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GENETICS, BREEDING, AND ANIMAL HEALTH RESEARCH UNIT 

 

1. Host genetics of cattle susceptibility to horn flies 
 
Scientist:  J. W. Keele 
 
Background:  Horn flies cause stress to cattle and reduce growth rate, milk production and 
pregnancy success rate.  Application of insecticide impregnated fly tags on cows in Louisiana 
improved growth rate of their calves by approximately 8 %.  Unfortunately, insecticides 
have negative effects on non-target beneficial organisms such as honey bees and dung 
beetles and fly tags lose effectiveness over the course of the summer because horn flies 
evolve resistance to the insecticide used.  Consequently, there are ranchers who are 
interested in selecting for reduced horn fly susceptibility and being able to market bulls with 
reduced susceptibility.  Previous research indicates there is a heritable basis for 
susceptibility to horn flies and that horn fly numbers can be reduced through selection for 
cows with fewer horn flies.  The objective of this research proposal is to count horn flies on 
the backs of cattle, estimate the heritability of horn fly susceptibility in south central 
Nebraska, and identify genes associated with horn fly susceptibility.  
 
Project Description:  Fly counts will be taken on approximately 2,000 cattle.  The cattle in 
this study have been genotyped with a 250,000 SNP array for functional variants 
(polymorphisms in genes).  In addition, the parents of these animals are known so it is 
possible to estimate heritability using a pedigree approach.  Fly counts will be subjected to 
statistical analyses to estimate heritability and the effects of genes.  The student will have 
the opportunity to interact with and learn from geneticists, entomologists and engineers 
(who work on image analysis) at USMARC and University of Nebraska at Lincoln.  The 
proposed research is part of a 5 year experiment to phenotype 3,500 cattle for horn fly 
burden.  The successful student will be able to collect data for 8 weeks in peak fly season 
and show how their work contributes to the overall aims of the project.  
 
Duties and Responsibilities: The student selected for this project will take digital 
photographs of horn flies on cattle, rapidly approximate fly counts visually, and record 
visual fly data on a digital audio recorder.  A combination of digital images and rapid fly 
counting will be used to facilitate phenotyping of large numbers of cows (2,000 per year).  
Flies will be counted from the digital images using manual methods, automated image 
processing or both.  Counts from digital images will be used as a training aid to improve 
skill in rapid fly counting.  Applicants for this position should be interested in and have taken 
coursework that includes at least two of the following areas of study: biology, entomology, 
computer science, photography, image processing, or genetics.  Applicants should also be 
willing to learn the basics of entomology, statistical analysis, photography, and image 
processing.   
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2. Evaluating Microbial Community Variation Associated With Bovine Respiratory 

Disease Complex in Cattle 

 
Scientist:  T. McDaneld 

 
 
Background:  Bovine respiratory disease complex (BRDC) is the most expensive disease in 
U.S. beef cattle costing the cattle industry over 1 billion dollars annually.  Past efforts to 
reduce the incidence and severity of BRDC have been frustrated by complexity of the 
disease.  However, recent advances in genomics (high density genotyping arrays and whole 
genome sequencing) have improved capabilities for identifying factors (variation in bacterial 
community) associated with complex diseases such as BRDC.  The objective of this research 
proposal is to identify the bacterial species that may predispose cattle to becoming 
susceptible to BRDC. 
 
Project Description:  The student selected for this project will identify bacterial species 
present in the U.S. Meat Animal Research Center disease population of cattle by learning 
and implementing a variety of laboratory methods.  The student will accomplish this by first 
learning and using laboratory techniques that include basic microbiology techniques for 
working with bacteria, DNA and RNA extraction, polymerase chain reaction (PCR), and basic 
sequencing protocols.  In the first two weeks, the student will become familiar with 
sequence analysis software by assisting a scientist to evaluate 16S sequence data collected 
from the Disease Resistance population last summer.  In the remaining six weeks, the 
student will (1) extract DNA from the nasal samples collected from the Disease Resistance 
population at USMARC (2) identify bacterial species present in the nasal samples through 
initial 16S sequencing of the DNA and (3) help in collection of lung tissue from abattoir to 
evaluate variation in the cattle genome associated with BRDC.  In cooperation with other 
scientists at US Meat Animal Research Center, we have developed methods to sequence and 
analyze DNA sequence from bacterial samples.  Therefore, we believe that the intern will be 
able to complete this proposed project in the eight-week time frame. 
 
Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses biology, microbiology, and genetics.  Applicants should 
also be willing to learn laboratory techniques and how to use DNA information to improve 
cattle genetics. 
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MEAT SAFETY & QUALITY RESEARCH UNIT 
 

3. Using probiotic E. coli as surrogates for pathogenic E. coli 
 
Scientist: J. M. Bosilevac 
 
Background:  Meat processors need to validate that the antimicrobial interventions they use 
to reduce contamination actually work.  For this the Food Safety Inspection Service (FSIS) 
recognizes 5 strains of biotype-1 E. coli as appropriate surrogates for pathogenic E. coli.   
However, when the approved surrogates are used an insanitary condition may be created 
depending on the concentration and site in meat processing under validation.  An insanitary 
condition leaves the processors in a predicament requiring inoculated carcasses to be 
diverted to a lethality step rather than processed as normal.  A remedy to this problem 
caused by excessive amounts of the E. coli surrogates could be addressed by using probiotic 
E. coli that are beneficial to human health.  When using this sort of E. coli as a surrogate in 
a validation study, any residual E. coli present in subsequent meat products would not be a 
public health concern.  Two commercial human probiotic E. coli products are available over 
the counter from pharmacies.  The probiotic E. coli preparations come as a suspension of 
live E. coli Nissle 1917 or a suspension of five beneficial E. coli. Limited information is 
available regarding the suitability of these strains as surrogates. 
 
Project Description: The student selected for this project will identify which probiotic E. coli 
may be useful surrogates for E. coli O157:H7 by characterizing the responses of the 
probiotic E. coli to various treatments commonly used to control contamination during meat 
processing and comparing the results to those of the recognized FSIS surrogates as well as 
E. coli O157:H7. To accomplish this, the student will first learn laboratory techniques to 
safely work with pathogenic bacteria.  In addition, the student will learn general bacterial 
culture, isolation, identification and enumeration techniques; chemical preparation; and 
DNA extraction and polymerase chain reaction (PCR). 
 
In the first two weeks, the student will become familiar with the necessary laboratory 
techniques, media preparation, and chemicals required for the experiments.  In the 
remaining six weeks, the student will measure the effects of heat, peroxyacetic acid and 
lactic acid on the probiotic E. coli, FSIS surrogates, and E. coli O157:H7. Total reductions of 
bacteria will be determined for data analysis.  Additional microbiological culture techniques 
to measure the level of injury each strain of E. coli sustains will be conducted as well.  If 
time permits strains of probiotic E. coli will be evaluated in the MSQRU pilot processing plant 
for their ability to adhere to meat surfaces exposed to a carcass intervention spray system. 
In cooperation with other scientists and technicians at the U.S. Meat Animal Research 
Center, we have developed media and methods to rapidly identify and enumerate the 
various surrogate E. coli and E. coli O157:H7.  Therefore, this proposed project can be 
completed in an eight-week time frame.  
 
Duties and Responsibilities:  Applicants for this position should be interested in food safety 
and food science and have taken coursework that includes biology and microbiology.  
Applicants should also be willing to learn laboratory techniques and how to use 
microbiological data for solving problems in food safety. 
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4. Filling Risk Assessment Data Gaps Regarding the Contribution of Livestock and 
Meat Production To Antimicrobial Resistance 

  
Scientist:  John W. Schmidt 
 
Background: Concerns have been raised that antimicrobial use in food-animals increases the 
occurrence of antimicrobial resistance (AMR). Several studies are needed for an accurate 
assessment of the risks associated with antimicrobial use in food-animal production. The 
Meat Safety and Quality Research Unit (MSQRU) has performed AMR studies, including: i) a 
comparison of AMR occurrences in beef cattle production waste, swine production waste, 
and human municipal wastewater treatment plant effluent, ii) studies on the impact of in-
feed antimicrobials on AMR levels at cattle feedlots, and iii) a study on the impact of "Raised 
Without Antibiotics" (RWA) production practices on fecal AMR levels during harvest.  
 
 Although these studies greatly increased our knowledge, data gaps remain that 
prevent a comprehensive risk assessment. Currently, the MSQRU is collecting samples for 
studies related to three high priority data gaps: i) the levels of AMR in ground beef from 
RWA cattle and "conventional" (CONV) produced cattle; ii) potential differences in fecal AMR 
levels between dairy and fed cattle since their antimicrobial uses differ; and iii) the impact 
of antimicrobial residues in cattle and swine manure on the persistence of AMR in manure 
applied to farm ground for fertilizer. MSQRU is performing the traditional AMR evaluations 
by culture of Escherichia coli, Salmonella enterica, and Enterococcus species. However, the 
majority of antimicrobial resistance genes (ARGs) are harbored by other organisms and a 
comprehensive risk assessment requires accurate determination of ARG levels. ARG levels 
are determined quantitative PCR (qPCR) on metagenomic DNA (mgDNA), but studies using 
qPCR to assess ARG levels in relevant samples are scarce. These studies will remedy this 
shortage.  
 
