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Robust PCR 
PfuTurbo? DNA polymerase consisfentl, 
dominates the competition in hig:h fide!ifi 
PCR product yield and length. Compeitors 
have introduced new PCR enzymes 

claiming high fidelity, but Stratagene's 
PfuTurbo DNA polymerase exhibits the 

highest fidelity with significantly better 
overall PCR performance. PfuTurbo DNA 

polymerase is a special formulation ofa 

high-fidelity cloned Pfu DNA polymerase* 
plus our patented ArchaeTect polymerase 
enhancing factor*', which givs you greater 
yield over a broader range oftaret lengths 
and complexities. 

Proven Perloinaice 
Pfu DNA polymerase has been helping 
scientists succeed for years. In fact, over 
41% of researchers surveyed use Pfu DNA 

polymerase as their enzyme of choice.* 
Let Stratagene's expertise in high-fidelity 
PCR work for you. Choose PfuTurbo DNA 

polymerase for your high performance, 
high-fidelity PCR enzyme. 

STRATAGENE USA and CANADA 
ORDER: (800) 424-5444 x3 
TECHNICAL SERVICES: 800-894-1304 

STRATAGENE EUROPE 
Belgium, France, Germany, 
The Netherlands, Switzerland, 
United Kingdom 
European Toll-Free Numbers 

SStrati ORDER: 00800 7000 7000l 
TECHNICAL SERVICES: 00800 7400 7400 
Austria 
0800 312 526 

*PfuTurbo DNA polymerase: U.S. Patent Nos. 
6,183,997 and 5,948,663 and 5,866,395 and 
5,545,552 and patents pending; Pfu DNA poly- 
merase: U.S. Patent Nos. 5,948,663, 5,866,395 
and 5,545,552 and patents pending; ArchaeTect 
factor: U.S. Patent Nos. 6,183,997 and patents 
pending. 
1. Hogrefe, H., et al, (2002) Proc Natl. Acad. Sci 
USA 99, 596-601 
t PhorTech International, DNA Amplification, 
1999/2000 U.S. MSPPSA Series 

www.stratagene.com 

Nothing beats PfuTubo? DNA polymerase 
* Highest fidelity 
* Greater yields 
* Longer targets 
* Hotstart version available 

gene invented high fidelit PCR. 

Pfu Turbo 
DNA POLYM ERASE 

PfuTurbo? DNA polymerase 100U 600250 
PfuTurbo Hotstart DNA polymerase 100U 600320 
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The PCR Workflow System 
Automate your research with the PCR Workflow System 
from Roche Applied Science. Take advantage of our 

unique LightCycler Sample Carousel that integrates the 

MagNA Pure LC and LightCycler Instruments. Speed 
up your workflow to spend less time pipetting and more 
time advancing your research. 

* Process virtually any sample material to isolate DNA, 
RNA, mRNA, and viral nucleic acids in less than two 
hours with the MagNA Pure LC Instrument. 

* Perform real-time PCR analysis with the LightCycler 
Instrument in less than 40 minutes. 

* Maximize flexibility in all applications (e.g., oncology 
research, infectious disease research, genotyping SNP). 

* Generate reliable results with the highest 
reproducibility - day after day. 

From Sample to Results in Thre 

PCR Workflow System 
Total: 185 min 
Hands on: 50 min tu 

1. f 2 3 . ~ PC Amptificatio . and Deteci 

Manual Procedure 
Total: 475 min 
Hands on: 220 nmin 

For detailed information, visit 
www.roche-applied-science.com/pcr-workflowsystem 
or contact your local sales representative 
LightCycler and MagNA Pure are trademarks of a member of the Roche Group. 
The technology used for the LightCycler is licensed from Idaho Technology, Inc. 
? 2002 Roche Diagnostics Corporation. All rights reserved. 

MagNA Pure LC Instrument 

LC Carousel 
Centrifuge 

LightCycler 
Instrument 

Roche Diagnostics Corporation 
Roche Applied Science 
Indianapolis, IN 

Roche 
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THIS WEEK IN SCIENCE 

EDITORS' CHOICE 

19 NETWATCH 

20 CONTACT SCIENCE 

163 INFORMATION FOR 
CONTRIBUTORS 

165 NEW PRODUCTS 

NEWS 
NEWS OF THE WEEK 

24 NIH DIRECTOR-DESIGNATE: Money, Mission, 
Management Top Zerhouni's Agenda 

25 SMALLPOX VACCINES: New Cache Eases 
Shortage Worries 

v27 
77 
132 

IMPACT HAZARD: Celestial Billiards 
Threaten Hit in 2880 

27 SCIENCESCOPE 

24 
Zerhouni's agenda 

28 BIOETHICS: U.S. Questions Harvard 
Research in China 

28 PROTEIN STRUCTURE: Harmless Proteins 
Twist Into Troublemakers 

V29 ANIMAL BEHAVIOR: Last Year's Food Guides 
136 This Year's Brood 

31 PATENT LAW: Judge Casts Doubt on 
Scientist's Account 

31 MIDDLE EAST: Science Foundation Sets 
Priority Areas 

NEWS FOCUS 

See The Rice Genome box on next page 

39 MATHEMATICS: Erdos's Hard-to-Win Prizes 
Still Draw Bounty Hunters 

41 ASTROPHYSICS: Closing In on the Cause of 
the Cosmos's Biggest Blasts 

43 RANDOM SAMPLES 

SCIENCE'S COMPASS 

46 Ltl ItKS 

Bowties and Brainiacs At the AAAS Meeting D. Helvarg. 
Regulating Natural Health Products J. C. Lashof, S. 
Margen, J. E. Swartzberg; I. Herskowitz. McClintock and 
Marriage S. B. McGrayne. Corrections and Clarifications 

HISTORICAL ESSAY 

49 PORTRAITS OF SCIENCE: "The Most Versatile 
Physicist of His Generation" M. J. Nye 

BOOKS ETAL. 

