Picking Up the Pace of Sequencing

Technology has been the key to many a scientific revolution. But
the technology at the heart of a venture that may upend plans for
the Human Genome Project (see main text) is more of a refinement
than a revolution. Officials at Perkin-Elmer's Applied Biosystems
Division say their new gene sequencers, which are still in the testing
stage, simply apply robotics to a technology that has been improv-
ing gradually in recent years.

Known as capillary electrophoresis
(CE), the technology is a direct offshoot
of the conventional “slab gel” method for
separating DNA fragments and reading
out their sequence of nucleotide building
blocks. For both technologies, research-
ers begin by chopping a section of DNA
into small pieces, each just 1000 to
2000 base pairs long. Each piece is
replicated many times, split into four
batches, and mixed with the four nucle-
otide bases, ready to be copied again. But this time a small amount of
each of the four bases—a different one for each batch—is modified so
that when it is added to the growing nucleotide chain, the chain
growth stops. The result isa set of partial copies ending at every position
where the original sequence had that particular base—A, C, G, or T.
The copies in each batch are labeled with a different fluorescent tag.

In a conventional DNA sequencer, researchers then manually
load the fragments onto one end of a 30-centimeter-long poly-
acrylamide gel, sandwiched between glass slabs. When an electric
field is applied, the negatively charged DNA migrates through a
lane of gel. Because smaller fragments travel through the gel
faster, fragments of different lengths gradually separate. This pro-
cess is normally slow, taking about 4 hours to complete, as re-
searchers must keep the electrical field low to prevent unwanted

Light work. Laser light (bright line) triggers fluorescence
from DNA samples as they emerge from 16 capillaries.

succession of colors, which indicates the sequence of nucleotides.

CE shrinks the lanes in the window-sized glass slabs down to a
series of gel-filled glass tubes, each about the width of a human hair.
Because of their small volume, the capillaries are better at dissipat-
ing heat, which allows them to be run at higher electric fields and
thus achieve separations in as little as 2 hours. More important than
. thatspeedup, says Bill Efcavitch, who
& heads genetic analysis research for
2 Applied Biosystems, is the ability of
5 the new equipment to run continu-
ously, 24 hours a day. The machines

the separations, detect the fluores-
2 cence, and clean out the capillaries
between runs. “That considerably re-
duces your labor costs” and adds pro-
ductivity, says Efcavitch.

Other researchers who are working
to automate CE say it's not easy. “Getting reproducible, robust runs
over and over is a major hurdle,” says Harold Swerdlow, at the
University of Utah, Salt Lake City. Among the problems: The higher
electric fields can disrupt the normally regimented migration of DNA
through the polymer gel. Efcavitch says Applied Biosystems has
largely solved such problems.

But Elaine Mardis, who heads the technology development
group at Washington University’s Genome Sequencing Center in
St. Louis, doubts that all the bugs have been worked out. Mardis
and her colleagues have been running initial tests on a 96-capillary
sequencing machine made by Applied Biosystems’ rival, Molecu-
lar Dynamics. The machine works well, she says, but to be used in
full-scale sequencing effort, multicapillary gene sequencers must
be 100% reliable, day in and day out. Says Mardis: “Capillaries are

heat buildup. At the far end of the gel, a laser reads out the

no way at that point yet.”

—Robert E Service

will have to do.” Adds another genomics ex-
pert: “It’s a rough draft of the genome. NIH
scientists could easily do this at this price.”

Indeed, the approach Venter is now pur-
suing was rejected by the genome community
when it was proposed 2 years ago by James
Weber of the Marshfield Medical Research
Foundation in Wisconsin and Eugene Myers
from the University of Arizona, Tucson. The
idea was bandied about in meetings and dis-
cussed in Genome Research a year ago. “[It]
was very carefully considered and rejected,”
says Waterston, “mostly because of the qual-
ity of the product [that would result].”

But Weber and several other genome se-
quencers think that quantity, not quality, is
paramount at this time. “It will provide a lot of
sequence data much sooner,” says TIGR’s
Mark Adams, who has managed an NHGRI
pilot human genome sequencing project for
the past 2 years. And researchers have shown
that even incomplete sequence information is
useful for finding genes of interest and study-
ing other genetics questions. “If we could get
sequence information quicker, then in the
long run, we'd be ahead,” adds Weber.
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What's in it for Perkin-Elmer?
When Venter and Perkin-Elmer made their
dramatic announcement earlier this week,
many researchers wondered why the com-
pany would plunk down several hundred mil-
lion dollars for a sequencing venture. To
Green, it’s a worrisome development: “My
guess is Perkin-Elmer wants to stake a claim
on the genome.” Michael Morgan, the official
at Britain’s Wellcome Trust who oversees
funding of genome sequencing at the Sanger
Centre near Cambridge, U.K., also fears that
this project could erode an international
agreement not to patent raw DNA data.
Venter and Michael Hunkapillar, presi-
dent of Perkin-Elmer’s Applied Biosystems
Division, insist that’s not the case. They say
the new company will try to patent rare but
pharmacologically interesting genes it dis-
covers—perhaps “100 to 300”"—but only
those for which clear biomedical uses have
been identified. It will also create a whole-
genome database that it will market to aca-
demic researchers and companies on a sub-
scription basis. And, because their approach
will use DNA from many individuals, se-

quencing should reveal variations in DNA
between individuals that could be valuable
for use in clinical research and drug testing.
The company will put together a proprietary
set of about 100,000 of these single nucle-
otide polymorphisms, says Venter.

Partly to safeguard its proprietary claims,
the company plans to release raw DNA data
quarterly, rather than on a daily basis, as
many federally funded genome centers are
doing. Delays in releasing genome data are,
however, a sensitive issue in the genome
community, and the new company’s plans
are expected to spark heated debates at a
genome sequencing meeting at Cold Spring
Harbor Laboratory in New York this week.

In the meantime, although many scientists
involved in the Human Genome Project re-
main skeptical that Venter can pull off this
project, some old rivals say that it would be a
mistake to underestimate him. Says William
Haseltine, Venter’s former business partner
and president of Human Genome Sciences Inc.
of Rockville: “I’m sure Craig cando it ... and
it will be a great thing for science.”

—Eliot Marshall and Elizabeth Pennisi
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