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ol foreign mooey on sc(entiS\s 
By J. Mervi$ 

616 CRISPR take~ on cancer 
·Gene eo~s appear safe.in first t~ree patients 
By LCouti~·ffallk!'I 
RES.tAR'oN Afr1!Cl,E SY£. A. t'l'l\f1TMAUE~ 
IT AL 10.ll26/SCIENCt;A'.8A.fa6S: Et.RSP.ECt&vf 
BY J. 11; HAMILTON.AND LA. DOUDN'A 

10,lli6/S"CIENC.C:.A.8.A9844 

617 Underground oll fires liberate 
carhon-freil fuel 
Company ignites heavy oil fields \q make 
gfeen hydrogen while leiiving,carbon trapped 
!JtE.1-1,nd 

FEATURES 1 0 NOV ZD20 
618 Rekindling th "! ==-
Afterdecaaes of 
g-Ol'ernmenrs fu 
{JyA.Cho 

INSIGHT 
PERSPECTIVES 

622 No hasty solutions for Afrlt1n 
swine fever 
African swine fever vacci~es could pose rlsk 
of causjog disease and spreaaing the virus 
further By D. Gavier•W'l<Mn et al. 

624 Porous crystals lS membranes 
l>,\icltporoas crystaRine J11embranes are 
designed for gasseparatiommd potential 
scale-up By M.A. G;;rreon 
REPORT p, 667 

626. Oiscoverlpg the limits 
of ecological reslUence 
Bumble bee declines reveal species 
pushed to the edge oWwlr 
envfronmental toleranees-
By). 8riJileaMA. vanRensborg 
REP3~Tp, 68:> 

627 Room-temperature 
rnagnetoelastic coupling 
Magnettc fields alter the ferroelectrfe 
properties of a paramagnetic ytterbium-21nc 
COf!lplex By Y. Zhou andS. -t}lan 
REPdlIT p. 671 

628 In the heat of the11ight 
An aneestral receptor plays a key role. 
in host detection bY malaria-carrying 
mosquitoes By C. R. Lazzari 
REPOlft p.681 

POLICY FORUM 

630 Using sewage-for s~rveillance 
of antimicrobial resistance 
A global system would exploit 
metagenomic sequencing 
By frank'M,Aarestrupand M. £..J. \Voolhllt!s• 
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BOOKS ETAL. 

633 Death dollhouses and the birth 
of forensics 
A wealth~ patron's vision and macabre 
models lieiped forge the field of forensic 
medicrn_e 8y,A. Adam 

634 Hidden figures 
Missing population·data hinder good 
accounting arnHair re~ource distribution 
8y iv. P. o·Hare 

LETTERS 

635 Marine heat waves lllreateo 
kelp forests 
By N. Ara(eh·Dalmau et al. 

63S Marine restoration projects 
are u·ndervalued 
By T.A. C. Gordon et al. 

636 U.S. action lowers ba11fers 
to Invasive species 
By D.Simberloff et al. 

RESEARCH 
IN BRIEF 

637 From Science and other jOtJrnals 

REVIEW 

640 Medicine 
Tue biology, fundioa.and biomedical 
applicsatioos of exosomes R. K;,1/uri and V. S. teB/eu 
ttEVIEW SUMMA,~Y: FOR FULL TEXT: 
OX,OOl,0.RO-/l,0,U26/$C:IENCE.AAU.69n 

RESEARCH ARTICLES 

641 Plant science 
Enhanced sus(atnable green revolution yield 
via nitrogen·responsive chromatin modulation 
In rice K. 00 et al. 
RES~R~H ARTl~(E SUMMARY: FO~ FULL TEXT: 

DX.QOJ.O~G.i.10J12@.SCIE~CE.AAZ204f> 

642 lmmunology .. 
('!utyl'Oj)hilin 2Al ts essential for 
p~phoantigen rJ13Gtivi)y by~~ T cells 
M. R/g,,u et al. 
RESEARCH A:P.TJOl.E SUMMAQY1fOR FULL TEXT: 

o~,QOI.ORG/10,l.12.6/SCJENcE.AAY6516 

643 Sfgnal transduction 
Mechanism of homodirneric cytokine 
te<;eptor activation ahd dysregulati0\1 
byoncogenic mutatioos ,s. Wllmes el ai. 

\ 

652 Signal transd.uctlon 
An AMPK-caspase-6 a)lis coolrols 
liver dama~ in·A011aloohol(c steatohepatilis 
llZha<> et al, 

REPORTS 

661 flectrochemistry 
CO, electrolysis ro multi<:arbon products 
at activities gtealer than I A cm·• 
F. P. Gatt'ladeArqueret aL 

667 Catalysis 
Na •·gated water•conduct)ng nanochannel,; 
for boosting CO, conversion to llquld fuels 
H,Lietal. 
PERSP£c'1'1VE p, 624 

671 Mulllferrolcs 
Room \~mperature mag11etoele.ct.rlc C011Pling 
In a mQ!ecular ferroelectric ytterbitlm(III) 
complex J. Long et,i,L 
PERSPECTIVE p. 627 

676 Organic chemistry . 
Total sy11thesis.of:\fle.oomple~ laxane 
dlterpene canataxpropellane 
F.Schnefderet al. 

681 Mosquito biology 
Mosquito heat see~ing is driven by 
an anceslral coolin.g receptor G.-Grepp/et al. 
l'E.RSPECTIVE p. 62$ 

6S5 Pollinat,n decline 
Climate change contributes to 
Widespcead declines among bumble 
bees across:continents P. So,.,,.,,, et at 
P£RSP£C.TlVE' p. 626 

688 Neuroscience 
Microglia mediate forg~ttlng via 
com~lement·depen\fent. 
synaptic elimination C.1-\~ng et al. 

CONTEN·TS 

~94 Phase separation 
Va fence and patterning of aromatic 
residues-.<fetermine tbe phase 
be.tiavior of P.fion·like'domain.s 
E..IV. Marfin !lal. 

700 Structural biology 
Structute of· an activ;, ~urnan Hist one 
pre-•mRNA3'-end processing machine(y 
½Slin efal. 

OEPARTMENTS 

605 Editorial 
For salence; Brexit Tsn'tdo'ne yet 
Oy James Wilsdon 

710 Working Life 
Just for fun By Bid D. Roebuck 

ON THE COVER 

Rice paddy terraces 
in Guang,u. C~ina. The 
nilcoger, fertilizers used 
lngreen·revoiution rice 
cultivation increase tne 
number offlowering 
b<anches per plant. fn 
tum enl!ancinggraln 
yie!4 Researchers have 

now discovered the ge,ie that womotes 
lhis branching respoose to nitrogen. Future 
breeding efforts will u~e natural ge~ vafl?nls to 
increase gflljnyield and reduce fertil[2er need, 
tlllls boosting agrlculMal sustainability, See 
page 641 Pooto: Chrisstengerll.tirtdeh Pictures 
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NEWS 
IN BRIEF 

720 News at a glance 

IN DEPTH 

722 Scientists in Indonesia fear political 
Interference 
rrcnch ,esearcher is deported after 
~obl(Shing tinwelcome·dala on wildttres 
BVD. RO".J1fJlya}1/fl//s;h 

723 Trump's new budget cuts all bu! 
1 lavore<ffew science programs 
NIH. NSF, NASA, aQd eriergy researcfi again 

If lake hits in W21 request, [wf·industries of 
~ the future·· on the rise By J. Me,vis 

724 Big telescopes join the hunt for 
• flashes in the sky 
1 A!Jtomated networks aim to catch 
~ "transients· such ascome~,su~rnov@, 
f and colliding neulron stars ByD. Clery 

i 
~ 

721! NIH hopes 'cluster hiring' will 
Improve diversity . 

~ Hiring laculty0in batches-could help erase 
• ~

0
c!~!'t" NIH awar.ds By LMervis 

SCl"ll::N'CE $Cieacemag,otg 

727 Labs scramble to produce new 
coronavlrus diagnostics 
Lac'kot antibody tests obsetires 
impact of t~enovel Viros 
By J. Co/Je11,and K. Kup/erschmiQt 

1 0 NOV 2020 

728 Al shortcuts speed up.$imulatlons 
by biilions of times 
Wit~ little training. neur:al networks create 
accurate emulato,s fot physics, astronomy. 
apd eart)l science By M. Hutson 

FEATURES 

730 The health carer 
WHO's empathetic head coofronts the 
threat of a new virus- ~nd tlle tricky 
dipfomacy itbrings· .ByK. Kupferschlnldt 

INSIGHTS 
P.E.RSPECTIVES 

734 Resilience to trauma: Just a.matter 
of control? · 
Dettcitj; in memory control may 
faciJitate posttr,aumatic stress disorder 
FfyKQ.mche 
RESEA~CH A'"RTICtE p, 7$6 

735 Rectifyin 
with ionoelas 

~atalyS'is on the ~ e 

A solvehHfee . 
heterojunction ere 
and tral)Sistors 
By D. Gao and P. s. we 
REPORT-p. 773 

737 fewer defects, better c,atalysls? 
Oefect·free magnes[um oxiife 
provides a better route for carboA dioxide. 
00/l'lllrsion Bi i. chenam!Q. Xu 
REPORT p. 7'1'1 

738 "Breaking" news for the ocean's 
carbon budget 
f ragmentation of partjc) e ag~res-ates helps 
regulate carbon sequesb:ation in ihe oce,m 
By II. R. Nayak am/ M. S. nvardov,,.~; 
REPORT p. 191 

739 Crossing thresholds on th• way 
to ecosystem shifts 
Mesbing e'iidence from 11\llltiple 
aatase1s ~nwifs carjh's mec~nisms 
for adapting to environmental changes 
By M. Hirota and R.' 0/~a 
REPORT p. 787 

740 Marching to another clock 
Robust daily'rhytl\ms of RNA and protein 
expression oocur in ··c1ooldess·· cells 
ByS.A. BrownandM.Sato 
REPORT p. 800 

742 Translattng precllnlcal 
models to humans 
Computational mocfels for cross·spectes 
tra~sla\ion could improve drug development 
(fff!. K, Bruba~oml D, A. la~ffeributg~c 

744 Sidney Holt (1926-2019) 
lnlluential fisheries scientist 
and savior of Whales By D. Pauly 

POLICY FORUM 

745 When bealtl1 tecb companies 
change their terms of service 
Consu~rs may ha'lll l imited control over 
their data By J. l. Roberts and J. lfawkins 

BOOKS ETAL 

747 The art of misleading the public 
A government insider exposes the indoslcy 
playtook for undermining e-,ictence-based 
policy By S. Kirshenbaum 
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748 Physics meets Bohemia 
A hiStorian d)ves deep into Einstein's 
brief, often overlooked time ln Prague 
ByT.Sauer' 

l ETTERS 

749· The Caribbean needs big 
marine protected areas 
/JyA. J. Gallagher etal. 

749 Imposter syndrome threatens 
diversity 
By G. P. ChrousoiandA.-F. Mentis 

750 Wildfire puts koalasat risk 
of extinction 
1Jt S, S. lam·et al 

RESEARCH 
1111 BRIEF 

752 f rom Science and other journals 

RESEARC.H ARTICLES 

755 Developmental biology 
Ulle~e tracing on fransc,iptional landscapes· 
links state lo fate during differentiation 
C. Weinreb et•~ 
RESEARCH AFTICLE SUMMARY; F.OR FU lb TE~ 
OX.OOI.ORG/10,U26/$CIENCE.AA\V338i 

756 Neuroscience 
Resilience aftertrauma: The1ole 
of memo,Ysuppression A. M4!Y et al. 
FfESE,ARCH A~,TICLE SUMMAR'(: FOR FULL TEXY: 
OX..00J.0RG/10.1126/.SCl£NCE.AAY8U7, 

PERSPE01'1VE p.. 734; PQOC.AST 

757 Germ cell biology 
Transcription factor AP2 controls cnidarian 
11erm cell illduction r Q. DuBuc et al. 

763 Plant pathology 
The. pan.genome ef(ector•triggered 
Immunity landscape of a host·pathogen 
. interaction B. la/lamme et al. 

REPORTS 

769 Solld·slate physics 
Pascal conductance series in ballistic 
one·dimensional LaAJO,/SrTiO,chal)llels 
M. Bri~man et al. 

77J Materials science 
lonoefastomer juncti0'1S between' 
polymer networks of fixed anions and 
cations, H.J. Kim eta I. 
PERSPE.ctJVE p. 735 

m catalysls 
Dry reforming of metha.ne by 
stable Ni-Mo nanocatalysts on 
single•crystalline MgO Y.:Song etal. 
PtRSPECTIVE p . 737 

781 Topologlcal matter 
Helical quantum Hall phase 
in graphene on SrTiO, 
l. \'eyrat et al. 

787 Dryland ecology 
Global ecosystem thresholds driven 
by aridity M_Berd/Jg9 et al. 
P£RSP[CTlvE p. 7.S9 

791 Carbon cycle 
Major role.of particle-I ragmentation 
in regulating biologic.ii sequestration 
of CO, by the oceans 
N. Briggs et al. · 
PERSPECTIVE p,.?38 

Physics 
794 Twisted bulk·boundary 

correspondence ·of frngile topology 
Z.•O.soi,getal. 

797 Experimental characterization 
of fragile topology in an 
accustic metamateri,al 
V. f'eri et·al. 

800 Circadian rhythms 
Circadian rhythms in the absence 
of tbe cl9ck gene Bma/1 
S.Rayetal. 
PERSPECTl\tE p, 740 

CONTl!NTS 

Structural biology 
806 Structural bas.is of second•genera,Uon 

HIV integrase inhibitor action 
and viral resistance N. J. Cook eta I. 

810 Structural basis for strand•trans(er 
inhibitor binding io HIV intasomes 
iJ. o. Pa= et al . 

814 Blodiversi)y loss 
Tr(1pical snake dtverslty collapses after 
widespreaa amPllibiiin loss 
f .'f.Zipl,ihet al. 

822 

DEPARTMENTS 

719 liilllorlal 
Utewithoot ice ByMark·c. Urban 

822 Working ut, 
My best is good enough 
By Katherine Still 

ON THE COVER 

A satiny parrot snake 
(Leptophis depressirostris) 
ereys 0/1 a frog. Tropfoal 
snake diversity declined 
after a tuogal pa\l,ogen 
led to mass mortality of 
amphibians. a key fciod 
source. Snakes are 
generally rare and difficult 

to detect, but researchers estimate a high 
·probability that the snake oomm\inity is 
119w smaller and more hom<lgeneoµs, with 
lo\veroccurrence ratesandj)O<Jfer body 
OO!lditioos ior many species. See page.814. 
Photo: Bence Mate/Mlrlden Pictures 
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NEWS 
IN BRIEF 

832 News at a glance 

IN DEPTH 

836 Coronavirus epidemic snarls 
science worldwide 
Exl)l:riments aie halted as Ch\llil remains 
locked dcwn: many conferences are canceled 
By R. F. Smice 

837 Mlcroblome researcher accused 
of sexual misconduct· 
QuestilJ~s arise about the work of researcher 
Jeff Leach, kno'lln for studies of Hadza 
hunter-gathe<ers in Tan2ania By i;;. ½>gel 

838 Strange bedfellows 
for human ancestors 
Homoerectus and oltier•super-
archal~s· may have inlerb.-ed with 
ancient humaos l;ly A. Giboor.s 
SCIENCE AOYlt.t,iCfb'~eSEARCH AlfflCL'E$ BY 
A. DURVASUI.AAt;0S. SAN.K.ARARAMA~ 
lO.U26/S CiAOV,AA.x'.~0.97 ,A:NO A,, R. ROaERS 

ET AL. ! O.ll26/SC::fAW.AAVS4S:;1 

840 Tough mic.robe's DNA could 
be a lasting archive . 
Artfst and DNA storage pioneer Sl!Y~ 
microbes could preserve a reoo,d·of 
humanity Bys. Nadis 

841 In 'living materials: microbes are 
the makers 
Cells enable tnaterialsto reproduce or 
manufacture medicines By R. F. Sen,ice 
POOCAST 

FEATURES 

842 #M, roo moves south 
The figHt ag~jnst harassment in 
lafu, American);{;ience gains strength 
By L. ~~ss•I and fl. Perez Ottesa 

'tJ2 8 2~ F.£$1\0 AKl' ,20:l:Q • Y0.L 361 l5SUE(l+80 

INSIGHTS 
PERSPECTIVES 

846 Old methane and modem 
climate change 
Old metl)ane is less import.int for 
our immediate future than oontempotary 
sources ByJ. F. Dean 
REPORT p. 907 

848 Two paths to fntrinsic quantizat.ion 
A pair of materials demonstrate new and 
different routes to an exotic quantum 
behavior 8y J. P. Wa~field and J. G. C/ieci<elsky 
REPORTS pp. 89S & 9!)0 

850 Cross•modal se11sory transfer: 
Bumble bees do It 
Stored senso,y input per•nits t\\•osensqiy 
channels to exchange a,,d oompaie infl)(mal ion 
By G . .onder Emde and r Brirtde ~rera 
!'<'tJ;iOJfT p. 910 

851 A time to grow and a time to pause 
Mechanisms of programmed auest 
protect animals from the passage of time 
By M. Van Gi/sl 
RESEARCH ,\Rt'ICLE p, 870 

852 Toward a universal flu vaccine 
A vaccine adjuv,mt elicits broad 
protection against influenza in animals 
8)• S. Hero/</ and L ·E. Sander 
RESEARCH ARTICLE p. -869 

854 Stem cells and the heart­
the road ahead 
Afier 20 years.of research, pluripoteot stem 
cells move to the tore to treat heart disease 
ByC. E, Murry and W. R, A/acuf/an 

POLICY FORUM 

856 Promoting blosecurlty by 
professlonaliting fllosecurlty 
A ctedential system could improve policy and 
practice 8y R. l. Moritz et :ii. 

BOOKS ET AL. 

859 Recording waves, reading minds 
/\ neuroscie~tis~confronts \he history and 
future of our quesl t-0 understand electricity's· 
role in brain ftmct/on ByC.Ja,r,,s 

860 ~tymology of theelements 
Ch,rmirJg anecdotes a(fd historical di\/llrsions 
c<>me to life in tales ()f h-0-N the·chemical 
elements were named By N. Pohl 

LETTERS 

861 Con.servationlsts deserve 
p1otec!lon 
By_M.86/>me!al. 

Jf 861 Public health scientists 
in the crosshairs 
Byl. Wilndschneider et af. 

862 Illegal ~achers tum to 
helmeted hombills 
ByW. Lr and W. Hvang 

863 E.RRATA 

RESEARCH 
IN BRIEF 

864 From Science and othefjournals 

REVIEW 

867 Plant ecology 
Kow mycorrhizalas:;ociations drive plant 
population and commllllity biology 
L.T-etal. 
REVt£VfSUMM,A~Y; FOR FOLL TEXIT': 
l>X.OOJ.ORG./10.1126'/SCJENCE.ABA122 3 

RESEARCH ARTICLES 

868 Jm111unogano!"ics 
A c~II atlas of human \hymjc development 
defines T cell repertoire formatioo 
J.·E.Park et al. 
flf"S£ARC'H ARTJCLt SUMMARY: (Oij FULL TEXT: 

0,X.OOI.OAW10.1126/SCIENCE.AAY3224 

sd encemag.o-rg SClE.N'CIE 
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869 Vaccines 
Pulmonary surfacta11t-biomimetic 
nanoparticles potentiate heterosubtypic 
influenw immunity J. i\~ng et al. 
RtSEAJ:!C~ AR.TIC.LE SUMMARY~F-0~ FULL TEXT; 
Di,OOl.6RG/l0.1126/SCfEN.CE..AAUQ810 

P$tSPECTIV£ p, 852 

870 Developmental biology 
Vertebrate diapause preserves organisms 
long term through Polycomb complex 
members C,-K. Hu el al. 
PERSP£CTIVE p. 8~1; VID.,, 

875 Structural blology 
Structure of nucteosom.e-bound lwman 
8;/\f complex S.He eta!. 

881 Structural biology 
Molecular mechanism of biased· sigoaling 
in a prototypical G protein-ooupled receptor 
c. ·M. Suomivuori et al. 
R~ORT!;!,888 

REPORTS 

888 Structural biology 
Angiotel)Sln and biased analogs itl(fuc.e 
structurally distinct active conformations 
within a Gf CR l. M. Wing/et et al. 
RESEARCH AR'l'ICLE I?· S,SJ 

892 Optomechanics 
Cooling of <1 leVitated nanopartiele to the 
motional quantum_ ground state u. De/ic et al. 

Topological matter 
895 Qt,antum anomalous Hall effect 

in intrinsic magnetic topological 
i0$0lafor MnBi,Te, 
Y. Deng et al. 

9DO lptrfnsic ~uantiied anomalous 
flail effe€t in a moir~ 
heterostruct~re r.t Serfin•et al. 

PERSPECTl\1£-p. 848 

903 Nanomaterials 
Disassembling 2.D van der Waals. crystals 
into r11acr~opic mollOla)lersand 
reassembling into artificial la(Uces 
F. liu et al. 

