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 | PERSPECTIVES

 resolution offered by crystallography has been
 lacking, hampering efforts to elucidate how
 GTP hydrolysis is induced. Ramakrishnan
 and coauthors now report crystallographic
 studies of EF-Tu (7) and EF-G (2) bound to
 the ribosome. These studies became possible
 only after growing a new form of crystals, in
 which part of protein L9 was removed.

 When the GTPases hydrolyze their bound
 GTP molecules on the ribosome, they lose
 their binding conformation. Fortunately,
 antibiotics can be used to lock the factors

 into the ribosome-binding conformation.
 The authors used kirromycin for EF-Tu and
 fusidic acid for EF-G.

 EF-Tu delivers the aminoacyl-tRNA to
 the ribosome by binding to the binding site
 for translational GTPases. The new work (7)
 shows that as long as EF-Tu is bound to the
 ribosome and the tRNA, it bends the tRNA
 into the A/T site (see the figure, panel A). This
 is done smoothly, in contrast to earlier models
 suggesting a kink (9). Upon GTP hydrolysis,
 EF-Tu is released, and the tRNA springs into
 the A site and places the amino acid in the pep-
 tidyl transfer center (see the figure, panel A)
 (7). What induces the GTP hydrolysis remains
 unclear. The sarcin-ricin loop of the ribosomal
 23S RNA could be involved, because it is close
 to the factor-bound GTP and to an EF-Tu resi-

 due that is essential for hydrolysis. Ribosomal
 protein LI 1 is also at the binding site. The
 flexible protein L12 has also been implicated
 but is not seen in this structure.

 When EF-G binds to the ribosome (2), it
 pushes the peptidyl-tRNA from the A site into
 the P site. The conformation of EF-G on the
 ribosome is different from conformations in

 crystals of EF-G alone. EF-G is a six-domain
 protein, with the domains II, III, iy y G, and
 G'. The new work (2) shows that domain IV
 interacts with the anticodon part of the pepti-
 dyl-tRNA, rather than with the codon of the
 A site. The antibiotic fusidic acid is located
 between the G domain and domain III. The

 ribosomal components best placed to induce
 GTP hydrolysis are the sarcin-ricin loop, the
 L12 stalk (including parts of the 235 RNA),
 and the ribosomal proteins LI 1 and L10 (the
 latter with three dimers of LI 2). The L12
 stalk is bent toward EF-G. In addition, one
 carboxyl-terminal domain of L12 interacts
 with the G' domain; a similar interaction has
 been observed before (10).

 Like EF-Tu and EF-G, most translation
 factors interact with the tRNAs on the ribo-

 some. The elongation factor P [EF-P, also
 called initiation factor 5A (eIF5A) or eIF4D
 in eukaryotes] is conserved but essentially
 ignored by the field. Aoki et al. have sug-
 gested that it stimulates the accommodation

 of initiator tRNA into the P site and the for-

 mation of the first peptide bond (77). Steitz
 and co-workers recently determined the struc-
 ture of EF-P bound to the ribosome (4). In the
 absence of EF-P, the initiator tRNA binds to
 a preliminary site, P/I, on the ribosome (72)
 (see the figure, panel B). This site provides the
 correct interaction with the initiation codon in

 the P site, but the amino acid of the initiator

 tRNA is not in the peptidyl transfer site. This
 may be because there is no tRNA in the E site,
 nor does a growing polypeptide lock the initi-
 ator into the P site. The L-shaped EF-P, mim-
 icking a tRNA (73), binds to the E-site side
 of the initiator tRNA and moves it into the P

 site (see the figure, panel B) (4). Thus, EF-P
 places the initiator tRNA in the P site to be
 engaged in the formation of the first peptide
 bond, as suggested by Aoki et al. (77).

