
domesticated sunflower remains at San An- 
d&, which date to 4700 years ago. Some ar- 
chaeologists have argued that the sunflower 
was domesticated in eastern North America 
(4). The new data challenge this idea [the 
complete details are due to appear soon (911. 
This is all the more interesting because 
molecular studies of extant wild sunflower 
populations from several different regions of 
North America, including ones near the ar- 
chaeological sites in question, could not iden- 
tify the wild progenitor (9). However, ad- 
ditional studies using different genetic 
markers are needed. 

We could resort to the unsatisfying expla- 
nation that, although other wild sunflower 
varieties are common in the United States, 
the wild ancestor may be extinct. But per- 
haps molecular biologists have not yet sam- 
pled the right spot. Wild Mexican sunflowers 
are distributed a few hundred kilometers di- 
rectly north of San AndrQ but were not in- 
cluded in the molecular analyses (see the 
figure). If future work identifies them as 
credible ancestors to the domesticated 
species, this would provide strong support 
for Pope et al.3 hypothesis for a Mexican 
origin of sunflower, but a separate origin in 
North America would still be possible. 

The Mexican sunflower data clearly bear 
importance for the question of whether east- 
ern North America was an independent cen- 
ter of plant domestication. During the past 
10 to 15 years, scholars have been building 
a case for such a scenario (4). Eastern North 
America stands in dramatic contrast to the 
other independent centers because it arose 
much later, about 5000 years ago, with sun- 
flower and squash (Cucurbita pep0 L.) con- 
sistently among the oldest components of 
the plant assemblages (4). 

Now that a North American origin for 
sunflower is under reexamination, attention 
will also turn to what seems to be the earli- 
est plant in the complex, squash. Some con- 
troversy already surrounds it because, as 
with sunflower, investigators are not willing 
to rule out the possibility that squash was a 
product of Mexico, where evidence for the 
domestication of C. pep0 is 10,000 years 
old (10). The story is more complicated be- 
cause of the probability of two separate do- 
mestication events of the C. pep0 variety of 
squash (9, but again, molecular studies in- 
dicating where these events most likely 
took place remain to be carried out. A more 
complete answer will rest on such molecu- 
lar studies and their convergence with fb- 

ture archaeological work in northeastern 
Mexico and the eastern United States. 

Students of prehistoric agriculture have 
proposed numerous explanations for its be- 
ginnings, many of which rely on either the 
influence of the ecological changes that oc- 
curred globally at the end of the last Ice 
Age or processes operating from within 
human social systems involving the emer- 
gence of power and prestige (2). Identify- 
ing the regions where plant domestication 
arose independently, and regions where it 
did not, is crucial for our understanding of 
why and how agriculture emerged. More 
surprises are sure to come our way. 

References 
1. D. R. Harris, Ed., The Origns and Spread of Agricul- 

ture and Pastoralism in Eurasia (Smithsonian Institu- 
tion Press, Washington, DC, 1996). 

2. D. R. Piperno, D. M. Pearsall, The Origins of Agricul- 
ture in the Lowland Neotropics (Academic Press, San 
Diego, CA, 1998). 

3. D. R. Piperno, K. V. Flannery, Proc. Natl. Acad. Sci. 
U.XA. 98,2101 (2001). 

4. B. D. Smith, The Emergence of Agriculture (Scientific 
American Libraly, NewYork, ed. 2,1998). 

5. G. J. Fritz, Curr. Anthropol. 35,305 (1994). 
6. K. 0. Pope et al., Science 292,1370 (2001). 
7. M. B. Bush et al., Nature 340,303 (1989). 
8. D. M. Peanall, I. Archaeol. Sci., in press. 
9. D. L Lentz et aL, Econ. Bot, in press. 

10. B. D. Smith, Science 276,932 (1997). 

P E R S P E C T I V E S :  C L I M A T E  C H A N G E  

Where Has ALL 
the Carbon Gone? 

issue (0, more than 75 percent of the carbon 
sequestered in the United States is found in 
organic matter that is not inventoried. When 
all major sequestration processes are count- 
ed, the range of values for uptake of C02 by 
U.S. forests is 0.3 to 0.7 PI! (loL5 I!) of car- 

Steven C. Wofsy bon per year. This numberis'sirnil& to that 
calculated from inverse models, and is com- 

