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1. INTRODUCTION 

It is currently estimated that 6.7 million Americans older than 65 years-of-age are living 

with Alzheimer’s Disease (AD) (Alzheimer's Association 2023 Annual Report, 2023). This 

debilitating chronic disease is associated with cognitive decline, loss of independence, and 

changes in personality as well as the hallmark pathologies hyperphosphorylated tau tangles and 

amyloid beta (Ab) plaques (De-Paula et al., 2012). Tau is an intracellular microtubule-associated 

protein that when hyperphosphorylated, disassociates from the microtubules and aggregates into 

damaging neurofibrillary tangles (NFTs) leading to neuronal dysfunction and synaptic 

impairment (Drummond et al., 2020; Naseri et al., 2019). The other hallmark pathology, Ab 

plaques, are formed from cleavage of the amyloid precursor protein (APP) into Aβ40 and Aβ42 

monomers which have the capacity to aggregate into plaques, thereby disrupting neuronal 

connections and causing cell death (Chen et al., 2017). While these pathologies contribute to the 

downstream effects associated with AD, the exact cause of AD remains mostly unknown. In the 

cases of early onset AD, the disease develops prior to the age of 65 and is due to known genetic 

mutations in APP and/or the enzymes that cleave APP. However, early onset AD is only 

responsible for 5% of cases diagnosed, leaving late onset AD to make up the majority of 

diagnoses (Mendez, 2019). Various environmental and lifestyle factors have been shown to 

increase the risk of developing late onset AD, including several modifiable factors such as 

chronic sleep loss, chronic stress, poor diet, and obesity (De-Paula et al., 2012).  

 In the United States, 41.9% of Americans are classified as having obesity and 9.2% as 

having severe obesity (Stierman, 2021). Several comorbidities are associated with obesity 

including type 2 diabetes, cardiovascular disease, and neurodegenerative diseases. While being 

classified as a BMI of 30 kg/m2 or higher and an excess of fat accumulation (Purnell, 2023), 
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obesity is also associated with chronic inflammation, gut barrier dysfunction and dysbiosis, 

oxidative stress, and autophagy dysregulation–all of which are associated with an increased risk 

of developing AD. Multiple factors contribute to the development of obesity, with unhealthy 

dietary behavior being the most heavily contributing factor (Safaei et al., 2021).  

The Western diet is the most common experimental diet model used in animal research to 

represent the dietary habits of Americans and is typically composed of excess saturated fats, 

simple carbohydrates, and low levels of fiber (Malesza et al., 2021). Chronic consumption of a 

Western diet results in negative peripheral effects such as increased white adipose tissue, 

dysbiosis of the gut microbiome, type 2 diabetes, non-alcoholic fatty liver disease (NAFLD), and 

chronic inflammation. Additionally, this diet is also associated with cognitive deficits, Ab 

aggregation, and an increased risk of developing neurodegenerative disorders including AD 

(Christ et al., 2019; Rakhra et al., 2020; Wieckowska-Gacek et al., 2021). While the Western diet 

is associated with several of the listed disease states, a Mediterranean diet (MD) has been shown 

to have protective properties against many of the same illnesses. The MD is commonly found in  

Italy and Greece and is associated with the consumption of poly-unsaturated fats, various sources 

of fiber, and diverse vegetables and fruits (Aridi et al., 2017). In human-based studies, strict 

adherence to a traditional MD is associated with a decreased risk of cognitive decline, decreased 

risk of developing type 2 diabetes, and a delay in the progression of AD (Abuznait et al., 2013; 

Andreu-Reinon et al., 2021; Stefaniak et al., 2022). In mouse models, various components of the 

diet such as olive oil, sulforaphane, and resveratrol, supplemented to the normal animal chow, 

has been shown to decrease inflammation, protect against cognitive decline, and decrease Ab in 

the brain (Abuznait et al., 2013; Borra et al., 2005).  
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While these versions of a Western diet and MD are commonly used as models in rodent 

research, neither experimental diet depicts what a typical American or typical person in the 

Mediterranean consume daily. Experimental Western diets are often exceedingly high in fat or 

sugar, often composed with up to as 60% kilocalories (kcal) from fat (Wieckowska-Gacek et al., 

2021; Wu et al., 2023; Wu et al., 2021). This greatly contrasts the 30-35% kcal from fat that a 

typical American regularly consumes, thus limiting the translatability of these results. Most 

human research focusing on the MD looks at the percent adherence wherein it compares the 

characteristics of an individual’s diet to a traditional Mediterranean diet, with a stricter adherence 

of an individual’s diet associated with longevity benefits (Trichopoulou et al., 2015; 

Trichopoulou et al., 2014). Mediterranean diet studies in rodents typically only supplement 

regular rodent chow with one component of this complex diet, such as olive oil, to observe the 

physiological and protective effects, thereby limiting the comprehensiveness of the study 

(Abuznait et al., 2013; Haskey et al., 2022). To address these limitations in the literature, our lab, 

in association with Texas Christian University’s Nutrition Department, designed two 

comprehensive diets to explore the effects of a typical American diet (TAD) and a Mediterranean 

diet (MD) based on the reported kcal percentages of macronutrients obtained from each region. 

Interestingly, typical Americans and those in the Mediterranean region consume diets that are 

similar in mean macronutrient levels, with 35% of their caloric intake from fat, 50% from 

carbohydrates, and 15% from protein. Therefore, the diets our lab created are similarly 

macronutrient-matched.  

We previously conducted a long-term diet study utilizing our macronutrient-matched 

diets in which rodents were weaned onto and thereafter fed either the TAD or MD for 6-months. 

Peripheral and central inflammatory cytokines, Ab levels in the brain, and behavior and cognitive 
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measures were assessed at the end of the study. Proinflammatory cytokines TNF-α and IL-1β 

were measured by analyzing both the levels of the cytokine proteins in the serum and mRNA 

levels in the dorsal hippocampus. Analysis of the proinflammatory cytokines revealed an 

increased inflammatory profile in male and female mice consuming the TAD compared to mice 

consuming the MD. Spatial memory measured through the object location memory task (OLM) 

and anxiety-like behavior measured through the elevated zero paradigm indicated significant 

cognitive impairment of male TAD mice compared to male MD mice. This was supported by an 

increased level of soluble amyloid beta in the dorsal hippocampus of both male and female mice 

consuming the TAD. Additionally, mice fed the TAD had a significantly higher amount of fat in 

the liver, commonly indicative of NAFLD. While the results of this study were similar to 

previously published rodent studies using a high fat/sugar Western diet or supplements of a 

Mediterranean diet, we were the first to report on comprehensive diets more representative of the 

actual macronutrient composition that humans from their respective region would consume 

(Braden-Khule, 2024). Therefore, the translational aspect of this rodent TAD and MD merits 

further investigation.  

The initial study comparing the TAD to the MD focused on the effects of these two diets 

in the lens of inflammation and AD pathologies. However, it has been well established that food 

composition has a significant impact on the gut microbiome and that gut microbiome dysbiosis 

caused by poor diet is associated with AD (Malesza et al., 2021; Pistell et al., 2010). In a 

previous study, we showed that mice consuming a synthetic amino acid formulated diet led to a 

significantly shifted gut microbiome after only one week (Mancilla et al., 2023). Because our 

TAD and MD experimental diets contain different food sources, the gut microbiome composition 

is expected to have varying characteristics While it is unknown whether differences in bacteria 
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abundance are the cause of disease development or a consequent result, understanding the 

microbiome composition is still relevant. The gut microbiome is primarily composed of bacterial 

species that colonize the intestinal tract and are responsible for harvesting energy, modulating the 

immune response, and producing key vitamins (Kesika et al., 2021). Energy harvesting occurs 

through the fermentation of non-digestible carbohydrates, leading to the production of short-

chained fatty acids (SCFAs) including butyrate, propionate, and acetate. SCFAs increase the 

energy available to the host and act as local and system signaling molecules (Montenegro et al., 

2023). Butyrate, propionate, and acetate regulate hepatic lipid and glucose homeostasis (Ott et 

al., 2018), with butyrate also regulating intestinal gluconeogenesis (Mtaweh et al., 2018; 

Sanchez-Delgado & Ravussin, 2020) and acetate suppressing adipocyte lipolysis and improving 

the insulin response (Primec et al., 2017). Further, butyrate maintains gut barrier integrity by 

increasing tight junction protein levels and serves as the primary energy source of colonocytes 

(Kesika et al., 2021). Propionate acts as a nutrient sensor which can reduce food intake and 

reduce cholesterol synthesis (Westerterp, 2017). Acetate and butyrate are primarily produced by 

bacteria within phylum Bacteroidetes, and butyrate produced by bacteria in the phylum 

Firmicutes (den Besten et al., 2013). The importance of SCFAs has been highlighted in metabolic 

health due to their role as signaling molecules that are responsible for the cross-talk between the 

microbiome and body.  

A healthy gut microbiome is vital for the development and maturity of the immune 

system. In humans, the initial colonization of the gut microbiome occurs at birth, with the 

intestinal microbiome of the infant mirroring the bacteria found in the vaginal canal. The initial 

microbiome continues to change as the infant is exposed to its environment, with the microbiome 

beginning to stabilize and resemble a mature microbiome at 3 years of age (Mackie et al., 1999). 
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As the early life microbial composition may still be reflected in adult microbiomes, the early life 

period is an important time for immune education to occur which may lead to differing 

susceptibility to disease later in life. In early life, the human immune systems consist of immune 

cells that tend to develop tolerance following antigen exposure. This preference leads to the 

commensal bacteria that make up the microbiome to educate the immune system about what 

should and should not elicit a response (Spor et al., 2011). In germ-free mice, introducing 

commensal bacteria later in life restores some accrued deficits but still causes a different 

composition in the jejunum and colon. This suggests that the early-life window of colonization 

causes irreversible consequences that may lead to a differentially developed immune system in 

an adults (El Aidy et al., 2013).  

Mucosal immunity plays an important role in immunomodulation wherein the immune 

system is tolerant of the bacteria comprising the gut microbiome, but is sensitive to overgrowth 

and translocation of bacteria into the rest of the body. Immune deficiencies are observed in germ-

free mice, partially due to the lack of molecular effectors produced by intestinal bacteria (Hevia 

et al., 2015). For example, lipopolysaccharide (LPS), the outer membrane component of gram-

negative bacteria, from non-pathogenic bacteria helps train the immune system early in life, and  

communicates microbiome health to the immune (Kesika et al., 2021). Bacterial overgrowth can 

lead to dysbiosis and infection, such as accumulation of Helicobacter pylori, causing peptic 

ulcers (Araujo et al., 2022). Translocation of bacteria or their toxins into systemic circulation can 

lead to complications including eliciting an immune response or causing infection. Chronic 

inflammation weakens intestinal permeability by debilitating the tight junctions between 

enterocytes, further elevating bacterial translocation and systemic inflammation, thus creating a 

vicious circle (El Aidy et al., 2013). Inflammation can also be used by several pathogens to 
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decrease the viability of the gut microbiome, allowing the pathogens to maximize their infective 

potential and establish themselves in the gut microbiome. Many pathogens from the phylum 

Proteobacteria use inflammation to aid in their colonization, such as Salmonella enterica serovar 

Typhimurium (Lupp et al., 2007; Stecher et al., 2007). Conversely, a diverse microbiome 

composition limits pathogenic colonization by diminishing nutrient and space (niches) 

availability and by increasing the production of anti-microbial peptides (Kesika et al., 2021). 

Maintaining immune tolerance and sensitivity to pathogenic bacteria relies on a microbiome in 

eubiosis. 

A healthy gut microbiome is one that is rich in phyla Firmicutes, Bacteroidetes, 

Actinobacteria (Garcia-Montero et al., 2021), Verrucomicrobiota, and Proteobacteria (Kesika et 

al., 2021). Nonetheless, the specific bacterial species associated with a healthy gut microbiome 

are still to be determined. However, having increased microbial diversity has been consistently 

associated with a healthy gut microbiome. Strict adherence to a MD has been correlated with an 

increase in favorable bacterial species, limited growth of pathogenic bacteria including LPS-

producing Enterobacteria, and an increase in beneficial bioactive metabolites (Garcia-Montero et 

al., 2021). Components of the MD, such as plant polyphenols and dietary fiber, have been 

associated with increased microbial diversity and SCFA fermentation (Garcia-Montero et al., 

2021). Overall health is influenced, however, not only by the presence of specific bacteria, but 

also by the levels and ratios of cohabitating bacteria, viruses, and archaea.  

