Figure S1: Overview of sites in Europe, Greenland and South Africa as well as distribution of climatic, vegetation and soil
parameters across the dataset. MAT = mean annual temperature, a,= water activity, MAP = mean annual precipitation, BIO5
= maximum temperature warmest month, BIO7 = annual temperature range, BIO15 = precipitation seasonality, WHC = water
holding capacity, SOM = soil organic matter.
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Figure S1 Bootstrap values as a
function of the sequence identity with
the top hit in the reference database
as scatterplot (top) and as violin plot
for 10 intervals of sequence identity
(bottom). Intervals: [54.2,58.8]
(58.8,63.4] (63.4,67.9] (67.9,72.5]
(72.5,77.1] (77.1,81.7] (81.7,86.3]
(86.3,90.8] (90.8,95.4] (95.4,100]



Supplementary methods

We used 16S rRNA gene amplicon sequencing data and metadata from a comprehensive soil dataset
with 80 sites across Greenland, Europe and South Africa (Fig S1) to evaluate the performance of our
workflow on real-world data. For evaluation of trait classifications, the full dataset of was used, for
modelling trait — environment relationships, 10 sites from Greenland that were sampled to represent
small-scale microclimatic heterogeneity were removed. We sampled five replicate soil cores (height: 10
cm, diameter: 10 cm) within an area of 20x20 meters. Soils were sieved through a 4-mm mesh and a
subsample for DNA extraction was frozen at -20 °C. DNA was isolated from 0.25 g soil using DNeasy
PowerSoil Pro Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. DNA
concentrations were quantified using PicoGreen (Molecular Probes, Eugene, OR, USA) and the V3-V4
region of the prokaryotic16S rRNA gene was PCR amplified using the primers 341F and 801R as
described previously (Frey et al., 2016). Amplicons were barcoded using the Fluidigm Access Array
technology (Fluidigm) and paired-end sequenced on the [llumina MiSeq v3 platform (Illumina Inc., San
Diego, CA, USA) at the Genome Quebec Innovation Center (Montreal, Canada). Raw sequences were
processed using DADA?2 (Callahan et al., 2016) implemented in Qiime2 (Bolyen et al., 2019). Primers
were removed using cutadapt (Martin, 2011) with default settings and sequences were quality filtered
and denoised with DADA?2 (p-trunc-len-f = 270, p-trunc-len-r = 220, p-max-ee = 5).

Measured environmental variables in the dataset include pH, soil organic matter (SOM), total organic
carbon (TOC), total carbon (TC) and nitrogen (TN), soil C:N, total litter, litter C, litter N, litter C:N,
texture (sand, silt, clay), water activity (aw) and in situ soil temperature at the time of sampling. pH was
measured in a soil extract with 0.01 M CaCl, (extractant - soil ratio 2:1 v/w) using a pH meter. SOM
was quantified through loss-on-ignition combusting the samples at 450 °C for 4 h (Davies, 1974). TOC
content was determined upon HCI-fumigation with an elemental analyzer (Walthert et al., 2010). Soil
and litter TC and TN were measured on ground material after drying at 60 °C using an elemental
analyzer (NC-2500; CE Instruments, Wigan, United Kingdom). Soil texture was determined with the
hydrometer method according to (Gee and Bauder, 1986). a, indicating microbe available water (Daniel
et al., 2004) was quantified using the aw meter LabSwift-aw (Novasina AG, Lachen, Switzerland).

In addition, we extracted further bioclimatic variables from the worldclim database (Fick and Hijmans,
2017) based on historical climate data between 1970 and 2000 at a resolution of 30 arc-seconds using
the extract function in the raster package (Hijmans, 2022) with bipolar interpolation. These variables
were: BIO1 (mean annual temperature), BIOS (maximum temperature warmest month), BIO7
(temperature, annual range; maximum temperature of warmest month minus minimum temperature of
coldest month), BIO15 (precipitation seasonality; ratio of the standard deviation of the monthly total
precipitation to the mean monthly total precipitation). Similarly, we extracted the aridity index from the
global aridity and PET database (http://www.cgiar-csi.org; (Zomer et al., 2008). Moreover, we extracted
land cover classifications according the International Geosphere-Biosphere Programme classification
using the MODIS product MCD12Q1_LC1 (Friedl et al., 2010) for the year 2020 which was
downloaded using the getModis function in the R package luna (Ghosh et al., 2023) at 500 m spatial
resolution. As the database is provided in sinusoidal projection, we projected the coordinates of our
sites to the same projection to extract values using the function spTransform from the package rgdal

(Bivand et al., 2023). We manually revised land cover classification based on photos from the sites.
Finally, we extracted the water holding capacity from the ISRIC-WISE30sec data set (Batjes, 2016)
provided at a resolution of 30 arc-seconds. We replaced the pixel identifier in the raster with the
corresponding attribute using the subs function in the raster (Hijmans, 2022) package and subsequently
extracted the values for our coordinates.



Missing values in the metadata were imputed based on principal components using the estim_ncpPCA
and imputePCA function from the package missMDA.
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