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Methods
Processing of tablets and excipients for DNA extraction

Processing of tablets and DNA extractions were performed inside dedicated UV-sterilised hoods, at
two separated rooms, in the historic DNA facility of the Royal Botanic Garden Edinburgh (Ferrari et al.,
2023). Tablets were placed individually into sterile Whirl-Pak bags using sterile tweezers within a UV-
sterilised hood. Bags were closed and gently pressed with a pestle in a mortar, to powder the tablet
inside while avoiding direct contact with mortar and pestle. For each tablet, 100 mg of powder were
weighed into a 2 ml DNA-free Eppendorf, using a sterile spatula. In the case of excipients, already in a

powder form, 100mg were directly weighed in the Eppendorfs.

Before each sample was processed, the UV hood surfaces, mortar/pestle and weighing scale were
sterilized with detergent and DNA Exitus™ (PanReac AppliChem). To avoid cross-contaminations,
tweezers and spatulas were replaced between samples, and a fresh aluminium foil sheet was placed
inside the hood each time to serve as a disposable surface on which tablets (or excipients) were

processed.

Collection of surface dust and water samples

To control for atmospheric background contamination, dust was collected from the work surfaces of
the tablet production’s laboratories. In the Thai laboratory, dust samples were collected in duplicate
from numerous work surface locations (i.e. tables and windows) using sterile cotton swabs. After
collection, the part of the stick that was held by the collector was cut and the swabs were packed in
sterile 15 mL tubes. Due to logistical reasons, the dust collection in the Thai laboratory was performed
on a same day, days after tablet production. In the English laboratory, dust was collected from work
surfaces using sterile cotton towels. Towels were packed in laboratory plastic bags. These samples were
collected hours before tablet production, in three separate days. For each day, one towel was used to
swab all working surfaces, thereby creating a composite sample. Packed swabs and towels from the
two laboratories were sent to the University of Edinburgh where they were stored at 4°C until DNA

extraction.

To better understand the influence of water in the eDNA signal, control samples of the same tap water

that was used for tablet production were collected at both laboratories. In the laboratories, local taps
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were opened, and water was allowed to flow for ~ 1 min to flush out the stagnated portions in the
pipes. After this procedure, 1 L plastic bottles were rinse few times using fresh water flowing from the
tap. After rinsing, fresh water was collected in the bottles. Bottles were sent to the University of
Edinburgh. In the Roslin laboratories at the University of Edinburgh, the waters from the different
locations were vacuum filtered through sterile 0.22um Millipore® Steritop® PVDF filters (Merck,
Germany), to trap the sample’s biomass. Filters were stored at -20°C until DNA extraction. Two filters

were collected per bottle (~500ml of water filtered in each).

Processing of surface dust and water samples for DNA extraction

As for the tablets, processing of surface swabs and water filters was conducted under UV hoods, in the
historic DNA facility at the Royal Botanic Gardens of Edinburgh. For DNA extraction of the cotton swabs,
the sticks were cut from the heads, and the heads were placed in 2ml Eppendorfs. Only one of the
swab duplicates collected per surface location was prepared for extraction. The others were kept at -
20°C as backups. In the case of the towels, a square of approximately 5x5 cm was cut and placed in
2ml Eppendorfs. The size of the square was chosen so that the amounts of material used for extraction
were comparable between the towels and the swabs; hence between laboratories. The uncut portion

of the towels were put back in plastic bags and kept at -20°C as backups.

For DNA extraction of the water samples, duplicated filters (2 for England, 2 for Thailand) were each
cut in half. For each filter, one of the halves was placed in a 2ml sterile Eppendorf for subsequent
extraction, the other was placed in a sterile petri dish and stored again at -20°C (backup). Filter halves
were placed inside the Eppendorfs leaving as many areas exposed as possible, to maximise their
contact with the lysis buffer. DNA Extractions of the swab, towel and water filters prepared in the
Eppendorfs were performed as described in the Main Manuscript. Blanks for the dust (heads and
portions of unused cotton swabs and towels) and water samples (unused filters) were included in the
DNA extractions. Sequences obtained from these extracts were removed from the dust and water

datasets.

Detailed DNA extraction protocol

DNA was extracted from all processed materials was performed largely following the protocol of Young

et al. (2022) and using the materials of the Qiagen QlAamp DNA Investigator Kit. Briefly, 1000 ul of lysis
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buffer (mix of 900ul of ATL buffer, 30ul of 20mg/ml proteinase k, 45ul of 1M DTT and 25ul of 4mg/ml
RNase) were added to the tubes containing the tablet aliquots, and the tubes were incubated
overnight in a rotator set at 56°C. The resultant lysates were homogenized by adding 1000ul of AL
buffer to the tubes and incubating them at 70°C and 900rpm for 10 min. The homogenized lysates
were centrifuged (3-5 min at 16000 g/rcf), the supernatants were recovered and 500ul of absolute
ethanol were added to the recovered supernatants. The DNA was then isolated, purified and eluted in

60ul of ATE buffer using the QlAamp silica columns, according to the manufacturer’s instructions.

