
All three also recognized two major poly- 
peptides of 60 and 66 kD in human, cat, rat, 
and mouse brain extracts. These three anti- 
sera (two of which have been extensively 
used to map GABA-containing neurons) - 
seem to recognize overlapping sets of epi- 
topes. The smaller polypeptides recognized 
by these antisera may represent degradation 
products of a single 66-kD polypeptide. 

The antigenicity and enzymatic activity of 
the fusion protein establishes the identity of 
the GAD cDNA. In addition, labeled GAD 
DNA hybridizes to a single electrophoretic 
component in polyadenylated RNA of cat 
and human brain, but not of liver or kidney, 
a result consistent with the expected distii- 
bution of GAD in the brain (1, 2, 17). 
Furthermore, the pattern of in situ hpbrid- 
ization with single-stranded GAD RNA 
urobes with frozen sections of mouse brain 
is consistent with the irnmunocytochemical- 
ly determined distribution of GABA-con- 
taining neurons (1 8). 

Of particular note is the enzymatic activi- 
ty of the fusion protein, which consists of 
1006 amino acid iesidues of (3-galactosidase 
and at least 400 amino acid residues of 
GAD, representing two-thirds or more of 
the total length of one of the brain GAD 
polypeptides~ Apparently the attachment of 

the GAD polypeptide segment to the P- 
galactosidase polypeptide segment is suffi- 
ciently flexible to allow the assembly not 
only of immunologically detectable domains 
but also of the active site. Direct assays of 
enzyme activity or ligand binding (19) may 
be useful for identifying other members of 
bacterial expression libraries. 
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Dentochronological Separation Estimates for Pacific 
Rim Populations 

Dental morphology of American Indians, Asians, and Pacific islanders is used with a 
multivariate statistic to estimate when genetic separation occurred between several 
populations. These estimates generally match independent estimates of separation. 
This method, called dentochronology, gives an American Indian fission date &om 
Asians of about 13,000 2 3,000 years ago, which agrees with archeological data and 
rules out a European origin because of temporal priority. Polynesians split fiom 
Southeast Asians 5,000 2 2,200 years ago and are not derived from Melanesians. 
Ainu-Jomon originated in Sundaland 14,000 2 3,300 years ago. Africans have been 
separated from Asian-Americans 60,000 2 6,100 years. 

M I C R O E V O L ~ I O N  OF DENTAL 

morphology was proposed for es- 
timating the separation date of 

American Indians from north Asians, when 
the multivariate mean measure of divergence 
(MMD) value was chronologically calibrat- 
ed with independent archeological informa- 
tion for both (1). The dental clock for the 
peopling of the New World by Paleo-Indi- 
ans, set by Aleut archeological and paleoen- 
vironmental information, indicated that the 
groups arrived independently in Alaska 
about 12,000 years ago, giving an MMD of 

Aleut to northeast Asian of 0.115733 and a 
dental microevolution rate of 0.00964 
MMD per 1000 years. Dividing the rate 
into the mean American Indian to northeast 
Asian MMD of 0.135 suggested Indian- 
northeast Asian separation about 14,000 
years ago. This value agreed with Paleo- 
Indian archeological findings of Clovis 
culture in the American Southwest 
12,000 years ago (2). A few other compari- 
sons suggested the dentochronological 
method to be promising. Additional Old 
World and Pacific dental data were collected 

in 1983-84 to further assess the method. 
The teeth used here belong to 14,000 

crania in 200 human skeletal samples, most- 
ly archeological but some ethnographic or 
hospital preparations, mainly from the 
Americas, eastern Asia, and the Pacific Ba- 
sin. Each sample is characterized by 28 
standard crown and root traits, like incisor 
shoveling, molar and premolar cusp num- 
bers, root numbers of various teeth, and 
others. Sexes are pooled and counts are 
based on individuals (3 ) .  

The MMD's were calculated for all pairs 
of comparisons between 85 samples. Those 
possessing archeological, linguistic, or phys- 
ical anthropological evidence for common 
descent are given in Table 1. The rest are 
excluded for lack of relevant independent 
information. 

Estimating the time of genetic separation 
between two groups is more difficult than 
establishing when one of the two initially 
colonized a new area. Helphl for recon- 
structing Pacific Rim population history is 
the 100-m rise in sea level between 16,000 
to 12,000 years ago that fragmented and 
isolated Tasmania-Australia-New Guinea 
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(Sahuland), mainland and island Southeast 
Asia (Sundaland), all the east Asian conti- 
nental shelf islands including those of Japan, 
and the Americas (4). Except for 80 to 160 
krn of open sea between Sundaland and 
Sahuland, all these areas were connected by 
continental shelf or dry land bridges before 
14,000 years ago, and afterwards were sepa- 
rated by variously sized sea barriers. Many 
comparisons in Table 1 involve populations 
that grew from initially small parties of 
"island" founders before, during, or shortly 
after late Pleistocene sea level changes. 

