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/ g O says Klenk,
whether m|crob|al spemes exist at all. Atures (DSMZ) in Braunschweig. And afterbecause there was no way to confirm that
stake is much more than the esoteric recorthe dust settles, what microbial Ospeciesii®y reflected genetic relatedness. Nonethe-
keeping of taxonomists, says R. Thanwill look like is anyone®s guess. less, Oit was a practical system that could
Papke, a microbiologist at the University of help microbiologists know what they were
Connecticut, Storrs: OThis is about our fuWhatOs in a name? talking about.O
damental understanding of evolution.@lassifying microbes has never been easy. And help it did. Microbiology exploded
Without rigorously categorizing diversity, Well into the 20th century, bacteria wereduring the second half of the 20th century,
OweOre really stuck.O considered members of the fungi, themtransforming every field it touched, includ-
The problem is that prokaryotes, the sinselves erroneously classified as plants. Abhg medicine, agriculture, ecology, and even
gle-celled organisms without a nucleus, arthe first International Microbiological Con- geology. The enterprise was built on an ever-
promiscuous. Instead of one cell splitting int@ress in Paris in 1930, scientists decided thgtowing microbial family tree and Otype
two genetically identical daughter cells, ovemicrobes needed their own scheme. At thaulturesO of each microbial species, repre-
and over, most take part in a global orgy dime, members of the new Commission osentative batches kept in laboratories around
gene swapping, passing genes between ddtomenclature and Taxonomy calledhe world. Type cultures made it possible for
ferent taxa. This spells trouble for traditionamicroorganisms Oin part plants, in part aniesearchers to replicate and build on previ-
systematics, built as it is on the assumptiomals, and in part primitive.O They thereforeus experiments, says Klenk.
that organismsO genes faithfully reveal theioncluded that these single-celled creatures By the late 1970s, there were some
common ancestry. Whereas most genes irbalonged with neither. 40,000 type cultures. OAnd thatOs when we
particular microbe do come from its direct From then on, microbiologists assignedhad our first big shock,0 says Klenk. Using
ancestor, many may not, making lines ohames to the organisms they found wrigthe newly available tools of molecular biol-
descent difficult, if not impossible, to gling and dividing under their microscopesgy, scientists compared DNA sequence
describe $ciencel May 1998, p. 672). based on the few characteristics that coufdom different microbial species and found
This is not the first time that microbial be reliably observed. Whether microbeshat Owe were completely wrong about evolu-
systematics has been disrupted. The tremdrseversibly soak up a dye called crystal viotionary relationships.O The prokaryotes split,
began 4 decades ago when DNA sequentet designated them as Gram-negativeNsome staying in the familiar Bacteria and oth-
became the gold standard for classifyinguch as our common gut inhabitaBgc- ers shifting into Archaea, single-celled
organisms, revolutionizing our understandteroides fragiliflor Gram-positive, such as organisms that are superficially similar to
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bacteria but whose genetic architecture isucked up from the environment as naked similar sequence and swapping segments
more like our own. fragments. That means that any givewith the genome. Such recombination
Starting in 1980, the naming of micro-microbe can have a large number of Opagvents happen infrequently, but when they
bial species went in for a complete overentsO from many different species. But Gikliver a more useful version of a gene, the
haul by the International Committee orthe genes are moving freely, then how carecombined genome can even sweep
Systematics of Prokaryotes. The standard®u nonarbitrarily define the relationsthrough a population to become the norm.
for type cultures were made far more rigorbetween different microbes?0 says PapkeNA sequencing of many microbes from
ous, says Klenk, calling for DNA sequenceéODo you really have species at all?O the same population has revealed that
data and more thoroughly documented iso- recombination is much more common than
lation. The 40,000 type cultures werelhe earthquake begins was ever thought.
pared down to about 4000Ngrowing sinceYet Fraser and others havenOt given up onBut the Ocrucial insightO is that the fre-
then to 6800. classifying microbes. They think there argquency of recombination depends on the
But DNA studies have continued toother ways to define Ospecies.O kinship between the donor and recipient
muddy the microbial waters. Oln some ways, Take recombination, for example. Inmicrobes, says Fraser. The more closely
the more genetic data arrives, the less cleplants and animals that have no choice but telated two microbes areNand hence, the
things get,O says Christophe Fraser, an epproduce sexually, recombination happergreater the similarity between their
demiologist at Imperial College London.  every generation: Matching strands of DNAgenomesNthe greater the chance that
One problem revealed by DNA is theon chromosomes line up and swap segecombination will happen. When the
vastness of microbial diversity, says Frednents, producing offspring with a shuffledmicrobes are too different, Othe recombina-
Cohan, a microbiologist at Wesleyan Unideck of genes from each parent. This cation rate drops off steeply,O he says, effec-
versity in Middletown, Connecticut. OAllhappen within microbes, too. When foreigrtively blocking gene flow. OIf we can define
of microbiology was based on what weDNA finds its way inside a microbeOs celthis threshold, then that could be a rigorous

