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Supplementary Table 1. Description of the industrial metrics kindly shared by both UCP and UIR. These 776 
metrics primarily serve the internal purposes of these companies, and therefore will have been calculated 777 
using undisclosed methods, which may vary from site to site. Therefore, some of the units are unclear or 778 
unknown, but the respective metrics were kept in the analysis as they are still interpretable for our 779 
purposes. Must is the industry term for the sugary liquid to which yeast is added for fermentation, and wine 780 
is the alcoholic broth right at the end of a fermentation cycle. 781 
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Supplementary Table 2. Linear regression of UCP industry metrics on Lactobacillus and 783 
Limosilactobacillus abundances. Significance of effect estimates: * : 𝑝 < 0.1, ** : 𝑝 < 0.05, *** : 𝑝 < 0.05/12 784 
as a Bonferroni-corrected significance threshold. 785 

 786 
 787 

Supplementary Table 3. Linear regression of UIR industry metrics on Lactobacillus and 788 
Limosilactobacillus abundances. Significance of effect estimates: * : 𝑝 < 0.1, ** : 𝑝 < 0.05, *** : 𝑝 < 0.05/9 789 
as a Bonferroni-corrected significance threshold. 790 

  791 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a 
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted February 4, 2026. ; https://doi.org/10.64898/2026.02.04.703784doi: bioRxiv preprint 

https://doi.org/10.64898/2026.02.04.703784
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
   
 

 
 

   

 792 

Supplementary Figure 1. Percentage of reads classified down to different taxonomic levels by Kraken by 793 
(A) site-year, and (B) across samples. 794 
 795 

 796 

Supplementary Figure 2. Selection of high-confidence genera across all site-years based on minimum 797 
read count and number of samples. Each point represents a genus found at a specific site-year. 798 
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Supplementary Figure 3. Cladogram of all high-confidence genera selected in the study across all site-801 
years. The maximum abundance of each genus is indicated with a heat map. White tiles in the heatmap 802 
indicate genera not observed in that site-year. 803 
 804 
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Supplementary Figure 4. Selected high-confidence genera. (A) Venn diagram of genera among the 4 806 
different site-years. Shading is proportional to the number of genera in each cell. (B) Mean abundance of 807 
high-confidence genera selected in each site-year. Each point is a genus, ranked by mean fraction of reads 808 
classified to it across all samples in that site-year. Points are colored based on Kingdom classification. 809 
Some high abundance genera are labeled. 810 
 811 
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Supplementary Figure 5. (A, B) Genus richness and (C, D) Shannon index throughout the fermentation 813 
season and in each site-year. 814 
 815 
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 816 
Supplementary Figure 6. Industrial metrics shared by UCP from the 2018 and 2019 fermentation 817 
seasons. Shared data is shown in grey. Linearly-interpolated data points are shown in black and represent 818 
estimates of metrics on the days of metagenomic sampling. See Supplementary Table 1 for a definition of 819 
the metrics. 820 
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 821 
Supplementary Figure 7. Industrial metrics shared by UIR from the 2018 and 2019 fermentation seasons. 822 
Line represents the average value at each day of sampling. See Supplementary Table 1 for a definition of 823 
the metrics. 824 
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Supplementary Figure 8. Principal component analysis (PCA) of microbial community composition, using 826 
either (A) unscaled or (B) scaled genus compositional data. Samples are ordinated along the first two 827 
principal components (PC1 and PC2), colored by site and year (UCP_2018, UCP_2019, UIR_2018, 828 
UIR_2019). The vectors indicate the PCA loadings, interpreted as the taxa whose abundance contributes 829 
to each principal component. In the unscaled PCA, Lactobacillus and Limosilactobacillus each define a 830 
PC, after which a few with community variation, including Bacillus. The separation of samples along PC1 831 
highlights temporal and site-specific differences in microbial community structure, with UIR_2019 samples 832 
clustering distinctly from other groups.  833 
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 834 
Supplementary Figure 9. Industrial metrics values against (A) Lactobacillus and (B) Limosilactobacillus 835 
abundance in UCP. Observed values are shown in light shade full circles, while the corresponding 836 
predicted values from the linear regression models are shown in empty circles.  837 
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 838 
Supplementary Figure 10. Industrial metrics values against (A) Lactobacillus and (B) Limosilactobacillus 839 
abundance in UIR. Observed values are shown in light shade full circles, while the corresponding predicted 840 
values from the linear regression models are shown in empty circles. 841 
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Supplementary Figure 11. Network analysis of microbial interactions constructed using the SPIEC-EASI. 846 
(A) Co-occurrence Network. The topology reveals a decentralized community structure characterized by 847 
discrete functional subnetworks rather than a single highly connected core. A prominent subnetwork 848 
comprises the newly reclassified Lactobacillaceae (e.g., Companilactobacillus, Latilactobacillus), reflecting 849 
shared ecological preferences. Other clusters include soil module (e.g., Corynebacterium, 850 
Polynucleobacter, Rhizobium), and diverse insect/plant commensals. (B) Co-exclusion Network. This 851 
subnetwork highlights the ecological antagonism between Bacillus and Lactobacillus. 852 
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