51 PHYSIOLOGY: Lore of Running, 4th ed. 
T. Noakes, reviewed by B. Heinrich 

52 EDUCATION: The Goldand the Blue 
A Personal Memoir of the University of 
California, 1949-1967. Volume 1, Academic 
Triumphs C. Kerr, reviewed by R. L. Geiger 

v64 
101 

PERSPECTIVES 
SOLAR PHYSICS: Order Amidst Turbulence 
J. Toomre 

v65 COLLOIDAL SYSTEMS: Playing Tricks with 
104 

Designer "Atoms" D. Frenkel 
106 

66 POLYCRYSTALLNE MATERIALS: Grain Boundaries 
and Dislocations H.Van Swygenhoven 

y67 PALEOCLIMATE: Trans-Atlantic Climate 
113 Connections P.A. Baker 

REVIEW 

69 BEHAVIORAL ECOLOGY: BreedingTogether 
Kin Selection and Mutualism in Cooperative 
Vertebrates T. Clutton-Brock 

72 CONFLICT AND COOPERATION: Cooperation 
and Competition Between Relatives 
S. A. West, I. Pen, A. S. Griffin 

RESEARCH 

101 
As the Sun twists 

v77 
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132 

BREVIA 
Asteroid Hazard Mitigation Using the 
Yarkovsky Effect J. N. Spitale 
REPORTS 

y101 Helioseismic Measurement of Solar 
64 Torsional Oscillations S. V. Vorontsov, 

J. Christensen-Dalsgaard, J. Schou, 
V. N. Strakhov, M. J. Thompson 

v104 
65 
106 

Multiple Glassy States in a Simple Model 
System K. N. Pham,A. M. Puertas, J. Bergenholtz, 
S. U. Egelhaaf,A. Moussaid, P. N. Pusey,A. B. 
Schofield, M. E. Cates, M. Fuchs,W. C. K. Poon 
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65 
104 

Layer-by-Layer Growth of Binary Colloidal 
Crystals K. P. Velikov, C. G. Christova, R. P.A. 
Dullens, A. van Blaaderen 

109 Structure of Haloform Intercalated C60 and 
Its Influence on Superconductive Properties 
R. E. Dinnebier, O. Gunnarsson, H. Brumm, 
E. Koch, P.W. Stephens,A. Huq, M.Jansen 

V 113 A High-Resolution Paleoclimate Record 
67 Spanning the Past 25,000 Years in Southem 

East Africa T. C. Johnson, E.T. Brown, 
J. McManus, S. Barry, P. Barker, F. Gasse 
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v132 Asteroid 1950 DA's Encounter with Earth 
27 in 2880: Physical Limits of Collision 
77 Probability Prediction J. D. Giorgini, S. J. 

Ostro, LA. M. Benner, P.W. Chodas, S. R. 
Chesley, R. S. Hudson, M. C. Nolan,A. R. 
Klemola, E. M. Standish, R. F. Jurgens, R. Rose, 
A. B. Chamberlin, D. K.Yeomans, J.-L Margot 

,136 Evidence for the Effect of Learning on 
29 Timing of Reproduction in Blue Tits 

F. Grieco, A. J. van Noordwijk, M. E.Visser 

138 Bile Acid Secreted by Male Sea Lamprey 
That Acts as a Sex Pheromone W. Li, 
A. P. Scott, M. J. Siefkes, H.Yan, Q. Liu, 
S.-S. Yun, D.A. Gage 

141 Functional Annotation of a Full-Length 
Arabidopsis cDNA Collection M. Seki, 
M. Narusaka,A. Kamiya, J. Ishida, M. Satou, 
T. Sakurai, M. Nakajima, A. Enju, K. Akiyama, 
Y. Oono, M. Muramatsu,Y. Hayashizaki, J. 
Kawai, P. Carninci, M. Itoh,Y. Ishii,T.Arakawa, 
K. Shibata,A. Shinagawa, K. Shinozaki 

145 Conserved Structure for Single-Stranded 
Telomeric DNA Recognition R. M. Mitton- 
Fry, E. M. Anderson, T. R. Hughes, V. Lundblad, 
D. S.Wuttke 

148 The Interaction of Alba, a Conserved 
Archaeal Chromatin Protein, with Sir2 
and Its Regulation by Acetylation 
S. D. Bell, C. H. Botting, B. N.Wardleworth, 
S. P. Jackson, M. F. White 

151 Crystal Structure of the 
Extracellular Segment 
of Integrin a.Vp3 in 
Complex with an Arg- f 
Gly-Asp Ligand J.-P. 
Xiong, T. Stehle, R. Zhang, 
A. Joachimiak, M. Frech," I . 
S. L. Goodman, M.A. 
Arnaout 

155 Resolution of Lung 
Inflammation by CD44 - 
P. Teder, R. W. Vandivier, IfO- 
D.Jiang, J. Liang,L. Cohn, i 
E. Pure, P. M. Henson, ? ,zz9 

P.W. Noble 

158 Subnuclear 
Compartmentalization .. - 
of Immunoglobulin Loci 
During Lymphocyte 
Development S. T. Kosak, J. A. Skok, 
K. L. Medina, R. Riblet, M. M. Le Beau, 
A. G. Fisher, H. Singh 
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SCIENCE 

CTHE RICE GENOME 
EDITORIAL 

13 DONALD KENNEDY 
The Importance of Rice 

NEWS FOCUS 

32 RICE: Boiled Down to Bare 
Essentials 

Rice Genomes Timeline 
A Deal for the Rice Genome 

36 BEIJING GENOMICS INSTITUTE: From 
Standing Start to Sequencing 
Superpower 
Lt i RS 

45 Why Finishing the Rice Genome 
Matters J. Leach, S. McCouch, T. 
Slezak, T. Sasaki, S. Wessler 
Collaborating on the Rice 
Genome S. A. Goff 

