
Gene Lineages and Human Evolution 

111 a recent article, Francisco J .  Ayala (1)  
does an excellent job of debunking many of 
the myths surrounding the "mitochondria1 
Eve" hypothesis. Ho~vever,  one myth 1s per- 
petuated. In discussing the  "multiregional 
model" of gene flolv, Ayala ( I )  correctly 
notes that this requires "persistent migra- 
tions and interbreeding hetween popula- 
tions frc>m ilifferent continents", hut then 
incc>rrectly adds that there is "no direct 
evidence" of this in the cenetic ilata. Horn,- 
ever, strony and statistically significant ev- 
idence of recurrent genetic exchallge be- 
tlveen prehistoric human populations o n  
different continents does exist. W h e n  eeo- 
graphical data are overlayed o n  the  mito- 
chondrial D N A  (mtL)NA) haplotype tree 
lvith rigorous statistical ex~aluation and in- 
terpreted with the  use of explicit and oh- 
jective criteria ( 2 ) ,  a fractal-like pattern of 
continental ilistributions is observeii that 
recurs throughout the entire mtDN,4 gene- 
alogy at all tilne depths ( 3 ,  4 ) .  Such a 
pattern could have arisen fi-om recurrent 
gene flow (alheit at lo\\ levels in this case), 
hut could not have arisen from a sitlcle 
episode of ratlge expansion, such as a n  out- 
of-Africa replacelllent (2 ,  3, 4 )  (although 
no  intercontinental population expansions 
lvere detecteii in these stuciies, regional ones 
nere,  such as a n  expansion across Europe). 

Ayala ( I )  states that African and non- 
African populations "split" about 156,000 
years ago. This "split" hypothesis is based o n  
the genetic distances ( the  ilistances created 
by allele freiluencies that differ hetween 
populations) found in nuclear D N A .  If such 
a split hetlveen human populations had oc- 
curred, the genetic distances would he a 
reflection of the time since the  split. A n  
alternative explanation is that the  genetic 
distances reflect a pattern of recurrent but 
restricted gene flolv atnollg human popula- 
tions throuirhout recent human evolution- 
ary history, nit11 loa,er amounts of gene 
f lo~v leading to larger genetic distances. 
O n e  tnechanistn for restricted gene flolv is 
isolation-hv-distance, lvhich vredicts that 
the  n o s t  geographically distant populations 
noulil have the lo~vest amount of effective 
gene flow. These tivo explanations make 
different and testahle predictions. A split 
hetween African and non-African popula- 
tions n7oul~l affect not only nuclear genetic 
distances, l ~ t  also the geographical overlay 
o n  the  lntDNA haplotype tree. Explicit and 
ohiective criteria exlst for inferrillg splits 
lvith gene tree data ( 2 ) ,  hut no  split is 
detected from the h~utnan tntDNA data ( 3 ,  
4 ) .  A snlit between Africans and non-Afri- 

should he equidistant from their colnlnon 
ancestral node. In  contrast, the  restricted 
gene flow hypothesis with isolatio~l-by-dis- 
tance ( the  moilel iniiicated by the  tntDN'4 
analysis 3 ,  4 )  predicts that Asians should he 
the most distant genetically fro111 Africans, 
lvith E u r o ~ e a n s  lying in l~etlveen. T h e  nu- 
clear i iataiets refhreGced by Ayala ( I ) ,  and 
many other sets, support the  restricted gene 
flow llypothesis and often pro\,iiie a statis- 
tically significant rejection of the African- 
non-African split hypothesis as well ( 3 ,  4 ) .  
Thus,  lve k n o ~ v  of n o  evidence that s u p ~ o r t s  
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the  hypothesis of an  ,4frican-non-African 
population split in either the ln tDNA or 
the  nuclear L)NA data. Rather, research 
indicates that all humans constitute a single 
evolutionary lineage, \vith populations 
showing ( i )  regional genetic differentiation 
because of restricted. but recurrent, gene 
flolv alollg n i t h  (i i)  sotne recent, regional 
range expansions (3 ,  4) .  

