
DNA extraction and library preparation for rapid genus- 
and species-level identification, with or without PCR
Combining rapid DNA extraction and library-preparation methods with real-time analysis workflows 
enables unbiased identification of species with unparalleled speed

Fig. 1 Identification of bacterial, archaeal, fungal and viral species using rapid gDNA library preparation and the real-time WIMP analysis workflow

As a strand of DNA from an organism passes through a nanopore, the electrical current flowing through the pore is measured, and these current levels are converted into basecalls in real time. The 
basecalled read can then be compared to a database of reference genomes using the What’s in My Pot? (WIMP) workflow, also in real time, and the species identified. Real-time data analysis gives us 
the potential to perform very rapid species identification. A major rate-limiting step in this process can be the extraction of sufficiently pure, high-molecular weight DNA from the sample, and so to 
address this limitation we evaluated several different methods of cell lysis, including both enzymatic and physical approaches. We found that ClaremontBio’s OmniLyse Lysis kit gave a good combination 
of rapid lysis while being able to maintain reasonably high fragment length. This lysis method employs bead-beating to disrupt cells from a wide range of organisms and can be performed in 1–2 
minutes. DNA extracted in this way is contaminated with cell debris, and needs to be purified in order to perform successful library preparation. DNA of sufficient purity can be quickly obtained by 
passing the cell lysis extract through a spin column. Although columns of this type typically remove DNA fragments greater than around 10 kb, the vast majority of strands produced by bead beating 
with the OmniLyse fall below this size limit and are retained in the eluate. Alternatively, a SPRI bead clean-up can be performed. Following elution, we prepared a sequencing library in 5 minutes using 
our rapid 1D gDNA kit, and we loaded the library onto a flowcell. The first reads were analysed by the WIMP workflow shortly after the run was started and the species identified, meaning that we can 
go from sample to identification of the species in under 20 minutes (Fig. 1).

Extraction, library prep and species ID in under 20 minutes by whole-genome sequencing 

Fig. 2 Identification of species using 16S PCR with the rapid amplicon kit, and the rapid whole-genome amplification (WGA) protocol

In situations where the amount of available sample DNA is limited, or where there is a low level of pathogen DNA mixed with a high level of host DNA, and we wish to identify the pathogen, it can be 
helpful to amplify the target organism by PCR. For bacterial species identification, the 16S ribosomal RNA gene can be amplified from all bacteria non-specifically, without amplifying eukaryotic host 
DNA, or viruses. As with the whole-genome species ID approach shown in Fig. 1, we have found bead-beating to lyse cells rapidly, yielding DNA with a sufficiently high fragment length for amplification 
of the 1.5 kb 16S gene. There is no need to purify the extracted DNA before PCR. Fast polymerases are available which can process 1 kb of template in around 30 seconds, meaning that 16S PCR can 
be performed on a standard thermocycler in 25 minutes. If PCR is performed using Oxford Nanopore’s modified primers, sequencing adapters can be attached rapidly following amplification, by 
chemical ligation. This reaction tends to be more robust than enzymatic ligation, so again, there is no need to perform a clean-up step before adapter attachment. Finally, the sequencing library is loaded 
onto a MinIONTM flowcell and the run started. Using the 16S analysis workflow, species identities are returned in almost real time, making it possible to go from cells to identification in under 40 minutes 
(Fig. 2). Alternatively, if all the genomes present in a small amount of sample are to be sequenced and analysed, it is possible to amplify the sample by WGA. This can generate sufficient DNA for 
sequencing in 90 minutes, starting with picogram quantities of input. Following this reaction, adapters are added using the rapid genomic DNA library kit, and the resulting library is loaded and 
sequenced. The WIMP workflow can then be used to identify species from the resulting whole genome data, with the first results being generated in under 100 minutes from the start of the workflow. 
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