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?The  ~ a d d h n  brothers, David and Waytie, 
.,-. '&me planted a tree on the World Wide Web, Computers '96 
~ I ~ a n d  it is growing faster and fwther than A special section on computers in 
, ~ J a c ~ s  proverbial k t & .  h c h e s  science, including News reports and 
,:.boughs are far beymd he un*- Articles on Internet congestion, the 
- :sity T~~ whmboth brothers analysis of DNA and protein se- 

quences, and tools for organizing and .' 'are 'ysunsru bial~ba to each barn- analyzing large amounts of biological 
tiom -Id *e globe. pmIific pht is data, begins on page 585. The News 

less E h m ~ T r e e  of a report on this page looks at how the 
,? vast m - b , a h ~ a f  will ultimately World Wide Web is stimulating a 

include thr.gpetk ,nd e v d u t i m  rela- collaboration that would have been 
; + r i ( ~ ~ h i p s ~ ' ~ o @ a p h s ,  and life histories of impossible a few years ago. 
, every type af U w h g . ~ ~ .  
.. Yn my optrlioti, 13s the mest 
~ ' t h i  on the Web.," m p  &vid M 
" evolutionary ~~ at rhe Un 
j -Texas, Austin- "Fos the first w e  ever, 

I .  

David Mdisan .  TOL lm scientists bypass 
that ixdiow step-and it is never out of date. 
T h e  Web is the only place you could do 

" over 1000 pages, with data on organisms in And that is why TOL is drawing raves 
.. nearly 7500 taxa branching across 10 comput- from Hillis and others. It fills "an incredible 
.' ers on two continents. With just a few mouse need," says Meredith Blackwell, a mycologist 
: clicks or keystrokes, a mycologist can climb a at Louisiana State University in Baton Rouge. 
, fungal family tree, read accompanying discus- Only by knowing the genealogical relation- 
-6ion.s about the tree's various inhabitants, and ships among organisms can scientists recon- 
, shimmy back down the trunk to see fungal struct, for example, the biochemical makeup 
2 ancestors. A few more clicks, and the re- of the first cell-r design an ecological ex- 
.":searcher can hook up to TreeBASE, a site that periment among species that are closely re- . 
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TreeBASE: The Roots of Phylogeny 
Good trees only grow in good soil-and for phylo- 1 eses about phylogenies were arrived at." 
genetic trees, whose branches show the evolution- TreeBASE sprouted in 1992, when Sanderson and 
ary relationships among organisms, that soil is raw Donoghue, both then at the University of Arizona- 
data. Gene sequences, physical characteristics, and 1 apparently a leading evolutionary-tree farm-devel- 
other basic information allow researchers to perch I oped a stand-alone prototype. "So many phylogenies 
organism A on one branch and organism B on A we-d ar tbe ing  developed," explains Sandem. 
another. But that data can be scattered across hun- Data tree. TreeBASE is “I thinkeveryonerealizedsomethingneeded to be done 
dreds of journals-leaving biologists with a daunt- on the Web at http:ll to make it easier to access and synthesize these data." 
ing search if they want to decide which of several ph~logeny.harvard.edu1 The prototype was "very promising," Sanderson says. 
published trees is the best, or if they want to repli- tr~&ase. But the trouble with a stand-alone was that it would 
cate and test a colleague's tree-building techniques. only be available to a limited number of people. "So 
That's why two botanists and their colleagues are cultivating a we decided to put it on the Web," says Sanderson. 
data tree on the World Wide Web. TreeBASE opens with an introductory page and a query box. 

TreeBASE, planted on the Web in 1996 by Michael Dono- Entering the name of an organism, such as that of the plant genus 
ghue of Harvard University and Michael Sanderson of the Uni- (a group that includes black pepper plants), produces a list of the 
versity of California (UC), Davis, is a prototype of a vast database taxonomic names in the database which include that word. You can 
that will hold the morphological or genetic data behind every then click on the name Piperacae, for example, and call up infonna- 
version of every phylogenetic tree ever published, as well as the tion about three different phylogenetic studies involving this taxon. 
~hvloeenies themselves: it will also be linked to the Tree of Life Other buttons brine UD the actual trees and the data behind them. 
L , "  

(TOL) (see main text).' "You can download the same data-all which are stored in&iputers at h a r d  and UC Davis. 
the genetic seauences. for e x a m ~ l ~ t h e r  researchers used to The database is still small at the moment. "We've onlv en- - 
create their trees and play with them to your heart's content," says tered about 155 data sets," says Donoghue, "and most of these are 
Donoehue. who ho~es  that scientists will in time submit their about ~lants.  because that's what we're familiar with." Now the - , 

phylogenetic data tc; TreeBASE as a matter of course when they duo is 'inviting colleagues from other fields to join their effort. 
publish them in a journal. Unlike the TOL, which presents a And soon, angiosperm browsers on the TOL will merely need to 
finished (or close-to-finished) phylogeny, TreeBASE has "all the touch a button at the bottom of an organism's page to jump to 
gory details," says David Maddison, a systematic biologist at the the corresponding pages in TreeBASE. The ability to till so 
University of Arizona, Tuscon, and a co-creator of the TOL. "It's much phylogenetic data, Donoghue hopes, will let researchers 
a great tool for people who are interested in how current hypoth- grow many fertile hypotheses. -V.M. 1 

