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Tn the I  980s. there n as rapid grolr- th of  rhe f ie ld oi  phvlo-
genetics. The developments \\'ere so extensive that at the
I988 Nohel svmnosir lm t i r led 'The Hrerarclr l  of  I  i fe
(Fernhoim et al. 1989), one participant wondered aloud if
young biologists could be attracted into the field given thar
''a11 the big quesdons have been ansu'ered." 1 doubted that
nronnrnrcmcnt ' f rnm mv r- iprr  rhe f ietd nI  nhr i lnopnct i ,  cr ' " " ' - ' ' - - . ' '
rvas str l l  in i ts nascent stages. I  rhought mosi  of  rhe brg and
tnterect ino nrreqt innc ec uzel l  rq the meinr nh: l lnnoec., . . . .  "" . . . . t ] ,

awaited us in the future. Morris Goodman agreed, and he
described his visron for "a neu, age of exploration that prom-
iscs tc bnng to f lur t ion Daru, in s dream of reconstruct ing
the t l r r r -  "enealooical  h iston of  l i fe '  rGondman I98o 43)
l -  

- " - .  
r r . . \ . .  I  h.r  

" - .mnncirrm drr l  r .enr.<pnln men\ \ \ 'a)  5.  lnal  sv. . . r  ,  - r ._,-_. i  a turnlng
poinL for phy'iogenetrcs. and the srrmposrum that represents
the.uhiect  o l  th i .  hook shou-.  i r rsr  hor. l  fnr  ne havc comc
since the 1980s. The advances rn progress on the Tree of
' i f ,  

hare been prearerrn rh^ loQO:th:n rn r l 'nrql lggsvdals

combined, and the prognosis for the future has never been
brighter.

-{  leu comparisons beirvcen thc ]  988 Nobelsrmposrum
rnd rhe nt 'espni  sr  mnociunr "Asscmhlrnq the Tlee oi  L i {c.
r lcmon.t l r te i r r . r  l rou mu( h nrnorec.  we have utadr.  Thc"  f ' "a '

r le<cr inr inr .  of  Pf  R rnol \nrcrasc chain rcact ioF'  har l  , rn l ,

i recn nrrhl i .hed th" r  r r rhc[nre rhe \6lro) ql rxn,r . iun'  , \ [u l l ts

and Faloonr i  9S; .  and I-)NA s(qLrcn: in i  c i . r t ;  t ' : rc . tusr
l rcgrnning to har" .  r  rnalor imprci .  or  the f rc ld o r .hvi"S -

net ic an,r lv.r .  Srr t icr ical  anr l tst .  oI  nhvlopenel i -  l rc-s \ \ ' :1.-'^ ' )  " ' "  '

in i i .  infancv in IQRR r l thnrroh cer-pnl  nf  thn nnnerc nrrh-
l ished in the nror^eedinps r) f  thar svrnnosium discussed
emerging methods fol assessing rhc srrength of support {or
inferred trees. Even though data sets in 1988 were rather
small bl' today's standards. compurational resources (both
software and hardr.l'are) u'ere already limrting. Maximum like-
lihood analyses were virtually unmentioned ai the 1988 s1,rn-
posium, and the computational constrainis of such anall'ses
made their application to large problems impractical. There-
forc s1'stematrsLs welc severelv Ijmired b;' lack of dara. weakh-
developed statrstrcal methodologr-, and computational con-
straints However. the stage \ ras set for ali of these bottle-
necks to be removed or reduced.