PCR amplification conditions

16S rRNA (515F-806R primers; 5'-GTGCCAGCMGCCGCGGTAA-3’ and 5’-GGACTACHVGGGTWTCTAAT-
3’), 18S rRNA (Euk1391f-1510rEukBr, 5'-GTACACACCGCCCGTC-3’ and 5’-CCTTCYGCAGGTTCACCTAC-3’)
and trnL (c-h primers; 5'-CGAAATCGGTAGACGCTACG-3’ and 5’-CCATTGAGTCTCTGCACCTATC-3’). PCR
reactions were carried out in 20 plL assays containing 2 puL of DNA template, 0.3 uM of forward and
reverse primers, and 1x DreamTaq master mix (Thermo Fisher Scientific, Massachusetts, US).
Thermocycling conditions consisted of 3 min at 95°C (initial denaturation), followed by 35 cycles of 30s
at 95°C, 30S at 55°C and 1 min at 72°C (denaturation-annealing-extension) for the bacterial and
eukaryotic assays, or 40 cycles of 30s at 95°C, 30s at 58°C and 1 min at 72°C for the plant assays, and
a final extension of 10 min at 72°C. The DreamTaq polymerase was chosen because of its good

performance against PCR inhibitors.

QIIME parameters for processing of sequences

Quality filtering, trimming, merging and amplicon sequence variant (ASVs) identification was
performed on the paired-end demultiplexed reads, using QIIME2 2024.2 (Bolyen et al., 2019). Briefly,
the giime cutadapt trim-paired function was used to remove primer sequences from the reads. Then,
the giime dada2 trim-paired function was employed to trim tails (len_f=200, len_r=140 for 16S,
len_f=180, len_r=140 for 18S, len_f=140, len_r=120 for trnL) and merge the reads, remove bad quality

mergers, identify ASVs and remove chimeras from the retained mergers.

Obtention and curation of trnL reference sequences for taxonomic annotation

The set of trnL reference reads consisted of all 348 971 available sequences in NCBI GenBank (accessed
in January 2024) that were found with the query (trnL[All Fields] OR complete genome[All Fields]) AND

(plants[filter] AND (chloroplast[filter] OR plastid[filter])). The sequences were downloaded with the
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function efetch -db nuccore from NCBI EDirect command-line interface (Kans, 2010-) and imported
into QIIME2. The RESCRIPt functions giime rescript dereplicate and giime rescript cull-seqs were used
to dereplicated and remove homopolymers and degenerated reads, as described in the trnL Rescript

tutorial https://forum.qgiime2.org/t/using-rescripts-extract-seg-segments-to-extract-reference-

sequences-without-pcr-primer-pairs/23618. The quality filtered trnL sequences were linked to species

through their accession numbers, using the nucl_gb.accession2taxid.gz files provided by NCBI

(https://ftp.ncbi.nih.gov/pub/taxonomy/accession2taxid/). The complete lineage information of

identified species was obtained from NCBI using the package TAXONK:it (Shen et al., 2021), and trnL

reference sequences whose identity did not correspond to a described species were discarded.

Creation of 18S and trnl classifiers for taxa annotation

18S and trnl classifiers were created within the QIIME2 environment using a set of filtered reads,

largely as described in the SILVA RESCRIPt tutorial: https://forum.giime2.org/t/processing-filtering-

and-evaluating-the-silva-database-and-other-reference-sequence-data-with-rescript/15494). For 18S,

the filtered reads were obtained from the PR2 database sequences, by performing a round of
dereplication and quality filtering (i.e. removal of degenerated reads and homopolymers). For trnl,
reads matching the PCR forward (5-CGAAATCGGTAGACGCTACG-3’) and reverse (5'-
CCATTGAGTCTCTGCACCTATC-3’) primer sequences were extracted from the trnl-NCBI downloaded
sequences after a first round of dereplication. Three iterations of reads recruitment, dereplication and
quality filtering was then performed to expand the pool of filtered sequences, as explained in

https://forum.giime2.org/t/using-rescripts-extract-seg-segments-to-extract-reference-sequences-

without-pcr-primer-pairs/23618. The classifiers were then built on the sets of filtered 18S and trnL

reference reads using the function giime feature-classifier fit-classifier-naive-bayes. As for trnl, an
additional 18S classifier was also created on primer-selected segments, but the classifier performance

was not better than when using full-sequences.

