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Figure 2. Population Structure Inference of �1�S�P�T�P�Q�J�T �D�J�O�F�S�B�S�J�B(L.) Druce via sNMF.
Population structure inferred from 57, 183 LD-pruned SNPs using sNMF. Results indicate four ancestral
clusters with distinct spatial patterns and admixture levels. (A) Cross-entropy criterion forK = 1 � 10
shows optimal clustering at K = 4. (B) Q-matrix barplot showing individual ancestry proportions,
sorted and grouped by major cluster. (C) Geographic map with pie charts of sNMF group membership
per individual.
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Figure 3. Discriminant Analysis of Principal Components (DAPC).
DAPC confirms four genetically distinct clusters, with high membership probabilities. DAPC results
closely mirror the sNMF clustering and show effective population separation. (A) Posterior membership
probabilities of samples across groups. (B) DAPC scatter plot (LD1 vs LD2), with individuals colored by
inferred group.
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Figure 4. Genetic diversity across Ghaf groups.
Violin plots with scatter overlays for four genetic diversity indices across sNMF groups. Group–4
shows markedly lower diversity and higher inbreeding. (A) Nucleotide diversity (π). (B) Expected
heterozygosity (He). (C) Observed heterozygosity (Ho). (D) Inbreeding coefficient (F).
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Figure 5. Summary of Pairwise F ST Between Groups.
Genetic differentiation is strongest between Group–4 and other groups, particularly Group-3 (F ST =
0.113). Group–1 and Group–2 show low differentiation. (A) Boxplot distributions of SNP-wise F ST for
all six group comparisons. (B) Symmetric heatmap of mean pairwise F ST values.
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Figure 6. Genome-wide differentiation among Ghaf groups.
Grid of Manhattan-style plots of windowed F ST (50 kb windows, 10 kb step) for all 6 pairwise group
comparisons. The top 1% sliding window regions are highlighted.
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Figure 7. Functional Enrichment of High-F ST Genes.
High F ST genes show enrichment for functions related to stress response, signaling, and metabolism.
Divergent regions overlap with kinase domains, transporters, and retrotransposon activity. (A) Top
enriched GO terms. (B) KEGG pathway enrichment. (C) PFAM domain abundance. (D) Top divergent
genes by F ST per chromosome.
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Figure 8. Phylogenetic relationships among Ghaf individuals.
Neighbor-joining tree colored by sNMF group assignment. Branch structure confirms population
subdivisions and supports sNMF/DAPC clustering.
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Figure 9. LD decay by group.
Group–4 shows steeper LD decay, whereas Group–3 showed a shallower decay, suggesting a more stable
population history.
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