Global dominance of Haloquadratum walsbyi by a single highly clonal genomovar with distinct gene content and viral cohorts from close relatives
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Running title: Microdiversity drives species success

Supplementary Figure S1. Location of the hypersaline sites sampled by the Halophile Sequencing Project (HSP).
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Supplementary Figure S2. Summary of the metagenomic procedure followed in this study, including trimming, assembly, binning, viral contig identification, clustering in species and vOTUs, and phage-host assignations at species and genomovar levels.
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Supplementary Figure S3: Combined boxplots and violinplots representing ANI (%) across D13, D20, and HSP genomes. Statistical differences were determined using the Wilcoxon rank-sum test for pairwise comparisons and P-values were adjusted using the Benjamini-Hochberg (BH) correction, and significant differences are indicated with ** (P < 0.01).
[image: ]

Supplementary Figure S4: Relative abundances, based on read mapping, of the nine most abundant species within the HSP project.


[image: ]

Supplementary Figure S5: The central panel represents the comparison between Hqrw1 genomes against Hqrw2, Hqrw3, and Hqrw4 showing their ANI value (x-axis) and the shared genome percentage (y-axis). The marginal plots represent the distribution of comparison for ANI value (x-axis) and the shared genome percentage (y-axis), which distinguish between the four-genomovar collection.
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Supplementary Figure S6: Comparison of intraspecies sequence diversity (ANIr) of HSP Hqr. walsbyi populations. ANIr values were estimated using the MAG recovered in each sample.
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Supplementary Figure S7: NMDS based on ionic composition (g/L) of the HSP samples, including the following anions and cations: Cl-, Na+, Mg2+, SO42-, K+, Br-, Ca2+, NO2-, Li+, NH4+, F-, PO43-.
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Supplementary Figure S8: Pangenome curves and metrics of the 142-genome collection of Hqr. walsbyi after 1,000 permutations. The top panel shows the three curves and their metrics based on the total number of non-redundant genes conforming the pangenome, the core genes and the number of specific genes. The bottom panel shows the gene per genome ratio and their metrics.
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Supplementary Text S1: Functional comparison among genomovars and locations
To further understand differences between genomovars and locations, we compared the genetic diversity of the 142 of Hqr. walsbyi MAGs and genomes collection. This dataset revealed an open pangenome (γ = 0.46; γ is the parameter that reflects the slope of the rarefaction curve representing the total non-redundant genes; Conrad et al., 2021), consisting of 10,859 non-redundant genes (Supp. Figure S8; Supp. Table S2). This pangenome comprised 1,269 core genes (11.69%), 1,239 auxiliary genes (11.41%), and 8,351 genomovar-specific genes (76.9%) (Supp. Table S2). Due to uneven representation, 94.06% of the genomovar-specific genes (7,855) were assigned to Hqrw1, while Hqrw2, Hqrw3, and Hqrw4 contributed 90, 240, and 167 unique genes, respectively (Supp. Figure S9; Supp. Table S2).
Functional annotations showed that 5,220 (66.46%) of Hqrw1-specific genes lacked matches in the TrEMBL database (i.e. hypothetical). Among the genes we observed features as a unique halomucin gene and numerous genes involved in membrane maintenance under osmotic stress (e.g. glycosyltransferases, major surface glycoproteins), transcriptional regulators, gas vesicles, universal stress proteins, and proteases (Supp. Figure S9; Supp. Table S2). Hqrw1 also encoded ~300 distinct ABC transporters targeting various organic (e.g. amino acids, peptides, carbohydrates, molybdenum, spermidine, phosphonate, urea) and inorganic (e.g. phosphate, potassium, sodium, metals, nitrate/nitrite, ferric, calcium) solutes (Supp. Figure S9; Supp. Table S2). A high number of mobile elements, including transposases, integrases/recombinases, and putative plasmid-related proteins, were also detected in this genomovar (Supp. Figure S9; Supp. Table S2). In Hqrw2, 52 hypothetical proteins (57.78%) were identified, alongside one exclusive halomucin gene, several transcriptional regulators, and genes involved in metabolism of coenzymes, amino acids, nucleotides, and carbohydrates (Supp. Figure S9; Supp. Table S2). According to the largest potassium concentration in Eilat salterns (11.1 g/L; Supp. Table S1), Hqrw2 contained transporters for potassium and