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GENETICS, BREEDING, AND ANIMAL HEALTH RESEARCH UNIT 

 

1. Host genetics of cattle susceptibility to horn flies 
 
Scientist:  J. W. Keele, Ph.D. 
 
Background:  Horn flies cause stress to cattle and reduce growth rate, milk production and 
pregnancy success rate.  There are ranchers who are interested in selecting for reduced 
horn fly susceptibility and being able to market bulls with reduced susceptibility.  We can 
select for cattle that are less susceptible to horn flies if the number of horn flies residing on 
an animal is heritable and we can identify genes associated with horn fly numbers.  Previous 
research indicates there is a heritable basis for susceptibility to horn flies.  In Louisiana, 
horn flies reduced growth rate in calves by approximately 8 %.  Cattle with larger numbers 
of horn flies on their backs are more susceptible and cattle with fewer less so.  The 
objective of this research proposal is to count horn flies on the backs of red cattle, estimate 
the heritability of horn fly susceptibility in south central Nebraska, and identify genes 
associated with horn fly susceptibility.  
 
Project Description: The student selected for this project will take digital photographs of 
horn flies on red cattle in the selected functional alleles (SFA) cattle population at USMARC).  
These cattle have been genotyped with a 250,000 SNP array with functional variants 
(polymorphisms in genes) for another purpose.  In addition, the parents of these animals 
are known so it is possible to estimate heritability using a pedigree approach.  The student 
will count flies from the digital images using manual methods, automated image processing 
or both.  Fly counts will be subjected to statistical analyses to estimate heritability and the 
effects of genes.  The student will investigate the feasibility of using image processing 
techniques to automatically count the flies on the digital images.  The student will have the 
opportunity to interact with and learn from ARS cattle geneticists at USMARC, ARS 
entomologists at UNL, and image processing engineers at UNL.  We believe 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 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. 
 

 

2. Effects of probiotic bacteria on bovine peripheral blood mononuclear cells 
 
Scientist:  Carol Chitko-McKown, Research Microbiologist/Immunology 
 
Background:  Antibiotic resistance is a great concern for both human and animal health. 
Bovine respiratory disease complex (BRDC) is the most expensive disease in U.S. beef cattle 
costing the cattle industry over 1 billion dollars annually.  A sizeable portion of this expense 
is due to the use of antibiotics. In order to find ways to improve animal health as well as 
decrease the use of antibiotics, identifying alternatives to antibiotics is a rapidly growing 
area of research. One alternative to improve animal and human health without the use of 
antibiotics is through the use of probiotic microorganisms. In humans these organisms are 
ingested in pill form and in cattle they are fed in milk replacers for calves and as a top-
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dressing for feeder cattle. Despite increased health and growth performance in animals fed 
probiotics, little is known of the effects caused by probiotics on the functioning of peripheral 
blood mononuclear cells – major players in the immune system. The objective of this 
research proposal is to characterize the changes that occur in peripheral blood mononuclear 
cells in cattle when these cells are exposed to probiotic bacterial species.  
 
Project Description:  The student selected for this project will study the effects of probiotic   
bacterial species on bovine peripheral blood mononuclear cells in vitro. The student will 
accomplish this by first learning and using laboratory techniques that include blood 
collection from cattle, isolation of various blood cell populations, and cell culture techniques 
followed by RNA extraction, polymerase chain reaction (PCR), and immunologic assays. 
Once the student is comfortable performing tissue culture on cell lines, blood will be 
collected and peripheral blood mononuclear cells will be isolated and exposed first to killed, 
and in subsequent experiments to live probiotic bacteria. By various assays, the production 
of cytokines and other immune modulators will be measured in both RNA and culture 
supernatants. The eight-week time frame of the internship will be adequate to complete the 
proposed project. Data from this project will be used to determine if future in vivo projects 
in cattle should be performed. 
 
Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses biology, microbiology, and immunology.  Applicants 
should also be willing to learn laboratory techniques and how to use immunological data to 
characterize health status in cattle. 
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MEAT SAFETY & QUALITY RESEARCH UNIT 
 

3. Effects of Grinding on Organisms Contaminating Beef Trim 
 
Scientist: J. M. Bosilevac, Ph.D. 
 
Background:  Nearly 25 billion pounds of beef is consumed in the US and it is estimated that 
60% of this is in the form of ground beef.  Ground beef is produced from beef trimmings 
(the left over pieces from cutting of roasts and steaks) as well as other large muscle cuts of 
beef.  With such large volumes of ground beef produced at any given time, the ground beef 
producers must be able to monitor their grinding systems for pathogens and know how to 
properly react if a pathogen is detected in their final product.  To this end, it has become 
common to follow a surrogate organism (E. coli) placed on the starting beef trim through 
production and identify how long it lingers in the grinding equipment.  Numerous surrogates 
have been used and varying results have been reported.  Some surrogates are 
“domesticated” lab strains of E. coli while others are recently isolated “wild type” strains.  It 
is assumed that the surrogate E. coli respond to the grinding process as pathogenic E. coli 
O157:H7 does.  However, the grinding process induces great shear forces on contaminating 
bacteria causing injury and death to cells that are less hearty. 
 