could culture in the lab,0 with heavymembrane, it has a chance of lining up witivay to define microbial species.O

emphasis on pathogens. But

lab-culturable bugs turn out to A

be Ocertainly less than 1%0
living microbes. As technolo-
gies improved, ever more DNA
sequence has been harveste
from environmental samples,
representing all the microbial
genetic material in a pinch of
soil or milliliter of seawater.

The realization that Oa soi
community contains tens of
millions of bacteriaO is Ohum
bling,0 says Cohan.

Sequencing of whole ge-
nomes has presented microbiol
ogists with an even more daunt
ing challenge: Microbes have ar
active OsexO life. Scientists ha
long known that genes can mow
between microbes; the spread ¢
antibiotic-resistance genes sinc
the 1950s is a case in point. OB
whatOs surprising is how frequer
and widespread it turns out tc
be,O says Fraser.

For traditional species to be
well-defined, their genes need tc
flow vertically, from parents to
offspring and nowhere else. Bu
among microbes, genes cal
move along a bewildering vari-

O bacterium
= donor DNA
= recipient DNA

@, virus

viral DNA

w
@
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Last year, Fraser and col-
leagues used computer simula-
tions to study microbial evolu-
tion (Science, 26 January
2007, p. 476). The results sug-
gested that when the rate of
recombination is high enough,
genetically isolated groups can

emerge that are OanalogousO to

traditional species, he says.

Recent evidence for FraserOs

view has come from a study of
real-world microbial recombina-
tion (Science, 11 April, p. 237).
In this case, a species is being
lost. A team led by Martin
Maiden, a microbial geneticist at
the University of Oxford, U.K.,
studied two species dfampy-
lobacter bacteria. The genomes
of C. coliand(C. jejunishare only
86.5% of their most conserved
DNA sequence, due to millions
of years of adaptation to different
wild host animals. But in the
10,000 years since the advent of
agriculture, the two species have
been living together cheek-by-
jowl in farm animals, and there,
recombination is on the riseg
blurring what in other environ
ments is a clear species ling.
Because recombination ig

Downloaded from www.sciencemag.org on September 12, 2008

ety of routes between genomesy a highway. Genes have many options for moving between different
sliding through bridges betweenyiaobes, induding getting Surped up as fragments from the environment (A),
cellular membranes, hitchhikinghitchhiking insideretroviruses(B), and getting snapped with similar sequenceon
inside viruses, or even gettingaforeign genome after acellular tryst called conjugation (Q.

occurring nearly 20 times fastef
in the genome ol co//, that 3
genome is becoming ever more
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ically similar individuals, all the while
checking to make sure that the similarities
are due to adaptive changes and not to
chance. Finally, the researchers use what
is known about the actual environment of
each microbeNsolar exposure, moisture,
soil type, plant resourcesNto test whether
the predicted ecotypes correspond to var-
ious microhabitats.

The team identified as many as 30 dis-
tinct ecotypes across all canyons studied.
Rather than species, these are the Ofunda-
mental unitsO of microbial diversity, the
team concluded in a paper published in

PNASL9 February. Cohan says they are now §

Opreparing to proposeO some of these ecoN

types, such aBacillus simplexecospecies N

Graminifolius, to the systematics commu-

nity for formal recognition. o

Ward and Cohan aren®t the only &

T researchers using ecology to make sense of §

Defined by lifestyle. In thislsraeli canyon, researchershave divided one bacterial “species’ into “ecotypes” ~ Microbial diversity. A study of marine

