
It is not necessary to perform amplification of any kind prior to nanopore sequencing. There are 
several advantages to this: amplification bias is eliminated; fragment lengths (and hence read 
lengths) are not limited by the processivity of a polymerase enzyme; PCR-free library preparation 
saves time, compared to PCR-based methods; methylation and other modifications are 
retained. We have two basic PCR-free genomic DNA library preparation approaches. The 
ligation-based approach (Fig. 1a) offers greater control over library fragment size, whereas the 
transposase-based approach (Fig. 1b) is extremely quick to perform, allowing libraries to be 
made in approximately 10 minutes. 

In situations where the quantity of starting genomic DNA is limited (1 ng–100 ng) we have 
released versions of our library preparation methods in which universal adapters are attached to 
the ends of DNA fragments, and PCR is used to increase the quantity of library DNA. As with the 
PCR-free methods, one of the low-input protocols is ligation-based and the other uses a 
transposase enzyme. In both approaches, PCR primers are used which have Oxford Nanopore’s 
rapid attachment chemistry at their 5’ end. This means that, following amplification, sequencing 
adapters can be attached to the ends of the amplicons in a single-step, 10-minute reaction, 
without the need to clean up the amplicons beforehand. 

PCR-free library preparation, for low bias, 
long fragment native DNA sequencing

PCR-based library preparation for lower 
quantities of starting DNA

For some sample types it is not possible to begin library preparation with nanogram quantities of 
DNA. This is particularly true when working with single cells, or small numbers of cells. To 
address this need we have developed a whole-genome amplification (WGA) protocol. The first 
part of the process utilises a commercial WGA kit, which can amplify DNA from single cells 
without the need to extract DNA beforehand. In the standard protocol the hyperbranched WGA 
DNA is digested to remove flaps and other irregular structures, and sequencing adapters are 
added (Fig. 3a). In the rapid WGA protocol (Fig. 3b), the WGA reaction itself is performed for a 
shorter period of time, and the hyperbranched DNA is prepared for sequencing using the rapid 
gDNA kit (Fig. 1b).

The single-read accuracy obtained using our standard 1D library preparation and analysis 
workflows is sufficient for many sequencing applications. However, there are circumstances in 
which it would be an advantage to have higher single-read accuracy. We have recently 
introduced a ‘1D2’ library preparation workflow in which an adapter is attached to DNA duplexes 
which allows both strands in the duplex to be sequenced consecutively, even though the two 
strands are not joined together (Fig. 4a). The two sets of data from the duplex are combined 
before basecalling to generate a single, higher-accuracy basecalled read. We generated both 1D 
and 1D2 datasets from E. coli and calculated the single-read accuracies (Fig. 4b). The modal 1D2 

accuracy was approximately 96%. 

Whole-genome amplification protocols for 
picogram levels of input DNA

Library preparation options for greater 
single-read accuracy
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Fig. 1 Schematic representation of PCR-free library preparation a) ligation b) rapid Fig. 2 Low-input PCR-based library preparation a) ligation b) rapid

Fig. 3 Whole-genome amplification workflows a) standard b) Rapid

A comprehensive range of gDNA, whole-genome amplification and amplicon library preparation kits and 
protocols is available, offering high throughput, low DNA input, rapid preparation and long reads

Versatile sequencing library preparation methods for 
MinIONTM, GridIONTM and PromethIONTM
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Fig. 4 Library preparation for higher single-read accuracy a) 1D2 workflow b) 1D2 accuracy
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