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genome d the bacterium E* mli , the project is imsiwably shackled by an plete the E. coli sequence is up in the air. The 
he-and-a-half years ago, k m  viewed by ' early c o m m i m t  to a tecBnoJagy dwt project c d d  rexnain with B b m ~ r ,  go to 
many as a6rime o w  to te~t the mat- quickly became outmoded. If tba1; d y s i s  is private indusq, or to other academic  en- 
egie8 and equipment &at woDJId be used for correct, it has implications f a  the H d e a n  ten. For the momentS the only thing genome 
fwuse be-scak sequalch projects. In- task 6f sequencing the. human gemme Hu- m ~ ~ d L e r s  agree on, says Robert Smwberg, 
deed, although secpam- E. coli was cer- . aan genome squesets hawe long w ' d  chid of sequencing technology at the Na- 
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a ctkmb to the -4 qmp befslr: mounting a te&mbgy is ready. Others, however, de- "he community is m x h s  to have E. cdi 
majar assault  at^ the Bwezt~ Q£ gemtiax sk; fend the E. cedi pmject, saying that ttFetarI7 sequaqd as'quiddy as pctsslkle.* 
qncing all 3 b ikm p&s in the'hu- deadlines w a e  d b t k  Eind that the paoj- 3 ,  ,. , I  , 
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The reasons why the E. cdi project has &ts; it could lave a ccmidmble idheace 4wam con8b ntmtem emm %nd repre 
Uenbehindscheddemamrterofdebate onhuwtherest~rhe~.c~pmjectb~ sentmpriadd&&ntE.eolistrains,Asaae- 
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h e  E. coli project, which is kd by M r i c k  to run out with only about 40% af the work Blamer, believe that, at the very legst, the 
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Bug: Helicobacter pylori 
Last year, the race to sequence the first complete genome of a 
free-living organism entered the final straightaway. And al- 
though it had long been assumed that the Eschichira coli project 
would cross the finish line first (see main text), as the competing 
research teams headed home, knowledgeable railbirds began to 
think the winner would not be E. coli but another bacterium: 
Huemophilus influenrae. There were good reasons for the change. 
For a start. H. influenzae's genome is less than half the size of E. 

as a prerequisite for announcing the complete sequence. 
Furthermore, some scientists say they can't evaluate the claim 

if the data aren't put through the usual procedures of peer review 
and publication. "It's a meaningless announcement ... if they 
don't make the data available," says microbial geneticist Jeffrey 
H. Miller of the University of California, Los Angels. TIGR's 
Craig Venter called GTC's press release and the accompanying 
letter "science by press conference" and an example "of the worse 

coli's; more impokant, H. i;;f~uenwe is being part of the commercializa~ion" of science. 
sequenced by scientists at The Institute for In defense of the company's decision to 
Genomic Research (TIGR) in Gaithers- 3 announce the findmgs in a press release 

2 burg, Maryland, an institution renowned rather than a peer-reviewed publication, 
for its bullish approach. ii Vovis points out that, although GTC re- 

Then, on 9 December, a dark horse ap- ? ceives National Institutes of Health (NIH) 
peared out of nowhere and seemed to have funding, the H. pylori project was funded 
crossed the finish line first. Genome Thera- 4 entirely by private investments in the 
peutics Corp., a Waltham, Massachusetts, 3 company. "It is not our goal to use 
company, announced in a press release that P shareholder's money to enrich pharmaceu- 
it had sequenced the genome of H e l i c h  f tical companies," he says. And that's just 
pylon', the bacterium that causes most peptic what would happen if the sequences were 
ulcers. A letter accompanying the press re- ~wisted tale. He/~ l )&~py /o f i .  made public, says Vovis, because, accord- 
lease, which the letter says was sent to a ing to current patent law, until there are 
"few knowledgable writers," refers to the sequencing of H. p y h i  experimental data proving the usefulness of each H. pylon' se- 
as a "milestone" that will help in the development of drugs, quence-a process that could take years-it's not clear that GTC 
vaccines, and diagnostics for peptic ulcers; the press release could win patent protection. One way to safeguard GTC share- 
claimed that the world drug market for peptic ulcers reached $8 holders' investments is to treat the H, pylon' sequence as a trade 

, billion in 1992. Following the press release, an account of the secret, says Vovis. 
company's claim appeared in the Wd Sneet J o u d ,  in BioWmfd, In an ironic twist--given Venter's outrage---GTC is consider- 
a daily biotech newsletter, and in New&, but Gerald Vovis, ing following a controversial practice made famous by TIGR and 
GTC's vice president for research, says GTC has no intention of its sister company Human Genome Sciences Inc. (Science, 16 
going through peer review and publishing the sequence or depos- December 1994, p. 1800). In that strategy researchers are given 
iting the dam in public data banks. access to gene sequenc+but only if they sign an agreement that 