Complete genetic isolation may occur lat- 
er than initial regional colonization by a 

fissioning group, depending on how barrier 
formation occurred. The "independent esti- 
mate of separation" (Table 1) assumes that 
gene flow between the paired comparisons 
has ceased or is insignificant. 

The independent dates for fissioning (Ta- 
ble 1) are based on archeological or other 
evidence, or  both. For exam~le, AleutiEs- 

1 ,  

kimo separation time is based on estimated 
linguistic divergence supported by Aleutian 
carbon-14 dates. The California (and all 
other American groups) and north Asian 
separation is based on archeological findings 
for the colonization of Arctic northeast Si- 
beria and the Americas. The EuropeaniA- 

Table 1. Dentochronological estimates of human population separation. 

merican Indian com~arison assumes that 
both populations were derived from earlier 
groups who had a common origin about 
50,000 years ago ( 5 ) .  The various Sunda- 
land and   om on comparisons recognize that 
the latter had a southern origin and have 
been isolated in Japan more than 12,000 
wars (1). 

\ ,  

There is generally good fit between the 
dentochronological and independent dating 
estimates. Quite reasonable correspon- 
dences are the separation estimates between 
AleutiEskimo (3,888 years dental estimate; 
4,000 years independent estimate), Aleut- 
Eskimo and north Asia [11,000 * 3,700 

Rate* Dental 
Mean (MMDI estimate Independent separation estimate Diverging groups MMD SD 1,000 of years 

years) separated Years Basis 

AleutiEskimo 0.040 - 0.01029 3,888 4,000 Language, C-14 (10) 
AleutiN. Asia 0.1121 0.031 0.01026 10,929 12,000 C-14, sea level rise (11) 
EskimolN. Asia 0.1149 0.045 0.01026 11,203 12,000 C- 14, sea level rise (1 1 )  
PaleoindianiIndian 0.1437 0.024 0.0102 14,082 11,000 C-14 (2 )  
New WorldHolland 0.5753 0.057 0.01061 52,002 50,000 First anatomical moderns (5 )  
New WorldDenmark 0.5521 0.056 0.01061 52,016 50,000 First anatomical moderns (5)  
New WorldEngland 0.5216 0.057 0.01061 49,161 50,000 First anatomical moderns (5 )  
New Wor1dN.W. Europe 0.4063 0.042 0.01061 38,294 50,000 First anatomical moderns (5)  
New WorldMi. Africa 0.6086 0.063 0.01026 59,302 50,000 First anatomical moderns (5 )  
NW U.S.-CanaddN. Asia 0.1034 0.02 0.01025 10,083 15,000 C-14 Siberia and Americas (12) 
E US.-CanadaiN. Asia 0.1295 0.03 0.01025 12,631 15,000 C-14 Siberia and Americas (12) 
SW U.S./N. Asia 0.1053 0.023 0.01016 10,369 15,000 C-14 Siberia and Americas (12) 
Cal i fornia .  Asia 0.1351 0.032 0.01016 13,297 15,000 C-14 Siberia and Americas (12) 
MesoamericaiN. Asia 0.1631 0.049 0.01016 16,053 15,000 C-14 Siberia and Americas (12) 
S. A m e r i c a .  Asia 0.1326 0.038 0.01016 13,054 15,000 C-14 Siberia and Americas (12) 
Archaic CanadaiN. Indian 0.029 0.008 0.01006 2,882 4,000 C-14 (1 3) 
Hiogo JapaniChina 0.0282 0.028 0.00986 2,860 2,500 Yayoi stratigraphy, C-14 (14) 
JapaniChina 0.0178 0.014 0.00986 1,805 2,500 Yayoi stratigraphy, C-14 (14) 
Recent JapanlChina 0.0428 0.04 0.00986 4,341 2,500 Yayoi stratigraphy, C-14 (14) 
Kanto JapanlChina 0.0364 0.042 0.00986 3,692 2,500 Yayoi stratigraphy, C-14 (14) 
Kamakura JapaniChina 0.039 0.038 0.00986 3,955 2,500 Yayoi stratigraphy, C-14 (14) 
Early ThailancUJomon 0.121 0.044 0.00993 12,185 10,000 Obsidian, C-14, sea level rise (15) 
Early Malay/Jomon 0.1188 0.089 0.00965 12,305 ,10,000 Obsidian, C-14, sea level rise (15) 
Leang Tjangoomon 0.1188 0.041 0.00981 12,559 10,000 Obsidian, C-14, sea level rise (15) 
SundalancUJomon 0.0956 0.027 0.00968 9,877 15,000 Obsidian, C-14, sea level rise (15) 
SundalancLTsukumo Jomon 0.0875 0.034 0.00968 9,040 14,000 Obsidian, C-14, sea level rise (15) 
Sundaland/Hokkaido Jomon 0.1501 0.024 0.00968 15,507 14,000 Obsidian, C-14, sea level rise (15) 
SundalandYoshiko Jomon 0.1785 0.038 0.00968 18,481 14,000 Obsidian, C-14, sea level rise (15) 
SundalandS.W. Jomon 0.178 0.037 0.00968 18,390 14,000 Obidian, C-14, sea level rise (15) 
Early Thai1andS.E. Asia 0.0307 0.028 0.00991 3,099 3,500 C-14 (16) 
Early Laos-VietnadS.E. 0.0018 0.004 0.00991 182 4,000 C-14 (16) 

