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Figure S1: Overview of the Sterivex filter processing workflow. (A) A Sterivex filter containing 70% isopropanol as a preservative was securely sealed with both protective caps. During transport, the filter was kept in a sterile bag within a polystyrene transport box, preferably under refrigerated conditions. (B) The upper protective cap was removed, and an air-filled syringe was attached to the filter. The lower protective cap remained in place to minimize the risk of contamination from the laboratory environment. (C) The lower protective cap was removed, and the preservative (70% isopropanol) was expelled from the filter. The filter was subsequently air-dried by passing air through it twice. For the protocol 2, the filter was additionally dried in a sterile biosafety cabinet for at least 1 hour. (D) The Sterivex filter was opened according to the protocol 1 using a rigid scalpel. The two plastic housing components were carefully separated to allow access to the internal filter membrane. (E) Disassembled Sterivex filter showing the separated membrane designated for DNA isolation. The membrane was handled carefully to avoid contact with the area containing the retained microbial biomass.
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[bookmark: _Ref155696606]Figure S2: PCoA analysis showing the difference between samples in microbial composition in samples from Experiments 1, 2, 3 and 4. Abbreviations: NP - no preservative; ET96 - 96% ethanol; IP70 - 70% isopropanol; RT - room temperature; PW - DNeasy PowerWater Kit (Qiagen); B&T - DNeasy Blood & Tissue Kit (Qiagen).



Table S1: Negative controls included in each experiment. An extraction blank was included for each DNA extraction batch and kit used. Unused Sterivex filters were processed with both the DNeasy PowerWater (PW) and DNeasy Blood & Tissue (B&T) kits to assess contamination associated with the filter cartridges. Absolute ethanol (pellet from 2mL dried solution) was extracted using the PW kit, whereas absolute isopropanol was extracted using both the PW and B&T kits to evaluate potential contamination originating from the preservation reagents and asses the sensitivity of both kits. All negative controls were free of detectable contamination, and sequencing yielded only a negligible number of reads. PW - DNeasy PowerWater Kit (Qiagen); BT/B&T - DNeasy Blood & Tissue Kit (Qiagen), BDL – DNA concentration below detection limit. The concentration of DNA was determined fluorometrically using a DeNovix QFX Fluorometer (DeNovix Inc., USA) and the Qubit™ dsDNA HS assay.
	Name
	Experiment
	Yield (ng)
	Description

