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Metagenomics Core Control Set

Maximize insights from every sample with Sequins™ internal standards

Next generation sequencing (NGS) enables comprehensive and high-throughput analysis of microbial communities
directly from diverse sample types, providing unique insights info the taxonomic composition, functional potential
and their associated impact on health and disease. However, numerous variables influence the resolution and
completeness of microbial profiles. Sequencing errors can introduce artefacts, and together with PCR ampilification
bias during library preparation, can skew the representation of certain taxa or genes. During downstream
bioinformatic analysis, outcomes may vary between software fools and parameter settings, leading to
misinterpretation of microbial diversity. These, and other variables, accumulate throughout the NGS workflow,
confounding the accurate assessment of microbial communities and their biological roles.

Sequins (sequencing spike-ins) are synthetic nucleic acid controls that directly mirror naturally occurring sequences.
Because Sequins retain the same nucleotide composition as the natural sequence, they enable accurate
representation of genomic complexity without compromising integrity of the sample and results. Sequins perform

equivalently throughout sequencing workflows, providing a true measure of control.

Sequins” innovative design enables production of synthetic mirrored sequences that directly represent almost any
genomic feature, in any organism with a reference genome. Common and ecologically significant features, such as
microbial markers or virulence-associated genes and features from analytically challenging regions of
metagenomes, can be represented. By combining Sequins in precise stoichiometric ratios, quantification of low-
abundance species can also be assessed. Sequins are simply spiked-in fo a sample prior to library preparation and
progressed fogether through a workflow (Figure 1). Sequins controls can then be distinguished from native microbial
DNA in subsequent data by virtue of their synthetic sequence. This enables normalization and comparison between
samples, runs, laboratories, chemistries, and sequencers.
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Figure 1: Schematic showing the design and use of Sequins in an NGS workflow.
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The rapid advancements in NGS have made Shotgun Metagenomics a powerful fool for a wide range of
applications in microbial ecology and pathogen detfection. Not only does metagenomics allow the comprehensive
study of non-culturable or difficult-to-culture microbes, it is also instrumental in defecting novel and dangerous
pathogens, monitoring pathogens of public health importance, and screening for antimicrobial resistance genes.

Despite its advantages, metagenomics faces challenges due to the inherent complexity of microbial communities,
technical biases in NGS, and accuracy of species detection and quantification at low abundances. The extensive
diversity and size of microbial genomes within a sample can complicate accurate identification and quantification. To
enhance the robustness of metagenomic analysis and comparisons between different metagenome samples, the
inclusion of meftagenome reference standards is crucial. Traditional mock microbial communities, where multiple
microbes have been individually cultured and combined at known abundances to form a community, have been
used as process controls. However, these are limited in their application as they cannot be added directly fo samples
without potentially interfering with downstream analyses.

The Sequins Metagenomics Core Control Set is designed to act as an internal, process-wide reference for shotgun
metagenomics rather than as an external mock community. Because each Sequin is compositionally matched to its
natural counterpart but remains bioinformatically distinguishable, the same control read data can be used to
evaluate recovery, taxonomic assignment, abundance estimation, cross-sample normalisation and workflow-specific
sensifivity.

The Sequins Metagenomics Core Control Set is a comprehensive, easy-to-use, pre-configured control set with built-
in redundancy that ensures integrity of results. It contains synthetic sequences that collectively represent 52
microbial species at varying abundances to emulate the complexity found in a natural microbial community.
Features include: quantitative ladders; wide representation of domains including bacteria, archaea and eukaryotes;
GC% content range (27% to 71%); single tube blend.

The Metagenomics Core Control Set content has been selected to support both taxonomic and quantitative
assessment in shotgun metagenomic workflows. The broad organism representation enables evaluation across
diverse microbial groups, while the abundance ladder supports assessment of detection, recovery and quantitative
performance across low- and high-abundance targets. Together, these features allow the Sequins Metagenomics
Core Control Set to function as an internal reference for monitoring workflow performance and improving
confidence in comparative metagenomic analysis.
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Table 1: Taxonomic breadth of the Sequins Metagenomics Core Control Set

Genus No. Species Genus No. Species Genus No. Species
Aciduliprofundum 1 Fusobacterium 1 Persephonella 1
Acinetobacter 2 Helicobacter 1 Porphyromonas 1
Anabaena 1 Klebsiella 1 Roseobacter 1
Bacillus 2 Lactobacillus 1 Salmonella 1
Buchnera 1 Legionella 1 Shigella 1
Caldicellulosiruptor 1 Leuconostoc 1 Staphylococcus 1
Candida 1 Listeria 2 Streptococcus 1
Candidatus Caldiarchaeum 1 Magnetococcus 1 Synechocystis 1
Candidatus Carsonella 1 Metallosphaera 1 Thermotoga 1
Candlidatus Korarchaeum 1 Methanococcus 1 Thermus 1
Chlamydia 1 Methanopyrus 1 Toxoplasma 1
Chlorobium 1 Mycobacterium 1 Treponema 1
Corynebacterium 1 Neisseria 2 Vibrio 1
Desulfitobacterium 1 Nitrosopumilus 1 Vulcanisaeta 1
Desulfovibrio 1 Nostoc 1 Wolinella 1
Ehrlichia 1 Oenococcus 1 Yersinia 1

