
Supplementary Item 1 – Details of the sequence processing steps. 

This document is a brief summary of select parts of the Materials and Methods section of 
Wurzbacher et al. (2019), to which the reader should turn for the full details. 
 
Primer design 
The primer pair NS1short and RCA95m was used to amplify the greater part of the ribosomal 
operon of the ribosomal tandem repeat. The reverse complementary version of each primer 
was used to amplify the missing parts of the ribosomal region (the 3′ end of the LSU, IGS, and 
the ETS region). As a third primer pair, we used the forward primer Fun-rOP-F that amplifies 
in the 3′ direction of the LSU, while the reverse primer Fun-rOP-R amplifies in the 5′ direction. 
The last four nucleotides of both Fun-rOP primers are pairing, and these four nucleotides 
resemble the position overlap in the template (CTGA) at the exact Escherichia coli reference 
position 1770–1773 of the LSU (SILVA LSU reference position). This allows an end-to-end 
assembly of the full ribosomal region (LSU-IGS-ETS-SSU-ITS1-5.8S-ITS2-LSU) extracted from 
the ribosomal tandem repeat. All primer pairs were barcoded following the dual indexing 
strategy of Illumina sequencing, that is, we introduced the forward barcode series S500 to the 
5′ end of each forward primer and the N700 barcode series to the 5′ end of the reverse primer. 
This allows simultaneous sequencing of more than 100 samples. After each barcode, one or 
two extra nucleotides were added as a precaution against nuclease activity. In between 
barcode and primer nucleotides we added a two-nucleotide wide spacer that has a 
mandatory mismatch to the fungal kingdom at these two positions. 
 
Long-range PCRs 
We used the PrimeStar GLX polymerase (Takara) for all primer systems. The PCR was 
performed in 40 µl reactions with 1.5 µl enzyme, 12 pmol of each barcoded primer (a unique 
combination for each sample), 1 mM dNTPs, and 1 µl of template (with a concentration of 
approximately 1–40 ng/µl). For all primer pairs, we ran an initial denaturation of 1 min at 
98°C, then 36 cycles at 98°C for 10 s, 55°C for 15 s, and 68°C for 2.5 min. We increased the 
elongation step of the TR PCR from 2.5 to 4 min. An initial PCR with native (non-barcoded) 
NS1short/RCA95m primers and 3% BSA (molecular grade, Carl-Roth) as additive was run with 
the following program: 5 min at 95°C, then 35 cycles at 95°C for 30 s, 55°C for 30 s, and 68°C 
for 4 min. The PCR product was then used as template in a second PCR with 10 cycles but 
otherwise identical conditions, exchanging the native primers with barcoded primers. 
 
Library preparation and sequencing 
The PCR products were purified with either 0.8 (v/v) of AMPure beads (Beckmann) or PCR 
purification plates (Qiagen) following the respective manufacturer's recommendations. After 
that, the purified PCR products were quantified using Nanodrop 2000 (Thermo Scientific) and 
pooled in an approximately equimolar way. This final pool was purified with AMPure beads 
using 0.4 (v/v) of beads and eluted in 50–100 µl molecular grade water. The concentration of 
the amplicon pool was quantified with a Qubit instrument (Invitrogen). 
 Approximately 2–4 µg was sent for sequencing with PacBio RSII (Pacific Biosciences) 
at the Swedish SciLife Lab in Uppsala, Sweden. Another batch of 800 ng was used for Oxford 
Nanopore library preparation following the manufacturer's protocol for sequencing (LSK-208; 
LSK-308; Oxford Nanopore Technologies). Sequencing was done locally on a MinION 
instrument (Oxford Nanopore Technologies) operated with FLO-107 flowcells (with the R9.5 



chemistry). We stopped the sequencing as soon as we reached 2,000 sequences, which took 
2–8 h depending on the pool size and amplicon length. 
 
Data processing 
2D base calling was done with Albacore (v2.4; Oxford Nanopore Technologies). Unpaired 
reads were discarded. For the PacBio data, we only worked with the “reads of insert” (ROS) 
data from the circular consensus sequencing mode. After these initial steps, all sequences 
from both sequencing platforms were processed in the same way. 

An initial quality-filtering step (USEARCH v8.1; Edgar 2010) was performed at an error 
rate of 0.02 for PacBio sequences while Nanopore reads were already filtered at the error 
rate 0.08. Afterwards, all sequences were filtered by length using Biopython (v1.65; Cock et 
al. 2009) to exclude overly short and long sequences as detected in the histograms. All quality-
filtered and trimmed sequences were demultiplexed as FASTA files into individual samples 
according to their combined barcodes (Flexbar, v2.5; Dodt et al. 2012). Barcodes and adapters 
were removed in this step. All sequences from each individual sample were aligned in MAFFT 
(v7.397; Katoh and Standley 2013). The aligned sequences were clustered in mothur (v1.39; 
Schloss et al. 2009) using the Opticlust algorithm, and the consensus sequences for each 
operational taxonomic unit (OTU; Blaxter et al. 2005) were inferred using a custom-made Perl 
script (Consension; https://microbiology.se/software/consension/). The optimal OTU 
clustering threshold for Nanopore data was determined to be 0.07 for shorter amplicons 
(rDNA and IGS PCR) and 0.08 for the long TR PCR (see Wurzbacher et al. (2019) for more 
details). To counter spurious OTUs, we determined a dynamic OTU size cut-off that was 
provided to Consension. It was calculated as: 

 
K = (number of sample reads * error rate) / (length correction) 
 
This integer is defined as amplicon length [kb] divided by 5 kb of the expected amplicon 
length. Kmin (the minimum number of sequences a OTU can hold) was set to 3 for PacBio and 
5 for Nanopore sequences. The consensus sequences were compared by inspecting the 
alignment visually in SeaView (v.4.7; Gouy et al. 2009) and by computing sequence similarities 
with local BLAST searches (nucleotide BLAST+, v2.2.28). In the few cases where we obtained 
more than 1 OTU after consensus generation, we only used the most abundant OTU for 
subsequent similarity comparisons. 
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