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ABSTRACT: Personality can be influenced by the intestinal microbiome through the gut-brain axis (GBA) and vagus nerve signaling. Evaluations of the canine and human microbiomes have shown the former to be a good predictor of human personality due to similarities between the two microbiomes and substantial overlap between their metagenomes. Analysis of microbiome composition in humans and canines has provided evidence of a link between both personality traits and mental health to intestinal microbiota. In this study, 16S ribosomal sequences of the phylogenetic contents of seventeen canine fecal samples were determined using MinION sequencing and were compared by least square regression to the results of a personality index (C-BARQ Survey) to determine whether there was a relationship between specific canine personality traits and the intestinal metagenome. Diversity levels in the metagenome were also compared, but confounding variables did not enable any conclusions to be reached. The resulting correlation coefficients did not indicate an association of the genera Blautia, Fusobacterium, and Streptococcus with personality traits as indicated in prior studies addressing aggressive and phobic behavior. Further evaluation of the microbiome is required to gain a higher level of confidence in these correlation coefficients and diversity levels.  
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1. Introduction
Personality refers to the characteristics of patterns of emotional, cognitive, and social aspects of an individual’s behavior according to the Revised NEO Personality Index. This questionnaire defines personality within five major dimensions: neuroticism, extraversion, openness, agreeableness, and conscientiousness (H.-N. Kim et al., 2017). While animal psychologists have avoided assigning anthropomorphic traits to dogs, the scientific field has attempted to create a broad model of personality that encompasses all species. In the field of canine personality assessment, the terms temperament and personality were used interchangeably (Jones and Gosling, 2005). 
Personality can be influenced through the internal composition of the intestinal microbiome. The gut-brain axis (GBA) regulates the microbiome through a bidirectional communication network between the microbiome and the CNS (Heym et al., 2019). This relationship is caused by competing microbiota and vagus nerve signaling (Johnson, 2020). Recent studies conducted on mice have proven direct and indirect correlation between the gut microbiome and personality including a complete transfer of certain personality traits following a fecal transplant between two subjects (Kelly, 2016). 
The canine gastrointestinal tract contains a highly biodiverse microbial ecosystem and is most similar to the human microbiome. A study of 1,247,407 dog, pig, mice, and human metagenomic genes related to the GBA showed a 63% overlap between dog and human samples (Coelho, 2018). Clearly, canines serve as a beneficial model organism for studies on the human microbiome and will be used to simulate the role of the microbiome in humans. Previous research has been conducted furthering this connection between human and canine physiology and their ensuant microbiome composition. German Shepherds as a species have been found to be considerably similar in microbiome composition to humans, with a prevalence of Bacteroides and Lactobacillus in both (Mondo et al., 2020). A study published in the MDPI Open Research Journal found that better memory performance in canines was associated with a lower frequency of Actinobacteria (Kubinyi et al., 2020). Because the two species are so similar, research surrounding the canine microbiome directly impacts the field of human mental health research.
Probiotics are increasingly used as a therapeutic approach to restore or improve the gut microbiome. Evidence suggests that probiotics such as Lactobacillus rhamnosus and Lactobacillus helveticus have significant benefits for human and rat colonic function and corticosterone levels which are involved in personality regulation. Another study showed that Bifidobacterium longum prevented anxiogenic-like effects in mice and decreased the severity of Hopkins symptoms in human subjects (Messaoudi et al., 2011). Based on these results, probiotics have a substantial impact on the microbiome and their consumption may have an impact on the canine microbiota which will be taken into consideration in our study. Thus, understanding the role between gut microbiota and mental health aids the development of more probiotic treatments for mental disorders, such as depression and anxiety. 
Statistics on mental health disorders have shown increased relevance of the need for microbiome research. For example, Lactobacillus, a shared species of the two, has been helper associated with depressive traits in humans when in abundance (Mondo et al., 2020). A study in humans showed direct correlation between the gut microbiome and the brain. Decreases in the brain-derived neurotrophic factor mRNA or protein led to an increase in anxiety-like disorders (Foster and Neufield, 2013). These discoveries along with the increasing prevalence of Major Depressive Disorder (MDD) and Generalized Anxiety Disorder (GAD) in the United States provide further rationale for BGA research. According to the National Institute of Mental Health, it is estimated that 7.1% or 17.3 million adults had at least one major depressive episode per year (National Institute of Mental Health, 2017). In addition to that, 3.1% or 6.8 million adults are affected by GAD every year. GAD often co-occurs with MDD, creating compound mental health conditions (Anxiety and Depression Association of America).
As noted above, the terms temperament and personality were used interchangeably in the field of canine personality assessment. However, in the current study, personality is the most accurate definition due to the composition of the Canine Behavior Assessment and Research Questionnaire and individual dog rating type assessment—the second most common type used in the field (Jones and Gosling, 2005). Through our own research, we will test whether there is an association between personality and certain gut microbiota and possible connections based on phylogenetic diversity in canines using the C-BARQ Personality Survey and next-generation sequencing data. Future research may prove a further association between microbiota and an increased risk of depression and anxiety. Further investigation of this relationship in canines will advance knowledge in the adjacent realm of human mental health and depressive disorders. With our research, we hope to find an association between personality and gut microbiota. From there, we will identify any taxonomical links to an increased risk of mental health disorders. Understanding the role of canine personality on gut microbiota will aid the scientific community in understanding the correlation between mental health and gut microbiota.