Tablets and excipients’ ASV selection based on rarefied abundances

Using the matrices of rarefied counts, four groups of selected ASVs were generated, 18S and trnl ASVs
that exclusively occurred either in the tablets produced in England (i.e. ASVs associated to England),
or the tablets produced in Thailand (i.e. ASVs associated to Thailand). Among the exclusively occurring
18 ASVs, only those that appeared in at least two samples of their associated countries were retained.

All of the trnl-ASVs that exclusively occurred in Thailand appeared only in one sample. To minimize the
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influence of spurious reads, only ASVs with more than 100 counts across all samples within each group
were considered. ASVs present in the excipients were removed from the tablets prior to the selection.
Likewise, trnl-ASVs blasting to Zea sp. (90% coverage and identity) were removed from the trnl

datasets.

In the case of the excipients, selected 18S and trnl ASVs consisted on the 10 most abundant ones that
were found in the four separate groups of celluloses and starches used in the dry-compression or wet-
granulation tablets. All groups of selected 18S and trnl ASVs for the tablets and excipients were blasted
to species, and unified distribution maps for highest percent similarity species represented by the

distinct groups of selected ASVs were created as explained in the main manuscript.
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Figure S1. Air quality measurements inside the laboratory in Thailand, before and after opening the windows to produce direct compression
(DC) and wet granulation (WG) tablets.
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Figure S2. Graphic representation of the process of ASVs taxa assingment, and use of taxa distribution information to produce unified species
distribition maps for groups of samples. For each selected ASV per set of samples (e.g. ASVs of higher abundance in tablets produced in
England compared to tablets produced in Thailand) a list of species were obtained, of equal (blast) percent identity to the ASVs. For each
species in the list, the distribution information was obtained, corresponding to exact locations where the species has been observed in the case
of 18S ASVs (GBIF and GlobalFungi data), or to botanical regions where the species can be found in the case of trnl ASVs (POWO data). All
colated geographic information for all possible species representing all ASVs in a group of samples (e.g. tablets produced in England) were
plotted in one map. For 18S ASVs, coordinates corresponding to observed species were plotted all together as points on the map, or
points/obervations were aggregated as the sum of all observations for all species in a defined hexagon region. For trnl ASVs, botanical regions
of all plant species were superimposed in a same map. A score with an associated color was given for each region, representing the number of
species in the list that could be found in that region.
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was performed as a mean to further evaluate the laboratory environmental influences in the tablets’ biomes. WG: wet granulation.
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both before (all ASVs), and after excluding the ASVs present in the excipients (Excipients ASVs excluded). Excipients ASVs removal was performed
as a mean to further evaluate the laboratory environmental influences in the tablets’ biomes. T: Thailand, E: England. Numbers represent dry
compression tablets produced with the windows open (-1), with the windows closed (-2), wet granulation tablets (-3), wet granulation tablets
that do not contain water (-4) and wet granulation tablets produced in England using Thai water (-5). Cel: cellulose, Str: starch, WTR: water, Air:
environmental dust extracted from swabs, DC: direct compression, WG: wet granulation.
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Figure S6: Unified distribution maps based on GlobalFungi database for fungal taxa annotated to 18S da-ASVs overabundant in England. Abundance map framed in black

was built by summing the number of observations (points) in defined map areas, coloured from white (less) to yellow (more) according to the number of observations.



Figure S7: Distribution map of Pichia sp. based on GlobalFungi database. Abundance map framed in black was built by summing the number of observations in defined

map areas, coloured from white (less) to yellow (more) according to the number of observations.
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Figure S8: Unified distribution maps for fungal taxa annotated to top-abundant ASVs in the english tablets, based on the information in GBIF and GlobalFungi databases.
Abundance map framed in black was built by summing the number of observations in defined map areas, coloured from white (less) to yellow (more) according to the number
of observations (aggregated observations). No top-anundance ASVs were identified within the Thai samples that blasted to specific species.
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Figure S9: Unified distribution maps for plant taxa annotated to top-abundant ASVs in the english and thai tablets, based on the information in POWO database.
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Figure S10: Unified distribution maps for taxa annotated to top-abundant ASVs in the excipients used in dry-compression (DC) tablets, based on the information in GBIF

database. Abundance map framed in black was built by summing the number of observations in defined map areas, coloured from white (less) to yellow (more) according to

the number of observations (aggregated observations).
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Cladosporiumherbarum(1 ASVs, 100% )
Cladosporiumiridis (1 ASVs, 100% )
Cladosporium uredinicola (1 ASVs, 100% )
Melanopsichium pennsylvanicum (1 ASVs, 100% )
Moesziomyces antarcticus (1 ASVs, 100% )
Moesziomycesbullatus (1 ASVs, 100% )