PERSPECTIVES 

53 The Cereal of the World's Poor 
Takes Center Stage R. P. Cantrell 
and T. G. Reeves 

54 World Poverty and Hunger- the 
Challenge for Science I. Serageldin 

58 The Most Precious Things Are 
Not Jade and Pearls... P. Ronald 
and H. Leung 

60 Opening the Door to Comparative 
Plant Biology J. Bennetzen 

RESEARCH ARTICLES 

...' .79 A Draft Sequence 
of the Rice Genome (O,yza 
sativa L. ssp. indica) 
J. Yu, S. Hu, J.Wang, G. K.-S. 
Wong, S. Li, B. Liu,Y. Deng, L 
Dai,Y. Zhou, X. Zhang, M. Cao, 
J. Liu, J. Sun, J.Tang,Y. Chen, 
X. Huang,W. Lin, C.Ye, 
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Pull-out section highlighting 
rice genomics 

Photograph of the Honghe Hani rice terraces in 
Yunnan Province, China. In this issue, two separate 
research groups report draft sequences of two 
strains of rice-japonica and indica. In addition, the 
Editorial, News Focus, Letters, and Perspectives 
highlight the significance of the rice genome to the 
world's population. [Image: Liwen Ma and Baoxing 
Qiu, Beijing Genomics Institute] 

Y. Han, L Li,W. Li, G. Hu, X. Huang,W. Li, J. Li, Z. 
Liu, L Li,J. Liu, Q. Qi, J. Liu, L Li,T. Li, X.Wang, H. 
Lu,T.Wu, M. Zhu, P. Ni, H. Han,W. Dong, X. Ren, 
X. Feng, P. Cui, X. Li, H.Wang, X. Xu,W. Zhai, Z. 
Xu, J. Zhang, S. He, J. Zhang, J. Xu, K. Zhang, X. 
Zheng,J. Dong,W. Zeng, LTao, J.Ye, J.Tan, X. Ren, 
X. Chen, J. He, D. Liu,W.Tian, C.Tian, H. Xia, Q. 
Bao, G. Li, H. Gao,T. Cao,J.Wang,W. Zhao, P. Li, 
W. Chen, X.Wang, Y. Zhang, J. Hu, J.Wang, S. Liu, 
J.Yang, G. Zhang,Y. Xiong, Z. Li, L Mao, C. Zhou, 
Z. Zhu, R. Chen, B. Hao,W. Zheng, S. Chen,W. 
Guo, G. Li, S. Liu, M.Tao, J.Wang, L Zhu, LYuan, 
H.Yang 

92 A Draft Sequence of the Rice 
Genome (Oryzasativa L ssp.japonica) 
S. A Goff, D. Ricke,T.-H. Lan, G. Presting, R.Wang, 
M. Dunn, J. Glazebrook, A. Sessions, P. Oeller, H. 
Varma, D. Hadley, D. Hutchison, C. Martin, F. 
Katagiri, B. M. Lange,T. Moughamer, Y. Xia, P. 
Budworth,J. Zhong,T. Miguel, U. Paszkowski, S. 
Zhang, M. Colbert,W. Sun, L Chen, B. Cooper, S. 
Park,T. C.Wood, L Mao, P. Quail, R.Wing, R. 
Dean,Y.Yu,A. Zharkikh, R. Shen S. Sahasrabudhe, 
A.Thomas, R. Cannings,A. Gutin, D. Pruss,J. Reid, 
S.Tavtigian,J. Mitchell, G. Eldredge,T. Scholl, R. M. 
Miller, S. Bhatnagar, N.Adey,T. Rubano, N. 
Tusneem, R. Robinson,J. Feldhaus,T. Macalma,A. 
Oliphant, S. Briggs 
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N G I S P O S S I B L E 

GIVES 

YOU MORE 

Greater throughput + greater efficiencies = MegaBACE 4000. 

You'll get greater throughput with the new MegaBACE" 4000 than you 

have ever achieved before. How much greater? Well, it processes 384 

samples simultaneously. Put another way, it generates over 2.8 million 

bases per day. That's four times greater throughput than a 96-capillary 

instrument-which means you can sequence four times as many 

genomes in a week. 

Receiving four times greater throughput from one system significantly 

boosts the efficiency of your operations. That means less labor, less 

space and less cost per base. 

Time is money. 

Go to www.megabace.com now for a special demonstration of the 

power of MegaBACE 4000. 

Amersham 
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Observations of Comet 19P/Borrelly by the Miniature 

Integrated Camera and Spectrometer Aboard Deep Space 1 
L. A. Soderblom et aL 

Images and spectra of the comet's nucleus, collected by the innova- 
tive, ion-propelled Deep Space 1 spacecraft, show that it is dark and 

dry, yet dynamic, spewing off fans and jets of dust and gas. 

Genomic Instability in Mice Lacking Histone H2AXA. Celeste et al. 
Absence of the DNA repair-associated protein, H2AX, leads to a 
poor DNA damage response and a range of genetic abnormalities. 

Transcription Control by E1A and MAP Kinase Pathway via 
Sur2 Mediator Subunit J. L. Stevens et al 

The Mediator confers selectivity in its transcriptional activity 
through its various subunits that interact directly with specific 
transactivators. 

TECHNICAL COMMENTS 

The California Current, Devils Hole, and 
Pleistocene Climate 
Herbert et aL (Research Articles, 6 July 2001, p. 71) found that sea 
surface temperatures (SSTs) in the area now dominated by the California Cur- 
rent warmed 10,000 to 15,000 years before deglaciation at the past five glacial 
maxima but did not rise before deglaciation south of the modem Califoria 
Current front. Thus, they concluded, early warming in this area (including the 
trend recorded in vein calcite at Devils Hole, Nevada) likely represented not a 
global signal but a regional one tied to weakening of the Califomia Current due 
to growth of the Laurentide ice sheet, and that the Devils Hole record "does 
not pose a fundamental challenge to the orbital ('Milankovich') theory of the 
ice ages." In a comment, Winograd, citing evidence of pre-deglaciation warm- 
ing across a wide range of latitudes, asserts that the "intriguing notion linking 
California Current SSTs and the Laurentide ice sheet" is "open to question, as is 
[the] assertion" that the work resolves internal inconsistencies in the Mi- 
lankovich theory. Herbert et aL, in response, offer several arguments in support 
of their "basic conclusion that regional climate processes are important and are 
expressed in the preserved paleoclimate record." 
The full text of these comments can be seen at 
www.sciencemag.org/cgi/content/full/296/5565/7a 

www.nextwave.org 

Global: Clinical Research Careers Edited by K. Cottingham 

Throughout April: Find out how to break into the clinical research 
field, and read about the opportunities available for clinical scien- 
tists around the world. 