Project Description: The student selected for this project will assist MSQRU scientists and 
technicians in their determination of the levels of 10 ARGs present in the 600 ground beef 
samples (300 CONV, 300 RWA), 564 cattle fecal samples (282 dairy, 282 beef), and 180 
soil samples from manure applied plots (30 of each treatment: CONV cattle manure, RWA 
cattle manure, CONV swine manure, RWA swine manure, commercial inorganic fertilizer, 
and control) obtained during the previous year.  The student selected will learn how to 
isolate quality mgDNA from these complex samples and then perform, interpret, and 
statistically analyze qPCR assessments of ARG levels.  
 
Duties and Responsibilities: Applicants for this position should be interested in and 
have taken coursework or plan to study biology, microbiology, molecular genetics, 
or chemistry.  Applicants must be willing to learn laboratory techniques used to 
isolate DNA from various sample types. Applicants must also be willing to learn how 
to statistically analyze and interpret qPCR results. 
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NUTRITION & ENVIRONMENTAL MANAGEMENT RESEARCH UNIT 

5. Fatty acid metabolism, inflammation, and feed efficiency 
 

Scientist:  A. Foote 
 
Background: 
Feed constitutes about 65 to 75% of the cost of beef cattle production; however, less than 
20% of the nutrients consumed are converted to useful products.  The incomplete and 
inefficient utilization of nutrients has an adverse effect on efficiency of production.  Research 
has repeatedly shown 2 factors that are important for efficient conversion of nutrients to 
growth of tissue: immune/inflammation and fatty acid metabolism. Differences in fatty acid 
metabolism could be contributing to the inflammatory response of animals. The objective of 
this research is to determine the effect of specific eicosanoids and polyunsaturated fatty 
acids on metabolism and gene expression in white blood cells. 
  
Project Description:  
The student selected for this project will be trained on isolating monocytes and neutrophils 
from bovine blood samples, performing short-term primary cell culture, metabolic assays, 
RNA extraction, and polymerase chain reaction (PCR). The student will become familiar with 
basic laboratory techniques used in nutritional physiology research. These include sample 
collection and processing, extractions, dilutions, ELISA, RIA, enzymatic analysis, and 
colorimetric analysis. The student will also learn basic data management and statistical 
analyses.  
 
Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses biology, chemistry, and nutrition.  Applicants should 
also be willing to learn laboratory techniques and data quality assessments.   
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6. The role of the rumen microbiota in beef cattle feed efficiency 

   
Scientist:  H. Freetly 
 
Background:  There is variation in the efficiency that cattle convert feed to tissue during 
growth.  Understanding factors that contribute to this variation has the potential of 
improving feed efficiency by selecting for these factors or managing them.  Anything that 
ruminants consume is subject to pre-gastric fermentation in the reticulum-rumen complex.  
Profiles of nutrients presented to the animal are greatly influenced by the products of 
fermentation, and fermentation products will be influenced by the microbiota.  Differences in 
gut microbiota have been associated with obesity suggesting that differences in feed 
efficiency in cattle may be impacted by the microbiota.  Residual feed intake (RFI) has 
become a popular measure of feed efficiency.  The measure ranks cattle based on the 
residual error between their actual feed intake and the expected intake for their cohort.   
Several studies have compared the microbiota of negative and positive RFI cattle and sheep 
and have reported differences.  Understanding host and rumen microbiota relationship 
offers a potential source of improving feed efficiency. 
 
Project Description: The student selected for this internship will learn laboratory methods 
associated with identifying bacteria in the rumen based on 16s sequence.  They will also 
learn procedures associated with conducting non-targeted metabolomics using UPLC-Time of 
Flight Mass Spectrometer.  The student will learn how to interpret these types of data, and 
analyze the data. 
 