O Mycosphaerella hyperici(1 ASVs, 100% )
O Mycosphaerellatassiana(1 ASVs, 100% )
O Panicum hallii (1 ASVs, 100% )
Sporisoriumreilianum(1 ASVs, 100%)
Talaromycespittii (1 ASVs, 100% )
Trichocoma paradoxa(1 ASVs, 100% )
Ustilago esculenta (1 ASVs, 100% )
Ustilago maydis(1 ASVs, 100% )
Ustilago trichophora (1 ASVs, 100% )
Zymonema dermatitidis (1 ASVs, 100% )
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Possible species identity of ASVs
. Candida sojae (2 ASVs, 99.5% )
O Candida tropicalis (2 ASVs, 89.5% )

O Aspergillus fumigatus(1 ASVs, 100% )
. Cyberlindnera saturnus (1 ASVs, 99% )

Figure S11: Unified distribution maps for taxa annotated to top-abundant ASVs in the excipients used in wet-granulation (WG) tablets, based on the information in GBIF

database. Abundance map framed in black was built by summing the number of observations in defined map areas, coloured from white (less) to yellow (more) according to

the number of observations (aggregated observations).
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@ Malassezia restricta (2 ASVs, 99.5% )
O Cladosporiumcladosporioides(1 ASVs, 100% )
O Cladosporiumhalotolerans(1 ASVs, 100% )

O Cladosporiumherbarum(1 ASVs, 100% )
@ Sistotrema brinkmannii (1 ASVs, 99% )

Possible species identity of ASVs

@® Geotrichumcandidum (2 ASVs, 99.5%)
O Kluyveromycesaestuarii(1 ASVs, 99% )
® Kluyveromycesmarxianus (1 ASVs, 99% )

Figure S12: Unified distribution maps for taxa annotated to top-abundant ASVs in the excipients used in dry-compression (DC) tablets, based on the information in

GlobalFungi database. Abundance map framed in black was built by summing the number of observations in defined map areas, coloured from white (less) to yellow (more)

according to the number of observations (aggregated observations).



Cellulose WG (origin USA)

Aggregated observations Individual observations

5085851
3291853] 151840

Starch WG (origin Thailand)

Aggregated observations Individual observations

Possible species identity of ASVs

@ Cladosporiumcladosporioides(1 ASVs, 100% )
© Cladosporiumhalotolerans(1 ASVs, 100% )

© Cladosporiumherbarum (1 ASVs, 100% )

© Melanopsichium pennsylvanicum (1 ASVs, 100% )
O Moesziomycesantarcticus (1 ASVs, 100% )

O Moesziomycesbullatus (1 ASVs, 100% )

O Sporisoriumreilianum (1 ASVs, 100% )

© Trichocoma paradoxa(1 ASVs, 100%)

© Ustilago esculenta (1 ASV's, 100% )

@ Ustilago maydis(1 ASVs, 100% )

Possible species identity of ASVs

@ Candida sojae (2 ASVs,99.5%)
© Candida tropicalis (2 ASVs, 89.5% )

O Aspergillus fumigatus(1 ASVs, 100% )
@ Cyberlindnera saturnus (1 ASVs, 99% )

Figure S13: Unified distribution maps for taxa annotated to top-abundant ASVs in the excipients used in wet-granulation (WG) tablets, based on the information in

GlobalFungi database. Abundance map framed in black was built by summing the number of observations in defined map areas, coloured from white (less) to yellow (more)

according to the number of observations (aggregated observations).
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Figure S14: Unified distribution maps for plant taxa annotated to top-abundant ASVs in the excipients used for the dry-compression (DC) and wet-granulation (WG) tablets,
based on the information in POWO database.



Supplementary tables
Tables are provided in xlsx.

Table S1: Total and percentage of high-quality sequences and ASVs before and after removing control

reads

Table S2: Effects of site and manufacturing conditions in 16S, 18S and trnL a-diversity
Table S3: DESeq2 results for 16S, 18S and trnL ASVs

Table S4: ANCOM-BC results for 16S and 18S ASVs

Table S5: Plant species represented by the ASVs associated to the tablets produced at Thailand and

England, and to the excipients
Table S6: 185-ASVs rarefied abundance and taxa assignment using a customized PR2 classifier

Table S7: trnl-ASVs rarefied abundance and taxa assignment using a customized trnl-NCBI classifier