907 Atmospheric me,~ane 
Old carbon reservoirs were 
not Jtnportant in the 
deglacial methane. budget 
M. N. Dyonislu$etal, 
P$SPECTIIIE p,8A~ 

910 Animal cognition 
Bumble bees display cross-modal 
object recognition between visual and 
tactife.senses C: SoM et al. 
P.ERSP£CTtV£ p. aso 

912 Entyme regulation 
Ancient origins of al!osteric a€tr,ar,on 
in a se;•Thr kinase·A, Hadzipaslc et al. 

917 Biocatalysis • 
BiocafaJytic synthesis of planar 
chiral macrocycles c; Gagnon et al. 

DEPARTMENTS 

831 Editorial 
Smaller. greener, better 
B)l'H. 1/<>fden ThOtp 

950 Working life 
Stepping down to step forward 
By /;ursel Nici 

ON THE COVER 

Arner:ican witch haiel 
(Ham,mel/s vi(giniana) 
flCY;e:-s e,1Cased in ice 
from a late winter storm, 
The effects of climate 
ct,ange on bjofogical sys­
tems may ~e especially 
pronoc.mced in winter. 
The Gordon Research 

Co~ference on·the Biology of \'linter will be held 
from 21 to26 Jun,, 2020 in Waterville Valley. 
New Hampshi(e, See page 922 f0< lhe Gordon 
Research Copfereoce schedule._aod preHminary 
programs. Photo: Brent J, Sine/air 
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The virus seems unstoppable. oot mitigating 
its speed arnfimpaci is possible · 
By J. Collen and K, Kupferschmidt 
EDITORIAL.p. S59 

963 Preprints bring 'firehose• of 
outb1eu data 
C◊VI0-19 has upended the ways researchers 
share findings and .collaborate By KKupferschmidt 
EOITOIUAL p. 9S9 
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glanhur;ey telescope 
Darkening the orbiters co.uld limit dam~ing 
light trails in wide-ffeldimages from 
the Vera C. Rubin Observatory By D. Clery 

966 Safety benefits of 'biased' 
oplotds scrtllinized 
Mouse studiescttallenge premise ot.ettoris to 
reduce painkillers' fatal sfde effect By K.Servick 

967 Cheap balloon-borne telescopes aim to 
rlvafspac~ obseryatories 
stable pointing system enables Sup¢<BIT to 
dettver ,mages almost as sharp as ttiose from 
\he Hubble Space Telescope By A. Cho 
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two ;mcjent Mesoarn~tican ~uft\lfes, 
Teotihuacan and the Maya Byl. Wade 
PODC~S~ 

INSIGHTS 
PERSPECTIVES 

974 Spflttlng spe.ech and music 
Brain asymmetries for'words-alld melo~ies 
of songs c!epend on oppos\te acoustk cues 
ByD. Sammfer 
RE.PORT p. 1043 
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cell activity 
CRJSPR:cas9 gene.·edited T cells show safely 
.and'long•term engraftment in ~umans 
By J.R. Hamilton and 1 A,fJ()udna 
RESEARCH ARTICLE p , lOOJ 

,978 Maternal microbial molecules 
affect offspring health 
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ijisease By JJerguSCfl 
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979 Cobalt In lithium-ion batteries 
Replacements are.sooght'for cobalt. a costly 
element used in litltiµm•ioo battery.cath~es 
ByM. l.iandJ.[u· 

980 A deep dive Into the abyss 
The flyby of the Kuiper Belt o6;ect Arrokoln 
provides quickand tanializingobservations 
By D .. C .. Jewitt 
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~82 Artificial intelligence 
In ca~, thuapy 
Artifici,l intellig~nce can optimize 
cancer dru~ disco-.:ery, developm_elit. 
~nd administfatiOI) ByD. Ho 

POLICY FORUM 

984 Recalibrating glpbal data center 
energy-use estimates 
Growth in erier~ use ha~sloWed.owing 
.lo efficiency gains that smart policies 
can he.Ip.maintain in the near term 
By 5. Masanet et al. 
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987 Out ofsight 
A historian investigates the Cold War 
competition to cieate an invisible aircraft 
By F. /1, vander µmien 

988 When life meets research 
The personal and professional collide 
in a scientist's story of early human 
development By J. Rossant 
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ByC.[uetal 
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RESEARCH·ARTICLE SUMMARY: F'OR FULL TEXT: 
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expaosion drives molf))hogenesls 
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Stiuctural Insights into 
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Aclaptlng to h1y brain Sy Luis Batista 
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CR.ISPR·Cas9 technology 
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therapy but do not suc­
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DNA oo lhtee genes In T cells from patienls with 
advanced cancer. This pfoneeJing therapeutic 
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expert mission concludes-but it came 
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A ne1V theory tries to explain e11igmatic 
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experiments in legal pracliti! 
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1192 Threatening the vigor of the 
Colorado River 
loss of sunlig~t-relleGting snow sptJrs 
eyal)<)ration and ebbs over How 
By M. Hobbins ar.dJ, Bi1rsug// 
ft!PORT p. 1252 

1193 Liquid droplets in the skin 
Creating enough glue toprotect the body 
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By S. Laird et'1l. 
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Reining in age,relaled inflammation 
may eilhance stem cell therapieslorr,;tfnal 
disease By J.J•leves 
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drjves skfn-carrier.formation 
F. iliircia Qui/01: e~~t. 
RES£"A~CH,ARTl21.E SUMfl.5ARY! FOR f;Ul-L T~T! 
OX.:OOI.ORGJJ0:1126/SCIENCE:.AAX-95$4 

PERSPECTI\!~ p, 119,3 : POOCAST 

l2ll Neuroscience 
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T~aim\'o(I(. the Cuban way 
By P.iul Bimman 
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The spjre of 1-lotre Dame 
cathe<lral collapses in 

.. a cJoud of smoke, The 
l;'ilr[s landmark was. 
nearly destroyed on 
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Seasonal changes in humidity, temperature, and other fac'torsmay affect the vialiilit)"of virUS8$ in dropfets P.:roduccd when people snttze ot eouih. 
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1287 Countries test tactics in 'war' 
against C0VID-19 
loc~downs arid dosings proliferate, but vitus 
testing and contact tl'iltling are lagging 
~y ,i. Cc/ie;,andl<. Kupferschrnfdl 
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By E. Stolrstad . . 
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922 Scientists pot survivors' blood 
plasma to the test 
Randomized trials are underway 
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924 . New tools aim to tame pandemic 
paper tsunami 
Resei!tchers harness Al and old·fasliioned 
expecJise tog1ean findings. but face 
challenges ByJ. Brainan/ 

926 UV radiation blamed in ancient 
mass extinction 
Malformed sporesS1Jggest powerful storms 
drove 02oneloss as climate warmed 
ByP.\loosen 
SCltNCEAQVANCE$ RES~RCH AA'riCLE B'i J, ~ 
A, ~iARSt-14.1.:L ETAL 10,1126/SCIAOV,A8A0768 

927 Core progress in Al has stalled 
In some fields 
When.tuned up, old algorithms can match the 
abil~les 61 the\( successors By M. Hutson 

928 Sick chinchillas-languish at·farms 
that supply researchers 
Years of animal welfare violations 
documented by USDA /iyl,f: Waijfl)an 

FEATURES 
930 Forced into batue 
8ispec1fic antibodies unleash T cel!S'again~t 
cancer by physically tetheflrtg them to tumor 
cells Bfl. ((,3/ser 

INSIGHTS 
PERSPECTIVES 

934 Exotic plants get a little help 
from their friends · · 
Interactions wiU1 herbivores and fllicrobes link 
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10311 Sex hormones signal why virus 
hits men harder 
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We can explott randomized controlled tlials. 
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1166 Big studies dim hopes for 
hydroxychloroquine 
Amid ppliticlzation and scandal, a 
dlsappointillg scientific piclllre ls emerging 
Bi' K. Kup/e,sc/)mTdt 

1167 Aul.hors, elite Journals under fire 
after• major retractions 
Editors, co-authors missed warnini signs, 
criti~ say ByC. Piller and J. Travis 

1169 Coronavirus rips through Dutch 
mink farms, triggering culls 
Public concerns rise as two workers catch the 
disease By M. l:nseiink 

1170 Vaccines that use human fetal cells 
draw fire 
Ab.ortion oppoqents urge United States and 
Canada to avoid •ethically-tainted'" cell lines 
Bi' M. Wadman 
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chemical industQ' 
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• " emissions By J. l. Ba!lon .. " .7". . . . . : , .. 

1171 Galactic flash points to source 
of enigmatic fast radio bursts 
CHIME telescope.catches burst generated 
by a highly magnetized neutron star in the 
Milky Way &;'D. Gfery 

1172 Prominent Harvard 
anthropologist put on leave 
Three former students accuse Inca 
scholar Gary Urton. alleging propositions 
or "'ltaurnatic·· affairs ByA. Gibbons 

FEATURES 

1174 Computing cancer's weak spots 
An algorithm to un,n-ask rumors' molecolar 
linchpjns is tested in patients Bi' R. Kha,nsi 

INSIGHTS 
PERSPECTIVES 

1178 Costs and benefits ol llvlng 
with predators 
lntegra~~ ecology alld economics reveals 
a net monetary benefit frO!lJ sea otters 
Bi' J.A. Estes and L. P. Cars~ull 
RE.PORT p.1243 

REPORT p. 1228 

1183 Mapping Earth's deepe'u secrets 
Sequencingseismoararns·p;npoint 
new struclllres .near c;,rth'$ core-mantle 
boundaiy By M. S. M/Yer 
REP6Rr p . 122:3 

1184 The global odyssey of plastic 
polhlllon 
Thinking big about small particles reveals 
1l<!W features of (he micropfastic cycle 
By C. M • .RocMnan am/ T. HoeT/ein 
REPORT p, l2S7 

1185 A gene for color differences 
between sexes 
Sex differences in plumage cq!or·in 
hybrid c,naries are controlled·by ~ single 
enzyme_ByN.Cllen 
REP◊RT'j:1.278 

1187 Can existing five vaccines 
prevent COVJD·19? 
Live vaccines can prevent unrelated 
infections and may temp_orarlly 
proteotagainst COVID-19 
&;KCll'fmal:ovetal. 

1189 lord Robert May (1936-2020) 
Pioneering ecologisfand a (oonder of chaos 
iheory By H. C. J. GcdfrayandA. R. Mclean 

POLICY FORUM 

1190 Moving academic research 
forward during COVID-19 
A gradual. stepwise approach to reopening, 
informed by public health expertise. will be 
essential By N. s. Wicgintoo et al. 

1193 A biodiversity target based on 
species extinctions 
A s,ngte target comparable to the z·c Climate 
ta,get may help ga!vanizebiodiversily policy 
&j ~- D.A. Rounsevel/el.al. 

BOOKS ET AL. 

1196 Dls~unting lives 
Are COVID-19 dealhs •sacrifices--? 
lfso.towhat? ByA.J.Wolfe 

1197 labeling fish, labeling people 
A science reporter grapples with 
an lcblhyologis\"s all-consuming passion 
for calegonzation By E, lanl/au 
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LETTERS 

1198 Saving the Sundarbans 
from development 
Bys. A. Mlft(tll et al. 

1198 Aggregating dala from 
C0V1D·19 trials 
By£. L Ogbum·et al. 

1199 Brazil undermines parks 
by relocating staff 
By P. 11:Go,,,;alves et al. 

RESEARCH 
IN BRIEF 

1201 from Science and other joornals 

REVIEW 

1204 Neuroscience 
linking glutamate receptor movements and 
synapse function l. Groc and D. Choquet 
REVIEW SUMM~RY: FOR FULL TEXT: 
OX.OO[ ORG/10.1126/SCIENCE.AAY4631 

RESEARCH ARTICLES 

1205 Cell biology 
Membrane-proxfmal F•actin restricts local 
membrane prptrusions and directs cell 
migration A. Bisarra et al. 

1211 Structural biology 
Structures of cell wall arabinosyltransferases 
with the anti-tubercul~is d/ugethambutol 
L.Zhal\~et al. 

REPORTS 

1219 Nanophotonlcs 
Far·field1lXCitation of single graphene 
plasmon cavities wilh ultraccmpressed 
mode volumes I. fpstein et al. 

1223 Geophysics 
Sequencing seismograms: A panoptic view 
oi scaitering in tho core-mantle bound~ry 
regioh D. Kim et al. 
PE~SPE:CTIVE p.-1183 

1228 Electrochemistry 
Chloricfo.-medlated selective electrosynthesis 
Of ethylene and propylene oxides at higil 
current density IV. R. Leowet al. 
PERSPEC'l'WE p, 1181 

1239 lce sheets 
Pervaslve ice sheet mass loss reflects 
competing ocean an!l atmosphere processes 
B. Smith et al. 

1243 Ecological economics 
Cascading social-ecological.costs and 
benefits triggeredby a ,ecovcring keystone 
predator f. J. Greer. ~t al. 
PERSPECTIVE p, U,8; ,li'OOCAST 

1247 Molecular machines 
A precise polyrotaxane synthesizer 
Y. Qiu et al. 

1253 Protein folding 
Disordered proteins follow diverse transit ion 
paths as .they foJd and loJnd to a partner 
J. ·Y. Kim and H. S. Cl)ung 

1257 Plastic pollution 
Plas{ic rain in protected areas of the 
United States J. Bra/JIJey et ai. 
PERSPECTIVE p. ll84 

1261 Cell cycle 
T~mporal integratioo of mitogen history 
in mother cells controls prollferation of 
daughter cells M. Min et al. 

1265 Biotechnology 
Ver1 fast CRISPR on demand Y. Liu et al. 
PERSPECTIVE p, 1180 

1270 Suual dimorphism 

;1274 Coronavlrus 
A noncompeting p?ir of human neutrali2ing 
antibodies block COVI0-19 virus binding to Its 
receplor ACE2 Y.-Wu et al. 

DEPARTMENTS 

1161' Editoria.1 
Time to look in the mirror By H. Holden Tho(p 

1163 Editor1al 
COVI0-19 and flu, a perfect storm 
By E(lwardA. Belongia and l,fichael.T. Osterholm 

1282 Working life 
Helping otl)ers-and myself 
By Moamen M. Elmass/'1 

ON THE COVER 

Male (le(t)and female 
(right) canaries (Serinus 
canaria) exhibiting sexual 
c!ictuomafism- Le.. color 
difference between sexes. 
These mosak canaries 
were created by crossing 
common canaries with red 
slskfns and selecting 

!he progeny for sexual dlctu'omatism. The 
pronourn;ed differences in plumageoo!oration 
ar~driwn by a single gene tnat mediates sexual 
d\cl1fomatisq1ln birds. Seepages 1185 and 1270. 
Photo: fllcatdoJ"'ge lopes 

I g 1234 Mesoscoplc physics 

•
~ hie oscillations in inlerlayel IJansport 

of delafossites.c. Putzke et al. 

A genetic ·mecbanism for ·sexual 
dichromatism i;\ birds M.A. Gawa et al. 
f:>ERSPECi'IVE p, 1185 
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NEWS 
IN BRIEF 

1292 News;,! a glance 

IN DEPTH 

1295 Pandemic vaccines are about 
to face the real tei.t 
lJ.S.and i lob~I efforts are tak1Qg different 
approaches to key efficacy trials of 
candidates 8y J. Cohen · 

1296 Can phonaapps slow the spl'!lad 
of the coronavf rus? 
Di Bilal contact tracing is growing- and facing 
its'first re;,1-world tests By•K. Stirvick 

1298 U.S. academic research funding 
stays healthy despite pandemic 
Labs reopening even as campuses struggle 

~ By J. Mezyis 
~ 
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PODCAST 

1299 Incest in ancient Ireland suggests 
an elite ruled early farmers 
DNA from massive Newgrange tomb reveals a 
praoUce linked to royalty;,roujjd ttte world 
8)i A .. Cid& 

1300 New tensions dim hopes for 
salvaging Iran nucl.ear d,eal 
MMilorihg agency seek;, clartty about 
clandestine R&D ByR, Stone 

SCIENO~ scfencen)Jg,or,: 

1301 NIH requires dis closure a 
!Jarassn;ient by grant&es · 
Changes aiineil in part at ma kin~ 
institulions,dqn'f'passthetia · 

FEATURES 

1302 Weather ma~ers 
Forests SUJJJ>IY the world with rain. 
A conttoversial Ru_ssi~n the91Y claiffq FEB 202 
tfJey also make wind By F. Pearce 

INSIGHTS 
PERSPECTIVES 

1306 The origins of flowering plants and 
pollinators 
New ,esearch raises questiol)S about when 
!lowering plant.sand thetr polli113tors evolved 
ByC.J. vartderKooiandJ. 0/lertoll 

1309 Perovuite solar-cells 
take a st,p forward 
A new enc0psulati0Jl teci\nlque helps move a 
photOl'Oltaic toward commerciall2_ation 
By f. l..lliantz·Porez·a/ld M. Haro 
R:ESE"AR,Cti AflrlCLEp, uaa 

1310 Dating the , .mergence 
of human pathogens 
Anclent genq111es can narrow these.arch 
for 11-Nl sources of 20onotic lransrnissions 
ByS. ¥, W. HoanrJS: Duchene 
REPORt 1?· 1367 

rpuscles ar~ anatomrc~lly 
hanosen_sors 

r tactile. acuity 
·hall ilfJdA,Patapolitliw 

ROH ARTICl,.:E p, 1330 

c 
12 Closing !he radical gap in 

cbemlcal synthesis 
Unstable raofcal intermediates 
are harnessed in a m1crofluidic 
etect(ochemical cell By J.,Q. Liu et al. 
REPOlnp. l-35'2 

1314 Drug modulation by nuclear 
condensates · 
Concentration of antineoplastic agents 
into spatial. eompanmen!s i'nffuences 
activity lly A. D. VinyandR, L levine 
REPORT p, U86 

1315 Using Information theory to 
decode network coevolutlon 
Communication clashes 
shape th~ CO'evolulion of insect-plant 
ecosy):telns ByR, !iole 
REPORT p, 13'17 

POLICY FORUM 

1317 Understanding persistent 
gender gaps In STEM 
Ooes a0hie,rementmatter differently 
for men and women? 
By JOSfflP R. Cimp'/an el,al. 
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BOOKS ET AL. 

1320 Creating a culture of change 
Urging action, a new film paints a harrowing, 
portrait of female sclentists' e,<periences in 
academia 8y D. Riley 

1321 What to do with our days 
When wieldeo correctly. boredom can be a 
fl(l\'{erfl)I tool ByE. Westgate 

LETTERS 

1322 Academic societies' role In curbing 
pollce brutality 
By P.-Ph/I/lps and M. 8. Weissman 

1322 Pandemics' historical role In 
creating Inequality 
By L. I.I. Davalos et at 

1323 Recent immigrants at Increased 
pandemic risk 
8y P. Galanaudand A. Galanalld 

RESEARCH 
IN BRI EF 

1324 From Science and otlier journals 

REVIEW 

1327 Forest and climate 
Olimate,dtiven risks to the climate ml~gation 
poteniial offorests IY. R, L Anderegg et al. 
~EV'1tW SUMMA~Y: fO'R FULL"r'EXT: 
OX ... DOI.ORG/10.1126/SCIENC(.,U.z, oos 

RESEARCH ARTI CLES 

1328 Solar cells 
Gas chromatography-mass spectrometry 
analyses of encapsulaleo stable perovsklle 
SOI?( cells. l. Shi el al. • 
R£SEARCH A.Rncu. SUMMARY; FOR FlJU TEXn 
DX.DOtORGl1Q.U-26/SCIENCE.AOA2412 
P~RSPECTtVt. p. £309 

1g29 Neuroscience 
Manipulating ,silnlhehc optogenetic 
oooc; reveals the OOJ:llng logic of olfactory 
perception £. Coong_et al. 
R£SEARCHA.RTtCL£ SUMMARY; FO~ FUU 'fEXt: 
ox.oor.oRG/10.1126/SCl£NCE".ABA23S7 

1330 Neuroscienca 
Me~ner corpuscles and their spatially f intermingled afferents unde_rlfe gentle touch 

. perteption N, L Neuliarth et al. 
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I 

RESEARCt,i ARTlt LE $UMM A.RY: FOR FULL TEXT! 
OX.DOi.ORG/10.1126/SCIENC~A88.VS1 
PERSPECTl\1£ -p, 1311 

SCIENCE- scleJ)ctJlJag.org 

1331 Coronavlms 
Stru.cture-based des1&11 otan!lviral drug 
candidates targeting the SARS·CoV-2 main 
protease W. Dai etal, 

1335 Influenza 
Different genetic barriers for resistance to 
HA stem antibodies in in!luenza H3 and Hl 
viruses N, C. Wu etal. 

1341 Biodiversity change 
Landscape-scale forest los's as a catalyst 
of populatior1 and biodiv-ersily change 
G. N. Daskalova etal. 

REPORTS 

1347 Metallurgy 
Making ultrastrong steef tough by 
gtafn-bounaary delaminaUon L Uu et aL 

1352 Electrochemistry 
Microfluidiceleclro~hemis!f)! for single• 
electron transfer redbx·neulral reactiOhs 
\'.Moetal. 
PERSPECTIVE p.1312-

1357 Ceophystcs 
30 fault architectu(e cootr.ols the dynamism 
of earthquake swarms Z. E. Ross eta!. 

1362 Coronavlms 
Rapid lrnplemeotation of mobile techrlQlogy 
for real·t1me epidemiolo.,,y of COVlo.19 
D. A. o,ew et al, · 

1367 Measles 
Measles virus and rindcr pest virus 
divergence dateo to the sixth century BCE 
A.DOxet al. 
F'EftSPfCTIVE p. 1~t0 

1371 lmmunometabolism 
T cells 'with dysfurictiona I 
mitochondria induce mulllmorbidity 
and premature senescence 
G. Desdln•Mic6 et aL 

CONTl>Nl:S 

1317 Chemical ecology 
lnformatioo arms race explains plan!· 
herbivore chemical comin"nication in 
ecologicaf communities P. lu et al. 
PERSPECTIVE p, 1315 

1381 Metalloenzymes 
Slrti,ctural evidence for a dynamic 
metallotofactorduring N2 reducti-On by 
Mo·nitrogenase IV. Ka(l8 et al. 

1386 Phase separation 
PartiUoniQ~.of cancer therapeutics in nudear 
condensates I.A. Klein et al. 
PERSPECTIVE p, 1314 

DEP,.RTMENTS 

1290 Editorial 
CQVID·!9 an!! cancer By Norman E. Sharpless 

1291 Editorial 
Combatlog sel(tlal harassment B)IGarrie D. 
\Volinelz. Michael S. Lauer. Francis S. Collin$ 

1394 Working life 
Undergrads in charge By Mira Nishi/ 

ON THE COVER 

Upon:infeclion, SARS· 
CoV•2 (blue) uses·host 
machinery to produce 
polyproteins for replica­
tion. Theviral main 
protease (yellow) plays 
a key role in polypwtein 
cleavage and thus is a 
polenttal drug largeL 

Researchers havecdesigned two antiViral 
OOOlj)O\Jnds that lnhlbit activity of the maln 
protease to prevent viral repijcalion. Preclinical 
stu<f,esshowthat these compoU11ds are prom· 
isjng lherapeutic candidates. See page 1331. 
11/UStratiQ,): C. Bickel/Science; OJta: PDB ID 6M()f( 
(SARS,CoV-2 main protease) 
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NEWS 
IN BRIEF 

1406 News at a glance 

IN DEPTH 

1408 Hope grol"s for targeting 
the brain with ultrasound 
Nonin\laslva method of tvreakinirn8!Jral activity 
enters neivtests in human /l'.( K Sert.ck 

1409 law_sult alleges scientific 
misconduct at weapons lab 
Oispote underscores Ule.chatlenges of using 
simulatloosto "'lest" warheads By A. CN/J. 

1411 Dawn of the chicken revealed 
in Southeast Asia 
Chicl<endo!llesti,catlon-deba!ed since Charles 
Oarwin-tracked bygenoml~wrvey /l'.( A, (awfer 

1412 Charities thatfund research face 
deeP. revenue declines ' 
Gancetlatfon of major fundraisers forces 

,. group~ to lay off slaft_anddela)f. Mm, 
~ or cane.el grants:to scientists By£. Caban 
~ 
~ 
;} 

I 
1413 Could a blood 'observatory' 
stop pandemics? 
Proposal ~)Is for screening bfood from around 
the.worid f0< tHousands of antibodies By R. ~1.e/1 

SQJ:t;,NCE scrcnccmag.org 

1414 Onllnt GRE t,d helghleni 
equity concerns -
Pandemicspu/s g,adua(e programs 
to drop stani:!ardl2ed test requirements 
ByJ,C.Hu 

1415 Senate bill to c11rll foreign 
threats raises alarms 
Sweeping charges to protect research 
cOllld hamll"r-~caclemic collaboration, 
critics say By J. Mer;is 

FEATURES 

1416 Martian chronicler 
NASA's Pe~verance rover aims to find 
out whether ancient Mars was wann and wet 
or wld and dry By P. Voosen 
i 1420 Mars mission would 
f put China among spaee leaders 
i By o. Norm/le 

INSIGHTS 
PERSPECTIVES 

1422 Reducing transmission 
of SARS-CoV-2 
Masks and testing ate necess<1_ry to combat 
asymptomalicspreadln aerosols and 
droplets Byk. A. Ptal/ler el ~I. 
f>OoCA.S't 

it 
1424 Evolution after genome duplication 
Genetic interactions ;n yeas[ <811<1al 
/actors gooeming duplicate 
ge,i_e retenJlw, and pivergence 
By I. M. Ehronrelc.h 
RE

1

S£A:RCH ARTIClE_p. 1446 

1426 Action spectra of chiral 
secondary structure 
Mass spectra.of ONA complexes 
photoreduced 1vith polarized light reveal 
their handedness By P. Eiarrao 
R£PORl p.1465' 

1427 The simplicity of robust 
light harvesting 
A universal-design principle underlies 
photosynthetic antenna systems · 
By 0. D, P. [),iffy 
ft£F'¢Rl p. 1490 

1428 Guide cells help navigate 
axon regeneration· 
Rebuildlng the flatworm visual system 
afle< injury requires guidepost-like·muscle 
cells ByR. Roberts-Gal/Naith 
~ES£.Atf¢H ARTICLE p.1447 

1430 Mlcroplaslic in terrestrial 
ecosystems 
Research shifts frorn ecotoxico!ogy 
to ecosyste_rn effects 
and Earth system feedbacks 
By M. q. Rilhg ~MA. tehmaM 
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Muscle guldepo,t-lik• c&lls (m,gema) aff;li~t• 
wl\h t~e axons-Of the planarian visual system in 
ycllow (nucl•l. blue). 

