented. 



Tear staining in pigs Telkanranta et al., 2016. Low 
but significant correlation with tail and ear damage

Heart rate variability and heat 
stress, Byrd et al., 2020

Heat stress increases 
intestinal permeability to 
lipopolysaccharides, Johnson 
et al., 2016

Presenter
Presentation Notes
	In the left-most set of graphs, Scientists at West Lafayette demonstrated that heat stress increases intestinal permeability to lipopolysaccharides, which are bacterial products that stimulate various portions of the immune response. Thus, under heat stress, animals would  be more prone to a poor reaction to harmful bacteria in the gut. In the middle figure, tear staining in pigs is illustrated. Results indicated that the degree of tear staining in pigs was correlated with tail and ear damage, indicating that it might be used to assess stress in pigs. However, the correlation was low. In the right-most table, Heart rate variability was investigated to determine if it could be used as an indicator for heat stress. SampEn and %DER were different between heat stressed and temperature neutral controls. Sample Entropy (SampEn) is a measure of heart rate variability over time, higher values represent greater variability. Determinism (%DET) is a measure of periodicity, higher values indicate greater periodicity. These data suggest that heart rate variability might be used as an indicator for stress, but further research is ongoing. 



Anticipated product: Species-specific, cost-effective strategies to 
mitigate animal stress and improve animal well-being and longevity 
in conventional production systems.
 Heat stress mitigation
 Piglet euthanasia

Presenter
Presentation Notes
This slide shows an anticipated product dealing with strategies to mitigate animal stress in production systems. In the following slides, heat stress mitigation research, and investigation of improved piglet euthanasia techniques will be presented. 



Effects of low and high water flow 
through sow cooling pads on sow 
respiration rates during farrowing 
and lactation. Upper graph is mild 
heat stress, lower graph is moderate 
heat stress. Maskal et al., 2018

From Boyd et al., 2015 and Hayes et al., 
2017

Presenter
Presentation Notes
	On the left of this slide are results from the use of cooling pads in the farrowing house. The top leftmost graph shows the temperature conditions used to generate mild and moderate heat stress conditions on farrowing sows. The middle graph at the top are the respiration results from sows in the mild heat stress environment and illustrates that both the low and high water flow through the cooling pads was successful in reducing respiration rates in the mild heat stress environment, although the reduction in respirations was not as robust. The graph on the lower left shows the results from the moderate heat stress. Both flow rates effectively reduced respirations in the sows. This represents a possible immediately useful solution to improving sow welfare in the farrowing house in warm environments.  
	On the right side of this slide is a picture of shade structures developed at USMARC in Clay Center for the feedlot. These structures are placed in the feedlot so that the shade migrates across the pen as the sun moves, so that cattle don’t congregate on a single spot within the pen, causing manure buildup and other damage to the pen surface. The lower graph indicates the use of the shaded areas over the course of the day. Shade use increases by cattle during the day and reduces again in the evening and early morning, suggesting that the shade is providing some relief from heat stress. Like the sow cooling, this represents an immediately useful solution to feedlot heat stress. 



Series of experiments to determine whether nitrous oxide provides a better euthanasia method than using carbon 
dioxide alone. Table on the upper left indicates that nitrous oxide is effective at rendering animals ataxic. Graph 
indicates that 75% nitrous is not aversive to piglets. Table on the right indicates that 90 % nitrous reduces brain 
activity to zero slightly longer than 90% Carbon dioxide, and there is some evidence in the graph on the lower 
right that pretreatment with 60% nitrous before carbon dioxide is less aversive to piglets 

Presenter
Presentation Notes
	This slide shows results of experiments to determine if pretreatment of piglets with nitrous oxide gas before completing euthanasia with carbon dioxide provides measurable piglet welfare benefits. In Table 2 on the left, piglet aversion to 60% nitrous oxide and 90% nitrous oxide was tested. The number of seconds piglets remained on the treatment or control side, displayed normal behavior, demonstrated ataxia, flailed, and the total duration of the test is indicated. The higher concentrations shortened the test, which ended when piglets became recumbent or began flailing. At 60% nitrous oxide, little aversion to the treatment side occurred, but was present at higher concentrations. Normal behaviors were suppressed at 90 compared to 60 % nitrous oxide. Periods of ataxia were shorter at the higher concentration. In the lower graph on the left, similar measures were made for different concentrations of carbon dioxide and nitrous oxide. Total time was reduced by higher concentrations of both gases, and there was very little evidence of aversion to the gas at these concentrations (similar times in gas and control sides). 
	In the table on the right at the top EEG measurements on the pigs are summarized. Times to reach transitional EEG and isoelectric EEG (loss of brain function) are indicated. Piglets reached both EEG thresholds faster for 90% CO2 compared to 90% nitrous oxide, but 60% nitrous oxide for 15 minutes followed by 90% CO2 reached these EEG thresholds even faster (the number shown is the time after CO2 was applied, piglets do not die using 60% nitrous oxide). The lower graph shows the total power estimate from the EEG and indicates that the EEG decays more quickly in the 60NC treatment compared to the 90C treatment. Taken together, there were few advantages to the use of nitrous oxide for euthanasia in piglets, either alone or in combination with carbon dioxide. Nevertheless, using nitrous oxide as a pretreatment in the euthanization of piglets may be easier on the piglet, because high concentrations of CO2 are noxious to piglets.  



Anticipated product: Comprehensive production system best 
management practices that improve production efficiencies 
while also maintaining or improving animal well-being, 
product quality, and economic competitiveness and 
sustainability.
 Poultry housing innovations

Presenter
Presentation Notes
This slide introduces an anticipated product to develop comprehensive production system best practices to improve production efficiencies and improve animal welfare. The next slide will described some poultry housing innovations developed by ARS



Increased air flow increases egg production and the 
size of eggs is larger, Purswell et al., 2015

Long (23L:1D) and intermittent (2L:2D) photoperiod 
increased growth rate of heavy broilers and decreased footpad 
lesions (3 is the largest score on this scale), compared to short 
(8L:16D) photoperiod 

Presenter
Presentation Notes
	This slide shows results from Mississippi State. In this experiment, the effect of airflow through the barn on egg production of layers was examined. In the top graph on the left, hen-day egg production was greater when air flows were .76 meter per second or greater. In the bottom graph on the left, eggs were also larger for air flows greater than .76 meters per second. No increases in production were found for air flows of 1.52 meters per second, indicating that there is a threshold airflow beyond which further improvements in production are not expected. 
	On the right, experiments to determine effects of lighting on weights, eyes, and footpads of broilers are presented. Results indicate that photoperiods of light are more important than light intensity, in the range between .5 lux to 10 lux. Long (23L:1D) and regular interval (2L:2D) resulted in greater body and eye weights and fewer foot lesions compared to short-non-inter (8L:16D). The lack of effects of light intensity indicate that producers can save energy by reducing the amount of light in the barn and not compromise welfare.  



Component 2: Understanding, Improving, and Effectively Using Animal Genetic 
and Genomic Resources

Problem Statement 2A: Develop Bioinformatic and other Required Capacities for 
Research in Genomics and Metagenomics

Anticipated product: Improved annotation of genome sequence assemblies for food animals, 
including participation in the Functional Annotation of Animal Genomes consortium.• FAANG efforts• Improved genomes• Trio binning
Anticipated product: Enhanced metagenomic characterization and analysis of the gut 
microbiome to develop better understanding of the relationship between the microbiome and 
the health, productivity and environmental impact of food animals.• Rumen microbiome• Piglet mycobiome

Presenter
Presentation Notes
	This slide introduces Component 2: Understanding, Improving and effectively using animal genetic and genomic resources; Problem Statement 2A: Develop bioinformatic and other required capacities for research in genomics and metagenomics. Two anticipated products, Improved annotation of genome sequences and Enhanced metagenomic characterization of the gut microbiome will be presented in the following slides. For genome annotation, I will present our efforts related to the Functional Annotation of Animal Genomes consortium to understand how animal genomes work. I will also talk about significant improvements in animal genomes that have occurred during this 5 year cycle. For the metagenome, I will talk about efforts to fully sequence and assemble the rumen microbiome of cattle, and characterizations of the piglet mycobiome. 