MacClade, b t  enables scientists to m e  
the evolution of distinctive traits in organ- 
isms. "One of the great chatmges in evolu- 
tionary biology over the pa.q 2 decade has 
been the recognition that phy fqpy - tha t  
conduit along whiich gene* idomnaticq 
flows-is a critical part of the histmy 4 a 
~ o f 0 ~ ' ' . e x p l a i n s ~ . y i d ~  

W l a d e  lets researchem study the pat- 
tems and processes of the wahtion of mor- 
phological or molecular b a e r i s t i c s  in a 
phylogenetic context. Tor qmplple," says 
David Maddison, "you enter a phybg- 
eny of vertebrates rar3 l n f b m a a  about 
& o s e t h a t h g v e l i m b s b ~ d & ~  
&at have limbs fQr fly-, M e &  will - - - 

links to ather 
recowuuct which .af:&ir wcesnal lin- 

=wlw- f @ l d ~  e a g ~  bad legs and which had wings." The 
result~ing tree diagram pould show that fly- 
kxg erobed three Werent times (ptero- 
saur& birds, and h). 

David h4addkw w d t r e d  if he could 
~ b n n g a r ~ o f ~ t r e e s t o g e r h e r . " I  

'though it w d d  k gmat if you could eon- 

~ d ~ c o m -  
pmes d t h e w m l d ,  
Says Wayne Maddison, 
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Imo* the hgmge of rhe Web," explains 
David Madda  A;nd it d i i t  
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rhe M a d d i s a n b  about 
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plants. The w i 9 o n s  act as editors and 
~ r a l l - p r o j s c t d ~ t d d o s o r n  
their om*$.&p@hes not received -- 



what begot what among the  five basic groups 
oforganisms--eubacteria, euryarchaeotes, cren- 
archaeotes (or eocytes), eukaryotes, and vi- 
ruses. "Fig~~ring out a may to deal with such 
controversies gave us a nightmare," says David 
Maddison, "so me decided that mherever such 
debates exist, we'd include alternative views." 
A n d  so the  root page holds two competing 
trees, alnd will also hold defenses of each ver- 
sion, one authored by University of Califor- 
nia ( U C ) ,  Los Angeles, molecular biologist 
James Lake and  the  other  by a n  as-yet- 
~~nidentified rival-a public debate that Lake 
welcomes. "It's absolutely crucial," he  says, 
adding that the TOL "is a monderful forum for 
airing this type of important question." 

By November 1994, t h e  brothers had  
planted their prototype o n  an  Arizona com- 
puter, and 13 months later announced it as 
officially germinated. A n d  while it has shot 
up since then, the tree is far from being f ~ ~ l l y  
leafed out. "There are some gaping holes," 
says David Maddison. "For instance, mam- 
mals have not yet made their appearance," 
although their pages are being developed. 

A user climbing the  tree for the  first time " 

gets some basic information about the tree 
and directions for navigating among its 
branches and leaves. From here, browsers 
hal,e several choices: They can view sample 
pages, take express routes to  specific organ- 
isms, or go to the  root page. 

Froin the root. tree-climbers can head into 
any one of the  five major divisions by click- 
ing o n  its name. For instance, touching "ELI- 
karyotes" takes you to the  tree showing the  
major taxa of protists, plants, fungi, and ani- 
mals. Bro\vsers can jump from here to  the  
branch for vertebrates, and then with an- 
other click leap to one of the  tree's more 
complete pages, that of terrestrial vertebrates. 
Here, Michel Laurin, a paleontologist a t  UC 
Berkeley, discusses his viem of this group's 
origins, along with some alternate phylogenies. 
Touching the  naines of particular genera takes 
users into the  tree's twigs; and these, in  turn, 
lead to the  individual s~ec ies ,  or leaves. T h e  
tree even has "lichen"-explanatory pages 
that grow on a branch or tree. Thus, o n  David 
Maddison's page about the  beetle Bembidion 
litornle and its relatives, browsers can call up 
photos of all the  species and a n  explanation 
of their key identifying marks. 

Other researchers quickly recognized the 
tree's merits, particularly the  instant access it 
provides to the  most recent phylogenies. "In 
my field-the evolution of fungi-year-old 
phylogenetic data aren't any good, and that's 
~lsually what you've got in journals," says John  
Taylor, a mycologist at Berkeley and a TOL 
author. He  notes that his area is particularly 
hot since mycologists discovered that nucleic 

acid sequences are far better at resolving issues 
of relationships than is morphology, and "this 
is the best and fastest may to publish this data." 

