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Abstract: To clarify the chemical diversity of Dao-di herb germplasm resources in the Qinling Mountains and to screen
superior chemotypes for elite cultivar breeding and standardized production, ten representative Dao-di medicinal
species—including Gentiana macrophylla, Fritillaria taipaiensis and Cornus officinalis—were investigated following
a framework of resource inventory, chemical fingerprinting, comprehensive quality evaluation and germplasm
conservation. Geo-referenced samples were collected at a uniform phenological stage from typical counties on both
the northern and southern slopes of the Qinling range, and a standardized sample library was established after drying,
grinding and sieving. Species-specific HPLC fingerprints and multi-component quantitative methods were developed
and fully validated. Reference fingerprints and a chemical database were constructed using similarity evaluation
software. Principal component analysis, cluster analysis and partial least squares discriminant analysis were applied to
reveal the population structure of chemical diversity, while superior chemotypes were screened by combining marker
content with fingerprint similarity. Chemometric scores were further correlated with ecological factors such as altitude,
slope aspect, longitude and latitude. The validated HPLC methods met all requirements for quantitative analysis.
Both fingerprint similarity and active-marker accumulation showed marked geographical gradients, with high-altitude
populations tending to accumulate higher levels of characteristic constituents. Six superior chemotypes with key-marker
contents significantly exceeding the limits of the Chinese Pharmacopoeia or the market average were identified. This
study provides a reproducible methodological paradigm and foundational data for establishing a "chemical-phenotype
identity card", selecting elite seed sources and setting conservation priorities for Dao-di herbs in the Qinling region.
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