Bisulfite sequencing on tissues, Zhou et al al., 2016

RNA seq to 
annotate the 
genome in 
pigs, Beiki et 
al., 2019

Blood transcriptome 
improved the 
genome and refseq
resources for pigs, 
Liu et al., 2017

Presenter
Presentation Notes
The top table describes an effort to map DNA methylation sites in the cattle genome for a variety of tissues. Tissues included skeletal muscle, testis, mammary, uterus, brain, abomasum, ileum, rumen, white blood cells, and d90 lactating mammary gland. The table shows general statistics for the sequencing effort. Bisulfite sequencing data from this effort are available on the gene expression omnibus website of NCBI, under the accession number GSE76346. Methylation data from tissues will help us determine sequence variation that influences gene expression, since methylation of specific sites is a mechanism of turning on and off gene expression.
	In the figure on the lower left, data are summarized from an effort to characterize RNAs from various tissues in pigs. RNA was sequenced from spleen, thymus, hypothalamus, small intestine, liver, diaphragm, brain and muscle. Complete characterization of RNA expressed in various tissues is needed to annotate the full complement of genes that are expressed in the genome. It is also useful to understand in what tissues various genes are expressed, to be able to understand how variation in gene sequence affect traits of interest. This type of data also contributes to understanding how specific gene polymorphisms influence quantitative traits. 
	The graph on the top right is a similar RNA seq effort focused on blood cells. The results contributed to improvements in the annotation of mRNAs for genes expressed in blood cells. This graph shows how the results either increased both the sequences in the 5’ and 3’ ends of the RNAs, extended the 5’ or 3’ ends of the RNAs, or resulted in shorter 5’ and 3’ ends of mRNA, essentially correcting the mRNA structures of various genes specifically for blood cells. The 5’ and 3’ ends of RNA contain sequence elements that control RNA stability and translation efficiency, so knowing their correct structure contributes to understanding gene function in these cell types. 
Collectively, these efforts contribute to understanding the genome, and provide information that improves our ability to use the genome for genomic selection. It also contributes to our knowledge of gene function in providing non genetic strategies that can alter economically relevant traits. 

 



Butyrate induced changes in methylation 
in cattle, Fang et al., 2019

Cattle tissue atlas integrating GWAS loci, genes, tissues and 
chromatin changes, Fang et al., 2020

Presenter
Presentation Notes
	These two figures present our best work in the area of genome functional annotation and are from our Beltsville lab. These scientists assembled results from GWAS, chromatin sequencing, and transcriptomic analysis to develop a tissue gene atlas for cattle. On the left of this slide results of changes chromatin structure in response to butyrate are shown. As previously indicated, butyrate is a maturational metabolite that helps in the differentiation of gut cells in ruminants. In this experiment, rumen primary epithelial cells in culture were used to define DNA sequences that were associated with different histone modifications, and these were used to generate 15 different chromatin states as described previously for similar work in humans (Roadmap Epigenomics Consortium, 2015). Abbreviations represent 15 defined chromatin states similar to those previously described: TSSA, TSSAFlnk, EnhA, EnhAATAC, EnhWK, EnhPols, EnhPolsATAC, EnWkCTCFATAC, are active expression states; BivFlnk represents regions that can turn on and off, and REPRWk CTCF, ReprPC, ReprPCWK, and Quies are regions that are turned off. The top of this figure shows enrichment of these regions with various known DNA regions like CpG islands, Genes, coding regions (CDS), 5’ untranslated regions of mRNA, Promoter (defined as 1000 base pairs upstream of genes), Transcription start sites (TSS), Transcription end sites (TES), expressed genes, expressed genes start sites, expressed gene end sites, repressed (essentially unexpressed) genes (Repr-genes), repressed start and end sites, zinc finger genes, transcription factors genes (TF), ruminal epithelial primary cells specifically expressed genes, LINE, SINE, satellite and long terminal repeats. The top part of this figure demonstrates that the active transcription factor site chromatin designation is increased around CPG islands, coding regions, and the 5’UTRs and promoters, particularly of expressed genes. Both expressed and repressed genes are associated with the Flanking bivalent chromatin designation, consistent with genes that turn on and off, and the repressed genes are somewhat associated with repressed chromatin. The lower left part of the figure indicates the positions of the chromatin designations centered over the different genome structures, and they indicate that many of the chromatin designations are specific to the actual regions of the genome. Finally, the lower part of the figure on the right indicates the likelihood of transitioning between the different types of chromatin structures observed in this experiment. As one might expect, poised enhancers are most likely to transition to quiescent. 
	In the second very complex figure on this slide, these data were used to create the cattle tissue expression and QTL gene atlas linking chromatin changes and gene expression in specific tissues to quantitative trait loci to provide clues to which genes and which tissues were contributing to genomic regions associated with specific traits of interest. In this experiment, an analysis was done to generate genes specifically expressed by each tissue, and then that was linked to chromatin changes around all genes, and to genes near to QTL regions for various traits. Such a gene atlas provides our best attempt yet to integrate all of these pieces of information to begin to unravel the gene architecture of quantitative traits. This type of data is especially valuable if one wanted to use gene editing to alter traits, because it directs scientists to the QTL region, the chromatin modification and the relevant tissue, all of which would be useful for exploring direct modification of DNA using gene editing. Individual traits are along the bottom and are color coded for broad categories. Increased color indicates specific genes associated with that tissue are correlated with the trait. This will become more useful as more data becomes available for chromatin changes and tissue gene expression. A similar effort is now in progress for swine. 
 



ARS goat genome 
compared to previous 
goat sequence. 
Resolved several 
problems and removed 
many gaps. Bickhart et 
al., 2017

New more contiguous 
pig assembly (top) 
compared to the old 
assembly, alternating 
black and grey indicate 
contigs

Presenter
Presentation Notes
Our scientists have also participated in generating new, substantially better genomes for cattle, pigs and goats. Goats and pigs are illustrated here. The new sequences have many fewer errors and are assembled into many fewer contigs than previous versions (shown in the figures on the right). Previous versions have also been plagued with erroneous gene duplications and improperly assembled genes. Many of these problems have been resolved in the new genomes. 



Trio binning 
strategy, Angus 
versus 
Brahman, 
haplotype 
resolved 
sequences, 
Low et al., 
2020. Two 
complete 
genomes Trio binning 

yak and cattle 
hybrid, 
haplotype 
resolved 
sequence better 
than the current 
human 
genome. Rice 
et al., 2020. 
Chromosome 1 
is a single 
contig

Presenter
Presentation Notes
The improved genomes are for the most part due to improvements in technology, but we have also developed a novel way to sequence that has dramatically improved the results. The method is called trio binning. Long (Pacbio, nanopore) and short (Illumina) sequencing are combined to generate essentially two complete genomes from a single individual, taking advantage of the fact that every animal has two complete genomes. In trio binning, short range sequences from the parents are used to “bin” long range sequences from the offspring by alignment of the two types of sequences. Then, one can assemble the male and female binned sequences separately, generating two complete haplotypes for the offspring. The alignment relies on heterozygosity of the offspring, so it works better if the parents are very genetically diverse. This is a completely opposite strategy to sequencing up to this point, in which we tried to minimize variation in the offspring by using highly inbred animals. On the right hand side of this figure, a yak was crossed with a Scottish highland breed of cattle, to maximize the diversity. The yak originated sequence (g) that resulted from this experiment was better than the current version of the human genome, in a single experiment. This strategy is now being used for sequencing of many different plant and animal species. 