	CS_BT
	Exp3
	0,3
	Empty sterivex control

	CS_PW
	Exp1
	0,4
	Empty sterivex control

	C_IP_PW
	Exp1
	BDL
	Isopropanol control

	C_ET_PW
	Exp1
	BDL
	Ethanol control

	C_IP_BT
	Exp3
	0,7
	Isopropanol control

	K1_PW
	Exp1
	BDL
	Extraction blank control

	K2_PW
	Exp2
	0,5
	Extraction blank control

	K3_BT
	Exp3
	0,45
	Extraction blank control

	K3_PW
	Exp3
	0,05
	Extraction blank control

	K4_BT
	Exp4
	BDL
	Extraction blank control







Text S1: 
PCR inhibition associated with DNA extraction protocols

 Methods
To assess the potential impact of PCR inhibition observed in some samples extracted with the Blood & Tissue (B&T) Kit, we conducted two independent tests comparing it with samples extracted with  PowerWater Kit. These tests aimed to determine whether the choice of DNA extraction method influenced PCR performance and to explore strategies to mitigate inhibition effects.
Test 1: Correlation between DNA concentration and 16S rRNA gene quantity
Quantitative PCR (qPCR) was used both to estimate the relative abundance of bacterial 16S rRNA gene copies and to assess potential PCR inhibition in DNA extracts obtained using the PowerWater (PW) and Blood & Tissue (B&T) kits. Analyses were performed on a LightCycler® 480 system (Roche, Switzerland) using the universal bacterial primers PRBA338f (5′-ACTCCTACGGGAGGCAGCAGT-3′) and PRUN518r (5′-ATTACCGCGGCTGCTGGC-3′), targeting the V3 region of the 16S rRNA gene (Ovreås et al., 1997). The reaction setup and cycling conditions followed those of (Shrestha et al., 2022). All samples were analyzed in duplicate, with differences between replicate Cq values consistently below 0.5 cycles. Each qPCR run included both a non-template control and a positive control to verify assay performance and background detection limits.
Because reliable absolute quantification standards are difficult to obtain for complex environmental samples with highly diverse microbial communities, bacterial abundance was expressed as relative quantification (RQ). Relative 16S rRNA gene abundance was calculated using the ΔCq method relative to the corresponding reference samples, which consisted of fresh or frozen controls from the respective experimental series (Lhotský et al., 2021; Shrestha et al., 2021). Amplification efficiency was determined from standard curves generated using serial dilutions of DNA from five internal environmental reference samples.
In parallel with qPCR, bacterial 16S rRNA gene copy numbers were quantified by digital PCR (dPCR) using same primers. The dPCR cycling protocol consisted of an initial denaturation at 95 °C for 2 min, followed by amplification cycles at 95 °C for 15 s, 61 °C for 20 s, and 74 °C for 15 s, with a final hold at 40 °C for 5 min. dPCR is generally less susceptible to PCR inhibition than qPCR (Sidstedt et al., 2020). 
For each sample, total DNA concentration, qPCR-derived relative abundance (RQ), and dPCR-derived 16S rRNA gene copy numbers were compared. Disproportionately low qPCR values relative to DNA concentration and dPCR measurements were considered indicative of potential PCR inhibition. Because DNA concentration and 16S rRNA gene abundance are not necessarily proportional in complex microbial communities, suspected inhibition was subsequently verified by serial dilution and PCR Anti-Inhibitor treatment (Test 2).
Test 2: Serial dilution and anti-Inhibitor evaluation
Selected samples from Experiment 3 and additional environmental samples, including frozen and isopropanol-preserved samples extracted using the PW and B&T kits, were subjected to a two-fold serial dilution series from undiluted to 128-fold diluted DNA. Each dilution was analyzed by qPCR with and without PCR Anti-Inhibitor (Qiagen), added at a 1:50 ratio according to the manufacturer’s recommendations.
PCR inhibition was assessed from the relationship between Cq and dilution factor. Amplification efficiency (Ef) was calculated from the slope of the linear regression of Cq against the logarithm of the dilution factor:
Ef = −1 + 10(−1/slope),
Outliers, typically the highest and lowest dilutions, were excluded. Theoretical Cq values for the undiluted sample were extrapolated from the linear portion of the dilution series and compared with the experimentally measured Cq. Higher observed than theoretical Cq values indicated PCR inhibition. A reduction in this difference following PCR Anti-Inhibitor addition indicated mitigation of inhibition, whereas an increased Cq indicated an adverse effect of the reagent on amplification.

Results 
PCR inhibition was observed more frequently in samples extracted using the Blood & Tissue (B&T) kit than in those extracted using the PowerWater (PW) kit, as demonstrated by the relationships between DNA concentration and relative 16S rRNA gene abundance measured by qPCR and dPCR (Figures S3 and S4). In the qPCR analysis (Figure S3), RQ values generally increased with DNA concentration in PW extracts, whereas B&T extracts showed disproportionately low RQ values relative to their DNA concentrations, indicating reduced amplification despite their generally higher DNA yields. In contrast, this discrepancy between the extraction methods was substantially reduced in the dPCR analysis (Figure S4), for which samples were diluted 10- to 10,000-fold prior to quantification, thereby substantially reducing the concentration of co-extracted inhibitors. Together, these results indicate that the B&T protocol provides higher DNA recovery, particularly from IP70-preserved samples, but also co-extracts more PCR-inhibitory compounds. The PW protocol, in contrast, provides lower DNA yields from IP70-preserved samples but more effectively removes inhibitors.
[image: ]

