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Single-Molecule, Motion-Based DNA
Sequencing Using RNA Polymerase

William ). Greenleaf® and Steven M. Block™**

radiional, dideoxy-based (Sanger) se-

I quencing of DMA iz remarkably reliable
and robust. However, the quest for more

rapid, economical wavs to sequence genomes
has driven interest in alternative approaches
(1, 2). Methods capable of sequencing single
DMNA molecules represent the logical endpoint of
miniaturization, leading to the maximum extrac-
tion of information from a minimum of material.

concentration, RNAP will be induced to pause
at every DNA position that requires the ad-
dition of the limiting nucleotide.

To sequence DNA. we repeated the single-
maolecule assay four times (on four coples of the
target DNA sequence) with each NTP species
held rate-limiting in turn, and we inferred the
template sequence directly from the ordered
sequence of pauses in the set of four Tanscrip-

peaks, the tallest peaks were associated with the
nearest unassigned windows. Last, anv remaining
windows were assigned to the base with the
highest histogram value found at the center of the
window. With this scheme, we comectly identi-
fied 30 out of 32 bases in a target region on the
basis of less than 3 min of net observation tme
for exactly four molecules (Fig. 1). Grealdy im-
proved accuracy can be obtained by combining
gtatistics from multiple single-molecule records
and by using more a sophisticated base-calling
algorithm, e.g.. one hased on peak deconvolation.

Read lengths of DNA sequences determined
by this approach are ultimately limited, in princi-
ple, by the processivity of RNAP, which is
thousands of base pairs. In practice, it has proved
possible to follow BMNAP at the single-molecule
level with near—base pair accuracy over emplates
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Fig. 1. Motion-based DNA sequencing. (A) Aligned records of transcrip-
tional position versus time for a single molecule of RNAP under the four
different limiting nucleotide conditions (ATP, green; CTP, blue; GTP, black;
and UTP, red). Positions of expected pauses used for record alignment (solid
horizontal lines) flank the region to be sequenced (dotted horizontal lines).
(B) Position histograms for the data in (A), normalized and smeethed
Flanking positions used for alignment (dark vertical bars) and
bases to be called (light vertical bars) are shown; base calls are
(@rrows). The true sequence of the template is shown above the
sequence, with 30 of 32 correct bases (boldface type).
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