The combination of long- and 
short-range sequencing was 
effective at generating full 
sequences for numerous 
bacteria found in the rumen. 
Surprisingly, many viruses 
were found and Hi-C was 
effective in assigning the 
viruses to hosts. These viruses 
could be used to modify 
various components of the 
rumen, or possibly be used as 
a vector to introduce novel 
genes where they are desired. 
Bickhart et al., 2019

Microbiome analysis of feed efficiency in cattle, 
Myer et al., 2015

Presenter
Presentation Notes
	This slide shows results from efforts to characterize the rumen microbiome. On the left side of this slide, the rumen of a dairy cow was sampled, DNA was isolated and sequenced, and the full genomes of as many of the microorganisms present as possible were assembled. The sequencing used both long and short range sequencing technologies. In the top part of this figure, sequences from long range and short range sequencing and how they overlap with the known sequences in two currently available databases are presented. Both sequencing strategies provide assemblies that are novel to the two current databases.  In the bottom part of the figure, the short and long assembled sequences are aligned with various microbiological phyla, and the coverage is compared to results from 16s analysis of the microbiome. Clearly, the assemblies identify representatives of a large number of microbial phyla that the 16S analysis does not, and the short read assemblies provide more phyla than the long read assemblies, however there is also some evidence that the two together provide complementary information. This experiment also identified viral DNA, and using Hi-C techniques linked viruses to their hosts, which is depicted on the lower left. These are completely novel findings, and viruses may represent a way to manipulate specific microorganisms within the rumen, either to reduce specific members of the microbiome, or by using viruses as a vector to alter the genomes of targeted microorganisms. 
	The graphs on the right of this slide indicate microbiome analysis of rumen microrganisms associated with feed efficiency in cattle. This experiment was arranged similarly to the previous experiment to determine differences in transcriptomes between high and low gain cattle and high and low feed intake cattle.  Principle component analysis did not separate the four groups, but lactobacillus, acidaminococcus, Anaerovibrio, Family Lachnospiraceae, and Family Veillonellaceae differed between high and low feed intake animals, and Family Erysipelotrichaceae, genus RFN20 differed between high and low gain animals. Understanding differences in the microbiome of high and low intake and high and low gain animals provide microbiological targets for altering feed efficiency in cattle. 



Very clear transition from 
very little fetal fungi to 
huge amounts of fetal 
fungi at weaning. Many 
questions to answer from 
this work, and lots of 
possible implications. 
Summers et al., 2019

Presenter
Presentation Notes
This slide shows results from our Beltsville location where the fungal mycobiome was examined in piglets up to day 35 of age. Piglets were weaned in this experiment on day 21 of age. Very dramatic changes in the mycobiome occur after weaning in pigs, suggesting that milk from the sow may stabilize the mycobiome up until weaning. Principle component analysis clearly separates samples from before and after weaning (principle component 1 in the graph on the upper right). In the lower graph, the greatest proportion of fungi found after weaning were Saccharomycetaceae. Bacteria were also characterized in this experiment, and dramatic changes in bacteria present also occurred coincident with weaning. Within the Saccharomycetaceae, Kazachstania Sloofia (KS) was the predominant fungus within this group. Current studies are seeking to determine if dosing piglets with KS will improve production and/or reduce poor health after weaning such as scouring. Studies like this may provide information that can be used to beneficially manipulate the micro and mycobiome of pigs to improve production and health.  



Anticipated product: Association of genetic and genomic effects with 
economically important traits, including but not limited to growth, 
feed efficiency, reproductive efficiency, and production efficiency.
 Loss of function, number of mammary glands, liver abscesses, 

feeding behavior in heat stress, heifer fertility GWAS analyses

Presenter
Presentation Notes
This slide introduces an anticipated product to define associations between genetic and genomic effects with economically important traits. The next few slides will focus on genes with loss of function due to genetic variation (pigs), along with QTL for number of mammary glands (pigs), liver abscesses (cattle), feeding behavior in heat stress (pigs) and heifer fertility. 



Determined loss of function and non-
synonymous snp in pig sequence, Keel 
et al., 2018

GWAS for teat number in pigs, Rohrer and Nonneman, 
2017

GWAS for feeding behavior changes during heat stress, 
Cross et al., 2018

GWAS for longevity in cattle, Hay and Roberts, 
2017

Presenter
Presentation Notes
	In the upper left figure on this slide, DNA sequences were generated from 72 founding animals of a population of pigs that were available at USMARC in Clay Center, including 12 duroc and 12 Landrace boars, and 48 Yorkshire–Landrace crossbred sows. Sequences were aligned with the Sus scrofa 10.2 genome and single nucleotide polymorphisms were identified. Using gene annotations of the 10.2 genome, these SNP were split into genic and intergenic regions, and the genic regions were then split into intronic and non-intronic (coding) regions. Finally DNA polymorphisms within the coding regions were divided into loss of function, untranslated region, synonymous coding, non-synonymous coding and other types of polymorphisms. 1,729 polymorphisms that were predicted to cause loss of a functioning gene were identified. 64,232 polymorphisms were found that were predicted to alter the protein coding region of the gene. These polymorphisms are expected to have effects on phenotypes and have now been incorporated into a genotyping chip available from illumina. The other three panels show results of various GWAS analyses. On the top right, loci that are associated with variation in feeding behavior under three different heat stress conditions are shown. The three heat stress categories are progressively more severe (alert, danger, emergency). Loci associated with changes in feeding behavior under these conditions were located on chromosome 5, 7, 10 and 14 and were responsible for 8 to 13% of the variation, so they represent loci that have large effects on these traits. This type of information could be used to select for animals that maintain feeding in heat stress environments, possibly improving summertime growth and other seasonal problems.
	The graph on the lower left is a manhattan plot showing loci associated with number of mammary glands in pigs. Pigs are one of the few animals where the number of mammary gland varies between animals. Results of this experiment show that number of mammary glands in pigs is reasonably heritable, and there are two loci, one on chromosome 10 and one on 14, that are associated with variation in number of mammary glands. As litter sizes increase in the swine industry, number of functional mammary glands must also increase, so these results are likely to be useful for improving the effectiveness of that selection. 
	On the lower right, results of a manhattan plot for a GWAS of longevity in the breeding herd for cattle is shown. Longevity is a very complex trait with a large number of factors that influence it, thus the individual loci are not particularly strong. Nevertheless, loci on chromosome 1, 2 and 20 were found. As with other traits, these results can help to improve genetic selection for these traits, and can also suggest genes that might have an influence on the traits themselves. 





Genotyping after sample pooling- liver abscess, Keele et 
al., 2016

Clustering analysis indicates 
some population structure 
among pools (samples 
collected from 
slaughterhouse). These 
relationships were accounted 
for in the analysis

Loci above the green 
line were greater than 
the false discovery 
rate threshold. This 
graph shows pooling 
allele frequency, 
similar results, but 
completely different 
loci, were found for 
total intensity

Significant loci obtained for pooling allele frequency. 
Separate loci were found for total intensity. 