The specific composition of a microbiome in dysbiosis is also largely undefined, however 

gut microbial dysbiosis is generally associated with decreased microbial diversity as well as an 

increase in the abundance of pathogenic species. Consumption of the Western diet is associated 

with gut microbiome dysbiosis and the development of several diseases states previously 
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mentioned. A high-fat Western diet is associated with a significant decrease in various SCFAs 

(Agus et al., 2016), an increase in intestinal permeability, and an increased pro-inflammatory 

immune response (Bruce-Keller et al., 2015). Significantly reduced diversity and differing 

community structures causing a decrease of gut barrier bacteria have also been linked to 

consumption of a Western diet (Statovci et al., 2017). Chronic systemic inflammation from 

dysbiosis can over activate brain microglia and weaken blood brain barrier permeability, leading 

to neuroinflammation and neuronal damage. Long-term gut microbiome dysbiosis has been 

associated with chronic disease states, ranging from inflammatory bowel disease (IBD) to an 

increased risk of developing AD due to the bidirectional signaling within the gut-brain axis 

(Kesika et al., 2021). Communication between the gut and the brain occurs through the 

production of gut-derived neurotransmitters and modulators or by direct bacteria translocation 

(Pluta et al., 2020).  

While there is an established link between AD pathologies and gut microbiome dysbiosis, 

the current experimental literature has the major limitation of using Western diets that are 

excessively high in fat and sugar. Therefore, the purpose of this study was to explore the effects 

of long-term consumption of a realistic TAD and MD on the composition of the gut microbiome. 

Additionally, the transgenerational effects of the two diets were explored to examine the possible 

effects of perinatal diet on the gut microbiome during development and early life. The offspring 

mice would be on the experimental diet during the key early window in which the immune 

system is malleable, then at post-natal day 21 shifted towards the standard rodent diet. We expect 

the initial offspring microbiome composition to resemble that of their mothers and thus continue 

showing compositional differences depending on their mother’s experimental diet. Furthermore, 

we hypothesize that these early differences in the offspring's microbial composition may lead to 
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differential immune training and tolerances. After weaning onto standard diet, we expect the gut 

microbiomes of offspring birthed from either experimental group to become the same except for 

a few, probably undetectable, differentially abundant bacteria due to the fingerprint that early-life 

gut microbiome composition has on adults.   

 

2. METHODOLOGY 

2.1 Study Design and Animal Use 

Parental Generation (G1) 

31 male and 23 female C57BL6/J mice bred in Texas Christian University’s vivarium 

were utilized in this study. A baseline fecal sample was collected from the animals on postnatal 

day 21 (PND 21) after which each mouse was randomly assigned to one of two long-term 

experimental diet conditions; 1) a typical American diet (TAD; D21112903) or 2) a 

Mediterranean diet (MD; D21112902) both formulated at Research Diets (New Brunswick, NJ).  

Animals were maintained on these diets for 6 months and fecal samples were collected after 1 

month on the diet and after 6 months on the diet (Figure 1). The experimental diets were 

formulated by Texas Christian University’s Nutrition Department and the Neurobiology of Aging 

Laboratory (see Table 1 for diet composition). This initial experimental group of 54 animals 

comprised the parental generation (G1) of the study. 
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Table 1. Dietary Components and Macronutrient Percentages. Macronutrient percentages 

and key dietary components of the Mediterranean diet (MD) and typical American diet (TAD). 

Both diets’ macronutrient percentages were 50% from carbohydrates, 35% from fat, and 15% 

from protein. The dietary sources listed are representative for the respective region. 

Key Dietary 

Components 

Mediterranean 

Diet 

Typical American 

Diet 

Macronutrient 

Percentage 

Carbohydrates Brown rice & 

wheat starch 

Corn starch 50% 

Fats Olive oil, fish oil, 

& flaxseed oil 

Beef Fat (Bunge), 

Safflower Oil, 

Butter (Anhydrous) 

35% 

Protein Egg whites, soy, & 

fish protein 

Casein (from milk 

fat) 

15% 
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Figure 1. Graphical experimental timeline of parental (G1) generation mice. Baseline fecal 

pellets were collected at PND 21 with the animals later divided and weaned into either the 

experimental MD or the TAD. Additional fecal collection timepoints included 1 month (2 months 

of age) and 6 months post-intervention (7 months of age). Collected fecal pellets were used for 

downstream analysis of the gut microbiome composition.  

Offspring Generation (F1) 

After sampling the final fecal collection, a small subset of males and females in each diet 

group were paired to maintain their respective diet condition and allowed to breed to produce the 

first generation (F1) to explore the transgenerational effects of diet (Figure 1). The parental 

subset animals (1 male and 1 female per cage) remained on their respective experimental diet 

throughout breeding until offspring were weaned. F1 offspring (n’s = 22) baseline fecal samples 

were collected on PND 21 prior to being weaned onto standard rodent chow (Lab Diet Prolab 

RMH 1800). F1 generation mice were housed according to parental diet conditions (MED born 

offspring housed with MED born offspring, TAD born offspring housed with TAD born 

offspring) and remained on standard rodent chow until their final fecal collection at 2-3 months 

on diet. 
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Figure 2. Graphical experimental timeline of offspring (F1) generation mice. G1 mice were 

bred within diet condition, with the offspring exposed to experimental diet throughout gestation 

and early life. Baseline samples were collected from offspring on PND 21 prior to weaning onto 

standard rodent chow. Subsequent sampling occurred at 2-3 months on standard diet (3-4 months 

of age). Collected fecal pellets were used for downstream analysis of the gut microbiome 

composition.  

Subject Parameters 

All non-breeding animals were group housed (3-4 animals per cage) in polycarbonate 

cages with pelleted, paper-chip bedding and compressed cotton square nestlets (LabSupply, Fort 

Worth, TX) under a 12-hour light/dark schedule within diet condition and provided food and 

water ad libitum. All procedures and handling complied with the Guide for the Care and Use of 

Laboratory Animals (National Research Council, 2011) and were approved by TCU’s 

Institutional Animal Care and Use Committee (IACUC Protocol # 2021-14). 

2.2 Sample Processing 

Sample Collection 
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Animals were temporarily individually housed in 12.5cm X 15cm X 25cm empty 

polycarbonate cages for fecal collection. Once 2-3 pellets were collected with tweezers, fecal 

samples were stored in sterile microcentrifuge tubes at -80℃ for further analysis and animals 

were returned to their original group housing. Baseline samples were collected from every 

animal prior to weaning. G1 fecal samples were collected at baseline, 1 month on diet (2 months 

of age), and 6 months on diet (7 months of age). F1 samples were collected at baseline and 2-3 

months on diet (3-4 months of age).  

Nucleic Acid Isolation 

Nucleic acid isolation was performed using the MagMAX Microbiome Ultra Nucleic 

Acid Isolation Kit for fecal samples (ThermoFisher Scientific, Waltham, MA). Isolation was 

performed according to the MagMAX protocol, with the addition of 40uL proteinase K fol lowed 

by a 30-minute incubation period at 56C during the sample lysis step for further extraction. Due 

to limited sample amount for baseline timepoints, elution volume was reduced to 100uL and a 

maximum volume of fecal sample of 50mg was used. Samples were run on the ThermoScientific 

KingFisher Flex (Waltham, MA) with the recommended protocol 

“MagMAX_Microbiome_Stool_Flex” (Appendix A) modified to account for 100uL of elution 

buffer. Isolated nucleic acid was measured using a Nanodrop 2000 Spectrophotometer 

(ThermoFisher Scientific).  

Amplicon PCR and Gel Electrophoresis 

Amplicon polymerase chain reaction (PCR) was performed to amplify the template 

region of interest. Amplicon PCR was performed on all samples in duplicate with a positive 

control of 15ng/mL E. coli genomic DNA and negative control of sterile molecular grade water. 

PCR Master Mix was comprised of Invitrogen 10X AccuPrime PCR Buffer II, Invitrogen 50mM 
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MgSO4 (ThermoFisher Scientific), Illumina forward and reverse V4 primers (Illumina, San 

Diego, CA), 1.0mg/mL BSA, and 4mM AccuPrime TaqDN (ThermoFisher Scientific). DNA 

amplification was performed using the following protocol: denatured at 94C for 2:00min; 24 x 

(94C for 0:30 sec, 55C for 0:40 sec, 68C for 0:40 sec), and final extension at 68C for 5:00 min. 

Gel electrophoresis was performed on all PCR samples to confirm the presence of nucleic acid 

prior to proceeding to the next steps.  

PCR Clean-Up and Index PCR 

PCR clean-up was performed to free the samples from primers and primer dimer species. 

32uL of AMPureXP beads (Beckman Coulter, Pasadena, CA) were added to each well of the 

Amplicon PCR plate and shaken for 2 minutes at 1800rpm. After a 5-minute room-temperature 

incubation period, the plate was placed on a magnetic stand until the supernatant cleared. With 

the PCR plate still on the magnetic stand, all supernatant was discarded and the remaining 

magnetic beads were washed twice with 80% ethanol for 30sec. The second ethanol wash was 

removed and the beads were air-dried for 10min while still on the magnetic stand. After 

incubation, the Amplicon PCR plate was removed from the stand and 52.5 uL of 10 mM Tris pH 

8.5 was added to each well. The plate was incubated at room temperature for 2 minutes, placed 

on the magnetic stand until the supernatant cleared, then the supernatant was transferred to a new 

96-well PCR plate. Index PCR was performed using the NexteraXT index kit V2 (Illumina) to 

attach dual indices and the Illumina sequencing adapters (Illumina) using a modified PCR 

thermal cycling program: denatured at 94C for 3:00min; 8x (95C for 0:30 sec, 55C for 0:30 sec, 

68C for 0:30 sec), and final extension at 68C for 5 min. PCR cleanup was then performed using 

the same protocol previously listed. The DNA concentration in nM was calculated in order to 

dilute the concentrated final library to 4nM using 10mM Tris pH 8.5. The library was pooled by 
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adding 5uL of diluted DNA from each library and mixing. Specifically, the library pooling 

consisted of 30mL of working solution (1:200 of dsDNA HS Reagent in Qubit dsDNA HS buffer 

with 1uL of dye added) (ThermoFisher Scientific).  

Library Denaturing and MiSeq Sample Loading 

The final pooled DNA library consisting of all samples that are individually labeled with 

a unique barcode sequence was denatured in preparation for sample loading where cluster 

generation and sequencing would occur. The final 4mM pooled libraries were denatured with 0.2 

N NaOH for 5 minutes. A control of 4pM PhiX (Illumina) was used throughout the library 

denaturing and sample loading process to serve as an internal control during the run. After the 

pooled library and PhiX control were denatured with 0.2 N NaOH, 10uL of the denatured 

contents were added to 990uL of pre-chilled HT1 (Illumina). The denatured sample DNA and 

PhiX control was diluted to a final concentration of 20pM. 30uL of denatured and diluted PhiX 

control and 570uL of denatured and diluted amplicon library were combined in a microcentrifuge 

tube prior to loading it onto the MiSeq v4 reagent cartridge. After preparation, the MiSeq reagent 

cartridge was loaded on the MiSeq flow cell (Illumina).  

2.3 Statistical Analysis 

FASTQ files generated by the Illumina MiSeq instrument were processed for microbiome 

analysis. The QIIME2 workflow (Bolyen et al., 2019) was followed in Miniconda3 throughout to 

process data, analyze data, and create visuals (see Appendix C for code used to generate all 

visuals). Raw sequences stored as FASTQ files were imported and underwent sequence quality 

control using the DADA2 pipeline (Callahan et al., 2016) to trim and truncate sequences based 

on quality scores from the demultiplexed data. Within the DADA2 pipeline, sequences were 

filtered, merged, and clustered. A feature table was generated using the mafft program to 
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generate a rooted tree for downstream phylogenetic diversity analysis. Taxonomic analysis was 

performed using the pre-trained Naïve Bayes classifier and the q2-feature-classifier plugin 

(Bokulich et al., 2018). Taxa bar plots were generated to view the taxonomic composition 

according to taxonomic levels of classification. Alpha and beta diversity analysis was generated 

using the q2-diversity plugin. Alpha group significance between categorical metadata columns 

was generated using Shannon diversity index and Evenness. Beta diversity was analyzed using 

PCoA plots using Emperor to generate weighted and Bray-Curtis Emperor plots. Beta group 

significance between categorical metadata columns was generated using a PERMANOVA. 

Differential abundance testing with ANCOM was used to identify features that are differentially 

present across sample groups, and data was filtered according to experimental group. Results 

from the differential abundance testing were filtered according to the specific taxonomic levels 

present.  

