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Undergraduate Research 
 
Quantitative analysis of oxytocin receptor densities in the brain of the coyote (Canis latrans) 
Trevor Anderson and Dr. Sara Freeman 
The goal of the current study is to quantify the distribution of OXTR throughout the coyote forebrain in order to 
compare their receptor map to other known monogamous species and to lay the neuroanatomical foundation for 
future studies of the oxytocin system of coyotes. 
 
Prediction of Phenological Events Using Historical Data 
J. Scott Adams, William D. Pearse, Amanda S. Gallinat 
I digitized and analyzed historical phenology data for 158 species collected in Wauseon, Ohio, from 1883 to 1912 
(Smith 1915). I scanned the data using an Optical Character Reader (OCR) and sorted observations using a Python 
program I wrote. 
 
Insecticide resistance of alfalfa pests, Hypera postica and Lygus spp. using adapted CDC bottle assays for an 
agricultural setting 
Rebecca Bernhardt, Rosalie Sepesy, Dr. Scott Bernhardt Bernhardt Lab Department of Biology 
Insecticide resistance has evolved in agricultural insect pests through continual misuse of synthetic chemical 
insecticides. Alfalfa production is a major industry in the West, covering 7.4 million acres that represents 31.2% of 
total US agricultural acreage. It is a highly nutritious forage for livestock and is integral in supporting the dairy, beef, 
wool, and other industries. Grown as extensive monocultures, alfalfa fields provide consistent climate conditions 
across a multitude of microhabitats that act as an insectary for hundreds of beneficial and pest insect species. 
Agricultural insect pests cause devastating crop loss; for example, 50-90% seed loss to Lygus spp. has been recorded 
in alfalfa. Insecticide use typically aims to eradicate pests, but chemical application must be carefully balanced to 
minimize damage to beneficial insect populations and maintain susceptible genes in pests. Much of the current 
literature on agricultural insecticide resistance focuses on field application trials using whole field population counts 
as a metric of efficacy. Although informative for the practical use of insecticides, this field only approach does not 
address the underlying mechanisms of resistance or identify toxicity endpoints. The CDC bottle assay assesses 
resistance by testing populations against verified diagnostic doses and times for an insecticide an d is often used to 
define susceptibility in insect disease vectors. The purpose of this study was to apply a public health approach to 
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insecticide resistance to advance toxicological understanding in an agricultural setting. Alfalfa weevil larvae (Hypera 
postica) and Lygus bug adults (Lygus spp.) were collected from Utah State University alfalfa research farms. 
Bioassays were performed in 1,000ml glass bottles containing approximately 25 individuals of a test insect and were 
coated with one of 4 insecticide active ingredients (chlorpyrifos, lambda-cyhalothrin, indoxacarb, flupyradifurone). A 
series of concentrations were tested and replicated three times for each insect and active ingredient. Mortality data 
were collected after a 24 hour observation period and used to construct survivorship curves, demonstrating the CDC 
bottle assay’s utility for agricultural insects. This information will help insect pest managers predict efficacy and 
inform responsible application practices. 

 
In vitrocorrection of F508del and G542X mutations in sheep fibroblasts of cystic fibrosis models

 

Kaden Bunch, Iuri Viotti Perisse, Zhiqiang Fan, Kenneth L. White2, Irina A. Polejaeva 
We demonstrated that CRISPR/Cas9 RNP can be effectively used to correct both F508del and G542X mutations CF 
sheep fibroblasts in vitro: thus, showing its potential to be an effective tool for correcting genetic diseases. 

 
Mesobiliverdin-Enriched Feed Supplement to Benefit Rabbit Gut Health 
Samuel Clark, Jon Y. Takemoto 
Mesobiliverdin is a byproduct of the metabolism of hemoglobin found in human red blood cells. Mesobiliverdin 
contains many anti-inammatory characteristics that may improve gut absorption.  One property is the reduction of 
the inammato-ry compound Il-6 within chicken broilers.  The purpose of this study is to determine if a reduction of 
Cytokine IL-6 from consumption of mesobiliverdin could also occur within Laboratory bred rabbits along with any 
other bene-cial change in rabbit health such as increased weight, or change in cholesterol. We predict that the 
consumption of mesobiliverdin will imitate the results of the chicken broilers and will lower IL-6 levels, increase 
weight gain, and decrease cholesterol overall. To do this we monitored 12 laboratory rabbits, over the space of 
eighteen days including time for acclimatization to the laboratory environment.  At the beginning of mesobiliverdin 
administration, blood serum was taken from each of the 12 rabbits and assayed. The mesobiliverdin was then given 
to 6 of the 12 red rabbits during the study. After 9 days of mesobiliverdin consumption blood serum was again 
assayed from each of the 12 rabbits. We have found that mesobiliverdin did increase weight gain over the nine-day 
period, and slightly lowered IL-6 concentrations. In this short time, rabbits taking mesobiliverdin gained around 1.5% 
more weight and had 16% less IL-6 then the control group. These results do suggest that mesobiliverdin can increase 
livestock production and decrease the need of anti-biotics. 
 