In flgure 32.1, I shou- an ana\'sis of papers in the Science
Citationlndex for the past rwo decades (1982-2001) In 1982,
there r,vere 186 papers in the Sciencc Citation index that had
the word "ph,v1ogen1"' (or rts dem'atrve 'phvlogenetlc") rn the
rit le ahst rac, n' '  lret rrnlds. This tneans that tt rvas no.sihlc to
read about one paper even' other dar-. and snll read i,rrtuall1'
ali ihe iiterature on phvlogenetrcs published rvorldwr.de. fu l
said above. the grolr-rh of the field through the l980s was
impressivc: bv the end of the decade. there had been more than
a doubling of papers on phylogenr' (393 papers in 1990), ar-rd
in lhat year it r'r'ould have been necessan'to read more than a
n.n^r-  .  d",  rn .o.y '  . l  

'h* 
n.nayc in '  hp f i^ l r l  Hor. l  evet- .  ther*r ' '  "

rcal groriLh of tn, [ iei t l  of nhvlogenerrcs ral lcest tn tcrms of

number of papers pubhshed, and therefore rn ihe number ol

phvlogeneric rrecs presenred) occurred throughout the 1990s.



546 Perspectirres cn the Tree of Life

1 982

Year of Publication

Figure 32.1. Numbers of papers in the Sticnce Citation hrde-t rhar
incLude the rvords "ph_vlogenv'or phvlogenenc' Ln the trtle,
abstract, or key rvords. pubhshed irom 19Bl ihrough 200i.

In 200 l .  r lnrosl  )000 papers wcre publ ished on phr logenv.
The total number oipapers in the Science Citation lirrlex, across
all f ields of science, was 999,618 rn 1001. That means rhar a
cr i tpoenno I  nrner,rrr t  , ' r I  evcrv ]00 nrrhl ishrrd rn r l l  f ie lds of" ' * )D" "5 ' l ' , *Fr '

science was (ln ph,vlogenyl Todav, whcn I prck up aJoumal rn
.r lmosr rn) 'b io logicr [  f re lc l .  IexpecL ro see sorne kind oiphv-
logenetlc anaLysts in at least one of the arricles. If one wanted
to l r t , 'mnt rr)  rp: td r l l  ihg q21)p1q nn r)hvl{ toenV f  hat  wOUld" '  '  v , ' - '
requile reading .rbout [00 papers a week.

Recent rrrop.ess , rn rhe Tree ol  Lr fe h.rs not resrr l red iusr.  . ' ' ' . . -  r .  "b

because phyLogenies are so much easier to infer now than
ihey wele a decade or so xgo The importance of understand-
ino r l re relar ionchins.rrnonu Lhe subrecLs of  their  s i r . rd ies l i -*,  . . "  .  . .5

nalLv became u'ideLy accepted lby biologisrs, of e1l tieids) in
r i re I990s. rs wcl l .  - \s phvlogenies f lor  manr '  Broups (as wel l
rs spnc<) l ree tme rrr i r la l r -  r r r r i lnhie thp nn.^ro.  , \+ .^mn4r1,Lr lL yuvYL I  vt  LUrrrP4rJ-

l i . -e rnalr  scs l re, 'ame .rnDarenl  in l [ ]  r reas ol  brolosv.  L nt i i" . . . . ' . . -* t - , ' "5. / . - . . . ' .

phvlogenies were widel,v rvailable. biologrsrc were likel,v ro
view objects of snrdy in brology mueh as "r chemist would
view atoms in a chemical eqllation. Even'hvdrogen atom (of
the same isotoper crn be treated l ike all orhers. However,
r  i r t  r r r l lv  nnt  h ino in l r in 'our is l ike hvdloser : rnmq Frren'

i . , l ; , ; .1 ' , .1 - . .erv snecies i ln, l  even., . l lde is more

closelr'related (and more simihr) [o some genes. indir.rdu-
ais. species, and clades than ir rs ro others. This makes bro1,
ogy difficuit, bur nor impossible. However, rr does mean that
er er-v broiogisr  must Lhink 3t  some level  abour phy' logcnv ro
pur his or her work Ln the conrext of rhe rest of biolog,v.