Figure S3: Relationship between qPCR relative quantification (RQ) values and DNA concentration for samples extracted using the two DNA extraction kits. If both extraction methods provided comparable recovery of amplifiable DNA, a similar relationship between DNA concentration and RQ would be expected. Samples extracted using the B&T kit consistently showed lower RQ values relative to their DNA concentrations, indicating a lower proportion of amplifiable target DNA and suggesting greater PCR inhibition in B&T extracts.
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Figure S4: Relationship between 16S rRNA gene copy numbers determined by dPCR and DNA concentration for individual samples. In contrast to qPCR, samples were diluted 10- to 10,000-fold prior to dPCR analysis, substantially reducing the concentration and potential effect of PCR inhibitors. The relationship between DNA concentration and 16S rRNA gene copy number was therefore less affected by inhibition associated with the extraction method.

In the Test 2, two approaches were evaluated to mitigate inhibition: sample dilution and addition of PCR Anti-Inhibitor (Qiagen). The tests included frozen and IP70-preserved samples used for comparison of the two DNA extraction protocols (see Experiment 3 of the main text), as well as other environmental samples showing inhibition following B&T extraction. Samples were analyzed by qPCR across a serial dilution series, both with and without PCR Anti-Inhibitor added at a final 1:50 dilution. Complete results are provided in Table S2.
Serial dilution progressively reduced the apparent inhibition and effectively restored amplification in inhibited samples. PCR Anti-Inhibitor also improved amplification in some inhibited samples, particularly in undiluted or weakly diluted (2- to 4-fold) extracts, as indicated by decreased Cq values (Table S2). However, its effectiveness was strongly sample- and dilution-dependent. At higher dilution factors, where endogenous inhibitors had already been sufficiently diluted, addition of PCR Anti-Inhibitor resulted in increased Cq values and thus reduction of qPCR signal as visible for PW extracts (Table S2). A similar negative effect was observed in samples without apparent inhibition, indicating that the reagent itself can adversely affect amplification when inhibitory compounds are absent or present at low concentrations.
Sample dilution should therefore be preferred for mitigating PCR inhibition whenever sufficient target DNA is available. PCR Anti-Inhibitor may be useful for samples with low DNA concentrations that cannot be sufficiently diluted, but its effectiveness should be evaluated for each sample type and it should not be routinely applied to non-inhibited samples.
[bookmark: _Ref200616232][bookmark: _Ref200616172]For dPCR quantification of bacterial 16S rRNA genes, DNA extracts were diluted 10- to 10,000-fold according to their target abundance. At these dilution factors, the effect of co-extracted inhibitors was substantially reduced, and the relationship between DNA concentration and 16S rRNA gene copy numbers was no longer systematically affected by the extraction protocol (Figure S2). Consequently, despite the higher occurrence of PCR inhibition in concentrated B&T extracts, IP70 preservation combined with B&T extraction is suitable for downstream dPCR analysis and provides the advantage of substantially higher DNA recovery compared with the PW protocol.

Table S2. Evaluation of PCR inhibition in samples extracted using the B&T and PowerWater (PW) kits by serial dilution. Cq values are shown for a two-fold dilution series (undiluted to 128-fold dilution), together with the theoretical Cq value of the undiluted sample recalculated independently from each dilution. The results indicate more pronounced PCR inhibition in B&T extracts compared with PW extracts and its progressive reduction upon sample dilution.
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Power Water kit -20°C DNA conc. 0 2 4 8 16 32 64 128 AVERAGE

