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Development of Spike-in Standards and Quality Control Absolute quantitation of microbiome samples

Background

Spike-in controls are essential

to harness the quantitative potential of next-generation sequencing for data Table 2. Specifications ofgenomic DNA and whole cell spike-in standards
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Total copies # of # of reads map B. adolescentis
3 spike-in genomes  to 3 Tags genome (bp)

Design of Three Recombinant Bacterial Strains
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Preparations and Controls Genome copyil ercentage (%)
MSA-1014™ MSA-1°°°“" ‘Eﬁ_

Spike-in control 2.56 x 10°

Mix 2 2.33 x 10° 2.36 x 10°

*“Two different concentrations of genomic DNA spike-in standards were mixed with a constant concentration of 10 even genomic DNA (ATCC® MSA-1000™). All
expedient were run in triplicated. The spike-in standard and the un-spiked genomic DNA mix were used as experimental controls.
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Figure 5 Genomic DNA mock microbial communities analyzed via ddPCR and shotgun metagenomics sequencing
methods. (A) Evaluating ddPCR quantification and genome copy number normalization by using a spike-in internal control within
a mock microbial community (ATCC MSA-1000). Genome copy number normalization was performed by mapping the number of
reads to either the (A) whole-genome sequence or (B) V1V4 region. The purple dotted line represents the expected genome copy
number, the gray dotted lines represent +25% log (+2.5x) of the expected genome copy numbers, and the red dotted lines
represent +50% log (£5.5x) of the expected genome copy numbers. Whiskers for each datapoint represent +2 x standard
deviation (i.e., 95% CI) of the experimental data, which were run in triplicate. (B) Quantitation equation with an example. .

Table 5. Number of recovered reads of the synthetic tags by shotgun sequencing
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Figure 2. Production of tagged strains. ATCC created three unique synthetic 16S tag sequences mimicking the native 16S rRNA gene from 3 0% 0%

bacterial strains (E. coli, C. perfringens, and S. aureus). Each tag consists of 4 artificial variable regions (corresponding to V1 through V4 of the Expected  Mix 1 Mix 2 Expected Mix 1 Mix 2 Unspiked Expected  Mix1  Mix2
16S rRNA gene) flanked by conserved regions for PCR amplification. Each tag sequence was integrated into the genome of their cognate strains 4 Preparations Preparations Preparations )
to create three tagged strains.
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This proof-of-concept study demonstrates the utility of spike-in standards as an internal control in
microbiome applications.

* The three synthetic tags are amplifiable via common 16S rRNA primers (V1-V4).

 The relative abundance of the mock community was not impacted in the presence of the proper
concentration of spike-in standard.

The reads of the tag sequence were recovered in a dose-dependent manner.

The spike-in standards were able to serve as an internal control for absolute quantitation.

Figure 4. Relative abundance of a mock community after different concentrations of spike-in. Samples were analyzed by
16S rRNA gene sequencing (V1V2, V3V4, and V4) on the lllumina MiSeq platform and data were analyzed in the One Codex
data analysis platform. The relative abundance was calculated based on the average of triplicate assay.

Table 1. Description of the spike-in standards

Product Description m Genome size (Mb) Tag size (bp) % GIC 16S copies

Table 4. Number of recovery reads of the synthetic 16S tags (V1V2, V3V4, and V4) in different spike-in concentrations .

Mix 1 Mix 2 .
V1V2 Tag V3V4 Tag V4 Tag V1V2 Tag V3V4 Tag V4 Tag
Escherichia coli Tag1 3103 660 1795 149 267 164

Escherichia coli Tag1 Negative 4.59 50.8
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