Presenter
Presentation Notes
	This slide shows a GWAS for liver abscesses in beef cattle, but it also shows an innovation in GWAS analysis, the use of pooled sampling to perform a GWAS. Here, 24 pools of 96 animals each were pooled according to whether they had abscesses or no abscesses. The pools were then measured and each locus was used to measure allele frequency (intensity red dye over total intensity) and total allele frequency (total dye frequency, detects copy number variation). Thus, 2300 animals were genotyped using 24 chips, dramatically reducing the cost of genotyping. The graph on the upper left shows the results of clustering analysis of the results, and suggests that some pools were more related to each other and therefore the pools demonstrated some residual population structure. This structure was compensated in the analysis of the data. The lower graph shows loci that differed from the false discovery rate for this analysis, demonstrating that several loci were found using this approach. Finally, the table on the right shows the loci that differed greater than the false discovery rate, along with the genes nearby. Separate loci were found using total intensity as the genotyping method (specific for copy number variation rather than DNA polymorphisms). Results indicate loci that predispose cattle to liver abscesses, and also demonstrates that a pooled approach can be used for performing a GWAS analysis. One drawback with this approach is that only a single trait can be examined this way, the trait used for the basis of pooling. If a population has multiple phenotypes, the efficiency gained by pooling for each individual phenotype becomes less and less. 




Anticipated product: Development of comprehensive intensive and 
extensive phenomic and analytical tools to relate genomic and 
phenotypic data for development of improved genome based estimates 
of genetic merit including well- characterized and deeply phenotyped
ARS, field and other research food animal populations.
 New algorithms and traits for dairy
 New chips for turkey and swine

Presenter
Presentation Notes
This slide introduces an anticipated product that will develop comprehensive intensive genomic and analytical tools to relate genomes to phenotype. Subsequent slides will present new algorithms for traits in dairy, and new genotyping chips for turkey and swine. 



Heterozygosity decreases and increases in Holsteins due to 
selection for 40 years. Ma et al., 2019

New algorithms improved 
prediction of traits, 
particularly for conception 
rates. Van Raden et al., 2014

Developed new 
algorithms for 
imputation of 
genotypes from 
low coverage 
genotyping, Van 
Raden et al., 
2015

Presenter
Presentation Notes
	On the upper left of this slide, homozygosity analysis was used to search for selection signatures in modern dairy cattle. The figure shows the region around the bovine MHC region and indicates that the region has become very homozygous as a result of continued selection. The left panel in this figure shows results comparing modern Holsteins to Holsteins unselected since 1964. The right panel in this figure shows results from modern elite Holsteins compared to unselected Holsteins and suggests that heterozygosity in certain regions may contribute to their elite status (heterosis?).
	In the figure on the top right, new algorithms were developed to impute genotypes onto animals that had low coverage genotyping. This is now done for many GWAS analyses including imputing low coverage genotyping up to the sequence level. This innovation saves a great deal on genotyping costs. 
	In the lower table, new algorithms for genetic association analyses improved the prediction of traits, particularly for daughter pregnancy rates. A number of modifications were made to the analyses, including calculations of reliability of the analyses. 
	Paul Van Raden was one of this year’s inductees into the ARS hall of fame for this and many other innovations in dairy genomics. 




Genomic decomposition of additive, dominance 
and imprinting effects for milk yield in Holsteins, 
Jiang et al., 2017.

Improvements in reliability in mastitis and somatic cell counts 
using genotypes in the analysis, Parker Gaddis et al., 2015

Population analysis of Guernsey cattle from different countries 
indicates that U.S. and other populations are distinct. 2016

Presenter
Presentation Notes
	This slide shows further types of new analyses. In the figure on the left, milk yield is decomposed into additive, dominance and imprinting effects. Most of the time GWAS analyses report only additive effects. These authors compared the contributions of dominance and imprinting to a variety of traits in dairy cattle. Reproduction traits were more affected by imprinting than production traits, consistent with the proposed role of imprinting in placental mammals. Dominance played a greater role in production than reproduction traits, which is counterintuitive in that heterosis is meant to affect reproductive soundness. Despite these differences, neither dominance nor imprinting was useful in predicting genetic gains for either type of traits. 
	In the figure on the top right, single step method of calculation was compared to a two step method of calculation. The single step method was found to produce more reliable estimates for both somatic cell count data and mastitis analyses. The single step method was more resilient to low numbers of observations and errors in the data. 
	The figure on the lower right indicates principle component analysis of genotypes of Guernsey cattle from the United States and other locations and indicates that Guernsey cattle from the United States represent a distinct group of animals from other countries. One utility of results like these would be to locate other useful reservoirs of genetic variation for this breed.  



New Affymetrix chip that includes LOF 
snp from Keel et al., Wijesena et al., 2019

Affymetrix introduces Axiom Turkey Genotyping Array, 
developed in collaboration with the United States Department of 
Agriculture – Agricultural Research Service (USDA-ARS) 
along with Aviagen and Hendrix Genetics. December, 2015

Presenter
Presentation Notes
	This slide shows new chips that are the result of ARS research. On the left, a table of the SNP included in the new SowPro90 swine chip that includes the SNP described in the previous analysis by Keel that searched for loss of function and protein change polymorphisms. 
	On the right hand side of the slide is a new turkey genotyping platform developed by Affymetrix in collaboration with ARS, Aviagen and Hendrix genetics. 



Anticipated product: Improved bioinformatic tools for data movement, 
access, curation, annotation and analysis of extremely large genotypic, 
sequence and phenotypic data sets.
 Improved sequence data analysis
 Structural/copy number variation

Presenter
Presentation Notes
This slide introduces an anticipated product to improve bioinformatic tools for data analysis. Subsequent slides will present research to improve sequence data analysis and our work in determining copy number variation in various livestock species. 



Findmap much more efficient in processing sequences for 
alignment and identifying SNP, Van Raden et al., 2019

An exploration of 
assembled, unmapped 
reads from RNA-seq 
data suggests that a 
single assembled 
reference genome may 
be incomplete, 
Whitacre et al., 2015

Nonsynonymous SNPs 
display much less linkage 
disequilibrium when they 
are close to markers on the 
current chips, indicating 
that the markers chosen 
may not actually be very 
good at tracking functional 
SNPs

Presenter
Presentation Notes
	Researchers at Beltsville developed Findmap (table, top left), a new sequence alignment algorithm. Comparison of this new algorithm with other aligning algorithms demonstrated that it results in improved alignment of sequences as part of the necessary steps for searching for DNA polymorphisms. 
	In the figure on the bottom left, cattle RNA-seq reads that failed to align to the bovine genome were aligned to the nonredundant (nr) nucleotide database. Many of the genome unaligned sequences did align with bovine sequence available in the nr database. These results indicate that the current single bovine genome is lacking sequence that actually exists in the cattle population, and is a good justification for developing a cattle pangenome. The process of developing a cattle pangenome has been initiated. The unaligned sequences are likely the result of copy number variation and other insertions and deletions that exits in cattle DNA. A pangenome would provide a complete picture of the DNA variation that exists in the cattle population. 
	In the figure on the right of the slide, an analysis of linkage disequilibrium among SNP was done to examine the extent of linkage disequilibrium between SNP on the high density bovine chip with each other and with nonsynonymous (protein coding change) SNP that are within 2500 bp of each other. Nonsynonymous SNP are likely to result in changes in phenotype. The top graph indicates the linkage disequilibrium overall in a large number of breeds, and the middle and lower graphs are for purebred Angus and Hereford bulls. The largest percentage of nonsynonymous SNP near SNP on HD chips (30 to 40%) had very little linkage disequilibrium, whereas nearby chip SNP were more likely to be extensively linked (30-50% were highly correlated). These data indicate that the SNP selected for the chip may be very poor at tracking nonsynonymous SNP, which is what is needed for the chips to be useful in genomic selection. It is likely that the characteristics used to select SNP for the chip are responsible for this difference (most likely selection for SNP where the minor allele frequency is relatively high, nearby nonsynonymous SNP may actually be much rarer than that). These relationships are more important if one is hoping to identify the gene and SNP responsible for the trait. The chips are still useful for tracking relationships between animals, which is how they are typically used in genomic analyses. 
	



