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Abstract 

The human gut microbiota, a complex ecosystem of microorganisms, is intricately linked to health 
and aging. While numerous studies have explored age-related changes in the gut microbiome of 
healthy individuals, the impact of aging on this microbial community in individuals with pre-existing 
gastrointestinal conditions remains largely uncharted. This study aimed to investigate how aging 
affects the ecological and genetic characteristics of the gut microbiome in individuals with 
gastrointestinal disorders.  Using an in-house bioinformatic pipeline PanOmiQ, we analyzed fecal 
samples from 54 individuals with gastrointestinal conditions and compared them to a healthy control 
group. Our results revealed significant ecological differences between age groups and healthy 
controls, particularly in alpha and beta diversity and relative abundance at the phylum level. 
However, we found no clear evidence of age-related genetic variation within microbial species. These 
findings underscore the unique ecological dynamics of the gut microbiome in individuals with 
gastrointestinal disorders and suggest that aging may play a role in shaping the composition of 
specific microbial groups, such as Proteobacteria and Archaea. Further research is needed to elucidate 
the specific functions of these microbial groups in the aging gut and to explore potential therapeutic 
interventions for improving gut health in gastrointestinal-compromised individuals. 
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1. Introduction 

The human gut microbiome is critical to maintaining health and longevity by regulating 
digestion, modulating immune function, and contributing to the production of metabolites [1]. 
Recent research has underscored the dynamic nature of this microbial ecosystem, highlighting how 
its composition and function shift over the human lifespan [2]. In particular, age-related changes in 
the gut microbiome have been linked to multiple health outcomes, including disruptions in the 
microbial balance known as dysbiosis, increased systemic inflammation, and impaired gut barrier 
function [3]. These shifts contribute to age-associated conditions and diseases such as increased 
frailty, metabolic disorders, and chronic inflammation [3–5].  

Gastrointestinal disorders, including inflammatory bowel disease and irritable bowel syndrome, 
are also known to profoundly disrupt the gut microbial ecosystem [6]. These disorders are 
characterized by dysbiosis, loss of microbial diversity, increased pathogenic species, and 
compromised gut barrier integrity [7–9]. While altered gut microbiomes characterize aging and 
gastrointestinal disorders, limited research explores how these two factors interact. This is critical to 
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understand since combining the effects of aging in dysfunctional gastrointestinal individuals could 
accelerate dysbiosis, exacerbate inflammation, and contribute to more severe clinical outcomes. 

Existing studies have predominantly focused on age-related microbial changes in healthy 
individuals or the microbiome alterations associated with specific gastrointestinal disorders 
[2,3,5,10]. To our knowledge, no one has investigated how aging influences the microbiome in 
individuals with pre-existing gastrointestinal conditions. This leaves unanswered questions about 
how these populations may experience unique microbiome shifts, potentially driving distinct disease 
trajectories compared to healthy controls. Understanding these compounded effects is crucial for 
identifying biomarkers of disease progression and potential therapeutic targets that address aging 
and gastrointestinal compromised individuals [11].  

To address this gap, we investigated age-related ecological and intra-species genomic variation 
in the gut microbiome using advanced next generation sequencing technique i.e Shotgun 
metagenomics. Shotgun metagenomics offers a significant advancement over traditional 16S rRNA 
sequencing by enabling a more comprehensive and high-resolution analysis of the microbiome. 
While 16S rRNA sequencing targets only a specific region of the bacterial genome and provides 
limited taxonomic resolution—usually to the genus level—shotgun metagenomics sequences all 
genomic material present in a sample. This allows for precise species- and strain-level identification, 
detection of non-bacterial organisms (such as viruses, fungi, and archaea), and functional annotation 
of microbial genes. Moreover, shotgun metagenomics enables the exploration of metabolic pathways, 
antibiotic resistance genes, and virulence factors, offering deep insight into the functional potential 
of the microbial community. This level of detail is crucial for understanding complex host-microbe 
interactions, nutritional influences, and disease associations in a truly systems-level context [12,13]  

