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Fig. S1 Primary callus induction and embryogenic callus development from petiole explants of the ‘Zhongmu No.1’ alfalfa under different induction conditions. (A) Representative images of primary callus formed from petiole explants after 15 days of culture on SH3a, CIM-MS1, CIM-MS2, or CIM-MS3, and (B) representative images of embryogenic callus obtained after transfer to the same media for an additional 15 days. (C) Time to embryogenic callus induction from primary callus of different explant types on the indicated media. (D) Relative growth area of petiole-derived embryogenic callus measured every 3 days over a 15-day culture period on the indicated media. Differences were analyzed by repeated-measures ANOVA at P < 0.05. Data are presented as mean±SD (n = 30 callus samples)
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Fig. S2 Morphological comparison of somatic embryo development from embryogenic callus of different induction origins on MSBK and PGR-free N6 media in the ‘Zhongmu No.1’ alfalfa. Representative images of embryogenic callus previously induced on the indicated callus induction media and then transferred to MSBK (left) or PGR-free N6 (right) for somatic embryo induction. Enlarged views show representative somatic embryos produced under each condition
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Fig. S3 Heatmap visualization of stage-specific variation in regeneration timing across 25 alfalfa genotypes under the regeneration pipeline established in this study. The heatmap shows the mean duration of primary callus initiation, embryogenic callus formation, somatic embryo formation, and regenerated plantlet formation for each genotype. Values represent mean stage duration based on three replicates per genotype. Color intensity indicates increasing duration, as shown in the scale bar
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Fig. S4 Regenerated plants of different alfalfa genotypes. The plants shown above, from left to right, are Algonquin, Caribou, Gibraltar, SG201, SG301, SG501, Alfaqueen, DS310FY, WL319HQ, WL349HQ, WL354HQ, WL440HQ, Sanditi, Sitel, Dongmu No. 2, Gannong No. 3, Gannong No. 9, Gongnong No. 1, Gongnong No. 5, Longmu 803, Longmu 806, Lumu No. 1, Zhonglan No. 2, Zhongmu No. 3, and Zhongmu No. 1 regenerated plants obtained through embryogenesis
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Fig. S5 Transcriptomic analysis of 15-day stem-derived calli induced on CIM-MS1 or SH3a in the ‘Zhongmu No.1’ alfalfa. (A) GO biological process and (B) KEGG pathway enrichment of the top 20 enriched terms or pathways for DEGs downregulated in CIM-MS1 relative to SH3a
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Fig. S6 Schematic maps of the binary vectors used for genetic transformation in alfalfa. (A) Overexpression vector for constitutive expression of the target gene. (B) CRISPR/Cas9 vector for targeted editing of the target gene
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Fig. S7 Full western blot image of the target protein in representative transgenic lines. (A) Western blot detection of the GFP-tagged target protein in representative overexpression lines. (B) Ponceau S staining of total protein is shown as a loading control
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Fig. S8 PCR identification of transgenic ‘Zhongmu No. 1’ alfalfa plants derived from seeds produced in different locations. (A) Gansu, China. (B) Shanxi, China
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