 

3. RESULTS 

3.1 Initial Microbial Analysis 

To ensure no confounding variables were a part of the downstream analysis, sex and 

baseline differences were initially examined through comparing beta diversity metrics. Beta 

diversity provides information on the differences in microbial composition between different 

experimental communities and how they vary by taking into consideration the presence or 

absence of taxa and their relative abundances. Differences in community composition was 

measured using principal coordinate analysis (PCoA) as it relies on distance rather than 

variations for plotting and maximizes linear correlation. Typically, larger eigen values (the 

percentages over the respective axes), such as one whose axes add to over 50%, are considered 
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successful as they capture a significant percent of data variation. The PCoA plots were generated 

using Weighted UniFrac metrics, which gauge community dissimilarity while accounting for 

phylogenetic relationships. This approach detects distinctions stemming from variations in 

relative abundances rather than taxonomic presence. For beta diversity statistical results, a 

PERMANOVA was used as it tests if the distances between samples within one group are more 

similar to each other than samples from a different group. At all sampling timepoints throughout 

the intervention, there is complete overlap between samples according to sex, indicating there is 

no difference in gut microbiome community composition due to sex, as supported by a 

PERMANOVA (n = 70, permutations = 999, pseudo-F = 0.195, p = 0.952) thus we compressed 

samples across sexes for subsequent analyses between diets (Figure 3).  

 

 

Figure 3. PCoA of Weighted UniFrac distances according to sex in G1. A principal 

coordinate analysis (PCoA) plot of weighted UniFrac distances revealed overlap according to 

sex, with individual samples represented by one dot. As no differences in overlap was observed, 

samples will be compressed across sexes for subsequent data analysis. 
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 Baseline metrics were also compared using alpha and beta diversity to ensure no initial 

differences between experimental conditions. Alpha diversity is important to understand the 

diversity of microbial species within a specific experimental condition, such as diet. Two 

different metrics were used throughout the study to assess alpha diversity. Firstly, estimated 

richness, or the number of different species present, was measured number of operational 

taxonomic units (OTUs). Secondly, evenness, or the distribution of abundance between species, 

was calculated using Simpson’s evenness. Prior to weaning when all experimental groupings 

were consuming standard rodent chow (0 MOD), there was no significant difference in mean 

Shannon diversity (H = 0.011, p = 0.918), Simpson’s evenness (H = 0.900, p = 0.343), or 

observed OTUs (H = 2.372, p = 0.123) according to diet condition. Analysis of a PCoA plot of 

weighted UniFrac distances according to month on diet (MOD) revealed significant overlap 

within the 0 MOD timepoint for either experimental diet group. The baseline group will not be 

further explored as there was an overlap between both experimental groups at 0 MOD 

(PERMANOVA with 26 samples and 999 permutations performed, calculated pseudo-F statistic 

of 0.811 and a p-value of 0.453). 

  

No overlap between 0 MOD and 6 months on diet (6 MOD) indicated a dramatic shift of 

community composition of the gut microbiome across timepoints due to the implementation of 

the experimental diet (Figure 4). PERMANOVA determined that the deviance based on MOD (0 

MOD vs 6 MOD) was significant (n = 42, permutations = 999, pseudo-F = 11.666, p = 0.001). 

Experimental timepoints 1 month on diet (1 MOD) and 6 MOD were analyzed to explore the 

time it would take to fully shift the gut microbiome to a stable community. Beta diversity showed 

an overlap between 1 and 6 MOD, indicating no differences in microbial community 
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composition, therefore, the 6 MOD timepoint will be used for the remainder analyses (n = 44, 

permutations = 999, pseudo-F = 0.305, p = 0.784).  

 

 

Figure 4. PCoA of weighted UniFrac distances according to month on diet in G1. A principal 

coordinate analysis (PCoA) plot of weighted UniFrac distances revealed overlap according to 

baseline condition (yellow dots) as well as overlap between 1 month (green dots) and 6 months 

(purple dots) on diet. No overlap was observed between baseline and 6 months on diet. 

Individual samples are represented by a dot.  

 

 

3.2 Alpha Diversity within Parental Generation after 6 Months on Diet  

After 6 months on experimental diet (6 MOD), there was a significant difference in mean 

Shannon diversity observed (H = 8.647, p = 0.003) wherein the MD had a significantly higher 

microbial diversity than the TAD. Similar trends were found when analyzing microbial richness 

measured through OTUs wherein the MD had significantly more OTUs observed after 6 MOD 

(H = 5.852, p = 0.0156) and microbial evenness measured through Simpson’s evenness (H = 

9.926, p = 0.002).  
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3.3 Beta Diversity within Parental Generation after 6 Months on Diet 

When only examining 6 MOD to explore the differences caused by the comprehensive 

diets, there is no overlap between the two diet conditions, indicating a shift in the composition of 

the gut microbiome (Figure 5). PERMANOVA analysis determined the effects of 6 MOD on an 

experimental diet on the gut microbiome composition (n = 16, pseudo-F =29.474, p = 0.002) and 

indicated there is a statistically significant deviance in microbiome composition according to diet 

condition.  

 

Figure 5. PCoA of weighted UniFrac distances according to diet condition in G1: 6 MOD. A 

principal coordinate analysis (PCoA) plot of weighted UniFrac distances revealed no overlap 

between animals after consuming either the MD or the TAD for 6 months. Individual samples are 

represented with a dot.  

3.4 Taxonomic Analysis within Parental Generation after 6 Months on Diet 

Differences in relative frequencies of taxonomies present due to diet condition were 

analyzed through taxa bar plots showing bacterial phyla and were supported by an unpaired t test 
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with Welch correction. Further analysis into specific differentially abundant bacteria was 

measured using an ANCOM test and related volcano plot.  

Means of the relative frequencies of each sample in between diet condition were used to 

produce a taxa bar plot wherein phyla measured included Firmicutes, Verrucomicrobiota, 

Bacteroidetes, Proteobacteria, and Actinobacteria with all other present phyla grouped into an 

“Other” category. Taxa bar plots between the MD and TAD mice after 6 months on diet-TAD 6 

MOD and MD 6 MOD, respectively-revealed differences in relative frequencies of bacterial 

phyla (Figure 6).  

  

Figure 6. Taxa Bar Plots Examining Relative Frequency of Phyla in G1: 6 MOD. The mean 

relative frequencies from each diet condition after 6 months on diet were calculated to display 

the differentially present phylum in taxa bar plots. Different bacterial phyla are represented by 

different colors.  

 

Multiple unpaired t-tests with Welch correction to account for inequal SD between 

groups were performed to analyze the statistical differences in relative frequencies between each 

phylum. Significant differences were found in all bacteria phyla, where mice consuming the MD 

for 6 months had a significantly elevated relative frequency of phyla Bacteroidetes, 

Proteobacteria, Verrucomicrobiota, and Actinobacteria and a lower relative frequency of 
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Firmicutes compared to the TAD (Table 2). Firmicutes were by far the dominant phyla within the 

TAD 6 MOD group, with the relative frequency being nearly double that found in the MD 6 

MOD group. 

Phylum Mean of MD 6 MOD Mean of TAD 6 MOD p-value SEM 

Firmicutes 48.22% 92.82% <0.001 6.011 

Verrucomicrobiota 10.11% 1.52% <0.001 2.258 

Bacteroidetes 24.76% 3.17% <0.001 2.462 

Proteobacteria 16.29% 0.47% <0.001 3.067 

Actinobacteria 0.46% 1.87% 0.004 0.48 

 

Table 2. Multiple Unpaired t-Tests of Phyla Relative Abundance Between Diet Condition in 

G1: 6 MOD. Mean relative abundance and standard deviations were calculated from raw data 

reported from the relative abundance taxa bar plot. An unpaired t-test was run to calculate the 

significance of difference between phyla after 6 months of experimental diet. N = 8.  

 

Differential abundance on the genera level was analyzed using ANCOM volcano plots to 

examine the different supported bacteria after consuming a MD or TAD diet for 6 months. 

Analysis revealed 5 significantly differentially abundant bacteria genera (Figure 7). The TAD 6 

MOD group showed a significant increase in abundance of genera within phyla Firmicutes-

Lactococcus, Lactobacillus, and an unlisted genus in family Peptostreptococcaceae. The MD 6 

MOD group had a significantly elevated abundance of Sutterella within the Proteobacteria 

phylum and Clostridium within the Firmicutes phylum. Analysis according to the species level 

was attempted, however due to limitations in the software’s ability to provide identification down 
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to the species level, a majority of the differentially abundant species were unspecified further 

than genus. However, within the few species that were identified and deemed significant through 

unpaired t-tests, Akkermansia muciniphilia was significantly increased in the MD 6 MOD 

condition compared to the TAD 6 MOD condition (M MD = 6092.57, M TAD = 327.14, p 

=0.003). 

 

 

Figure 7. Labeled ANCOM Volcano Plot of Differentially Abundant Genera in G1: 6 MOD. 

An ANCOM test was run to generate a volcano plot displaying the reported differentially 

abundant bacterial genera according to diet condition. Bacteria genera significantly more 

abundant in the TAD are highlighted by a yellow dot and significantly more abundant bacteria 

genera in the MD are highlighted by a blue dot. Each individual dot represents a bacteria genus, 

with dots skewing away from 0 on the X-axis indicating difference in regulation and a higher W 

value indicating an increased significance of that difference in regulation. Top corners of the plot 

are ASVs suspected to be truly different across the groups. A predetermined W-value was used to 

determine significance through QIIME2 that is not available for the user. 
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3.5 Offspring Baseline and Parental Endpoint Microbial Similarities 

Similarly to G1, offspring baseline (F1: 0 MOD) alpha diversity was measured using 

Shannon diversity, evenness through Simpson’s evenness, and observed number of OTU’s. A 

significant difference in Shannon diversity (H = 7.456, p = 0.006) according to experimental diet 

condition, reveals a higher community richness in baseline samples from in the MD group (F1: 

MD 0 MOD). A similar pattern was found when analyzing microbial evenness (H = 7.456, p = 

0.006). Differences in beta diversity was examined using a PERMANOVA between diet 

conditions of F1: 0 MOD timepoint, revealing a significant difference between groups (N = 16, 

permutations = 999, pseudo-F = 19.098, p = 0.001).  

As the F1: 0 MOD microbiome composition was hypothesized to be the same as the 

parental 6 MOD (G1: 6 MOD) composition within diet condition, alpha and beta diversity 

comparisons between the two generations according to diet condition were examined. Shannon 

diversity found no significant differences between the F1: TAD 0 MOD and the parental TAD 6 

MOD (G1: TAD 6 MOD) (H = 1.103, p = 0.294) or the F1: MD 0 MOD and the parental MD 6 

MOD (G1: MD 6 MOD) (H = 2.482, p = 0.115). Similar trends were found when examining 

Simpson’s evenness for the TAD condition (H = 0.069, p = 0.792) or the MD condition (H = 

1.864, p = 0.172).  

As no significant differences in alpha diversity were observed when comparing G1: 6 

MOD to F1: 0 MOD within either diet condition, there is no significant difference in community 

richness or evenness. However, a significant difference between beta diversity was observed and 

measured via a PERMANOVA within both the MD group (N = 16, permutations = 999, pseudo-

F = 5.417, p = 0.001) and the TAD group (N = 16, permutations = 999, pseudo-F = 3.982, p = 

0.014), indicating community composition differences. To further examine this, a taxa bar plot of 
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relative frequencies of bacteria phyla showed differences in the average values according to diet 

and generation (Figure 8). 

 

Figure 8. Taxa Bar Plots Examining Relative Frequency of Phyla Between F1: 0 MOD and 

G1: 6 MOD. The mean relative frequencies from each diet condition were calculated to display 

the differentially present phylum in taxa bar plots. Different bacterial phyla are represented by 

different colors.  

 

Delving further into the differences in relative frequencies of bacteria phyla (Table 3), 

Firmicutes (p = 0.003, SEM = 5.489) had a significantly lower relative frequency in the F1: TAD 

0 MOD than the G1: TAD 6 MOD. Additionally, Bacteroidetes were significantly higher (p = 

0.017, SEM = 2.685) in the F1: TAD 0 MOD than the G1: TAD 6 MOD.  

