
tors" is to an image that sociobiology has 
created for itself. The field in fact has a 
good deal of internal housekeeping to do 
in figuring out what has been solidly es- 
tablished, what are current active research 
questions, what is speculation, and what is 
just plain nonsense parading as "science." 
These auestions should be dealt with if the 
concerns of people who fear resurgance of 
19th- and 20th-centurv "scientific" racism 
are to be dealt with. 

Thomas P. Wilson 
Department of Sociology, 
University of California, 

Santa Barbara, CA 93 106-9430, USA 
E-mail: wilson@alishaw . sscf, ucsb, edu 
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Future Tritium Supply 

I hope my editorial of 13 September (p. 
1475) and the letters about it (25 Oct., pp. 
481-483) will be the beginning of an open 
discussion of the relative advantages of the 
options the United States will have in 

order to ensure a tritium supply for the 
future. 

An analysis by Richard Gamin ( I )  
shows the following. 

According to the Record of Decision in the 
Federal Register 12/12/95, the accelerator pro- 
duction of tritium (APT) approach would have 
a discounted total life cycle cost of $5.1 
[billion], while the purchase of an existing 
LWR [light water reactor] would cost $4.1 [bil- 
lion] (reduced to $1.4 [billion] when one in- 
cludes revenue to the federal government from 
the sale of electricity), and to "purchase irra- 
diation services" would be $1.2 [billion] total 
life cycle cost. 

If one assumes that payments for the Russian 
option would average $40 [million] per year 
beginning in the year 2003 (presumably some 
earlier purchases to exercise the contract, com- 
pensated by reduction in later purchases), the 
program cost discounted to 1996 at 4.9% per 
year would be about $0.57 [billion]. 

These costs are preliminary, but do show 
that the cost differentials are significant. 

Harold M. Agnew 
322 Punta Baha Drive, 

Solana Beach, CA 92075, USA 
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Interpretations of 
Multiregional Evolution 

The question of a unique African origin for 
modern humans, the "Eve" theory, is dis- 
cussed by S. A. Tishkoff et at. in their article 
"Global patterns of linkage disequilibrium 
at the CD4 locus and modem human ori- 
gins" (8 Mar., p. 1380). Tishkoff et al. ap- 
pear to incorrectly interpret the multire- 
gional model, which seems to influence 
their conclusions. 

Multiregional evolution does not predict 
"roughly equivalent time depth and genetic 
diversity in all parts of the world," as Tish- 
koff et al. state. For instance, some regions 
outside of Africa, such as Europe north of 
the Pyrenees ( I ) ,  have been inhabited for 
half the time that others have been inhab- 
ited (2). The whole linking of time depth 
and genetic diversity is wrong because the 
links are within a species composed of inter- 
nally diversified populations; the pattern of 
genetic diversity among these populations 
does not reflect differences in time depth, 
but rather, differing regional histories of 
selection, genic exchanges, and demograph- 
ic variation (3). Multiregional evolution 
began with the hypothesis that, as the world 
outside of Africa was first colonized, a pat- 
tern of genetic diversity developed that 
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contrasted greater amounts of genetic vari- 
ability at the center of the human range 

fore of small magnitude, but is part of its 
cause. Human populations have been con- 

efforts to refute the multiregional evolu- 
tion model are welcome. but the model 
tested should be the one proposed. 

Milford H. Wolpoff 
Department of Anthropology, 

University of Michigan, 
Ann Arbor, MI 48109-1382, USA 

with greater, though differing, homogene- 
ities at the sparsely inhabited edges (4, 5). 
We anticipated (4, 5) that Africa, the orig- 
inal center, was a much more densely occu- 
pied region. Therefore, while recognizing 
that gene flow is always multidirectional, 
the multiregional model proposed that, for 
most of human evolution, its expected di- 
rection was often asymmetrical, largely out- 
ward from the center (6 ) .  A corollary of this 
is the ex~ectation that genetic variation in 

stantly merging and dividing in a pattern 
described as "ethnogenesis" (8). Clearly, 
the multiregional model does not treat 
diversity as the result of constantly divid- 
ing populations, nor are haplotype histo- 
ries population histories. 

In fact, the distribution pattern report- 
ed for the CD4 locus is fully consistent 
with the multireeional model. if one as- 
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- 
sumes that the genetic evidence of marked 
population expansions within the last 
100,000 years is correct (9) and that these 
genetic studies accurately show that be- 
ginning African populations were larger 
than others and began expanding earlier 
(10). The multiregional model does not 
deny that there has been gene flow out of 
Africa; such genic exchanges are consid- 
ered a continuous and significant process 
and part. of how we understand the way 
genetic diversity is maintained (4, 5). 
Multiregional evolution differs from the 
"Eve" theory and similar theories general- 
ly called "out of Africa" in that its validity 
depends on continued mixture, while the 

- 
Africa was always greater than elsewhere 
because of the larger populations, reduced 
selection at the species' center, and the 
ecological variation created by Africa's geo- 
graphic spread from north to south (7). 
Variation in the more peripheral human 
populations reflected small, oscillating, 
population sizes. Nearly all subsequent ge- 
netic analyses, mitochondria1 and nuclear, 
have confirmed these expectations. 

