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A QIIME2-based workflow for multi-amplicon 16S rRNA profiling
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ABSTRACT We present an open-source QIIME2 pipeline for 16S multi-amplicon
sequencing. Benchmarked against proprietary software with a mock community,
our workflow demonstrates comparable sequencing depth and taxonomic accuracy
(F1-Score=0.875). The multi-region approach outperforms single amplicons, validating
our pipeline as a robust alternative for semiconductor-based sequencing data.
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ulti-amplicon sequencing enhances taxonomic resolution, but robust, open-source
workflows for lon Torrent data are not well-benchmarked against proprietary tools.

To address this, we present and validate a QIIME2-based (1) pipeline against the lon
Reporter (IR) software using the ZymoBIOMICS Microbial Community DNA Standard
(Zymo Research, cat.no: D6306).

Amplicon libraries targeting six 16S rRNA hypervariable regions (V2;V3;V4;V6-7;V8;V9)
were generated from the mock DNA standard, normalized to 20 ng/uL, using the lon
16S Metagenomics Kit (Thermo Fisher) with both primer pools per the manufactur-
er's protocol (Pub.No:MAN0010799). Libraries were indexed using lon Xpress Adapters
(Thermo Fisher), pooled, and sequenced on an lon GeneStudio S5 platform, generating
(170-350 bp) single-end reads.

Raw reads were analyzed in parallel using the proprietary IR (v5.20) Metagenomics
16S v1.1 workflow and our custom QIIME2 (v2023.7) pipeline. Raw data were demul-
tiplexed using the lon Torrent Suite and subsequently deconvolved into per-region
FASTQs with the Metagenomics PP plugin (Thermo Fisher), which trims both barco-
des and primers. Read quality was visualized to determine region-specific truncation
lengths (170-210 bp), and denoising was performed with DADA2 (2) with “-pyro” option
to correctly model lon Torrent error profiles. The resulting region-specific amplicon
sequence variant (ASV) tables were merged, summing overlapping read counts, along
with their corresponding representative sequences. A phylogenetic tree was constructed Editor Catherine Putonti, Loyola University Chicago,
with SEPP (3). For our primary benchmark, taxonomic classification was performed Chicago, lllinois, USA
against the Greengenes v13_5 database (4). The reference database was prepared Address correspondence to Loris De Cecco,
by extracting near-full-length sequences for the multi-region analysis and specific loris.dececco@istitutotumori.miit.
amplicons for single-region analyzes, using primers detailed in our original study (5).
A “local-to-global” alignment strategy was then employed using VSEARCH (6), which
globally aligns each short ASV to find its best-matching segment within the long
reference sequences. Final QIIME2 artifacts were imported into R (v4.2.2) using the See the related article at https://doi.org/10.1128/
QIIME2 R package (v0.99.6) to create a phyloseq object (v1.46.0) (7), which was then ~ SPectium01673:25.
collapsed to the genus level with tax_glom (NArm = TRUE). All subsequent statistical Received 28 July 2025
analyzes were performed in R. bt 26 Ofcitlbiy 2025
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To validate the performance of our pipeline, we conducted a direct comparison

against the proprietary IR workflow using a mock community with a known composi- ~ Copyright © 2025 Licata et al. This is an open-access

tion. The raw data set was first characterized using FastQC (v0.12.1), revealing a total 'l distrbuted underthe terms of the Creative
Commons Attribution 4.0 International license.
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FIG 1 Technical Validation of the QIIME2 Pipeline Against IR. (A) Boxplots show the distribution of sequencing depth per sample for the IR pipeline and for

each QIIME2 configuration. Statistical significance was determined by a Wilcoxon rank-sum test. (B) Results of pairwise Pearson correlations performed on

genus-level relative abundance profiles. Relative abundances were calculated by converting raw counts to proportions for each sample. The y-axis displays the

-Log;, transformed, BH-adjusted p-values; higher values indicate a stronger, more significant correlation. The dashed line represents a significance threshold of P

= 0.005. Significance is denoted as: ns, P > 0.05; **, P < 0.01.

TABLE 1 Comparative performance QIIME2 and IR pipelines on a mock community®

Pipeline Region Number of ASVs True positive False positive False negative Sensitivity Precision F1 score
IR IR N/A® 7 1 1 0.875 0.875 0.875
QIIME V2-9 65 7 1 1 0.875 0.875 0.875
QIIME V2 21 7 0 1 0.875 1 0.933
QIIME V3 14 5 0 3 0.625 1 0.769
QIIME V4 8 6 0 2 0.75 1 0.857
QIIME V6-7 10 5 0 3 0.625 1 0.769
QIIME V8 16 5 0 3 0.625 1 0.769
QIIME V9 3 1 0 7 0.125 1 0.222

9Metrics were calculated at the genus level against the known composition of the ZymoBIOMICS mock community. True Positive (TP): genera correctly identified; False
Positive (FP): genera incorrectly identified; False Negative (FN): expected genera that were missed. Sensitivity = TP/(TP+FN); Precision = TP/(TP+FP). The F1-Score is the

harmonic mean of Sensitivity and Precision.
®N/A, not available.

of 180,253 reads across all samples and a read length range of 50-350 bp. With the
pipeline’s output established, we then assessed its taxonomic accuracy against the
known mock composition (Table 1). Our V2-9 pipeline performed identically to IR,
achieving a final F1-Score of 0.875. The failure of both pipelines to detect Escherichia
is a known Greengenes v13_5 database limitation, an issue we address in our original
work (5).

Our merged multi-region (V2-9) profile achieved a median sequencing depth
comparable to the IR pipeline (Fig. 1A). Furthermore, the V2-9 genus-level relative
abundance profile was highly and significantly correlated with the IR profile, indicating
strong methodological agreement (Fig. 1B). This high concordance was unique to the
merged profile, as all single-region analyzes showed weaker performance and were not
significantly correlated. These results validate our QIIME2 pipeline as a comparable and
accurate alternative for multi-amplicon sequencing.
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The complete QIIME2 pipeline for lon Torrent data analysis—including single- and
multi-region workflows—is available at: https://github.com/DeCeccolLAB/QIIME2-Multi-
Region-Microbiome-Pipeline. This repository also hosts a fully dockerized QIIME2 v2023.7
environment, detailed documentation of all bioinformatic steps, parameters, and scripts,
as well as the processed datasetdata set used in this study. All raw 16S rRNA sequenc-
ing data (region-deconvoluted) are publicly available in the NCBI GEO under accession
number (GSE300047).
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