Table 3. Comparisons of Mean Relative Abundance of Bacterial Phyla Between G1: TAD 6 

MOD and F1: TAD 0 MOD. Mean relative abundance and standard deviations were calculated 

from raw data reported from the relative abundance taxa bar plot. An unpaired t-test was run to 

calculate the significance of difference between phyla after parental consumption of the TAD for  

6 months or the offspring baseline consumption of the TAD. N = 16. 
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Phylum Mean of G1:TAD 

6 MOD 

Mean of F1:TAD 

0 MOD  

p-value SEM 

Firmicutes 92.82% 69.49% 0.003 5.849 

Verrucomicrobiota 1.52% 13.31% 0.057 5.269 

Bacteroidetes 3.16% 11.07% 0.017 2.685 

Proteobacteria 0.47% 1.7% 0.063 0.590 

Actinobacteria 1.88% 3.57% 0.119 0.996 

 

Similar trends were found when looking at the offspring MOD 0 and parental MOD 6 

samples that were within the MD condition (Table 4). Phylum Firmicutes were significantly 

lower in offspring MD 0 MOD samples (p = 0.026, SEM = 6.632) and phylum Bacteroidetes 

were significantly higher in offspring MD 0 MOD samples (p = <0.001, SEM = 4.947) compared 

to parental MD 6 MOD.  

Table 4. Comparisons of Mean Relative Abundance of Bacterial Phyla Between G1: MD 6 

MOD and F1: MD 0. Mean relative abundance and standard deviations were calculated from 

raw data reported from the relative abundance taxa bar plot. An unpaired t-test was run to 

calculate the significance of difference between phyla after parental consumption of the MD for 

6 months or the offspring baseline consumption of the MD. N = 16. 

 

Phylum Mean of G1:MD 6 

MOD 

Mean of F1:MD 0 

MOD 

p-value SEM 

Firmicutes 48.21% 31.82% 0.026 6.632 

Verrucomicrobiota 10.11% 7.35% 0.394 3.130 
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Bacteroidetes 24.76% 48.76% <0.001 4.947 

Proteobacteria 16.28% 11.44% 0.207 3.633 

Actinobacteria 0.46% 0.36% 0.493 0.153 

 

3.6 Offspring 2 Months on Diet and Parental Baseline Microbial Similarities 

 Offspring were fed standard rodent diet for 2 months, with their microbial communities 

hypothesized to shift to a shared composition. To examine this, alpha diversity was measured 

between the two offspring groups after transition to standard chow for 2 months (F1: 2 MOD) by 

examining Shannon diversity and Simpson’s evenness. There were no significant difference in 

Shannon diversity (H = 0.276, p = 0.600) or Simpson’s evenness (H = 0.893, p = 0.345) 

indicating no disparity in community diversity or evenness. A similar trend followed when 

examining the beta diversity of the two diet conditions after 2 MOD, with a PERMANOVA 

revealing no significant differences (N = 16, permutations = 999, pseudo-F = 1.808, p = 0.201). 

Due to these two similarities, there was no further downstream analysis comparing the two F1: 2 

MOD groups. 

As the G1: 0 MOD involves samples from mice still on standard rodent chow (prior to 

their weaning onto experimental diet) and the F1: 2 MOD also consume standard diet, the G1: 0 

MOD and F1: 2 MOD samples were compared to examine similarities in microbial composition. 

Alpha diversity metrics revealed a significant difference between G1: 0 MOD and F1: 2 MOD  

when analyzing both the Shannon diversity metric (H = 4.401, p = 0.0359) and Simpson’s 

evenness (H = 4.401, p = 0.036) wherein the F1 generation had higher diversity. A significant 

difference in beta diversity was also found through a PERMANOVA (N = 42, permutations = 

999 pseudo-F = 3.558, p = 0.015). To further explore the disparity between these experimental 
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conditions, a taxa bar plot of average bacteria phyla relative frequency according to diet and 

generation was created (Figure 9).  

 

Figure 9. Relative Frequency Bar Plot of F1: 2 MOD and G1: 0 MOD. The mean relative 

frequencies from each diet condition were calculated to display the differentially present phylum 

in taxa bar plots. Different bacterial phyla are represented by different colors. 

 

Unpaired t-tests were used to compare the average relative frequencies of each phylum 

between the F1: 2 MOD and the G1: 0 MOD. While the analyses revealed significant 

differences, these differences were within the two smallest bacterial phyla that combined make 

up between 1.22-2.24% of present bacterial phyla, thereby potentially limiting its significance to 

the study (Table 5).   

Table 5. Comparisons of Mean Relative Abundance of Bacterial Phyla Between F1: 2 MOD 

and G1: 0 MOD. Mean relative abundance and standard deviations were calculated from raw 

data reported from the relative abundance taxa bar plot. An unpaired t-test was run to calculate 

the significance of different phyla between the offspring samples after standard diet for 2 months 

or parental baseline samples on standard diet. N = 42 
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Phylum Mean of F1: 2 MOD Mean of G1: 0 MOD p-value SEM 

Firmicutes 52.00% 58.22% 0.363 3.31 

Verrucomicrobiota 11.02% 2.55% 0.151 2.31 

Bacteroidetes 34.07% 37.79% 0.450 2.61 

Proteobacteria 2.29% 0.70% 0.020 0.28 

Actinobacteria 0.12% 0.52% 0.006 0.09 

 

DISCUSSION 

The gut microbiome has been found to contribute to a wide variety of health and disease 

states, with the general composition and dominant species altering host energy and nutrient 

absorption, immune system function, and SCFA production (Kesika et al., 2021). While typically 

a decrease in alpha diversity and increase in pathogenic bacterial species is associated with 

disease, the exact bacterial composition associated with a specific disease state remains disputed. 

Alzheimer’s disease is the most prevalent neurodegenerative disease, with several studies noting 

a trend in gut microbiome dysbiosis in patients with AD (Murray et al., 2022). Studies completed 

with AD patients have consistently found a decrease in both alpha diversity and beta diversity 

compared to healthy age-matched control populations (Heravi et al., 2023). Additionally, the 

impact of diet has been heavily implicated in the progression and risk of developing AD. 

Similarly, chronic consumption of a Western diet in rodents is associated with a decrease in both 

alpha and beta diversity compared to a standard diet control (Malesza et al., 2021). While there 

have been multiple studies exploring a Western diet or aspects of a Mediterranean diet in the lens 

of AD using mouse models, the comprehensiveness of previous studies are limited due to the 

composition of the experimental diets. For example, Western diets typically used in AD research 

have been comprised of 35-42% kcal fat and use a low-fat control diet of 10-15% kcal (Julien et 
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al., 2010; Pistell et al., 2010; Vogt et al., 2017) which is lower than the fat content present in a 

common human diet. In addition, the Mediterranean diets used in animal studies have been 

usually normal rodent chow supplemented with only one component of the Mediterranean diet, 

rather than a holistic diet (Garcia-Montero et al., 2021; Haskey et al., 2022). Therefore, our study 

utilized comprehensive diets with real-life macronutrient distributions and ingredients to 

compare its results to the currently existing literature with the main goal of increasing our 

capacity to translate results to humans. 

To ensure sex was not a confounding variable within this study, beta diversity metrics 

were analyzed and revealed no sex differences. Therefore, male and female data was 

consolidated and analyzed together throughout the study. Baseline microbiome compositions 

were also confirmed to have no significant differences between experimental groups. The 

microbiome composition after 1 month on experimental diet and 6 months on experimental diet 

was compared to explore how fast the microbiome would shift and stabilize. We observed that 

the gut microbiome had completely shifted and stabilized to its final composition after only 1 

MOD. Additionally, a significant difference in microbiome composition between the 0 MOD and 

6 MOD suggested that the gut microbiome was significantly altered after 6 months of consuming 

either experimental diet condition. As the main focus of the study was to explore the effects of a 

long-term comprehensive, real-life diet on the gut microbiome in the lens of AD, only the 6 

MOD timepoint within the parental generation was further explored.  

As previously mentioned, an increase in alpha and beta diversity has been well 

established within AD and diet literature to indicate a healthier gut microbiome associated with 

several positive physiological effects (Heravi et al., 2023; Malesza et al., 2021). The initial 

hypothesis that consumption of the MD would lead to a higher alpha diversity compared to the 

consumption of the TAD was explored by comparing estimated richness and evenness to 
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examine the number of different species and the distribution of abundance between species, 

respectively. As predicted, consumption of the MD for 6 months lead to a significant increase in 

alpha diversity, indicating a healthier overall microbiome compared to the TAD experimental 

group’s microbiome. Beta diversity was explored using weighted UniFrac distances and a 

PERMANOVA examined differences in community composition. The trends found, when 

comparing the MD group to the TAD group, the results followed those previously established in 

diet literature, with the MD group having higher beta diversity metrics compared to the TAD 

group after 6 months of diet consumption. These results also supported the MD group having a 

more diverse gut microbiome. These results led us to further explore the diversity at the phylum 

and genus level.  

One limitation in the analysis of differentially abundant taxa associated with dysbiosis is 

inconsistent definitions across literature of what constitutes a microbiome in dysbiosis. 

Specifically, while both AD and a Western diet are commonly associated with a decrease in alpha 

and beta diversity, the differentially abundant phyla and genera responsible for disease 

development remains disputed. For instance, a 2022 systemic review analyzing the alterations in 

gut microbiome composition between AD patients and a healthy control population found that 

AD patients displayed a significant decrease in the phylum Firmicutes. Within this phylum, there 

was a significant increase of Lactobacillus and a significant decrease of Sutterella in AD patients 

(Murray et al., 2022). Contradicting these findings, a 2024 review analyzing AD and stage 

specific alterations of the gut microbiome found an increased level of Firmicutes in patients 

diagnosed with AD. Additionally, this study found that patients with mild cognitive impairment 

had a significantly higher abundance of Sutterella, with a positive correlation between Sutterella 

and increased Aβ burden. (Troci et al., 2024).  
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Analysis of the differences in mean relative abundance at phylum level between our TAD 

and MD groups revealed significant differences in several major phyla including Firmicutes, 

Verrucomicrobiota, Bacteroidetes, Proteobacteria, and Actinobacteria. A previous study utilizing 

these diets found phenotypic markers of AD after 6 months of consuming the TAD and 

protection from those markers in the MD group. It was hypothesized that the TAD group phyla 

distribution would represent that of an AD microbiome and the MD group phyla distribution 

would reflect a healthy controls’ microbiome composition. The observed increase in the phylum 

Firmicutes and decrease in phylum Bacteroidetes found within the TAD group was also reported 

in some studies of AD patients’ microbiomes (Troci et al., 2024). One potential explaination 

behind the nearly doubled relative abundance of Firmicutes (M TAD = 92.82%, M MD = 

48.22%) and the significant decrease in Bacteroidetes in the TAD group is due to its fat source 

being predominantly animal fat. Previous studies using a high animal fat diet showed an 

abundance of Proteobacteria and Firmicutes, and a reduction in Bacteroidetes (Beam et al., 

2021). However, the decrease of relative abundance of Proteobacteria within the TAD group was 

unexpected as it is typically a phylum associated with increased inflammation as found in the 

previous study using this diet (Beam et al., 2021).  

In general, consumption of the diets led to the predicted gut microbiome diversities, but 

further analysis into specific taxa becomes more complex as the relevant literature is not uniform 

in its findings. Differential abundance of bacterial genera according to diet condition after 6 

months on diet was explored using an ANCOM volcano plot. The results showed 5 differentially 

abundant taxa, with 3 genera increased in the TAD group and 2 genera increased in the MD 

group. The initial hypothesis of inflammatory bacteria being more abundant in the TAD and 

probiotic bacteria being more abundant in the MD was not supported by downstream analyses. 

For example, the TAD group had a significantly higher relative abundance of genus Lactococcus. 
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However, an increase in Lactococcus species is not associated with the consumption of a high fat 

Western diet or AD. Rather, it is considered the most important probiotic genera of the gut 

microbiome and is implicated in maintaining mucosal barrier defenses and promoting the anti -

inflammatory response. Lactococcus has been shown help mitigate symptoms associated with 

AD and the low-grade inflammation from obesity caused by a Western diet (Rastogi & Singh, 

2022). While Lactococcus is mainly found through consumption of dairy and fermented food, 

one possible explanation of this unexpected increase within the TAD group is the consumption of 

casein can significantly increase the abundance of some Lactococcus species (Zhao et al., 2019). 

Specifically, the MD formulation contains 0 grams/Kg of casein, while the TAD formulation 

contains 165.5 grams/Kg of casein (Appendix D). A standard rodent diet, which is typically used 

as a control in high-fat diet studies, contains a similar level of casein to the TAD at 200 grams of 

casein, which also may explain the lack of differential abundance of Lactococcus in high fat 

Western diet studies (Braden-Khule, 2024). Similarly, a significant increase of Lactobacillus in 

the TAD group was found, but there are disparities with the potential benefit in AD. While 

Lactobacillus is a probiotic genus that has led to improved cognition in AD patients, some 

studies have found an increase of Lactobacillus in AD patients (Lyte, 2011; Murray et al., 2022; 

Vogt et al., 2017). The family Peptostreptococcaceae was also upregulated in the TAD group, 

however limitations in data analysis produced no breakdown of its 15 genera and therefore the 

significance of this finding is unknown (Bello et al., 2024). Within the MD group, genera 

Clostridium and Sutterella were increased compared to the TAD group after 6 months on diet. 