It looked as though the E. coli and H. influenwe projects had protects GTC's commercial interests. 
been nipped at the finish line. But many in the sequencing com- To many geneticists, GTC seems to be trying to have it both 
munity say the race isn't over yet. In the first place, what GTC calls ways. "A company is certainly entitled to keep i data [secret]," 

"e, sequencing the genome is not what geneticists generally consider says Kenneth Rudd of NIH's National Center for 'otechnology 
finishing the job. GTC has sequenced enough random pieces of Information. "But there's a little bit of wanting your cake and 
H. pylon' DNA to cover the entire genome five times---but it has eating it too. Wanting credit for a scientific discovery and want- 
not yet lined the pieces up in the correct order. While the frag- ing proprietary protection . . . if they are going to keep it propri- 
ments can be used to identih, genes, most geneticists consider the etary they ought to keep it to themselves." 

early sequences must be checked for errors 
and, in a large number of cases, resequenced. 
When resequencing is included in the calcu- 
lation, at least 60% of the E. coli genome 
remains to be done. 

Clinging to the old ways? 
Blattner's critics argue that this failure to 
meet the targets is due to his group's meth- 
ods. "[They] are essentially using yesterday's 
technology," says genome scientist Robert 
Weiss of the University of Utah in Salt Lake 
City. Blatmer "has accomplished a tremen- 
do& amount-considering the way he's do- 
ing it. ... It's being done by the clone-by- 
clone approach, and that is very tedious," 
adds Venter, who admits his focus on Blatt- 
ner's progress is not strictly disinterested, as 
TIGR has considered tackling E. coli itself. 

The Blatmer team concedes that its tech- 
niques now appear old-fashioned, but says 
that when they set out to catalog E. coli's 
sequence, those techniques were at the cut- 
ting edge of sequencing technology. Further- 
more, the early stages of the project did in- 
volve some arduous tasks. Before they could 
even start sequencing, Blatmer and his col- 
leagues had to finish the task of breaking the 
E. coli genome into an ordered set of about 
400 overlapping h clones, or DNA segments. 
That task was completed in 1991, and since 
then Blattner's group has concentrated on 
breaking each clone into random subclones 
of unknown order and then determining the 
sequence of bases in each subclone. The pro- 
cess is called "shotgun cloning." 

Once the subclones' sequences are 
known, it's possible to put them in order 

again by looking for overlapping sequences. 
The researchers then have the almost-com- 
plete sequence of the origiil h clone in hand, 
except for a few gaps where the subclones do 
not overlap, which are then filled in. 

The whole process is so labor-intensive, 
says Blattner, that at a rough estimate prob- 
ably only 50,000 to 100,000 bases a year could 
be completed if the job were done entirely by 
hand. By designing its own robotics and soft- 
ware, however, the Blatmer team says it has 
speeded up the process 10-fold and has now 
reached its target rate of 1 megabase a year. 

Critics, however, contend that Blatmer's 
group by now should have turned to the state 
of the art in rapid sequencing technology: 
automated sequencing machines, or ABIs 
(for Applied Biosystems 1nc.-now part of 
Perkin Elmer 1nc.-the company that manu- 
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could be done in one year or two." 
But even if Blattner's team has now 

gotten up to the speed it initially ex- 
pected of itself, it is now being outpaced 
by other efforts. The TIGR team claims 
it has sequenced 99% of the 1.9-mega- 
base H. influenzae (which causes ear in- 
fections, not flu) in less than 6 months; 
they say that they expect to publish the 
final and complete sequence and deposit 
it in GenBank earlv this vear. That result 
will have been achieved,'in part, through 
the use of s~ecial  software that Venter 
and his coll&gues have developed to shot- 
gun the entire bacterial genome at once, 
without first creating a detailed map of 
the genome and breaking it into clones. 

Researchen at Genome Therapeutics 
Cotp. (GTC) in Waltham, Massachu- 
setts, have also been pushing the state of 

On the up and up. The rate at which E.coli DNA 
sequences are being released has risen rapidly. 

the art. Last month, the company an- 
factures the machines). These machines nounced that it has used "multiplexing," a 
speed up sequencing by computerizing col- technique developed by Church, that allows 
lection and processing of the data. They also as many as 40 samples of DNA to be analyzed 
use fluorescent labeling, which allows four on each gel lane, to sequence the complete 
sequencing reactions to be run on each of the genome of the ulcer-causing bacterium Heli- 
36-lanes i f  gel. In the most advanced labs, cobacterpylori. Some researchers are question- 
each ABI can sequence 30,000 raw bases a ing that claim, however (see box on p. 173). 
day, translating into about 3000 bases of fin- And the Department of Energy (DOE) is 
ished seauence. fundine three teams to make use of whole- - -  ~ ~ 