1432 Multiple, quiet, and close by 
A planetary system•around a nearb)< star 
offer,; the prosp.ect,foraimosp{1eric study 
By M. 8. Dav1es 
REPORT p.t4n 

POLICY FORUM 

1433 "Explaining• machine learning 
reveals policy challe9ges 
The neetl to make objectives explicit may 
expos~ poli~y tJca,de·offs that had previo~sly 
been implicitand obscured 
By D. CC1jileandA. l\~l/ec 

BOOKS ET AL. 

%435 C<>nfrontlng bias 
Prejudice and·discrimination are deeply 
pefsonal. but theireifectsare profound 
8yC.K.L~i 

1436 Uke other species, we have 
always been on lhe move 
Human mlgrafion and cultural exchange 
represent pr~ress. nQt peril, argues a 
jourhalisl By t. Koser 

0 LETTERS 

,, 1438 COVID-19'.s unsushlnable 
waste management 
B)'S. You et al, 

1438 Misguided forest action In EU 
, Biodiversity Strategy 

By N. Selva e.t al. 

1439 Afforestation falls short 
as a biodiversity strategy 
flYS. G6mez-Goilia/ereial. 

\ 

RESEARCH 

CONT£NTS 

1477 EJ<oplanets 
A multiple planet system of super•E;irths 
orbiting the.brtgbtes{ red dwarl star·GJ 887 
~ V..kU~etal: 

IN BRIEF .✓-:,;;,t;:::;:;.. TIVE ~. 1432 

1443 FromSc7ence·andotherjOtlrn .P"f")~~. onavlrus 
contact~ttemsshape the dynanilcs 

RESEARCH ARTICLES 10·19outbreakinCh1na J.Zhangetal. 
1446 Genomic duplications 
Explo)ingwhole•genome duplicate ntum optics 
reteptioo with complex genetic inter ,:::,.,-1---.:!'i\ ·a,r'l'y-base<l high-dimensional and 
analysis f. l(!ltmin et al. ~:0:,::="""" on·quan\um source L LI et al. 
8ES£-A~C}I A.llTICtE SUl.1>,fARY• fOR'RJU. T 
ox.oo·t.oRG/tO.ll26J.'S.Ci£-NCl;,..AAl5667 

PERSR£CT1Vf p. 1424 

1447 Developmental biology 
Muscle and neuroilal 
guidepost•IIICe cells facilitate planarian 
visual system rtgtlfleratfon 
M. l , Scimooe et al. 
ResuRcH ~TICL.E. s tJMMARV: FOtt FULL TUT: 
OX.DOl;ORQ/ 10,UZG.(SClE~ CE.ABl\3203 

PERSPECTIVE p , 1428 

1448 Neurosclenc-e 
Aexible 1ecruitment.of 111emory•basedchoice 
repre~ntsJ1ons by the human medial frontal 
cortex J. Mini</J~ et al. 
RESEA~CHART'-fClE SUMMA.RV! FOR fULL TEXT~ 

OX.OOl,OR,G/10.1126/SCl£NCE.A8A331:~ 

1449 Chromatin sequencing 
Single·molecule regulatory architectures 
capturedby chromatin fiber sequencing 
A. 8, Sterga¢his et at 

1454 Structural biology 
CryQ·EM stru~!ure of th~l1uman 
cohesin·NIPBL--ONA complex Z.:Slli et at 

1460 Stuctural biology 
Mecb;nfsms of OCT4·S0X2 motif readout 
on nucleosomes A. K. Michael et al. 

REPORTS 

1465 Spectroscopy 
Mass•resol~d elec!rontc circular 
dfchrofsni ion spectroscopy S; Daly, et at 
PERSPECTIVE p. 1426 

1469 Solar physics 
Meridional flow In the Sun's convection 
zone is a single cell in each hemi,;phere 
L. Gizon et-al. 

1472 Plasmonic materials 
Mieell?•<lireded chfral seeded growth 
onan1sorropic gold, nano:Crystals 
q. Gooiiifez0Rubio et .al. 

1490 Photosynthesis .,, 
Quietltig a no~ ;intenna reproducesphoto• 
synthetfc lfg~l-harvesllng specira T; B. Alp et al. 
PEFtSPfOffVE p-. l42'.7 

1495" Dog genomics 
Arctic•adapted dogs emerged ,tthe 
Pleistocene-Holocene transitiOo 
M.•H. S:Sinding et al. 
PODC,\ST 

1499 Coronavlrus 
Structural basis for inhibition of ttie 
RNA·depelldent Ri,tA polymerase from 
SARS-CoV•2 byrenidesi\lir YI.Yin et al. 

DEPARTMENTS 

1405, Editorial 
PerS~11$1ve words ari,not eoougb 
8y Ii. Holden Thp/p 

1506 Working Life 
T~e !)$Sure.to assimilate By Montrai //pikes 

ON THE COVER 

Greenland sled dogs 
do .\lt•·S•'!l• job 
lfieir ancestors have 

• donefo,ceuntless 
generations. Sequencing 
ofa 9500-year,old 
dog genonH? re'IE)als 
that mode;n-dogs­
particularly sled 

dogs- were gene~~lly distinci from wolves 
ey the~arly Holocene, Of all modern sled 
dogs, tile Greenland sled d~i sttares t~e most 
genO(llic al)Ces!JY. with the first sled dogs, 
emphasiling the conserva~wvalue of this 
breed, See page 1495, pt,oto: Carsten Egevang 
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prepare for the future ByC. J. t. Metcalf et al, 
RESEARCH ARTICt ~ p. 413 

370 The COVIIH9 pandemic 
and human fertility 
Birtll trends in resp0h$8 to the pandemic will 
vary according to socioeconomic cond~ions 
By A. AaSS\·e et al. 

372 Tying amines down for stable 
CDi captul'i! 
~llestering greenhouse gas (or 
different fuel mixes requires better 
sortients\ability 
By S. 8. Pelt a~d D.Zhao 
RESEARCH ARTlCL£ p, 392: 

373 Fine-tuning stemness 
Targeted degradat(on determines 
whether embryonic.stem 
cells undergo differentlatlon 
By M, Borsa and A. K. Simon 
.RES£ARCH ARTICLE p. 397 

375 Interrogating hot electrons 
in tunnel junctions 
Ele~tronic transport rev~als 
excited-<:a rrie( eoe.-gy distribution 
In plasmonlc nanostruciures 
By L. Martin-Morono 
REPORT p..AiJ 

376 Was smallpox a wldespr&ad 
mlld disease? 
Ancient DNA from theViking l)ge 
suggests a rethink about the 
origin and evolution of smallpox 
ByA.Alcami 
RES.F.ARCH ARTICLE p , 3!>1 

378 Beth Cindy Levine 
(1960-2020) 
l/isio11ary physician scientist who 
linked autophagy to disease 
By H. W. Virgin et al. 

scienccmag.org s c rENCE 

Science
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l79 Ecology and economics for 
pandemic prhentlon 
Investments to.prevent tropical 
deforestation and to limit wlldl~e trade, 
\\'Ill protect against future zoonosis 
oolb1eaks By A P.Ooosonetal 

BOOKS ET AL 

382 The pull of thend planet 
lwo candidaCC\lllnts consider tile.history 
~nd future of life on Mars By M. Smnde« 

334 Fiction meets the near future 
An actlon,packed thrille, explores the 
1'1\p/,catfons of emerging t~hnoJOgies 
SyG. L~as 

LETTERS 

385 Nicaragua,'s C0VlD·19 crisis 
demands a response 
B>1 J. Huetq•f'erez andJ, Hildebrand 

385 A community-led approach 
to C0VID-19 
By K:A.A(tel!e etal. 

386 Lessons from viruses 
that-affect lagomorptis 
ByC, 11ouco etal. 

RESEARCH 
IN BRIEF 

387 From Science and other journals 

SCIENCE scfencemag.org 

\ 

RESEARCH ARTICLES 

390 Systems biology· 
S,imultaneou$ cross-evaluation of 
heterogeneous£. coli datasets via 
mechanistic simulation D, N, Macklin et al. 
RES£A~CH ARTICLE SUtJ,MA~Y: FOR F.ULL 'rEXT: 
DX.OOI.ORG./)0.112.G/ SC-IE~O.£,_AAV3?51 

391 Smallpox . 
Diverse variol~ virus (smallpox) straios were 
widespread in nortllem Europe in the Viking 
Age 8. l,(OhlemMn et al, 
RESEARCHARTlCL~SVMMAR:Y: fOR FULL TE.xT: 
DX.DOI.ORG/!0.l1261$C,1ENCE.AA.W8977 
PERSP£CTtvE P:'3,6 

392 Gas separations 
Cooperative carbon capture and steam 
regeneratjo1>with tetraamine-appended 
metal-organic frame\\'Orks £. J. Kim et al. 
PERS'PECTIVE p. 31~ 

397 S.tem eell biology 
Chaperone-mediated autophagy 
regulates the.pluripotency of embryonic 
siem cells Y.Xu et al. 
PE~S'PE,CTIV' Pt-373 

403 Drug development 
The actiyities of drug inactive ingredients 
on biological targets J. f>ottel et al. 

413 Coronavirus 
The impact of COVID-19 and strategies 
lot mttigation and suppression 1n low, ;nd 
middle-income countries P. G. t Via Iker et al. 
fERSP.£CfJV£ p. 36$ 

REPORTS 

423 Nanophotonlcs 
Oetermillingplasmonfc hot·carrierenergy 
distritiulions via singf~·molecule transport 
measurements H. Reddy et al. 
PERSPECTIVE P. 375 

427 Metallurgy 
Ultrahigh-strength a!ld ductile super!attice 
alloys with nanoscale d;sordered interfaces 
T. Yang et at. 

433 Structural biology 
Stwctural b.;sis for membrane insertion-by 
the human ER membrane protein complex 
T. Pfeiner et al. 

436 Nanopbotonlcs 
Remote §tructuring of near,field landscapes 
V. Ginis et al. 

440 Protein design 
An evolution-~sed model for designing 
chorismate mutase enzymes W. P. Rtiss·et al. 

446 Materials science 
Anomalous absorption of electromagnetic 
waves bY.2D transition metal car.l10nitride 
n,CNT, (MXene) A Iqbal el al. 

450 Host defense 
lt.Jconate .;s an effector of a Rab 
GTPase cell-autonomous hosl defense 
pathway against Salmonella . 
M. C/iev et al. 

456 Human evolution 
Genomic insights into thw,irty peopling 
ot the Catibbean K. /'IJgele et-al. 

460 Ecological genomfos 
J.arge-scale mutation in the e•10luti9n 
of a gene complex for ccypticooloration 
R. Villovtreix et al. 

466 Cell cycle 
Cell growtll dilutes the cell cycle 
inhibitor Rb to trigger cell divislon 
E. latvlovskiy et al. 

OEPARTMENTS 

350 Editorial 
Avoiding another Hiroshima 
By Madeleine K. Albright 
NEW~StORY p . 361 

351 Editorial 
Systemic racism persists 
in.the sciences 8y Mi~ Harvey IVingtield 

474·wor11tng life 
Working through grief By An,,a Nordseth 

ON TH; COVER 

Every 6 August mourn­
ers aoct peace activists 
releasecandlelit paper 
lanterns on Hiroshima's 
Motoyasu River fo marl< 
tho anni\'ersary of U)e 
atomic bombing of tt,e 
city. ¼i>ich occurred 75 
years ago.next month: 

ManJ survi\'Orsof the Hiroshima and Naga5aki 
bomb<ngs have coope,ated with a large. ll)J)8', 
running cohorl study that has produced most of 
what is kncwo abO\lt the tong-term heaJtli effects 
of radiation. See pages350 and36J:Ptroto: The 
Asa/ti Shirribon via Getty Images 

New Products .............. .............................. 472 
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Rhododend(on··anct otMf 'at pine flowers at430Q-meter elevation in tOe Ht.ngduan MQuntains fn China, home to thee world's oldest alpl~ plant C-Ommuhity. 

NEWS 
IN BRIEF 

484 Ne.ws ata glance 

IN DEPTH 

487 Wuhan coron·avirus hunter 
Shi Zhengli speaks out 
'Ohina'.s ' Bat \\bman'· deniesresponsibiljty 
forthe pandem,c, demavds apology 
from Trur1w By J. Cohen 
POOCAST 

489 Clobal planseeks to promote vaccine 
equity, spread risks 
Poor countries tear ending up at the end oft he 
queue By K. Kuptersclm>idt 

490 Hidden predictab1llty in winds could 
improv,e climate forecasts 
Study fi~ds climate models are.missing wind 
patterns. casting doubt on long-term forecasts 
of rain and storms By P. l>bose,, 

491 Kow an ancient microbial arms race 
remodeled human cells 
Study 1races.genelio responses to pattipgens 
back to anceslor of Neanderthals and modern 
humans By 4. Gibbons · ' 

493 Mountains and monsoons created 
Tibetan biodiversity 
The rise of the lfengduan rnhge 30 million 
years ago kick-started'evolution of wor1g·s 
oldest alpine flora By E. S/okstad 
REPORT p. 578 

494 This man can read fetters but 
numbers-are a blank 
Case ~ poses complex roots of 
consclous.rress:Bys. Ke~n 

495 Altered DNA base cO'uld play key 
role in preg_nancy 
In mice, methylated adenine enables the 
p!acenta to grow By E. /'et>nisJ 

FEATURES 

496 llurd man 
For Jonathan Losos.-!iny. Cariboean 
islands and their rep!lle inhabitants are 
t~ tubes otevoluliO'rl 
B)'U•mnisi 

INSIGHT-S 
POLICY FORUM 

500 ·coVID-19 rilk$ to global food 
security 
Ecqriomr, tallout'at,d'food suP,pty clJiiin . 
disroptlons re~uire attention from 
IJQlicy·maRers · 
By D. l.aboaieetal, 

PERSPECTIVES 

503 Mapping the clean air haves 
and have-nots 
lbe distril;ution of air poHu«on·has 
chagged little, pe(petliatfngdisparlties 
in exp,o~,e By L. ~(• 
REPORT p,:S75 

504 Can we' predict solar flares? 
A physlcs·based rnodel may help improve 
space v/eatller forecasts ByA. M. ¼>ron~ 
REPQRT p. 587 

506 Evolution of the human brain 
Ahuman•specific gene is a detertniaant 
of I.he cognitive ·arcliitecture of the human 
cerebral,cortex. ByC. {)elu)y and H. Kennedy 
R.EPOR,T p . 546 

507 Fine-tuning receptot-G protein 
activation and signali~g 
The activation rate of downsfream G proteios 
.imf)(inls reteptor signaUlig 8y G. lebon 
itESE'.ARCH A.R'T{CLE p. SZ.3 

509 Ductile van der Waals materials 
Nqrmally bottle, ,ingle crystals of lnSe can 
be mechanically rolled like a metal il\fothin 
films By X.flan 
Rf;PO.Rl•P·'S-t-2 

510 How doe$ SARS·CoV·2 cause 
COVID-197 . 
The viral receptor-o., human cells plays a 
critieal role r~•disease progression 
By N. J. MalltesoQ a/Jd P. J, Le.hn~r 

512 William C. Dement (1928-2020) 
Father of sleep medlci~e 
By II. Pel/lJ'O an/JP. Molfrfain 

BOOKS ET ·AL, 
! 513 Confronting illness with _einpat_hy i 

Ajournalis! paints a Uloug!ltlulportrait of a ~ 
dise<15e that defies sclentiflcchar.acterization .g 
By F. /1. Divis ~ 
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514 Context Is key to olfactfon 
How we exp,erieocesmell has more to do with 
us than with the odotltself By J.P. McG8nn 

LETTERS 

515 Chinund India: Toward 
a suuainable world 
8yK.S.8awaetal. 

515 Conservation needs 
a COVID-19 bailout 
By Re A. McClee,y et al. 

516 Exlinct•in•the-wlld species' 
last stand 
ByA. Trasket al. 

RESEARCH 
IN BRIEF 

519 from Science and other journals 

REVIEW 

522 lmnwnology 
The !unction of tile thymus and tts impact on 
modem medicine JJ A. P. Miller 
REVIEW'SUMMA!t.Y: ro·R f'Utt TEXT,; 
ox.ootORGJ10,U2&/SC1£NC£.ABA2429 

RESEARCH ARTICLES 

523 Structural biology 
Structural insights into differences in 
·G protein activation by family A and family B 
GPCRs O. Hi/~ et al. 
RESEARCH ARTICLE Si:JMMAIW; FOR FULL TEX-Tl 
OX'.D0f.0~G/10.l126/SC.IENCE.ABA3373 

PERSPECTIVE p, 507 

524 Bioehemlury 
ANGEL2 is a member of the<:CR4 family of 
deadenylases with ;i· .3'·cyc/ic phosphatase 
activity P. H: Pinto et al. 

\ 

530 lmmunogenomic:s 
Human feJal mlcr.oglia acquire homeostalic 
immune,sensing properties early in 
development L Kracht et al. 

REPORTS 

537 Molecular diffusion 
Boosted molecular-mobility during 
common chemical reactions H. ll~ng eta!. 

542 Materials science 
Exceptional plasticity in the l)ulk single· 
crystallinevao der Waals semiconductor 
JnSe T.·R. V,'a;etal. 
PERSP£CTIVE P• 509 

546 Neurodevelopment 
Human·specificARHGAPJJB·increases size 
and folding o{ primate neocortex in the fetal 
marmose\ M. fie/de eial. 
PERSP'ECTIVE p. 50(; 

550 Ultracold matter 
•Cooling and·entarrgling: ulttacold al oms 
in optical lattices B. Yai,a et aL 

554 Structural biology 
ln•cell architecture ol an aetively 
tcanscfibing•translating expressome 
F. J. O'Reilly el al. 

557 Organic chemistry 
Direct·reverslble decarboxylalion from stable 
organic adds in dimetllyJforniamide solution• 
D. K'ongetal. 

561 Neurogenomics 
Allele•speclfic open chromatin in human 
1PSC neurons elucidates functional disease 
variants S. Zhang el al. 

566 Biotechnology 
DNA capture by a CRISPR·Cas9-gµided 
adenine base editor 
A Lapinaite et al. 

571 Nanomaterials 
Rational synthesis of atomically 
precise graplie(le nanoribboqs directly 
on metal oxide surfaces 
M. Kolmer et al. 

575 Air pollution _ 
Disparities in PM,. air polluti011 
in tile United States J. C-0/mer et al. 
PERSPECTIVE p. 503 

578 Paleobotany 
Ancient orogenioalld monsoon-driven 
assembly of the world's rj,}lestiemperate 
alpine flora IY. •N. Ding et al. 
NEWS SYORY p. 493 

582 Coronavirus 
·Genomic surveillance rewals 
muifiple introductions of SARS-COV·2 
into Northern Ca)if.o.roia X. Deng et al. 

587 Solar physics 
A physics·based method that.can 
predi.ct imminent large solar flares 
K. Kusano .et al. 
PERSPEOTIVE,P, 5'04 

DE;PAR.TM ENTS 

483 Editorial 
Cautjrius optimism 
8y It Holden Thorp 
POOCAST 

594 Worldng Life 
My womb is my business 
By ~~n·Jing !in 

ON THE COVER 

An extreme ultraviolet 
image of a-la,ge.(X·Class) 
solar flare,that ()()C>Jrred oo 
7 Marcil 2012. combin~ 
observations taken at 
131 A (blue)and 171,I, 
(yellow) usfng the Sola, 
Oynamlcs Obse,vatory 
spac,cr~ft, This flare 

disrupted radio communications on ~ rth. 
Predicting whenX·ciass flares will occur will help 
to forecast Earlh:s space weather. Seepages 504 
and587.6tedit: NASAIGSFC/SDO 
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NEWS 611 Trump directive on state counts 620 SpecHicity in legume 
said to thiealen rigor of census ~ nodulesymblosis 
EXAerts decry:orderto e~clude Structural vari<ltion in recognttion 
undocumented resR!ents B>1 J. Mervis molecules shapes ,,ymbiotic p_a.rtMrships 

IN BRIEF By r Bisseling and R. Geurts 

604 News at a glance 
612, Slberlts 'ii!teway to the RESEARCH ARTJClE p. 663 

underworld'·hlt by heat wave 

IN DEPTH 
Thawing Batagay permafrost holds deep 621 Opening the flood~tes at Fukushima 
climate histoiy By R. Stpne Tritium 1s noilhe only r~ iOisotop~ 

606 Why Infection poses a special risk of ooncem for stored contaminated water 
to pregnant women 613 Deforestation in the Brazllian By K.·o. Bue<s.e!er 

Cardiovascular and immune system Amazon is still rising sharply 
623 Unifying the synthesis cha~es in moms-to-be make them more Satellite images SlJggest clearings are 

vulllE!rable to serious disease. By M. Wadman up I:& at least 28% ,By H, Escobar of nucleoside analogs 
607 COVID·19 unlikely to cause birth LETTERS pp. 634 & 6~ A sJJort. ver$alile syntheti0-pathway 

transforms achiral reactant~ into · il.e~ts, but doctors await fall births 
FEATURES nucleoside analogs By G. J. Miller 

ByM.W..dman 
614 The long haul REPORT p.. 725 

POOCAST 

Some GOVID-19 sur~ivorsare still sick 624 COVID-19 in Africa: Dampening 
608 Fast, cheap tests could enable months later. Qocf\:)rs want to learn why the·storm? 
safer reopening and villatthey can d·o By J. Couzin·ftankel The dampened course of C0VID·l9 
M9(1els shovr le.st accuracy matters less than in Africa might reveal innovative solutioris 
speed and:frequ~ncY, for curbing outbreaks 

INSIGHTS ByM. A/bpwetal. 
By.R. F. SefVicc-

626 Interferon responses 
609 Pandemic hits scientist parents hard in viral pneumonias 
New data quantify lost work 

PERSPECTIVES 
Are•interferon•niediated an!lviral immune 

lloors and prodootivity By K. Larygin responses benefjclal 0<deltlmenta1.in 
618 Chimeric plams,-the best. COVI0·19? Bi,G. E. Grajales·ReyesandM. falonna 

610 Abortlon ·opponentsdominate of both worlds REPORTS p p: .. 706t 712. &: 71& 
Trump's-fetal ti.s$ue review board O\'l!.(Wming graft in corn patibil ity 
Ethics advisory board will rule on federal between spe,;ies could protect future 628 John D. Gearhart (1943-2020) 
lunding for rese.arch tha~uses fetal organs crop yields By M. C. McCann Pionee, ofllurnan pluripolen~stem cell i and cells By I,( Wadman and J. Ka/s(l{ Rf PORT p. b98 research By P. J. Oon<Nan and.K.:S.Zaret 

600 'i AOGOS'r 2i;)2Q • VOJ'..3~9 rssus 65(>,f scleuce.-i,ag,o~ ·scIEJCE 
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POLICY FORUM 

629 Engage with animal welfare 
In conservation 
Conservation could Ile.Iler promote not just tile 
quaDtity of speci.es but t~e quality of animal lffe 
8y N. Sel<ar and D, Shiller 

BOOKS ET AL. 