Project Description: The student selected for this project will identify the impact of grinding 
on E. coli O157:H7 and commonly used surrogate E. coli to determine if some surrogates 
may be inappropriate for use in ground beef studies.  To accomplish this, the student will 
first learn laboratory techniques to safely work with pathogenic bacteria.  In addition the 
student will learn basic bacterial culture, isolation, identification and enumeration 
techniques, DNA extraction and polymerase chain reaction (PCR) as well.  In the first two 
weeks, the student will become familiar with the necessary laboratory techniques and media 
preparation required for the experiment.  In the remaining six weeks, the student will (1) 
inoculate beef trimmings with E. coli (O157:H7 and surrogates) and subject the trim to 
grinding in a lab setting; (2) isolate and quantify the numbers of initial (before grinding) 
and final (after grinding) E. coli; and (3) use additional microbiological culture techniques to 
measure the level of injury each strain of E. coli sustains through the grinding process. In 
cooperation with other scientists and technicians at US Meat Animal Research Center, we 
have developed methods to rapidly identify and enumerate the various surrogate E. coli as 
well as E. coli O157:H7 in ground beef.  Therefore, this proposed project can be completed 
in the 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 to solving problems in food safety. 
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NUTRITION & ENVIRONMENTAL MANAGEMENT RESEARCH UNIT 

4. Physiological Factors Associated with Feed Efficiency 
 

Scientist:  A. Foote, Ph.D. 
 
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 been performed to determine the physiological factors that contribute to variation in 
efficiency in beef production and factors that have an effect on feed intake, growth and feed 
efficiency have been identified. The role of nutrient metabolism and endocrine control of 
feed intake and metabolism are important factors that need to be further researched. The 
objective of this research is to determine what metabolites and hormones are related to 
feed intake, growth, and feed efficiency in genetically diverse cattle consuming a variety of 
diets. 
  
Project Description:  
The student selected for this project will identify physiological factors that are associated 
with production traits in beef cattle.  The student will accomplish this by first learning and 
using laboratory techniques that include biochemical analysis, hormone analysis, and 
potentially DNA/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.   
 
 
 
5. Evaluation of aluminum sulfate (alum) as a feedlot surface amendment to 

reduce ammonia emissions from beef feedlots   
 
Scientist:  M. J. Spiehs, Ph.D. 
 

Background:  Concentrated animal feeding operations are a source of environmental 
concerns for livestock producers as well as the rural and urban communities dependent 
upon livestock production.  The organic, inorganic, pathogenic, and pharmaceutical residues 
in manure are potential sources for contamination of soil, surface and groundwater, and air 
quality.  Many management tools are available to producers to reduce the environmental 
impact of livestock production but each tool must be evaluated for effectiveness, economics, 
and ease of implementation.  One management tool available to producers to reduce odor 
and gas emissions is the application of amendments to the feedlot surface.  These 
amendments change the pH of the feedlot surface, which may eliminate microorganisms 
and lower emissions of odorous compounds.  The poultry industry has successfully used 
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aluminum sulfate (alum) as a litter amendment to reduce ammonia emissions from poultry 
houses.  Alum has not been evaluated for use in beef cattle feedlots.   

Project Description: The intern will assist Dr. Spiehs and the technician with a lab-scaled 
experiment to determine the concentration and application frequency of alum that will 
successfully reduce ammonia emissions from feedlot surface material.  This will involve two 
28-day studies.  During each study, air samples will be collected twice weekly.  This will be 
the primary research project of the student during the 8-week internship.  The student will 
be trained to operate and calibrate a suite of air sampling equipment used to collect 
samples for analysis of ammonia, hydrogen sulfide, and greenhouse gases (methane, 
carbon dioxide, and nitrous oxide).  Additionally, the student will be trained to operate a gas 
chromatography/mass spectrometry (GC/MS) to analyze air samples for odorous volatile 
organic compounds emitted from the feedlot surface material.  The student will be 
responsible for data collection and will work with Dr. Spiehs on statistical analysis and 
interpretation of the data.  The intern will have the opportunity to work with Dr. Spiehs and 
the technician on other on-going environmental management research projects which will 
encompass measurements of steroid residues in livestock waste, and air quality and 
antimicrobial resistance/residue measurements from a crop field that received manure as a 
fertilizer.  Due to the nature of the research, the student will spend a fair amount of time in 
the field, without much exposure to a traditional laboratory setting.   