~ l t h i u ~ h  Blattner's critics say he's tech- 
nology-shy, he argues that just the opposite is 
true: His group, he says, is the victim of its 
own technical trailblazing. When he started 
off, he says, sequencing machines were con- 
sidered too expensive and too slow to be 
worthwhile. Now, he says, "the technology 
has evolved, and [our critics] are saying 'why 
aren't you using machines!' " NCHGR Di- 
rector Francis Collins agrees with Blatmer. 
"[E. coli] had the misfortune of being the one 
that everyone said we should start on even 
before the technology was quite up to the 
task," he says. Blattner's group has recently 
installed an ABI machine. but thev cannot 
afford to install more because they have al- 
ready spent all their equipment money soup- 
ing up the old technology. Blattner and his 
colleagues have, however, applied to have 
their NCHGR grant renewed, and they plan 
to use it to buy two of the most up-to-date 
ABI machines. . - - - - - - - - - - -- - - - 

But even with its older technology, 
Blattner's outfit now has a full head of steam, 
according to some experts in sequencing. 
Kenneth Rudd of NIH's National Center for 
Biotechnology Information, who catalogs 
the sequence data once it has been deposited 
in GenBank, says Blattner is "on quite a roll 
now. He's depositing data [in GenBank] as 
fast as I can analyze it." Church feels the 
Blattner team's reputation has been unfairly 
tarnished. "They do not deserve the reputa- 
tion of being behind deadline," says Church. 
"There were a lot of 'if' and 'then' clauses in 
the [early] optimistic opinions that [E. coli] 

u 

genome shotgun sequencing and multiplex- 
ing to sequence Pyrococcus furiosus, Meth- 

Three-way split. Three groups have deposited 
E. colisequences in databases. 

anococcus jannashii, and Methanobacterium 
thermoautotrophicum. Besides answering some 
of the fundamental questions the E. coli ge- 
nome was expected to address, the full se- 
quences of P. furiosus, M. jannashii, and M. 
thermoautonophimm-a11 of which live at ex- 
tremely high temperatures and some of 
which convert waste products into meth- 
ane-should help identify industrially im- 
portant enzymes (Science, 22 July 1994, p. 
471), says DOE'S Jay Grimes. Those com- 

plete genomes, which range from 1 to 2 mega- 
bases, are expected within a year and a half, 5 
says Grimes, who says DOE funded the work B in part because other bacterial sequencing 
efforts were lagging. DOE, he says, wanted to 2 
"get microbial sequencing up and running so 8 
that complete sequences of organisms be- $ 
come available." h 

But although E. coli will not be the first 5 
completely sequenced genome, it could still $ 
be among the most valuable. The E. coli se- 
quence is "in a different class in terms of how 
well annotated it is," says Church. Blattner's 
approach has been to plow through the E. g 
coli genome, meticulously correcting errors 3 
in other peoples' sequence data, closing gaps, 
identifying genes and regulatory regions such 
as promoters, correlating the genes with 
known biological function, and publishing 
detailed accounts of the data. 

Venter agrees that Blattner has done "a 
superb job" of annotating the E. coli DNA 
sequences, but argues that more rapid se- 
quencing and good annotation are not mutu- 
ally exclusive. TIGR expects to have both 
sequenced and annotated the 1.9-megabase 
H. influenzae within 1 year, he points out. 

As the 4-year grant to the Blattner group 
winds down, those who aren't completely satis- 
fied with the job his group has done are talk- 
ing openly about the possibility that the proj- 
ect be finished up by others. Weiss, who leads 
the team that is being funded by DOE to 
sequence P. furiosus, says the key question is 
simply: "Who's got the capacity now for put- 
ting out sequence?" Weiss argues that, with 
its banks of ABI machines, "TIGR has had 
the most success" at high-speed sequencing. 

Because NCHGR is currently consider- 
ing Blattner's grant application, Collins says 
he cannot comment on Blattner's progress 
or his chances of being chosen to complete 
E. coli. But he adds that "in the hypotheti- 
cal situation that Blattner is not funded to 
finish [E. coli]," one of NIH's options would 
be to issue a "Request For Applications ... 
and see who can do it the most quickly and 
the most cheaply." Such an invitation, he 
says, would be open to private-sector institu- 
tions like TIGR. 

An alternative, says Collins, would be for 
E. coli sequencing to come under the aus- 
pices of one of the other Genome Science 
and Technology Centers, such as the one led 
by Robert Waterston of Washington Uni- 
versity in St. Louis that last year used its 14 
ABI machines to sequence 5 megabases of 
Cuemhabditis ekgans and 1 megabase of the 
yeast Saccharomyces cerevisiae. What is cer- 
tain, says Collins, is that the project "needs 
to happen. The whole biological community 
would be badly served if E. coli is not se- 
quenced." And, for the moment, that seems 
to be the only point on which all genome 
researchers agree. 

-Rachel Nowak 
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