Multiregional evolution does not con- 
tend that "non-African populations . . . 
have been diverging since H o m o  erectus 
emerged from Africa." as Tishkoff et al. - 
state. Such an interpretation ignores the 
central role of genic exchanges in the 
model. Genic exchange is not a force pre- 
venting internal diversification, and there- 

others, in various guises, are replacement 
theories and cannot be correct if mixture 
between the emerging Africans and native 
populations took place ( I  I ). Continued 
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Response: While we may have misrepresent- 
ed the current incamation of the multire- 
eional model of recent human evolution. u 

that is primarily because of shifting defini- 
tions bv its advocates. The multireeional - 
model is a general hypothesis as advocated 
by Wolpoff. We described the heart of the 
multiregional model as "a continuous tran- 
sition among regional populations from H. 
erectus to H .  sapiens . . . [that] could have 
been achieved by considerable amounts of 
gene flow between populations." Wolpoff 
emphasizes the role of gene flow from Afri- 
ca, the proposed center of human diversity, 
outward into the more sparsely inhabited 
edges. The critical distinction between a 
"multiregional" model and an "out-of-Afri- 
can model is the relative contribution of the 
earlier, pre-H. sapiens non-African popula- 
tions to the current populations in Europe 
and Asia. The "out-of-Africa" model states 
that all (or nearly all) genes in all modem 
populations are derived from migration out 
of Africa by anatomically modem H. sapiens. 
The multiregional model originally postu- 
lated that most genes in Asian populations 
derived from H.  erectus populations living 
in the area for more than a million years. 
Recently, however, the model has become 
more vague and less quantitative, and al- 
lows for considerable contributions of 
genes recently flowing out of Africa. This 
current version of the multireeional model - 
is merely a restatement of the assimilation 
models proposed by Smith et al. (1 )  and 
Brauer (2). The crux of the problem is the 
amount of gene flow. As pointed out by 
Stoneking (3), complete replacement out 
of Africa and completely independent or- 
igins from previously separated popula- 
tions are the extremes of a continuum of 
hypotheses, with the modern African con- 
tribution varying from 100% to 0%. 

Populations with genetic continuity be- 
tween modem populations and the H. erec- 
tus populations in the same regions must 
have chromosomal regions of "roughly 
equivalent time depth" and potentially 
"equivalent diversity," subject to subsequent 
demographic factors. Simple expansion of 
such a population into an adjacent unoccu- 
pied area, such as northem Europe, is largely 
irrelevant. The CD4 data argue for 100% 
replacement, with no indication of any pre- 
existing haplotypes. While it is true that 
eenetic diversitv is a function both of time - 
and of the demographic history of a popula- 
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tion, the data at CD4 cannot be explained 
simply by differences in population size be- 
tween Africans and non-Africans or by a 
general model of gene flow. One of our key 
points was that African populations have 
maintained a larger long-term effective pop- 
ulation size than non-African populations, 
as reflected by their much greater genetic 
diversity. The shared pattern of haplotype 
diversity and linkage disequilibrium ob- 
served in all non-African populations can- 
not be explained by "small, oscillating, pop- 
ulation sizes" in long-standing non-African 
populations. It is highly unlikely that small 
populations spread over large continental 
areas could have existed for a million or 
more years and have remained strongly con- 
nected by gene flow (4). Moreover, the data 
at CD4 are inconsistent with large amounts 
of gene flow out of Africa because we found 
only a small subset of African haplotypes 
outside of Africa. In particular, we observed 
predominantly only one type of Alu(-) 
chromosome outside of Africa, that with a 
90-base pair (bp) STRP allele, whereas 
across Africa we observed three Alu(-) 
chromosomes with frequencies greater than 
25%-those with 90-bp, 85-bp, or 115-bp 
STRP alleles. Also, the low frequency of the 
90-bpAlu( - ) chromosome in Asia argues 
against large amounts of gene flow from Eu- 
rope or the Middle East (which have this 
chromosome at approximately a 30% fre- 
quency) into this region. These data argue 
strongly against a multiregional model, 
which emphasizes large amounts of gene flow 
between globally distributed populations. 

Although data from one locus cannot 
exclude all intermediate hv~otheses. when , . 
they are combined with data from Y 
chromosome ( 5 ) ,  mitochondria1 DNA 
(mtDNA) (6), and other autosomal loci 
(7), they do strongly argue that all of the 
genes in modem humans recently came 
out of Africa-that is, they argue for com- 
plete replacement of older human groups 
outside of Africa by a single group of 
anatomically modern humans that recent- 
ly (about 100,000 years ago) left Africa. 
Also, theoretical work based on mtDNA 
data (8) argues strongly against a "partial 
replacement" model with any level of ad- 
mixture between the migrating population 
and archaic populations outside of Africa. 
These data cannot exclude the possibility 
of other loci supporting Wolpoffs vague 
hypothesis, but so far no such loci have 
been found. 

A specific, testable, model needs to be 
specified. No testable model has been pro- 
posed by Wolpoff. "Marked population ex- 
pansions" are not a sufficient assumption to 
achieve consistency of our CD4 data with a 
multiregional model. What fraction of the 
genes in modem non-Africans must have a 
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L e t t e r s  may be subm~tted by e - m a l l  
(at  sc~ence_letters@aaas.org), fax ( 2 0 2 -  
7 8 9 - 4 6 6 9 ) ,  o r  r e g u l a r  ma11 (Science, 
,200 N~~ york A ~ ~ ~ ~ ~ ,  NW, wash ing-  

ton, DC 2 0 0 0 5 .  USA). L e t t e r s  a r e  not 

G-protein Coupled Receptors 
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Agonist and Antagonist Profiling 
Use of a single assay system to assess functional coupling of a variety of receptors 
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Immune Factors 
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