2. Methods
2.1 Sample Collection & C-BARQ Survey
Study participants signed an agreed consent form and were provided with a sample collection kit and instruction sheet. Fecal samples () were placed in the freezer at -20 °C after defecation and then stored at -70 °C within 24 hours of being returned.
The University of Pennsylvania’s C-BARQ Survey was then administered by the owners regarding the canine subjects. The C-BARQ survey provided a set of numerical scores from the owner’s perspective for fourteen categories of dog behavior: stranger-directed aggression, owner-directed aggression, dog-directed aggression, dog rivalry, stranger-directed fear, nonsocial fear, separation-related behavior, attachment and attention-seeking, trainability, excitability, touch sensitivity, and energy level. By generalizing these traits into three categories (anxiety/phobia, energy, and aggression), correlations between personality and underlying microbiome factors were identified. 
Another survey regarding previous use of antibiotics and/or probiotic supplementation of the canine subjects was also administered to the study participants. This information was accounted for during the analysis portion of this study. All data and personal information was stored in a secure cloud-based account or the University of Pennsylvania’s Vetapps profile.
2.2 DNA Extraction and Purification
DNA extraction of the fecal samples was performed using Qiagen’s DNeasy Powersoil DNA Extraction Kit according to the manufacturer’s user protocol. Due to availability concerns, the Quick-DNA Fecal/Soil Microbe Miniprep Kit by Zymo Research was also used to extract DNA from some of the fecal samples. 
Nanodrop spectral images were taken to analyze the concentration and purity of DNA. Samples that absorbed wavelengths at the ideal range for 16S applications, 260/280 nm = 1.8 and 260/230 nm = 2.0 – 2.2, progressed to the next stage. Extracted DNA was held below 4 °C. At this stage, Beckman Coulter AMPure XP Bead Cleanup was conducted on samples with significant impurities as instructed by the user protocol.
2.3 Library Preparation, Sequencing, & Analysis
Verified by a Qubit Fluorometer and dsDNA HS (high sensitivity) assay, quantities were diluted to 1 ng/µl to prepare for downstream sequencing applications. Oxford Nanopore Technologies’ 16S Barcoding Kit was used to prepare the 16S rRNA gene library for each sample, including PCR amplification, and all barcodes were pooled to a total of 50 – 100 femtomoles. The raw data obtained from MinION sequencing was analyzed using NCBI BLAST and Oxford Nanopore Technologies’ FASTQ application within the EPI2ME platform. The generated phylogenetic tree of bacterial species from the FASTQ application were then compared to the C-BARQ Survey results to analyze all correlations between canine personality and gut microbiota.
Percent genera abundance for each sample was plotted on the x-axis against the corresponding C-BARQ score on the y-axis. Least square regression lines could then be made for each pair of variables to determine correlation. 
The Shannon–Wiener index was also used to calculate overall phylogenetic diversity and Pielou evenness given by the following two formulas:
]

where  is the proportion of each species   , where     is the total number of taxa, and where    is the natural log of the total number of species also known as richness.