As I u,atchcd the presentations in this slrtposium. i was
lwed in rwo wa's.  First .  Lhe progress on reconsrructrnq rhe
Tree of Life has been nothing short of phenomenal. Onr an,
nttr ]  nrngrosc nn rrndersrrndinq ncr l  rc l : r inn<hi^ -  "  "1- i -'u ! r - \u, , \ r" 'b ' l lPi  

wlLl lLt l

the Tree of Life is nolr,' much greater than all the accumu-
lated irnolviedge on relationships rhar we had rn rhe late
1980s. The applicarrons ol rhe Tree of Life to problems as
diverse as forensics, origins ,rf nel diseases, ecoiogr', bs-
har.ror, development, rLoiecuiar evolution, and assessment
of globai biodn'ersit) ' is rsronishing, rnd ir rs irard ro keep
up wlth all ihe nerv developmenrs. Second, and desprte al1
Lhe recent progress. 1 was struck with the view that we are
on ihe bnnk oi yet anorher turning poinr: as tire Tree of
Lrfe becomes more compLete, irs applications are also ex-
pandrng erponenrially. A complete Tree of Life would al-
1ow analyses that rve would never conLemplare today. Even
the goal of discovenng aL1 ihe species on Earth rs much more
likeiy to be achieved if we have a complere Tree of Life for
ail the known species. A complete Tree of Life would allorv
us to catalog and organi:e all rhe species rve know about.
oret lv in, . rarc in-  'h.  rOlent ia l  iO agtomate lhe diSCOten.b'"* ' ' /

and descriptron of the remarnrng unknown specres. Fields
such ls ecology c,-ruld move from rreating communities .ls
unknown 'b lack boxes ro undersranding Lhcrr  eomplex-
rtr' "rnd differences, perhaps allowing ecoLogy to emerge as
a trulv predictive science. With phylogenv as a framer,vork,
molecular biology could move from r largeLy descr ipt ive
science to a field of explanation and prediction. The Tree
cf Li fe would ; r lso r l low us io organi :e.  connecr,  and
s\.nthesize aLl the intbrmarion on ai1 rhe specres of Earth.
A grand, rveb-based "encvclopeCia of l i fe' would result.
and the fielci of biolog'would be immediately rransformed.
Altel that poinr, an1, intonnatron that anyone collected
on any species wouLd contribute to the understand-
ing of aii of 1ife. In shorr, the Tree of Lite represenis rhe
fl.rst (and most critrcai) step in rhe Grand Svnrhesis of
biology.

Will someone wriring an oven'ier.v of rhe 2021 Tree of
I r fe Svmn,,surm cpp rhc f lenr]  chnrvn in f iorrrq l ]  |  66n-""" '5*"
tinue? lvl,v guess is rhat tl-ie trenC will continue for ar least a
ferv 1,ears. but perhaps not decades, if rhe ph1'logencrrc rer-o-
lution is to be truly successful. The term 'phylogenv" is nolv
emphaslzed in papers rhat use phvlogenerrc methods in parr
because the approach is still considered innovatirre rn many
fields. However, in rhe [uture, if the Tree of Life iniriarive
is tnr lv srrcces. i l r l  rc,rnls rv i l l  noi  Lhrnk to dist inp'r ish rhei t '
Dtners tn rhis wrr  Tf  r l l  , r l  h in lnorr  iq ennnee rcd rh. . , rsh rr-Y- ' -
Tree of  Lr fe.  rhen sLudvrng bLologl ,  rn a ph\- logener lc con-
text should become aln:Lost transDarent. Peoole r,l'r11 rnclude
phylogenet ic rnalyses.rs x mairer oIordinarv operur ing pro-
cedure. So, the best measure of rhe success oi the ph1'loge-
neLie revolut ion wi l l  come rvhen rnuivzing biologicaL dara
t t r  a rhvlooenel ic ' 'nnrext  meri ts as much oI  tn ernnhasis' ' '  ' -  r " . '
in a paper as usrns e computer to anai,vze dam does todal',
namely, something that t i r tual l l 'evenrone does as a matter
of necessity. And as with e ompuiers, new jtudents in bioL-
ogy won't even be abie to imagine horv w'e eYer goi along
w-ithout phylogenetic anal)rsis,

--Ril
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