Clear differences exist between breeds on the existence of 
copy number variation in cattle. Xu et al., 2016

Vst is zero for same alleles and 1 for completely 
different alleles for copy number variation. As in Xu 
et al., different breeds of cattle clearly have 
differences in copy number variations and here the 
genes are identified, Bickhart et al., 2016

Copy number variation in breeds of sheep, Yang 
et al., 2018

Presenter
Presentation Notes
	This slide shows the results of searching for copy number variation in cattle and sheep. The top left panel shows the location of large insertions and deletions within cattle of European (TAU), Indicine (IND) and African (AFR) breeds. The figure clearly shows that patterns of copy number variation vary between these broad cattle types, and further confirm the need for a pangenome to get a full picture of the DNA variation that exists within cattle. 
	In the figure on the lower left, a manhattan plot is shown indicating Vst for copy number variation in a comparison of taurine and indicine breeds. The top plot shows results from mRNA sequencing, the bottom shows a plot for whole genome sequence. High Vst on the plot indicate regions of the chromosome that distinguish between the two breed types, and the genes on the top figure are genes that have copy variation that distinguishes between the two breed types. 
	The graph on the right shows the same type of information for sheep breeds, and indicates that different breeds of sheep also differ substantially in copy number variation across the genome. A full accounting of both single base change and gene copy variation is necessary to fully understand and predict genomic effects on livestock.



Copy number variation in pigs. Wiedmann et al., 2015

Types of CNV by pig breed, Keel et al., 2019

CNV diversity in goats, Liu et al., 2019

Presenter
Presentation Notes
	This slide shows copy number variation in pigs and goats. The top table indicates the number of CNV regions and the number of genes involved for each of the 18 chromosomes in the pig. These were detected using genotyping using the swine 60K chip, so the resolution may not be as good as sequence analysis. 
	The lower left figure shows the types of copy number variation found in a subsequent analysis of whole genome sequence. As with other species, the CNV regions detected differ according to breed.
	The figure on the right shows CNV heterogeneity in goats using the SNP50 goat genotyping chip. This figure shows diversity between goats sampled from different regions of the globe (Western Asia, WAS; Eastern Mediterranean, EME; Alpine & Northern Europe, ANE; Madagascar, MAD; Northwestern Africa, NWA; and Southeastern Africa, SEA). The figure shows the frequency in each group of the top 5% of the CNV regions (26 CNV regions). WAS and SEA groups have the least frequencies (mostly dark) of these CNV regions, NWA has the greatest collective frequency (more light) of these regions. 
	Collectively the data from these two slides shows the variation that exists in genomes between individuals from the same species. It is likely that all livestock will require a pangenome effort to fully harness the variation that is present in the genomes of the individual members of each species. 



Problem Statement 2B: Characterize Functional Genomic Pathways 
and their Interactions

Anticipated product: Genetic prediction tools for traits in food animals 
related to health, production efficiencies, adaptability, and functionality in 
varied domestic and international production systems.

•Genes affecting ruminal maturation in dairy cattle

Anticipated product: Information relating the function and regulation of 
individual genes and their interaction with environmental and epigenetic 
effects contributing to economically important traits in food animals.

•Resistance to Mareks disease tumors

Presenter
Presentation Notes
This slide introduces Problem Statement 2b: Characterizing functional genomic pathways, and the next slides will discuss research addressing the anticipated products of developing prediction tools for various traits and information relating to the function and regulation of individual genes and their interactions 




Genes that have both increased 
expression and changes in chromatin 
between rumen treated with butyrate, 
rumen changes after weaning, and 
MDBK cells treated with butyrate. 
Fang et al., 2019

Presenter
Presentation Notes
	This slide shows results from an experiment further exploring gene expression in response to butyrate, which overlaps with results presented earlier for Component 2A, since both anticipated products address functional genomics. On the left, the protocol to compare rumen primary cells with ruminal tissues after weaning, ruminal tissues treated with butyrate, and MDBK cells treated with butyrate are shown. The figure on the right indicates the overlap of differentially expressed genes in rumen tissues from weaning, treated with butyrate and MDBK cells treated with butyrate. There is substantial overlap of differences in expression between these three cell/tissue physiological states. Some important maturational gene expression changes could be found in the overlap of all three states. In addition, one might expect the overlap between rumen butyrate treated (BT) and rumen tissues collected at weaning to provide genes that are specific to maturation at weaning that is controlled by butyrate. These results, which were incorporated into the tissue atlas previously presented, represent excellent contributions to the functional genomics in cattle. 



Allele specific expression identifies many loci 
affecting resistance to Marek’s disease when 
resistant and susceptible lines are mated and progeny 
are evaluated for resistance. Cheng et al., 2015

ASE based selection resulted in 
resistance differences after one 
generation. Cheng et al., 2015

Meq oncogene expression corresponds with latency onset of Marek’s 
virus. Meq expression transforms cells into tumors. Tai et al., 2017 MDV012 gene from 

Marek’s disease 
prevents MHC class 
1 antigen 
presentation, Hearn 
et al., 2015

Transcriptomic analysis 
between resistant and 
susceptible lines, Dong et 
al., 2017

Presenter
Presentation Notes
	This slide presents several experiments that address our efforts in the functional genomics of Marek’s disease in poultry. Although this work is primarily animal health related and focused on a specific disease, Marek’s is a ubiquitous disease in poultry that is spread by feather dander. It is caused by a virus (Gallid Herpesvirus 2) that results in t-cell tumors that lead to death of the bird, and it is a very costly disease to the industry. The approach taken in this research is to determine the role of host genetics on resistance to the virus and particularly its tumor promoting activity. So this type of research fits well within the NP101 program. 
	The figure on the top left shows flow cytometry results of Meq specific expression in peripheral blood monocytes. In this experiment, green fluorescent protein coding sequence was inserted just after the Meq promoter in a construct, which was subsequently introduced into the peripheral blood monocytes. They were then infected with Marek’s disease virus. It is clear from the figure that expression of GFP, driven by the Meq promoter, increases within 7 days of infection with the virus. This and other research indicates that Meq expression is part of the cascade of gene expression that transforms T-lymphocytes into tumors. 
	In the figure on the top right, the effect of the Marek’s Disease Virus (MDV) 012 gene on class 1 MHC genes is demonstrated. The ability of the virus to decrease expression of the class 1 MHC gene in poultry is part of the mechanism of infection of this virus. Individual MDV genes were incorporated into vectors and systematically expressed in DF1 (chicken fibroblast) cells. The graph clearly shows that the MDV012 gene reduces expression of the class 1 MHC gene (two different MDV012 constructs were tested), indicating that suppression of MHC class 1 genes are another piece to the puzzle of the mechanism of this disease. 
	In poultry, it is possible to develop highly inbred lines, similar to methods used in mice. Many years ago, ARS scientists developed inbred lines that were susceptible and resistant to Marek’s disease tumor induction. These lines have been instrumental in determining genes involved in host resistance to Marek’s disease. In the figure on the bottom left, transcriptomic analysis was performed comparing resistant and susceptible lines. Spleen tissues were used. Line 63 is resistant, line 72 is susceptible. The figure shows expression differences for several genes, red are increases, green are decreases. Many of the genes are increases in the susceptible line and many are involved in the immune system, which seems counterintuitive. Nevertheless, these analyses contribute to our understanding of mechanisms involved in host susceptibility to Marek’s disease.
	The figure in the bottom middle shows results from another approach to identify genes associated with resistance to Marek’s disease. In this experiment, resistant and susceptible lines were intermated, and progeny were challenged with the virus to phenotype offspring for susceptibility to the virus. Tumor development was used as the phenotype. Some line (allele) specific SNPs were used in the analysis, along with other random SNP. The figure demonstrates several loci associated with susceptibility with tumors. Linking these loci with transcriptomic results can provide information that will identify those genes responsible for differences in susceptibility to this disease. Careful inspection of the GWAS manhattan plots indicate that many of the allele specific markers were found in the QTL peaks in the analysis. The MHC genes are on chromosome 16, coincident with a QTL locus. In the last figure on the bottom right, the allele specific markers were used to bidirectionally select hybrid roosters from the genotyped population and mate them to hens of random genotype, resulting in offspring with large differences in resistance to Marek’s disease in a single generation. This suggests that these markers may support enhanced genomic selection for resistance for this disease. 