V(r1lat do  these conclusions imply for the 
origin of anatomically tnodern humans? - 
Different   nod ern traits coulil have evolved 
in different geographical regions, and then 
spreaii throughout all of humanity by the  
comhined effects of gene flow and selection 
(4 ,  5). ,4lternatively, lnodern traits could 
have arisen first in a single geographical 
location (within the  ranee of ancient hu- 
mans, lvhich includes Africa) and then 
spread throughout all of humanity (agaln by 
the cotnhined effects of gene f lo~v and se- 
lection). Because cene f lo~v was restricted, 
regional genetic differentiation alnollg hu- 
man populations would he expected and 
could persist even as the  genes for anatom- 
ically modern traits nere  spreading (4) .  

Recent debates (6 )  about the  human-  
oid fossil data are based o n  the  myth that  
replacement of one  physical feature in  a 
fosstl series lvith another feature can only 
be created hy one  population replacing 
another (by exterlninatillg them,  f i x  ex- 
ample),  but such fossil patterns could he a 
reflection of one  genotype replacillg an-  
other throueh gene floa, and natural selec- 
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t ion. Morphological replacelllent should 
not  be equated n i t h  population replace- 
men t  when one  is dealillg lvith popula- 
tions that  can interhreed. 

T h e  mtL)NA and nuclear D N A  data 
show that gene flow occurred in Old World 
human ~wnulations throuchout recent hu- 
man evolution, hut these data do not help 
one to discritninate beta,een the tnulti-re- 
gion and si~lgle-region gene flow hypotheses 
(discussed two paragraphs above). This can 
only he done n i t h  the  use of fossil data. T h e  

cans would also ilnply that Asians and Eu- two data sets are complementary: Fossils 
ropeans \voulJ. be eilually distant genetically can reveal the  patterns of evolution, and 
from Africans, and Asians and Europeans genes can reveal the  processes that could 

have lead to the ohserved vattems. T h e  
most ilnportant infortnatiixl that the  genet- 
ic data have yielded so far is that humans 
evolved into ;heir tnodern form as a sillgle 
unit, despite past and current regional dif- 
ferentiation for some traits. 
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Response: Holninid e v o l ~ ~ t i o n  froln AZ~S~TCL- 
lopithecus to H o m o  habilis to H o m o  erectus 
occurred in Africa. Shortly after its etner- 
gence somewhat more than 1.8 million 
years ago (Ma) ,  H ,  erectzis spread to other 
continents. Fossil relnains of H. erectus from 
faraway Java and the Caucasus have been 
dated to between 1.6 and 1 .8  Ma. T h e  
transition from H. erectus to H .  sabiens 
occurred around 4L?fi,OOL? years ago, and the  
origin of anatomically lnodern humans 
somewhat before lOO,L?L?O years ago. 

T h e  oriein of luodern humans is debated. 
Some scientists argue that it occurred in 
Africa, \vhence they spread throughout the 
\vorld, there replacitlg any preexisting hu- 
mans. Proponents of the multi-regional mod- 
el argue, instead, that the transition from H.  
erectus to modern humans occurred conso- 
nantly in various varts of the Old World. 
This explanation postulates "persistent mi- 
grations and interbreeding heta,een popula- 
tions from different continents, of lvhich no  
direct evidence exists," as I Ivrote in my 
article ( 1  ). Templeton disagrees n i th  my "no 
direct ex~idence" statement. He  then argues 
that his statistical analysis of published 
mtL)NA data demonstrates that some re- 
gional expansions occurred, such as a n  
expansion across Europe, "although n o  in- 
tercontinental population expansions 
were detected. . . . " But this conclusion of 
Templeton's ( n o  intercontinental expan- 
sions) appears, in fact, to support my point 
( n o  direct evidence of intercontinental 
migration). 

In  any case, Templeton's m t D N A  anal- 
yses are larcelv irrelex~ant to the  issue at 
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hand. W h a t  is a t  stake is the  contmuity 
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estitl~ates d e ~ ~ e n d  on  many ~ulcertainties, in- moilels that assume restricteil gene flow he- from early dispersed H .  rrectlis, dated 1.6 to 
1.8 Ma, to anatomically moilern Homo so- 
piens. T h e  mtL)N,4 data embrace much 
Inore recent times, the last 203,300 years in 
the v reva i l in~  view. 

