Effects of Pre-Analytical Sample Stabilization on Soil
Microbiome Analysis Using Nanopore Sequencing
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Introduction Sample Preservation and Processing
In-field sample preservation is essential for reliable microbiome biobanking Soil samples were collected and stored at 4 °C for
and analysis to reduce alterations caused by transport time and pre-storage up to 30 days prior to processing. To evaluate the  DSoil 6 DSoil7v1 DSoil7v2 DSoil Lyo
handling. However, conventional stabilization methods such as freezing are effect of pre-analytical stabilization on microbiome  (control)
impractical and chemical buffers used as alternative.[1] Nonetheless, these profiling, DNA was extracted either directly from _ o
methods may substantially affect DNA recovery, integrity and downstream untreated samples (DSoil6) or from samples PIFEC'F Dl FEYEAP e PowerP.rotect Lyophyilization
taxonomic resolution. stabilized with PowerProtect DNA/RNA (QIAGEN) isolation RT, 3 days + cleaning step
Within the EU-funded MICROBE project, we investigated the performance of and stored at room temperature for three days RT, 3 days
a commercially available nucleic acid stabilizer (PowerProtect DNA/RNA, prior to extraction (DSoil7_v1). For one stabilized
QIAGEN), commonly used in lllumina-based workflows, for its compatibility sample set (DSoil7 v2), an additional washing step was performed prior to DNA isolation to reduce potential inhibitory effects. A
with long-read Nanopore sequencing of soil microbiomes. We further lyophilized sample (DSoil_lyo) was included as an additional reference condition to benchmark preservation performance. Extracted DNA
assessed how pre-analytical stabilization affects microbial diversity estimates was sequenced using complementary long-read (Oxford Nanopore) and short-read (lllumina) technologies, enabling cross-platform
and compared results across sequencing platforms. comparison of sequencing output and microbial community profiles.
Bioinformatics Workflow Sequencing Performance
Bioinformatic processing and analyses were performed using established tools and standard parameter settings. Nanopore Stabilizer-treated samples (DSoil7_v1 and DSoil7_v2) showed a significant reduction in
raw reads were processed using a customized long-read microbiome analysis workflow including basecalling, adapter counts compared to the control condition (DSoil6). Differences in read quality were
trimming, quality filtering, and taxonomic classification against the NCBI RefSeq prokaryotic genomes database. Illumina mainly observed in the unfiltered datasets, while filtered reads showed comparable
sequencing data were analysed using the DADA2 pipeline [2] with reference-based taxonomy assignment using the SILVA quality across conditions. In contrast, the lyophilized sample (DSoil lyo) displayed
database, including quality filtering, denoising, chimera removal, and generation of amplicon sequence variants (ASVs). sequencing performance most similar to the control.
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Genus Level Diversity

(A,C) Directly extracted soil DNA (DSoil6) showed the highest genus richness in Nanopore, outperforming lllumina sequencing by 3-fold. (B) The lyophilized sample (DSoil _lyo) retained a genus composition highly similar to
untreated soil DNA. (A,D) Stabilizer treatment (DSoil7v1) reduced detectable genera to approximately 6% of the untreated sample, whereas the additional cleaning step after stabilization (DSoil7v2) recovered a substantial
fraction of Nanopore reads and restored microbial diversity, reaching 58% of total genus richness, with a 20% overlap with lllumina-derived genera.
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The stabilizer reduced sequencing quality and suppressed microbial diversity detection in Nanopore workflows. Cleaning

Class level - Nanopore vs lllumina (165+Archea)

of the samples partially improved data recovery, thereby increasing comparability with untreated samples as well as 100 mE Alphaproteobacteria
lllumina results, although platform-specific differences remained evident across all conditions. These findings highlight the Actinomycetes
need to carefully evaluate the use of stabilizers when applying them to other sequencing technologies. Method-aware T e s
handling and analysis are therefore essential for ensuring reliable, consistent, and robust soil microbiome profiling. 80 mmm Planctomycetes
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Acidimicrobiia
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Pre-analytical stabilization significantly affects soil microbiome profiles in a platform-dependent manner. While chemical fﬁ
stabilizers improve the logistical feasibility of field sampling, their impact on Nanopore sequencing requires careful & 40
evaluation. In particular, stabilizer-treated samples showed reduced sequencing quality and altered data recovery in =
Nanopore workflows compared to untreated controls. Method-aware processing, including potential post-stabilization
20

washing steps, is essential to ensure robust and comparable microbiome data across sequencing technologies.
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Distinct differences in taxonomic composition were observed between sequencing
platforms, reflecting known platform-specific biases. However, taxonomic distribution
within Oxford Nanopore Technologies datasets remained highly consistent across all sample
preservation conditions despite lower genus richness. Overall, preservation-related effects
were minor compared to platform-specific differences in community profiling.
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