While the abundance of genera Clostridium has been found to be significantly increased 

following consumption of an animal-protein based diet, contrastingly, it has also been found to 

be significantly decreased both in AD patient’s microbiomes or following the consumption of a 

Mediterranean diet  (Beam et al., 2021; Murray et al., 2022; Singh et al., 2017). Genera 
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Sutterella was also significantly more abundant in the MD group. The significance of this genera 

also has been disputed in literature as some studies report a decrease in abundance in AD 

patients, while others report not only an increase of abundance in AD patients, but also a positive 

association with Sutterella and increased amyloid beta burden (Murray et al., 2022; Troci et al., 

2024). While the significantly differentially abundant bacteria found within this study generally 

contradicts what has been found in established literature, further analysis into the responsible 

species driving the differentially abundances would have led to stronger conclusions. However, 

limitations in data analysis prevented consistent identifications of bacterial species.  

 A secondary component to this study was the initial and lasting effect of experimental 

perinatal diet on offspring microbial composition. As initial microbial colonization occurs from 

maternal exposure (Mackie et al., 1999), we hypothesized that the offspring baseline microbiome 

compositions would not be significantly different than that of the parent after 6 months on diet. 

Results revealed no significant differences in alpha diversity metrics comparing F1: 0 MOD 

samples to G1: 6 MOD samples within the TAD group and the MD group, supporting our 

hypothesis. As expected, comparisons of the F1: MD 0 MOD to F1: TAD 0 MOD also revealed 

similar trends found in the parental 6 month on diet analysis wherein the MD group had 

significantly higher alpha diversity metrics than the TAD group. However, there was a significant 

difference in beta diversity metrics within either diet condition when comparing F1: 0 MOD 

samples to G1: 6 MOD samples. Previous studies have contradicting results wherein the 

microbial composition of children during their first year of life had a higher alpha diversity and 

lower beta diversity compared to their mothers (Backhed et al., 2015). Further unpacking this 

difference through analyzing relative frequencies of phyla according to diet condition and 

generation revealed a general trend wherein the offspring samples had a significantly lower 

frequency of Firmicutes and a significantly higher frequency of Bacteroidetes, regardless of diet 
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condition. Contrasting to these results, studies comparing children’s microbial composition to 

adults found a similar distribution of Firmicutes across age, but that Bacteroidetes were 

significantly more abundant in adults than children between 1-4 years old (Ringel-Kulka et al., 

2013). While different abundant bacteria are noted between neonates and adults due to a still 

shifting microbiome, the specific phyla differences reported depend on several confounding 

factors in studies including method of delivery, environmental exposures, age of weaning, 

placental bacterial exposure, and diet (Meropol & Edwards, 2015).   

While we had previously established that the gut microbiome fully shifted after 1 month 

on diet to a stable microbiome that was also found after 6 months on diet, the long-lasting effects 

of perinatal diet condition was explored by transitioning both offspring experimental diet groups 

to a standard diet for 2 months. Early microbial composition is vital for training and development 

of the immune system, with potential long-lasting consequences of an irreversibly differentially 

developed immune system (El Aidy et al., 2013; Mackie et al., 1999). Comparisons of alpha and 

beta diversity between offspring diet groups after 2 months on standard diet revealed no 

significant differences based on perinatal diet condition. Parental baseline condition samples 

wherein the animals were on standard diet was compared to offspring samples after 2 months on 

standard diet to see if the microbiomes had fully shifted to the original composition. There were 

significant differences in both alpha and beta diversity, wherein the offspring had higher 

diversity. Unpaired t-tests found the phyla that Proteobacteria and Actinobacteria phyla had  

significantly different relative frequency, with both phyla combined only making up between 

1.22-2.24% of the bacterial phyla present.  While an age-matched, standard diet control would 

have served as a better standard diet representative, the differences in the reported phyla have 

limited major translational effects on the health of the overall microbiome. 
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LIMITATIONS AND FUTURE DIRECTIONS 

 

A number of limitations to our study were uncovered and will need to be addressed in the 

future.  Due to the sheer number of dependent variables investigated in the initial study, of which 

the microbiome was just one, a coordinated effort of many undergraduate and graduate students 

was required. Collecting the microbiome was not originally a main focus of the project, but 

funding became available to pursue this avenue and thus we proceeded to collect microbiome, 

with no previous experience. Below we list several limitations to our study and how they will be 

addressed in future microbiome studies within the constraints of TCU’s vivarium. 

Sanitation 

Sterility is vital when conducting a gut microbiome study as introduction of extraneous 

bacteria can lead to contaminated samples and incorrect data. This is especially important when 

comparing two experimental groups as shared exposure of environment can lead to cross-

contamination. There were multiple points in this study where cross-contamination due to animal 

handling could have and likely did occur. The mice were stored in the vivarium under sanitary 

conditions, but no additional procedures were implemented to limit cross-contamination between 

cages or diet conditions.  

Animal Handling 

If cross contamination did occur, one likely reason would be that students working with 

animals did not change gloves between cages or diet conditions. Buckets were used for 

collecting weekly body weight measurements and food consumption levels, with a different 

bucket for each diet condition. No sanitation methods were implemented between cages, thereby 

possibly introducing microbes from different cages to the same shared environment. After 
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measurements, sanitation of these buckets often only included rinsing with water and storage on 

an uncleaned shared drying rack. Animals were housed in non-ventilated cages, primarily for 

acclimating to the environment for the main study’s behavioral paradigms. This shared exposure 

to room air may also have added to the environmental microbe exposure and potential cross-

contamination.  

In future studies of gut microbiome, we are implementing a strict sanitation policy when 

handling the animals. Gloves will be sanitized using Quadratop when handling cages/animals 

across cages but within the same diet condition, and a glove change is required when handling 

cages/animals within different diet conditions. All body and food weight measurements will take 

place in cups that are sanitized and not reused between cages or diet conditions to limit cross-

contamination. Additionally, for the duration of the microbiome aspect of the study, animals will 

be housed in ventilated cages and handled as minimally as possible. 

Sample Handling 

While indirect exposure of microbes possibly occurred when handling animals throughout 

this study, there was also a small amount of direct exposure of microbes from one collected fecal 

sample to the next. Materials used during fecal sample collection – holding cages and tweezers – 

were re-used across all samples. Mice were placed in a separate holding cage while waiting for 

them to drop fecal samples, and thus they would explore and urinate in the holding cages. Often 

students would re-use the holding cage between animals and we could not be sure that the cages 

were cleaned between each animal. In addition, only one pair of un-sanitized serrated tweezers 

were used to pick up all fecal pellets with no cleaning in-between collections. To address this 

limitation in the future, animals will be assigned an individual cage that will not be re-used 
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during collection and autoclaved toothpicks will be used to pick up fecal samples that will be 

immediately frozen in dry ice. 

Sample Errors 

This study utilized many undergraduate students to collect the large number of samples at 

many timepoints. There was not a standardized labeling method on the sample tubes leading to 

difficulty in grouping samples for analysis, or blatant mislabeling of samples, and even samples 

being misplaced in freezer boxes. The main issue was that students were not consistent in 

labeling tubes with the appropriate timepoint.  Some students labeled the samples with the 

mouse’s age in months at the time the sample was collected or they labeled the tubes with the 

months the mouse was on diet.  Thus, when opening a box of tubes that were supposed to be 

from animals that had been on diet for 1month, there were tubes also labeled 2 (which could 

have meant 2 month-old mice or 2 months on diet. As there was no master list of all samples 

collected at all timepoints, we had to retroactively go back to try and sort out which samples 

were baseline or experimental, with many samples excluded from analysis due to a lack of 

discernible date or no baseline provided. A lack of master list also limited the ability to perform a 

longitudinal study as many samples did not have more than 1 or 2 samples collected that we 

were confident in the collection timepoint. This led to an extremely limited sample size for 

downstream analysis and some samples as outliers. As undergraduates were primarily used to 

collect fecal pellets, there were also multiple instances where proper identification of animals 

within a cage was incorrect, or animals were temporarily put back into the wrong home cage, 

causing the confidence in accurate sampling to be limited. For future studies, all sample vials and 

boxes will be labeled using a standardized system to prevent any miscommunication of sample 

components. Additionally, all sample collection is being overseen by a graduate student and only 
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one undergraduate. Less timepoints are being collected to ease the burden on the associated 

students and to ensure that a longitudinal study can be performed. 

Timing 

Timing of collection has been well established to drastically change the composition of the 

gut microbiome depending on timing of last meal and time of day. However, time of sample 

collection throughout our study varied greatly from early morning to the evening leading to 

inconsistent collection parameters. The F1 generation specifically was limited because of the 

already small sample size. This study combined 2 months and 3 months on diet for F1 so the data 

could still be analyzed, but this is an incorrect method of interpreting results. For the future 

studies, collections will occur at 7am each time and at the same age for all animals. To make this 

a viable alteration, animals were split into smaller batches within the study.  

Future Studies 

Initial data analysis using QIIME2 allowed for basic data analysis in a predominately user-

friendly based format. However, because this was our first experience with performing 

microbiome analysis, we found issues determining what tests could be performed using QIIME2, 

and that  often the statistical parameters chosen by QIIME2 were not reported, which led us to 

wonder if another data analysis format should be used. For instance, while there were several 

reported differentially abundant species in the ANCOM plot, analysis of the raw abundances 

from the taxa bar plots suggest additional genera may be differentially abundant as well , but this 

information was not available in QIIME2.  

In addition to repeating the current study with stricter parameters as listed above, all future 

studies will include measuring SCFA metabolites directly from serum as several metabolites 
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have known beneficial or detrimental qualities and alterations in production is associated with 

different diet conditions. Further alterations to either experimental diet could also strengthen the 

research. For instance, the addition of plant polyphenols and more diverse fiber sources to the 

MD could increase the translatability to human diet, and the addition of more diverse fat types 

and representative soluble fiber sources to the TAD would increase its comprehensiveness.  

 

APPENDICES 

Appendix A: Methodology 

MagMAX_Microbiome_Stool_Flex protocol 

MagMAX_Microbiome_Stool_Flex: started; Tip1: started; Temperature: 20 °C  

Tip1: Plate 'Tip Comb Plate' loaded with 96 DW tip comb.  

Binding: started; Temperature: 20 °C  

11 Minutes of Binding: completed  

11 Minutes of Collect_Beads: started; Temperature: 20 °C  

Collect_Beads: completed  

Wash 1: started; Temperature: 20 °C  

11 Minutes of Wash 1: completed  

Wash 2: started; Temperature: 20 °C  

11 Minutes of Wash 2: completed  

Wash 3: started; Temperature: 20 °C  
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11 Minutes of Wash 3: completed  

Wash 4: started; Temperature: 75 °C  

11 Minutes of Wash 4: completed  

Dry: started; Temperature: 75 °C  

3 Minutes of Dry: completed  

Elution: started; Temperature: 75 °C  

5 Minutes of Elution: completed  

Collect Beads: started; Temperature: 10 °C  

Collect Beads: completed; Tip1: completed  

MagMAX_Microbiome_Stool_Flex: completed 

 

Appendix B: Terminology Dictionary 

Methodology and Results 

- Amplicon PCR – Type of PCR that amplifies the V4 region of interest using specific 

primers with overhang adapters attached 

- Cluster Generation – The process where fragments of nucleic acids are clustered on the 

solid surface of the flow cell in preparation for sequencing which allows later 

identification and characterization of microbial communities 

- Index PCR – This step attaches dual indices and sequencing adapters thereby giving each 

sample a known barcode for later identification 
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- Library Pooling – Combining different libraries allows for multiple samples to be run at 

the same time, thereby saving time, money, and helps normalize samples. The samples 

are able to be pooled as they were given a unique barcode at the index PCR step 

- PCR Cleanup – Essential step that purifies the sample from free primers and primer 

dimer species 

- V4 primers – specific primers that target the V4 region of the 16S rRNA gene in bacteria. 

This region has both conserved regions that are used to classify according to species and 

variable regions that are used for downstream classification 

Results 

- Alpha Diversity – Mean diversity of species and microbial diversity within each sample. 