632 The u.nllkely role of dinosaurs 
in the diversity dJscourse 
Western civmzation's appreciation of variety 
may be related io the discovery of sodden 
extinction events l!J' J.M. Determann 

633 Saving species, one roll at.a time 
Players collaborate \o rt;$Cue endangered 
animals in a aew conservation-themed game 
8}•.A. Choaog 

LETTERS 

634 The Amazon's road to deforestation 
fly L Ferrante and P. M. Feamside 
NEWS $TO~Y I), 613" 

634 Smolie pollution's lmpilcl$ In Amazonia 
fly G. de OJi,,.rra etal. 
NEWS STOR\' P. 613 

635 Investors can help rein 
in Amazon deforestation 
By A. G.Nazarenoand W. F. tauronce 
NE.W.S STOR't' p. 613 

636 Technical Comment abstracts 

PRIZE ESSAY 

637 Expanding the brain 
researcher's toolkit 
Betle, delivery ~ectors and opsins enahle 
precise. minimally invasive-<1euromodulation 
By V. Gradinaru 

694 
Model p~ction oim,gnellc 
field llnesin the Sun's co(ona 

SCIENCE science-mag.or, 

\ 

RESEARCH 
IN BRIEF 

639 From Scierice andl other journals 

RESEARCH ARTICLES 

642 Cell biology 
The proteascime controls 
ESCRT-111-mediated cell division in 
an archaeon O. iar/8SpnRisa et al. 
~ESEARCH ARTlCl lt S\Jt.HAARV: FOR FULL TEXT! 
ox.oo~,ORG/I0.llt6/ SCIENCE.AAZis32 

Coronavirus 
643 Po\ent neutraltzir,g antibodies irom 

COVIO•l9 patients define multiple targets 
of vulnelablUty P.J. M. Brprmr,r et al. 

650 A neutralizing ~unian antibody binds 
to the N•termlnal dOmain of the Spike 
protein of SARS•CoV•2 x. Chi et al. 

656 Struclv111I biology 
Structuraflnslghlinto ptecur'SQ( ribosomal RNA 
processing by rrbonuclellse MRP P. t.n et al. 

663 Plant science 
L!gand-recogaii,ing motifs in pla,nt l ysM 
,ecepto,s are major determinants of 

- specificity Z. /101S0k/ ~lal. 
PER·S~'ECTII/E p. 6i 0 

REPORTS 

670 Nanomaterlals 
Chemical vapordeposttjon of layered 
t,,t>·di~ nsional MoSf,t,i, materials 
Y.-L.Honget al. 

674 Framewort malHlals 
Sequenclrig of meta is In multivariate 
metal-organic flamewcrl<S Z.Jiel al, 

680 Ferro-eleclri" 
Emergent helical texture of eleclfic dipoies 
o. D. Khalyavin et al. 

685 Fluid mechanics 
A new wrinkle on liquiEl sheets: Turning the 
mechanism of viScous bubble eollapse upside 
down A. T. o,aus el al. 

689 Metallurgy 
How IJair deforms steel G. Roscioli et al. 
POOCAST; VIOEO 

694 Solar physics 
Global maps of the magnetic field 
in the solar .corona z. Yang et al. 

698 Plant science 
Cell·oefl adhesion in plant grafting is facilitated 
by jl·J.4,glucanases M. Notaguchi et al. 
PER$PECTl \1£ ~ 618 

702 Coronavlrus 
Unexpected air pollution with marked 
emission reductions.during the COVfQ·l9 
outbreak in China r. I.£ et al. 

Coronavirus 
706 Type Iii interferons disrupt the lung 

<ipnhelial bar(ier upon viral recognifion 
A. q,oggi et al. 

712 Type I and Ill interterdos disrupt lung 
.epithelial repair during recovery from viral 
infcc!ion J, Ma/or et al. 

718 lmRalred type I interferon activity• 
• and inflammatory responses in severe 

COVID-19 patients J, Hadjadj et al. 
P£RSP,ECTIVE p. 6 26 

725 Organic chemistry 
A short de noyo synthesis of nuGleoside 
analogs M .. Meao•~~ et al. 
PERSPEC'TJVE p . 623 

731 Coronavirus 
Broad neutralizal io~ of SARS-related 
viruses t,y human mono.clonal antibodies 
A. Z. ll'ec et al, 

DE,ARTMENTS 

603- Editorial 
P<0ductivity in a pandemic 8y Caitlyn Collins 

738 Working Lite 
Building bridges By Rilotan Yu 

ON THE COVER 

Thirty-six wrinkles de,-elop 
during (he sudden 
collapse of a centimeter-­
sized bubble of silioone 
oit 100 time~as vis~ous 
as honey. The ~ ck ~ole 
(center} is the ope,,lng 
of the bubble as i t pops. 
Surface tension. not 

gravity. drives bubble col.lapse and initiates a 
rapid compression toat aynamjcallybuckfes the 
film. This event highlights how physical intu,tron 
around gravity may PfO\'e erroneous when 
applied to interfaci<lJ phenomena. See page 685. 
Photo: 0/,,..,, McRae/Boston University 
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NEWS 758 Don't crush th'II ant-It could no Marine food webs destabiUzed 
plant a wlldll0wtr Aoombinationofwanningand 
New findings SOON how ants choose and i!f[dification threaten mari11c biomass 
protect the seeds they dlSl)erse Snd productivity Bys L Cho..n 

IN BRIEF By E. Pennisi REPORT p. 820 

750 Newsataglance 
FEATURES m All early start to Huntington's disease 

IN DEPTH 760 Lucky strike Tile huntingtin gene mutation Interferes 

752 Anllbodles may curb pandemic Last ~r.anunusualmeteoritecrashed ,n a 
with neurogeoes,s in lunan letaloorte,( 

befo,. Vilcclnes Costa Rican rainforest. Rich in the building 
By M. 0/r,g/la 

Now In efficacy trials. morieciooal antibodies blocks of life, It has captivated collectors and 
Q[SE~RCHARflCU p 787 

prnn.se tobolhl"fl\'llllt aoo treat disease researchers By J. Sokol na Designing a wider superelastlc window ByJ.Cohen 
Adding chromium to an iron alloy enables 

753 For science In Lalin America, INSIGHTS shape recovery over a wide temperature range 
•a fascinating challenge' 9y P. u Roe., and &I. Sade 
Pandemlcshowsbenefrts ol Investments Ill ~E,PORT p. 8S$ 

research but also poses grave threats n4 lite importins of pain By R.AABZOrlegaand L. ~ POLICY FORUM 

766 Distorting sci en ct, A nuclear protein importer modulates ge11e 
755 Lookins for the llchlln Haiti putting waler at rlst expression to oontrol the peis!ste,iee of 
For~ MarieMart:elle Deschamps, A recent rule Is inconsistent with scieoce 

neuropathic paio By M. S. Yousuf and T. J. Pr/Co 
COYIO•l9 is jusl the latest.challenge By R.Baze/1 

and will comci<omise the lntegnty 
REPORT p.84l 

756 Africa's pandemic pqzzle: why so or U.S. ,vaters By S. M. P. Sullivan ct al, n5 A coexistence that CuO, 
few cases and deaths? 

PERSPECTIVES 
planes can su 

Antibody sur,eys tell a different stOf)' than Antilerromagnelism and superconductivity ~ 
official tolls ByL. Nordllng 769 Can playi•g together help are not at odds ,n a qu,ntuple·layer c:uprate i us live together? B,y I. Vlsh1k % • 757 Fed-op archaeologists aim to fix field A field expenment in Iraq shows that REPORT p. S33 I 
schools' party culture having Muslim teammates reduced i Drinking and harassment SIMJr experiments. Christian soccer players' pre)udoce 777 Mtchael Soule (1936-2020) \ Including local projects and student stipends, By£. L. PaJuc/C and C. s.. aa,~ foondef of COOS€!Vat1011 biology i f«c«ehalningcoorse ByL ,_ REPORTp. f6C, By D. W. lnouyo and P. R. Ehrlich 
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BOOKS ET AL. 

778 How itall ends 
Aligbt-hearled exploration of the death of the 
Universeserv~s as an effective antidote for 
everyday worries By,P. Halpern 

n9 Science meets polillcs 
A passion for promoting lhe public go,xl 
guided genellclstl B. S. tla(dane·s 
wholarship ByP.\Y. Hughes 

LETTERS 

780 Retraction 
Bys. licht et al. 

780 Controlling the COVID·l9 narrative 
Bytl. Bhart1 

780 Dismantling systemic racism 
In science 
By E. A. Odekunle 

781 Untapped resources for 
medicalreseareh 
By 0.A. Al,~,-Escobarcetal. 
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REVIEW 

786 Catalysis 
Using nature's blueprint to expand catalysis 
wllh £arth-abt.indant metals R. M. &Jllock et al. 
REVIEW 5UM'-:':ARY; F0,8,FUt.L T£,)(T: 
0X.DOLORG'/10.il26/SCIENCE..A8C3l~ 
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787 Neurodevelopmfl'nl 
Huntingtor)'s disease alters human 
neurode~elopment M, Barna! et ~1. 
PERSPECTIVE p. 77! 

793 Structural biology 
Binding mechanisms ol therapeutic 
antibodies to hu111<1n CD20 
A. Kumar et al. 

799 Organic chemlsu y 
Djver~en_t synthesis of C<llllPlex 
i!iterpenes through a hybrid 
oxidative. approach X Zhdng et al. 

~ ronavirus 
806 DNAvaoci11e ])(Ot:et\ion against 

SARS-CoV-21nrhesus macaques 
J. Yiietal. 

812 SA!lS-C.oV.2i nfeclion proti!cts 
agalnstrechallel)ge in rhesus macaques 
A. Chandrasl>ekar et al, 

REPORT t>• 818-

REPORTS 

818 Coronavirus 
Primary exj)OSure to SARS·CoV-2 protects 
against reinfeclion in rtiesus macactues 
\!("Deng et al. 
~SEARCH J;fi'Tlf:LES p p. -89'6 & 812 

823 lminunology 
BAF restricts cGAS 011 nuclear DNA to prevent 
innate.immun~ activation B. Guey et at 

82-9 Trophic resilience 
Trophic pyr,am1ds reorgani2e when 
food web archaecture fails toacljtist to 
ocean change /. Nagelfilrken et al. 
PERSPECTIVE p. 77.0 

833 Supercenductl,,.lty 
Observation of small Fermi 
pockets protected by dean CuO, sheets 
of a high-I, superoollductor 
S, Kunisada et al. 
PERSPECTIVE p. 775 

838 Troplcal foresf 
Active restora(ion accelerates 
~ carbon rewvery of lwmart-modified 
tropical forests c. IJ. RtJillf?SOll et al. 

842 Neuroscience 
lmpo.-t/n <>3 regulate~ c)lronic 
pain pathways in p_eri~heratsensory 
oeurons L Marva/di eE al. 
PEffSP-EC.TIVE p. 77~ 

846 Coronavirus 
A mathematical model reveals the influence 
of populalioo heterog'e,wity on herd 
immunity to SARS•CoV-2 T. Br/Itch et al. 

850 Electrochemistry 
A molecular mediator for reducti\'e 
conceded proton-.eleclron tran.sfers 
via eledrocatalY.SiS: M.J. ChoJ/dey et al. 

855 Metalfu.rgy 
Iron-based superelastic alloys with 
near-constant criti<;al stress temperature 
dependence J.Xlaetal. 
PERSPEOflVE" p , 773 -'' 

858 Neurode~lopment 
Mitochondrial ctynam\cs in PQS)mitotit; 

• cells regulate neurogenesis /1. /wafa ehil. 

863 Paleoanthropology 
Flf'\l and grass-beddi~g coAStructlon 
200 tttoosand years ago at Border·Cave, 
S-Outh Africa L. Wadley el al. 

866 Intergroup relations 
Boiloing soci~I cohesion between 
Christians af\d Musltrns through soocer· 
In post-lSIS Iraq S: Mousa 
.PERSPECTIVE' p.76~; PODCA.ST 
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Vaccine naiiopalism·spolitics 
By David P. ftdlet 

874 Working Life 
lnterrupJed- again By Kathy Gillen 

A soccer game at ~l)azir 
ref.ugee camp oufslde 
Erbil. northern Iraq. 
Aran<lomizedstudy 
assigned dis~ced 
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and limitations of inte.rgl1)Up contact-afterW3r. 
See p~ges 76~ and 866° Photo: Associated l'l:ess 
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888 Critics quastlon wltelher novel 
reactor Is 'walk-away safe' 
Design approval nears for NuScale Power's 
small modular reactors, but deployment 
plans slip 3 years By A. Cito 
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experlment suggests facts are relative 
ByG.Musser 
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890 Coronavirus creates a flu 
season guessing game 
SARS·Co.V•2's'iriteracifons with other 
pathogens remain unknown as winter looms 
ByK.Servick 

892 Pandemlc's fallout on 
malaria c,ontrol appears limited so far 
Countries avert disaster-by ,esuming 
bed net campaigns By L Roberts 

893 Pandemic lockdown stirs up 
ecologfcal research 
Biologists launch sl\ldies or how 
wildlife around the world 
responded to the ·aotllropause· 
By E, Stokstad 
f200CAST 

INSIGHTS 
POLICY FORUM 

912 Knowledge transfer for la1ge-scale 
vaccine l!'anutacturing 
Mass'ive, rapid.production will ~uire­
finms to share kQow·hownot just about 
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By W. Nlcholsoo Price II et al. 

PERSPECTIVES 

915 Jhe foundation # 
of efficient robot learning 
Innate strucl'ure reduces data requirements 
an~ Improves robustl!ess By LP. i<aelbling 

917 Agtycoprotein In urine binds 
bacteria and blocks Infections 
Dire<:! imaging of a human fluid illuminates 
the morew1arnasis ol urinary tract 
protection from disease By IV. Kukuls/d 
~EPORT p, 100!; 

918 When the smallest details count 
The ty~ of liquid crystals fanned by 
smooth colloidal rods depellils on !heir 
dll@'fee of curvature By M. H. Godinho 
AES"E.ARCH ARTICLE p. 950 

919 Remodeling vasculature 
to avjlld blindness 
Pathological vasculature ma!l<s.ltself for 
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traps By E. A. l'bdrezand T- V. Byzova 
RESEARCH ARTICLE p. 934 

921 lmmunotherapy wttb a sting 
New agonlsts ofcafi innate immune pathway 
induce anfitumor immunity in mice 
By T. F. Gajewski and f . f. Higgs 
RESEARCH ARTICL£ p. 935; IIEPO~T p. 993 

923 Past, pl'l!sent, and future 
of lead~acld batteries 
Improvements could increa~ energy density 
and enable power·grid.st9rage applications 
Sy-P. P. lop•sandV. R. Stame11l<ovlc 

925 James G. Townsel (1935-2020) 
Neuroscfentfst a11d devoted mentor 
of diverse scien(ists By R. /'lis/li et al. 

BOOKS ETAL. 

926 One step forward, two s_teps back 
Interest groups and sta,e•level political 
inertia have stalled many of America's clean 
energy initiatives By$. H.Ali 

927 Ray Bradbury, l~mlnary 
of'the space age, at 100 
A new biography chronicles the golden 
years of Earth's first martian 
Byl.Ocliert 
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habitat In danger 
By Y.1\-u et al. 

929 Protect the giant ibis 
through the pandemic 
By H. Y.,rJg et al. 

929 Errata 
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933 Photosynthesis 
Light harvesting in oxygenic photosynthesis: 
Structural biology meets spectroscopy 
R, Croce and H. vanAmero,,gen 
REV/(W SUMMAAJ: FOR FULL T£,XT: 
ox .. 061.oRC.tio:1126/SCIENC£.AAY2oss 

RESEARCH ARTICLES 

934 Bfomedleine 
Neutrophil extracellular traps target 
s.enescent vascurature for tissue remodeling 
in retinopathy F. Binet eta!. 
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PERSPECtl VE p, 919 

935 Drug development 
An orally availi!ble Mn-nucleotide. STING· 
ag9nist with antitumor activity B. •S. Pan et al. 
A.E'SEARCH AR'rlCLE SUMMAftY; FOR FUll TEXT: 
DX.D.01.QRG/l0,U.t6/SCltNCE.ABt\6098 
PERSP£C'rl\lE p, 92..J: REPORT p. 993 

936 Cancer Immunology 
Cross-reactivity betyteen tumor·MHC·ciass 
1-restrictell antigens and an enterococcal 
bactetiophage A. Fluc/cigor et al. 
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950 Liquid. crystals 
Shapini_CQlloidal bananas to re11eal bia~al, 
sptay•bend nematic. and smectic phases 
C. FernancJez·Rico et al. 
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956 Coronavirus 
Isolation of potent SARS-CoV-2 neutraliziog 
antibodies and protection from disease in a 
small anlmal model T. F. Roiers et al.. 

.963 Global climate change 
Synchronoos timing of abrupt climate 
changes during the last glacial period 
£. C. Corrick et al. 
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970 Organic chemistry 
Asymme\ric remote C- H borylation of 
aliphatic ami~es and esters with a modular 
indium catalyst R. l. Re_re$ el al. 

974 Chemical physics 
Attosecqnd spectroscopy .of liqurd water 
Uoroanetal. 

979 Surface chemistry 
Covalent suriace modifjcations and 
superconductivlty of two·dlmensional metal 
carbide MXenes V. Kamysbayov et al. 

984 Immunology 
SOSTDCl·producing fOIUcular helper T 
cells promote regulatory follicular T cell 
differentiation X. Wu el al. 

988 Neuroscience 
Julich·Brain:A30 p(Obabitistie atlas ol the 
ijuman brain 'scytoaichltecture K,Amunts et al. 

993 Drug development 
Antitumor activity of a systemic STING• 
activating non-nucleotide c<,AMP mil'(letic 
f . N. Chin et al. 
PERSPECTIV( p, 921; RES£ARCM AllfflCLE p, 93S 

1000 Global c.u!Jon cycle 
Abrupt C01 release to the atmosphere 
under glacial and early intergfacia) 
c~mate conditions 
C. Ne/lfbass·Ah(es el aJ. 

1005 Microbiology 
Architecture andfunction of 
homan uromodulin filaments in 
urinary tract infections 
G. l. »~ss et al. 
P~RSPfCTIVf p,917: 

Coronavirus 
1010 Shidies in humanized mice and 

coavalescent humans yield a 
SARS·CoV-2 antibody cocktail 
J, Hansen et al. 

1014 Antibody cocktail to·SARS·CoV·2 
spike protein prevents rapid 
mutational escape see111vit~ 
Individual antibodies A. Baum et al. 
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884 Editorial 
Black scienlist~ matter 
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On Palmyra Atoll In thectntral Pacific. a restoration project $Mb to remove millions of lnvttSIVe coconut pafms. 

NEWS 1043 New feedback$ speed up the dt111lse 1054 A quantum-computing adnntage 
ol Arctic sea Ice for chemistry 
Wave action and a grOWing underwater blob &ror•mibfo:ted Hartree·Fock 
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IN BRIEF ByP. l\me,> 12 supen:onducllng qubils By X. !Im 

1036 News at a glance 
PODCAST R£StARCH ~RTICt.£'1,108.C 

1045 How'ellte controllers' tame HIV 1055 Zlka virus lnenases risk 
IN DEPTH without drugs ol dengue disease 
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polltlcs, not science may weed out cells w,th acti111e HIV genomes and dengue disease have lmplications for 
FDA's emergency move raises fears of rushed ByJ.Cohen vaccination ByH. ClafXl3m 
apprw.11 for other eicpe11menlal medicines REPO~T p 1123 

By I< Kupf!J<Schmidt and J. Cohen FEATURES 

1046 Ridding paradise ol palms 1056 Strategies for navigating 
1039 Critics slam NIH for demands On Pacific islatlds. coco nu I palms are an a dynamic world 
on bat grant targeted by Trump aggresswe invader. Biologists-are lryif18 lo A nch neural representation of its 
Nobelists. former ageiicy leaders deplore eradicate millions of parrns from one atoll environment enables an adaptallle01gan1sm 
politiciiation By /.L \Vadmat> ByK. R.~ss to respond to changes 

1040 How Italy's 'father of the swabs' 
Bys S/e,Jtl)f(•/CJJmar and J. Glascher 

INSIGHTS 
RES(ARCH ARltCU p, 1076 

fougllt tbe virus 
Mlerobiologist Andrea Crisantl defied the 1058 The origins of water 
authorities to launch his testing campaign New meawements of Earth·s building blocks 
ByD.Starr pornt toa simpler water sourte By A. H. Pllsllet 

PERSPECTIVES R!PORTp WO ~ 1041 Spit shines tor easier 1050 Bridging digital Ilea Ith divides I coronavlrus testing 
C0VID•l9 is acceferating dlgilal 1059 Zena Werb (1945-2020) 

Tests using saliva are cheaper and faste, than Pioneerine cancer biologist and beloved 
ll10Se wtth nasal swabs-and can be JUSt as transformation in the Ind ,an health sector • 

By A.Agra .. ~, mentor By N. Boudreau ilfJd M. Bissell 6 
accurate By R. F. Servfco i 
1042 Hidden web offungl could shape 1052 Restoring neuron connections POLICY FORUM i the future of lor.sts A synthetic peptide l)(omoles fuoctional 1060 Compotatlonal social science: 
Plants· fungal partner; can help their hosts recovery in neurodegeneration and spinal Obstacles and opportunities 
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1063 Secrets of the Vi~ings 
ihe violent se;,farers are brought to vivid life 
In a ric~ synthesis of old and•new scholarship 
By T. H. Mc6rr,wn 

1064 A history of insatiable intellectuals 
Proficient in a range of topics, polymaths are 
overlooked as 9ftenas they are celebrated 
By A. RobirlS-0<1 

I.ETTERS 

1065 Development projeds 
Jeopardize India's forests 
By S. KhaifakkN 

1065 North African forests falling 
to charcoal 
By R, Khe(/fa 

1066 Protect Iran's Zagros forests 
from wildfires 
ByM,Klieshti 

1066 Errata 
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1069 FromScienl'!I and otller journals 

REVIEW 

1072 Paleoecology 
Using paleo•archives lo safeguard biodiWlrsity 
under climate change D. A. Fordh.,m et al. 
R£v'IE\V $UMM,ARY; FOR FULl TEXT: 
OX.00l.ORCl1Q.µ26/SCIENCE.ABC5654 
POOCA$T 

RESEARCH ARTICLES 

1073 Microbial engineering 
A heterogeneous microbiafoonsortlum 
prodocing short-cha1n fatty acids from 
lignoce{lulose R. L Shaha~ ·et al. 
ijESEARCH ARTACl..E SUMMA.RY; FOR FUI.L TE.)(T: 
OX,.POLORG/1<f.U26/SCIENCE,A8.812l4 
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1074 Neuroscience 
/\synthetic synaptic organizer protein 
restores glutamaterglc neuronal circuits 
K, Suzuki et al. 
RE$EARCt{ ARTICLt'.st!MJAARY: FOR FULL TEXT: 
ox.001.0:RG'/1Q.1126/SC1ENCE,.A'8848$3 
PEQSPECTIVE p, 1052 

1075 Cell biology 
Seeing around corners: Cells solve 
mazes and respond at a dista11Ce using 
attractant breakdown ~. Twway et al. 
R.ESEARCH AtfTIGlf SU;MMARY; FORYULL TE)(T: 
OX.-DOI.ORG/10.U26tsCtENCE.AAY~792 

1076 Neuroscience 
Neural mechanisms resolving 
exploitation-exploration dilemmas 
in the medial preirontal cortex 
P. Dome,iech et al. 
RESEARCH ARTICt,£ S~J,fMARY;.FOR FU.LL TEXT; 
DX.OOI.ORG/10.U2~/SCl~NCE.ll880184 
PERSPECTIVE p. )056 

10n Microbiology 
0Nerse e!l2ymatic activities mediate 
antiviral immunity in prokafyotes 
LGaoet.at. 

1084 Quantum computing 
Hartree·fock on a superconducting 
qobit quantum complller 
Google Al Qqantumand CoJla!)oalto,s 
P!RSPEC.TIV~ p. 10&4 

1089 Structural biology 
Architecture of a catalytically active 
homotrimeric plailt c~llulose syntt,ase 
complex P. PurushothaJ!l et al. 
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1094 Bacterial metabolism 
A nltrogenase·like entyme system 
catalyzes methfonine. et~ylene, and 
methane biogenesis 
J, A. North et al. 

