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Figure 1 Potential mechanisms of high-altitude adaptation in ruminants
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Figure 2 Different sources of domesticated ruminant animals at high altitudes
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Table 1 Phenotypes adapted to high-altitude environments in ruminant livestock
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Figure 3 Classification of identification methods for hypoxia adaptation traits in ruminant livestock at high altitudes
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Figure 4 Regulation of physiological systems in hypoxic conditions. Hypoxic conditions primarily affect the respiratory, circulatory, and nervous
systems, ruminal microbes, and reproduction-related traits. When the oxygen level in the blood drops, the carotid body detects the change and transmits
signals to the medulla through afferent neurons (blue lines). The medulla’s respiratory center responds by increasing pulmonary ventilation through the
efferent neurons (purple lines) and modulating sympathetic nerves to enhance the cardiac output and induce vasoconstriction in various tissues. These
actions trigger the secretion of catecholamines (black arrows) in the adrenal medulla, leading to further muscle and blood vessel constriction. The
increase in pulmonary ventilation facilitates the diffusion of oxygen (green arrow) through the lungs and bloodstream, ultimately making it available to
cellular mitochondria for aerobic respiration. Notably, reduced oxygen levels can also affect fetal survival. In low-oxygen environments, ruminal
microbes coevolve with the host to increase the production of volatile fatty acids (VFAs). These VFAs help the host adapt to the hypoxic environment
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Identification methods for high-altitude adaptation of phenotypes in
ruminant livestock: status and prospect

WAN Xing, LIU YalJing, HUANG JiaHui & LYU FengHua

College of Animal Science and Technology, China Agricultural University, Beijing 100193, China

Adaptive traits refer to the developmental patterns evolved in organisms to cope with a specific environment. At high altitudes,
oxygen is the most important environmental factor affecting the survival of organisms. The long-term evolutionary history shows that
organisms (e.g., yak) have developed distinct phenotypes in high-altitude environments. Moreover, domestic ruminants, such as
sheep, goats, and cattle, have played an essential role in providing permanent occupation to humans living in high-altitude regions and
have also adapted to the high-altitude environment in a short period (~3000-5000 years). This review summarizes the high-altitude
adaptation of phenotypes in ruminant livestock and the identification methods for each trait and compares the traditional and modern
high-throughput identification methods. This review will outline future studies on accurate and high-throughput identification
methods for high-altitude adaptation of phenotypes, thereby guiding researchers in adaptation evolution and breeding.

ruminant livestock, adaptation to high altitudes, trait, identification method
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