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Fig S1. The maximum likelihood (ML) tree based on whole-genome SNPs for 50 snow leopards with 1000 iterations, using the tiger as the outgroup. The result was generally consistent with the phylogenetic tree constructed using the Neighbor-Joining (NJ) method.
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Fig S2. Cross-validation error rate value of ADMIXTURE analysis from K=1 to K=5 for all snow leopards. The best one (K = 2) with the lowest error rate value supports the classification of two large genetic lineages in snow leopards.
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Fig S3. PCA result between PC1 and PC3 supports two lineages in snow leopards based on whole-genome SNP set.
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Fig S4. The maximum likelihood tree based on whole genome SNPs including three historical samples. Individuals with brown label represent the northern lineage and individuals with blue label represent the southern lineage. Three historical samples (XJ2, IM1 and SNM23) were marked in in italics. XJ2, from Tianshan Mountains, Xinjiang of China, clustered with the individuals from Mongolia and Russia. IM1, from Ula Mountains, Inner Mongolia of China also clustered with the individuals from Mongolia and Russia. SNM23 with unknown source clustered with the individuals from Qinghai of China. 
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Fig S5. ADMIXTURE analysis for northern lineage. A. ADMIXTURE results with K = 2 and K = 3. B. Cross-validation error rate value from K = 1 to K = 5. The best one (K = 1) with the lowest error rate value supports one large genetic cluster in the northern lineage.
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Fig S6. ADMIXTURE analysis for southern lineage. A. ADMIXTURE results with K = 2, 3, and 4. B. Cross-validation error rate value from K = 1 to K = 5. The best one (K = 1) with the lowest error rate value supports one large genetic cluster in the southern lineage.
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Fig S7. The most likely geographical boundary (marked in red dashed line) of two snow leopard lineages. We proposed the boundary line based on the geographic locations of all 35 samples in this study and the published related studies (e.g., Janecka et al. 2017)4.  
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Fig S8. Geographical distribution ranges of snow leopard’s main prey (Capra sibirica, Siberian ibex; Pseudois nayaur, blue sheep) and two brown bear subspecies (Himalayan brown bear, marked in red dashed line; Tibetan brown bear, marked in blue dashed line). The geographical distribution range was depicted or modified from IUCN and Joshi et al (2022). The geographical boundary (marked in green dashed line) between Siberian ibex and blue sheep and between Himalayan brown bear and Tibetan brown bear is basically consistent with the geographical boundary between the northern and southern lineages of snow leopard, supporting the high genetic divergence of two lineages. 
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Fig S9. The recent population history (from 100 generations ago to present) of two snow leopard lineages simulated by GONE. The Ne of the southern lineage was approximately twice that of the northern lineage between 100 and 20 generations ago (from ~500 years to 100 years ago), a pattern largely consistent with the recent dynamic results of the stairway-plot2 analysis.
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Fig S10. EPAS1 gene was under positive selection in the southern lineage. We found a total of 147 intron variations in the EPAS1 gene (85.5Kb), which is significantly higher than the nucleotide mutation rate of whole genome (1.85E-03>>1.87E-04). To investigate whether this result was caused by positive selection or random mutation, we statistically calculated the rate of intron variation across all genes (20785 genes) in the entire genome. Here the number of intronic SNP /the length of intron per gene was used as a proxy for intron mutation rate for each gene. We found that the intron mutation rate of EPAS1 gene was 0.00185 that was significantly higher than those of other genes (P value = 0.0157), suggesting that EPAS1 gene might be under strong positive selection in snow leopards.
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Fig S11. Comparison of genome-wide heterozygosity and Froh between “threatened” and “non-threatened” group. The “threatened” group had significantly higher Froh level and significantly lower genome-wide heterozygosity level than the “non-threatened” group.
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Fig S12. Genome-wide heterozygosity and the ratio of Deleterious, LOF and Tolerated homozygotes to synonymous homozygotes. The relative proportion of deleterious (A), LOF (B), and tolerated (C) homozygotes is negatively correlated with genome-wide heterozygosity. Snow leopards harbored relatively lower proportional burden of strongly deleterious variation (LOF and DEL mutations) and higher proportional load of weakly deleterious variants (TOL mutations).
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Fig S13. The Hi-C interaction signals of snow leopard genome.