Sequins controls are directly spiked info samples prior to library preparation to account for workflow variability and
facilitate accurate quantification of microbial abundance, while also enabling normalization for inter-sample and
infer-run comparison, improving confidence in comparative analyses. Sequins are compatible with most sequencing
technologies, including short- and long-read approaches, and have been used with a range of library preparation
methods. A Sequins-specific FASTA file is provided for infegration with reference databases or genomes, enabling
compatibility with both taxonomic-based classification (e.g. Kraken 2) and alignment-based workflows.

The Metagenomics Core Control Set elevates interpretation of shotgun metagenomics data from relative read-count
comparison to workflow-normalised measurement. In an internal Sequins metagenomics study analysing dog faecal
samples, Sequins-based relatfive log abundance normalisation produced distributions more tightly centred around
zero than raw read counts or upper-quartile normalisation, indicating lower technical dispersion beftween replicates
and improved comparability between samples (Figure 2). The same control set also demonstrated concentration-
dependent ladder recovery across sample backgrounds and sequencing platforms, supporting sensitivity
assessment, abundance calibration and cross-platform workflow monitoring (Figure 3 and Table 2).
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Figure 2: Sequins Metagenomics Core Control Set performance. Relative Log Expression (RLE)-style normalization of taxonomic

abundance using (A) raw reads counts, (B) upper quartile and (C) Sequins. Faecal samples collected from Dogs 1to 4 (D1-D4), each with

three corresponding replicates (R1-R3). Sequins-based normalization showed the most pronounced improvements. This included a tighter

distribution centred around zero and reduced inter-sample variation. All results are based on phylum-level abundance estimates from Kraken
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Figure 3: Sequins Metagenomics Core Control Set performance across matrices and platforms. (A) Metagenomics Core Control Set
performance in dog faecal matrix, demonstrating concentration-dependent recovery of the Sequins ladder across replicate libraries. (B)
Sequins ladder on various backgrounds generated using lllumina and Oxford Nanopore Technologies (ONT) sequencing. This demonstrates
that Sequins is compatible with short- and long-read sequencing technologies and can support estimation of workflow-specific limit of
detection (LOD) under defined sample, sequencing and analysis conditions. (C) Predicted input concentration estimates (predicted using
Sequins v. expected based on ZymoBIOMICS DNA Standard) demonstrating that the Sequins molecular ladder supports quantitative
microbial abundance estimation. (D) Cross-alignment rate of Sequins reads to microbial genomes, demonstrating that Sequins does not
interfere with samples — 0% of quality-controlled reads (MAPQ = 1and aligned read length > 90% thresholds) cross-aligned to mock
community genomes.

Table 2: Practical benefits of the Sequins Metagenomics Core Control Set

Benefits of Sequins for Metagenomics

i - . The use of Sequins controls for normalization mitigates the
Normalization both within and between samples, users, equipment

. heterogeneity of samples to enable interoperability across
and locations

users and laboratories.

Sequins are subjected to the same technical influences and
Workflow monitoring and optimization errors as the samples they are combined with, enabling the

evaluation of workflow performance.

Sequins standards are combined at varying concentrations and
Absolute quantification the resultant ladder enables quantitative analysis in addition to

measuring sensitivity, specificity and limit of detection.
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Product Catalog Number Description
Metagenomics Core Control Set PN-10008 Metagenomics Core Control Set (24 samples*)
Metagenomics Core Control Set PN-10009 Metagenomics Core Control Set (48 samples?®)

*based on a 1% spike-in; 250 ng library input

Sequins provides a growing library of practical bioinformatics tutorials on our website to support users in integrating
Sequins info their analysis workflows. These tutorials include step-by-step example approaches, curated datasets,
and guidance on interpretation. Visit our website fo access our tutorials.

Ordering and Support

enquiries@sequins.bio | support@sequins.bio

The utility of Sequins in various microbial metagenomics applications has been demonstrated in several publications, including Hardwick et al.
(2018), Wang et al. (2022), Vlyshenska et al. (2023), Gunter et al. (2022), Pallenberg et al. (2022), Langenfeld et al. (2025) and Davis et al.
(2025). In these studies, sequins made calculating absolute bacterial abundances in environmental or clinical samples possible while
accounting for variability in intermediate processing steps such as customized target enrichment, whole genome amplification

and centrifugation. This underscores the breadth of metagenomics applications from environmental surveillance and food safety to

agrigenomics, water quality, and health and disease.
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