Hagworm Silk Synthesis and Strength 
Joshua Corry, Dr. Xiaoli Zhang and Dr. Justin A. Jones 
When threatened, hagfish have the ability to excrete a slime that is reinforced with thread keratin fibers (TK's) as a 
means of defense. Even more impressive than this is the TK's themselves, which have remarkable tensile strength. 
Unfortunately, it is not possible to farm hagfish for the naturally-made TK's, nor is it possible to synthetically spin 
them in a manner that recreates their natural mechanical properties. To circumvent these hurdles, we have turned to 
an alternative source of these TK's, genetically engine ere d silkworms (hagworms), which produce their own silk in 
abundance. We have placed the two hagfish TK proteins, denoted as alpha and gamma, into the silkworm 's heavy 
chain and light chain using Crisp r/ Castechnology as a means to produce the two proteins. 
 
Cleptoparasitic Spider Wasps (Pompilidae): An Interesting Case of Convergent Evolution 
Erica Espinoza, Emily Sadler, Brenna Decker, James Pitts 
Specimens of a new species of spider wasp (Hymenoptera: Pompilidae) from Bolivia and Argentina were found. This 
species is cleptoparasitic based on morphology and shares similarities with the cleptoparasitic genera Evagetes and 
Aridestus. The questions our analyses will attempt to answer include: 1) Is this new species a member of the known 
genera of closed-cell cleptoparasites (Aridestus or Evagetes), or does it belong to another group? 2) Do the 
cleptoparasites form a monophyletic group (i.e. did cleptoparasites evolve only once in Pompilinae), and, if not, how 
many times has this behavior evolved within the Subfamily? To answer these questions, we used phylogenomics and 
ultra conserved elements. We extracted and sequenced the DNA from these species and performed phylogenetic 
analyses to continue previous research. This analysis unexpectedly shows that this new species is not a member of 
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either cleptoparasitic genus (Aridestus or Evagetes), but, rather, is a new species in the genus Anoplius that currently 
has no know cleptoparasitic species. 
 
Understanding the role of small non-coding RNA in bumble bee reproduction –Survival analysis 
Anna C. Figgins, Karen M. Kapheim, PhD 
The goal of my study was to investigate the role of small, non-coding RNAs in bumble bee reproductive physiology: 
Bombus impatiens: the common eastern bumble bee. Found in the eastern United States, southern Canada, and the 
eastern Great Plains, microRNAs: are small, non-coding RNA molecules that regulate gene expression. miR-13b: the 
name of the microRNA targeted in this study. Antagomir: a single stranded RNA complementary to miR-13b; a 
synthetic inhibitor sequence. Knockdown: the process of interfering with miR-13b so that it can no longer regulate 
gene expression. 
 
Mouse model for Colorectal Cancer, Microbiome and Nutrition Research 
Porter Green, Daphne Rodriguez, Abby Benninghoff 
The objective of the present study is determine the contribution of the gut microbiome to intestinal inflammation and 
progression to CAC using a mouse model of fecal microbiome transfer (FMT) in mice consuming a Western type diet 
(the total Western diet) as compared to a healthy diet (the AIN diet). 
 
How does life-history variation in a pest insect affect estimates of host-plant resistance 
Alyssa Israelsen, Alexandra M. Lish and Frank J. Messina 
Some cosmopolitan pest insects consist of geographic populations with divergent life-history traits. We compared 
how two populations of the seed beetle Callosobruchus maculatus perform on recombinant inbred lines (RILs) of 
cowpea. RILs had been developed to identify QTLs and genes associated with desirable crop traits. Beetle larvae 
from an Indian population (SI) are extremely competitive within seeds, whereas larvae from a U.S. population (CA) 
are generally tolerant within seeds. 
 