Beta Diversity – Measures similarity or dissimilarity between two communities 

- Evenness - Measurement of alpha diversity, measurement of distribution of abundances 

of organisms within each sample 

- Measurements include looking at the richness and evenness within a sample  

- OTU (Operational Taxonomic Units) – Based on sequence similarity in a specific part of 

a gene, OTUs represent related groups, with more OTUS present indicating a higher level 

of diversity. Within QIIME2, the threshold for the sequence similarity threshold that 

defines an OTU was 97% similarity. This number was used as it usually corresponds to 

identification on the species level in bacteria 

- PCoA (Principle Coordinate Analysis) – measures based on distance rather than variation, 

so it preserves distances generated from dissimilarity measures when looking at beta 

diversity. More similar subjects are in overlapping grouping. The PCoA transforms a 
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multigenerational matrix to a new set of axes, with a successful PCoA generating axes 

with large eigen values that capture above 50% of data variation 

- PERMANOVA – Tests where distances between samples within a group are more similar 

to each other than samples from a different group 

- Phylogenetic relationship – The relationships between organisms throughout evolution as 

found by comparing observed heritable traits 

- Shannon Diversity Index – Measurement of alpha diversity, quantitative measurement of 

community richness by looking at the different number of taxonomic groups within each 

sample 

- Weighted UniFrac – A quantitative measure of community dissimilarity that incorporates 

phylogenetic relationships between features. It analyzes beta diversity through measuring 

the evolution within each community by using the branch length of a phylogenetic tree, 

with a weighted UniFrac weighted by difference in probability of mass of OTUs from 

each community branch. Therefore, it detects community differences that arise form 

differences in relative abundance of taxa, rather than which taxa are present  

Coding 

- Artifacts (.qza) – results that are an intermediate in data analysis. It is generated by 

QIIME2 and intended to be consumed by QIIME2. Can eventually be used to produce a 

visualization 

- Demultiplexing data – Demultiplexing involves assigning the sequences to the sample 

they are derived from thereby separating out each sample from the pooled library 

- Denoising – A quality control step in DADA2 that performs quality filtering, chimera 

checking, and paired end read joining. Chimeras form from two or more sequences 
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merging together during the sequencing process. Paired end read joining is necessary for 

further analysis as it joins the forward sequence to the reverse sequence for each sample 

- FASTQ files – Raw sequence file that stores nucleotide sequences and the related quality 

scores 

- Feature Table – Contains counts (frequencies) of each unique sequence in each sample in 

the dataset and maps the feature identifiers to the sequences they represent. It can give 

you information on how many sequences are associated with each samples, histograms of 

distributions, and related summary statistics 

- Naïve Bayes Classifier – Pre-trained classifier that was trained on the Greengenes 13_8 

99% OTUs where this will generate a visualization of sample sequences to taxonomy that 

share 99% similarity in OTUs 

- Pipeline – A type of action in QIIME2 that combines two or more actions, so it can take 

one or more inputs and produce one or more results 

- Plugin – Provides an analysis functionality 

- Rooted Tree – Downstream metrics of phylogenetic diversity require a rooted 

phylogenetic tree to related the features to one another. The sequences are aligned, then 

filtered to remove highly variable features, then applies FastTree to generate a 

phylogenetic tree. FastTree creates an unrooted tree, which is then converted to a rooted 

tree by midpoint rooting 

- Visualizations (.qzv) – QIIME2 results that represent terminal output in analysis. They 

are produced by QIIME2 and intended to be consumed by a human. Visualizations can be 

viewed by the code “qiime tools view <.qzv file>” 
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Appendix C: Coding Inputs and Outputs 

Key:   

Black Font – Descriptions 

Red Font – Input 

Blue Font – Artifacts 

Green Font – Visualizations  

Installation 

Installing Miniconda3 macOS Intel x86 64-bit bash 

Download from website link and dragged to personal file (viviennelacy) 

Within terminal window 

bash Miniconda3-latest-MacOSX-x86_64.sh 

Followed prompts, then closed and reopened file 

conda list 

Files of Miniconda3 should pop up 

 

Installing QIIME2 Natively 

Update Miniconda3 

conda update conda 

Install wget 
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conda install wget 

Install QIIME2 with conda environment – amplicon distribution 

wget https://data.qiime2.org/distro/amplicon/qiime2-amplicon-2023.9-py38-osx-conda.yml 

conda env create -n qiime2-amplicon-2023.9 –file qiime2-amplicon-2023.9-py38-osx-conda.yml 

Activate conda environment 

conda activate qiime2-amplicon-2023.9 

Test environment is open and being used 

qiime –help 

To reactivate qiime2 environment 

conda activate qiime2-amplicon-2023.9 

All QIIME2 visualizations can be view using 

qiime tools view <nameoffile.qzv> 

 

Importing Raw Data Files 

Make new directory 

mkdir unt-data 

cd unt-data 

Upload data 

qiime tools import \ 
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  --type ‘SampleData[PairedEndSequencesWithQuality]’ \ 

  --input-path “/Volumes/Seagate Expansions Drive/UNT_Microbiome” \ 

  --input-format CasavaOneEightSingleLanePerSampleDirFmt \ 

  --output-path demux-paired-end.qza 

Output artifact: 

demux-paired-end.qza 

 

Denoising and Generating Feature Table 

This step results in artifacts including the feature table, corresponding feature sequences, and 

DADA2 denoising stats for quality. The DADA2 pipeline also pairs end sequences. 

qiime demux summarize \ 

  --i-data demux-paired-end.qza \ 

  --o-visualization demux.qzv 

qiime dada2 denoise-paired \ 

  --i-demultiplexed-seqs demux-paired-end.qza 

  --p-trim-left-f 10 \ 

  --p-trim-left-r 10 \ 

  --p-trunc-len-f 210 \ 

  --p-trunc-len-r 210 \ 
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  --o-table table.qza \ 

  --o-representative-sequences rep-seqs.qza \ 

  --o-denoising-stats denoising-stats.qza 

Outputs artifacts: 

table.qza 

rep-seqs.qza 

denoising-stats.qza 

 

Adding and Tabulating Metadata 

Make a metadata file that includes the sample ID that matches the sample ID from the raw data 

sequences. Additional information such as grouping conditions can be added at this time then 

filtered down in downstream analysis. The table created in this step will be used as the main 

source of data for further analysis. Checking denoising stats will also give quality scores if low 

quality samples need to be filtered out.  

Check the file was present in the path being used 

ls “/Users/viviennelacy/Desktop/d” 

Output visualization: 

QIIMEmeta.tsv 

Tabulate metadata 
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qiime metadata tabulate \ 

  --m-input-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 

  --o-visualization tabulated-sample-metadata.tsv 

Output visualization: 

tabulated-sample-metadata.tsv 

qiime feature-table summarize \ 

  --i-table table.qza 

  --o-visualization table.qzv \ 

  -m-sample-metadata-file “/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv” 

Output visualization: 

table.qzv 

qiime feature-table tabulate-seqs \ 

  --i-data rep-seqs.qza 

  --o-visualization rep-seqs.qzv 

Output visualization: 

rep-seqs.qsv 

qiime metadata tabulate \ 

  --m-input-file denoising-stats.qza \ 

  --o-visualization denoising-stats.qzv 
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Output visualization: 

denoising-stats.qzv 

 

Identifying Phylogeny 

Create a phylogenetic tree 

qiime phylogeny align-to-tree-mafft-fasttree \ 

  --i-sequences rep-seqs.qza \ 

  --o-alignment aligned-rep-seqs.qza \ 

  --o-masked-alignment masked-aligned-rep-seqs.qza \ 

  --o-tree unrooted-tree.qza \ 

  --o-rooted-tree rooted-tree.qza 

Output visualization: 

aligned-rep-seqs.qza 

masked-algined-rep-seqs.qza 

rooted-tree.qza 

unrooted-tree.qza 

Use a classifier to identify species and reclassify taxonomy 

wget \ 

   -O "gg-13-8-99-515-806-nb-classifier.qza" \ 
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   https://data.qiime2.org/2023.9/common/gg-13-8-99-515-806-nb-classifier.qza 

qiime feature-classifier classify-sklearn \ 

   --i-classifier gg-13-8-99-515-806-nb-classifier.qza \ 

   --i-reads rep-seqs.qza \ 

   --o-classification taxonomy.qza 

qiime metadata tabulate \ 

  --m-input-file taxonomy.qza \ 

  --o-visualization taxonomy.qzv 

qiime metadata tabulate \ 

   --m-input-file taxonomy.qza \ 

   --o-visualization taxonomy.qzv 

Output Visualization: 

taxonomy.qzv 

 

Differential Abundance Testing – Parental Generation 

Create Feature Table 

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 
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   --p-where "[genmod]='G1'" \ 

   --o-filtered-table G1-table.qza 

Output Artifact: 

G1-table.qza 

qiime composition add-pseudocount \ 

   --i-table G1-table.qza \ 

   --o-composition-table comp-G1-table.qza 

Output Artifact: 

Comp-G1-table.qza 

Looking at diet 

qiime composition ancom \ 

   --i-table comp-G1-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 

   --m-metadata-column diet \ 

   --o-visualization ancom-G1-diet.qzv 

Output Visualization: 

ancom-G1-diet.qzv 

Look at genus level 

qiime taxa collapse \ 
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   --i-table G1-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 6 \ 

   --o-collapsed-table G1-diet-l6.qza 

Output Artifact:  

G1-diet-l6.qza 

qiime composition add-pseudocount \ 

   --i-table G1-diet-l6.qza \ 

   --o-composition-table comp-G1-diet-table-l6.qza 

Output Artifact: 

comp-G1-diet-table-l6.qza 

qiime composition ancom \ 

   --i-table comp-G1-diet-table-l6.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 

   --m-metadata-column diet \ 

  --o-visualization l6-ancom-G1-diet.qzv 

Output Visualization: 

l6-ancom-G1-diet.qzv 
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G1 Analysis 

Filter the metadata table  

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[genmod]='G'" \ 

   --o-filtered-table parent-table.qza  

Output Artifact: 

parent-table.qza  

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table parent-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --output-dir gandf-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: gandf-core-metrics-results/rarefied_table.qza 
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Saved SampleData[AlphaDiversity] to: gandf-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: gandf-core-metrics-results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: gandf-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: gandf-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: gandf-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: gandf-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: gandf-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: gandf-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: gandf-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: gandf-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: gandf-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: gandf-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: gandf-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: gandf-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: gandf-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: gandf-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 
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Simpson’s Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity gandf-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization gandf-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 

gandf-core-metrics-results/evenness-group-significance.qzv 

Shannon Index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity gandf-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization gandf-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

gandf-core-metrics-results/shannon-vector-group-significance.qzv 

Observed features: 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity gandf-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization gandf-core-metrics-results/observed-features-group-significance.qzv 
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Output Visualization: 

gandf-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in the context of metadata 

The effect of months on diet 

qiime diversity beta-group-significance \ 

   --i-distance-matrix gandf-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column mod \ 

   --o-visualization gandf-core-metrics-results/weighted-unifrac-mod-significance.qzv \ 

   --p-pairwise 

Output Visualization: 

gandf-core-metrics-results/weighted-unifrac-mod-significance.qzv 

The effects of diet condition 

qiime diversity beta-group-significance \ 

    --i-distance-matrix gandf-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

    --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column diet \ 

    --o-visualization gandf-core-metrics-results/weighted-unifrac-diet-significance.qzv \ 
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   --p-pairwise 

Output Visualization:  

gandf-core-metrics-results/weighted-unifrac-diet-significance.qzv 

The effects of sex 

qiime diversity beta-group-significance \ 

     --i-distance-matrix gandf-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

     --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

    --m-metadata-column sex \ 

     --o-visualization gandf-core-metrics-results/weighted-unifrac-sex-significance.qzv \ 

   --p-pairwise 

Output Visualization: 

gandf-core-metrics-results/weighted-unifrac-sex-significance.qzv 

 

G1: 6 MOD 

Feature table  

qiime feature-table filter-samples \ 

   --i-table parent-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[mod]='6'" \ 
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   --o-filtered-table G6-analysis-table.qza 

Output Artifact: 

G6-analysis-table.qza 

 

Alpha and beta diversity core metrics after 6 months on diet 

qiime diversity core-metrics-phylogenetic \ 

  --i-phylogeny rooted-tree.qza \ 

  --i-table G6-analysis-table.qza \ 

  --p-sampling-depth 115 \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

  --output-dir g6-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: g6-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: g6-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: g6-core-metrics-results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: g6-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: g6-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: g6-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g6-core-metrics-results/weighted_unifrac_distance_matrix.qza 
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Saved DistanceMatrix to: g6-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: g6-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: g6-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g6-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g6-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: g6-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualization: 