1099 Eleetrochemlstry 
Accelerating water dissociation in 
~ipolar membranes and for electrocatalysis 
$.Z.Oenerelal. 

U04 Carbon nanotu.bes 
Super·durable oltraJoog carbon nanotubes 
Y. Bafetal. 

ll06 Coronavirus 
Serial interval of SARS·CoV·2ivas 
shortened over time DY · 
nonph~rmaceutical 1nterwnlions 
s. T. All et al. 

1110 Cosmochemistr.y 
earth's water may have been inherited 
from material similar.to enstatite choMrite 
meteorites l. Pian/ et al. 
PE,SPtCTIVE p.105~ 

lll3 Organic chemistry 
Stllic to.intlucibly dynamic stereocontrol: 
The co1)vergent use of racemic ~·substituted 
ket<>nes 4- S. DeHoil/t.z et al. 

1119 Coronavlrus 
S\ructural basis of a shared 
antibody response to SARS...CoV·2 
llf.Ylianet al. 

1123 Flavlvlruses 
Zika virus infect1on enhances ftlltJre 
rlsk of severe dengue dis~se 
L. C. Kalze/nicl<et al. 
PERSPECTfVt p. 1055 

1128 lmmuno,enomies 
Mosquito .cellular immunity at single-cell 
resolution G. RadrJi et al. 

ll32 ~rotein design 
Expanding the space o! protein 
geometries by computational design 
of de novo fold families X. Pan et al. 
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One.two, three. thrive By SieunRuth.l* 
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simulates the ·energy of 
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bonds betw~en nitrogen-atoms (blue). See pages 
1054 and 1084. 11/ustratlon: C. Sickel/Science 

ScieJ1ce Staff ..... , ...................................... 1034 
AAAS News & Notes ...•........... , ................ 1067 
Science Careers ........................................ 1137 

28 AUGUST ~020 • \10 1.. .'.:169 ISSU& •so; 1033 

102



·I 61::P1'.EMB,ER 2020 • V:OJ.OM!! 81!'~ • ISSUE ~508 

t _j .. 
j t 

SPECIAL SECTION 

DEMOCRACY IN THE BALANCE 
INTRODUCTION 
J114 lnfluxand IIJ1del'tllreat 

POLICY FORUMS 
WI Rac,al'authoritarnioism in U.S. 
de/llOOracy By v. l>f. ~and G, .Ffflwse 

ll19 Human~ntered redistricting 
ijulomation (i, tfi!, age of Ar 
By W. /( T. Cho and B.E.-03/n 

PERSPECTIVE 
1181 Campaigns inlfueOC§ elect!Oll 
<lUtt:omes less than yoo th'frik 
By D. W. Nldiffl'on alld r ~ 
REVIEWS 
1113 flil'efsjfy and prOSO(:ial behavior 
D, Bal~rriandl,l.~I 

~ Can democracy W!J/1< fur 
thepoor? R. l'a/lde 
l'()DCA.S'I' 

1192 l')e(nocracy'.s backs~djilg tn the 
iptemallooal environmer,t S. AH)lde 
VIDEO 

1197 11,lse equiWlencies:, 
Oniine acfl~m from leit to iight 
O. F'"1on el al. 

ON THE COVER 
Democr¾,)t1s~ ~I Ji!,enomenon. but so 
are \he,myriadctialfeoges thaHhreaten to 
throw rt off balancec ViOl~and repr&Joo. 
polatiiatioo anii~jginforma~.dlve,sily and 

illeQuallty-...atl higl)ligtit 
. theileedforSQCiataruf 

6e!laviOG1l~ieoµsls 
to understalldllow 
de/n(leracym1ght.adapt 
and-even lhlive in the 
faceofwch~. 
Sl!e page ll74. lllvs~ 
IJ,1,iife~ 

S&e>J.$0 EDl'°ORJAL p. 1147 ·SGIEHCE :ADV.A'HCES RESEARCH AATIClE l!Y M. BARkR A~D 
J, 8 , HOi.JEII/ 10,ll26/SCIII0~.ABC7685 

NEWS 
IN B~IEF 

1148 News at.a glance 

IN DEPTH 

ll53 Malaria fighters' latest chemlcal 
weapon may not last long 
Clothianidin-resistant mosquitoes already 
seer in Cameroon. Bf 1,4: Makoni 

1154 All eeosr.stem goes topsy-turvy 
as a tiny fish takes OW&r 

- 1151 Can Europe tame the pandemlc's 

I nextwave? 

Predator-prey reversal has dramaticalJy 
altered the underwatet".eoosystem along:the 
Baltic CQasf a\cllipela_g,o By E. Pen~isi 

Countries $eek new strategies as.corohavirus 
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1152 JIIII tltreatens key Brazilian 
universities 
Proposal tosb'ip Sao Paulo insliMio<Js of 
ri!seNe funlls dra)YS fierce apposition By I. Amigo 

SCIENCE scicncemag.o:n; 

USS Cannabis resea~h data reveals 
a focus on 6arms of tite dnig 
f,unding fo,rtherapies gl'Qws slowly, new 
af)a!ysls finds Byc.O·Grody 

FEATU!!ES 
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Industrial waste can combat climate cl)ange by 
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INSIGHTS 
PERSPECTIVES 

1160 High-precision molecular 
measmment 
Spectroscopy ol hydrogen deutericleions 
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ByUHori 
REPORT p , 1238 

1161 Soll age alters the global 
silicon cycle .,, 
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By,J.~rey . 
REPORT p. 1245 
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By 1/. 8. Huey and M.11 .. Keamey 
REPO~T p.1242 
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By S. T. Andersoo and G.A. FitzGe,afd 
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RESEARC~ ARTICLE p. 1227 
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S\ructure-function studies reveal a·new 
receptordeooy to block virus entry 
ByB.J. Del<osl<y 
REPORT p. 1261 
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8yM,E. SWW1ey 
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By'M. lrannczhadet'~I. 
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By S. Turney et al. 
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conservation goals 
By D. />. O'Ccmneli et al. 
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Acortex·like canonical circuit in the avian 
forebrain M. Stacho et al. 
RtSE('.RCH ARTICLE SUMM,'RY: FOR FULL. 'TEXT! 
DX.DOl,ORO/l0.1128)SCIENCE.A8C55J4 
Pf.:JlSP.ECTIVE p. l567 

1586 Coronavirus 
Distinct conformational states of 
SARS-CoV-2 spike protein Y. Cai etal. 

1592 Chemical physics 
RotatlOllal resonances in the H,CO.roaming 
reaction.are revealed by. detailed correlaltons 
M. S. Q<,inn et al. 

1597 tlraphene 
Inducing metallicity in grap~er1e nanoribbons 
via zero•mode.Sllj)erlaftlces D. J. Riuo et al. 

1603 Coronavlrus 
Adaptation of SARS·C<> V-2 in BALB/c mice 
for testill!\ vaccine efficacy I.I. Gu et al. 

1608 Immune systems 
The imm~nogenetics of sext,al parasitism 
J. e. Swann et al. 
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1615 Solar cells 
Stable perovsktte so\ar cells with efficiency 
exceedin1124.8% aad 0.3·V voltage loss 
I.I.Jeong et al. 

1621 Ocean temperature 
H igh•il.npact marine he-.atv,aves attributable 
to human-induced global warmi.ng 
C. laufk6tler et al. 

1626 Consciousness 
A neural correlate of se:nsory consciousness 
in a contid bird A. t/ieder et'al. 
P€.RSPECTIVEP. 1567 
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1630 Spectroscopy 
Photon-recoil imaging: Expanding the •iiew 
of nonliooar x-ray physics U.£/chm,mn et al. 
PERSPECTIVE p, 1568. 

1633 lmmunometabollsm 
Succlnation inaciivates gasd!'(min D 
and blocl<s pyroptosis F. Humphries et al. 
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1637 Pr~teln design 
Designed protein logic to target cells with 
pre<:ise combin_ations of surface antigens 
M. J. lajOie et al. 
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1644 A single-cell RNA•seq atlas of 

Schisfosoma mansoni identifies 
a key regulator of blood feeding 
G, \\tndt et al. 

1649 Lorge-scale RNAi screening u!M)OVers 
ttierapeutic tar.gets in the JJsrasite 
Schistosoma mansoni J. Wang et al. 
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1653 V evolution 
The evolutionary history of Neanderth~I 
and Denisbvan Y chromosomes 1,1. Petr et al. 
PERSPEcnVE P. 1$65,: PODCAST 
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Darfskies and bright satellites 
By Antl)ony Tyson and Joel Patriott 

1662 Working life 
Full (lisclosure 
By Emiiy-Asqkin and Michelle Atallah 
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The ancestors of the carrion crmv diverged 
from the mammalian lineage<1s early as 
320 million years ago. Carrion crO"IV-1/rain 
activity suggests that sensory consciousness 
developed eithe< before the emergence 
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16 Europe builds 'digitai-twln' of Earth 
to hone climate forecasts 
Ingesting more dala tlian evr;r before, 
exascaJe model will simulatetl]e'{mpacl of 
climate cnarige on humans By P. Voosen 
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17 China's !!old climate pledge earns 
praise-but Is 11 leas'ible? 
Plan to achieve carbon neutranty by 2060 
would make China a gfolJa1·1eader. but 
abandoning coal will b<l hard 
By 0. Norm/le 

18 Reeord U;S. and Australian fires 
raise ·,ears for many species 
Scientists~y·fires likely wiped out 
so.merareJ.ustrallan organi~ms, 
Md worry lJ.S, blaies now threalen more 
By J. Pfckfe)land E. PenJJ/sl 
EDlTOfllAL p. l:3 

19 $1em.cetr studies probe origins 
of the placenta 
Lab models of organ wlll trac~ how 
it emerges- and what can go wrong 
B:(K.SerMk 

20 The'bat man'tacklesCOVID-19 
After a career irWesti_galing:why so many 
viruses come from bat$. Linfa Wang 
eyes a riew challenge Bf K. Kupfllfschm,dl 

22 A call for diagnostic tests to 
report vira! load 
Measure could help officials.know 
who is most contagious &1 II. F. Serlice 
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24 Official inaction 
A Science ·investiga_lion shows that FDA 
Ol'ersightol clinical ttials is lax. slow moving. 
and secretive-and that enforcement is 
declining By C: P)ller 
i 27 Disgraced researchers can 
I still rup drug industry payouts 
i By C. Piller 
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30 NextGen Voices: 
Funding fix: Spend time 

PERSPECTIVES 

32 Shifts and drifts In prlon science 
Important questions remain unanswered 
sin6e prions were discovered four 
decades all(\ By A. Aguzzi and E. De Ce«c 
NEURODE;Gi:NERATION SECTION p. 48 

34 Mutational selection In 
normal urothelium 
Mutati!)ns in normal tissue point to causes 
of DNA dam,ge and set the stage for cancer 
By S. i;. Roien 
RESEARCH Ai:tTICL.ES pp.15 &82 

36 Coaxing slam cells to repair· 
the spinal cord 
Spinal cells in miC1! can be induced to 
generate protecti11e otigodelldrocyres 
after Injury ByO. G. Beckerand T. 8ecker 
'RES~RCH ARTtc-LE p. ,73 

37 A riv~I to superalloys at high 
temperatures 
Slfp·R•itwlay aotivation provides plasticity 
in a multlprinclpal eleme_At alloy with 
high·lemperalure strength By J. Caimey 
AES~RC .. ARTICt.E p. 95 
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38 A boost for freshwater conservation 
Integrating freshwater and terrestrial 
conservation.planning has high returns 
By Ii. /Jbe!l~nd I. J. H;,rrisor, 
REPORT p , H7 

POLICY FORUM 

40 How to fix th.e &DPR's frvstratlon 
of global biomedlcaf research 
Sharing of data for research beyond the EU 
must improve Byl. Bovenberg et al. 

BOOKS ET /1.L. 

43 Fla~ resea~ h and 
Its enduring repercussions 
A iot1malist recounts how he exposed 
problems with a study linking vaccines and 
autism ByP.A.Oml 

44 Training tomorrow's scientists 
Priorttlzing STE~! diversity. equity. and 
Jncloslon lequires rethinking graduate. 
education By A. lludefS()n 
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i 45 The origins of thirst 
~ Sensor.y-signals arise throughout the body 

and converge in l he brain to regolate drinking i By C.A. Zimroerman 
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73 Neurodev.lopmenl 
A latent.lineage potential in resident neural 
stern .. cells.enables spinal cord repair 
r. Llorens-Bobadilla ~t aJ. 
RES EARCli ARTiCLE S~h.1MARY: FOR FULL TEXT! 
DX.DOl,ORG1J0,112V/SCJENCE.A~B8l9S 
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74 Solar cells 
Vapor-assisted dep9sttion of highly efficient. 
stable black-phase· FAPbl, perovskite solar 
cells 11. lu .. et al. 
RESEARCH ARTrCLE SU!4MARY; F08 FUt,l TeXT: 
l'>X.00I.PRG/10,.ll26/SCIE-NCE.AB8 89$5 
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75 Extensive heterogeJ)E!ityin somatic 

mutation and selection in the humari 
bladder A. R.J,Lawi:on et al. 

82 Macroscopic somatic Clonal expansion 
in morphologi_cally horma! human 
uro\heliurn R. U et al. 
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Selective and, cross-reactive SARS-CoV-2 
T cell epitopes in unexposed humans 
1. Mateus et al. 

95 Metallurgy 
Multiplicity of dislocation pathways 
in a relract0<y mu!\fprincipa! 
element alloy F. Wanget al. 
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101 Organic chemls!ry 
'A universal system for digitiution 
and automatic exeetition 
of the chemical synthesi$,literature 
s. H. M. Mehr et al. 
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· 108 Solar cells 
Impact of suain rela)(lltion on performance 
of a-fonnamidinium lead iodide 
perovskite solar cells ·G. Kim etal. 

U3 Developmental biolcigy 
An adhesion code ell~ res robust pattern 
formation during tlssoe morphogenesis 
T. Y. ·.C. Tsai et al. 
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lrrtegrijted terrestrial-freshwater plahning 
doubles conser'la\ion of tropical aquatic 
species c. G, Leal et al, 
PEJ PECTIVE, p . '38 

121 Sex determination 
The motJSe Sry locus harbors-a cryptic 
exon that is essential for male sex 
determination S. Miyawaki et al. 

Electrocalorics 
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regenerator A. Torello eta!. 

129 A:high·performa,iee solid'51ate 
electrocaloric cooling system 
Y.Wang et al. 
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As COVI0-19 oas,s cUmbed In May. Stod<holm remained busy-and largef~ m,sldess. 
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153 .Astronomy ls-and has­
a climate problem 
Big carbon footprints and rising 
vulnerabilities ptJsh astrono(llerS to take 
action ByD:Clery 

154 A call to·test new vaccines head 
to head, in monkeys 
Proposed COmjlilrisoo study could clarify 
safety and which vaccines work best 
8yJ.Cohen 

156 Wltb to-do list checked off, 
U.S. physicists as~ 'What's next?' 
Giant neutrioo exj:,erimentrs only-sure tt1ing 
for the field 8y:il. t;l!o 

157 Newly found viruses 
suggest rubella originated in animals 
Tw_o relatives discovered in'bats. mice. and 
zoo animals soggest "German measles" 
rumped the species barrier 8y A. Gibbons 

I , 158 NASA mls,ion set to samp_le 
~ carbon-rich asteroid 
~ ~nnu·s thicl< carbonate veins suggest past 
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life as a water world 8y P. \wsen 
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ABC357.2; 10,ll.26/.SCIENCE.ABCJ557: 10.112:6/ i ~CIAOV,A8C35SO: 10JlZ6)SCl>.01/.AB03649: 

.;r l 0 .U26/SCl~l)V,o\BC3699 

SCIF.NCS sci~occmag.or_g_ 

FEATURES 

159 S!Yeden's gamble 
The country's pandemic policies came 
at-a high prlce- and createdpa)Afutrifts 
in its.scientific community 
Sy(i, Voge/ 
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164 Novel communities are a risky 
business 
High turno•,e,- feads to no•,el combinations 
of species and involves high extinction 
By M. Dorne/as and J; S. Madin 
REPORT P~ 220 

166 Making a bed for -viral Infections 
An inflamed mucosa! niche is · 
pemiJssM~for symptomatic respiratory 
syncytial virus lnff!Ctl<J!l 
By A.$, MiJchandani anc/S, I?. Walmsle,, 
RESE.ARCH AllTil':L.E.p. lBa 

167 Inhibiting Ebola vJrus and 
SARS·CoV-2 entry 
Screening Identifies CD74 as a cellular 
a Qt/viral prot,ein against Ebola virus and 
SARS·CoV-2 
By A./, Wells andC. 8. Ccyne 
REPORT p. 241 

168 A new villain In neuronal death 
A newly discovered partnership for 
glutamate triggers braill toxicfty By S. Jones 
RESEAR.CH ARtlCLE p. 191 

170 layer-cake2D superconductivity 
An easy-tq-synthesize quantum material may 
help unveil quant~m effects By L. M, Sc/Joop 
R~POfiT p. 231 

m Beijer, faster, ~m! ,ven ~heap 
An inexpensive gold gridwith sobmicrometer 
holes miiliiniz,es protein sample 
movement 8y M. Rapp and 8. Carrayher 
REPORTp.,223 

172 Contextualizing bats as viral reservoirs 
Prevent]ng zoonotlc emergence 
from bats requires integrauve·research 
By D. G. Streicker and A. T. Giibert 

POLICY FORUM 

174 U.S. policy puts the safe development 
of space atrisk ' 
Promoting natronal regulMion of space 
mining rathet tharrmulttlateralgovemance risks 
a "race to the bottom• 8jl A. Boley andM. ByeJS 
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177 Plotµrig a path to a more 
sustainable.future 
Persis!ent political pressure staves off giobal 
warming in a oew climate allegory · 
ByC.Abbot/ 

178 Moving beyond buuwolds 
Rejecting conventional connotations, two 
books urg~ reade/S to rethink innovation. 
By D. Greenl/allm and M, Gerstein 
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179 Retraction 
By Y.-1\\J et al. 
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179 Hidden ethical costs of conservation 
ByK. £. Lynch ancfD. T. Blumsiein 

180 Pragmatic animal welfare Is 
independent of feelings 
8y ff. Arlin8I>avs et al. 

180 Animal welfare science aids 
conservation 
By J. 0. Hampton et al. 

181 Response 
By N. Sekar and 0. Sl>iller 

181 Techincal comment abstracts 
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185 Biotechnology 
Biocngineered human blood vessels 
L. f . Nik/asonandJ. H. lawson 
REVIEW SUMMARY: r:o,nVLL TEXT. 
DlC.OOt.ORGl 10.1126 /SCIENC£, AAW8682 

186 Electrochemistry 
Recent advances in solid oxide cell 
technology for electrolysis A. Hauch. et al. 
REVIEW SUM>AARY: F-OA FULi.. TEX'J': 
D)(.OOtORG/10.1126 /SCIENCE.ABA6118 

RESEARCH ARTICLES 

187 HIV 
Recoijstitution and'l/isualization ol HIV·! 

: capsid·dependent replication and integration 
~ in vitro D. , . Christensen et al. 

RESEARCH AFtTiCLE. SUM,.(ARY; fOR FULL TEXT: j ox.o-cu.0RG110..112~1sc1£N-CE,Aacs.1120 

188 Viral Infections 
Neutrophilic inflammation in Ille 
respiratory mucosa predisposes to RSV 
infection I,!, S. Habibi et al. 
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DX.DOf.ORG/ 10.l.126/SCIEN.CE.ABl\9301 
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189 Structural biology 
Conf0<mational states dynamically 
populated by a•kinase determine 
Its function T. Xie et a I. 
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ox,001.o~G/ l0.1126/S-CIENC£.A8C27&,4 

190 Metallurgy 
The heterogeneity ol persistent slip band 
nucleation and.evolution fn metals at I~ 
micrometer scale S. La"1nste,n et al. 
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O~D01.0RG/10..1126/SC l£NCE.ABB2690 

191 Neuroselence 
Coupling-ofNMDAreQeptors-and 
TRPM4 guides discovery of unconventiOnal 
ne,iropro!ectants J. Yan .et al. 
B.ESEARCH ARTICLE suM,-.ARY: FOR FULL n!X.T; 
O)(.PQT.ORQ/Jo.uzQ1SCl~CE.A>\Y~302 
PERSPECTIVE p. 168 

192 Batteries 
Blaci< phosphorus comP.osiles with 
engineered interiaces for hlgh•rate 
high11apacili(lithium storage II.Jin el al. 

198 Qoanl!lm gravljy 
Sp,-!cetime from bits M, Van ~msdonk 

203 C;ironavirus 
Jn situstrocturai-analy;sis of 
SARS·CoV,2 spjke reveafu flexibility 
mediated by three hinges 
8.1uro,lov.j efal. 

208 Developmental biology 
The mole genome reve<1fs regulatory 
rearrangements associated 
with adaptive intersexuality 
F. M. Real et al. 

REPORTS 

214 Organic ehemlstry 
Electro·inductive effect: El<1e!rodes as 
functional groups with tunable electronie 
properties J .. Heo et al. 

220 Novel communities 
Increased extinction in the emergence 
of novel eoologlcal communities 
J.M. Pandolfi et al, 
PERSPECTIVE p . 164 
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223 Electron microscopy 
Cryo•EM with.sub-I A specimen 
movement K. NaydenCMJ et al. 
PE~$P'ECT!V,E p. 171 

227 Plant scienu 
IVUSCHEL trigger.; innate antiviral immunity 
in plant stem cells H. V,I, et al. 

231 Superconductivity 
Clean 20 superconductivity .in a bulk van·der 
Waals super lattice A. Devarakonda et al. 
Pf;RSPEOTIVE p 170 ,I, 

237 Vaccines 
Influenza vaceine- induced human bone 
11,1arrov; plasma cells decline within a year 
after vaccination C. IV. Davis et al. 

