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Abstract 

 
The human gut microbiome is a complex and dynamic ecosystem that plays crucial roles in host health and diseases 

and also exhibits significant microbial differences across populations. Advances in metagenomic sequencing and 
genome assembly technologies have empowered us to decode this complex microbial community at unprecedented 
resolution. However, comprehensive genomic characterization of the human gut microbiota remains challenging due to 
limitations in (1) a lack of clear guidelines for selecting optimal sequencing technologies and assembly strategies to 
achieve high-quality genome assemblies at reasonable costs; (2) bias in current reference genome catalogs toward 
Western populations, which limits their utility in studying gut microbial variations among diverse populations; and (3) 
primarily focusing on microbial abundance differences while neglecting microbial differences in genomic variations 
across populations. 

 
This thesis systematically addresses these challenges through three studies. First, I conduct a benchmarking survey 

of sequencing technologies and assembly strategies to establish practical guidelines for generating high-quality genome 
assemblies. Results reveal that PacBio HiFi long-reads are the optimal choice for generating an assembly with low base 
errors. Oxford Nanopore long-reads are able to produce the most continuous contigs but may require further polishing to 
improve their quality. Using short-reads rather than long-reads themselves, is more effective to improve the base 
accuracy of contigs from Oxford Nanopore long-reads. Hi-C data is the best choice for scaffolding because it can 
capture the longest-range DNA connectedness compared to 10x linked-reads and Bionano optical maps. A combination 
of multiple technologies can further improve the quality and completeness of genome assembly.  

 
Second, I construct the Human Gut Microbiome Reference Genome Catalog (HGMRGC). It integrates 271,601 

non-redundant genomes from 5,785 species, derived from metagenomic sequencing data from 9,320 publicly available 
samples across 22 countries and 3,584 newly sequenced samples from Han Chinese individuals across 29 provinces and 
regions in China. This catalog significantly enhances microbial diversity and genome quality and addresses the 
population biases in previous resources, which enables further population-level gut microbiome studies. 

 
Third, leveraging the HGMRGC, I systematically investigate gut microbial differences between the Han Chinese 

and non-Chinese populations, spanning microbial abundance to genomic variations. We identify 625 population-specific 
novel genome clusters with functional differences in carbohydrate utilization, and 126 species with distinct prevalence 
between the two populations, associated with vitamin biosynthesis, antibiotic resistance, and carbohydrate metabolism. 
The beta diversity analysis highlights significant inter-population differences, while the alpha diversity analysis reveals 
higher species-level diversity in non-Chinese populations and greater strain-level diversity in Han Chinese populations. 

 
Collectively, this work advances our understanding of the genomic landscape of the human gut microbiota and 

provides a foundation for future research into the functional and health implications of population-specific microbial 
diversity. 
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