We studied the gut microbiome of total 54 individuals from different age groups suffering from 
gastrointestinal disorders. The analysis of the NGS data was carried out using in-house bioinformatic 
pipeline, PanOmiQ, that performs sequencing read quality control, taxonomic classification, and 
multi-locus sequence alignment to capture ecological dynamics and genomic variations in the gut 
microbial population. By characterizing the unique microbial shifts in this gastrointestinal-
compromised cohort across different age groups, we aim to provide insight into the mechanisms 
underlying age-related disease progression in the presence of gastrointestinal disorders. By 
deepening our understanding of how aging and gastrointestinal disorders synergistically impact the 
gut microbiome, we hope to contribute to developing microbiome-based interventions that promote 
healthier aging and improved gut health outcomes. 

2. Materials and Methods 

Sample Data Collection  

As part of the BioGut program, clinical samples were received at the Genomics Facility of BioAro 
Inc. for next generation sequencing (NGS) and results were archived in BioAro Inc data repository 
with anthropometric measures and medical history of the participants. Informed consent was duly 
obtained from all participants, with robust measures implemented to ensure the protection of their 
privacy and confidentiality. In this retrospective study data were collected from the repository of 
BioAro Inc. for 54 individuals with different age groups ranging from 10-80 years, in accordance with 
ethical guidelines (HREBA.CHC-25-0013). BioGut or clinic participants' stool samples were received 
at the BioAro laboratory with their informed consent and prepared for DNA extraction. Genomic 
DNA was extracted from samples using the Zymo BIOMICS DNA Miniprep Kit (Zymo Research, 
Cat. No. D4300) following the manufacturer's instructions. The DNA extraction protocol involved 
cell lysis using enzymatic digestion and bead beating, followed by DNA purification using spin 
columns and washes. Purified DNA was eluted in DNase-free water. Total 54 participants data was 
categorized into five age groups; Adult <30: 8 samples; Adulthood 31-40: 11 samples; Adulthood 41-
50: 15 samples; Adulthood 51-60: 13 samples; and Adulthood 60+: 7 samples. 
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Next-Generation Sequencing Shotgun Metagenomics 

The DNA extracted from each sample was quantified using a Qubit fluorometer 3.0 (Thermo 
Fisher Scientific, Waltham, MA, USA)., following the manufacturer's instructions. Each DNA sample 
was then diluted to a predetermined concentration using TE buffer to ensure equal representation in 
the library. Next, sequencing adapters containing MGI Rapid sequencing flow cell complementary 
sequences and unique barcode sequences were ligated to the fragmented DNA ends using T4 DNA 
Ligase in MGIEasy manufacturer's protocol using MGI-SP100 (MGI Tech Co., Ltd., Shenzhen, China). 
These adapters enable library attachment to the sequencing flow cell and sample identification after 
sequencing. 

The prepared library was quantified quanitified using Qubit Fluorometer and the fragment size 
was checked using Agilent Tapestation.. This process ensures that only the desired library fragments 
(350-450 nucleotides) are sequenced.  

Further, aliquots of the normalized library DNA from all samples were combined into a single 
tube to create a pooled library. The volume of each aliquot should be proportional to the desired 
representation of each sample in the final sequencing data. Following the manufacturer's instructions, 
we performed enzymatic circularization of the adapter-ligated DNA fragments to create circular 
single-stranded DNA molecules using commercially available MGIEasy circularization module 
reaction kits. The libraries from all samples were subsequently sequenced following the MGIEasy 
Circularisation Module (MGI Tech Co., Ltd., Shenzhen, China). The circularized libraries were then 
processed and loaded onto flow cells using the DNBSeq-G400RS High Throughput Sequencing Kit 
and DNBSeq-G400RS Sequencing Flow Cell (MGI Tech Co., Ltd., Shenzhen, China), followed by 
sequencing on the MGI-DNBSEQ-G400 platform (MGI Tech Co., Ltd., Shenzhen, China). A negative 
control was included throughout the entire workflow to monitor for potential contamination from 
reagents and material Paired-end 150 bp shotgun sequencing read length was performed to obtain 
reads from both ends of the DNA fragments using an FCL (MGI DNBSeq G400) flow cell type with 
an expected output of ~450 Gb with Q30 > 85%. 

