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GENETICS AND ANIMAL BREEDING RESEARCH UNIT 

1. Mining horn fly counts from digital images 

Scientist:  J. W. Keele, Molecular Computational Biologist 

Background information:  Horn fly bites are painful for cattle and are an animal welfare 
concern because individual animals may carry up to 1,000 horn flies. Furthermore, horn fly 
biting reduces productivity and reproductive success of cattle with production losses and 
insecticide costs approaching $1 billion annually in the United States. Host factors that 
influence horn fly numbers include hair follicle density, sebaceous gland density in the skin, 
coat color, blood clotting pathways and volatile chemicals produced by cattle that attract or 
repel flies. Horn fly numbers as well as the underlying host influencers vary because of genetic 
and environmental causes. Also, tolerance of cattle to horn flies varies; the same number of 
horn flies impacts the productivity of some cattle more than others. Artificial selection by 
producers and breed associations could be employed to manipulate the genetic composition of 
the cattle population and reduce the number of horn flies or the impact of horn flies on cattle 
performance. 

Project Description: Previously, we have produced thousands of images of horn flies on 
populations of cattle of diverse breed ancestry with genotypes, low pass sequence, and manual 
annotation of individual horn flies and cattle identification. Previous work combined with the 
successful summer intern’s contributions and the genetic diversity of the population make this 
an opportunity to have an impact on horn flies with a small investment. Annotating images is 
tedious and time consuming, and we have not yet used these annotated images to train a 
neural network to detect and count horn flies. A trained neural network is expected to reduce 
cost of labor to count horn flies on images that have not been annotated; however, manual 
annotation is a necessary step in the development of a rapid horn fly counting procedure. It is 
difficult to obtain images of sufficient quality and resolution to detect and count horn flies on 
cattle that are not docile because the individual taking the photos cannot get close enough. As 
a result, we are developing an automated camera system to collect images and video of cattle 
near feed or water sources without humans present. We expect cattle to acclimate more 
readily to camera equipment than humans making it possible to obtain close-up images with 
sufficient resolution to identify and count horn flies even on cattle that are not docile. 

Duties and Responsibilities: The duties of the successful applicant will be varied and include 
both inside and outside work. Outside work will include deploying the stationary automated 
camera system as well as taking pictures in person for validation. Inside work will include 
managing annotated images and training the neural network. Students should have knowledge 
(has taken a class on the subject) of machine learning, neural networks, genetics, entomology, 
or biology. 
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2. Evaluating Microbial Community Variation Associated with Bovine 
Respiratory Disease in High-risk Cattle 

Scientist: T. McDaneld, Research Geneticist 

Background: Bovine respiratory disease (BRD) 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 BRD 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 BRD.  

Project Description: The student selected for this project will be evaluating the bacterial 
communities present in the upper nasal cavity of high-risk cattle sourced from multiple auction 
markets and commingled. As a result, the cattle are expected to have a high percentage of 
morbidity from respiratory disease at arrival. Upon arrival, cattle will be randomly assigned to 4 
levels of random metaphylaxis (mass vaccination): no metaphylaxis, 33% metaphylaxis, 66% 
metaphylaxis, and 100% metaphylaxis. For this proposal the overall goal is to characterize the 
bacterial communities of the upper nasal cavity associated with high-risk cattle in response to 
metaphylaxis. The objectives of the project are to: 1) employ next-generation sequencing to 
investigate the prevalence and distribution of respiratory bacterial pathogens associated with 
BRD; 2) determine if metaphylaxis treatment alters the communities of bacterial pathogens 
associated with BRD. As this project involves standard protocols performed in our lab, we 
believe that the intern will be able to complete this proposed project in the eight-week time 
frame. 

Duties and Responsibilities: For this project, the student will identify bacterial communities 
present in the upper nasal cavity 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 
sequence data collected in 2021. In the remaining six weeks, the student will (1) extract DNA 
from the nasal samples collected in 2022 from high-risk cattle, (2) identify bacterial populations 
present in the nasal samples through initial 16S sequencing of the DNA, and (3) identify species 
of Mycoplasma present in the nasal samples through PCR. 

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 AND QUALITY RESEARCH UNIT 

3. Pork processing biofilms protecting Salmonella 

Scientist:  J.M. Bosilevac, Research Microbiologist 

Background information: Pork processing facilities harbor a wide diversity of 
microorganisms that persist and that may interact to form multi-species biofilms, which in turn 
can provide an ecological niche for a pathogen like Salmonella. Biofilm formation involving 
foodborne pathogens poses a serious threat to food safety and public health. Therefore, 
processing plants periodically perform intense sanitization (IS) to disrupt biofilms. The impact 
such treatments have on the short-term changes in environmental microorganisms is not well 
understood, nor is the rate at which bacterial communities return to pre-IS levels. The MSQRU 
has a set of pork processing environmental samples collected before and periodically after an 
IS.  These samples offer the opportunity to examine the abilities of different communities of 
microorganisms before and after IS procedure to protect Salmonella, thus, provide a better 
understanding of the IS impact on Salmonella survival. 

Project Description: This work will involve inoculating environmental samples with 
Salmonella, allowing that mixture to form a biofilm, then treating the biofilm with a sanitizer 
and measuring the amount of protection the biofilm provides the Salmonella. Molecular PCR 
screening methods and culture isolation methods will be used.   

Duties and Responsibilities: This work will fill in the gaps in an ongoing project where 
samples have been collected and are being phenotyped (that is, does the community in the 
samples form a strong or weak biofilm, does the biofilm protect Salmonella, and what is the 
community structure of that community). 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. The selected applicant will be 
responsible, with proper supervision, for sample processing in a Biosafety Level 2 microbiology 
laboratory. Activities will include pipetting, diluting, and handling bacterial cultures. Accurate 
data recording and willingness to learn statistical analysis will be required.  

  

4. Investigating beef slice shear force deformation curves across 
carcasses, muscles, and postmortem aging times. 

Scientist: S. Shackelford, Food Technologist 

Background information: We have observed substantial variation in slice shear force among 
carcasses, muscles, and postmortem aging. Likewise, we have observed large differences 
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among carcasses and muscles in sensory panel tenderness rating. In some cases, differences 
among muscles in slice shear force do not properly account for differences among muscles in 
sensory panel tenderness rating. Shear force is the peak load observed when shearing a sample. 
Other traits from the deformation curve may have value for describing differences among 
muscles in tenderness. 

Project Description: This project will take advantage of existing data to investigate the potential 
for improving instrumental assessment of tenderness with slice shear force. 

Duties and Responsibilities:  The intern will process data files from existing data sets and 
construct procedures to align and analyze the data using commercial software. The intern will 
calculate various traits such as area under the curve and determine which traits are most highly 
related to sensory panel tenderness. The intern will also assist in collection of carcass data, at 
large-scale commercial beef packing plants, as part of large-scale beef genetic studies. The 
intern will also collaborate with other researchers as part of multidisciplinary livestock and 
meat research. 
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