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• Nanophotonic structure – the zero-mode 
waveguide (ZMW). 
Ø 100 nm

.
• Arranged in a rectangular array

– 93 rows (spacing 1.3 µm)
– 33 columns (spacing 4.0 µm)

• 37% of ZMWs – empty
• 37% of ZMWs – with one molecul
• 24% of ZMWs – with two or more molecules

• Data were collected on a highly parallel confocal 
fluorescence detection instrument

• Bacteriophage Φ29 DNA polymerase













Errors

• Deletions – undetected incorporations
– Solutions: engineering the enzyme to reduce the fraction of short 

incorporation events; increasing fluorescence brightness; improving the 
efficiency of light collection

• Insertions – dissociation of a cognate nt from the active site before 
phosphodiester bond formation can occur -> erroneous duplication 
of a pulse
– Solution: decreasing the dissociation rate before catalysis by decreasing 

the free-energy of the enzyme-substrate bound state

• Mismatches - spectral missassignments of the dyes
– Solution: finding dye sets with larger spectral separations; increasing 

the brigthness of the dyes and collection efficiency of the instrument





Conclusions

• With just 15 molecules the median accuracy of 99.3%
• No detectable sequence bias
• Uniform error profile within reads
�adequate for resequencing applications

Current limited experimental multiplex could be applied to 
sequencing small viral and bacterial genomes.

Each ZMW can produce sequence at a rate > 400 kb/day�
14000 functioning ZMWs�1-fold coverage of a diploid 

human genome per day.