Development of a Bioinformatic Pipeline for the Analysis of Intra-Species Variation in the Human 
Microbiome 

To investigate the ecological and intra-species genomic variation within the gut microbiome 
across age groups in a pre-existing gastrointestinal disorder cohort, we developed a novel 
bioinformatic analysis pipeline that integrates various computational tools to analyze high-
throughput sequencing data from advanced next generation sequencing i.e shotgun metagenomics.. 
Raw sequencing reads undergo quality filtering to remove adapter sequences, followed by host DNA 
removal, taxonomic classification, alpha and beta diversity calculation, and finalization with a multi-
locus sequence alignment.  

The keystone bacterial species analyzed for relative abundance changes and intra-species 
variation were Escherichia coli (SGB10068), Enterococcus faecalis (SGB7962), Akkermansia 
muciniphila (SGB9226), Agathobacter rectalis (SGB4933), Faecalibacterium prausnitzii (SGB15332), 
Ruminococcus bromii (SGB4283), Clostridium butyricum (SGB6170), Bacteroides ovatus (SGB1871), 
Bacteroides eggertii (SGB1829), Bifidobacterium longum (SGB17248), Bacteroides thetaiotaomicron 
(SGB1861), Segatella copri (SGB1626), Bacteroides fragilis (SGB1855), Bacteroides stercoris (SGB1830), 
Bacteroides uniformis (SGB1836), Bacteroides caccae (SGB1877), Phocaeicola vulgatus (SGB1814), 
Roseburia hominis (SGB4936), Eubacterium ventriosum (SGB5045), Butyricimonas virosa (SGB1784), 
Roseburia inulinivorans (SGB49)40, and Roseburia intestinalis (SGB4951). 

Healthy Human Gut Microbiome Samples (Control) Data Collection 

Data for 100 healthy control samples, was collected from the human microbiome project site 
(website URL: https://hmpdacc.org/), healthy human sample (HHS) study and analyzed with 
PanOmiQ pipeline for the comparison of the results with gastrointestinal disease groups. 
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3. Results 

Using shotgun metagenomic sequencing approach from MGI, DNBSeq-G400RS Sequencing 
[14], for generated high-quality sequencing data with a mean number of reads of 3.2 ± 1.4 million 
reads per sample. The Shannon diversity (Aplha diversity) analysis was performed to measure the 
within-sample diversity—how many different species (richness) are present and how evenly 
distributed (evenness) [15] Beta diversity was performed to compare the differences in microbial 
composition between samples of different groups. Richness refers the number of unique species (or 
taxa) in the samples of different groups [16] (). Analysis of this data revealed significant (p<0.01 and 
p< 0.001) differences in Shannon diversity of gut microbiome between young adults (Age group <30 
years old), middle-aged adults (41-50 years old) and healthy human microbiome samples (HMP) 
(Figure 1A). However, a significant difference (p<0.01) was observed in the total number of microbial 
species (richness) between healthy and gastrointestinal-compromised samples (Figure 1B). 
Additionally, beta-diversity analysis performed using non-metric multidimensional scaling plot, 
demonstrated two distinct microbial clusters represented by healthy and gastrointestinal-
compromised samples (Figure 1C). 

 
Figure 1. Diversity comparison of the gut microbes at different host ages and healthy control groups. A) Shannon 
diversity; B) Richness; C) Beta diversity. Statistical analysis: **:p <= 0.01; ***:p<=0.001, ns: p> 0.05. Statistical 
method Wilcox test. 

The taxonomic classification helps in understanding the composition and diversity of microbial 
communities in a sample. At the phylum level, it provides a broad overview of dominant microbial 
groups (e.g., Firmicutes, Bacteroidetes, Proteobacteria), while deeper levels like genus and species offer 
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more specific insights into individual organisms and their potential roles in identifying shifts in 
microbial composition associated with health or diseas [13] At the taxonomic level comparison 
(Figure 2), we observed a distinct microbial profile at the phylum level.  