3. Results
Figure 1.  Nanodrop absorbance spectral images	    Figure 2.  Diversity indices
	n​
	260/230​
	260/280​
	[ng/µl]​

	2​
	2.18​
	1.86​
	495.6​

	3​
	0.65​
	1.87​
	170.4​

	4​
	2.11​
	1.87​
	178.1​

	5​
	2.33​
	1.89​
	15.2​

	6​
	2.02​
	1.83​
	79.5​

	7​
	2.32​
	1.90​
	161.9​

	8​
	2.01​
	1.87​
	95.4​

	9​
	2.06​
	1.88​
	449.2​

	10​
	2.30​
	1.87​
	148.6​

	11​
	2.00​
	1.88​
	439.0​

	12​
	2.37​
	1.89​
	290.6​

	13​
	2.40​
	1.87​
	234.1​

	14​
	2.49​
	1.86​
	118.5​

	15​
	1.99​
	1.87​
	854.5​

	16​
	1.96​
	1.96​
	9.4​

	17​
	2.07​
	1.88​
	52.2​

	18​
	2.24​
	1.84​
	522.7​


	n
	Shannon index (H’)
	Pielou Evenness (J)

	2
	1.06
	0.39

	3
	1.21
	0.50

	4
	1.25
	0.50

	5
	1.17
	0.53

	6
	0.53
	0.30

	7
	1.22
	0.41

	8
	0.85
	0.31

	9
	0.88
	0.34

	10
	0.96
	0.37

	11
	1.25
	0.50

	12
	0.84
	0.29

	13
	1.35
	0.44

	14
	0.59
	0.21

	15
	1.23
	0.39

	16
	1.00
	0.34

	17
	0.93
	0.32

	18
	1.42
	0.43














The Nanodrop spectrophotometer was used to assess concentration and purity of samples in order to ensure the proper chemical environment for sequencing.


The Shannon-Weiner Diversity and Pielou’s evenness indices represent overall diversity within the samples based on the abundance and frequency of bacterial genera. 
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[image: ]Trend lines relating the average scores for composite phobia, aggression, and dog-directed aggression were plotted on the y-axis to their respective bacterial genera Streptococcus, Lactobacillus, Blautia, and Fusobacterium. ​




4.   Discussion

This study sought to uncover links between the gut microbiome and canine personality. We hypothesized that gut health and phylogenetic diversity directly cause positive personality traits in canines, while an over or under representation of certain bacteria is associated with phobic and aggressive traits as well as mental health disorders. In conducting this research, a few key discoveries have been made. 
The graph above plots the average scores for composite aggression, phobia, and dog-directed aggression on the y-axis against their respective bacterial genera Fusobacterium, Blautia, Streptococcus, and Lactobacillus on the x-axis. By doing so, an association between variables can be formed. Where samples with high abundances of Blautia were originally expected to express more aggressive traits, this data suggests this may be true, however, at a lower level of correlation. Fusobacterium was also present in high quantities within our samples. Sample 5 which purported the lowest average aggression contained the largest percent abundance of the genera. The sample with the second highest abundance also had a low average C-BARQ score. This data provides evidence that Fusobacterium and aggression may be slightly inversely related. Yet even more interesting are the four outliers of our dataset, forming a trend with ninety-nine percent correlation. More research is necessary to understand the significance of this pattern and any variables which may caused it. No previous literature was found regarding Streptococcus’ role within the microbiome. However, Streptococcus is in the same class as Lactobacillus which has been tied to phobic traits. A plot of Streptococcus against Non-Social Fear was developed, producing a strong inversely correlated relationship (Kirchoff et al., 2019; Mondo et al., 2020; Pilla and Suchodolski, 2020).
          In a remodeled study, variation in diet would be accounted for and a larger sample size would be obtained to achieve a higher level of confidence in these results. By evaluating abundances of gut microbiota in relation to personality characteristics, veterinarians could then use this information to both determine reasons behind presence of certain personality traits and develop probiotics to treat negative traits such as aggression and phobia. This research can also be applied to humans in the realm of mental health treatment by developing probiotics to rebalance gut microbiota populations which have been shown to negatively influence disorders like anxiety and depression.
The Shannon Diversity Index and Pielou evenness were used to analyze how phylogenetic diversity contributed to overall health in canines. However, the indices provided confounding variables that made it difficult to draw conclusions and determine diversity within the samples. Further analysis of each microbial ecosystem will involve the QIIME2 application and its core metrics which consist of alpha and beta diversity measures: the Chao1 index, Faith’s phylogenetic diversity, Fisher’s index, observed OTUs, Jaccard distance, weighted and unweighted Unifrac distances, and Bray-Curtis dissimilarity. MaAsLin packages within RStudio and PICRUSt may also be used to compute multivariable analyses of “clinical metadata and microbial community abundance” (Kim, 2018).
	By evaluating abundances of gut microbiota in relation to personality characteristics, veterinarians could then use this information to both determine reasons behind presence of certain personality traits and develop probiotics to treat negative traits such as aggression and phobia. This research can also be applied to humans in the realm of mental health treatment by developing probiotics to rebalance gut microbiota populations which have been shown to affect mental health disorders like anxiety and depression. 
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