Saved Visualization to: g6-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: g6-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: g6-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: g6-core-metrics-results/bray_curtis_emperor.qzv  

 

Alpha diversity in context of metadata: 

Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g6-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g6-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 
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g6-core-metrics-results/evenness-group-significance.qzv 

Shannon index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g6-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g6-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

g6-core-metrics-results/shannon-vector-group-significance.qzv 

Observed Features 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g6-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g6-core-metrics-results/observed-features-group-significance.qzv 

Output Visualization : 

g6-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in context of metadata  

According to diet 

qiime diversity beta-group-significance \ 
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    --i-distance-matrix g6-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

    --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column diet \ 

    --o-visualization g6-core-metrics-results/weighted-unifrac-diet-significance.qzv \ 

   --p-pairwise 

Output Visualization:  

g6-core-metrics-results/weighted-unifrac-diet-significance.qzv 

 

Taxonomic analysis 

qiime taxa barplot \ 

  --i-table G6-analysis-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

  --o-visualization g6-taxa-bar-plots.qzv 

Output 

g6-taxa-bar-plots.qzv 

 

Differential Abundance Testing 

qiime feature-table filter-samples \ 
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   --i-table parent-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[mod]='6'" \ 

   --o-filtered-table G6-table.qza 

Output Artifact: 

G6-table.qza 

On the genus level 

qiime taxa collapse \ 

   --i-table G6-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 6 \ 

   --o-collapsed-table G6-table-level6.qza 

Output Artifact: 

G6-table-level6.qza 

qiime composition add-pseudocount \ 

   --i-table G6-table-level6.qza \ 

   --o-composition-table comp-G6-table-level6-qza 

Output Artifact: 

comp-G6-table-level6-qza.qza 
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qiime composition ancom \ 

   --i-table comp-G6-table-level6-qza.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column diet \ 

   --o-visualization level6-G6-ancom.qzv 

Output Visualization: 

level6-G6-ancom.qzv 

At the species level 

qiime taxa collapse \ 

   --i-table G6-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 7 \ 

   --o-collapsed-table G6-table-level7.qza 

Output Artifact: 

G6-table-level7.qza 

qiime composition add-pseudocount \ 

   --i-table G6-table-level7.qza \ 

   --o-composition-table comp-G6-table-level7-qza 

Output Artifact: 
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comp-G6-table-level7-qza.qza 

qiime composition ancom \ 

   --i-table comp-G6-table-level7-qza.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column diet \ 

   --o-visualization level7-G6-ancom.qzv 

Output Visualization: 

Level7-G6-ancom.qzv 

According to MD group at genus level 

qiime feature-table filter-samples \ 

   --i-table parent-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[diet]='MD'" \ 

   --o-filtered-table MD-table.qza 

Output Artifact: 

MD-table.qza 

qiime taxa collapse \ 

   --i-table MD-table.qza \ 

   --i-taxonomy taxonomy.qza \ 
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   --p-level 6 \ 

   --o-collapsed-table MD-table-level6.qza 

Output Artifact: 

MD-table-level6.qza 

qiime composition add-pseudocount \ 

   --i-table MD-table-level6.qza \ 

   --o-composition-table comp-MD-table-level6 

Output Artifact: 

comp-MD-table-level6.qza 

qiime composition ancom \ 

   --i-table comp-MD-table-level6.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column mod \ 

   --o-visualization level6-MD-mod-ancom.qzv 

Output Visualization: 

level6-MD-mod-ancom.qzv 

According to the TAD group at genus level 

qiime feature-table filter-samples \ 

   --i-table parent-table.qza \ 
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   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[diet]='TAD'" \ 

   --o-filtered-table TAD-table.qza 

Output Artifact: 

TAD-table.qza 

qiime taxa collapse \ 

   --i-table TAD-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 6 \ 

   --o-collapsed-table TAD-table-level6.qza 

Output Artifact: 

TAD-table-level6.qza 

qiime composition add-pseudocount \ 

   --i-table TAD-table-level6.qza \ 

   --o-composition-table comp-TAD-table-level6 

Output Artifact: 

comp-TAD-table-level6.qza 

qiime composition ancom \ 

   --i-table comp-TAD-table-level6.qza \ 
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   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --m-metadata-column mod \ 

   --o-visualization level6-TAD-mod-ancom.qzv 

Output Visualization: 

level6-TAD-mod-ancom.qzv 

 

G1: 0 MOD 

Feature table of G1: 0 MOD 

qiime feature-table filter-samples \ 

   --i-table parent-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[mod]='0'" \ 

   --o-filtered-table G0-analysis-table.qza 

Output Artifact: 

G0-analysis-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 
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   --i-table G0-analysis-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --output-dir g0-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: gandf-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: g0-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: g0-core-metrics-results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: g0-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: g0-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: g0-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: g0-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: g0-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: g0-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 
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Saved Visualization to: g0-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: g0-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: g0-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: g0-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 

Shannon index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

g0-core-metrics-results/shannon-vector-group-significance.qzv 

Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 
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g0-core-metrics-results/evenness-group-significance.qzv 

Observed features 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0-core-metrics-results/observed-features-group-significance.qzv 

Output Visualization: 

g0-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in the context of metadata 

According to diet condition 

qiime diversity beta-group-significance \ 

   --i-distance-matrix g0-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

 --m-metadata-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 

 --m-metadata-column diet \ 

 --o-visualization g0-core-metrics-results/unweighted-unifrac-diet-significance \ 

 --p-pairwise 

Output Visualization: 

g0-core-metrics-results/unweighted-unifrac-diet-significance 
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G1: 0 MOD v G1: 6 MOD 

Feature table  

qiime feature-table filter-samples \ 

   --i-table parent-table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --p-where "[mod]='6' OR [mod]='0'" \ 

   --o-filtered-table G0andG6-analysis-table.qza 

Output Artifact: 

G0andG6-analysis-table.qza 

 

Alpha and beta diversity metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table G0andG6-analysis-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --output-dir g0andg6-core-metrics-results 

Output Artifacts: 
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Saved FeatureTable[Frequency] to: g0andg6-core-metrics-results /rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-

results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: g0andg6-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/bray_curtis_emperor.qzv 
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Alpha diversity in the context of metadata 

Shannon index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0andg6-core-metrics-results /shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0andg6-core-metrics-results /shannon-vector-group-significance.qzv 

Output Visualization: 

g0andg6-core-metrics-results /shannon-vector-group-significance.qzv 

Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0andg6-core-metrics-results /evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0andg6-core-metrics-results /evenness-group-significance.qzv 

Output Visualization: 

g0andg6-core-metrics-results /evenness-group-significance.qzv 

Observed features 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity g0andg6-core-metrics-results /observed_features_vector.qza \ 
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   --m-metadata-file "/Users/viviennelacy/Desktop/parent/gandfmeta.tsv" \ 

   --o-visualization g0andg6-core-metrics-results /observed-features-group-significance.qzv 

Output Visualization: 

g0andg6-core-metrics-results /observed-features-group-significance.qzv 

 

 

Beta diversity in the context of metadata 

According to month of age 

qiime diversity beta-group-significance \ 

   --i-distance-matrix g0andg6-core-metrics-results/weighted_unifrac_distance_matrix.qza \ 

 --m-metadata-file "/Users/viviennelacy/Desktop/d/QIIMEmeta.tsv" \ 

 --m-metadata-column genmod \ 

 --o-visualization g0andg6-core-metrics-results/unweighted-unifrac-genmod-significance \ 

 --p-pairwise 

Output Visualization: 

g0andg6-core-metrics-results/unweighted-unifrac-genmod-significance 

 

F1 Analysis 

New Feature Table 
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qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/QIIMEmeta.tsv" \ 

   --p-where "[mod]='0' AND [gen]='F' " \ 

   --o-filtered-table F0-analysis-table.qza 

Output Artifact: 

F0-analysis-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table F0-analysis-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file  "/Users/viviennelacy/Desktop/doubid/QIIMEmeta.tsv" \ 

   --output-dir f0-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: g0andg6-core-metrics-results /rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/faith_pd_vector.qza 
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Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-

results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: g0andg6-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: g0andg6-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: g0andg6-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: g0andg6-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: g0andg6-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 
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Shannon Diversity 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/QIIMEmeta.tsv" \ 

   --o-visualization f0-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

f0-core-metrics-results/shannon-vector-group-significance.qzv 

Simpson’s Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/QIIMEmeta.tsv" \ 

   --o-visualization f0-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 

f0-core-metrics-results/evenness-group-significance.qzv 

Observed Taxonomic Units 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/QIIMEmeta.tsv" \ 

   --o-visualization f0-core-metrics-results/observed-features-group-significance.qzv 



79 

 

Output Visualization: 

f0-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in the context of metadata 

According to diet condition 

qiime diversity beta-group-significance \ 

   --i-distance-matrix f0-core-metrics-results/weighted_unifrac_distance_matrix.qza\ 

 --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

 --m-metadata-column diet \ 

 --o-visualization f0mdcore-unweighted-unifrac.qzv \ 

 --p-pairwise 

Output Visualization 

f0mdcore-unweighted-unifrac.qzv 

 

F1: MD 0 MOD v G1: MD 6 MOD 

New feature table 

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 
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   --p-where "[diet]='MD'" \ 

   --o-filtered-table fbg6md-table.qza 

Output Artifact: 

fbg6md-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table fbg6md-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --output-dir f0andg6md-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: f0andg6md-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: f0andg6md-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6md-core-metrics-

results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6md-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6md-core-metrics-results/evenness_vector.qza 
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Saved DistanceMatrix to: f0andg6md-core-metrics-

results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f0andg6md-core-metrics-

results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f0andg6md-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: f0andg6md-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: f0andg6md-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f0andg6md-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f0andg6md-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: f0andg6md-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: f0andg6md-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: f0andg6md-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: f0andg6md-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: f0andg6md-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 

Shannon Index 

qiime diversity alpha-group-significance \ 



82 

 

   --i-alpha-diversity f0andg6md-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --o-visualization f0andg6md-core-metrics-results/shannon_vector.qzv 

Output Visualization: 

f0andg6md-core-metrics-results/shannon_vector.qzv 

Simpson’s Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0andg6md-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --o-visualization f0andg6md-evenness-group-significance.qzv 

Output Visualization: 

f0andg6md-evenness-group-significance.qzv 

Observed Operational Taxonomic Units 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0andg6md-core-metrics-results/observed-features-vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --o-visualization f0andg6md-observed-features-vector.qzv 

Output Visualization: 

f0andg6md-observed-features-vector.qzv 
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Beta diversity in the context of metadata 

According to generation (G1 vs F1) 

qiime diversity beta-group-significance \ 

 --i-distance-matrix f0andg6md-core-metrics-results/weighted_unifrac_distance_matrix.qza\ 

 --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

 --m-metadata-column gen \ 

 --o-visualization genfbg6mdcore-unweighted-unifrac.qzv \ 

 --p-pairwise 

Output Visualization: 

genfbg6mdcore-unweighted-unifrac.qzv 

 

Taxa Bar Plots and Differential Abundance Testing 

Differential abundance taxa barplots 

qiime taxa barplot \ 

  --i-table fbg6md-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

  --o-visualization g6fbmd-taxa-bar-plots.qzv 
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Output Visualization: 

g6fbmd-taxa-bar-plots.qzv 

According to phylum level 

qiime taxa collapse \ 

   --i-table fbg6md-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 2 \ 

   --o-collapsed-table g6fbmd-table-level2.qza 

Output Artifact: 

g6fbmd-table-level2.qza 

qiime composition add-pseudocount \ 

   --i-table g6fbmd-table-level2.qza \ 

   --o-composition-table comp-g6fbmd-table-level2 

Output Artifact: 

comp-g6fbmd-table-level2 

qiime composition ancom \ 

   --i-table comp-g6fbmd-table-level2.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --m-metadata-column gen \ 
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   --o-visualization level2-g6fbmd-ancom.qzv 

Output Visualization: 

level2-g6fbmd-ancom.qzv 

Taxa bar plots according to phylum level 

qiime taxa barplot \ 

  --i-table fbg6md-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

  --o-visualization g6fbmd-taxa-bar-plots.qzv 

Output Visualization: 

g6fbmd-taxa-bar-plots.qzv 

 

