Linking root-associated fungal communities, wheat evolutionary patterns, and productivity: overlooked roles of rare taxa
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[bookmark: _Hlk137740272][bookmark: _Hlk137736743]Fig. S1. Alpha diversity (Shannon index) of root-associated fungi in wheat. (A) The whole community, (B) abundant taxa, (C) rare taxa, (D) core taxa, (E) non-core taxa. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage. ANOVA P value indicates overall significance and asterisk reflects significance of Student's t-test. ****P < 0.0001; ns, not significant.
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[bookmark: _Hlk137740703]Fig. S2. Partitioning of beta diversity of root-associated fungal communities in wheat. (A, C, E, G and I) Turnover of the whole community, abundant subcommunity, rare subcommunity, core taxa, and non-core taxa, respectively. (B, D, F, H and J) Nestedness of the whole community, abundant subcommunity, rare subcommunity, core taxa, and non-core taxa, respectively. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage. Kruskal-Wallis P value indicates overall significance and asterisk reflects significance of Wilcoxon signed-rank test. ****P < 0.0001; ***P < 0.001; **P < 0.01; *P < 0.05; ns, not significant.
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Fig. S3. Relative abundance of root-associated fungal communities in wheat at phylum and genus levels for (A and B) the whole community, (C and D) abundant taxa, (E and F) rare taxa, (G and H) core taxa, and (I and J) non-core taxa. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage. An asterisk indicates that the taxon is unclassified at its current level.
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[bookmark: _Hlk137741313]Fig. S4. Community assembly mechanisms of root-associated fungi in (A) the whole community, (B) abundant subcommunity, (C) rare subcommunity, (D) core taxa, and (E) non-core taxa. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage.
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Fig. S5. Co-occurrence network analysis of root-associated fungi in wheat. Networks visualize fungal communities in (A) endosphere at regreening stage, (B) endosphere at heading stage, (C) rhizosphere at regreening stage, and (D) rhizosphere at heading stage. Pi-Zi plots show among- and within-module connectivity and keystone taxa (module hubs and connectors) for root-associated fungi in (E) endosphere at regreening stage, (F) endosphere at heading stage, (G) rhizosphere at regreening stage, and (H) rhizosphere at heading stage. Different colors on the network graphs indicate different modules. N, node; E, edge; AD, average degree; ABC, average betweenness centrality; ACC, average clustering coefficient.
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[bookmark: _Hlk137742177]Fig. S6. Correlation relationships between wheat yield and fungal alpha diversity (Shannon index) and beta diversity of fungal communities. (A-D) The whole fungal community, (E-H) abundant subcommunity, (I-L) rare subcommunity, (M-P) core taxa, (Q-T) non-core taxa. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage.
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Fig. S7. Correlograms of wheat agronomic and quality traits and Mantel test of relationships between individual trait and fungal communities. (A) The whole fungal community, (B) abundant taxa, (C) rare taxa, (D) core taxa, (E) non-core taxa, (F) keystone taxa. RG, endosphere at regreening stage; RH, endosphere at heading stage; RhiG, rhizosphere at regreening stage; RhiH, rhizosphere at heading stage. Acronyms: DDT, dough development time; DE, dough extensibility; DST, dough stability time; FAA, flour absorption ability; FSV, flour sedimentation value; GW, grain wheat; NE1, number of ears at one metre height; NE, number of ears; SN, spikelet number.
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[bookmark: _Hlk140573245]Fig. S8. Correlation heatmaps showing relationships between agronomic traits and fungal phyla in (A) the endosphere at regreening stage, (B) the endosphere at heading stage, (C) the rhizosphere at regreening stage, and (D) the rhizosphere at heading stage. Acronyms: DDT, dough development time; DE, dough extensibility; DST, dough stability time; FAA, flour absorption ability; FSV, flour sedimentation value; GW, grain wheat; NE1, number of ears at one metre height; NE, number of ears; SN, spikelet number.
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