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Abstract
The human gut microbiome contains a collective gene repertoire approximately
100 times larger than the human genome, providing an enormous metabolic capacity



for processing diverse dietary components. Understanding how this microbial
community metabolizes food and contributes to human health remains one of
the central questions in microbiome research. Throughout human evolution, the
symbiotic relationship between humans and their gut microbiota has likely co-evolved
with changes in dietary environments. Today, however, rapid nutritional transitions,
including increasing disparities between overnutrition and undernutrition, declining
adherence to traditional diets, reduced dietary fiber intake, increased consumption
of high-fat foods, and widening differences in protein intake, are reshaping the
human dietary landscape. Under these rapidly changing conditions, the human gut
microbiome may itself be undergoing a major transitional phase.

To investigate how dietary environments have shaped the gut microbiome across
Asia, we have established the Asian Microbiome Project (AMP). Asia represents a
unique region where traditional dietary cultures and Westernized dietary habits
coexist, making i1t an ideal setting for understanding how diet-microbiome symbiosis
has evolved and how 1t may continue to change. In particular, the gut microbiome
of school-age children provides an excellent model because it is less influenced by
lifestyle-related confounding factors and more directly reflects dietary adaptation
during microbiome development.

The gut microbiota of Asian populations can largely be classified into two
enterotypes: the Prevotella-dominated (P) type, which 1s common in rural
populations, and the Bacteroides-Bifidobacterium-dominated (BB) type, which
predominates in urban populations. These enterotypes gradually emerge during
the weaning period and become clearly established by approximately three years of
age. However, the mechanisms underlying their formation and their implications
for host health remain poorly understood. To address these questions, we performed
comparative metagenomic analyses to characterize functional differences between the
two enterotypes.

Comparative metagenomic analysis of Southeast Asian children with the
P-enterotype and Japanese children with the BB-enterotype revealed distinct
metabolic signatures. The P- enterotype was enriched in a -amylase genes, whereas
the BB-enterotype showed a higher abundance of isoamylase genes, suggesting
adaptation to differences in the carbohydrate composition of staple foods. In
addition, the BB-enterotype contained a higher abundance of bile salt hydrolase (BSH)
genes, consistent with adaptation to a higher-fat diet. Differences were also observed
in nitrogen metabolism. Japanese gut microbiomes were enriched in pathways
converting glutamate toward ornithine, whereas Southeast Asian microbiomes
exhibited higher abundances of pathways regenerating glutamate from ornithine
together with genes involved in branched-chain amino acid biosynthesis, suggesting
distinct nitrogen metabolic strategies associated with differences in dietary protein



availability. Notably, the genes involved in starch degradation and amino acid
biosynthesis in the P-enterotype were predominantly encoded by Prevotella and
related members, highlighting their central role in adaptation to carbohydrate-rich
diets.

Interestingly, even within Southeast Asia, children living in urban areas of the
Philippines exhibited metagenomic profiles characterized by increased abundance of
BSH genes, reflecting dietary westernization. Further, Mongolian children displayed
distinctive profiles of polysaccharide and nitrogen metabolism despite predominantly
belonging to the P enterotype, illustrating adaptations to Mongolia's unique dietary
culture.

These comparative metagenomic analyses demonstrate how the gut microbiome
adapts to host dietary environments and establishes stable symbiotic relationships.
Understanding these microbial adaptations will provide important insights into
the evolutionary interactions between diet and the gut microbiome and their
consequences for human health.
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