E mission rates of C02 fiom combustion timber volume) seem to indicate that forests patible with direct carbon flux measure- 
of fossil fuel have increased almost 40 sequester much smaller amounts of carbon ments and ecological data. 
percent in the past 20 years, but the (4, 5). Thus we have a mystery: If our Asia is another place to look for forest 

amount of C02 accumulating in the atmo- forests are sequestering billions of carbon sinks, as Fang et al. (7) 
sphere has stayed the same or even declined tons of carbon annually, why - demonstrate on page 2320 of 

slightly. The reason can't we find it? Evidently, this issue. They report that 
Enhanced online at  for this discrepancy we have not been looking forests in China have se- 
www.sciencemag.org/cgi/ is that increasing in the right places. questered substantial 
mntent~fulV292/5525/2261 amounts of anthro- One place to look is quantities of C02, despite 

pogenic C02 are be- in the organic matter of population pressure, 
ing removed by forests and other compo- forests that is not consid- rapid expansion of indus- 
nents of the biosphere (I). It is estimated that ered commercially valu- try, and a relatively small 
more than 2 billion metric tons of carbon (2 able and so is not nor- base of forest land (-100 
Pg C)-equivalent to 25 percent of the car- mally reported in forest million ha with 4.5 Pg C 
bon emitted by fossil fuel combustion-are inventories. Such organ- in China, versus 250 mil- 
sequestered by forests each year. Inverse ic matter includes woody 

.. lion ha with 12 Pg C in 
models for studying atmospheric concentra- debris, soil, wood prod- The fate of arbon Up- 

the continental United 
tions of C02 suggest that mid-latitude forests ucts preserved in land- take of atmospheric CO, by vegetation States) (8). Reforestation 
inNorthAmericaandnorthernEurasia (2, 3) fills, and woody plants and soils in the United States, parti- and afforestation (the 
are crucial carbon sinks that remove this C02 that have encroached on tioned according to the ultimate fate of planting of new forests) 
from the atmosphere. But analyses of forest grasslands because of the sequestered in the environ- have been national poli- 
inventories (which measure forest areas and the long-term suppres- from (611. ~h~ total up- cies in China since the 

sion of f i (see take of carbon in the continental Unit- late 1970s~ motivated by 

The author is in the Department of Earth and Plane- the figure, this page). ed States is between 0.3 and 0.6 pg c the desire to restore de- 
tary Sciences, Haward University, Cambridge, MA According to Pacala et per year, equivalent to  20 to  40 percent graded ecosystems for 
02139, USA. E-mail: scw@io.haward.edu al. on page 2316 of this of fossil fuel emissions worldwide. flood and erosion con- 
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trol, to protect water supplies, and to produce 
wood for hel. Reforestation and afforestation 
policies have reversed the sharp decline in 
Chinese forests (see the figure, this page). 
Planted forests now account for 20 percent of 
the total organic matter and 80 percent of se- 
questered carbon in China. 

It is the past decisions on land use that 
drive C02  uptake by 
forests today in both the 
United States and Chi- 
na. But the policies of 
the two nations are very 
different in character 
and intent. In the Unit- 
ed States, land use deci- 
sions are largely private 
matters driven bv so- 

to the atmosphere. In China, afforestation 
and reforestation are government policies 
intended to enhance forests, but were never 
intended to reduce the rate of increase in at- 
mospheric C02. In neither country has se- 
questration of carbon been included as a 
factor in land use decisions. 

The reports by Pacala, Fang, and their 

cioeconomic trends. Boosting carbon stocks. Changes in carbon stocks (the amount of 
~ ~ ~ ~ i ~ ~ l  agricultural sequestered carbon) in Chinese forests over the past half-century (7). 

land has been aban- 
doned in the face of intensification and in- colleagues help to demystify the low rate of 
dustrialization of agriculture. Timber har- accumulation of atmospheric C02 In addi- 
vesting has responded to market pressures. tion, these authors demonstrate the potential 
Fires have been suppressed to protect pri- benefits associated with managing forest re- 
vate and public property, with ambiguous sources not only for promoting traditional 
long-term effects on atmospheric COP For uses (production of fiber, flood control) but 
instance, increases in combustible material also for slowing the rise in atmospheric con- 
in fire-prone areas must be addressed lest centrations of C02. Forests cannot miracu- 
conflagrations lead to disaster and, inciden- lously stop an increase in C02 in the atmo- 
tally, to a rapid return of sequestered carbon sphere, but they can significantly mitigate 

the rate of increase for many decades to 
come. The opportunities are balanced by the 
risks of inaction or regressive policies that 
could promote the release of carbon current- 
ly stored in forests, halting or reversing the 
benefits of forests acting as carbon sinks. 