F1: TAD 0 MOD v G1: TAD 6 MOD 

Feature Table 

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --p-where "[diet]='TAD'" \ 

   --o-filtered-table fbg6tad-table.qza 
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Output Artifacts: 

fbg6tad-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table fbg6tad-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --output-dir f0andg6tad-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: f0andg6tad-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: f0andg6tad-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6tad-core-metrics-

results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6tad-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: f0andg6tad-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: f0andg6tad-core-metrics-

results/unweighted_unifrac_distance_matrix.qza 
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Saved DistanceMatrix to: f0andg6tad-core-metrics-

results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f0andg6tad-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: f0andg6tad-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: f0andg6tad-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f0andg6tad-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f0andg6tad-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: f0andg6tad-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: f0andg6tad-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: f0andg6tad-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: f0andg6tad-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: f0andg6tad-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 

Shannon Index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0andg6tad-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 
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   --o-visualization f0andg6tad-core-metrics-results/shannon_vector.qzv 

Output Visualizations: 

f0andg6tad-core-metrics-results/shannon_vector.qzv 

Simpson’s Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0andg6tad-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --o-visualization f0andg6tad-evenness-group-significance.qzv 

Output Visualization: 

f0andg6tad-evenness-group-significance.qzv 

Observed Operational Taxonomic Units 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f0andg6tad-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --o-visualization f0andg6tad-observed-features-vector.qzv 

Output Visualization: 

f0andg6tad-observed-features-vector.qzv 

 

Beta diversity in the context of metadata 
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According to generation 

qiime diversity beta-group-significance \ 

   --i-distance-matrix f0andg6tad-core-metrics-results/weighted_unifrac_distance_matrix.qza\ 

 --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

 --m-metadata-column gen \ 

 --o-visualization genfbg6tadcore-unweighted-unifrac.qzv \ 

 --p-pairwise 

Output Visualization: 

genfbg6tadcore-unweighted-unifrac.qzv 

 

Taxa bar plots 

qiime taxa barplot \ 

  --i-table fbg6tad-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

  --o-visualization g6fbtad-taxa-bar-plots.qzv 

Output Visualization 

g6fbtad-taxa-bar-plots.qzv 
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Differential Abundance 

At the phylum level 

qiime taxa collapse \ 

   --i-table fbg6tad-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 2 \ 

   --o-collapsed-table g6fbtad-table-level2.qza 

Output Artifact: 

g6fbtad-table-level2.qza 

qiime composition add-pseudocount \ 

   --i-table g6fbtad-table-level2.qza \ 

   --o-composition-table comp-g6fbtad-table-level2 

Output Artifact: 

comp-g6fbtad-table-level2.qza 

qiime composition ancom \ 

   --i-table comp-g6fbtad-table-level2.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

   --m-metadata-column gen \ 

   --o-visualization level2-g6fbtad-ancom.qzv 
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Output Visualization: 

level2-g6fbtad-ancom.qzv 

Taxa bar plots 

qiime taxa barplot \ 

  --i-table fbg6tad-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/FBandG6/G6FB.tsv" \ 

  --o-visualization g6fbtad-taxa-bar-plots.qzv 

Output Visualization: 

g6fbtad-taxa-bar-plots.qzv 

 

F1: 2 MOD 

Feature Table 

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --p-where "[mod]='2' AND [gen]='F' " \ 

   --o-filtered-table F2-analysis-table.qza 

Output Artifact: 
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F2-analysis-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table F2-analysis-table.qza \ 

   --p-sampling-depth 115 \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --output-dir f2-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: f2-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: f2-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: f2-core-metrics-results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: f2-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: f2-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: f2-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f2-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f2-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: f2-core-metrics-results/bray_curtis_distance_matrix.qza 
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Saved PCoAResults to: f2-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f2-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f2-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: f2-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: f2-core-metrics-results/unweighted_unifrac_emperor.qzv 

Saved Visualization to: f2-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: f2-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: f2-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 

Shannon index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

f2-core-metrics-results/shannon-vector-group-significance.qzv 

Simpson’s Evenness 
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qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 

f2-core-metrics-results/evenness-group-significance.qzv 

Observed Operational Taxonomic Units 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2-core-metrics-results/observed-features-group-significance.qzv 

Output Visualization: 

f2-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in the context of metadata 

According to diet 

qiime diversity beta-group-significance \ 

   --i-distance-matrix f2-core-metrics-results/weighted_unifrac_distance_matrix.qza\ 

 --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 
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 --m-metadata-column diet \ 

 --o-visualization f2core-unweighted-unifrac.qzv \ 

 --p-pairwise 

Output Visualization: 

f2core-unweighted-unifrac.qzv 

 

F1: 2 MOD v G1: 0 MOD 

Feature Table 

qiime feature-table filter-samples \ 

   --i-table table.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-filtered-table F2GB-analysis-table.qza 

Output Artifact: 

F2GB-analysis-table.qza 

 

Alpha and beta diversity core metrics 

qiime diversity core-metrics-phylogenetic \ 

   --i-phylogeny rooted-tree.qza \ 

   --i-table F2GB-analysis-table.qza \ 
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   --p-sampling-depth 115 \ 

   --m-metadata-file  "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --output-dir f2gb-core-metrics-results 

Output Artifacts: 

Saved FeatureTable[Frequency] to: f2gb-core-metrics-results/rarefied_table.qza 

Saved SampleData[AlphaDiversity] to: f2gb-core-metrics-results/faith_pd_vector.qza 

Saved SampleData[AlphaDiversity] to: f2gb-core-metrics-results/observed_features_vector.qza 

Saved SampleData[AlphaDiversity] to: f2gb-core-metrics-results/shannon_vector.qza 

Saved SampleData[AlphaDiversity] to: f2gb-core-metrics-results/evenness_vector.qza 

Saved DistanceMatrix to: f2gb-core-metrics-results/unweighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f2gb-core-metrics-results/weighted_unifrac_distance_matrix.qza 

Saved DistanceMatrix to: f2gb-core-metrics-results/jaccard_distance_matrix.qza 

Saved DistanceMatrix to: f2gb-core-metrics-results/bray_curtis_distance_matrix.qza 

Saved PCoAResults to: f2gb-core-metrics-results/unweighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f2gb-core-metrics-results/weighted_unifrac_pcoa_results.qza 

Saved PCoAResults to: f2gb-core-metrics-results/jaccard_pcoa_results.qza 

Saved PCoAResults to: f2gb-core-metrics-results/bray_curtis_pcoa_results.qza 

Output Visualizations: 

Saved Visualization to: f2gb-core-metrics-results/unweighted_unifrac_emperor.qzv 
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Saved Visualization to: f2gb-core-metrics-results/weighted_unifrac_emperor.qzv 

Saved Visualization to: f2gb-core-metrics-results/jaccard_emperor.qzv 

Saved Visualization to: f2gb-core-metrics-results/bray_curtis_emperor.qzv 

 

Alpha diversity in the context of metadata 

Shannon index 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2gb-core-metrics-results/shannon_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2gb-core-metrics-results/shannon-vector-group-significance.qzv 

Output Visualization: 

f2gb-core-metrics-results/shannon-vector-group-significance.qzv 

Simpson’s Evenness 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2gb-core-metrics-results/evenness_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2gb-core-metrics-results/evenness-group-significance.qzv 

Output Visualization: 

f2gb-core-metrics-results/evenness-group-significance.qzv 
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Observed Operational Taxonomic Unit 

qiime diversity alpha-group-significance \ 

   --i-alpha-diversity f2gb-core-metrics-results/observed_features_vector.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --o-visualization f2gb-core-metrics-results/observed-features-group-significance.qzv 

Output Visualization: 

f2gb-core-metrics-results/observed-features-group-significance.qzv 

 

Beta diversity in the context of metadata 

According to generation 

qiime diversity beta-group-significance \ 

   --i-distance-matrix f2gb-core-metrics-results/weighted_unifrac_distance_matrix.qza\ 

 --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

 --m-metadata-column gen \ 

 --o-visualization f2gbcore-unweighted-unifrac.qzv \ 

 --p-pairwise 

Output Visualization: 

f2gbcore-unweighted-unifrac.qzv 
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Taxa bar plot 

qiime taxa barplot \ 

  --i-table F2GB-analysis-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

  --o-visualization f2gb-taxa-bar-plots.qzv 

Output Visualization: 

f2gb-taxa-bar-plots.qzv 

 

Differential abundance 

At phylum level 

qiime taxa collapse \ 

   --i-table F2GB-analysis-table.qza \ 

   --i-taxonomy taxonomy.qza \ 

   --p-level 2 \ 

   --o-collapsed-table f2gb-table-level2.qza 

Output Artifact: 

f2gb-table-level2.qza 

qiime composition add-pseudocount \ 
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   --i-table f2gb-table-level2.qza \ 

   --o-composition-table comp-f2gb-table-level2 

qiime composition ancom \ 

   --i-table comp-f2gb-table-level2.qza \ 

   --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

   --m-metadata-column gen \ 

   --o-visualization level2-f2gbtad-ancom.qzv 

Output Visualization: 

level2-f2gbtad-ancom.qzv 

 

Taxa bar plots 

qiime taxa barplot \ 

  --i-table F2GB-analysis-table.qza \ 

  --i-taxonomy taxonomy.qza \ 

  --m-metadata-file "/Users/viviennelacy/Desktop/doubid/g0f2.tsv" \ 

  --o-visualization g0f2tad-taxa-bar-plots.qzv 

Output Visualization: 

g0f2tad-taxa-bar-plots.qzv 
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Appendix D: 

Experimental Diet Ingredients (Braden-Khule, 2024). 

Ingredients (grams) Mediterranean Diet  Western Diet  

Protein Sources   

Casein  0  165.5  

Soy Protein  47  0  

Fish Protein  47  0  

Egg White  47  0  

DL-methionine  1.9  0.3  

L-Cystine  3  3  

Carbohydrate Sources 
  

Corn Starch  0  370.5  

Brown Rice Flour  205  0  

Wheat Starch  205  0  

Maltodextrin 10  125  125  

Dextrose  0  0  

Fiber Sources  
  

Cellulose, BW200  50  50  

Psyllium  50  0  

Inulin  50  0  
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Fat Sources 
  

Soybean Oil  0  0  

Corn Oil  0  0  

Safflower Oil  0  12  

Beef Fat, Bunge  3  106.3  

Butter, Anhydrous  16  34  

Flaxseed Oil  7  0  

Menhaden Oil, ARBP-F  10  0  

Olive Oil  107  0  

Other Micronutrients  
  

Mineral Mix S10026  10  10  

DiCalcium Phosphate  13  13  

Calcium Carbonate  5.5  5.5  

Potassium Citrate, 1 H2O  16.5  16.5  

Vitamin Mix V10001  10  10  

Biotin (1%)  0.1  0  

Choline Chloride  3  1.07  

Total  1032.0000 gms 922.672 gms 

Experimental Diet Macro ingredients (Braden-Khule, 2024). 

Macronutrients Mediterranean Diet  Western Diet  
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Macronutrients (grams)   

Protein (gms) 147.2  147.3  

Carbohydrate (gms) 495.3  495.5  

Fat (gms) 153.2  153.1  

Fiber (gms) 153.7  50.0  

   

Macronutrients g%    

Protein  14.3  16.0  

Carbohydrate  48.0  53.7  

Fat  14.8  16.6  

Fiber  14.9  5.4  

   

Macronutrients kcal   

Protein  589  589  

Carbohydrate  1981  1982  

Fat  1379  1378  

Total kcal 3949  3949  

   

Macronutrients kcal%    

Protein  15  15  

Carbohydrate  50  50  

Fat  35  35  
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Fats (grams)   

Saturated Fatty Acids  29.5  74.4  

Monounsaturated Fatty Acids  86.2  54.0  

Polyunsaturated Fatty Acids  24.4  14.1  

n-6  15.9  13.4  

n-3  8.0  0.9  

n-6/n-3 Ratio  2.0  15.6  

   

Fats kcal%    

Saturated Fatty Acids  6.7  17.0  

Monounsaturated Fatty Acids  19.6  12.3  

Polyunsaturated Fatty Acids  5.6  3.2  
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Alzheimer’s disease (AD) is a neurodegenerative disease with several factors implicated 

in its progression, including the chronic consumption of a Western diet. Current diet literature 

utilizes models that are not translational to what a typical American would consume. Therefore, a 

previous study from our team explored the effect of long-term consumption of a translatable 

typical American diet (TAD) to a comprehensive Mediterranean diet (MD), which is known to 

have protective properties. This study explored the effect of long0term consumption of the TAD 

versus the MD on gut microbiome composition. There was an increase of alpha and beta 

diversity found in the MD compared to the TAD. Additionally, transgenerational effects of these 

experimental diets found similar results of increased alpha and beta diversity in offspring with 

perinatal consumption of the MD compared to the TAD. However, these differences were 

significantly diminished following 2 months of standard diet consumption. 

 