US: GrantsNet's April News K. Cottingham 
International research fellowships and grants from the NSF, a profile of 
an American Society for Microbiology Robert D.Watkins Minority 
Graduate Fellow, and the latest biomedical funding news. 

Singapore: Clinical Research Odyssey in India S. Jayanthi, 
A. Kumar, N. Anand, V. Chhatwal 

The clinical research scene in India emphasizes clinical trials and 
workforce development. 

US: Raising Their Voices-The Emergence of Postdoc 
Grievance Procedures J. Gabriel 

Postdocs are organizing to establish standardized grievance proce- 
dures, including postdoc representation on grievance committees. 

KNOWLEDGE ENVIRONMENTS 

science's sage ke www.sageke.org 
science of aging knowledge environment 

The Werner Syndrome Helicase-Nuclease M. Fry 
One protein, many mysteries. 

A Jump-Start for Replication R. J. Davenport 
When DNA-copying machinery conks out, Bloom's syndrome 
helicase brings repair proteins to the rescue. 

science's stke 
signal transduction knowledge environment 

www.stke.org 

Perspective: Calcium Release and Influx in Yeast-TRPC and 
VGCC Rule Another Kingdom M. Bonilla and K. W. Cunningham 

Lessons in capacitative calcium entry from yeast. 
Review: ADAP-ting TCR Signaling to Integrins E. K. Griffiths and 
J. M. Penninger 

Inside-out signaling comes to the immune system. 
Connections Map: Jak-STAT Pathway Pathway Authorities: 
D. Aaronson and C. Horvath 

A canonical view of cytokine signaling. 

GrantsNet AIDScience 
www.grantsnet.org www.aidscience.com 

RESEARCH FUNDING DATABASE HIV PREVENTION & VACCINE RESEARCH 

Membrs Onlyl 
www.AAASMember.org 

AAAS ONLINE COMMUNTY 

SCOPE 
http:J/scope.educ.washington.edu 

EXPLORING SCIENCE CONTROVERSES 

Functional Genomics 
www.sciencegenomics.org 
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* Optimized protocols for COS-7, * Transfection in the presence 
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* Fast procedure and easy handling * High efficiency 

* No removal of complexes required 0 * Economical price 

Transfection has never been so simple 
order PolyFect Reagent today! 
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THIS WEEK IN Science 
edited by Phil Szuromi 

Sun 
Twists Going wit 

The Sun's 11-year cycle of mag- Two separat 
netic activity is characterized ? 

quality draft 
not only by changes in sunspot that are expe 
concentration but also by latitu- agriculture of 
dinal variations in the rotation (p. 79) sequenced the indica v 
rate of bands of plasma at the 92) sequenced the japonica \ 
Sun's surface. Vorontsov et al. (p. show how these two popular r 
101; see the Perspective by genome also provides a usefu 
Toomre) have used oscillations larger genomes of related cerez 
in the acoustic gravity waves in [see also the report by Seki ( 
the Sun's interior collected by mentary DNA clones]. Relate 
the Solar and Heliospheric Ob- chart that gives a summarl 
servatory (SOHO) to track these genome research, the editoria 
zonal bands over a period of al- govern accessibility to some o 
most 6 years into the Sun's in- tor that call for continuing wi 
terior. The entire convection point of a final, complete sequ 
zone of the Sun is involved in zen, as well as Ronald and Lei 
the differential rotation and lati- genomic and agricultural scier 
tudinal shifts of the zonal bands. the implications that sequencil 
Such measurements should help moting worldwide food secur 
in connecting the observed sur- interplay between worldwide ( 
face features and the solar mag- security. News stories discuss 1 
netic field with the deeper dy- the various rice genome-sequ 
namo, which is thought to be the Celera-type agreements t 
located at the base of the con- data for the Goff et al. paper, a 
vective zone. that authored the Yu et aL pap< 

Dodging Asteroids 

Normally, it is difficult to predict the orbital path of asteroids be- 
yond a few decades because of the nonlinear nature of the pro- 
cesses that perturb their orbits. Giorgini et al. (p. 132; see the 
news story by Kerr) have recognized that asteroid 29075 
(1950DA) presents a special case. Extensive radar and optical da- 
ta collected over decades, an inclined orbit that reduces pertur- 
bations, and a previously unrecognized gravitational resonance 
that modulates the uncertainty of its orbital path allow an accu- 
rate orbital path prediction that extends for hundreds of years- 
including a possible collision with Earth in March 2880. The 
largest uncertainty in the orbital path simulation is related to 
29075's unknown surface characteristics because anisotropic 
thermal re-radiation of absorbed solar energy from the asteroid's 
surface (the Yarkovsky effect) can significantly alter the orbit over 
a long time. In Brevia, Spitale (p. 77) shows that we can potential- 
ly mitigate asteroid hazards by altering the asteroid's surface, and 
the Yarkovsky effect, enough to avoid a collision with Earth. 

Into Africa 
A record of biogenic silica accumulation from Lake Malawi assem- 
bled by Johnson et al. (p. 113; see the Perspective by Baker) sug- 
gests a connection between cold conditions in the Northern Hemi- 
sphere (between 11,000 and 25,000 years ago) and high diatom 
productivity caused by north winds over that part of equatorial 

h the Grain 
e research groups report high- 
sequences of the rice genome 

cted to facilitate advances in the 
f this critical food grain. Yu et al. 
variety of rice, and Goff et al. (p. 
variety of rice. Comparisons will 
ice strains have diverged. The rice 
il road map for investigating the 
al grains such as wheat and maize 
p. 141) on Arabidopisis comple- 
d pieces include a pull-out wall 
y of important aspects of rice 
I discussing the agreements that 
f the data, and letters to the edi- 
itt 
er 
ur 
nch 

it) 
ec 
th 
je 
:h 
In 
er 

Africa. More frequent north 
winds over the Malawi basin 
may have resulted from a 
more southerly migration of 
the Intertropical Conversion 
Zone. This interpretation is 
supported by the Nb-Ti ratio 
of the sediments. This ratio, 
which varies roughly in concert 
with the biogenic silica accu- 
mulation rate, is controlled by 
the input of windblown vol- 
canic ash that originates from 
a region north of the lake. 

