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Introduction: 
 
The gut microbiome plays a critical role in the health and well-being of animals, 
influencing aspects such as digestion, metabolism, immunity, and disease resistance. 
While gut microbiome studies in domesticated animals like cows have been conducted 
extensively, there is a scarcity of data on the gut microbiomes of wild buffalo and urban 
stray cattle. This research aims to bridge this gap by conducting a comparative 
metagenomic analysis of the gut microbiomes of these three distinct bovine populations. 
 
Objectives: 
 

1. Comparative Analysis of Gut Microbiomes in Wild Buffalo and Domestic cattle: 
Assess the impact of domestication on the gut microbiome composition, diversity, 
and functional potential by comparing wild buffalo to domestic cattle. 

 
2. Comparative Analysis of Gut Microbiomes in Domestic cattle and Urban Stray 

Cattle: Investigate the influence of urbanization on the gut microbiome 
composition, diversity, and potential alterations in microbial functions in urban 
stray cattle. 

 
3. Decipher the trends in change of gut Microbiome during history: Is domestication 

and urbanization analogous? 

 
4. Yet to be decided……   

 
Methods:  
 
Sample Collection 
- Collect fecal samples from wild buffalo populations in their natural habitat. 
- Obtain fecal samples from domestic cows in controlled farm settings. 
- Collect fecal samples from urban stray cattle within urban environments. 
 
DNA Extraction 
- Isolate DNA from the fecal samples using standardized metagenomic DNA 
extraction protocols. 
 
Metagenomic Sequencing (will be outsourced) 
- Prepare metagenomic libraries from the extracted DNA for each sample. 
- Perform high-throughput sequencing (e.g., Illumina) to generate metagenomic datasets. 
 
Data Analysis 
- Process and quality-filter the sequencing data. 
- Perform taxonomic classification to identify microbial species and their 
relative abundances. 
- Assess alpha and beta diversity to compare microbial richness and community 
structure. 
- Identify differentially abundant taxa and functions among the three groups. 
- Conduct statistical analyses (ANOVA) to correlate microbiome 
composition with relevant          environmental factors. 



Discussion: 
 
The comparative analysis of the gut microbiomes of wild buffalo, domestic cows, and 
urban stray cattle will provide insights into the impact of habitat, diet, and domestication 
on the composition and functional potential of the gut microbiota in these bovine 
populations. 
Understanding these differences may have implications for animal health, adaptation to 
urban environments, and conservation efforts. 
 
Significance: 
 
This research contributes to our understanding of how anthropogenic factors, such as 
urbanization and domestication, influence the gut microbiome of bovine species. The 
findings may have implications for livestock management, wildlife conservation, and the 
potential role of gut microbiota in adapting to changing environments. 
 
Timeline: 
 
- Sample collection: Months 1-3 (only winter during winters when  national parks are 
open) 
- DNA extraction and library preparation: Months 4-6 
- Metagenomic sequencing: Months 7-9 
- Data analysis: Months 8-9 
- Report and manuscript preparation: Months 
16-18  
 
 
Budget: 
 
The budget will include expenses for sample collection (travel, national park, and ticket 
may cost estimated 10,000), DNA extraction kits (5000 per kit), sequencing costs (6500 
per sample, if we take 5 sample size for each group for 15 sample may cost 97500), 
computational resources (most packages and tools are free but complications may costs 
extra 500), and personnel.  
 
 
Discussion: 
 
Previous studies have shown that the gut microbiome composition can differ between 
wild and captive animal populations (Gibson et al., 2019). These studies have primarily 
used targeted amplicon sequencing of the 16S rRNA gene. However, a metagenomic 
approach provides several advantages, including the ability to capture a broader range of 
microbial taxa and functional genes (Gibson et al., 2019). Additionally, it is not subject to 
PCR artifacts, which can affect the accuracy of amplicon sequencing (Gibson et al., 2019). 
 
Diet has been shown to influence the diversity of the gut microbiome in cattle (Lau et al., 
2018). A study comparing the gut microbiomes of omnivorous and herbivorous cattle 
found that the omnivorous group had a more diverse microbiome (Lau et al., 2018). This 
suggests that microbiota diversity increases as diet variation increases (Lau et al., 2018). 
Understanding the differences in the gut microbiomes of wild buffalo, domestic cows, and 
urban stray cattle can provide insights into the impact of diet and domestication on the 
gut microbiome. 
 
 



 
 
 
 
The gut microbiome has also been implicated in the metabolism of environmental toxins 
and pesticides (Gao et al., 2017). Exposure to organophosphate pesticides has been 
shown to alter the gut microbiome composition and associated metabolites (Gao et al., 
2017). This raises the possibility that perturbation of the gut microbiome contributes to 
the neurotoxicity of these pesticides (Gao et al., 2017). Investigating the gut microbiomes 
of wild buffalo, domestic cows, and urban stray cattle can provide insights into the 
potential effects of environmental factors on the gut microbiome. 
 
Furthermore, the gut microbiome has been linked to host behavior (Cusick et al., 2021). 
Comparative studies across different species or taxa have highlighted the bidirectional 
relationship between the gut microbiome and host behavior (Cusick et al., 2021). By 
examining the gut microbiomes of wild buffalo, domestic cows, and urban stray cattle, we 
can explore potential associations between the gut microbiome and behavior in these 
populations. 
 
 
Conclusion: 
 
This research proposal aims to conduct a comparative analysis of the gut microbiomes in 
wild buffalo, domestic cows, and urban stray cattle using a metagenomic approach. By 
examining the differences in the gut microbiomes of these populations, we can gain 
insights into the impact of domestication, diet, environmental factors, and behavior on 
the gut microbiome composition and function. This study will contribute to our 
understanding of the gut microbiome in different populations of cattle and its potential 
implications for animal health and well-being. 
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