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ther mutation or recombination-are 
spawned and sorted, because the pathways 
and payoffs of the MMR mutator are mani- 
fold. Such strains can (i) promote diversifi- 
cation, precipitating adaptive mutations 
such as resistance to antibiotics; (ii) rapidly 
accrue multiple independent changes, mak- 
ing an unlikely event (such as successful in- 
fection) possible; or (iii) assemble multiple 
mutations from different chromosomes into 
one by recombination. Thus, MMR muta- 
tors (in particular, the mutS mutators) may 
underpin the compelling evidence showing 
interchange of DNA among P aeruginosa 
during chronic infections. 
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Response 
LeClerc and Cebula propose that mecha- 
nisms leading to high mutation frequen- 
cies (mainly in the mutS gene) that we 
observed in l? aeruginosa strains from 
CF patients may also explain the hyper- 
variable chromosomal structure observed 
in different P aeruginosa isolates (1, 2). 
Both adaptive strategies, leading to hy- 
permutator and hyperrecombinant pheno- 
types in E. coli and Salmonella MMR-de-
fective strains, have been described (3). 

We considered the hypothesis of a com- 
bined hypermutable and hyperrecombinant 
phenotype. Thls possibility is not entirely ob- 
vious because MMR deficiency increases 
the recombination rate only for homeologous 
sequences, but not for homologous (identi- 
cal) sequences (4), and because most CF pa- 
tients are infected only with a singli l? 
aeruginosa clone (5).Therefore, despite the 
possibility of a high recombination rate, only 
very similar (or identical) sequences can be 
shared by I? aeruginosa individuals living in 
a CF lung, and thus the probability of acquir- 
ing new or innovative DNA blocks is very 
low. The problem is that gene sequences in P 
aeruginosa (including strains from CF pa- 
tients) are, apparently, less polymorphic than 
the corresponding macrorestriction patterns, 
suggesting that DNA rearrangements, inser- 
tions. and deletions are the main cause of P. 
aeruginosa chromosomal diversity (1, 2). 

Bacteria have two main strategies to ac- 

celerate evolution to adapt to new environ- 
ments: mutation and recombination. Muta- 
tions may be important when a population 
is confronted with critical, abrupt, and un- 
specific changes in the environment, even- 
tually permitting rapid, but not always opti- 
mal, adaptation. Recombination may adapt 
more habitat-specialized populations to 
comparatively small but more specific 
fluctuations in the environment. In general, 
the adaptive biology of bacteria tends to be 
more mutation-based, because there is a 
strong risk of exposure of the organism to 
quite different environments, and because 
strong environmental changes are more fre- 
quent in simpler habitats. The exception is 
bacteria able to reach high specialization in 
essentially constant and unique habitats 
(such as Helicobacter pylori, Neisseria 
meningitidis, or Streptococcus pneumoni- 
ae)  in which recombination becomes the 
major driving adaptive strategy (6). 

The position of l? aeruginosa in this 
conceptual frame is paradoxical. P aerugi-
nosa resembles a large-environmental-spec-
trum organism, but its main adaptive strate- 
gy appears to be recombination (1, 2). This 
species has a high metabolic versatility, in- 
cluding the ability to adapt to virtually all 
aquatic mesophilic habitats (2). In the case 
of the CF lung environment, P. aeruginosa 
has a particularly complex challenge, re- 
quiring simultaneous adaptation to dehydra- 
tion, iron starvation, leukocyte influx, an- 
tibacterial peptides, and frequently chang- 
ing, aggressive, and prolonged antibiotic 
therapy. In this case, perhaps, its metabolic 
versatility is not enough to allow a rapid 
adaptation to this complex habitat. In the 
absence of innovative related DNA (be- 
cause the population has a clonal structure), 
hypermutation may anse as the only avail- 
able strategy to accelerate adaptation. 

A combined strategy using both muta- 
tion and recombination (when possible) 
would have been favored by natural selec- 
tion. As LeClerc and Cebula suggest, the 
deficiency in the MMR system provides 
the potential for the use of both strategies. 
In the lungs of CF patients, and after a 
certain (long) period of time, several lin- 
eages of MMR mutators are expected to 
be selected by the hitchhiking effect of 
different adaotive mutations. thus increas- 
ing the genetic divergence. At this point, 
hyperrecombination between mutationally 
adapted lineages may occur, and a number 
of DNA interchanges among l? aerugi-
nosa variants ensures the progression to- 
ward an optimum in the bacterial adapta- 
tion to the lung environment. That would 
result in a second-order genome diversifi- 
cation: large-scale chromosomal rear- 
rangements have been found in l? aerugi-
nosa isolates from CF patients (I ,  7). This 

strategy would also tend to minimize the 
frequency of deleterious mutations ac- 
quired by mutators. 