Duties and Responsibilities: Applicants for this position should be interested in and have 
taken coursework that encompasses biology, microbiology, animal science, and/or 
engineering.  Applicants should also be willing to learn techniques for collecting gas samples 
and operation of air sampling equipment to improve air quality and nutrient management 
from concentrated cattle feeding operations. 
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REPRODUCTION RESEARCH UNIT 

6. The effect of SLIT2 on growth of preantral follicles in porcine ovarian cortical 
tissue 

 
Scientist: C. A. Lents, Ph.D.  
 
Background:  Fertility of females is related to activation and growth of ovarian follicles.  
Genome-wide association studies at USMARC have suggested that SLIT proteins may be 
involved in reproduction in pigs.  SLIT proteins are secreted glycoproteins which act as 
ligands for the Robo family of immunoglobulin receptors.  SLIT2 contains four epidermal 
growth factor repeats in its protein sequence.  Epidermal growth factors are known to affect 
function of ovarian follicles, and SLIT2 has been reported to influence follicle development in 
sheep.  The hypothesis is that SLIT2 will affect activation and growth of primary follicles in 
porcine ovaries. 
 
Project Description: Porcine ovaries will be collected from prepubertal gilts at approximately 
50 days of age.  Ovarian cortex will be dissected and pieces (about 1 mm3) will be placed in 
culture.  The ovarian cortex pieces will be cultured in the absence (control) or presence of 
SLIT2 at 5, 50, or 500 ng/mL (n=4 pieces per treatment).  After culture, media will be 
collected and stored frozen until analyzed for ovarian steroids.  The pieces of ovarian cortex 
will be fixed in neutral buffered formalin and embedded in paraffin.  The pieces of ovarian 
cortex will then be sectioned (5 μm) and mounted on microscope slides.  The number of 
primordial, primary, and secondary follicles will be counted in a minimum of 5 sections per 
animal per treatment.  Data will be analyzed using mixed model analysis of variance with 
the fixed effect of treatment and the random effect of culture well within animal in the 
model. 
 
Duties and Responsibilities: The student will have the opportunity to collect tissues from 
animals at slaughter.  The student will be responsible for histological sectioning, staining, 
and evaluation of porcine ovarian cortical tissue from culture.  This will involve counting 
follicle populations using a microscope.  Further, the student will be responsible for 
quantifying ovarian steroids in culture media.  Additional responsibilities include developing 
and analyzing the data set and developing a power point presentation.  Applicants should 
enjoy laboratory work and be detail oriented.  Applicants will benefit from having taken 
relevant course work that encompasses biology, physiology, and biochemistry. 
 
 
 
7. Utilizing the White Blood Cell Transcriptome to Investigate Expression of Genes 

Involved in Swine Feed Efficiency 
 
Scientist:  B. Keel, Ph.D. 
 
Background: The efficient conversion of nutrients to edible product is paramount for the 
profitability of the swine industry.  Feed efficiency has been improved by, among other 
strategies, superior genetics, superior nutrition, and the use of feed additives.  However, 
the incomplete and inefficient utilization of nutrients continues to have an adverse effect on 
efficiency of production.  Research is underway to determine the genetic factors that lead to 
variation in efficiency in swine production and genes that have an effect on feed intake, 
growth and feed efficiency have been identified.  Small studies of the transcriptome of 
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animals with variation in feed intake and gain have identified genes involved with immune 
function, inflammatory responses, and oxidative stress.  As such, the objective of this 
research is to evaluate the white blood cell (WBC) transcriptome and small RNA transcripts 
of 200 swine upon entry to a feed efficiency study and at the end of the study from animals 
with high and low gain, and/or high and low feed intake.  We hypothesize that gene 
expression profiles predictive of superior gain and feed intake may exist. 
 
 
Project Description: The student selected for this project will identify differentially expressed 
genes and small RNA transcripts present in swine with variable weight gain and feed intake 
phenotypes by learning and implementing a variety of computational and statistical 
methods.  The student will utilize various bioinformatics software, including the R 
programming language, the Perl programming language, Tophat, Cufflinks, and DESeq.  In 
the first two weeks, the student will become familiar with RNA-Seq data and learn to use 
computational and statistical tools that have been developed for its analysis.  In the 
remaining six weeks, the student will (1) map the RNA-Seq data for each of the 200 
samples, (2) quantify the expression of genes and small RNA transcripts in each animal, and 
(3) identify genes and transcripts that are differentially expressed between feed efficiency 
phenotypes.  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 two of the following: biology, genetics, 
mathematics, statistics, and computer science.  Applicants should also be willing to learn 
basic computer programming and how to use DNA information to improve livestock 
genetics. 
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