In my article ( I ) ,  I il~loteil the  conclu- 
sion of Goleistein et a/., iieriveii from the 
analysis of 30 D N A  polymorphisms, that 
the cieepest split sep;irating Africa11 from 
noll-African pop~llations occurred 156,300 
years ago (2) .  B L I ~  I also estimates for 
the origin of anatomically tnoderll humans, 
derived fro111 mtDN,4, of 233,00L1, 141.L1L10, 
298,030, anii 611,000 to 889,003 years ago; 
and estilnatei clerivecl from Y chromoso~ne 
studies of 173,300, 168.300, anL] 37,003 to 
49,0L10 years ago. I Jiil not  favor any par- 
ticular date,  hut rather nointed out that the 
discrepa~~cies ~utlderscore "the neeil for more 
extensive and accurate clata" (1 ) .  

I do  not  finLl it s~lrprising that disparate 
estilnates exist for the origin of anatomically 
lnoderll h~ul lans  or for the split between 
African and non-African pop~~lat ions .  T h e  

cluLling the ass~ulnption that rates of molec- 
ular evolution are constant and that lve 
lino\v precisely enough lvhat rate to apply in 
each aarticular case. Rather, what I find 
surprisiny is the "ass~urance with which some 
molecular evolutionists assert the  precise 
dates they infer fiom their analyses." (3). 

Telnpletoll states that h e  knoivs of "no 
e ~ ~ i i l e n c e  for a split" hetneen African and 
non-African populations. R L I ~  there is plen- 
ty of eviLlence. Cavalli-Sfor:a et nl. 14), for ~, 

example, have allalyieii 120 genes in 42 
populations hroailly representative of the 
norld,  anii shown a Jeep split hetween Af- 
rican and non-African ~~ouu la t ions .  T h e  
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split is statistically rol~ust,  present in about 
83% (of hootstrap replications. W h e n  the 42 
populations are collapse~i into nine corn- 
pact clusters, the  bootstrap value rises to 
98'!'o. Perhaps Telnpletoll noulci argue that  
this split and other evidence is not  conclu- 
sive of the African replacement hypothesis 
(l~ecause the  split call also be explailleii by 

tween pi)palations); this happens to be tiny 

view as well. T h e  weight of evidence, I 
wrote, favors a recent Afi-ican origin for 
modern humans, hut the replacelnetlt may 
not  have been cotnlplete everywhere. Many 
~~nce r t a in t i e s  remain, so that only the  filture 
will "provide Inore Llefinitive anil precise 
;ins\versn ( 1 ). 

Francisco J. Ayala 
Departn~ent of Ecology niid Ezolzitioi~, 

L'rlie'e~sity of Califorilia. 
Irtine, CA 92717, USA 

REFERENCES 

I .  F. J. Ayaa. Soeiice 270. 1930 (1 995). 
2. D. B. Godsteln et al., Piac. Natl. Acad. SCI. U.S.A. 

92, 6723 (1 995) 
3. F J. Ayaa, J. Mol. Evol. 41, 683 (1995). 
4. L. L. Cavall~Sforza, P. Menozz. A. Pazzo. Tlie HIS- 

tory and Geography o f  Huilian Genes (Pr~nceton 
Unv. Press. NJ. 1994). 

15 February 1996: rev~sed 23 Februarq 1996: ac- 
cepted 2 A p r  1936 

AAAS-Newcomb Cleveland Prize 
To Be Awarded for a Report, Research Article, or 

an Article Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded invited to nominate papers appearing in the Reports, 
to the author of an outstanding paper published in Research Articles, or Articles sections. Nominations 
Science. The value of the prize is $5000; the winner must be typed, and the following information pro- 
also receives a bronze medal. The current competition vided: the title of the paper, issue in which it was 
period began with the 2 June 1995 issue and ends with published, author's name, and a brief statement of 
the issue of 3 1 May 1996. justification for nomination. Nominations should be 

submitted to the AAAS-Newcomb Cleveland Prize, 
Reports, Research Articles, and Articles that in- AAAS, Room 1044, 1200 New York Avenue, NW, 

clude original research data, theories, or syntheses and Washington, DC 20005, and must be received on or 
are fundamental contributions to basic knowledge or before 30 June 1996. Final selection will rest with a 
technical achievements of far-reaching consequence panel of distinguished scientists appointed by the 
are eligible for consideration for the prize. The paper editor-in-chief of Science. 
must be a first-time publication of the author's own The award will be presented at the 1997 AAAS 
work. Reference to pertinent earlier work by the author annual meeting. In cases of multiple authorship, the 
may be included to give perspective. prize will be divided equally between or among the 

Throughout the competition pe~iod, readers are authors. 
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