(if any) is generally much shorter. DENS allows the use of
primers as long as 8-mers (degenerate in 2 positions)
which prime much more strongly than modular primers
involving 5-7 mers and which (unlike the latter) can be
used with thermostable polymerases, thus allowing
cycle-sequencing with dye-terminators for Taq, as well as
making double-stranded DNA sequencing more robust.

These technologies are expected to speed up genome se-
quencing in more than one way:

a) Reduction in redundancy would result from more effi-
cient and rapid closure of even long gaps which are cur-
rently avoided at the price of 7-to 9-fold redundancy in
shotgun. Instantly available primers would also improve
the quality of sequencing. Stretches of sequence that have
too low confidence level (high suspected error rate) can be
resequenced without synthesizing new oligos and without
growing any new subclones.

b) Further down the road, the completion of the automa-
tion of the closed cycle of primer walking will be made
possible via the elimination of the need to synthesize the
walking primers. Combined with the capillary sequencers,
the instant availability of the walking primers should re-
duce the time per walking cycle from 2-3 days now to
about 1.5-2.0 hours, an improvement in speed by a factor
of 20-50.

¢) The closed-end automation would minimize both the
labor cost and human errors. As primer walking has mini-
mal, if any, front-end and back-end bottlenecks inherent to
shotgun, the cost of sequencing would be essentially that
of reagents, 5 cents/base or less.
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There are three potential roles for mass spectrometry rel-
evant to the Human Genome Project:

a) The most obvious role is that on which all groups have
been focussing -development of an alternative, faster se-
quence ladder readout method to speed up large-scale se-
quencing. Progress here has been difficult and slow be-
cause the mass spectrometry requirements exceed the cur-
rent capabilities of mass spectrometry even for proteins,
and DNA presents significantly more difficulty than pro-
teins. We have shown previously that pulsed laser ablation

Sequencing
of DNA from frozen aqueous films has the potential to
yield sequence-quality mass spectra, but that ionization in
this approach is erratic and uncontrollable. We are focus-
sing on developing ionization methods using ion (or elec-
tron) attachment to vapor-phase DNA (ablated from ice
films) in an electric field-free environment; results of this
approach will be reported.

b) Mass spectrometry may not ultimately compete favor-
ably in speed with large-scale multiplexing of conven-
tional or near-term technologies such as capillary electro-
phoresis. However, as the Genome project nears comple-
tion there will be an increasing need for rapid small-scale
DNA analysis, where the multiplex advantage will not be
so great and mass spectrometry could play a more signifi-
cant role there. With this in mind we are looking at ways to
speed up the overall mass spectrometric analysis, e.g.
simple rapid cleanup of sequence mixtures, and at genera-
tion of short sequence ladders by exopeptidase digestion.

¢) Given the genome data base(s) at the completion of the
project, with rapid search capability, a need will arise for
comparably rapid generation of search input data to iden-
tify often very small quantities of proteins isolated from
biochemical investigations. With this in mind we have de-
veloped extremely rapid enzyme digestion techniques opti-
mized for mass spectrometric readout, using endopepti-
dases covalently coupled directly to the mass spectrometer
probe tip. The elimination of autolysis and transfer losses
allows rapid (few minute) endopeptidase digestion and
mass analysis of as little as 1 picomole of protein, leading
to an ambiguous database identification. An alternative
search procedure uses partial amino-acid sequence infor-
mation. With the added use of exopeptidases to generate a
peptide ladder sequence in the mass spectrum of the en-
dopeptidase digest, on the order of a dozen residues of in-
ternal sequence can be generated in a total analysis time of
20 minutes or less, again using only picomoles of sample.
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We have developed novel separation, detection, and imag-
ing techniques for real-time monitoring in capillary elec-
trophoresis. These techniques will be used to substantially
increase the speed, throughput, reliability, and sensitivity
in DNA sequencing applications in highly multiplexed
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