Controlling Colloids 
h the sequencing of rice to the Insights into the formation of 
nce. In the Perspectives, Bennet- glasses and crystals by 
ng, discuss the implications for molecules can be gained by 
:es, Cantrell and Reeves discuss studying and-manipulating 
g the rice genome holds for pro- similar processes in colloidal 
y, and Serageldin discusses the particles, which can be more 
:onomic development and food readily imaged (see the Per- 
le background on what many of spective by Frenkel). Different 
ncing groups have been doing, amorphous states of a material 
at are governing release of the can be observed that have dif- 
d a profile of the Chinese group ferent density, as has been ob- 

served for water. Pham et aL (p. 
104) confirm through a mix- 
ture of simulations, theory, and 

experiments that two distinct glassy phases of a colloid can form 
that depend on the nature of the interpar- 
tide attractions. At high colloid concentra- 
tions, the particles jam against each other 
and produce a glass based on repulsive in- 
teractions. The addition of a noninteract- 
ing polymer first causes the glass to melt 
by causing additional repulsive interac- 
tions that open up the structure. Adding 
more polymer, however, produces a differ- 
ent glassy phase that forms through at- 
tractive interactions between the colloidal 
particles. In binary crystals of large (L) and 
small (S) colloids, crystal structures can be 
obtained that are analogous to the atomic 
structures, such as an LS2 structure analo- 
gous to that of AlB2. Working with con- 
centrated systems and a narrow range in 
the ratio of S:L sizes, Velikov et aL (p. 106) 
create colloidal crystals through a layer- 
by-layer deposition technique. They not 
only replicated the LS2 and LS structures but also managed to ob- 
tain the LS3 structure, which does not have an atomic analog. By 
building the crystal from two materials, they could selectively re- 
move the small colloidal particles to leave behind a hexagonal, 
non-closed packed crystal. 

:a Published online in Science Express CONTINUED ON PAGE 11 
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Go ahead, take direct aim. With MagicMarkTM 

Western Protein Standard from Invitrogen, you 

can bypass the maze of steps that conventional 

standards require. Visualize standard bands and 

your target protein simultaneously on western 

blots-and see superior results. 

One-step accuracy. MagicMark?M lets you esti- 

mate molecular weight directly on your western 

blot. No aligning. No marking. No extra reagents 

Simply load MagicMark?T onto your gel, then 

electrophorese and perform the immunoassay of 

your choice. you'll spot standard bands together 

with your target protein, minimizing errors. 

Superior results. Capture 

-_- clear, sharp MagicMark? 

-". -..- bands with the same conju- 

._, gated antibody and protocol 

__ you use to detect your target 

MagicMark?-detected protein. Choose chemilu- 
simultaneously 

with target protein minescent or colorimetric 

detection methods for your analysis. Because 

they are not chemically modified, MagicMark? 

proteins offer superior sizing accuracy. Eight 

distinct bands let you easily identify your protein 

of interest on your blot (see figure). 

Land on target. When you need a protein 

standard for western blots, get the accuracy and 

convenience that only MagicMark? can deliver 

To learn more, call Invitrogen today or visit us at 

www.invitrogen.com/magicmark. 



Birds, Bile, and Breeding 
Birds use a variety of physiological and environmental cues to determine when best to 
lay eggs, but learning also plays a role. Grieco et al. (p. 136; see the news story by With- 
gott) have discovered, in experiments with blue tits in a Netherlands forest, that a fe- 
male bird's experience of food supply in 1 year can influence the date of egg-laying in 
the subsequent year. By increasing the availability of food during the nestling period, 
the birds were duped into laying eggs later in the following year. Female sea lampreys 
must travel long distances up streams to reach the nests that their male counterparts 
have already built. The females follow a chemical cue released by the males, but the 
known fish sex pheromones, which include steroids, only act at short ranges. Li et al. (p. 
138) show that male lampreys release a bile acid that can signal both their location and 
reproductive status to females over such large migratory distances. 

Cdc13 Joins the Fold 
The ends of eukaryotic chromosomes are capped by 
specialized nucleoprotein complexes called telomeres. 
The telomeric single-stranded (ss) DNA binding pro- 
tein used by the budding yeast Saccharomyces cere- N i 
visiae, Cdc13, is unrelated in amino acid sequence to 
the telomere end-binding proteins in other organ- 
isms. Mitton-Fry et a. (p. 145) determined the solu- 
tion structure of a complex containing the Cdc13 
DNA binding domain and telomeric ssDNA and found 
that despite its distinctive primary sequence, Cdc13 
uses the same structural motif for DNA binding-the 
so-called "OB fold"-as the other proteins. 

Tracking the Origins of Chromatin Acetylation 
Modulation of chromatin structure plays key role in the regulation of gene expression in 
eukaryotes, whereas in archaea, gene regulation is thought to be effected by simple 
bacteria-like repressors. Sir2, which plays an important role in chromatin dynamics in 
yeast, is highly conserved across prokaryotes, archaea, and eukaryotes. Bell et al (p. 
148) show that Sir2 from the archaeon Sulfolobus solfataricus modulates (and increas- 
es) the DNA binding activity of the chromatin protein Alba by deacetylating two of the 
lysine residues in its amino terminus. This step in turn facilitates Alba's ability to repress 
transcription in vitro. These results suggest that regulation of chromatin structure by 
acetylation arose in the common ancestor of the archaea and eukaryotes. 