 

Figure 2. Taxonomic classification and comparison of gut microbes at different age groups. Taxonomic 
classification at the phylum level. 

We observed that Firmicutes, Actinobacteria, Bacteroidetes and Firmicutes/Bacteroidetes ratio 
from gastrointestinal-comprised samples significantly differed (p< 0.01) from healthy samples 
(Figure 3A-C, F). However, Proteobacteria phyla and Archaea kingdom d not show any significant 
difference between condition groups but showed highly significant differences p< 0.01 between age 
groups within the gastrointestinal-compromised cohort (Figure3D-E). 

 

Figure 3. Changes in the relative abundance at the phylum level across age groups and Firmicutes/Bacteroidetes 
ratio. **:p <= 0.01; *:p <= 0.05; ns:p > 0.05. Statistical Method Wilcox test. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2025 doi:10.20944/preprints202507.1587.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1587.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 10 

 

Given the observed changes at the phylum level and in the Archaea relative abundance across 
both age and control groups, we investigated whether these shifts were associated with variations in 
keystone species (key microorganisms to maintain the gut ecosystem) within the gut microbiota [17]. 
We analyzed the relative abundance of over 20 keystone bacterial and archaeal species, identifying 
associations with different age groups and healthy control group. Notably, Bifidobacterium longum 
and Bacteroides caccae exhibited significant differences between the < 30 years old adult group and the 
older groups, as well as the healthy subjects group (Figure 4A, D, Kruskal – Wallis test, p-value < 
0.05). Additionally, Bacteroides uniformis, Phocaeicola vulgatus, Roseburia hominis and Faecalibacterium 
prausnitzii displayed significant differences exclusively in the healthy control group, indicating a 
potential role in maintaining gut health in unaffected individuals. (Figure 4C, E, F, I; Kruskal – Wallis 
test, p-value < 0.05). Among individuals with gastrointestinal disorders, Bacteroides fragilis Roseburia 
intestinalis and Ruminococcus bromii significantly differed between different age groups (Figure 4F, G, 
H; Kruskal – Wallis test, p-value < 0.05). 

 
Figure 4. Relative abundance comparison of nine bacterial keystone species across age groups and healthy 
control group. Statistical analysis: **:p <=0.01; *:p <=0.05, ns :p> 0.05. Statistical method Wilcox test. 

To explore whether the observed shifts in keystone species abundance were associated with 
intra-species genetic variations, we conducted a multi-locus sequence alignment analysis of the 
bacterial strains identified in each sample [18]. This analysis aimed to uncover any genetic difference 
linked to aging that could explain the ecological shifts observed [4]. However, no significant intra-
species genetic variation correlated with age groups (Figure 5).  
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Figure 5. Phylogenetic trees of A) B. stercosis (SGB1830), B) B.fragilis (SGB1855), C) B.caccae (SGB1877), D) R. 
intestinalis (SGB4951), E) R. brommi (SGB4285) and F) E. ventriosum (SGB5045) from different age groups. The 
colour represents the age group, and grey indicates the reference genome. 

Given this, we hypothesized that the increase in abundance in these keystone species likely 
represents an ecological response in the microbial community to the aged gut environment (changes 
in strain frequency), rather than changes driven by intra-species genetic variation [19]. Previous 
studies have demonstrated that increases in the keystone species Bacteroides caccae and Roseburia 
intestinalis can reduce inflammation by modulating interactions between intestinal epithelial cells and 
gut microbes [20,21]. Therefore, we propose that increasing these species in older individuals 
suffering from gastrointestinal diseases may be a compensatory mechanism aimed at mitigating the 
pro-inflammatory state commonly associated with both aging and gastrointestinal disorders. 

It is important to note that potential confounding factors, such as diet, medications, lifestyle, and 
other comorbidities, may have influenced the gut microbiota composition in both healthy control and 
gastrointestinal-compromised individuals [22,23]. While these variables were not the focus of this 
study, future research should account for these potential confounders to isolate the specific effects of 
aging on the gut microbiome. 