We consider that the hypothesis of a 
combination of hypermutation and hyper- 
recombination strategies in l? aeruginosa 
cannot be ruled out. On the contrary, it 
should be tested appropriately; for in- 
stance, by studying variations in both nu- 
cleotide sequences and large DNA frag- 
ments among sequential isolates from sin- 
gle patients. However, we suggest that this 
combination may occur in this particular 
environment in a sequential way; that is, 
genomic rearrangements should be pre- 
ceded by mutations to be fully effective, 
because only when a certain degree of 
variation in the population has been gener- 
ated by mutation can MMR deficiency 
have the opportunity to increase variation 
by increasing the recombination rate. 
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Scientists Have Not 

Been Silent 


In his Editorial "Opportunity for agricul- 
tural biotechnology" (28 Apr., p. 615), 
Richard J. Mahoney accuses the scientific 
community of being "missing in action" 
on the agricultural biotechnology public 
debate. Few would disagree that more 
needs to be heard from agricultural and 
food scientists in both public and private 
sectors. They have not been silent, howev- 
er. In 1996, 11 scientific societies repre- 
senting some 80,000 scientists united their 
efforts to articulate the scientific concerns 
about regulatory policy for agricultural 
biotechnology. The consortium decried 
regulation based on process rather than 
product and declared it "scientifically in- 
defensible to regulate the inherited traits of 
plants for pest and disease resistance under 
statutes developed specifically for chemi- 
cal pesticides applied externally to plants" 
(1).Process-based regulation remains the 
cornerstone of the Environmental Protec- 
tion Agency's (EPA) policy. 

Repeatedly, in testimonies to Congress, 
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editorials, and letters, scientists have elab-
orated on the science and safety o f  mod-
ern biotechnology techniques. Mahoney 
describes the "disappointment" o f  indus-
try and government biotechnology sup-
porters at the absence o f  the greater scien-
tific community in the debate, yet I see 
little evidence o f  support for the scientific 
issues by the biotechnology industry, or, 
for the most part, by government scien-
tists who, while upholding the Food and 
Drug Administration's product-based ap-
proach, acceded to EPA's emphasis on 
process. Such divisiveness over funda-
mental science-indeed outright support 
for such nonsense as "genes are pesti-
cides"-has provided opportunity for the 
recent National Academy o f  Sciences' 
panel to call for greater regulatory over-
sight o f  agricultural biotechnology and to 
equivocate about the science. In contrast, 
the recent report from the House Subcom-
mittee on Basic Research (3 ) ,  under the 
chairmanship o f  Representative Nick 
Smith (R-MI), provides ringing endorse-
ment o f  the science, warns against the 
hindrance o f  suffocating regulations, and 
points out that there has been no evidence 
to support the laundry list o f  fears pro-
mulgated by opponents. 

Science cannot answer the leeitimate u 

social and economic questions embroiled 
in the controversy about agricultural 
t)iotechnology, o f  which there are several, 
but it can answer the compelling health 
and safety questions that are the surro-
gates for substance in the current contro-
versy. By speaking out, scientists from all 
quarters can strengthen public policy, add 
13erspectiveto controversial food issues, 
and restore public confidence in the truly 
stunning achievements that science has 
contributed to agriculture. On the other 
hand, by  appearing to support even 
greater regulation for a technology that al-
ready has more oversight than all tradi-
tional foods and plants and an unblem-
lshed track record the biotechnology in-
dustry and policy-makers signal their mis-
trust o f  biotechnology. What more could 
the opponents want? 
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Response 
Nettleton properly points out that a coali-
tion o f  food scientists was active in chal-
lenging certain aspects o f  biotechnology 
regulation by the EPA and had testified 
before Congress on the safety o f  the tech-
nology. However, the vast majority o f  po-
tentially interested scientists has been 
largely silent-so that the public stage 
has been taken over by  the constant 
drumbeat o f  skilled publicists not trou-
bled by the uncomfortable requirements 
o f  rigorous science. 

Unfortunately, discussion o f  regulatory 
procedures gets buried-if recorded at 
all-in the Congressional Record, whereas 
the "frankenfood"charges o f  the biotech-
nology critics make the 6 o'clock news. 

As I said in my Editorial, the scientific 
community can and should now enter the 
debate fully and make a significant differ-
ence using real science-wherever it leads. 
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/ /  MAMMALIAN GENOTYPING SERVICE 11 
The Mammalian Genotyping Service is funded by the National Heart, 
Lung, and Blood Institute to assist in linkage mapping of genes which 
cause or influence disease. Genotyping is carried out using short 
tandem repeat polymorphisms at Marshfield, Wisconsin under the 
direction of Dr. James Weber. Capacity of the Service is currently 
about 6,000,000 genotypes (DNA samples times polymorphic 
markers) per year and growing. Although the Service was initially 
established for genetic projects dealing with heart, lung, and blood 
diseases, the Mammalian Genotyping Service will now consider all 
meritorious applications. 

To ensure that the most promising projects are undertaken, 
investigators must submit brief applications that are evaluated by a 
scientific advisory panel. At this time, only projects involving 
humans, mice, rats, dog and zebrafish and only projects with 
>10,000 genotypes will be considered. DNA samples must be in 
hand at the time of application. There are no genotyping fees for 
approved projects. Application deadlines are every six months. 
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2000 Current Topics in Gene 
Expression Systems Meeting 

September 24-27, 2000 
Catamaran Resort Hotel, Sun Diego, California 

J oin researchers from around the world at the fifth Current 
Topics in Gene Expression Systems Meeting and learn about 

the latest advances in gene expression technology. 

The Leading Gene Expression Meeting 
The Current Topics in Gene Expression Systems Meeting is the 
leading meeting of its kind. It represents an excellent opportuni-
ty for scientists to: 

Learn about emerging technologies in gene expression systems 
Discover innovative ways to produce and analyze proteins 
Interact with leaders in the field 

You will be exposed to a diversity of gene expression 
systems including bacterial, yeast, insect, mammalian, 
plant, and viral systems. 

Don't Miss Out! 
Don't miss your chance to participate in this stimulating, 
international meeting. For information about registration and 
presenting your work in a talk or poster, visit the meeting 
web site at www.invitrogen.com/gene~expmtg.html.The 
registration deadline is August 24, 2000 and space is limited, 
so register today! 
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