 The two papers from Ramakrishnan and
 co-workers (7, 2) open the way for crystal-
 lographic studies of the range of translational
 GTPases. Cate and co-workers (3) provide
 better-resolved pictures of the dynamics
 in the interaction between the subunits and

 within the small subunit, and Steitz and co-

 workers (4) illuminate the essential functions
 of a poorly understood translation factor in
 a step between initiation and elongation.
 Together, these papers are true milestones in
 research on translation.
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 ECONOMICS

 Foundations of Societal Inequality
 Daron Acemoglu1 and James Robinson2

 The degree to which economic success is passed through generations and the ability of societies
 to generate wealth depend on their institutions and social arrangements.

 and social outcomes, includ-

 Economic ing incomes, poverty, life expectancy, and infant mortality, differ widely
 between societies. Such inequalities within
 countries also vary to a great degree. Despite
 the importance and ubiquity of these differ-
 ences, their sources are poorly understood
 and hotly debated. Although we know how the
 broad patterns of inequality between coun-
 tries have evolved over the past two centuries
 (7, 2), most of what we know about within-
 country inequality comes from contemporary
 data. On page 682 in this issue, Borgerhoff
 Mulder et al. (3) show that wealth inequal-
 ity in 21 historical and contemporary "small-
 scale societies" is determined by the inter-
 generational transmission of different types
 of assets. What makes the findings important
 for social science is the link between inequal-

 ^epartment of Economics, Massachusetts Institute of Tech-
 nology, Cambrige, AAA 02142-1347, USA. E-mail: daron@
 mit.edu Government Department, Harvard University, Bos-
 ton, AAA 02138, USA. E-mail: jrobinson@gov.harvard.edu

 ity and institutions that regulate the inherit-
 ability of assets.

 Wealth inequality in any society reflects
 not only the differential earnings of the current

 generation, but also what they have inherited
 from their parents. The greater the amount of
 wealth that can be inherited across genera-
 tions, the greater we expect wealth inequality
 to be (4). The inheritance of wealth is in turn
 determined by a society's institutions and the
 nature of its assets. In most modern societies,

 material assets, such as land or capital, can be
 passed from parent to offspring with a mini-
 mal inheritance tax. But there is considerable

 variation among societies with similar types
 of assets and economic systems. Polities
 from contemporary communist North Korea
 to the Ottoman Empire limited the inherit-
 ability of wealth for most of their citizens.
 European nations, throughout much of their
 histories, allowed inheritance only for certain
 assets and for certain segments of society; for
 example, serfs in England did not even con-
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 % trol their human assets and much of the land

 was under common ownership until the 19th
 century. In the New World, the economic and
 social rights of slaves and many indigenous
 populations were severely restricted. These
 institutional choices of societies have major
 consequences both for wealth inequality and
 economic growth.

 Borgerhoff Mulder et al. show that in
 agrarian societies, where institutions enable
 the intergenerational transmission of mate-
 rial assets such as land and livestock, there
 is greater inheritability of wealth between
 generations than in hunter-gatherer soci-
 eties. They also document interesting pat-
 terns in the inheritability of human assets,
 including human capital (skills) embodied
 in individuals and social "relational capital"
 embodied in the network of relationships
 among the members of the society. Their
 core finding, concerning the relationship
 between institutions regulating the inherit-
 ability of assets and inequality, is central to
 understanding the differences in economic
 and social outcomes across societies. But

 it also raises several questions: What deter-
 mines the institutional differences between
 these societies? Could these differences be

 due to the underlying nature of assets and
 the technology of production?

 One answer comes from the dominant para-

 digm on the emergence of agriculture and com-

 plex societies - that the Neolithic revolution
 was a technological breakthrough, resulting
 from a unique coincidence of environmental
 conditions that made domestication of plants
 and animals both feasible and desirable (5).
 This agricultural revolution allowed division
 of labor both in production and in the social
 sphere, and led to the emergence of complex
 societies, other technological breakthroughs,
 and institutions that protect asset ownership. In

 this light, differences in institutions (construed

 broadly as those concerning asset inheritabil-
 ity) between agricultural and hunter-gatherer
 societies are largely a reflection of their differ-

 ent technologies of production.
 An alternative way of interpreting the

 patterns presented by Borgerhoff Mulder et
 al. is that institutional innovations preceded
 technological innovations and paved the way
 for the emergence of agriculture and subse-
 quently of complex societies. In this view,
 institutions are a powerful and autonomous
 force, not simply an adaptation to preexist-
 ing (or autonomously evolved) technological

 < conditions. They shape - as much as they are

 | shaped by - the technological trajectory of
 | societies. These technologies are key for the

 | generation and distribution of wealth, but they
 u are situated in a context defined by a society's