241 Coronavlrus 
MHC class II transactivator CIITA induces 
cell resistan,;e to Ebola virus and 
SARS·like coronaviruses A. Bruchez et al. 
PEffSPECTJYE p . 167 

247 Neuroscience 
Alternating sequences of future and 
past behavior encoded within hlppocampal 
Uietaoscillatlons M. Wang et al. 
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149 Editorial 
Heretoday. gone• tomorrow 
By Peter H. Ravet1.andSc-Ott E. Miller 

258 Working Life. 
A pandemic journey By Se11JIO E. Ramos 
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The spike protein (teal). covered in pro• 
tectiveglycan molecules. on the surface 
of SARS·~V·2 ls the primary target for 
COVI0·J9.vaceine development. The spike 
contains three hinges that el)able II lo be 
highly flexible on the viral surface and ri,ay 
facilitate host cell entry. The spike positions 

shown here are from 
structural data of irilact 
SARS·Co\/•2 virions. See 
page 203. 1/lustrplloo: V. 
Altounian/Science;•O.ta: 
Paur fhr!ich Institute. 
European Molecular Biol-Ogy 
laborotW, and Max Planck 
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270 Lava lake rises at dangerous 
African volcano 
Funding for vplcan<fs lone monit6ring station 
lost as warning signs flash, By R Pease 

m A cut above: pair that ileveloped 
CRISPli earns hlstorlc award 

~ Chemistry Nobel ~onors biology's 
~ powerlulgenome,editor 
o 8yLCohen 
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272 U.S. faculty Job market ll!nks 
As C0\/I0-19 upellds university finances. 
po~docswo-,ry about thei1 future 
ByK.langin 
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273 At last,.room temperature 
superconductivity achieved 
But \he hydroge~·based materi;;I 
requires high l)(essure 
By R. F. SeNift 

274 S,atellite swarm ·threatens 
rjldio .array 
"Megaconstellations" already 
bedevil oplicallelescopes. 
Now. radio aSfronomers are 
concerned By D. Clery_ 

215 Found: genes that sway the 
course of the cor'onavirus 
Host variants boost sevetiiy risk, 
n1ay ,Poinl to d)'.Ug options 
Byl.Kaiser 

276 Tbe United Kingdom's mask 
crusader ·· 
TrisQa Greenhalgh argues C0\/IIH9 shows 
-that health )JOlicy 11eed not waitfe.t perfect 
evidence By E. Ruppel Shel/ 

INSIGHTS 
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286 C0VID·19 In chlldren 
and young people 
Children h.-,e a low risk of C0VI0-19 
and a,tdisproportionaJely 
harmed by precaution$ 
ByM. 0. Snape and R. M. Viner 

288 lu~ricating lipids in hy.drogels 
A self ·rellewtng liP.id layer1ubstantially 
reduces friction and wear of a hydrogel 
sur(;J,ce ByT.A. Sct,m/llt 
REPORT p, a;1s 

290 Advancing limb neural prostheses 
Neurotechnofogy can overcome 
communication dirnculties between 
prostheses and amputees ' 
By S. Raspof)P'Ac 

292 Reconstituting tissue flllllerning 
A synthetic morptiogen reveals quantitative 
pririciplesQf t,ssue patterning 
By N. !nlrl<ai an~ B, ·Z,$hilo 
RC$!!A~CM ARl'fCL'E p. 321: REPO.RT P-.!1~7 

294 Immiscible immunity 
Mammalian metabolism meets 
lmrl'funity at mitochondria-adjacent 
lipid droplets By D, R. Green 
R~$UtRCM ARTIC\,E p. 309 

295 A cellular sense of spa~ 
and pressure 
The nucleus measures cell confinement 
Witll a mecilanoseositive pllQspholipase 
By,Z. Shen and P.Niet/Jammer 
RESEA.ROH ARTICLES pp. 31◊ &. 31l 

297 Joe l. Martinez Jr. (1944-2020) 
Neuroscientist-11nd advocate of incfusion 
By ff.A Truji!/o et al. 

POLICY FORUM 

298 C0VID·19 recovery funds dwarf 
clean energy investment needs 
A modest t~ctjon, of ctirrent global 
slimulus funds can put tile world oo track 
lo achieve ParfsAgreernent goals 
By M.Anit(j~~et al, 

BOOKS ET AL 

301, Experiments in creativity 
Arti~ts anci eng111eers joined fQ(ces 1n the 
1960s, blurring the line between art and 
techAology 8y /. Ockett 

302 Tales frp!" times tong,past 
Field a!lventures and human 9r1g1nstories• 
~mbine in a paleoanthropologist's 
compelling new memoir By B, J. Kirg 
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303 Save Kazakhstan's shrinking 
lake Balkhash 
By A. Usse~liyeva 

303 Airborne ,ransmlsslon 
of SARS•CoV•2 
By K. A. Prather et al. 

304 Deliberate poisoning 
of Africa's vultures 
By M. Henriques et ab 
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308 Neurodevelopment 
Transient cortkal circuits match spontaneous 
and sensory-driven activity during 
development l Molnar et al. 
RtVtEW SUMMARY;_FOij FULL TEXT: 
OX.DOI.ORG/10.11261$0JE~CE.A8821.63 

RESEARCH ARTICLES 

309 Innate Immunity 
Mammalian [lpid dr,opiets are innate Immune 
hubs lntegratin~ cell metabolism and host 
deiense M. Bosch et al. 
R£'.SEARCH ARTtCLE-SUMM.i\BY: FOR f\Jll. 'T[X,T; 
OX,OQJ.OP.G/10Jl26/SCIENcC£.AAv'808S 
PERSP'ECTIVl p;,294 

Cell biology 
310 The nucleus acts as a r~let tailoring cell 

responses to spatial conslrainls 
A. J. Lon;,ak/n et al. 
RESEARCI-I AR.TfCl£ SUMMARY: 
f0°R FUU TEX'!': 

OX.DOt.0RG/JO.UZ6/SCl£NCE.AB,42894 

JU The nucleus measures shape 
chang&.: for cellular proprfoceptioo 
lo control dynamic cell behavior 
v. ¼nturinl et al. 
R.ES£Ar(Cl-t AffncLE SUMMARY: 
fOR fULL TEXT: 
ox..ooi.ORG/10.ll.26iSCIENCE.A8A2644 

PEASfECTIVE p. 2.95 

312 Developmental biology 
Apical stress fibers enable a scaling between 
cell mecha,fltal response and area . 
in epil)1ellal tissue J. M. LC)//el•G;,y et al. 
RESEA_RCH A~TJCL£.SUMt.iAftY; FOR FULt. TEXT; 
DX.DOl,ORO/l0.ll26(SC!'£NCE./\BB11G9 

SCIENCE .scieocomag.org 

313 Neuroscience 
Behavioral state OO<llng by 
molecularly defined paraventricular 
hypothalamic cell type ensembles 
S,Xuet al. 
R£SE!\RCH ARTICLE SUMMARY! FOR FULL TEXT: 
OX.OOl,ORG/10.1!26/SCIENCE,AB824~ 

314 Microbiota 
Microbiota-modulated CART• enteric 
neurons autonomously regulate blood 
glucose P.A. Mul/eretal, 

321 Morphogens 
Patterning and growtii contrpl in vivo 
by an engineered GFP gradient 
I(. s. StapomwMgf<ul et al. 
PER.$P£CTI\/Ep. 2.92: R£.P.0RT p.JZJ 

REPORTS 

327 Morphogens 
EngiaeeringsyntheUc morphogen 
systems that cai1 program muiUcelluJar 
patterning S. Toda et al. 
PERSPECTtvE p. 292: RESEARCH ARTICl.E p. J,2:1 

331 Ultracold chemistry 
Coherently forming a single molecule 
in an optical trap X. He etal. 

335 Hydrogels 
Cart)la8~·1n>l)ired, lipid·basell 
houndary-looricatecl hydrogels 
IV.Lin.et al, 
PERSPECTIVE p. ?88 

339 Spectroscopy 
Zeptosecond birth time delay 
iJl molecular photolotiization 
S. Grondmann et al. 

342 Thermogalvanics 
Thermosensitive C/YStallization-boosted 
liquid thermocells tor !ow-grade heal 
harvesting B. l1i et al. 

346 Ecology 
Species richness ape! redundancy promote 
persistence of exploited murualisrns in yeast 
Al, C. Vidal et al. 

351 Signal transduction 
The GATOR-Rag GTPase pathway inhibits 
m TORCI acllvation ~y lysosome·derivetl 
amino acids G. G. Hesketh et al. 

356 Inorganic chemistry 
Structural and spectroscopic 
characterization of a" fe(VI) bis(imido) 
complex J. L. /,farlkll/Z et al. 

CONTENTS 

360 Structu~I biology 
Structural ai\d mechanistic bases 
for a potent HIV,! capsid inhibitor 
S. M, Bester et al. 

364 Physiology 
Comprehensive quantification of fuel 
us.e by the failing and nonfailing 
human heart 0.1,rurash~ et al. 
POOCASi 
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266 Editorial 
N6l lhrowlng away our shot 
By H. Holden Thorp 

267 Editorial 
Speed and American elections 
By:/illlepore 
U.S, El.E;CTION'SSECTION p. 278 

374 Working Ute 
My fast drop 
By John C. Ayers 

New Products ............................................ 369 
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386 Nev/Sat a glance 

IN DEPTH 

388 Globaltrial eli'minates drugs, 
pivpts to new ones 
Definitive ~wits on remdesivir 
and interte,on demonstrate power 
of massive WHO study By k, Ku~ferschmidf 

~ 389 First vaccine may stymie bunt 
~ for better on~s ij Should trials ~eep using placebos ooce.an 
;, appro~ed va.;i:ine exists? Sy.J. C-0/len 
I POOCAST 
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391 Nature journals ink 
o~n-aceess deai 
Geiman pact has costs of €9500 per 
published article 8';J. liramaro 

SCIENQJ& sclel}.cem:ag.org_ 

391 Census needs review, panel says 
Statisticians call for •¥aluation oi quality of 
2020 U.S. count ByJ. Mervis 

392 In new strategy, Wellcome Trust 
t,kes on global health concerns 
Giant prulanthrQl))'w1II focbs on infectious 
disease. mental hea Ith. aod the health.effects 
of-global wanning By K. /wplilschmidt 

393 Troubles escalale at Ecuador's young 
research university 
Dozens of p,ofessots depart frorn Yachay 
Tech amid oonflicts l llatcould.scottle its 
mo~e toward indeper.11lence 
Bx l. ~~ssel and fl. Perez Ortega 
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394 UnderminingCDC 
Peborah8irx. P.Iesidelllt Donald Trump's 
C0VJO-·l9 oborpinator. helped sh<1ke the 
foundation of a premier J>Ublic health agency 
/iy 0. Piller 

396 How CDC foundered 
i By C. Piller 
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INSIGHT 
PERSPECTIVES 

400 Creating value from plastic waste 
Potyet11)11ene can be upcycled into 
alkylaromatic compounds tot Ifie production 
of detergents By B, M. IYcckhqys,qn 
R£POR1' p. 431: PODC'MT 

402 Forming a mucus barrier 
along the ·colon 
Qptimal barrier function ret(uires 
both proximal colon- ·antl 
il~tai colon-deriYed mucus 
By G. M, H. B,rchenoogh and 
/If. E.-V../ohanss,,q 
REPORT p. •t67 

403 The upside of aging 
ehimpanzees, like/1\J(llans. place•a 
higher value on J)Osftive social 
relationships as they grow older 
ByJ.$1/~ 
REPORT P1 47,3 

404 SuS<:eptibility to severe COVID-19 
Genetic vari,a_nts and autoanlibodies 
t~atsuppressantiviral immunity 
are linked \o se:vere C0VID·l9 
ByD, Ii-Beck and I.Aksei1U1evieh 
R~S£~e~ ARlJGlES pp. 422 & •:!3 

~06 The engines of SARS·CoV·2 s;ftead 
Fighting SARS·CoV·2 re_q4ires a clear 
frameWQrk for-unqerstanding epidell)ic 
spread By£. C. lee et al. 

408 COVID-19 can affect the heart 
cov1D·l9 has a'Spectrum of 
potential heart manifestations with 
diverse mechanisms By E. J. TO{)OI 

410 Joseph Ii. Connell (1923°2020) 
lnnovatlve experlment,I ecologist 
By \V. W. Murdoch alld-W. P. Sousa 

POLICY FORUM 

411 Set ambitious goals for 
biodiversity and sustainability 
Multiple. coordinated goals 
and holistic actions arecritical 
By S. Diaz el al. 

BOOKS ETAL. 

414 The disruption of divisions. 
Psy~hological st less· is a pervasive aspect 
of ~der Ufa. a'rgues a fo"rnalist 
By M. Diaz·BMriga and M. £. Dq,sey 

415 A case for uwe" in an "I" country 
/'JI eeril~ similar era gave w~ to social 
progress in the U~ited.states-will it happen 
again? By J. A. Morone 
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416 Narwhals require targeted 
conservation 
By M. P. He1rfe. Jarge11sen et al, 

416 Wildfire debate nteds science, 
not politics 
By A. B. ~eveil<us-etal. 

417 "Forest mismanagement" misleads 
By M. W. Sch•wii et al. 
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418 From-Science and other journals 

REVI EW 

421 Oxy~n sensing 
Oxygen·sensing mecha.Y,~s acro.ss 
eukaryo.tic kl!)gdoms and their roles in 
complex multicellularity 
E.V. Hammadund et al. 
REVIEW SOMMAR:Y: FOR FULL T~X'f! 
OX,DOI.ORG/ l0.ll26l$¢1ENCE.A8A3512 

RESEARCH ARTIC LES 

Coronavirus 
422 lnboln errors of type. I IFN immunity in 

patients with life·threa!ening COVID·J9 
Q. Zltang ct.al. 
RESEARCH ARTICLE SUMMARY: 
roR ruu, rexr: 
ox..ooi.ORG/10.1126~SCIENC£.A8 04S70 

423 AUt0<1ntibodies against type I lfNs in 
patients with fife-threatening COVID·l9 
P.Bastardetal. 

RESll:A,RCH ARTICLE SUMMAR ¥'; 
Fbn Fl.ILL T£XT: 
Dx.oo,.oRG/10,1126/SCI.ENC£.A804565 
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424 Framework mat.rials 
Design of higher valency in covalent otgan1c 
frameworks C. Gropp et al. 
R£SEA'.RCH ARTtCLE SUMMARY: FOR f.'ULL TEXT; 
OX.DOI.ORCno.1126/SCIENCE,A8D6406 

425 Geochemistry 
Oeep abioticwealhering of pyrite X. Gu e.t al. 
RES(A~CH ARTICLE Su MMA~Y: FOR FULL TEXT: 
OX.OOl:ORG/10.l!-26/ SCIENCE.AB88092 

426 Coronavlrus 
De novo designdf"picomolar SARS·CoV-2 
miniprotein inhibttors l. Cao et al. 

431 Neurodevelopmant 
Orqerly comp,rtmentai milppi~g of premotor 
inhibition.in the developing zebrafisl>spinal 
cord s. Kisflore. et ,1. 

REPORTS 

437 Polymer chemistry 
Polyethylene up-cycling to fong•chain 
alkylaromatics b>; ta11dem 
hydrogenolysis/aromatization F.Zhang et al_. 
PCRSPECTIVE p . 400 

442 Nanomaterials 
Supertwisted spirals of layered materials 
enabled by growth on non•Eucl/dqan st11faces 
Y. Z/iao et al. 

446 Atmospheric oxygen 
Triple ironisotope constraints on the rofe. 
of ocean iron sinks io early atmospheric 
oxygeoaUon A W. Heard. eta!. 

Structural biology 
450 Structural basis or nucleosome• 

dependent cGAS ir,hibition 
J.A. Boye,>et al. 

455 Structural basis'for t~e inhibition oi 
cGAS by nucleosomes · T. Kujir~i et al. 

CON'.rBNTS 

459 Display technology 
Metasurface·dril'en OLED displays 
beyond 10.000 pixels per incl, 
llc·J. Joo et al. 

463 Developmental biology 
Lineage analysisreveals an endodermal 
contribution to the vertebrate pituitary 
P.f.abian et al. 

467 Microblota 
Proximal co.Ion-derived O,gly,cosylated 
mucus encapsulates and modulates the 
microbiota K. Bergstrom et.al. 
PERSPECTWe-p, 402 

473 Sociality 
Social selectivity in aging-Wild 
chirnpal)Zees A.G. Rosati et al. 
PE:~SPECTfVf; p. 4 03 

476 Adaptation 
Experimental evolution makes microbes 
more cooperative with !Meir local ho;t 
genotype R. T. Batstone eta). 
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383 Editorial 
Saving tl1e poor and vulnerable 
By Sir Ian l. BoyXJ 

385 OOtorial 
Science, J>Qlltli;s, -and public l\ealth 
By William Rop,r 

494 Working Life 
Mentorship at a distance 
By Naomi A.Rankin et al 

ON THE COVER 

l anjo. a 25-year-old male ctumpanzee living in 
t he Kanyawara communily inKibale Natio,1al 
Pall<. Uganda. l.ofJg·term o~rvations show 
that wi)d chimpanzees. Ji~e humans, increas­
ingly pjioritize strong, mufualsocial bond, and 

positive social interac· 
!ions duri~ !tie aging 
process,Sociat selectivity 
in our close relatives 
(C\1eals the e11olutionarY 
roots or successful social 
aging. See pages 403 and 
413. Plloto: Suzi fszterhas/ 
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Dogs, iocludin,g this enda11Ber:ed dingo, were the first domesticated animal. Resoo.rdte-rs tiave examin~ 
anel~.nt dogsenomes to tdentlfy t~e complex way in which man's best friend evolved. · 
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508 News at a glance 

IN DEPTH 

511 U.S.1unds naw fleetof probes to 
e1plore ocean biogeochemistry 
Drifting Argo floats-will track oxygen loss from 
global warming and the oce;ms· ability to 
soak up carbon 8y P. \~ 

512 Denisovan DNA found in caw on 
Tibetan Plateau 
"Molecular caving-· shows archaic humans 
visited high-olt itude cave over long period 
8y A. GibbOllS 
IJ'EPOtn's pp. 579 & SSA 

513 Herd Immunity? India still has a long 
way -to go, scientists say 
Cases are dropping. but critics question 
oplim1stic forecast By.V. Chandras/ii,khar 

500 ao OCl'OBER 2010 • YOI, 370 ISSUE 6$16 

514 How an immunologist pivoted 
to tackle CO.VID·19 
For Akiko Iwasaki, the pandemic has 
bi:ought new research prionlies- and 
new urgency By J. CooZ'/n-Franket 

515 (ijlt reviews without permission? 
Some journal editors say It's OK 
Deletriig-offensive language is common. 
butsome editors alter reviewers' overall 
recommendation 8yC. O'Gra(fy 

516 Efforts to contro'.I monkey brains 
getaboost · 
With open data·project. primate 
optogene\ics confronts stumbling blocks 
8y K. Setvick 

FEATURES. 

518 Power to the JJ!!Ople 
Nations are turning.to-citizen 
assemblies to weigh up climate 
policies By C, O'Grady 
POOCAST 

INSIGHTS 
PERSPECTIVES 

522 Of dognnd ·man 
Ancient genomes reveal the common histo.cy 
of human and dog By P. />avRcf,sand M. Some/ 
RESEARCH ARTICLE p. 557 

523 The qulatsprlng of 2020 
Anthropogenic noise has no legacy effects 
on bird soo~ ByW. If.a/Merk 
REPORT p~57S ~ 

525 Sf)ffding protons with metal 
vacancies 
Membtanes made from nanosheets derived 
from Cd PS, have high proton conductivity 
8y F. WangandJ. He 
REPORT p. 596 

526 Should I stay or should I go? 
Pinpointing genetic alleles that inijuence 
tlw timing of salmon migrati.on might aid 
restoration efforts By a: KicKinncy 
ltEPORT p. 609 

527 Will SARS·CoV-2 become endemic? 
Reinfection, seasonality. andsiral 
~ompelition will shape endemic trru)smlsslon 
patterns By J. Shaman and M. Ga/apt; 
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530 Charles H. Turner, pioneer In animal 
cognition 
An AfricanAmerican•scientist's !!arty 
discoveries ;re forgotten for alflhe wrong 
reas◊11s By H. S. Ga1payage0on,, and L. Ch/tt;.a 
PODCAST 

532 Paolo Sassone-Corsi (1956-2020) 
Groundbreaking molecular biologist 
and epigeneticist By E. Veroln 

POLICY FORUM 

533 Polltli:al sectarial!fsm In America 
A poisonous cocktail of othering. aversion, 
and moralization poses a threat to 
democracy ByB.J.Rnkelelal 

BOOKS ET AL. 

537 The vibrant lives of Neanderthals 
A nuanced portrait of ou(evolutionar/ 
cousins encourages empat!iy and 
under:stan~ing 8y f. Pomeroy 

538 A profound plan to save the seas 
ijej,:_cting piecemeal-stiategies. 
a collServationlst encoufllgestotal 
9cean protecUon ByM. E.1/annibal 

LETTERS 

539 Ban unsustainable mink production 
ByC.Xia el al. 

.sclrm:cmag.org SCJENCE 
119



\ 

Excavation fn 8alshiya Karst Cave fd~ntitied Qe,:iisovan mitochooctr(al DNAdatl,:tg to 100.000 years ago. 

539 Support U.S. research during 
C0VID-19 
By M.M. Crow et al. 

540 Halnan peacock-pheasant needs 
focu.sed protectlon 
ByS.Gwnetal. 
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543 f rom Sci= and other journals 

REVIEW 

546Cancer 
P~ysical traits of cancer H. r Nia et al. 
REVIEW SUMMARY~ FOR FULL TEXT: 
ox.oot.ORG/JO;l,12:61s61ENC£.AAZOS68 

RESEARCH ARTICLES 

547 Structural tiiology 
The coupling mechanism ol 
mammalian respira.tory complex I 
D. Kampjut and L.A. Satanov 
RES£A,RCfl ARllC~E SUMMAR)': FOR FULL TEXT: 
OX.D01.QRG/JOJlZ,6/SCIENCE,A8C4209 

548 Hybrid peronklles 
Atomic·scale microstn.;ture of metal halide 
perovskite M. U. llo/llmann et al. i RESEARCH ,AR.TIC LE SUMMARt : FO~ FULL TEXT: 

~ OX.D01.0RG/10.UZ6/SCIENC~A885940 
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B 549 Microbiola 
~ Multi·omics analyses of radiation suJVMlfs 
',I identify radioprotective microbes ano 
! metabolites H. Guo et al. 
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RES£ARCH A~T!CLE SUMM/\RY: FOR FULL JEX.T! 
D~.-OOI.ORG/10.U26/SC1ENC£.AAY90g7 

550 Plant science 
Receptor kinase module targels 
PIN•dependent·auxih transport during 
canalization J.Hajnfetal. 

557 Ancient dog genomlcs 
.Origins and genetic legacy ol 
prehistoric dogs A. Bergstr/Jm eta!. 
PE~SPECTIVE p. 522 

564 Coronavlru.s 
The emergence of'SARS·CoV-2 in Europe 
and North America At 1\1>/obey et al. 
REl!-ORT p. 571 

REPORTS 

571 Coronaviru.s 
Cryptiotransmission of SARS·CoV·2 
In Washington state 7. Bedford et al. 
R£S£ARCH ARTICL.£ p, S64 

575 Pandemic pause 
Singing in a silent spring: Birds respond to 
a half•ce,1tury soundscape reversion during 
the COVID·l9 shutdovm E. P. Deayber,y et al. 
PERSPECTIVE p. $23 

579 Human evolulloru 
Denisovan.anc,,stry and population history 
of early East Asians D. Massitanfet al. 
NEWS STQRY I?>, $12: ~£PORT p. 584 

584 Paleogenomics 
Denisovan DNA "in Late Pleistocene 
sediments from Baishfya Karst Cave 
011 the Tibetan Plateau_ O.ihanget al. 
NEWS STORY p, 512; REPORT p. "'79 

587 Mafllellsm 
Metal•organlc magnets with large coercivity 
and·ordering temperatures up to242'C 
P,·Perlepe el al. 

592 Quantum systems 
Parallel single·shot meaStJrement and 
coherent control of solid,state spins below 
the ijjffr.action limit S. Chen et •al. 