Analyzing Fatal Bird-Window Collisions Occurring on USU’s C&SS Building, Brigham City, Utah 
Jacob Larkin, Hunter Martin, Taylor Kenyon, Brooklyn Kotter, Cristian Soto, Karissa Sears, and Dr. Jessica Habashi 
Window collisions are the second highest anthropogenic cause of bird death in the world, in the U.S alone they 
account for between 365,000,000 and 988,000,000 bird deaths each year.3As such, they are a major cause for 
nationwide conservation concerns. For our project, we are investigating fatal bird-window collisions on the 
Classroom and Student Services Building (C&SS building) at the USU campus in Brigham City, UT 84302. 
 
Testing Novel Drug Efficacy with Immunohistochemistry of Mouse Ventral Tegmental Area (VTA) 
Matthew Mattoon 
The Ventral Tegmental Area (VTA) is a region indicative of the efficacy of dopamine release for opioid-induced 
reward. Efficacy is measured by using immunohistochemistry on this region of the brain. Immunohistochemistry 
uses fluorescent tags on various mammalian-sourced antigens that can latch onto the desired chemicals or proteins 
on mouse brain tissue. A Keyence microscope then flashes measured light wavelengths of light onto the samples to 
trigger the antibodies to fluoresce, creating a clear picture of the chemical reactions that were occuring at the time of 
perfusion. This allows the different aspects of the chemical pathways to be identified in the VTA. Chemicals and 
structures such as neuron nuclei, dopamine, and early gene c-Fos are capable of being tagged with antibodies and are 
used to indicate a drug’s efficacy. 
 
A New Approach to Staining Oxytocin Receptors in Prairie Vole Brain Tissue 
Marianne Maughan, Dr. Sara Freeman 
G-protein coupled receptors (GPCR) present a challenge to scientists trying to visualize neural pathways in the brain. 
Currently there are very limited methods that allow scientists to visualize these receptors in tissues. Our research 
aims to create a new staining method that will selectively visualize the Oxytocin Receptors (OXTR), a GPCR.  We will 
be performing this research on Prairie Vole brain tissue. 
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Study of in vitro Remdesivir Resistance for Severe AcuteRespiratory Syndrome Coronavirus 2 (COVID-19) 
Zoe Meyer, Dr. Brett Hurst 
Coronaviruses are a family of enveloped, single stranded RNA viruses that cause respiratory and intestinal infection 
in both humans and animals. There have been many identified coronaviruses that cause infection to humans, such 
and HCov-229E and HCoV-OC43 which cause the common cold. Middle Eastern Respiratory virus (MERS) and 
Severe Acute Respiratory virus (SARS) are other notable corona viruses that have had high mortality outbreaks. The 
most infamous coronavirus to date which is responsible for the current pandemic the entire world faces is known as 
COVID-19, or SARS2 for its similarity to SARS. As the pandemic carries on, Remdesivirhas been a drug widely 
looked to as a potential medicine for the novel coronavirus and was even administered to Trump. With all drug 
treatments, there is the worry for development of resistant strains of the virus. My study attempts to develop 
aremdesivir-resistant strain of SARS2. This study will give us insight into ifremdesivir resistance can be achieved. 
Further studies testing the fitness of the resistant strain can be performed and help prepare us to fight against 
aremdesivir resistance coronavirus strain that could arise naturally. 
 
Is L-368,899 able to replace ALS-II-69 as a human-selective oxytocin receptor antagonist? 
Blake Nielson and Matthew Webb 
Oxytocin and vasopressin are two hormones that act in the brain to modulate social functions in both humans and 
animals. -Oxytocin acts in the brain by binding to the oxytocin receptor, a G-protein coupled receptor. Oxytocin also 
has an affinity to vasopressin receptors, since oxytocin and vasopressin have similar chemical structures. -Therefore, 
it is important to develop and validate selective drugs to target the oxytocin receptor for research purposes. 
 
Phylogenetics and Genomics of Insects and Insect Symbiont Relationships 
Autumn Rees, Von DohlenLab 
The von DohlenLab is researching the patterns and processes of evolution underlying the diversity and distribution 
of insects and their bacterial symbionts. The bacterial symbionts of aphids have been genome sequenced to identify 
patterns of association through adelgidhistory, understand the role of symbionts in the partnership, and to test a 
hypothesis regarding the historical high turnover of symbionts of adeglidae. While doing my undergraduate research 
assisting in the lab I helped prepare DNA samples for sequencing using particular protocols. 