The Outs and Ins of Signaling 
Integrins, which are central to cell adhesion, are cell surface molecules comprised of a 
and p transmembrane subunits. Their extracellular domains bind to external ligands con- 
taining the Arg-Gly-Asp tripeptide motif, and this results in the canonical "outside-in" 
signaling common to many cell surface receptors: Internal signals transmitted to their in- 
tracellular domains alter the ligand-binding competency of the external regions. Xiong et 
al. (p. 151) present the structure of the complex between the extracellular portions of 
the integrin aV-p3 and a cyclic peptide. The contacts made by the Arg-Gly-Asp residues 
lead to conformational changes in the relative orientations of the a and P subunits. a 

Damage Control 
Successful repair of injured tissue relies on removal of products generated in the 
turnover of the extracellular matrix. Teder et al (p. 155) offer direct evidence that CD44, 
a receptor for the matrix protein hyaluronan, is pivotal in this process. In a model of 
lung injury that usually resolves within 2 weeks, mice lacking CD44 expression devel- 
oped fatal pulmonary inflammation caused by persisting inflammatory cells and low- 
molecular-weight hyaluronan fragments at the damaged site. Normal removal of these 
agents was associated with transforming growth factor-3 activation and could be 
mostly attributed to CD44 expression on hematopoietically derived cells, rather than 
parenchymal cells of the lung. 
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The ABI PRISMw 3100 Genetic Analyzer. 
Sixteen capillaries, endless possibilities. 
Your research may now proceed. 
We developed the ABI PRISM? 3100 Genetic Analyzer to give you more of what you need. With 16 

capillaries and proven ABI PRISM? chemistries, the 3100 genetic analyzer gives you more throughput 
capacity, more sequencing and fragment analysis applications, and-best of all-more time. With 
the 3100 genetic analyzer, there are no gels to pour, load, or track. Just place your samples in the 

autosampler, set up the software, and start the run. The system will run multiple, unattended runs 
for up to 24 hours. You'll also get more peace of mind with time-tested Applied Biosystems reliability, 
and a customer support network that can help you take full advantage of everything the 3100 

genetic analyzer has to offer. To find out more, visit www.appliedbiosystems.com/3100, or talk with 
an Applied Biosystems sales rep at 1.650.638.5800. 
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The Extract-N-Amp Plant PCR Kits contain reagents to rapidly extract genomic DNA from 
plant leaves and amplify targets of interest by PCR. This novel extraction system eliminates 
the need for freezing, mechanical disruption, organic extraction, centrifugation, column .r- C5 o,, Iso 

purification, filtration or alcohol precipitation. The kit also includes a PCR reaction mix, 
especially formulated for amplification directly from extract. 

Features & Benefits: BOObp - 

* Fast: 15 minute prep allows greater speed and throughput Leaf 400bp - 

Convenient: Simple procedure with no special equipment required Disk- I 
* Specific: Hot Start antibody for highly specific PCR amplification Extraction 

of genomic DNA Solution lOObp - *Flexible: Tested on a wide variety of plant types HeIat in minu,tes 

I o Imo 0- I 0nr,IILi1 
.A (at 95 'C) Extract-N-Amp Plant PCR Kit with 5 different 

0 plant specimens. Genomi'C DNA was extracted from 

Size -. V LvJL~~~~~~~~~~~~~~~~~fuii)c leaT 
uISKS martwere cur uslngsancliarcupoape Product Code Description pie Vunch. DNA was extracted using the Extract-N-Amp 