596 Proton membranes 
CdPS~ nallOSheets•based membrane 
wilh high proton conductivity enabled 
by Cd vacancies X. Qian et al. 
P£.RSPECTiVE p. 525 

600 Topological systems 
Generation of heliqi l topologjcal 
exciton·polaritons l't. lwf)al. 

605 Geophysics 
SUrface deformation associated.with 
.fr?ctures near the 2019 Ridgecrest 
earthquake sequenoo X.Xu et a\ 

609 Migration 
A complex phenotype in salmon 
controlled by a siinp~ change in 
migratorytimiog N. f.ThomPSon et al. 
PE8SPfCTIV£ p..526 
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502 Editorial 
Untapped compotel'scientists 
By 1/en/y T. Frierson et al 

50t'Editorial 
1rs justlouder tl:tis ume· By H. Hotden Tho,p 

630 Working life 
The things I wish I could say 8yArn,nymous 

ON THE COVER 

Ch(nook salmon swimming in the Rogue River, 
Oregoo. Ge~ome sequencing and analysis 
ot tribaliish~ catch in the Klamath River. 
California. show that salmon ecotypes in diwrse 
popu.latloris 1esult trom a simp1e Mendelian 
pol)•morphi.sm that ~ffectsseasooafrty 
of spawning migration.. Physiological and 

reproductive dflferences 
lo~ thought to distinguish 
ecotypes appear as a 
result ol environmental 
effects from summer 
residence. in cflff erent 
ecosystems. See pages 
526and 609. P.hoto: Mark 
C<Jnlin/A/amy Stock Photo 
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642 'Avery, very bad lo~k'for 

I remdeslvlr 
F-DA and Europe anointed itas 

I 
a key thel'{lpy just after a maj◊rstudy 
found it has ~!fie v-alue 
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By J. Colleqand I{. Kupterschmidt 

644 lurop~ Is locking down 
again-but ils. strategy is unclear 
Without a plan to eliminate tfie virus, 
C()Untiles may tace shu\dovms over arid 
OV<lr, scientj~ts warn . By k. Kuple<Scehlnidt 

645 Growth spurt for height genetics 
By tallying lhousands·of genetic varian~, 
researel1e(s account-for height's 
remaining "missing nel'itability" 
ByJ.kaiser 

646 How the horse powered human 
prehJstory 
l'lioe·ranging v,amors made Mongolian 
empire a meltif1!l pot, sv~eplng gene study 
shows ByA.Cutry 

SCIENCE S<:ienocmag.org 

647 New chip-based las.rs promise 
practical terahert1 imaging 
Seiniconoucfor lasers work with small coolers: 
enabling medical imaging and C(lntraband 
detection By R. F. Service 

648 Black holes by-the dozens 
challenge theorists 
Trove of gravi'tational "'""!' detections all.ows 
black holes to be studied en masse By A. Cho 
POOCAST 

FEATURES 

649 The lo_ng sh~t 
A little compariy Chas~ its b•ll8•r 
competitors in the race· for a coroliavjrus, 
vaccine By M. ~adman_ 
, 652 'Nothing Is impo~sible,' 
' says lab ace Nita Patel 
j IJ), ~-!'/adman 
v•oEo 

INSIGHTS 
PERSPECTIVES 

654 A surprising fossil l(9r!ebrate 
An ancient amphibian converged 
on a chameleon•like Way of feeding 
By D. 8. Wa.ke 
RESEARCH A~T(Clt p. 687 

655 The genetic law oHhe minimum 
The.genetic code·evolveil tc 
reduce the imp~ct of nutrieot-l imitations 
By M. F. Polz'an(I Q, X. Cordero 
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1060 Cell biology 
Abl and Canoe/Aladin mediate 
n1echanolransduclion at tricellular junctions 
H,H. Yu an~ J.~. Zallen 
RES!.A~ckARr1ct_E $OM,~ARY: FOR FUl.t. Ttxll: 
PX,QOLORGFJO,l'JU/SCl!;:N-cf.ABA5~8 

PEE!:SPl:CTIVE p. 10~6 

1061 Fundamental physics 
Two·photon irequency cof11b spectroscopy 
of atomic hydrogen A. Grinw, et al. 
PERSRECTIVE p, 1033 

1066 Forest e(Ology 
lnc/easectgrowing,season productivity drives 
earlier autumn leaf senescence in temperate 
trees D. Zani el al. 
PE,flSPECTIVE" p. 1030! PQi>c;\$1 

REPORTS 

ion Chemical physic~ 
Capturing roaming molecular frai[men_ts in 
real time .r. En<io et al. 

1077 Toi)91ogical systems 
Exceptionall1exus with a hybrid lopological 
inv.iriant W. Tang el al. 

1080 3D printing 
Critical instabifity al moving key~ole tip 
generates porosity in laser melting 
C.Zhaoet al. 

1086 Conservation genetics 
Individual helet'l)2ygosify l)fedicts 
translocationsuccess ln threatet1ed 
desert tortoises 
P.A. Seo/I el al. 

CONTENTS 

1089 Coronavirus 
Structural analysis-of full-length SARS·CoV-2 
spiRe PfOtein from an advanced vaccine 
candidate S. Bangam et al. 

1095 Climatology 
Abrupt shift to liolter and drier climate over 
Inner East Asia beyond the tlppiog point 
P. lhMg et al. 
PERSPECTIV!t p. 1037 

1099 Synthetic biology 
Precise T cell recognition progiams designed 
by transcriptionally llnking ,Aiple receptors 
J. Z. WIiiiams et-al. 

1105 Ribosome structure 
Elotlgi)tiooal stalling activates 111ttoribosome· 
assoclated quality control N. Desai et al. 

1ll0 Coronavirus 
REGN-COl/2 a.nllbodies prevent and1reat 
SARS·CoV•2 infectlon in rhesus macaques 
and hamsterf A. Baum et al. 

1115 Sex determination 
,._chimeric gene paternally instructs female 
sex detem1inariorrln \he hal)lodiplold wasp 
Nasonia Y. Zav ei al. 

DEPA~TMENTS 

1015 E.fttorlal 
Modellng.-post COVID·l9 
8y William f l,Pr~ aQd Ric/lard C.1$in 

1130 Working life 
Gredit wne,-e credit is due By Emily lilgarl)t 

ON THE COVER 

for many irllJlllriled Sfl€Cies. including tlle 
Mojave desert tortoise (Gophertis agilssizff). 
translocaUon of individuals to augment 
populations fs-an impor1ant conservation 
strategy. Researchers llOW demonstrate that 
individual heterozygosity is a key predictor 

ot translocation success 
in lllese tor1oises- a 
finding thaf may ha•1e 
broad implications 
for improving survival 
outcomes fer many 
endangered species. 
see page 1086. Photo: 
Cameron Rogm,n 
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NEWS 
IN BRIEF 

1142 News at a glance 

IN DEPTH 

1144 'The game has changed! 
Al triumphs at protein folding 
ln milestone: soitware predictions 
finally match structures calculated from 
expellmental data By R. F. SetVice 

1145 Why were salmon dying? 
The answer washed off the road 
Common tire chemi<:al implicaled in 
coho salmon kills By E. Sto!<stad 
REPORTBY2., TIAN ITAL.. 

10.l126/SCIENCE.A.BD69 51 

1146 Scientists fear no-deal Brexit as 
deadline looms 
U.K. researchers In limbo, weeks from 
crashing out of EU trade and travel rules 
ByC. O'Grady 

1147 How cats get their stripes and spots 
Newly uncovered mechanism may pattern 
the coats of other mammals, too 
By£. Pem>lsi 

1148 Federal hospital data system falters 
at tracking pandemic 
HHS Protect data; which inlluence how 
pandemic supplies and support are allocated. 
conflict wilh otl]er data sources 
ByC.Piller 

1150 New challenges emerge for planned 
human ·challenge trials 
Scientists debate risks and benefit:; 
ol intentionally exposingvolunteers lo 
dangerous vi/us By W. C-Ornwall 

U 38 ♦ l>f;CKMBER.2020 • VOi, :no ISSUE 61:i2J 

1151 Amid the cheering, some vaccines 
face questions 
A candidate from AstraZeneca and 
the University of Oxford has p,mling efrlcacy 
data 8y J. Co/Jen 

FEATURES 

l152 Saving sanctuaries 
Critics charge that saoctoa,ies for retired 
research chjmpanzees are failing their 
animals. Can a new tool help? By U Grimm 

INSIGHTS 
BOOKS ETAL. 

1156 fodder for future scientists 

PERSPECTIVES 

1162 Quantum-limited sound attenuation 
Resonantly interacting atoms confined by 
lasers have implicalio'ns tor neutron stars 
By T. Schaefer 
REPORT p , 1222 

Celebrity chimpantee Her,cules is making new 
friends at Project Chimps. 

1163 Enzyme formation by Immune 
receptors 
Upon pathogen recognition. some plant 
immune receptors assemble Into active 
enzyme complexes ByL, TianandX.l,i 
RESEARCH ARTICLES pp. l 184 & 118S 

1165 Miniaturization ofrobots 
that fly on beetles' wings 
The shock-absorblng y~ngs of the 
rhfl10Cero~.beetle battle in-flight collisions 
ll)IJ.Slln 
RtPOFtlp.12.!A 

1166 Probing the dark side of the exciton 
Photoen1itted electr011s reveal large· 
momentum ("darn excitons in mono layer 
WSe, By M. X. Na and Z. Ye 
REPORT p . 1 l99 

1167 Constraints on selfish 
behavior In plants 
Plan ls overproduce roots to secure resources 
nearby but avoid costly trips to neighbors' 
patches By M Semclienlro 
REPORT p , 1197 

l168 Stimulating the brain to restore . 
vision 
Higll·definilion brain prostheses are 
developed tor tr ea ling blindness 
By M. s. Beauchamp and o. Yoshor 
RESEARCH ARTlCl E p. 1191 

1170 Mario J. Molina (1943-2020) 
Visl011ary environmental chemist 
By KA Prather 

POLICY FORUM 

11n Fossil eleetricity retirement 
deadlines for a just transition 
A 2035 deatlline for decarboni2.ing 
U,S. electricity would strand only about 
15% of fossil capacity-years 
By E. Gruben 
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LETTERS 

1174 Evidence-based hunting policy 
needed In Slovakia 
By'M. KutafandM.Dufa 

1174 ~mputatlonal social science: 
On measurement 
ByA.X. MJetaL 

1175 Chinese sturgeon needs urgent 
rescue · 
ByX.'lliou'etaL 

1175 Errata 

RESEARCH 
IN 8RIEF 

11n From Science and other iO<Jrnals 

REVIEW 

1180 Mlcrobiota 
The role,ofthe microbiofa in human 
gdfl-Otio adaptation 
T.A. Sr,wkland R,E. ley 
FIEVIEWStJMMAR'n FOQ FULL TEXT: 
OX.DOI.ORG/JO.lJ26/SCIENCE.AAZ682'7 

RESEARCH ARTICLES 

1181 Coronavlrus 
Compara.tive host•coronavirus protein 
Interaction networks reveal pan•viral 'disease 
mechanisms D.E.GQrdonetal. 
RESE:i\R,CH ARTICLE SUMMARY:' FOR-1-'ULL TEX~ 
DX.OOI.ORG/10,11-26/SCIENCE.ABE.9403 

SClF.NCC ~enctmag,org 

\ 

1182 Innate Immunity· 
En\eroviral 3C protease activates the human 
NLRPl inflammasome ill airway epithella 
K. S, Roblns,l>n et af. 
RESEARCH ARTtCJ.E SUMMAR~ FOR FULL TEXT;_ 
DX.001,0RG/J0.ll26/S9l ENCE,AAY2002 

1183 Evolution 
Select\On enhasic~s protein evolvability 
t,y•increaslng mutational robostiiess al]() 
toldability J. Zhey,g et al. 
REStARCH A.R'flCLESUMMARY; F'OI\ FUI.L TEXT: 
ox.001.0RG/ lil,ll.2fi/SCIENC'£,AP85962 

Plant science 
1184 Direct pathogen•fnduced assembly of 

an NLR Immune receptor complex to 
form a holoenzyme s. Ma et al, 
RESEARCH ARTIClfE SUMM.6,fW: 
FOR FULL TEXT; 

OX.OOI.ORG/10 ,ll26/.$CIENC£.A8E3069 

1185 Struc!ur~ of the activated ROQJ 
re$lsto,;omedirectly recognizing the 
palhogen effector XopQ R. Martin et al. 
RES~ARCk ARTICLE SUMMAR'fi 
i:'OR FULL r.tX.T: 
OX,OOJ.ORG/lO.ll261SCJE;NCE.,ABD9993 

PERSf'f!CTI\IE r,. ll63 

ll86 Develo_pmental blology 
The N•glycome regulates the endotlielial•to· 
hematopoielic transitioo D. M. Kasper et al. 

1191 Ne11roscience 
Shape perception via a high·channel-<:ount 
neuropros{hesis in monkey visual cortex 
X. Chen et al, 
P£~SPECTIVE p . 1168: P0DCAST 

REPORTS 

1197 Plant science 
The exploitative segregauon of plant roots 
C. Cabal et al. 
PE.RSP£CTrVE p, !lf;i'7 

1199 Physics 
Directly visualizing the momentum·forbidden 
d,rk excitohs and their dynamics in 
atomlcal[y lhln semiconductors 
J. Mac/eo et at. · 
PERSPECTIVE p U66 

1204 Spectroscopy 
Super-resolution llghtwave tomography of 
electronic bands In quantum materials 
M. 8orsch et al. 

1208 Coronavirus 
De novo design.of poten t and resilient 
hACE2 decoys to neutralize SARS·CiW:2 
T. IV. Linsky et al. 

1214 Biomechanics 
Mechanisms ol 
co1lision recovery 
rn /lying beetles and 
flapping·wing robots 
H. V. Phan and H. C. l'llrk 
PERSPECTIVE" p,. 1165" 

1219 Tropical forest 
Long-term collapse in fruit .a~ilability 
threatens Central African forest mega fauna 
E.R. Bush et al. 

1222 Quantum gases 
UAiversalsoond diffusion in 
a strongly interacting Fermi gas 
P. 8. Patel et al. 
PERSP-ECTIVE p.1162 

1227 Coronavlrus 
Robust □eutralizing antibodies to 
SARS·CoV·2 infection persist for months 
A. Wajnbe,g et·al. 

1230 Deep biosphere 
Temperature limits to.deep subsealloor lffe 
in the Nahkai Trough subduction ?011€ 
v. 8. ~lier et al. 

DEPARTMENTS 

U41 Editorial 
Low·lnoome students lose ground 
By Chrlstop/1er AVe,y et al 

1?42 Working LIie 
Coming out' 8Y Bec/lold.n 

ON THE COVER 

Root syste,ns of two different pJants, stained 
with red and bluedye·101 lresh cul flowers. 
Root c!Yeing provide<! experimental validation 
oJ l"heorettcal predictions regarding plants' 

respoose to compeUUon. 
Neighb0< plants segregate 
their root systems ia{he 
sollspace but develop 
more roots locally when 
a competitor is elose than 
when growing alone. See 
pages ll67 and 1197. 
Photo: Mikel Ponce 
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NEWS 
IN BRIEF 
1252 l'lews at a glance 

IN DEPTH 

1254 tweaking gen.es with CRISPR 
or viruses fixes blood disorders 
People with sickle cell disease or 
beta·thalas~einia oould be freed of 
debilitating symptoms ior a lifetime 
ByJ.Kaiser 

1255 Spare a thought for the teeming 
ecosystem beneath your fHt 
Glo~al review ofSOil biodiversity calls fcr 
protecting often-overlooked subterranean 
ltte ByE. Pennisi 

1256 ff IV restarcher named lo lead 
battered CDC 
Biden also p1ci<; Calitomi0 attorney 
general .fcr·health and human services 
ByJ.Kaise, 

1257 Tasmanian devils claw their way 
back from extinction 
Genomes show spread of deadly cancer 
·is $1o'lling By E. Pennis; 

1258 Scientists rally arourtd pian for 
fusion power pla~t 
Road map calls fcr Department of Ene,w 
to furid applied as well.as basic research 
By A Cho 

1248 U DECE~fBBk, 2020 • VOL 3·(0 1SSUE, 6112-~ 

1259 Europe ramps up defense R&D 
A £7 billion fund is laollehed to bolster 
meager IJ)ilitary spending by EU nations 
f/Y'N, \\!)/lace 

1260 Ecologists P.ush for more 
reliable'rtsurch, 
Psychology's replication crisis inspires 
efforts to expand samples and 
stick lo a ,esearch Plan By C. O'ilrady 
POOCAST 

1261 Mexico's co:ntroversla.l 
coronavlrus cur 
Hugo L6pez-Gatell Rarrrfrez's 
response has drawn criticism and 
praise By. R. ~., Orte~• 

FEATURES 

1263 China's vacclne·gamblt 
With its giolial campafgITlo test and promote 
COVID·l9~accines, China aims lo win friends 
and ctlt deals By Ji Cohen 

INSIGHTS 
PERSPECTIVES 

1268 Dl"!islty ho1spo!S! Coldspots 
of speclation? 
Phylogeny of subos.cine passe<ine birds 
finds lower speciatilln rates 
in biodiverse regions By H. Mort"" 
REPORT p . 1343 

1269 Using genetics to reveal 
protein st(ucture 
Measurements of genetlc interactions · 
in vivo can be used Jo ,determine protein 
ittructure 8ji D. W~ng 
RESEARCH ARTIClE p. 1294 

1271 The glassiness of hardening 
protein droplets . 
Protefn condensates can ageto form 
glasses that increase in viscosity 
but retain.elasticity By H. Zilar,g 
REPORT p, 1317 

1272 Remembering seasonal 
coronaviruses 
Antibodies against seasonal 
coronavirusesreact With SARS•CoV-2 
By J.J. Guthmiller and P. c, Wilson 
REPORT p. 1339 

1274 Ensuring vacclnesafaty 
Comprehensive safety testing is based 
on experieQce with prior vaccines 
By D. M, KniJ!e et al. 

1276 Angelika Amon (1967-2020) 
17ailbla2ing cell cycJe biologist 
By J.M. Shellzer atid k. Visinlin 

POLICY FORUM 

1277 C0VID-19 vaccine trial ethics 
once we have efficacious vaccines 
Some.pJacebo•controlled tt ials can 
continue ethically after a candidate vaccine is 
found to be safe and efficacious 
By D. ll'endleret a I. 
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BOOKS ET Al. 

1280 An outslde-the-boJ take on lime 
A physicist's provocative theory offers 
an optimlstic view of our cosmic destiny 
By M. Jot,nso;, 

1281 Social capital's value 
In the courtroom 
lnequalitiei are reinforced during 
court proceedings and delib~ralions. 
finds a sociologist By L. Seamster 

' 
LETTERS 
1282 Renewables in Spain threaten 
biodiversity 
ByD. Serrano eta I. 

1283 Small Aral Sea brings hope 
for Lake Balkhash 
By,N. V./\ladin etal. 

1283 Brazil's areas of not-so-permanent 
preservation 
By M.A, U. de Andrade J/Jniorand\V. C. Fonseca 

1284 Technical Comment abstracts 

RESEARCH 
IN BRIEF 

1286 From Science and of her journals 

REVIEW 

1289 Economics 
P~rt):, del)fession, and anxiety: Causal 
evidence and mechanisms M. Rid.'ey et af. 
REV JEW SUMMARY; FOR FllU TEXT: 
DX..OOI.ORG/JO.:U%6/SCIE« CE..A:AY0214 

SOrE?'{CE seieoccmag.org 
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RESEARCH ARTICLES 

1290 Molecular biology 
CIBER·seq dissects genetic networl\S by 
quantitative CRISPRi profiling of expression 
phenotypes fl, Mullet et al. 
R,EStAftCH ARTICLE SUt.4MA:RY: fOR FULL TEX't: 
OX.0-0J.CIR¢/10.ll26,(S CIENC£',ABB9662 

1291 DtYelopmenlal biology 
Mouse emb,yonie stem cells self-organize 
into trulik·like structures with neural tube 
and somites J. V. \feeavliel et al. 
R£SEARt;H A,RTtCl.t SUMMARY; FOR FULL TEXT: 

DX.OOI.ORG/10 ,112G/SCIENCE.ABA4937 

1292 Developmental biology 
Devefopmenl<II clock and mechanism of denovo 
polarization of the mouse emb!yo M.Zhu et al. 
RESURCt-4 ARTICLE SUMMARY: FOR FU.LL. TO.~ 

ox.oot o~G/10.UZ6/ SCIENCE.A802703 

1293 Disease dynamics 
A transmissiblecarn:er shifts from emergence to 
endemism in Tasmanian devils A. H.Palfon et al. 
RESEARCH ARTICLE SUMMARY; FOR FULL TEXT: 
ox.001:oRG/lO,Jt.26/SClENC£..ABB9n2. 

PODC./lST 

1294 Systems biology 
Genetic interaction mapping informs 
inlegrafivestructure determination ol protein 
complexes /./, Brabe,g et al. 
RESEAR,CH AltflCLE SllMMARy'; FOR FULL TEXr. 
DX.DQl,O"C/I0.112G/ SCIEN.Ct .W 4910 
PERSPE_CTIVE p~I269 

1295 Climate change 
Recent global decline of CO, fertilization 
effects on vegetation ph6tosyothesis 
S. Wangetal. 

1300 Solar cells 
Monolithic peroVSkjte/sjlicon landem solar 
cell with >29% eHiclency by ehhanced hole 
extraction A./11•/IShOu,iet al. 

REPORTS 

1309 Quantum Information 
Optically addressable molecular 
spins fo, quantum inforrnatlonprocessing 
S. L S?yliss et al. 

1313 Batteries 
Reversible planar gliding and microcracking 
in a single·crystalllne Nl-r!(:h cathode 
Y. &'et al. 

1324 Ultracold chemistry 
Resonant ~ollisional shielding of r~ctive 
molecules using electric fields 
IC Matsuda et al. 

1328 Cancer immunotherapy 
Stem•li8e COB T cells mediate response 
of adopWe cell immunotherap'f 
against human cancer 
S, l((fshnaetal. 

1335 Indian monsoon 
Indian monsoon derailed b~,a North 
Atlantic wa~train P. J. Bor~h et al. 

1339 Coronavirus 
Pr~.existingand de novo humoral 
Immunity to SAR5'CoV•2 in humans 
K. Wj\'jetal. 
PERSPECTIVE p .1272 

1343 Evolution 
Tile evolutjon of a troplci'I biodiversity 
hotspot M. G. Harvey et al. 
PER$PECl'IVE p. 1268 

1348 Paleocllmate 
Southern Oceaa upwelling, Earth's 
o6Iiquity, and glaciaHntergladal 
at11195pheric co, change X. E. Ai et al. 