4. Discussion 

These results underscore the utility of our bioinformatics pipeline PanOmiQ in uncovering 
complex microbiome dynamics in aging and disease contexts. Further functional annotation of 
microbial genes in these populations is necessary to elucidate the mechanisms underlying these 
ecological shifts and their potential role in the progression of age-related diseases. Our findings open 
the door to identifying novel microbial signatures and pathways that could serve as therapeutic 
targets to delay or prevent the onset of age-related diseases in vulnerable populations, particularly 
those with gastrointestinal disorders. 

The results of this study demonstrate significant changes in the gut microbiome composition 
across different ages and health conditions. The observed shifts in microbial diversity, richness, and 
beta diversity suggest a distinct microbial profile in healthy individuals compared to those with 
gastrointestinal disorders. At the taxonomic level, we observed significant differences in Firmicutes, 
Actinobacteria, Bacteroidetes, and Firmicutes/Bacteroidetes ratios between healthy and 
gastrointestinal-compromised samples, aligning with previously reported, where dysbiotic states are 
characterized by increased firmicutes / Bacteroidetes ratio [6,21]. 
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The increased abundance of keystone species such as Bifidobacterium longum, Bacteroides caccae, 
Roseburia intestinalis, Ruminococcus bromii, and Faecalibacterium prausnitzii in older individuals with 
gastrointestinal disorders may reflect a compensatory mechanism designed to reduce the pro-
inflammatory state typically linked to both aging and gastrointestinal condition [20]. Further 
functional annotation of microbial genes associated with aging in this population may reveal 
potential implications for understanding the mechanisms underlying age-related disease 
progression. This research opened the possibility to seek and identify novel microbial signatures and 
pathways that may serve as potential therapeutic targets to help prevent or slow the progression of 
age-related diseases in this vulnerable population [25,26]. 

This study highlights the increase in relative abundance of Actinobacteria, Proteobacteria and 
Archaea in disease conditions. Notably, these findings could represent a characteristic marker of the 
progression of gastrointestinal diseases during the aging process and health assessment in 
individuals with gastrointestinal disorders. 

Finally, the lack of significant intra-species genetic variation suggests that the differences in 
keystone species abundance are likely driven by ecological factors rather than genetic adaptation to 
the aged gut [27]. This finding reveals the importance of exploring microbiome dynamics beyond 
genetic factors and focusing on how environmental changes in the host influence microbial 
composition and function.  

It is essential to note that potential confounding factors, such as diet, medications, lifestyle, and 
other comorbidities, may have influenced the gut microbiota composition. Future research should 
account for these potential confounders to isolate the specific effects of aging on the gut microbiome 
in gastrointestinal-compromised individuals.  

5. Conclusions 

These findings highlight the effectiveness of our bioinformatics pipeline, PanOmiQ, in revealing 
the intricate dynamics of microbiomes associated with aging and disease. By leveraging this tool, we 
were able to detect subtle ecological shifts within microbial communities. However, more functional 
annotation of microbial genes across the populations under study is necessary to completely 
comprehend the biological significance of these changes. Such analyses will help clarify the molecular 
mechanisms driving these microbiome alterations and their possible contributions to the onset and 
progression of age-related diseases Crucially, our study establishes the foundation for the 
identification of new microbial biomarkers and metabolic pathways, which could be developed into 
therapeutic targets aimed at delaying or preventing age-associated conditions—particularly in at-risk 
groups, such as individuals suffering from gastrointestinal disorders.  

Future research should also aim to understand better the specific host-microbiome interactions 
driving these compensatory microbiota changes. Expanding research on the role of keystone species, 
such as Bacteroides caccae and Roseburia intestinalis, could yield valuable insights into how the gut 
microbiome helps regulate inflammation and overall health in aging individuals. Identifying 
microbial pathways with therapeutic potential could provide new avenues for preventing or treating 
age-related health issues, ultimately improving the quality of life for aging populations. 
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