
In considering the preservation of species DNA it is noted that 
"microorganisms, no t  animals, represent  t h e  bulk of t h e  world's 
phylogenetic diversity and are  also in need of preservation in coi- 
lections." The complexities and triumphs of distinguishing real but 
very rare or very subtle results from statistical fluctuations with 
Bayesian analysis are discussed. The benefits and shortcomings of 
Old World monkeys versus chimpanzees as subjects for analysis in 
any future primate genome project are examined. And it is ob- 
served that the study of artificial genetics has the potential to 
unite researchers who are on one side or the other of the tradition- 
al divide between "natural history" and the "physical sciences." 

Microorganisms Should Be culture collections [e.g., see (5) ] .  Therefore, 
the concept of ex situ conservation of micro- 

High On DNA Preservation list bial biodiversity should be extended beyond 
The Policy Forum "DNA banks for endan- pure cultures to habitat samples. 
gered animal species," by Oliver A. Ryder Culture collections could be a valuable 
and colleagues (Science's Compass, 14 Apr., tool for the task of preserving samples of en- 
p. 275) generated comment from Phillip A. dangered habitat reference material or DNA 
Morin with response from the au- derived from it. Samples could include 
thors concerning the need to pre- + those from potentially ephemeral 
serve cells and DNA from threat- extreme environments 
ened and endangered species (Let- such as hot springs, 
ters, 4 Aug., p. 725). However, it is 
poorly recognized that microorgan- 
isms, not animals, represent the 
bulk of the world's phylogenetic 
diversity and are 
also in need of czreen 
preservation in col- """o's 

lections, especially 
those fiom habitats 
under threat of en- 
vironmental degra- 
dation (I) .  Mi- 
croorganisms may 
also be considered 7" 

endangered in cases Tne 

where they exist in ob- 
ligate symbiotic associa- 
tions with endangered plant 9 

or animal species (2). The world's net- '9- \ 
work of microbial culture collections 
do a magnificent job with limited re- '/ 
sources, but these preserved cultures Archaea 0.10 

represent only a tiny fraction of the 
microbial species present in the envi- Microbial tree o f  Life. Phylogenetic tree of the domain 
ronment as most microorganisms are Bacteria, based on comparative analysis of 16s riboso- 
not readily culturable with established mal RNA gene sequences, showing currently recognized 
techniques (3). For example, there are major divisions. Divisions moderately well represented 
estimated to be at least 36 major lin- in culture collections are shown in red. [Adapted from 
cages (divisions) of the domain Bat- (4),] Scale bar indicates changes per nucleotide. 
reria (4),  of which only four are even 
moderately well represented in culture col- acid mine drainage sites, and submarine hy- 
lections (see the figure). This limited repre- drothermal vents, as well as from unique 
sentation is due to most of new divisions habitats such as rainforest soil, coral reef in- 
having been recognized by direct molecular vertebrate tissue, oligotrophic lake water, 
methods not involving cultivation. Indeed, and microbial mats in living stromatolites. 
many of these divisions do not have even a Preservation of habitat reference materi- 
single representative species preserved in al could begin with selection of habitat sam- 

then be possible to preserve reference sarn- 
ples containing at least one representative of 
a11 known divisions of Bacteria and Ar- 
chaea. This project would be a worthy ini- 
tiative for support in the International Biodi- 
versity Observation Year 200 1-2002 and 
could be coordinated with existing similar 
research funded by the National Science 
Foundation and the National Air and Space 
Administration, such as Life in Extreme En- 
vironments (6) and microbial observatories 
(7). The resulting material would provide an 
invaluable scientific resource for compari- 
son and testing of hypotheses concerning 
microbial diversity, physiology, and evolu- . . .  

tion, in addition to storing essential refer- 
ence material in case of future habitat loss. 

John A. Fuerst 
Philip Hugenholtz 

Department of Microbiology and Parasitology. 
University of Queensland, Brisbane, Queensland 
4072, Australia. E-mail: fuerst@biosci.uq.edu.au 
and philiph@biosci.uq.edu.au 

References 
1. N .  R. Pace, Science 276, 734 (1997); C .  R. Woese, 

Proc. Natl. Acad. Sci. U.S.A. 95. 11043 (1998): A. T.  
Bull, A. C.  Ward, M. Goodfellow, Microbiol. Mol. Biol. 
Rev. 64,573 (2000). 

2. J. T. Staley, Curr. Opin. Biotechnol. 8.340 (1997). 
3. R .  I.Amann. W .  Ludwig. K.-H. Schleifer, Microbiol. Rev. 

59.143 (1995). 
4. P. Hugenholtz, B. M. Goebel. N .  R. Pace, 1. Bacterial. 

180,4765 (1998). 
5. M. A. Dojka, 1. K .  Harris, N.  R. Pace. Appl. Env. Micro- 

biol. 66.161 7 (2000). 
6. http:l/www.nsf.gov/pubs/2OOO/nsf0037/nsfOO37. 

htm 
7. http:l/www.nsf.gov/pubs120001nsf0021/nsfOO21. 

htm 

Figuring the Odds 
Bayesians are not surprised that results at 
several standard deviations are often spuri- 
ous, as Charles Seife points out in his 
News Focus report "CERN's gamble shows 
perils, rewards of playing the odds" (29 
Sept., p. 2260). The significance levels he 
discusses overstate the evidence, often by a 
great deal (I). Is a tossed coin that gave.60 
heads and 40 tails fair? In the sidebar, "A 
Greek letter, demystified" (p. 2261), it is 
incorrectly stated that this happens only 
2% of the time with a fair coin. In fact, the 
probability of obtaining exactly 60 heads 
and 40 tails is 0.01 1 (from the binomial 
distribution). What was apparently meant 
was that the probability of obtaining 60 or 
more heads out of 100 is 2%, the one-sided 
P-value (but this is actually 2.8%). 

The P-value is a poor measure of the 
evidence against "no bias." If a biased coin 
averages 60% heads, the probability of ob- 
taining 60 heads and 40 tails is 0.08 1, so 
on this evidence the odds against "no bias" 
are at most 0.081/0.011 or 7.5:1, not 35:l 
or 50: 1. In addition, this computation is 
done under the extreme assumption that 
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