 Institutional innovation. Sites such as Gòbekli
 Tepe, Turkey, suggest that hunter-gatherer societ-
 ies had evolved institutions to support major public
 works projects and monumental constructions, and
 thus had a complex social hierarchy prior to their
 adoption of farming.

 institutions. Institutional factors - in par-
 ticular, those related to security of property
 rights and constraints on political power -
 play a powerful role in shaping technologi-
 cal developments and economic growth (ó),
 and account for the ability and willingness
 of different nations to adopt and develop
 new technologies and create entrepreneurial
 dynamism. Such a role explains the strikingly
 divergent trajectories of modern nations in an
 age where technology is largely global and is
 available for those who wish to adopt it. It also

 explains how income and wealth inequality is
 so different in the United States, continental

 Europe, and Latin America.
 The recognition that institutions play

 an autonomous role in creating economic
 inequalities is consistent with evidence that
 they have also shaped the origins of modern
 societies. Archaeological studies suggest that
 rather than being a consequence of the transi-
 tion from foraging to farming, sedentary life
 was more likely a prerequisite for it (7). For
 example, in Abu Hureyra in northern Syria on
 the Euphrates River, Natufian hunter-gather-
 ers formed a sedentary village of around 100
 to 300 people at least 500 years before taking
 up farming around 1 1 ,000 years ago (8). Per-
 haps transition to sedentism (and therefore

 the subsequent transition to farming) was the
 consequence of institutional innovations. Evi-
 dence from sites such as Gòbekli Tepe in east-
 ern Turkey (see the figure) suggests that cer-
 tain hunter-gatherer societies achieved great
 social complexity and acted collectively to
 build religious and public works. Such public
 works likely required a social hierarchy and
 the ability to mobilize resources - "complex
 institutions" typically associated with agri-
 cultural societies. This conjecture is consis-
 tent with extensive evidence of institutional

 change prior to farming. In Natufian settle-
 ments, there was trade for dentalium shells
 and obsidian, and there were chiefs, politi-
 cal hierarchy, and most likely, considerable
 inequality - all of this prior to farming (P). It
 is in fact hard to see how such societies could

 have farmed without preexisting notions of
 property rights and some hierarchy of author-
 ity. It is thus quite possible that societies first
 underwent major institutional innovations
 and then subsequently transitioned to agricul-
 ture. That institutional variation is not a sim-

 ple consequence of technology and the nature
 of assets is also consistent with the results of

 Borgerhoff Mulder et al., which show sub-
 stantial differences in inheritability of assets
 and inequality not only between, but also
 within hunter-gather, horticultural, pastoral,
 and agricultural societies.

 Institutional structures, technologies, and
 economic outcomes across several societies

 should be compared, and existing archaeo-
 logical and anthropological evidence rein-
 terpreted, in light of alternative theoretical
 frameworks. Such research will further char-

 acterize the interplay between institutions,
 technology, and economic and social out-
 comes, and the role of institutional innova-
 tions in facilitating or laying the foundations
 of the process that led to agriculture and ulti-
 mately to our modern society.
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 AAASNEWS&NOTES  EDITED BY EDWARD W. LEMPINEN  m
 BARNARD LECTURE

 As Climate Change Intensifies,
 McCarthy Urges Adaptation Focus
 Scientific assessments of climate change
 have evolved dramatically over the past three
 decades, amassing evidence to persuade
 the world that warming is real and that
 humans are the primary cause.
 But greenhouse gas concentra-
 tions have continued to soar,
 and influential climate expert
 James J. McCarthy says future
 assessments must focus on how

 humanity can best adapt.
 At the 10th AAAS Robert C.

 Barnard Environmental Lecture,
 McCarthy said climate change
 is already fueling drought and other extreme
 events that are most keenly felt on a regional
 scale. The longer emissions remain unchecked,
 he warned, "the harder adaptation will be, par-
 ticularly for those parts of the world that are
 unprepared" for these extreme events.

 Strategies such as switching to crops bet-
 ter suited to warmer growing conditions and
 relocating businesses from areas vulner-
 able to sea-level rise should be considered

 immediately, according to a June report by
 the United States Global Change Research
 Program. McCarthy, chairman of the
 AAAS Board, was a member of the report's
 31 -author team.

