
SCIENCE'S  C O M P A S S  

PERSPECTIVES: GEOPHYSICS fields that developed at the same time. It 
has been suggest& that both phenomena 
are related to active plumes or astheno- Rising Through Earth's Mantle qm,, , bth). , ,, 
made (7,8), but a' d o n  to the lower 
mantle has remained swcuiative. Usine 

oleanism and the breaking of the and lower mantle at 660-)Em depth or data sets consisting of &re than 2 millioi 
&ts mmtbdly md&I us of whetbx the eomnxton p@ermdpm anti shear wave measurements, Ritsma et al. 
b bt slld dyf~& War of our below the are itmktml each. (3) have calculated a three-dimensional 

plamt. Diven by kqxmttm anddedty oLez This year, a deeper; f l W g  hmmd- shear wave docity model of Earth's man2 
mients, mmective miqants cany vast ary was ptopased (4) on the +W of tle with a sjstial resolution of about 500 
, ~ u g t s  of @ally nwhn w k  t6rwgh ' observation tb km below Africa [see fig. 2 in (311. In their 
%#.It's m d e  (see tbe figwe). Mxhstkg peawEtate into . model, a lolw shear wave velocity (or in- 
o o e ; l m i c p b b h ~ ~ W  therchsmay -creased temperature anomaly) stretches 
&%vimd 80w f b m  the tap to the bottom gim with extensive volcanism continuously from the CMB under the 
ofthe W e  (I), hat* nattlre southeast Atlantic upward to northeast 
o f t h e ~ ~ o w i s ~ a m a t -  mwra AHea to ihe East African rift system. The 
t e r o f ~ . I n t h i s i % s u e , ~  , continental lmahp in this region might 

thus be .ttiggeml by tbemd anomalies at 
the CMB. The plume deviates tiom the 

the4omr mantle that extend alI 
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Predictive Evolution 
David M. Hillis 

ing that hemagglutinin. However, certain 
substitutions in the gene encoding hemag- 
glutinin result in changes in the amino 
acids of this protein's HA1 domain. The al- 

tered amino acids result in a reduced 

P ick up a random issue of almost any 
biological journal these days, and you 
are likely to see one or more phylo- 

genetic trees. One of the reasons that these 
estimates of evolutionary history have be- 
come ubiquitous is because they are need- 

ed to make biology 
Enhanced o n l ~ n e  a t  predictive. Just as the 
w.sc iencemag.org /cg i /  periodic table of ele- 
Content/fulw2861544611866 ments allows chem- 

ists to make predictions about chemical reac- 
tions, so a phylogenetic tree allows biologists 
to make predictions about behavior, mor- 
phology, physiology, biomolecular structure, 
or any other biological attribute. Usually, the 
main difference is that chemists make pre- 
dictions about reactions that have not yet oc- 
curred whereas biologists make predictions 
about attributes that have already evolved, 
but have not yet been observed in a particu- 
lar species. On page 1921 of this issue, Bush 
and Fitch (I) show that phylogenetic analy- 
ses of the human influenza A (subtype H3) 
virus can be used to make predictions about 
the evolutionary course of future human in- 
fluenza strains. This information should 
prove valuable for accurately predicting the 
correct strains of flu virus to include in the 
vaccine prepared each year to protect against 
the upcoming influenza season. 

Earlier phylogenetic studies of human 
influenza A (2) have shown that strains of 
this virus form a rather unusual phyloge- 
netic tree. Phylogenetic trees of most virus- 
es that have been studied to date show a 
continuously diverging phylogeny. For in- 
stance, the tips of the tree of human im- 
munodeficiency virus type 1 (which repre- 
sent samples of viruses taken at any one 
time) are more diverse and distant from 
one another today than they were a few 
decades ago [for example, (3)] .  In contrast, 
although many different strains of influen- 
za A may be circulating at a given time, 
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immune response in an individual 
who has been exposed only to the 
hemagglutinin of an ancestral strain 
of influenza. Bush and Fitch found 
that 18 codons of the hemagglutinin 
gene's HA1 domain are under posi- 
tive selection for changes in the 
amino acids that they encode. Fur- 
thermore, they established that of 
the strains of influenza A that are 
circulating at any one time, those 
that are most likely to be ancestral to 
future influenza epidemics (the sur- 
viving or trunk lineage of the phy- 
logeny) are the ones that show the 
greatest number of changes among 
these 18 amino acids. This allowed 
the investigators to make predictions 
about which of the strains circulat- 
ing today are most likely to give rise 
to future lineages of influenza A. 

Defeating the flu. Molecular m o d e l  of hemagglut inin,  T~ test the effectiveness of the 
t h e  pro te in  o n  t h e  surface of t h e  inf luenza virus t h a t  is prediction method B~~, and ~ i ~ ~ h  
r ecogn i zed  b y  t h e  h o s t  i m m u n e  s y s t e m .  T h e  t h r e e  examined recent influenza sea- 
hemagglu t in in  chains are  shown  in blue, green, and  red. sons and made retrospective predic- 
Subst i tut ions a m o n g  18 a m i n o  acids in hemagglut inin 's 

HA1 doma in  (ye l low spheres) a l l ow  influenza to avo id  
tions about which of the circulating 

i m m u n e  r e c o g n i t i o n  i n  a na'ive host .  Consequent ly ,  
strains of influenza would be part of 

there  is posi t ive select ion for flu strains t h a t  have t h e  the future trunk lineage. The test was 

g rea tes t  n u m b e r  of changes a m o n g  these  18 a m i n o  in of In the 
acids. The m o d e l  is adapted from Protein Data  Bank en- unsuccessful the same 
try 1 HCC (4)  and  was created in MolScript  (5). isolate was chosen three seasons in a 

row, but only represented the correct 
most lineages do not survive to contribute trunk lineage in the first season it was se- 
to future influenza diversity. Instead one lected. A refinement of the test that elimi- 
principal (or "trunk") lineage survives and nates previously selected strains from con- 
gives rise to future lineages of influenza A, sideration (on the basis that they could no 
whereas the other lineages quickly become longer continue to produce immune avoid- 
extinct. The unusual shape of the influenza ance) might solve this problem. The investi- 
virus phylogenetic tree makes it easy to gators suggest another possible refine- 
discern the course of past evolution. One ment-simply eliminate extinct lineages , 
factor influencing that course appears to be 
positive selection for particular changes in 
the amino acids in hemagglutinin, one of 
the two proteins that comprise the large 
spikes on the surface of the influenza virus 
(see the figure). If a person develops anti- 
bodies against a particular hemagglutinin, 
then the individual is much more likely to 
fend off infection by the viral strain carry- 

from the analysis. Either of these refine- 2 
ments might increase the performance of 
the method. Nonetheless, the performance $ 
of the existing test is impressive: If isolates 
were chosen at random, then the probability $ 
of selecting nine or more of the trunk lin- 2 
eages correctly is only 4.48 x p 

3 
Bush and Fitch are careful to point out e 

B that predicting which current strain of in- a 
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