estimate primer 

efficiency

NP_-20_7d_PW  2,41 15,07 16,29 17,36 18,13 19,42 20,34 21,43 22,67 - 1,93

NP_-20_7d_PW  AI 2,41 15,70 16,75 17,87 18,85 19,98 20,89 22,14 23,35 - 1,92

NP_-20_7d_PW  1,41 16,00 17,22 18,11 19,31 20,31 21,15 22,31 23,48 - 1,88

NP_-20_7d_PW  AI 1,41 16,62 17,64 18,76 19,98 21,06 21,90 22,84 23,92 - 1,85

15,07 15,22 15,23 14,93 15,15 15,01 15,03 15,21 15,11

15,70 15,65 15,68 15,55 15,59 15,40 15,55 15,67 15,58

16,00 16,10 15,86 15,94 15,81 15,53 15,57 15,62 15,78

16,62 16,50 16,50 16,59 16,54 16,24 16,05 16,01 16,35

Power Water kit IP DNA conc. 0 2 4 8 16 32 64 128 AVERAGE

estimate primer 

efficiency

IP70_RT_7d_PW 0,88 17,61 18,66 19,75 20,90 22,11 23,22 23,70 24,47 - 1,85

IP70_RT_7d_PW AI 0,88 18,11 19,21 20,39 21,48 22,27 23,55 24,36 25,21 - 1,85

IP70_RT_7d_PW 0,74 18,09 19,08 20,03 21,47 22,52 23,30 24,21 24,87 - 1,80

IP70_RT_7d_PW AI 0,74 18,64 19,84 20,81 21,91 22,92 23,99 24,76 25,36 - 1,93

17,61 17,53 17,49 17,51 17,59 17,58 16,93 16,57 17,44

18,11 18,03 18,03 17,95 17,56 17,67 17,30 16,98 17,85

18,09 18,02 17,92 18,30 18,29 18,02 17,87 17,47 17,98

18,64 18,68 18,49 18,43 18,29 18,20 17,81 17,26 18,32

B&T kit -20°C DNA conc. 0 2 4 8 16 32 64 128AVERAGE

estimate primer 

efficiency

NP_-20_7d_BT  11,00 14,37 14,44 14,98 16,20 17,22 18,20 19,26 20,33 - 2,03

NP_-20_7d_BT AI 11,00 12,93 14,00 15,03 16,32 17,21 18,21 19,29 20,42 - 1,93

NP_-20_7d_BT  9,92 15,46 14,86 15,13 16,21 17,26 18,25 19,32 20,39 - 2,05

NP_-20_7d_BT AI 9,92 13,07 13,98 15,08 16,27 17,35 18,44 19,51 20,50 - 1,94

14,37 13,46 13,03 13,27 13,32 13,32 13,40 13,50 13,28

12,93 12,95 12,92 13,16 13,00 12,94 12,97 13,05 12,97

15,46 13,90 13,20 13,32 13,40 13,43 13,53 13,64 13,49

13,07 12,93 12,99 13,13 13,16 13,21 13,23 13,18 13,15

B&T kit IP DNA conc. 0 2 4 8 16 32 64 128 AVERAGE

estimate primer 

efficiency

IP70_RT_7d_BT 22,44 12,20 12,68 13,70 14,72 15,74 16,72 17,83 18,80 - 2,03

IP70_RT_7d_BT AI 22,44 11,48 12,54 13,67 14,84 15,84 16,82 18,00 18,93 - 1,93

IP70_RT_7d_BT 25,12 11,56 12,63 13,6 14,51 15,43 16,50 17,58 18,30 - 2,04

IP70_RT_7d_BT AI 25,12 11,59 12,70 13,71 14,63 15,56 16,57 17,79 18,65 - 1,99

12,20 11,70 11,75 11,79 11,83 11,84 11,97 11,96 11,84

11,48 11,49 11,57 11,69 11,64 11,57 11,70 11,58 11,62

11,56 11,66 11,66 11,60 11,55 11,65 11,76 11,50 11,62

11,59 11,69 11,69 11,60 11,52 11,52 11,73 11,58 11,61

IP70_RT_7d_PW theoretical cq value
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