Problem Statement 2c: Preserve, Characterize and Curate Food 
Animal Genetic Resources
Anticipated product: A broad spectrum of genetic diversity in the form 
of viable and well documented livestock and poultry germplasm 
conserved.

•Diversity and use of animal collection
Anticipated product: A publicly available database providing 
germplasm sample, phenotypic, and genomic information to industry 
and the research community.

•Animal GRIN database development

Presenter
Presentation Notes
This slide introduces Problem Statement 2c: Preserving animal genetic resources, along with two different anticipated products from the problem statement. The two anticipated products are storing a broad spectrum of diverse genetic samples and ensuring that the samples are well documented by developing a publicly available database indicating the stored samples. This problem statement has a large service component and so much of it is not documented in publications. Nevertheless, the next slides will address these two anticipated products. 



Diversity in pig breeds of samples at 
the NAGP, Faria et al., 2019

Diversity in goat breeds, Paim et 
al., 2018. Krehbiel et al., 2019

Diversity in Herefords according to 
climate regions, Blackburn et al., 2017

Diversity in Red Angus at specific loci 
in different zones of the U.S., Krehbiel
et al., 2019 

Presenter
Presentation Notes
The publications referenced on this slide utilized samples stored at the National Animal Germplasm Preservation Center (NAGP) for their analyses. In the top left graph, diversity in pig breeds stored in the collection is indicated using principle component analysis of genotyping of animals in the collection. Similar to previously presented results, animals from different breeds cluster together and appear to be distinct from other breeds. On the top right, a similar analysis is presented for goat breeds stored in the collection at NAGP. On the bottom left and right, diversity within the Hereford and Red Angus breeds according to samples collected from different locations is shown, again by principle component analysis. These analyses illustrate that the samples stored at the NAGP display extensive genomic variation, meeting the goal of the collection. 



Completeness of collections 
by breed for various livestock, 
and use of resources for 
various purposes,  Blackburn, 
2018

Presenter
Presentation Notes
	This upper graph on this slide shows completeness of the collections by breed/species (one is complete). Each dot represents an individual breed. Good progress has been made for the various livestock species, but more is needed. The bottom graphs show releases from the collection for various purposes, the left graph is individual animals requested and the right graph is samples requested (multiple samples per animal). The most abundant use of individual animals is as a source of historical DNA. Individual samples have been used for a variety of purposes including reintroduction of lost genetics and research purposes. Stored germplasm was used to reintroduce two Y chromosomes that were lost in the current Holstein dairy herd, to improve genetic variation for this chromosome. Specific pig lines that no longer existed have also been regenerated for research purposes. 



https://agrin.ars.usda.gov/database_collaboration_page_dev

Presenter
Presentation Notes
This slide is a screenshot of the Animal GRIN database, which is a one stop online resource for the samples stored at NAGP. The database is accessible at 
https://agrin.ars.usda.gov/main_webpage_dev/ars?language=EN&record_source=US
One can explore the inventory and request samples. Increased funding was recently obtained for the animal germplasm repository. The funding is being used to increase sampling of heritage breeds of livestock, to improve the completeness of the samples for various breeds.  



https://agrin.ars.usda.gov/database_collaboration_page_dev


Problem Statement 2D: Develop and Implement Genetic Improvement 
Programs using Genomic Tools

Anticipated product: Improved genetic evaluation and genetic selection 
programs for the food animal industries.•Dairy Improvements in net merit, health traits, crossbred incorporation•Beef cattle improvements in genomic selection•Crossbreed calving difficulty estimates • Sheep improvements in fecundity, value of litter size in range conditions

Anticipated product: Genetic prediction tools for traits in food animals 
related to health, production efficiencies, adaptability, and functionality in 
varied domestic and international production systems.•Age at puberty in pigs• Inbreeding based on runs in homozygosity

Presenter
Presentation Notes
	This slide introduces Problem Statement 2D: Develop and implement genetic improvement programs. The two top anticipated products for this problem statement were improved genetic evaluation and genetic selection programs, and genetic prediction tools for traits in food animals. The next few slides will show results from that research. For genetic evaluation, there are examples in dairy cattle, beef cattle and sheep. For prediction tools, there are examples for pigs and beef cattle. 



Net merit index adjustment for inbreeding, Van Raden
et al., 2017

New health traits added to net merit, from the CDCB website

Presenter
Presentation Notes
	Dairy Genomics research occurs in Beltsville, and the scientists at that location have an ongoing collaboration with the Council for Dairy Cattle Breeding, which is an independent company that handles dairy genetic and genomic selection analyses for the United States and the world. Dairy cattle in this country are a single population under genetic selection and there is a large infrastructure to collect production data from farms to enable that selection. The relationship between ARS dairy genomics scientists and the CDCB ensures that innovations in dairy genomics research are immediately translated into improved selection for U.S. dairy cattle. The information on this slide is taken from the CDCB website and represents several innovations that have occurred during the 5 year cycle covered by this review. 
	Beltsville scientists have calculated net merit indexes for traits for dairy cattle, to help producers in selection decisions that will improve their profitability. As new research and analyses are performed, the net merit indexes are adjusted to include adjustments for various factors and the introduction of new traits. Producers are free to select animals according to their own genetic needs, but the net merit index is meant to help with decisions regarding genetic changes that will improve profitability.
	In 2017, the net merit index was adjusted to incorporate the average effects of continued inbreeding on the value of the index, individual parameters from this analysis are shown in the table at the top left. On the top right, several new traits were added to the net merit index. This table shows genetic correlations between these new traits and traits that were previously a part of the index. These correlations were incorporated into the net merit index to provide an accurate assessment of what one would expect if one selected using the updated index. 
	Most recently, crossbreed EPDs (table on the lower right) were calculated to provide genetic corrections for those producers who are using crossbreeding in their herds. Reasons to do this might be to take advantage of characteristics of different breeds, or reduce inbreeding in the herd, or to rapidly improve reproductive rates that were a casualty of selection for increased milk production. Incidentally, the net merit index properly weights the economic value of reproductive efficiency using daughter pregnancy rates, and because of this Holsteins have been slowly recovering from the low reproductive rate that occurred due to selection focused on production. 



From Rolf et al., 2015. Comparison of 
accuracies of different approaches to 
genome selection in beef cattle. Best 
analyses were obtained using 60-70% 
training, remainder prediction population. 
Allowing large SNP effects provided better 
accuracies for traits where large SNP effects 
were known or expected (Fat thickness). 
Estimating the prior estimate of the 
proportion of SNPs that do not affect the 
trait (π) based on knowledge of the trait  
generally improved accuracies of estimates. 
Traits with large expected SNP effects did 
not do very well predicting across breeds 
when π was estimated beforehand, traits 
expected to better fit the infinitesimal model 
performed better across breed.   