 
Development And Nutritive Value Of High Altitude-Grown Alfalfa and Meadow Bromegrass 
Max Swain and Tyson Weight 
Alfalfa (Medicago sativaL.) HarvXtracultivar ‘NexGrow6409’ and meadow. bromegrass (Bromus biebersteiniiRoem. 
& Schult) cultivar ‘Cache’ were planted as four replicated 0.74-ha monoculture stands on 26 August 2019. Stands 
were assessed at biweekly intervals during the establishment year, 2020, using mean stage by weight distribution of 
at least 40 stems of alfalfa as described by Fick and Muller (1989). Forty stems of the grass, meadow brome, were also 
assessed by weight distribution of growth stage (vegetative, elongation or reproductive; Moore et al., 1991). At each 
sampling, each replication was assessed for yield using three 0.1-m2quadrats clipped to a 7.6-cm stubble height; these 
quadrats were also used to calibrate a Farmworks® F100 rising plate meter. Each of the four replicated stands of each 
forage were further assessed for yield by walking a transect delineating one-third of each rectangular stand while 
taking at least 30 readings with a rising plate meter, which were averaged. Calibration samples were oven-dried at 
60°C to constant weight. Stems clipped to a 0.76-cm height were collected along the opposite transect of each stand 
subsection, frozen in the field and stored at -20°C until freeze-dried. These samples were milled to pass the 1-mm 
screen of a Wiley mill and assessed for nutritive value using the near infrared spectroscopy (NIRS) Forage and Feed 
Testing Consortium extended equations for legume (alfalfa) or grass (meadow brome) hay. Stands were fully 
harvested to 0.76 cm and removed at the one-tenth bloom stage of alfalfa, initiating regrowth cycles. Before each full 
harvest, stems of alfalfa and meadow brome were cut at 7.6 cm, leaves and stems were separated, frozen in the field, 
freeze-dried, milled and analyzed, along with whole plant samples, using both NIRS and laboratory chemical 
analyses for neutral detergent-soluble carbohydrate components. 
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Synthesizing Octahedral Polyomavirus Capsids for Cryogenic Electron Microscopy 
Miles Robertson, Ryan Jackson, Ph.D. , David Belnap, Ph.D. 
Polyomavirus capsids are polymorphic under different chemical conditions. These capsids have been synthesized 
artificially using purified VP1, the primary building block of the capsid. Five VP1 proteins form a highly stable 
pentamer, and these pentamers can form capsids (Fig 1). Depending on chemical conditions, the capsids can form 
three distinct sizes: T=7, octahedral and icosahedral (Fig 2). Only one form is found in infectious virions, and its 
structure has been well studied. However, no high-resolution structure of the octahedral capsid currently exists. 
The goal of this research 1s to solve the structure of the octahedral capsid by electron microscopy and image 
classification. To do this, a streamlined protein purification protocol will be developed to isolate VP1 to provide 
many octahedral particles for successful electron microscopy. 
 
Characterization of a new pharmacological tool for targeting the canid oxytocin receptor. 
Hillary thrig, McKenna Rich, and Sara M Freeman, PhD 
Oxytocin is a hormone that mediates multiple social behaviors such as social recognition, maternal behaviors, and 
pair-bonding. Coyotes display monogamy. In other mammalian models, this behavior has been shown to be 
influenced by oxytocin. Oxytocin and Vasopressin’s structural similarities result in binding promiscuity both 
molecules bind to both receptors. We will determine the binding affinity of the oxytocin receptor antagonist, L-
368,899 using competitive binding autoradiography. If this antagonist effectively blocks the coyote oxytocin receptor 
and not the vasopressin 1a receptor, then it can be used in live coyotes to study oxytocin-dependent social behaviors. 
 
Importance of Experiment Replication in Understanding Distribution of ‘Alala Seed Retention Time   
Camilla Moses, Binod Borah, Noelle Beckman 
How does experiment replication increase our understanding of the distribution of Alala Seed Retention Time? 
Plants in Hawaii’s forest areas depend on avian seed dispersers to distribute theé seeds. However, due to extinction, 
only a few native birds still exist, so the role of seed dispersal has also been taken on by inYoduced, non-native birds. 
Rein Yoducing native Hawaiian béds, like the ‘Alalä, to thèse areas will facilitate the dispersal of native seeds and help 
to restore native vegetation. 
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