Bacillus simplex ecospecies Graminifolius (left) prefersthe grassy southern slope, whereas 8. simplex  Microbes led by Martin Polz at the Massa- §

ecospecies Sylvaticus prefersthe dry and sunny northern sope. chusetts Institute of Technology in Cam- o

bridge found that groups of bacteria of the ©

like C. jejuni®s, and Maiden predicts that thshared adaptations to a particular habitat. same species occupy different parts of the &

two will eventually become indistinguishable.  To demonstrate the existence of ecotypgdankton community, and even during spe- g

But other tests of recombination as a goldmong real-world microbes, Cohan and aific seasons (see p. 1081). =

standard for microbial species have noteam led by David Ward, a microbial ecolo- But an ecology-based classification .9

yielded such clear results. Papke was part ofgst at Montana State University in Boze{faces an uphill battle for acceptance. Ol just 8

team that studied microbes in three hypeman, have studieBacillus bacteria from a donOt see how ecotypes can work,0 says%
saline pools, two in Spain and a third 250 kilogroup of arid canyons in Israel. The bacteriRapke. He thinks gene swapping is so fre-

meters away in Algeria. The salt-lovinghave adapted to the canyonsO variogsent among microbes that recombination,
microbes isolated in each pool, all members ofiicroenvironments, says Cohan, from theot ecological adaptation, is the main cause
the genusialorubrum should represent sep-harsh, dry northern slope to the relativelpf diversity. Ecotypes Ostill have a way to
arate species. Yet among the 153 strains testendld, lush southern slope, and a periodicallgo,0 agrees Ford Doolittle, a microbiologist
there was a bewildering degree of recombinlooded streambed between. The team isat Dalhousie University in Halifax, Canada.
tionNeven between OspeciesO in pools sepated 218 bacteria from these locations, all Doolittle is pessimistic that anything better
rated by the Mediterranean, Papke and his cohembers of the genuBacillus, and than a Ocompromise solutionO can ever be
leagues reported last August in Pi@ceed- sequenced the DNA of five genes fronachieved for microbial systematics. When
ings of the National Academy of Sciencesach. On the basis of their highly conserveconditions are just right, microbes Omay clus-
(PNAS. Considering their blush-worthy 16Sribosomal RNA gene sequences, bactger into what we could all agree to call species,0
promiscuity, OweQll just have to accept thé from one canyon divided neatly into twosays Doolittle, on the basis of either OecotypesO
microbes evolve in ways that donOt allow thespeciesB. simplexandB. licheniformisBut  or rates of recombination. OBut there is no rea-
to be pigeonholed into species,O says Papkstopping there Owould not be informative §bn to suppose that conditions will often or
says Cohan, because the sequences of otbeen ever be right and thus no reason to sup-
The eco-challenge genes revealed substantial diversity betwegose that there must be Ofundamental unitsO of
But some researchers argue that similarity inacteria with identical 1$sequence. That bacterial diversity.O Traditional systematics
lifestyle, not just genes, is the way to classifgliversity is driven by adaptation to differentrequires such units, he says, Obut needing
microbes. Even with DNA flowing willy- microhabitats, says Cohan. something to be true does not make it s0.0
nilly, microbes pigeonhole themselves into So Ward and CohanOs team devised aAnd how will all this affect day-to-day
coherent groups by adapting to differentnethod called Oecotype simulationO ticrobiology? Ol expect species names and
niches, says Cohan: OThe key to understamdtegorize the canyon microbes based dgpe cultures will continue,O says Klenk.
ing microbial diversity is ecology.O Coharifestyle. First, they generated a phylogePapke agrees: OWe need to be able to have a
and others would like to do away with micronetic tree based on variation in the fouconversation.O But as for the Ofundamental
bial OspeciesO as the Ofundamental unit@hafker genes that were different in thanitO of microbial diversity and what, if any-
diversity. Instead, microbes would bevarious bacteria. Then, the simulatiorthing, is represented by microbial species,
divided into Oecotypes,O based first @momes up with putative ecotypes: 1©OweOll probably need philosophers to sort
genetic relatedness and more finely odivides the bacteria into clusters of genethat out.O —JOHN BOHANNON

Downloaded from

www.sciencemag.org SCIENCE VOL 320 23 MAY 2008 1033
Rublished by AAAS


http://www.sciencemag.org