XNAP2 Extract-N-Amp 100 extractions/i100 amplifications Ad iuinP/ant PCR Kit in less than 15 minutes A/l samples 
Plant PCR Kit Solution were then amplified using the specially formulated 

* ~~~~~Hot Start PCR mix. The products were generated 
XNAP REDExtract-N-Amp 100 extractions/i100 amplifications from a 30 cycle duplex reaction containi'ng primers 

Plant PCR Kit specific to plant chioroplast (upper band) and pnimers 
(contains REDTaq) PCR Master specific for Cannabis sativa DNA (lower band). 

Inquire for bulk and high-throughput custom needs.MxDt rvddb nyHpod 
Forensic Science Service, Birmingham, England. 

Contact Sigma for more information on 
Extract-N-Amp for Plants at sigma-aldrich.comIXNAPs 

availability, ordering & tracking 

sigmai-aildrich.com L EAD0E R SHI P I N L I FE S CI EN C E, H I GH T E C HNOLOG Y A ND SE RV I CE <c:2 SIG M 
sientihi tools, products &informnation SIGMA-ALDRICH CORPORATION * BOX 14508 * ST. LOUIS *MISSOURI 63178 * USAS l. \A a 

Purchase of these products is arrompanied by a limited license to use them in the Polymerase Chain Reaction (PCR) process in conjuncti'on with a thermal rycler whose use in the automated performance of the PCA process is covered by the up- 
froor license fee, either by payment to Perkin-Elmer or as purchased, i.e. an authorized thermal cycler These products are sld under licensi ng arrangements with F Hoffmann-LaRoche Ltd. Roche Molecular System, Inc and the Perkin-timer 
Corporation. Extract-N-Amp and RtOExtract-N-Amp are trademarks of Sigma-Aldrich Biotechnology, Inc. 
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We try not to let awards go to our heads. 

(Unless of course that makes us smarter.) 
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While others are making due with generic solutions, the scientists at Epoch Biosciences 

are actively researching and developing smarter technologies that improve the design, 

hybridization and detection of DNA. 

Epoch Biosciences is not just another oligo house. Our team's expertise in nucleic acids 

has yielded novel oligonucleotide attachment chemistries, modified bases, quenchers, 

fluorophores, and the Minor Groove Binder (MGB-) that enhance the performance of today's 

leading genetic analysis platforms in use around the world. 

But we aren't stopping there. Epoch Biosciences is now launching products of its own: 

MGB Eclipse- Probe Systems for real-time PCR, DNAnchor- for the production of microarrays, 

and custom oligonucleotides that incorporate our novel fluorescent dyes, 

modified bases, and the Eclipse' Dark Quencher. 

It's a new way of thinking. For faster, better results, EPOCH 
call 800-562-5544 or visit www.epochbio.com B IO S C I E N C E S 

Smarter DNA 
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The product is covered by one or more of the following U.S. patents: 5,801,155; 6,084,102; 6,312,894; 6,030,787; 5,723,591; 5,876,930 and pending applications. For research use only. 
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SCIENCECAREERS.ORG CAREERS & EVENTS IN DRUG 
n lcrnvfRY. FII EUROP 

Science Careers Centre 
Science is hosting a career event at 
the Drug Discovery Technology 
Europe meeting. 

Science Careers Centre 
DDT Europe 
Stuttgart, Germany 
15-18 April 2002 

For more information, visit 

www.drugdisc.com. 

AD SUPPLEMENT IN THIS ISSUE 

This special feature addresses the 

key issues facing drug discovery in 

Europe today and how 

they will impact job 
? g l seekers and employers 

T,L .p:\ throughout Europe. 

Ws 0- ;:^-0 \ Look for it on 
\ page 169. 

LAB TECHNOLOGY TRENDS 
SPECIAL AD SECTION IN THE 12 APRIL ISSUE 

Genomics & Bioinformatics 
This section will cover the newest 
tools and techniques developed for 
the areas of genomics and 
bioinformatics. 

Look for it in the 12 April issue. 

WWW.SCIENCEPRODUCTLINK.ORG 

Science Product Link 
Science's online reader service 

system helps you find information on 

products advertised in the pages of 
Science. Search by product category, 
company name, keyword, or page 
number. 

Find it all at 

www.scienceproductlink.org. 

LOOK FOR COPIES OF THE 3 MAY ISSUE OF SCIENCE AT THESE 
UPCOMING TRADE SHOWS AND CONFERENCES: 

IMPACT OF GENOMICS ON MEDICINE 

13-14 May, Munich, Germany (CHI) 
PHARMACOGENOMICS EUROPE 

15-16 May, Munich, Germany (CHI) 

CHI-Cambridge Healthtech Institute 

/ Science is published by The American Association for the Advancement of Science. 

AAAS To subscribe to Science and become a member of the AAAS, go to www.aaas.org. 
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Sometimes an idea appears that's so perfect it's as if it were written in the stars. So it is with the acquisition of Packard BioScience 

by PerkinElmer Life Sciences. This single strategic decision has created a global solutions provider to help you reach your research 

goals better, faster and with fewer obstacles than ever before. 

As constant as the stars. Do more. Go further. 
We're growing in size and strength, committed to bringing you 
the products and technologies you need to increase your produc- 
tivity in research, drug discovery and genetic screening processes. 
With our worldwide sales and service capabilities, we can deliver 

products you need today and the service you'll depend on now 
and in the future. 

Our combined resources give you single source access to: 

* An even broader array of drug discovery tools, including: 
* Automated liquid handling and sample preparation 
* Advanced microarray products 
* Important drug screening and detection technologies 
? More extensive service network 

******BlixaiiiiiiUtittlUji^^~~~~~~~~~~~~~~~~~WI.V&L .- 

? An impressive new product pipeline applying leading-edge 
technologies to advanced instrumentation and reagents tools 

* An extensive, expert worldwide sales and support 
organization focused on enhancing your productivity 

See the world of difference we can make. Call 1-800-551-2121 
or visit our website at www.perkinelmer.com/lifesciences. 

( 2002 PerkinElmer .ife Sciences. Inc. 

Packard BioScience is now part of PerkinElmer Life Sciences. 

Is 
PerkinElmerTM 

life sciences. 
Worldwide Headquarters: PerkinElmer Life Sciences, Inc., 549 Albany Street, Boston, MA 02118-2512 USA (800) 551-2121 

European Headquarters: PerkinElmer Life Sciences, Inc., Imperiastraat 8, BE-1930 Zaventem Belgium 



SI~( 

0*D 

) 4- 



a: 
f4SX t: 

: 

PSQ Y6MA 0 i 00 

t S8 ;7 0 -s;00 ;KS _ ; 

Cvv.4W, - zPl ASo s.s Awi 

79: 
S 

- W0- K - 
; ^ - Ss 

- 

The PSQt*'96 The new PSQ 2 96MA 

VOn the left is one of the most successful systems for SNP, mutation and sequence 
0anMysis. The one on the right is its successor. Identical? On the outside, yes. 
On the inside expanded capabilities mean that the new PSQINr96MA offers many 
new possibilities. Clone checking is just one of them. 
r ;; \ You still get a simple to use solution, delivering unbeatable performance in terms of speed, accuracy and reliability. Only now, the possibilities are even greater: 
SuNP 4nalysis bacterial typing insertions/deletions multiplexing 
0ffAlDne checking foressic applications allele quantiJication genotyping phage display mtDNA analysis tri/tetra-allelic analysis haplotyping 
0 0 0 07Mirt1 tf irlg multzple SNP5 mutation analysis 
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; 0 \;; 3:t0:; > find out how Pyrosequencing can shed new light on your work, ViSit | . \ 
