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Complex microbial communities play a critical role in a wide variety of biological systems in the environment and throughout the
human body. Characterization of these communities has historically been limited to one or a small number of known genetic
markers for species such as 16S rRNA genes. While the advent of inexpensive shotgun sequencing has enabled a more accurate
measure of biodiversity than marker typing, short read lengths prevent accurate analysis of related strains within a mixture, as well
as consistent characterization of large-scale structural variation that can distinguish highly related strains and significantly impact
pathogenicity.

more specific to the genomes from which they derive than do NGS reads. As a result, differences between closely related strains of
the same species become clear with minimal bioinformatics work.

. In addi(on, assembly of to map-level for the iden(ﬁca(on and structural
comparison of dis(nct but related strains contained within the same sample.

To address these issues, we have applied the Nabsys HD-MappingTM platform to strain-level identification of microbial strains in the
context of complex mixtures. HD-Mapping employs fully electronic detection of tagged single DNA molecules, hundreds of kilobases
in length, at a resolution superior to existing optical mapping approaches. This combination of long read lengths and high
information density means that individual HD-Mapping reads tend to be much

Here we describe strain-level characterization of the ZymoBIOMICS Microbial Community Standard using Nabsys HD-Mapping.
DNA was extracted using a standard kit-based isolation procedure, and single-molecule reads derived from the mixture were
mapped to the NCBI database of all ~10,500 completed bacterial references, including ~1,700 references for species present in the
mixture. Through analysis of unique read mapping characteristics, the correct reference was identified for each of the 8 bacterial
strains present in the mixture as well as relative strain quantitation. In addition, we show that strain-level detection of the 8 bacterial
strains is unaffected by the presence of 20% human DNA co-extracted with the mixture.
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• Easy to multiplex
• Highly scalable

• High-resolution, direct detection of 300 bp intervals
• Low, stochastic single-molecule false-positive and false-negative rates
• Electrophoretic and hydrodynamic control of access to detector
• Highly sensitive detection enables tag detection during translocation
• Wider range of useful DNA lengths as compared to optical methods

Step 2: Strain-level mixed microbial sample characterization
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Advantages of Nabsys electronic detection:

The high information density provided by electronic
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To illustrate this capability, high molecular weight (HMW) DNA
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was isolated from the ZymoBIOMICS Microbial
Community
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Standard (an 8 strain even mix) alone or supplemented with
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In order to construct whole genome electronic maps, high
molecular weight genomic DNA is isolated from the cells, tissue,
or metagenome sample of choice. The high per-molecule
information content of Nabsys single-molecule reads allows for
a solution-phase DNA isolation procedure, producing DNA in
the 35-500 kb range, obviating the need for time consuming gel
plug isolation protocols. Following purification, DNA is tagged in
a sequence-specific manner through an enzymatic nicking
reaction. As single molecules pass through the detector, the
presence of the DNA backbone and attached tags are sensed
as changes in the resistance of the detector. The resulting data
indicate the time between tagged sites on each single-molecule
DNA backbone. The temporal events are then converted to
distance-based events where the distance between tags
(termed an “interval”) is reported in base-pairs.

Step 1: Species determination
in a mixed microbial sample
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Step 3: Quantitation of mixed microbial sample
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When uniqueness scores are generated for the ZymoBIOMICS standard sample for all completed S. enterica references,
strain C500 receives the highest score (see above). This strain is a member of the subspecies enterica serovar Choleraesuis
(see dendrogram inset). The score for another strain of the same serovar (SC-B67) is slightly lower reflecting structural
differences between the strains. These differences are shown in the upper reference map alignment below for C500 and SCB67 where gaps and color changes indicate differences between the strains. Uniqueness scores drop off sharply as
illustrated by strain RKS4594, a member of an adjacent S. enterica serovar (see dendrogram inset and lower alignment
Between
Members ofhave
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below). More distant S. enterica strainsReference
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in Comparison
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structural similarity and consequently
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enterica C500 scores at or near zero. Similar plots were generated for each of the species present in the standard sample
and lead to identification of the correct strain for each of the species.
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The accurate mapping of high
molecular weight single-molecule reads
enables relative quantitation of species
present within a mixed microbial
sample. To the right we show relative
quantitation of the ZymoBIOMICS
Microbial Community Standard sample
based on coverage when mapping to
the strain-specific references. This
quantitation is not impaired by the
addition of human cells in the sample
prior to DNA extraction (20% by DNA
mass). The underrepresentation of the
three gram negative strains reflects lysis
and mechanical shearing during
manufacture of the standard and can
be avoided with modified sample
preparation.
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The ability to detect and identify low abundance strains in the context of a complex microbial
mixture requires a high degree of sensitivity and specificity. Nabsys single-molecule electronic
detection enables highly specific strain identification and accurate relative quantification of
independent strains within a mixture. As an illustration of this capability, DNA from E. coli str.
MG1655 and B. subtilis str. 168 were mixed at ratios ranging from 1:1 to 1000:1, nicked with
Nt.BspQI, and tagged. Mapping of the resulting single-molecule data to the two reference
maps shows accurate relative average genome coverage of each genome that is linear over
1000
three orders of
magnitude with a slope of 1.005 and an R2 of 0.9994 (see figure below).
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Once the species present in a metagenomic sample have been established by evaluating overall mapping metrics, analysis
of read mapping specificity can establish the strain identity for each of the species. Factoring in both the extent and depth of
uniquely mapping reads for a given reference provides a uniqueness score that, when compared to the uniqueness scores
for all other references for a given species, indicates the references in a given database that most closely represent the
strains present in the sample.
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