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The Polymerase Chain Reaction (PCR) is an integral part of many NGS sample preparation workflows. Mistakes made during PCR appear in sequencing data and contribute to false mutations 
that can ultimately confound genetic analysis. We utilized a single-molecule sequencing assay to comprehensively catalog the different types of errors introduced during PCR, including 
polymerase misincorporation, structure-induced template-switching, PCR-mediated recombination and DNA damage caused by thermocycling. 
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We analyzed PCR products at the single-molecule level and present here a more complete picture of the types of mistakes that occur during DNA 
amplification. In addition to polymerase base substitution errors, other sources of error were found to be equally prevalent. For very accurate polymerases, 
DNA damage introduced during temperature cycling appear to be a major contributor towards mutations occurring in amplification products. PCR-mediated 
recombination by Taq polymerase was observed at the single-molecule level, and found to occur as frequently as polymerase base substitution errors, 
suggesting it may also be an underappreciated source of error for multiplex amplification reactions
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A single-molecule assay to measure template-switching during amplification of a mixed population  by Taq polymerase

• For each ZMW, split all subreads into two groups (top or 
bottom strand) based on mapping directionality (BLASR) 
and build consensus reads (CCS 2)

• Map consensus reads (BLASR) and tally up all mutations 
by comparing consensus read to a reference 

• Read filtering:  number of passes >15 and Quality Value 
=93; length of consensus read >80% of the reference; 
exclude chimeric reads (BWA)

• Compute error rates and normalize to number of doubling 
events in PCR

a Substitution rate:  substitutions/base/doubling
b Accuracy: number of bases over which 1 substitution error is expected

• Plasmid libraries were subjected to 16 mock thermocycles and sequenced before 
and after thermocycling, 

• Per cycle, thermocycling introduced mutations at a rate of once per 714,000 
bases, almost all mutations (97%) were C->T, and indicative of cytosine 
deamination

• PreCR treatment (DNA damage repair) after mock thermocycling reduces 
substitution rate to pre-thermocylcing levels
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