 "We may reach a point," McCarthy said,
 "where we're going to be so desperate that
 we will need to look critically at various
 geoengineering approaches" such as burying
 CO2 in abandoned oil fields and seeding the
 atmosphere with fine particles to reflect
 some sunlight back to space.

 The annual Barnard Lecture is endowed by
 the international law firm of Cleary, Gottlieb,

 Extreme threat. Researchers say continuing climate change could make severe events such as the
 August 2009 Station Fire in Southern California more prevalent.

 680 30 OCTOBER 2009 VOL 326 SCIENCE www.sciencemag.org

 Steen & Hamilton to honor Barnard, the late
 counsel to the firm, for his contributions to
 environmental and public health law.

 McCarthy is the Alexander Agassiz
 Professor of Biological Oceanog-
 raphy at Harvard University. He
 has served on several global and
 regional assessmentpanels, andhe
 used his talk to trace the evolution
 of assessments from the 1970s to

 the upcoming climate summit in
 Copenhagen. Thousands of sci-
 entists worldwide, working under
 the Intergovernmental Panel

 on Climate Change (IPCC), issued critical
 reports in 1990, 1995, 2001, and 2007 that
 helped move governments to action on climate
 change, said McCarthy, who was co-chair of
 a working group for the 2001 report.

 But because past goals for greenhouse
 gas stabilization established by United
 Nations treaties in Rio de Janeiro and Kyoto
 have not blunted emissions, "we are headed
 to dangerous territory at breakneck speed,"
 he warned.

 Climate change has been established as
 unequivocal, McCarthy said, but the next
 report must assess more directly the regional
 impacts of climate change and how to cope
 with them. The most recent IPCC report
 identified such impacts on every continent.
 "In every nation," he cautioned, "there will
 be people who will be vulnerable."

 Along with his work on the June report
 "Global Climate Impacts in the United
 States," McCarthy was a lead author on the
 Arctic Climate Impact Assessment in 2004-
 2005. These regional snapshots, he said, may

 help politicians and their constituents to grasp
 the immediate stakes of climate change.

 "In different regions they make projec-
 tions, so that people who have been won-
 dering what's happening with their water or
 what's happening with their winters or their
 summers can see that they are consistent with
 the projections that come from our climate
 models," he explained.

 The U.S. report also underscores the impor-
 tance of reducing greenhouse emissions and
 producing and using energy more efficiently.
 Nations could begin serious mitigation today
 without further research, McCarthy said.
 "What is lacking is resolve."

 - Earl Lane and Becky Ham

 ANNUAL MEETING

 AAAS Council Reminder
 The next meeting of the AAAS Council will take

 place during the AAAS Annual Meeting and will

 begin at 9 a.m. on 21 February 2010, in San
 Diego, California, in the Marina E&F Ballrooms

 of the San Diego Marriott.

 Individuals or organizations wishing to pre-

 sent proposals or resolutions for possible con-

 sideration by the council should submit them in
 written form to AAAS Chief Executive Officer Alan

 I. Leshner by 27 November 2009. This will allow

 time for them to be considered by the Commit-

 tee on Council Affairs at its winter meeting.

 Items should be consistent with AAAS's objec-

 tives and be appropriate for consideration by the
 council. Resolutions should be in the traditional

 format, beginning with "Whereas" statements

 and ending with "Therefore be it resolved."

 Late proposals or resolutions delivered to
 the AAAS Chief Executive Officer in advance of

 the February 2010 open hearing of the Com-
 mittee on Council Affairs will be considered,

 provided that they deal with urgent matters

 and are accompanied by a written explanation

 of why they were not submitted by the Novem- ¡

 ber deadline. The Committee on Council Affairs j

 will hold its open hearing at 2:30 p.m. on 20 !

 February 2010 in the Coronado Room of the j
 San Diego Marriott. Summaries of the council j
 meeting agenda will be available during the j
 Annual Meeting at the AAAS information desk j

 and in the AAAS headquarters office in the San ¡

 Diego Convention Center. A copy of the full j
 agenda will be available for inspection in the Í
 headquarters office. \

 \
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