Presenter
Presentation Notes
	This slide shows results of experiments to determine the best approaches to genomic prediction of traits in cattle. Four choices are illustrated on this graph are those available from GenSel. GBLUP was used to obtain estimates of the variance of individual markers. If the GBLUP analysis provided evidence of markers with large effects, prior priorities (Pi), representing the proportion of markers that do not contribute to the variance, were set high (.90 to .99). Generally speaking, the different analyses provided similar results, except for Cpi for some individual breeds. In these cases, allowing for large effects reduced the accuracy generated by the analysis. Analyses indicated that 60-70% of data for prediction of the remainder (30-40%) was optimal for accuracies. The results also indicate that the accuracy of traits varied in transferability from breed to breed. This work provided information regarding the use of various analytical approaches for genomic prediction of traits in breeds of beef cattle. 



Calving difficulty score breed differences from the germplasm evaluation effort at USMARC. Ahlberg et al., 2016

Presenter
Presentation Notes
This slide shows results of a calving difficulty score assessment for the different breeds in the germplasm evaluation effort at USMARC in Clay Center. The germplasm evaluation program has been ongoing at USMARC since the mid 80s and has provided crossbreeding EPDs for the beef cattle industry. Here, the direct breed difference in calving difficulty score for using various breeds for mating is presented, using Angus as the standard breed. The breedsoln column indicates that most of the breeds contribute to increased calving difficulty score compared to the Angus breed. These values help producers decide on breeds to use in crossbreeding programs for beef cattle. They are a complement to the ongoing crossbreeding values generated by USMARC for the last three decades. 



Tests of various crossbred sheep at 
USSES indicated that range conditions 
cannot support a lambing rate much 
beyond 2 lambs per ewe. Triplets can 
be fostered, but triplets still have 
increased mortality and reduced 
weaning weights. In addition, litter 
sizes of ewes from triplet litters 
themselves have reduced fecundity.

Presenter
Presentation Notes
	This slide shows the results of evaluation of Polypay sheep at the U.S. Sheep Experiment Station and is a further effort to demonstrate that high fecundity sheep breeds are appropriate for range conditions. In the upper table, the survival and value generated by litter sizes of 1, 2 and 3 were tested in Polypay sheep. In the first experiment, ewes with triplets were divided into a fostered group or leaving the ewe with 3 lambs, to see if fostering lambs was a viable management tool. The results indicate that ewes can raise up to two lambs successfully, representing a great increase in productivity and profitability. The current average litter size on range conditions is approximately 1 lamb per ewe. 
 	The bottom table indicates the fate of lambs retained for breeding from Experiment 1. The results indicate that both lambing and litter sizes are reduced for lambs from twin and especially triplet litters, fostering had only a moderate effect. These results indicate that decisions regarding what to retain for breeding should recognize that lambs from twins and especially triplets are less likely to make good replacements to the breeding herd. These results have consequences in terms of genetic selection for litter size in sheep and also for management of the breeding herd.



A couple of large variance 
loci for age at puberty in pigs. 
GH1 and PRKD1 genes are 
nearest to the loci, affecting 
growth and fat deposition. 
Nonneman et al., 2016

Presenter
Presentation Notes
	This table shows loci that affect age at puberty in pigs using GWAS. There were two loci with nearly 10 and 7% of the variation, indicating that this trait has at least a couple of loci with large effects. These genomic regions were near the GH1 and PRKD1 genes, which affect growth and fat deposition, respectively. These results are consistent with other results that suggest that attainment of mature weight and fat levels are permissive to attainment of puberty. However, there are many other loci with smaller effects, consistent with the fact that puberty is a complex trait. Puberty attainment in pigs is a very common problem in commercial herds. Methods to improve puberty attainment at an early age would dramatically improve production. 



Data from Jersey 
cattle. Many 
regions of 
homozygosity 
correlate with 
inbreeding 
(orange). However, 
only some of these 
regions correlate to 
regions affecting 
traits known to be 
associated with 
inbreeding (red and 
blue). Much of the 
homozygosity 
reflects selection 
signature, not 
inbreeding. Kim et 
al., 2015

Data from Line 1 
Herefords. Only 
some regions of 
homozygosity 
contribute to 
inbreeding 
depression. 
Others may be 
fixed long term 
and may not be 
detrimental. 
From Sumreddee
et al., 2018

Presenter
Presentation Notes
	This slide shows an analysis of regions of homozygosity as they relate to inbreeding depression. In this experiment, inbreeding was calculated based on pedigree, and then correlated with various genomic measures of inbreeding. Of these, inbreeding based on runs in homozygosity were the most correlated with pedigree inbreeding, but the correlation was only .66 (table top left). The lower left figure shows runs of homogeneity that occur on chromosomes 9, 12, 17 and 27, and show the variability in homozygosity across sections of the different chromosomes. Finally, the pictogram on the right shows the relationships between runs of homozygosity and variability in somatic cell score, inbreeding based on pedigree and variability in daughter pregnancy rate in Jersey cattle. This figure shows that regions associated with inbreeding based on pedigree don’t always line up with regions of homozygosity associated with differences in traits that are depressed by inbreeding (daughter pregnancy rate, see the blue region on chromosome 12). Taken together, these results indicate that not all runs of homogeneity contribute to inbreeding depression, and some are likely to be the result of beneficial selection for various traits. The authors concluded that not all homogeneity is detrimental to the animal, some homogeneity is actually beneficial. The challenge going forward is discerning what loci can be homozygous and beneficial, and what is homozygous and detrimental (we must also consider nearby genes because selection drags other genes along). 



Anticipated product: Development of DNA-based diagnostics to 
provide genotypic information for use in centralized genetic evaluation 
and improvement systems particularly for novel traits.
 GWAS for number of vertebrae in pigs

Presenter
Presentation Notes
	This slide shows an anticipated product of developing DNA based diagnostics for novel traits. The next slide presents GWAS results for the number of vertebrae in pigs. 



Number of vertebrae in pigs varies, changing the body conformation of the pig (loin and bacon). Chromosomal regions 
were identified that controlled the variation of this trait. Rohrer et al., 2015

Presenter
Presentation Notes
	The number of vertebrae and mammary glands varies in the pig, one of the few mammals that display this kind of variation. The number of vertebrae extends the loin and belly, affecting the value of the loin and bacon from each animal. It also contributes space to increase mammary glands, which was dealt with in a previous slide. Here, numbers of vertebrae vary widely between animals (top graph), and individual chromosomal regions have been identified by GWAS that affect either the number of vertebrae broadly (chromosome 6:99, chromosome 12:26), or in just a single region (chromosome 12:24, 16:19). Numbers in the table are percent of variation. Potential genes are also listed and include HOXB and collagen1 genes, known to be responsible for body plan and bone development, respectively. Results will allow improved selection for changes in body conformation and combined with similar results for number of mammary glands, will allow improved nursing ability of sows to manage larger litter sizes. 



Problem Statement 2E: Improved Techniques for Genetic 
Modification and Genetic Engineering of Food Animals
Anticipate product: Programs to evaluate specific DNA modification 
techniques (i.e., Gene editing) to determine the effects of natural 
mutations and rationally designed modifications on economically 
important traits in food animals.

•Development of universal boars

Presenter
Presentation Notes
This slide introduces the gene modifications problem statement, and the anticipated product under this problem statement dealing with gene editing of economically important traits. The slide that follows deals with development of universal recipient boars using gene editing technologies. 