Louisiana State's Blackwell, another tree 
contributor, adds that "I study insect-dispersed 
f~lngi  where there is a lot of convergent evo- 
lution. It's very important to be able to  look 
somewhere and see that the  agents of Dutch u 

elm disease and oak wilt are not  related, al- 
though they were once thought to be." Tha t  
kind of knowledge, she adds, has practical as 
well as theoretical imnlications: "If vou're 
trying to  develop a fu1;gicide for these spe- 
cies, vou want to  know their evolutionarv 
history." Knowing that two species look alike 
but don't share a lot of genes makes a great 
difference when del,eloping such a product, 
she explains. 

For still other researchers, the T O L  has 
allowed them to celebrate the little corner of 
life that they study-and share it in  mays pre- 
v io~~s ly  unimaginable. "1 mork on a group of 
poorly known beetles, the Ptiliidae," says W .  
Eugene Hall, an  entomologist at the Univer- 
sity of Arizona, Tucson. Only three other re- 
searchers in the world work o n  these beetles- 
although Hall saspects more rno~lld if they 
knew how "fascinating" they are. And,  in fact, 
his ptiliid page o n  the TOL,  which is jammed 
mith tidbits about odd variants of traits within 
one species and the  males' giant sperm, has 
sparked a lot of interest. "I've had requests 
from all kinds of people," he  says, including a 
scientist in South Africa who needed help 
identihine a ntiliid he  had found in a cave. 

, U L  

This near-instantaneous collegial feedback 
is a big alus for manv TOL users and authors. 

<> L 

"The greatest advantage is its rapid publication 
of ongoing and recent research that's up to 
date," says Berkeley's Laurin, who notes that 
shortly after posting his pages he  received corn- 
tnents from colleagues in Australia and En- 
gland that helped him refine his ideas. 

T h e  Maddisons, in fact, hope that in time 
their tree will become an  electronic Deer- 
reviewed journal. "Some of the  data o n  cat- 
fish and jumping spiders appear here for the  
first time, so it already is primary literature in  
that sense," says David Maddison. They plan , . 
to enlist a boaid of editors from among their 
contributors to  mork out mechanisms for re- 
view. Recognizing that contributors would 
like to have their pages cited, they are also 
investigating how this can best be done. Cur- 
rently, pages that do  not bear the  "under 
construction" svmbol can be cited. but the\, 
have not  yet dbalt with the  tree's' dynami= 
nature and how to archive older versions of 
phylogenies or discussions about them. 

But that is all part of TOL's f~lture gromth, 
and it does have a lot of growtng to do. "Horn 
many millions of organisms are there?" asks 
David Maddison. "We can't even say we've 
scratched the  surface." 

-Virginia Morel1 

The Right Mix 
of Form and 
Function 

HEIDELBERG-Last summer, Germany's sci- 
ence minister, Jiirgen Riittgers, made an  an- 
nouncement that man\ of the  country's re- 
searchers thought thev \vould never hear: T h e  " 
golTerninent would launch a national genome 
research program, h e  said, with $130 million 
by 1999 and more to come later. Conr~incing 
the  go\.ernment to take this sten took 1C " 
years of lobbying by a few persistent scientists, 
in a country famous for its fierce p~lblic op- 
position to  genetic engineering (Science, 16 
June 1995, p.  1556). O n e  year alnd many hard 
disc~~ssions later, mith the first projects chosen, 
the outlilles of the enterprise are emerging- 
although the  debate o n  how to divide up the 
filllds may not be over. 

Riittgers's announcement posed a t o ~ g h  
question: How sho~l ld  Germally enter a fast- 
moving field in which it lags far behind? O n e  
camp, mhich includes some international 
advisers to the  Gerinan project, argued that 
Germany should shoulder its share of high- 
cost mapping and sequencing efforts already 
being pursued by other countries. Others, 
however,  felt t ha t  Gerlnanv had  alreadv 
missed this boat and sho~l ld  instead concen- 
trate on wavs to pet a t  the  functions of the  , u 

human genes being uncovered by research 
and s e a ~ ~ e n c i n e  efforts. u 

Now, after months of tough deliberations, 
the program appears to be steering a middle 
course. T h e  first round of grant proposals was 
reviewed by the international advisorv coin- 
lnittee in early March, and the  science minis- 
try is now finalizing decisions based o n  these 
reviews. Ministry officials say that filnds mill 
be split roughly evenly between sequencing, 
functional studies, and infrastructure devel- 
opment. Although a complete list of projects 
has not yet been released, cominittee chair 
Emst-Ludwie LVinnacker of the University of 
M~lnich's ~ k e  Center has prov~ded science 
with an  overl,iew. 

T h e  ministry's el,enhandedness is un-  
likely to  end the  debate over the  direction 
of the  program, however. S o  far they have 
cominitted only $50 million, just over one  
third of the  promised total for the  first phase, 
leaving plenty of room for controversy to 
flare up again. And,  although Inally research- 
ers still have a n  incomplete picture of the  
whole program, preliminary reactlolls are 
mixed. Some who spoke with Science worry 
tha t  $16 millioll spread over many func- 
tional projects-some potentially very large- 
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