These new studies on carbon sequestra- 
tion help to provide the rationale for sensi- 
ble national and international policies re- 
garding forests and the C02 cycle. We need 
to develop a scientific basis for measuring 
and improving the properties of forest car- 
bon sinks (9). The United States should join 
with other countries to provide sensible in- 
centives for land use decisions, from the 
tropics to the boreal zone, that optimize the 
many benefits of forests, including their 
ability to sequester anthropogenic C02. 
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P E R S P E C T I V E S :  M I C R O B I O L O G Y  
al enzymes that make precursors of the pep- 

The Great Escape 
Graham F. Hatfull 

L ytic bacteriophages are parasitic viruses 
that infect and replicate inside bacteria. 
But these ski1fi.d parasites face a conun- 

drum: How can their progeny escape from 
bacteria so that they can go forth and multi- 
ply? Most bacteria are surrounded by a 
tough wall composed of a cross-linked pep- 
tide-sugar (peptidoglycan) matrix that pro- 
tects the bacterial membrane and helps to 
maintain the microbe's shape (see the fig- 
ure) (1). Building and maintaining this pep- 
tidoglycan matrix is problematic for bacteria 
because the wall must be strong enough to 
withstand the osmotic pressure from within 
yet flexible enough to be constantly remod- 
eled as the microbe divides and grows. On 
page 2326 of this issue, Bernhardt and col- 
leagues (2) report that some bacteriophages 
have adopted strategies to block enzymes in 
the peptidoglycan synthesis pathway, skill- 
l l l y  exploiting the bacteria's need to contin- 
uously synthesize these molecules. 

One obvious way to disrupt bacterial 
walls is to smash through them. Most dou- 
ble-stranded DNA phages exercise this op- 
tion-they produce an endolysin that rips 
apart the peptidoglycan matrix. The bacterial 
membrane beneath the matrix, however, pre- 
sents a barrier that separates these muralytic 
enzymes from their G e t s  (see the figure). 
Undaunted, these phages also produce a 
holin protein that permeabilizes the mem- 
brane and lets the endolysin wrecking crew 
gain access to the peptidoglycan matrix (3). 
Lysis of the bacterial wall needs to be closely 
coordinated with virus replication and the as- 
sembly of viral progeny because premature 
rupture would be suicide for the phage off- 
spring (4). As always, timing is everyhng. 

According to Bernhardt and co-workers, 
lytic phages with smaller genomes, such as 
the RNA phage QP (2) and the single-strand- 
ed DNA phage 0x174 (4,  use a very differ- 
ent strategy for escaping from their bacterial 
hosts. These phages encode neither an en- 

The author is in the Department of Biological Sci- dolysin nor i h o k  and have no way of at- 
ences, University of Pittsburgh, Pittsburgh, PA 15241, tacking preexisting bacterial structures 
USA. E-mail: gfh@pitt.edu (2,a.  Instead, they interfere with the bacteri- 

tidoglycan murein, a key component of bac- 
terial walls. The resulting lack of coordina- 
tion between peptidoglycan synthesis and 
bacterial wall construction leads to weak- 
nesses in the wall, which collapses owing to 
osmotic pressures from within. 

Phage 0x174 makes a single lytic enzyme, 
protein E, which is associated with the bacteri- 
al membrane (6). This lysin blocks the activity 
of MraY, a bacterial membrane protein that 
catalyzes the transfer of murein pmursors to 
lipid carriers so that the precursors can be 
transported through the membrane. Phage QP 
does not encode.a single protein with a dedi- 
cated lytic activity, but rather produces a multi- 
functional A2 maturation protein Present as a 
single copy in the capsid coat of the phage, 
this remarkable 41-kilodalton polypeptide is 
necessary not only for lysis of bacteria but also 
for binding of the bacteriophage to the bacteri- 
al sex pilus during infection (7). 

Like protein E of phage 0x174, A2 specifi- 
cally interferes with bacterial wall biosynthe 
sis, but acts at an earlier stage by inhibiting the 
MurA enzyme. Bernhardt et al. (2) show that 
this inhibition is membrane-independent and 
appears to involve a direct interaction between 
A2 and its MurA substrate. This is supported 
by their f~nding that A2-resistant Escherichia 
coli mutants have a single amino acid substitu- 
tion in a region on the surfaci: of MurA that 
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