NANOS2 deleted boars lack stem cells and do not 
generate viable sperm. Boars like this can be used to 
transfer stem cells from high genetic value boars to 
generate sperm. The blood testis-barrier prevents 
tissue rejection. Park et al., 2017

Presenter
Presentation Notes
	NANOS2 is a gene that is important for sperm stem cell development. Deletion of this gene in pigs creates boars that have intact testes but no spermatozoa develop (boar 146 in the figure). One can use these boars as recipients of stem cells from other high value boars to increase the number of animals with those elite genetics. Stem cells can be transferred into the recipient boars, and because of the blood testis barrier, the stem cells are not rejected. 
	During this 5 year cycle, all the scientists working in this area retired. In 2020, new funding was received for gene editing at Columbia MO in collaboration with the NIH funded facility. The work above was done in Beltsville. This program has been moved to Columbia MO to take advantage of the new funding and the infrastructure available at the University of Missouri. 



Component 3: Measuring and Enhancing Product Quality and 
Enhancing the Healthfulness of Meat Animal Products

Problem Statement 3a: Systems to Improve Product Quality and 
Reduce Variation in Meat Animal Products
Anticipated Product: Better understanding of the biological mechanisms 
that control and influence meat product quality, color stability and 
consistency.

•Lean color stability in beef
•Ham halo effect

Anticipate product: Identification of supply chain critical control points 
which can be targeted for increasing product quality.

•Pork loin grading camera

Presenter
Presentation Notes
This slide introduces Component 3, which deals with meat quality and healthfulness. Problem statement 3a deals specifically with meat quality. Two anticipated products for this problem statement include better understanding biological mechanisms that control meat quality and identification of supply chain points that can be targeted to improve quality. The next few slides will present work on lean color stability in beef and the ham halo effect in pork. Also, our work to develop a pork loin grading camera system and effects of zilpateral on steak quality will be presented. 



Dark cutters are unacceptable to 
consumers, even though results 
show these steaks are more 
tender and juicy than regular 
meat. McKeithe et al., 2016 

Dark Cutters are associated with greater mitochondria and less oxy and met 
myoglobin, contributing to their poor acceptance by consumers. 

Color stability is associated with increased glycolytic 
enzymes in the meat (Canto et al., 2015). 

Presenter
Presentation Notes
	One factor affecting lean color is the existence of dark cutter beef. Dark cutting beef is caused by a lack of glycolytic substrate in the product which helps to reduce the pH of the meat after slaughter. The top left table shows the relationship between dark cutter beef, slice shear force and consumer perceived tenderness and juiciness. For tenderness and juiciness, higher numbers are more favorable. Dark cutting beef is associated with increased slice shear force, but paradoxically seems to be perceived as slightly more tender and juicy. Nevertheless, the dark color in the display case causes the product to be rejected by consumers. In the top table on the right, dark cutting beef is associated with greater mitochondria in the tissues and less oxy- and met myoglobin. The increased mitochondria likely contribute to reduce glycolytic activity, causing the pH to stabilize at a higher pH and resulting in the dark color. 
	The lower table summarizes results to determine the role of various sarcoplasmic proteins on color stability, which is the time that meat color remains a stable bright cherry red in the display case. Several enzymes associated with color stability or lability were demonstrated. These proteins could become targets for genomic selection to improve color stability. 



Recently a ham “halo” effect was described, 
where regions of hams were pale compared to 
the remainder, which were rejected by 
consumers. Subsequent studies indicated lack 
of myoblobin in regions affected by the halo, 
and  a GWAS analysis provided markers 
associated with myoglobin content

King et al., 2018

Cross et al., 2018

Presenter
Presentation Notes
	This slide focuses on our work to determine factors contributing to the ham halo effect. Processed ham producers were finding that hams were increasingly displaying a pale colored “halo” along the outer edges of hams. Consumers were rejecting these products. Scientists demonstrated that the lack of color was due to a lower amount of myoglobin in these regions of the ham (results shown in the upper right table). This is due to natural variation in myoglobin among muscle types. As a solution, later experiments were done to perform a GWAS on muscle myoglobin content, results shown in the lower right table. Several chromosomal regions were identified. One region on chromosome 7 explained 37% of the variation in myoglobin content, a hugely impactful chromosomal region. Simply focusing on this region could provide a solution to this problem and get myoglobin content up in pork to an acceptable level. 



Raman spectroscopy provided some 
discrimination between good and poor 
tenderness using slice shear force and panel 
tenderness evaluation as measures. It has 
potential for use in discriminating pork 
quality in real time during processing. 

Presenter
Presentation Notes
	This slide shows work to determine if Raman spectroscopy can be used to determine tenderness in pork. The leftmost figure shows the correlation coefficients that arise with the different wavenumbers from spectroscopy performed on day 1 and 15 postmortem. The upper table on the right shows the ability of spectroscopy on day 1 and 15 to distinguish between good, medium and poor tenderness in pork. The lower table shows classification accuracies for poor and good tenderness for day 1 and 15 spectroscopic measures. These data show that Raman spectroscopy has some ability to distinguish between tender and tough pork, with the best results obtained with measures performed at day 15 postmortem. This may allow classification of pork into tender and not tender, allowing directing of pork to various uses. 



Problem Statement 3B: Improving the Healthfulness and 
Nutritional Value of Meat Products from Traditional and Non-
Traditional Production Systems
Anticipated product: Identification of strategies for improving 
nutritional composition of meat products that will result in positive 
impact on human health.

•Modeling fat in beef to determine the potential for meeting saturated fat 
guidelines

Presenter
Presentation Notes
This slide introduces Problem Statement 3b dealing with the healthfulness of meat, along with the anticipated product of strategies for improving the nutritional composition of meat products. The next slide shows our work in this area. 



Modeling fat 
effects in human 
diets resulting 
from replacement 
of beef with a 
more beneficial 
breed (Wagyu, 
left) or diet (flax, 
right) on saturated 
fat levels for 
various genders 
and age ranges. 
These 
manipulations can 
contribute to 
meeting the 
recommended 
saturated fat level, 
but even 100% 
replacement does 
not reduce 
saturated fats to 
the recommended 
level. 

Presenter
Presentation Notes
	These are results from our beef grand challenge effort. In this experiment, replacement of current beef with either Wagyu beef (lefthand figure) or flax fed beef (right hand figure) was modeled to determine whether this substitution would help consumers meet dietary guidelines. The Wagyu breed and flax feeding provide beef with lower amounts of saturated fat. In the figures, diets for the different age groups shown were modeled to see how they would compare with either the 10% saturated fat recommendation from the dietary guidelines (DGA) or the 6% saturated fat recommendation from the American Heart Association. Even 100% replacement of beef with these two alternatives does not meet either threshold, but they both help, so these modifications, or other modifications to beef would likely contribute to helping people meet these recommended thresholds. 



Conclusions
 Significant nutritional accomplishments include exploring 

alternative feeds, transcriptomic analyses of various tissues in 
animals that differ in growth and feed efficiency, and the role of 
the microbiome in livestock

 Significant reproductive accomplishments include defining the 
roles of colostrum, ovary, placenta and uterus in reproductive 
efficiency

 Significant welfare accomplishments include improvements in 
stress detection, improved euthanasia, and inroads into alternatives 
to antibiotics



 Significant genomic tools include improved genomes, mapping of 
copy number variation, characterization of the rumen microbiome 
and better sequence imputation methods 

 Signficant functional annotation includes building a cattle genome 
tissue atlas and numerous transcriptomic analyses of various tissues

 Significant germplasm preservation includes the development of 
the animal GRIN database and improvement in livestock 
collections

 Significant genetic selection program progress includes numerous 
updates to dairy cattle genome enhanced breeding, and genome 
wide analyses of beef cattle and swine for various traits

 Significant gene editing includes development of universal boars



 Significant improvements in meat quality include include research 
to define biological mechanisms affecting lean color and ham halo

 Significant research in meat healthfulness includes modeling to 
determine the feasibility of improving health through changes in 
meat characteristics 
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