6 
DEPARTMENTS 
1251 Editorial 
An opportunity to improve innovation 
By H,/lolden Tho,p 

1366 Working Life 
Dar~ to be different 
By /;/lee Kiang fave 

ON THE COVER 

Schematic rep(esentation of the gliding 
pJlenon,enon in.a microm-eter·siz.ed cathode 
c,ystal charged to high voltagOSI Crystal gliding. 
Induced Ir/ local~ed stress, is partially re,-.rsible 

and e•,en!ually 8\'Qlves 
into miciocractcs afte( 
extensive bal(eiy cycling. 
Aooticalc,ystal size has 
been predicted to prevent 
such gliding in battery 
cathode c,ystals. 
Seepage 1313. /1/ustraUon: 
C. Bicki!I/Sclence 
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BREAKTHROUGH of the YEAR 
1392 Shots of hope Desperately needed \f<iccines againsfCOVID·l9. dev&loped and tested 
at record speed. are 2020:S breakt~r<l\igh By J. /Jp)le,) 

1395 A divisive disease As sclenlisµ struuled to understand aod quell GOVID·l9. asecood 
pandemic of misinformation and polltical mayhem raged By If Kupf/ifSChmldt 

1398 l)ne& we've lost Scientists. too. died in the pandem,o 

RUNNERS-UP 

140Z Al a~taAgles protein folding 

1403 Pirst CRlSPR curesJ 

1403 'Global warming /orecastssharpen 

1404 Founl!: efusive source·of fast 
ratllo llu:sts 

1405 \Vorl<fs oldest hunting 
scene revealed · 

1405 Scientists 5P0ak1Jp.fordivers1ty 

1400 How elite controllers keepl{IV a.t bay: 

1406 iloom tempe,.,ture 
superconductivity ftnallyachieved 

1407 Blrds are.smarter than you think 

SCl£N~.E sckncemag.org 
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A;, Uie COI/ID-19 pandemic exploded 
in 2020. scientists mobili2~to.deverop 
an\! test doteps of candidate vaccines targeting 
the new corociavfrus. Many aim I0;$lim~late · 
ant~tes .rgalnsflijt Yi.rus· pr<)tr~ding spike 

pr9teins, which enabl~ 
Jt to infeGth·uman cells. 
lri record time. several 
vacc)nes show~ strong 
evidence of efficacy.~IWng 
a b~eaguered world new 
ho~, See page 1392. 
11/ustro./ion:Adam S)mPSonl 
Heart fl$enc'y 

SEE AL,S() EDffORtM, e. t381 'Vl0EC;) 
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NEWS 
IN BRIEF 

1382 News ata glance 

IN DEPTH 

1384 People with Down syndrome fau 
high risk from coronavirus 
Advocates call for early vaccinatioo of group 
made vulnerable by genetics and immune 
dysfunction By M. Wadm,in , , 

1385 As vaccines emerge, a global 
waiting game IM!gins 
Rich countries soapped up limited supj)lies, 
so protection will lag for others 
By J. Col,e;, al)d K. Kupferschmidl 

1387 Mars lander spies the planet'.s 
deep boundaries 
Dtlsplte lack of large quakes. lnSight team 
fixes size of crust mantle, and core 
ByP.\wseo 

1388 mRNA's next challenge: 
Will it work as a di:ug? 
A winner in the vaccine raGe. messenger RNA 
fa<:es obstacles in therapeutics By K. SeMck 

1390 Five years in, Paris pactstill 
a wolfl Iii progress 
Countries mar~ anruversa,y by increasing 
commitments. but2'C goal elusive 
By IV.Ccmoalf 

1391 lllBTQ re.searchers say they 
want to be counted 
Scientist$ call tor National Science 
Founi:iatl9n's worl<force surveys to'taJIY. 
sexual and gender minortties By K. t..,ng!Ji 

INSIGHTS 
PERSPECTIVES 

1408 WIidfire smoke, a potential 
infectious agent 
Bacteria aod fungi are transported 
in wildland fire sinoke emissions 
Byl.N.K(}/);iarandG.R. Thomp5Cl)l/f 

1410 A gatekeeper for learning 
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VOLUME 322, NUMBER 3 

COSMO LOGY 

30 A Cosmic Crisis 
1\vo divergent measurements of 
how fast the universe is expanding 
cannot both be right. Something 

60 must give-but what? 
By Richard Panek 

CHEMISTRY 

38 The Hidden Toll of Wildfire 
As wildfires worsen globally, an 
aerial campaign seeks to under-
stand how biomass smoke affects 
human health. By Kyle Dickman 

68 
ANTISENSE THERAPY 

46 Finally Making Sense 
A long-disdained therapy that tar-
gets RNA is achieving spectacular 
success. By Lydia Denworth 

74 . 
ANTISENSE THERAPY 

54 Preventing Prions 
Treating susceptible individuals 
while they are still healthy 
offers the best hope for warding 

a 6 Jui lQZO 

off a deadly brain disease. 
By SoniaMinikel Vallabh and 
Eric Vallabh Minikel 

ECO LOGY 

What Is Killing 
the Monarchs? 
It seemed simple: Roundup herbi-
cide was killing America's favorite 
butterfly. But there may be other 
causes, and the way to save the in-
sect is not clear. By Gabriel Popkin 

ARCHAEOLOGY 

The First Story 
A cave painting from Sulawesi 
is the oldest known example 
of narrative art. By Kate Wong 

NEUROBIOLOGY 

The Brain Learns 
in Unexpected Ways 
Neuroscientists have discovered 
a set of unfamiliar cellular mecha-
nisms for making fresh memories. 
By R. Douglas Fields 

ENTIFIC 
RICAN 

SCIENTIFIC @ 
AMERICAN 
""""T'$l11Wll0flll il00llf ltOWwtll.Aall -li(lf'fl'QltUUlllSl.\SU 

ON THE COVER 
The value of the Hubble constant-the rate 
of the universe's expansion-may be the most 
important number in all of cosmology. Yet 
measurements of it from the "early" universe 
shortly aher the big bang and the "late" 
universe of today disagree. Resolving this 
discrepancy could lead to a scientific revolution. 
Illustration by Mark Ross Studios. 
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4 From the Editor 

6 Letters 

12 Science Agenda 
Don't let SG mess with weather forecasting. 
By the Editors 

14 Formn 
Medical students need to know how social factors 
determine health. By Erin Paquette and Angira Patel 

16 Advances 
The promise of vibration-detecting fiber optics. 
Secret signals from sweet potatoes. The trouble 
with manure. A new map of Antarctica under the ice. 

26 Meter 
New poetry on the nature of eclipses. 
By Christopher Cokinos 

28 The Science of Health 
Taking delirium seriously can help prevent it 
in older hospitalized patients. By Claudia Wallis 

29 Ventures 
Pricey storm-surge barriers may be worth the money. 
By Wade Roush 

80 Recommended 
Saving the Florida panther. Cornfield espionage and 
FBI racial profiling. Al learning versus brainpower. 
Early female astronomer Cecilia Payne-Gaposchkin. 
By Andrea Gawrylewski 

81 Observatory 
Instrument calibration can avoid the miscarriage 
of justice. By Naomi Oreskes 

82 Anti Gravity 
Driving habits among doctors differ according to 
medical specialty. By Steve Mirsky 

83 50, 100 & 150 Years Ago 
By Daniel C. Schlenoff 

84 Graphic Science 
The ways carbon taices create jobs. By Mark Fischetti 
and Amanda Montanez 
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VOLUME 322, NUMBER 4 

0 ~ OCT 2020 .SCIENTIFIC 
i~ERICAN 

ASTRONOMY 

28 New View of the Milky Way 
A recent effort to map the spiral structure of our galaxy has produced an 
unprecedented view of our cosmic home. By MarkJ. Reul andXing-WuZheng 

CONSERVATION 

36 Cat vs. Woodrat 
Feral cats kill a lot of wildlife, but methods to solve the problem are controver­
sial and understudied. In Key Largo, Fla., conservationists are trying new ways 
to save the endangered woodrat without having to exterminate felines. 
By CarrieArnold 

EVOLUTION 

44 The Trouble with Teeth 
Our teeth are crowded, crooked and riddled with cavities. It hasn't always 
been this way. By Peter S. Ungar 

BIOLOGY 

50 Extreme Survivor 
A tiny, six-legged creature called Tullbergia has persevered through more 
than 30 ice ages in the harshest badlands of the Transantarctic Mountains. 
Scientists are just starting to figure out how. By Douglas Fox 

ANTHROPOLOGY 

58 The Aid Tsunami 
The ocean took their loved ones and destroyed their villages. But it was 
misguided disaster relief that destroyed their way of life. 

SCIENTIFIC @ 
AMERICAN 
TIIETIIOUaLEWITMT[fT}I ' CAT'l.5.WOOObT I KlA.GlSURVIVOltS 

ON THE COVER 
Despite centuries of study, astronomers are only 

now learning how our home galaxy, a spiral 
of at least 100 billion stars spanning more than 
100,000 light-years, really appears from outside. 
New surveys are revealing the Milky Way's 
stn1c:t11rP in morP rfpt;:iil th;m PVPr hPfnrP 
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3 From the Editor 

4 Letters 

8 Science Agenda 
The nuclear trigger should not be under the sole control 
of the U.S. president. By the Editors 

10 Forum 
Female surgeons cannot perform at their best if they 
are battling workplace sexual abuse. By Chethan Sathya 

12 Advances 
A flier flexing real pigeon wings. Humans' oversize 
impact on future fossils. A trap for dengue virus made 
from DNA. Prismlike blocks to build morphing objects. 

24 Meter 
Lichen as model and metaphor for intimacy. 
By Forrest Gander 

U The Science of Health 
Sleep apnea often follows a different pattern in women 
and may therefore be overlooked. By Claudia Wallis 

26 Ventures 
Investing in technology for the toughest problems 
on the planet. By Wade Roush 

66 Recommended 
Bird's-eye view of our changing Earth. CSI pioneer. The 
mysterious death of a Civil War submarine. Intertwining 
technology and human behavior. By Andrea Gawrylewski 

67 Observatory 
Why do white men and scientists tend to downplay 
the risks of technology? By Naomi Oreskes 

68 Anti Gravity 
One U.S. senator thinks Saturn's moon Titan is a fixer­
upper real estate possibility. By Steve Mirsky 

69 50, 100 & 150 Years Ago 
By Daniel C. Schlenoff 

70 Graphic Science 
Child mortality is decreasing, yet certain countries still 
struggle. By Amanda Montanez and Mapping Specialists 

Scientific American (ISSN 0036-8733), Volume 322. Number 4,April 2020, published monthly by ScientificAmerican,a division of Springer NatureAmerica, lnc .. 1 New York Plaza, Suite 4600, New York, N.Y.10004-1562. Periodicals 
postage paid at New York, N.Y .. and at additional mailing offices. Canada Post International Publications Mail (Canadian Distribution) Sales Agreement No. 40012504. Canadian 8N No. 127387652RT: TVQ1218059275 TQ0001. 
Publication Mail Agreement #40012504. Return undeliverable mail to Scientific American, P.O. Box 819, Stn Main, Markham, ON L3P 8A2. Individual Subscription rates: 1 year $49.99 (USO), Canada $59.99 (USO), International 
$69.99 (USO). Institutional Subscription rates: Schools and Public Libraries: 1 year $84 (USO), Canada $89 (USO), International $96 (USO). Businesses and Colleges/Universities: 1 year $399 (USO), Canada $405 (USO), 
International $411 (USO). Postmaster: Send address changes to Scientific American, Box 3187, Harlan, Iowa 51537. Reprints inquiries: (212) 451-8415. To request single copies or back issues, call (800) 333-1199. ! 
Subscription inquiries: U.S. and Canada (800) 333-1199; other (515) 248-7684. Send e-mail to scacustserv@cdsfulfillment.com. #J '· 
Printed in U.S.A. Copyright© 2020 by Scientific American.a division of Springer Nature America, Inc. All rights reserved. .=,.::., 

Scientific American is part of Springer Nature, which owns or has commercial relations with thousands of scientific publications (many of them can be found at www.springernature.com/us). Scientific American maintains a strict 
policy of editorial independence in reporting developments in science to our readers. Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

159

mailto:scacustserv@cdsfulfillment.com.


MAY 2020 

VOLUME 322, NUM BER 5 

SPECIAi REPORT 
RE OF MEDICINE 

26 A NEW ERA FOR ALZHEIMER'S 
Rethinking its causes and potential cures. 

28 The Human Toll 
Alzheimer's took the author's wife and tortured 
his family. There was nothing they- or medicine-
could do to stop it. By Joel Shurkin 

30 The Way Forward 
The failure to find good treatments for Alzheimer's 
means it is time to reexamine the basic biology 
of the disease. Progress in five areas could provide 
new hope. By Kenneth S. Kosik 

34 The Amyloid Drug Struggle 
A leading target for Alzheimer's treatment 
is getting a harder, and more skeptical, look. 
By Tanya Lewis 

37 The Menopause Connection 
Aging is the biggest risk factor for Alzheimer's. 
Being female is a close second. Why? By Jena Pincott 

42 The Role of Air Pollution 
Airborne particles in car exhaust are strongly 
linked to Alzheimer's. Recent research shows how 
they can reach the brain. By Ellen Ruppel Shell 

Photograph by Nico Lewis 
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54 

64 

0 6 OCT 2020 

SCIENTIFIC 
AMERICAN 

GEOLOGY 

MassifRedo 
A novel explanation for 
the giant Tamu Massif 
volcano rewrites 
the story of how the 
seafloor formed. 
By William W. Sager 

SUSTAINABILITY 

Living with 
the Forest 
Pygmies thrived in the 
Congo Basin-until 
development coupled 
with conservation ar­
rived. By Jerome Lewis 

PH Y SICS 

Quantum 
Steampunk 
A new branch of physics 
is updating 19th-cen­
tury thermodynamics 
for today's quantum 
systems. By Nicole 
Yunger Halpern 

ON THE COVER 
After recent failed efforts 
to develop treatments for 
Alzheimer's disease, many 
scientists are taking a fresh look 
at causes of the illness. New 

research areas include the origins 
of abnormal proteins and 
wayward brain signals, the 

surprising role of air pollution, 

and factors that lead to higher 

risk for women. 
Illustration by Galen Dara. 
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4 From the Editor 

5 Letters 

7 Science Agenda 
Facial-recognition tech is an invasion of privacy 
that needs immediate regulation. By the Editors 

8 Forum 
Thousands of new satellites could ruin our view 
of the night sky. By Ronald Drimmel 

10 Advances 
Keeping livers alive before t ransplant. Countdown to 
commercial crew space launches. Lizard embryos' tiny 
brain parasites. A DIY tool to open cell membranes. 

22 Meter 
The poetic geology of Yosemite's Lyell Canyon. 
By Janet MacFadyen 

23 The Science of Health 
A way to make it easier for the terminally ill 
to donate organs. By Claudia Wallis 

24 Ventures 
When will speech-recognition software finally be 
good enough? By Wade Roush 

70 Recommended 
Harnessing fungi's ability to shape our futu re. Early 
organic food champion. Diving into understanding the 
brain. Humanizing technology. By Andrea Gawrylewski 

71 Observatory 
Curtailment of federal funding for basic research 
threatens American science. By Naomi Oreskes 

72 Anti Gravity 
Flat-earthers aren't wrong only about the shape of 
the planet. By Steve Mirsky 

73 50, 100 & 150 Years Ago By Daniel C. Schlenoff 

74 Graphic Science 
The growing cloud oflow-orbit satellites. 
By Mark Fischetti and Nadieh Bremer 
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VOLUME 322, NUMBER 6 

24 THECORONAVIRUSPANDEMIC 
26 Chasing Plagues 

A virologist crawled through bat caves to find the 
origins of the SARS-CoV-2 virus. By Jane Qiu 

32 Fast-Track Drugs 
With no time to make treatments from scratch, 
scientists are searching for existing compounds 
that reduce harm. By Michael Waldholz 

36 Frontline Trauma 
Stress from fighting COVlD-19 poses an 
unprecedented threat to health care workers. 
By Jillian Mock 

38 How the Healers Feel 
Interviews by Jillian Mock and Jen Schwartz 

40 The Vaccine Quest 
Only genetic engineering can create a protec­
tive serum in months rather than years. 
By Charles Schmidt 

44 What Comes Next 
Large outbreaks of disease in the past suggest 
how the current crisis might play out. 
By Lydia Denworth 

0 6 OCT 1020 

SCIEN;f5 
AME ~A'N 

EVOLUTION 

46 The Unexpected Origin of Fingers 
A remarkable fossil shows that the digits 
in our hands evolved before vertebrates 
emerged from the water to colonize land. 
By John A. Long and Richard Cloutier 

ASTRONOMY 

54 A Planet Is Born 
High-resolution imaging of circumstellar 
disks-the swirls of dust left behind after 
stars form-is revealing hidden planets and 
insights about how solar systems evolve. 
By Meredith A . MacGregor 

CLIMATE CHANGE 

62 What Should Carbon Cost? 
Smart math, combined with fundamental 
policy choices, can determine a practical 
tax that will drive down CO2 emissions. 
By GilbertE. Metcalf 

CONSCIOUSNESS 

70 Tales of the Dying Brain 
A brush with death can leave a lasting 
legacy in the mind-and may help us 
understand how the brain functions in 
extreme conditions. By Christo! Koch 

ON THE COVER 
In a matter of weeks 

the SARS-CoV-2 virus 
infected millions, kil ­

ling thousands and 
bringing the global 

economy to a halt. 
Read our special 
report on the origins 

of the plague, the 
human toll , and the 

search for treatments 
and a vaccine. 
Illustration by 
Richard Borge. 
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4 From the Editor 

6 Letters 

8 Science Agenda 
To prevent future pandemics, stop deforestation. 
By the Editors 

9 Forum 
Leaders who belittle science during a global health 
crisis are a danger to us all. By Ben Santer 

10 Advances 
A collision model shakes up Pluto. New strategy to 
prevent tropical extinction. Lightweight vaccine­
delivery technology. A poultry domestication mystery. 

20 Meter 
The poetic landscape ofboreal forests. 
By Jessica Goodfellow 

22 The Science of Health 
As drug-resistant superbugs spread, researchers 
are turning to viruses that kill bacteria. 
By Claudia Wallis 

76 Recommended 
Women ran Britain's most extraordinary World War I 
hospital. Why innovation flourishes in freedom. 
The fury of hurricanes. How Dr. Claire Weekes cracked 
the anxiety code. By Andrea Gawrylewski 

77 Observatory 
How we can best quantify "small" benefits. 
By Naomi Oreskes 

78 Anti Gravity 
Misinformation and miscalculation in the time 
of the coronavirus. By Steve Mirsky 

79 50, 100 & 150 Years Ago By Daniel C. Schlenoff 

80 Graphic Science 
Globe-trotting humans spread COVID-19 
around the world. By Mark Fischetti and 
Martin Krzywinski 
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JULY 2020 

VOLUM E 323, N UMBER 1 

HEALTH AND MEDICINE 

22 Treating Patients 46 
without the Scale 

1 Focusing on weight Joss isn't 
E making people healthier. i By Virginia Sole-Smith 
l 26 The Racist Roots .,: 
u of Fighting Obesity ,, 
al By Sabrina Strings and < ,: 
< 
',' Lindo Bacon 
,: 
al 54 
C, MOLECULAR BIOLOG~ z 
< 

~ 
32 Inside the Coronav:irus 

8 What scientists know about the 
;::; 
g inner workings of the pathogen 

~ that has infected the world. 

~ By Mark Fischetti, Veronica 
g Falconieri Hays, Jen Christiansen 
w 

~ and Britt Glaunsinger 
Sl 60 
8 RESILIENCY 

g, 38 The Biggest 
.§ Psychological Experiment "' <!l What can the pandemic teach us i 
C: about how people respond to 
z 
I 

adversity? By Lydia Denworth ~ 

DZ DEC 2020 
SCIENT 
AMERI 

PHYSICS 

The Dru·kest 
Particles 
An experiment aims to find 
a new type of neutrino that 
could be a key to the universe's 
dark sector. I SCIENTIFIC 

-

~ By William Charles Louis and 
AMERICAN Richard G. Van de Water 
O,.U[J! UII ' --

"'IETEOROLOGY 

Your28-Day 
Weather Forecast 
Meteorologists are getting better 
at predicting whether it will be 
warm, cold, wet or dry four weeks 
from now. 
By Kathy Pegion 

ARCHAEOLOGY 

How Fru·mers 
Conquered Em·ope 

ON THE COVER 
Although much remains unknown about 

When Neolithic agriculturists the virus responsible for the ongoing global 

encountered seminomadic pandemic, scientists have developed a detailed 

hunter-gatherers, a disturbing picture of the molecular biology of SARS-CoV-2 
in a surprisingly short time. Our synthesis of 

hierarchy may have evolved. this work begins on page 32. 
By Laura Spinney Illustration by Veronica Falconier i Hays. 
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4 From the Editor 

6 Letters 

8 Science Agenda 
Mandating the testing of all evidence kits will bring 
justice for rape victims. By the Editors 

9 Forum 
How best to guard against the threat of science theft. 
By Mary Sue Coleman 

10 Advances 
A compact footstep tracker that makes the whole floor 
a sensor. The first marine fish extinction. A strange 
creature's endless fertility. Artificial detox cells. 

20 Meter 
The poetry and poignancy of pathology. 
By Rafael Campo 

21 The Science of Health 
Boost your immunity against viruses with a regimen 
of sleep, diet and vitamins. By Claudia Wallis 

68 Recommended 
Commemorating the life's work of magazine and 
fish illustrator Stanley Meltzoff. 
By Andrea Gawrylewski 

69 Observatory 
When pro-business initiatives promote ant iscience 
policies, we all Jose. By Naomi Oreskes 

70 Anti Gravity 
Descendants of Galileo and of the science deniers 
who plagued him are still fighting today. 
By Steve Mirsky 

71 50, 100 & 150 Years Ago 
By Daniel C. Schlenoff 

72 Graphic Science 
One million frozen seed samples in a Norweigan vault 
provide a hedge against climate change. 
By Mark Fischetti andAccurat 
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26 

SEPTEMBER 2020 

VOLUME 323, NUMBER 3 

175 Years 
of Discovery 
HISTORY OF SCIENCE 

The Language of Science 
How the words this magazine uses have 
evolved over time. By Moritz Stefaner, 
Lorraine Daston and Jen Christiansen 

36 Reckoning with Our Mistakes 
Some of the cringiest articles in the 
magazine's history reveal bigger 
questions about scientific authority. 
By Jen Schwartz and Dan Schlenojf 

TECHNOLOGY 

42 The Information Manipulators 
By moving matter and energy, innovators 
have democratized information. 
By Naomi Oreskes and Erik M Conway 

49 Subway to Nowhere 
Scientific American's editor secretly 
built New York City's first underground 
train-powered by air-only to have it 
crushed by political opposition. 
By Katherine Harmon Courage 

MED ICINE 

50 Return of the Germs 
For more than a century drugs and 
vaccines made astounding progress 
against infectious diseases. Now our 
best defenses may be social changes. 
By Maryn McKenna 

57 Science vs. the Supernatural 
This magazine launched a contest 
to prove, or disprove, the existence 
of ghosts. By Katherine Harmon Courage 

ASTRONOMY 

58 Our Place in the Universe 
How astronomers revealed a much 
bigger and stranger cosmos than 
anyone suspected. 
By Martin Rees 

65 The Symmetry Pair 
In the 1960s Martin Gardner helped 
to turn the artist M. C. Escher into 
a sensation. By Stephen Ornes 

10 NOV 2020 
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EVOLUTION 

66 The Origin of Us 
Fossils and DNA have revealed 
the complexity of human evolution. 
Darwin would be delighted. 
By Kate Wong 

73 Nuclear Reaction 
How an article about the H-bomb 
landed this magazine in the middle 
of the Red Scare. 
By Alfred W McCoy 

GEOLOGY 

74 The Worst Times on Earth 
Mass extinctions send us a warning 
about the future of life on this planet. 
By Peter Brannen 

ON THE COVER 
From the telegraph to COVID-19, 
a chronological selection of 
inventions, discoveries, scientific 
breakthroughs and historical 
events that have helped deter­
mine the course of the past 
175 years, for this magazine and 
the world at large. 
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4 From the Editor 

6 Letters 

8 Science Agenda 
Law and order at a local level must be reinvented. 
By the Editors 

IO Forum 
Fighting the stigma of addiction can be 
as fraught as overcoming addiction itself. 
By Nora D. Volkow 
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Dreams can be strange, but the COVID-19 
pandemic has made them more bizarre. Many 
people report dreams about being threatened 
or being unable to cop_e. Lockdowns and social 
distancing, so alien to our normal lives, may also 
be overwhelming useful functions tha·t dreams 
provide, such as helping us regulate our emotions. 
Illustration by Goi'li Montes. 
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ON THE COVER 
Uncertainty creates conditions for misinformation to 

flourish-and flourish it has. As the world continues 
to grapple with the pandemic and the U.S. faces a 

high-stakes election season, how can society be less 
fragi le to toxic media manipulation, whether it is from 
the highest levels of governments or homegrown? 
Illustration by Hanna Barczyk. 
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26 Explosions at the Edge 46 
Most stars die in fairly predictable 
ways, but astronomers have discov-
ered a growing number of unusual 
supernovae that challenge the tradi-
tional picture. By Anna Y. Q. Ho 

54 
SPECIAL REPORT 

TOP10 
EMERGING 
TECHNOLOGIES 
OF 2020 
Spatial computing, digital 

62 
medicine, low-carbon cement, 
whole-genome synthesis, green 
hydrogen, quantum sensing, 
and four other potentially 
transformative inventions. 
A collaboration between 70 
Scientific American and 
the World Economic Forum. 
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Fusion Dreams 
Assembly has begun on ITER, _ 
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Giant stars explode in a myriad of ways, recent 
discoveries show. Astrophysicist Anna Y. Q. Ho 
surveys several unusual supernovae sighted 

recent ly and explores what they can teach us 

about how stars live and die. 
Illustration by Kenn Brown, 
Mondolithic Studios. 
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