Asia 
Early Malay Archipelago1S.E. 0.1122 0.053 0.00991 11,326 6,000 Typological extrapolation, C-14 

Asia 
Leang Tjadang1S.E. Asia 0.0655 0.043 0.00991 6,612 5,000 

(1 I )  
Typological extrapolation, C-14 

New Britain1S.E. Asia 0.1644 0.045 0.00991 16,596 15,000 
(1 I )  

Sea level rise (1 8 )  
New GuinedS.E. Asia 0.1649 0.031 0.00991 16,646 15,000 Sea level rise (1 8 )  
Solomons1S.E. Asia 0.1531 0.030 0.00991 15,455 15,000 Sea level rise (18) 
Malay- JavdPolynesia 0.0496 0.022 0.00999 4,964 4,000 C- 14 (1 9) 
New BritainiPolynesia 0.1068 0.057 0.01002 10,659 15,000 Sea level rise (18, 20) 
New GuinedPolynesia 0.1329 0.043 0.01002 13,264 15,000 Sea level rise (18, 20) 
SolomonsiPolynesia 0.1688 0.089 0.0100 16,816 15,000 Sea level rise (18, 20) 
AustralidMelanesia 0.14 0.092 0.0100 13,967 20,000 C-14, sea level rise (18, 20) 
Australiairasmania 0.282 0.01001 28,183 20,000 C-14, sea level rise (18, 20) 
CeylodEurope 0.0487 0.015 0.01024 4,757 10,000 Language (21) 
Danish NeolithiciEurope 0.0247 0.019 0.01024 2,413 4,000 C- 14 (22) 
Early NubidEgypt 0.021 0.01021 2,056 11,000 C-14, hieroglyphs (23) 

*The rate is based on the average of all groups excluding the comparative pair wherever they are combined or alone. Between 27 and 44 MMD's are involved in each rate value. 
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(1 SD) years dental; 12,000 years indepen- 
dent], all American Indian-north Asian 
combinations (13,000 2 3,000 years den- 
tal; 15,000 years independent), Japan1 
China (3,300 t 3,300 years dental; 2,500 
years independent), southeast AsidJomon 
(12,300 +. 6,000 years dental; 10,000 years 
independent), Sundaland/Jomon (14,000 
+. 3,300 years dental; 14,000 years indepen- 
dent), and the various combinations involv- 
ing Melanesia, Australia, and Polynesia. 

A few groups' dentochronological separa- 
tion estimates differ considerably from their 
respective independent estimates. The New 
World-northwest Europe comparison is 

population replacement event underlies the 
early Malay Archipelago/southeast Asia and 
early NubidEgypt deviations. 