Duties and Responsibilities: Applicants for this position should be interested in microbiology 
and nutrition.  Applicants should be willing to learn laboratory techniques, and how to use 
data to test hypothesis. 
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REPRODUCTION RESEARCH UNIT 

7. Characterizing the porcine milk transcriptome to identify genes associated with 
milk oligosaccharide composition and prevalence of enteric pathogens 

 
Scientist: B. N. Keel & L. A. Rempel 
 
Background: Milk production by the lactating sow is a major component of the development 
of the neonatal pig. Lipids and lactose are the most abundant components of milk, followed 
by oligosaccharides and proteins. Milk composition changes throughout the lactation period. 
In both humans and cattle, the oligosaccharide content is highest in colostrum and 
decreases during the remainder of lactation. Recent studies have shown that milk 
oligosaccharides provide both local and systemic beneficial effects to the suckling neonate, 
including prebiotic activity, anti-inflammatory properties, and roles in brain development 
and growth of intestinal cells. Moreover, milk oligosaccharides have demonstrated 
protective qualities against enteric pathogen infections in human infants. To date, there 
have been few studies that have evaluated porcine milk oligosaccharides, with only 60 
oligosaccharides being characterized. These studies have mainly focused on 
oligosaccharides and the microbiome as a model for human nutrition. We hypothesize that 
porcine milk oligosaccharides influence both the growth of the pig and the presence and 
prevalence of enteric pathogens. As such, the objectives of this research are to characterize 
the porcine milk transcriptome, quantify milk oligosaccharide profiles during two stages of 
lactation, identify genes involved in milk oligosaccharide production and metabolism, and 
determine if milk oligosaccharides influence the presence and prevalence of enteric 
pathogens in the growing pig.  
 
Project Description: The student selected for this project will assist Drs. Keel and Rempel in 
characterizing milk oligosaccharide profiles and identifying genes involved in oligosaccharide 
production. A large component of the student research project will be collecting data from 
two farrowing groups, including milk samples, body composition ultrasounds, and piglet 
fecal samples. Additionally, the student will have the opportunity to learn various laboratory 
techniques. These will include RNA extractions, sequence library preparation, and 
oligosaccharide measurement. In the first four weeks, the student will become familiar with 
goals of the project and collect data. In the remaining four weeks, the student will (1) 
extract RNA from milk samples, (2) prepare libraries for RNA sequencing, and (3) determine 
oligosaccharide content of milk samples. In addition to these experiment specific activities, 
the student will help with other ongoing projects at USMARC as time permits.  
 
Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses at least three of the following: biology, animal science, 
molecular biology, biochemistry, genetics, statistics, and computer science. Applicants 
should also be willing to learn laboratory techniques, animal handling skills, and data quality 
assessments. 
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8. Evaluation of Genetic Variation in PRKAG3 with Pork Quality 
 
Scientist:  D. Nonneman & S. Shackelford 
 
Background:  Pork is the most widely consumed protein in the world and the sustainability 
of the U.S. pork industry relies on the production of safe, consistent, high quality and 
affordable pork. The most common pork quality measurements are pH and color, both of 
which depend on the production of lactate through glycogenolysis post mortem resulting in 
lower pH. Pork quality attributes, color, water holding capacity, and texture are largely 
controlled by the rate and extent of pH decline. A well characterized gain of function 
mutation was identified in porcine PRKAG3 (protein kinase, AMP-activated, gamma 3 non-
catalytic subunit), an energy sensing enzyme that monitors cellular metabolic status, where 
animals with an arginine to glutamine (R250Q) substitution have elevated muscle glycogen 
leading to lower ultimate pH and pale, soft and exudative meat (PSE). While this large effect 
mutation has been eliminated from swine herds, other amino acid substitutions and genetic 
variants present in the gene are dramatically associated with pork quality. Although some of 
these variants have been tested for associations with pork quality, a comprehensive study 
of all these potentially functional variants has not been adequately performed. 
 
Project Description: The intern selected for this project will identify nucleotide variation in 
PRKAG3 present in the U.S. Meat Animal Research Center Swine founders and other sources 
of commercial-type pigs by bioinformatic analysis for association with pork quality traits.  
The intern will accomplish this by evaluating genomic sequence for potential functional 
variants using predictive bioinformatic tools and collecting genotypes for analysis in 
commercial phenotyped animals.  The intern will (1) extract DNA from available muscle 
tissue (2) participate in assay design for Sequenom MassArray or Genotype By Sequencing 
(GBS), (3) collect genotypes from about 2,000 phenotyped animals and (4) be involved in 
the genetic association analysis.  In cooperation with other scientists at the U.S. Meat 
Animal Research Center, we have developed methods to genotype and analyze DNA 
variation for association with phenotypes.  We believe that the intern will be able to 
complete this proposed project in the eight-week time frame.  
 
Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses general or molecular biology, biochemistry, animal or 
meat science, and genetics.  Applicants should be willing to learn computational and 
laboratory techniques and have a desire to use genetic information to improve swine 
genetics. 
 
 
 