other ions such as chromate and phosphate (Supp. Figure S9; Supp. Table S2). Hqrw3 encoded 213 hypothetical proteins (88.75%), one chemotaxis protein, diverse glycoproteins, and mobile elements such as transposases and integrases (Supp. Figure S9; Supp. Table S2). Aligning with the largest phosphate concentration (0.09 g/L; Supp. Table S1) observed in Colorada Chica (Argentina), Hqrw3 contained five phosphate transport-related proteins (e.g. PhoU, PstA, PstB) (Supp. Figure S9; Supp. Table S2). The most distinct genomovar, Hqrw4, had the fewest hypothetical proteins (n = 78; 46.71%) and was enriched in CRISPR-Cas systems, transposases, type I restriction-modification systems, and membrane-associated genes (e.g. glycoproteins, glycosyltransferases), but none specific transporters were identified (Supp. Figure S9; Supp. Table S2).
As Hqrw1 was detected in geographically diverse environments, we also investigated the differences within this genomovar by analyzing the 2,222 genes that were specific to each individual location of HSP (i.e. not including mesocosm MAGs) (Supp. Figure S9; Supp. Table S2). Supporting the high genomic similarity within Hqr. walsbyi and Hqrw1, most MAGs contributed very few unique genes: one in S’Avall (Mallorca; Spain), two in Veldriff (South Africa), six in Algeria, six in New Zealand, and 11 in Colorada Grande (Argentina), and 38 in Great Salt Lake (US), mostly annotated as hypothetical (Supp. Figure S9; Supp. Table S2). In addition, no unique genes were found in the MAG from Es Trenc (Mallorca; Spain) (Supp. Figure S9; Supp. Table S2). Conversely, salterns with the most distinct ionic profiles, such as those in the Canary Islands, Santa Pola, Soutpan, Bergpan, and Turkey, harbored the highest numbers of location-specific genes in Hqrw1, ranging from 187 to 963 (Supp. Figure S9; Supp. Table S2). MAGs from Turkey contained 963 unique genes, including 573 hypothetical proteins (59.5%), ABC transporters (e.g. for phosphate and calcium), membrane-related proteins (e.g. glycosyltransferases, glycoproteins, polysaccharide biosynthesis), and CRISPR-Cas proteins (Supp. Figure S9; Supp. Table S2). Canary Island MAGs had 520 unique genes, 322 of which were hypothetical (61.92%), along with exclusive ABC transporters (not phosphate-related), membrane-associated proteins, and CRISPR-Cas systems (Supp. Figure S9; Supp. Table S2). Santa Pola MAG and isolate showed 196 specific genes, including 90 as hypothetical (45.92%) and several transporters, transposases, integrases, and glycosyltransferases (Supp. Figure S9; Supp. Table S2). Focusing on inland salterns of South Africa, we detected 297 location-specific genes for Bergpan, which 184 of them were identified as hypothetical (61.95%), along with several membrane maintenance genes, transposases, and ABC transporters (Supp. Figure S9; Supp. Table S2). Similarly, Soutpan contained 187 genes, which largely were not assigned to any function (n = 93; 43.73%), accompanied by ABC transporters related to both organic (e.g. amino acid, amide) and inorganic (e.g. phosphate, urea) solutes, glycosyltransferases (e.g. AglB, AglG, WbuB), and mobile elements (Supp. Figure S9; Supp. Table S2).

Supplementary Figure S9: Presence and absence heatmap based on the number of non-redundant genes comprising the pangenome of Hqr. walsbyi comparing between A) genomovars and B) locations.
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Supplementary Figure S10: Line plot representing the percentage of reads mapping at 99.3% identity to the four-genomovar collection compared to the total species abundance (i.e. 95% identity reads).
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Supplementary Figure S11: Heatmap showing the relative abundance of the 8,067 vOTUs viral abundances at both mesocosm and global scales. vOTUs abundances were calculated based on sequencing effort (sequencing depth divided by number of metagenomic reads) across metagenomes (n=130).
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Supplementary Figure S12: Line plot representing the relative abundance of the 639 vOTUs predicted to infect Hqr. walsbyi in both D13 and D20 mesocosms. Relative abundances of viruses were estimated using sequencing effort (i.e. sequencing depth divided by the total number of reads in the metagenome and multiplied by 108).
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Supplementary Figure S13: Barplot representing the relative abundance of the 639 vOTUs predicted to infect Hqr. walsbyi in HSP. Relative abundances of viruses were estimated using sequencing effort (i.e. sequencing depth divided by the total number of reads in the metagenome and multiplied by 108).
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