Given that the dentochronological meth- 
od usually produces dates close to expecta- 
tion, it is important that no comparison 
suggests that the Americas were colonized 
much before 15,000 years ago. This esti- 
mate weighed against that for New World- 
European divergence (50,000 to 60,000 
years ago) provides priority for an Asian 
rather than a European origin of American 
Indians. Suggestions for occupation of Aus- 
tralia in excess of 30,000 years are supported 
by the 28,000-year separation date between 

7. W. Howells, The Pacific Islanders (Scribner's, New 
York, 1973). 

8. C. G. Turner 11, in Late Pleistocene and Early Holo- 
cene Cultural Connections ofAsia and America, R. S. 
Vasilievsky, Ed. (USSR Academy of Sciences, Sibe- 
rian Branch. Novosibirsk. 19831. DD. 72-76. in 
Russian; H .  ~uzuki, Univ. MU. ~ i i i  'Tokyo ~ u l l .  19 
(1982), p 7 49, S Misawa, Y. Hayashida et d., in 

JIBP ~ ~ n t ! ~ s ~ ~ n t h ~ o p o l o g i c a l  and Genetic Studies on 
the Japanese, S. Watanabe, S. Kondo, E. ~Matsunaga, 
Eds. (Univ. of Tokyo Press, Tokyo, 1975), pp. 
265-307; K. Hanihara, T. Masuda, T. Tanaka, M. 
Tamada, ibid., pp. 256-262. 

9. G. Brauer, in The Origins o f M o h m  Humans. A 
World Survey ofthe Fossil Evidence, F. H.  Smith and 
F. Spencer, Eds. (Liss, New York, 1984), pp. 327- 
dl n - - - ,  

10. W. S. Laughlin, Aleuts: Survivovs of the Bering Land 
B 4 e  (Holt, Rinehan & Winston, New York, 
1980) 
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one such. The dental separation date is Australians and Tasmanians. Dentally, the Asia Joinin America in Ancient hmes (Nauka, Mos- 
cow, 1974,  in Russian; D. E. Dumond, Science about 10,000 years less than the dates be- long-standing controversy about Polynesian 209, 984 (1980); R, E, Ackerman, in Late Pleirto. 
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p, J ,  F, V, Miller, H, Ep , Foster, J ,  S, 
west Siberian Mon~oloids (6) and are den- 60.000 +. 6.100 vears. between west Afri- Wilson. G. *dams. ~ a - p a - o  l j  11b721. 
tally a bit more like h e w  ~ d r ~ d  Mongoloids 
than are unadmixed Europeans. Another 
deviant finding is that for early Laos-Viet- 
ndsoutheas t  Asia. This is apparently a 
sampling error since the early Thailand1 
southeast Asia dental date is well in line with 
the independent estimate of separation. The 
early Malay Archipelago/southwest Asia 
dental date is much older than the indepen- 
dent estimate, but this is attributable in part 
to archeological problems in dating the skel- 
etons. It is also possible that the early Malay 
archipelago pebp~e were not genetically 
close to mainland southeast Asians, as this 
region is near the border of Howells' (7) 
proposed "Old Melanesia" and "Hoabinhia" 
of 50,000 years ago. Finally, the early Nu- 
bidEgyptian dental date for separation dif- 
fers widely from the archeological findings. 
Both dental sampling and archeological dat- 
ing may be contributing to the deviation. 

Despite the few unexplained deviations, 
there is generally solid correspondence be- 
tween the dental and independent assess- 
ments for separation. Further support of the 
dentochronological method exists with four 
comparisons between Ainu and Jomonese 
samples that are not included in Table 1. 
The Jomonese were the prehistoric people 
of Japan. Their living descendants are the 
linguistically isolated Ainu. Today's Austro- 
Tai-speaking Japanese are descended from 
mainland Asian immigrants who began ar- 
riving in large numbers during Yayoi times 
(2,200 years ago). Genetic studies of mod- 
ern Ainu show them to be markedly ad- 
mixed with Japanese (8). Instead of showing 
a dental date of about 2,000 years of separa- 
tion, the &nu/Jomon value is 10,500 years. 
Admixture with Japanese, has accelerated 
dental microevolution in the Ainu by a 
factor of 5. Possibly a similar admixture or 

can and ~ e k  ~ o ; l d  populations. This value 
is in line with recent antiquity estimates for 
anatomically modern humans (How sapiens 
sapiens) of 50,000 to 100,000 years ago (9). 

How dental microevolution occurs is not 
clear, but it is seemingly quite regular. 
Where it provides dates markedly different 
from independent dating estimates there is a 
chance that the latter are incorrect. 

In summary, dentochronological esti- 
mates for genetic separation between nu- 
merous skeletal samples have strong corre- 
spondence with independent branching esti- 
mates. The major exceptions can be ex- 
plained by subsequent admixture in one of 
the branch pairs. The average world dental 
microevolution rate of 0.01003 2 0.004 
MMD per 1,000 years may help in estimat- 
ing the antiquity of other skeletal popula- 
tion samples. 
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