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This “Advanced Sequencing Technology” project evolved considerably on
a number of fronts during the course of its three years (1994-97) plus 1.5 years - . -
extension (1997-98). bor

A major effort throughout was development of instrumentation (hardware
and software) for automated, mulitiplexed probing of membranes. This has
resulted in a number of very sophisticated machines that are able to probe and
image large membranes with one probe after another so that the multiplexed DNA
samples on the membrane can each be interrogated sequentially. The membrane
to be probed is on the outside surface a drum that is 24 inches in diameter. This
drum rotates within a second drum so that its bottom is bathed in a buffer puddle.
The buffer composition is programmed to run through cycles of hybridization —
washing — detection — imaging — stripping and back to the next round with the next
probe. The instrument will operate unattended for 20, eight- hour cycles of
hybridization to a membrane with up to a total of 1900 samples, all with
automated collection of data. We discovered a novel detection method that made
this process possible. Alkaline phosphatase, linked to the probe, acts on
fluorogenic substrate whose product binds to the membrane maintaining the
spatial localization of the probe (patent issued). The fluorescent pattern of bands
is imaged while the drum rotates by excitation with a band of light and capture of
the signal on a CCD. All aspects of the process are computer controlled; including
temperatures, fluid deliveries, times and scan rate. In addition failsafe systems
will sense problems or low fluid levels and interrupt the process without loss.

This automated probing technology was developed as a general tool with a
number of applications. Multiplexed sequencing was realized. Efficient base
calling software was developed , (this is now being used by Molecular Dynamics).
Suitable read lengths and throughput were achieved and were competitive with
early ABI machines. The 1.908 Mb genome of P. furiosus and a 300kb of a
human BAC were sequenced with a combination of multiplex and ABI
sequencing. However, the advantage of multiplexing was marginalized by the
advent of longer reads and denser sample loading of the ABI and of capillary

sequencers.
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The probe chambers are extensively used for mapping of transposon
inserts, and sets of vectors ideally suited for multiplex mapping and cloning are in
use.

The probe chambers have really come into their own for large-scale
genotyping. At our center Mark Leppert has genotyped STR markers in 250,000
samples from 1400 people in disease studies by automated, multiplexed probing.
Each membrane has 3600 genotyping samples. This has proven to be very
effective and is in daily use. The annual throughput of one chamber is several
million genotypes/year. A number of instrument units have been built. Complete
specs and plans are available.

We investigated the possibility of using abasic DNA for sequencing,
especially with the possibility of simplifying and substantially improving
applicability of mass spectrometry for sequencing. The idea was that if the DNA
bases could be removed from Sanger sequence products, all the information about
sequence is still present in the families of fragment lengths. Analysis of these by
gel electrophoresis for size would, in principle, be easier since structure
complications (e.g. compression) would disappear. Also with the simpler
chemistry and smaller mass, the fragments might be much more suitable for
analysis by mass spectrometry. After extensive efforts, it is clear that complete
removal of all bases is very difficult — neither chemical nor enzymatic tricks were
good enough. Secondly, abasic DNA is surprisingly unstable and not very
amenable to manipulations. This project is on hold waiting for a new insight.

We developed mass spectrometry for determining genotypes. The idea was
that for known polymorphisms it should be possible to distinguish between the
possibilities by accurate determination of the masses of the two strands of PCR
products. Using an electrospray quadropole mass spec, we worked out conditions
to measure masses of DNA strands up to 120 nucleotides long with an accuracy of
+/- 4 Da (or 60 nucleotides, +/- 2 Da). This is sufficient to distinguish which of
the 4 bases is present at a single base polymorphic site. For genotyping
applications aca. 50 nt sequence is amplified from genomic DNA with the
polymorphic site in the middle between the two primers. After minimal clean up,
masses of the 4 products (2 strands from two chromosomes) are determined by
electrospray MS. Both alleles are seen and the two strands give redundant
information, which increases accuracy. The front end of the MS is automatable
with use of 96 well dishes so that unattended collection of data is possible. In
addition we have been successfully multiplexing PCR products such that as many
as 5 polymorphic sites can be determined simultaneously. Our genetic center has
implemented this system for genotyping thousands of people as part of disease
gene finding projects. The simplicity, speed and inherent accuracy make this a
very favorable method for SNP analysis.
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We have also been developing MS technology for proteome analysis. Our
interest has been driven by our study of “recoding” — mechanisms by which
certain mRNAs use special sequence signals to redirect reading of the genetic
code. Examples of recoding include programmed frameshifting, redefinition of
stop codons (e.g. to insert selenocysteine) or to bypass internal mRNA sequences.
These processes often result in more than one protein coming from one mRNA,
adding to the proteome diversity and to points at which levels of protein
expression are controlled. While we know a lot about a few recoding examples,
we know little about the overall contribution this makes to the proteome. This
prompted us to develop methods to ask how many proteins really come from each
gene, including recoding, modifications, etc. We are testing technology on
specific mammalian genes of interest and on the proteome complement of yeast.
The goal is to have efficient technology that will allow global monitoring of
proteome expression profiles.
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