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t ard PSQ are trademarks of Pyrosequencing AB. 70-0001-6601 

PYROSEAUENCING 
A new light on DNA 



Performance Enhancers 
Power your cell culture system with the right nourishment. 

Now you can minimize adaptation time, improve control, increase yield and simplify scale-up 
with the most trusted name in cell culture. 

No matter what your cell type. 

Hybridomas. CHO cells. HEK (293) cells. Insect cells. Neurons. Blood and bone marrow cells. 

Keratinocytes. ES cells. Hepatocytes. Endothelial cells. Mammalian cells for virus production. 

You name it. We can make a serum-free, protein-free or chemically-defined GIBCOTM 

medium optimized for its culture. 

What's more, we make it in a format to suit your system: dry powder, 1X liquid, 
concentrates, and new Advanced Granulation Technology?. 

Use GIBCOTM specialty and serum-free nutrient media. 

And pump up performance. 

www.invitrogen.com _ 

BCOT 
Invitrogen Corporation 

Better Cell Culture Through Innovation 

For laboratory research use only and not for diagnostic use. The safety and efficacy of these products in diagnostic or other clinical uses has not been established. ? 2001 Invitrogen Corporation PAS01-093MS 



Continuing to set 

the standard in 

nucleic acid markers. 

For the highest quality, consistency, and reliabili- 

ty in nucleic acid markers, go with Invitrogen. We 

provide the Gibco BRLR DNA and RNA markers 

you've come to rely on for superior results. 

Reach new heights. Invitrogen's selection of 

high-performance standards offers unsurpassed 

convenience and clarity. Markers ranging from 

10 bp to 40 kb give you flexibility to size RNA as 

well as single-stranded, 

double-stranded and 

supercoiled DNA easily. 

Even increments and ori- 

entation bands remove 

obstacles for clear size 

estimations. Convenient 

Ready-Load' formats store 

at room temperature and 

eliminate time-consuming 

Ready-Load' Formats 

Ready-Load Ready-Load 
100 bp DNA 1 kb Plus DNA 

Ladder Ladder 

thp bp 

12,0(0- 

2,000- 

550)7 ,0-; 

2,00(0- 

6O0 

500- 

400- 

300- 

10 200- 

100- (00) 

marker preparation steps, helping you to finish 

your analysis in record-breaking time. 

Winning combination. Partner with Invitrogen 

and achieve your goals with confidence. To find 

out more about the entire line of nucleic acid 

markers, call Invitrogen today or visit us at 

www.invitrogen.com. 
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BMG Labtechnologies GmbH, Hanns-Martin-Schleyer-Str. 10, D-77656 Offenburg/Germany 
i:::::.Phone: +49 781 96968-0, Fax: +49 781 96968-67, germany@bmglabtech.com 

KINGDOM UNITED STATES 
es Ltd. BMG Labtechnologies Inc. 
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INTRODUCING FLA-5000 
With Greater Versatility and Higher Resolution 

Fujifilm's versatile new imaging system for protein 

electrophoresis and general array analysis allows 

more imaging methodologies than any other system. 
Greater versatility. Higher resolution. And designed 
to grow asyour imaging needs change. Because the 

moreyou see, the moreyou know. 

Largest Scanning Area - 40 x 46cm selectable scanning area allows 
2D electrophoresis gel analysis. 

Finest Pixel Size - User selectable at 25/50/100 or 200 microns. 

Multi-format Scanning -Three standard lasers (SHG blue, SHG green 
and LD red) plus an optional fourth (LD) allow multi-format scanning 
with a single tool. 

Dual Photo Multipliers - Allows concurrent or dual fluorescent 
detection. (Optional) 

Modular Upgrades -Allows your system to grow as your needs grow. 

^1 FUJIFILM 
I&I - Imaging & Information 

Japan Tel: +81-3-3406-2201 Fax: +81-3-3406-2158 Europe Tel: +49-211-5089-174 Fax: +49-211-5089-139 U.S.A. Tel: +1-203-324-2000 ext. 6112 Fax: +1-203-353-6485 (1-800-431-1850 ext. 3666 in the U.S.A.) 
http://home.fujifilm.com/info/products/science/index.html * http://www.fujifilm.de * http://www.fujimed.com 



The Difference Is In The Design. 
Accurate design is critical when performing high-throughput gene 
expression profiling. Sigma-Genosys and Compugen introduce three 
new Oligonucleotide Libraries, designed using Compugen's proprietary 
LEADSTM technology for transcriptome prediction and manufactured 
using Sigma-Genosys' patented AbacusTM oligo synthesis platform. 

*Comprehensive collections of gene specific oligos 
*Broader genome representation of mRNA's and EST's 
*Alternative splice variant modeling 
*Grouped by Gene Ontology?* assignment 

Contact us at 1-877-710-1501 or go to www.labonweb.com/chips to find 
out more information about these new genome-wide oligo collections 
for high-throughput formats and applications. 
* Gene Ontology is a trademark of Gene Ontology Consortium 

Our New 

Oligonucleotide 
Libraries 
* Human Library 

(18,861 oligos) 
* Mouse Library 

(7,524 oligos) 
* Rat Library 

(4,854 oligos) 

I www.genosys.com I 
LEADERSHIP IN LIFE SCIENCE, HIGH TECHNOLOGY AND SERVICE 

1442 LAKE FRONT CIRCLE * THE WOODLANDS, TX 77380-3600 
1-877-710-1501 * FAX: 281-363-2212 * EMAIL: GINFORMATION@SIAL.COM * A Member of the Sigma-Aldrich Family 

SIGMA 
GENO YS 
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N G I S P O S S I B L E 

GIVES 

YOU MORE 

Greater throughput + greater efficiencies = MegaBACE 4000. 

You'll get greater throughput with the new MegaBACE? 4000 than you 

have ever achieved before. How much greater? Well, it processes 384 

samples simultaneously. Put another way, it generates over 2.8 million 

bases per day. That's four times greater throughput than a 96-capillary 

instrument-which means you can sequence four times as many 

genomes in a week. 

Receiving four times greater throughput from one system significantly 

boosts the efficiency of your operations. That means less labor, less 

space and less cost per base. 

Time is money. 

Go to www.megabace.com now for a special demonstration of the 

power of MegaBACE 4000. 
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Yes, this is an advertisement from 
Amersham Pharmacia Biotech. 
But you may have noticed that 

something's different. 

We're now Amersham Biosciences. A name a little shorter than 
our previous one. And a name that embraces our broad range 
of expertise - systems for the biosciences, from genes to drugs. 
With it we have a new logo, one that expresses our role as a 

provider of integrated products and services. But that's all that's 

changed.We will still be providing the high quality products and 
services you have come to expect from us.We will continue to 
have an open and collaborative business approach. And we'll still 
have excellent science, that we'll continue to use to create new 
and innovative solutions. 
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For about the cost of a week of daily newspaper deliveries, you can have the 
latest-breaking news in the scientific world delivered to you in Science each week. 
Join AAAS today and get a full selection of headline-making member benefits as 
well as all the news, policy and research you need to keep you on top of science 
worldwide. Plus, a classified section with the best employment listings available 

each week. Visit promo.aaas.org/getscience for more information. 

AAAS and Science-all the news and research you need each week. 
(sorry, no crossword puzzle) 

promo.aaas.org/getscience 

1i^ AMERICAN ASSOCIATION FOR THE Science 
ADVANCEMENT OF SCIENCE Discover the Future 
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