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Predicting the secondary metabolic potential of microbiomes from marker genes using PSMPA
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16S rRNA gene and BGC database processing for psmpa1
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The PSMPA pipeline provides two algorithms to predict the BGC profiles of microbiomes using 16S rRNA gene sequences. The first one (psmpa1) uses the same algorithm provided by PICRUSt2, which contains a reference tree consisting of 20,000 unique full-length 16S rRNA genes [1]. The corresponding bacterial genomes of these 16S rRNA sequences were collected according to the IMG genome ids provided in https://github.com/gavinmdouglas/picrust2_manuscript. Notably, a few genomes were replaced by those with the same lineage because they were not available in the IMG or NCBI database. All acquired genome sequences were analyzed by antiSMASH (v5.2.0) [2], and the numbers of each class of BGCs in each genome were extracted using a custom Python script to prepare the traits of BGCs for all the 20,000 full-length 16S rRNA genes in the database.
16S rRNA gene and BGC database processing for psmpa2
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]The second algorithm (psmpa2) uses BLASTn to predict the BGC profiles for each input sequence by comparing the sequence identity against a 16S rRNA gene database. The psmpa2 collected all bacterial genomes (220,524 in total) from NCBI RefSeq Assembly Database (https://ftp.ncbi.nlm.nih.gov/genomes/refseq) on July 2021. The 16S rRNA sequences were extracted from the genomic FASTA files based on the keyword 16S ribosomal RNA in the annotation using a custom Python script. A total of 676,967 16S rRNA gene sequences were extracted from these genomes. To reduce the redundancy of the 16S rRNA gene database, we selected the longest 16S rRNA gene sequence in each genome and then used SeqKit (v0.16.1) to remove the duplicate sequences [3]. For some genomes whose 16S rRNA sequences could not be successfully extracted, we used Prokka (v1.14.6) to annotate the genomes and then extract the 16S rRNA sequences [4]. For the collection of taxonomic information, we used TaxonKit (v0.8.0) to obtain specific taxonomic lineage based on the taxonomy id of the genome [5]. Finally, there were 75,564 entries of 16S rRNA gene sequences in the database of psmpa2.
Then, genomes lacking 16S rRNA gene or complete taxonomic lineage were removed and the remaining 216,408 genomes were analyzed by antiSMASH (v5.2.0). The numbers of each class of BGCs were extracted as described above. Since some genomes with identical 16S rRNA sequences may contain a different composition of BGCs, we used four different methods (mean_float, mean_int, median_float, median_int) to prepare the BGC database for all the 75,564 entries in 16S rRNA gene database. As the names of these methods indicate, the number of each class of BGCs for each entry were obtained by calculating the mean or median number (retaining floats or integers) of BGCs in strains with the identical 16S rRNA genes.
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[bookmark: OLE_LINK3]Supplementary Figure 1. Accuracy of PSMPA under different parameters in the prediction of BGC counts in 5,000 bacterial genomes. Bias of the number of (A) NRPS, (B) T1PKS, (C) Terpene, (D) Bacteriocin, (E) Lanthipeptide, (F) T3PKS, (G) Siderophore, (H) Lanthidin, and (I) Lassopeptide BGCs using the V3-V4 region of 16S rRNA genes.
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