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The first 360 base pairs of the mitochondrial DNA (mtDNA) 
major noncoding region from 82 individuals affiliated with the Brazilian 
Xavante, Zoro and GaviBo tribes were sequenced. A total of 14 different 
lineages were observed, the largest number (8 )  being found among the Zoro. 
The latter share five lineages with the Gaviiio (who are their neighbors and 
are culturally similar to them), but only one with the Xavante. The lineages 
can be grouped into four clusters, previously identified by other authors. The 
9 base pair deletion characteristic of Asian and Pacific populations occurs in 
32% of the individuals, whose mtDNA was classified in five lineages, all 
grouped in one of the four clusters. Nucleotide diversity, as evaluated by three 
indices, are not much different from those observed in Indians from Central 
and North America, despite the fact that the Xavante consistently show lower 
numbers. These results do not confirm previous generalizations about the 
genetic diversity of Amerindians, and the need for additional studies in this 
system is stressed. o 1996 Wtley-Liss, Inc 

Studies a t  the protein level have disclosed 
different patterns of variation among Ameri- 
can Indians. For instance, Bhathia et al. 
(1995), examining the distribution of Class 
I HLA antigens in South Amerindians, could 
not disclose clusters with internally consis- 
tent geographic or  linguistic trends. But Rot- 
thammer and Silva (1992), based on 13 
marker systems and using principal compo- 
nents analysis coupled with computer-gen- 
erated maps, detected clines that would vali- 
date models of population displacement 
based on archeological data. In the same di- 
rection, Callegari-Jacques et al. (19931, in- 
vestigating the Gm haplotype distribution 
by correspondence factorial analysis and 
also using computer-generated maps, could 
detect clines both among North and South 
America. 

The data available at the DNA level are 
much more restricted, although more is 
known about mitochondrial than nuclear 
DNA. In relation to the former (mtDNA), 

questions have been centered on three is- 
sues: (a) the number of ancestral populations 
that colonizcd the New World; (b) the timing 
of their entry in the continent; and (c) the 
presence or absence of severe bottlenecks 
during the process of colonization. Using re- 
striction fragment length polymorphisms 
(RFLPs) plus D-loop sequence analyses of 
part of the material, Wallace et al. (1985), 
Schurr et al. (1990), Torroni et al. (1992, 
1993, 19944, and Wallace and Torroni 
(1992) observed that all native American 
mtDNAs grouped into one of four distinct 
clusters, and postulated that  a major genetic 
bottleneck occurred before the radiation of 
the ancestral Amerinds. The occurrence of 
such bottleneck, however, was questioned by 
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Ward et al. (1991) and Horai et al. (1993), 
based on nucleotide sequence analysis of the 
mtDNA major noncoding region. Other 
RFLP, amplification and sequence studies 
of this region have recently been reported 
(Santos Pasamontes, 1992; Ginther et al., 
1993; Shields et al., 1993; Santos and Bar- 
rantes, 1994; Santos et al., 1994; Monsalve 
et al., 1994; Merriwether et al., 1994; Lorenz 
and Smith, 1994; Kolman et al., 1995; Ba- 
tista et al., 1995). Questions about the num- 
ber of founding haplotypes and the epoch of 
the continent's colonization were addressed 
by Bailliet et al. (1994) and Torroni et al. 
(1994b), while Ward et al. (1993) considered 
the mtDNA and linguistic differentiation of 
three North American tribes. The signifi- 
cance of these findings has been evaluated 
by Szathmary (1993), Cann (1994, 1995), 
Torroni and Wallace (19951, Bianchi and 
Rothhammer (1995), and Rothhamnier and 
Bianchi (1995). 

The present report provides information 
about the variability of the mtDNA D-loop 
region in three Brazilian Indian tribes and 
considers in what way these new data con- 
tribute to the analysis of the questions indi- 
cated above. 

MATERIALS AND METHODS 
The populations sampled can be charac- 

terized as follows. 

Xavante 
They speak a Ge language, which can be 

assigned to the Macro-Ge subdivision of the 
Ge-Pano-Carib group (Rodrigues, 1986; 
Greenberg, 1987). Presently they live in six 
different areas delimited by the coordinates 
5lo10'W-54"5'W, 13"1O'S-15"70'S. The vil- 
lage from which the material was collected is 
Rio das Mortes (51"40'W-13*20'S), situated 
near the western boundary of the Indian 
Reservation Pimentel Barbosa, State of 
Mato Grosso, Brazil. The Xavante have been 
in this general region since the nineteenth 
century. They arrived there from the east 
(area between the Araguaia and Tocantins 
rivers). Friendly contacts with non-Indians 
started in 1946 and were followed by coloni- 
zation projects of the neo-Brazilian society 
that restricted their territory in marked de- 
gree. Starting in the 1970s, the Indians lo- 
cated in posts of the National Indian Foun- 
dation and in religious missions organized 
a reaction against this state of affairs that 
led to the successful recovery of most of these 

lands, which were then demarcated as  reser- 
vations for their use (Menezes, 1982). The 
Xavante experienced a marked population 
growth in the last decades. From an  esti- 
mated number of 1,500-2,000 in the 1960s, 
they have grown to  6,233 individuals a t  pres- 
ent (Ricardo, 1991). Extensive genetic and 
biochemical studies have been performed 
among subjects of this tribe some years ago 
(Neel et al., 1964; Neel and Salzano, 1967; 
see the general review in Salzano and 
Callegari-Jacques, 1988). Afterwards, they 
were one of the four contrasting groups of 
Central Brazilian Indians chosen for the in- 
vestigation of questions related to important 
human ecological problems (Werner et al., 
1979; Gross et al., 1979; Flowers et al., 1982). 
The present study is a part of a wider project 
aimed at understanding the major biomedi- 
cal changes that occurred in Pimentel Bar- 
bosa since the group was first visited in July 
1962. Partial reports of these new investiga- 
tions have been published (Alvarez et al., 
1991; Friedman et al., 1992; Coimbra et al., 
1992a, 1993; Flowers, 1994). 

Zoro 
Their language was classified in the Tupi 

stock, Monde family (Rodrigues, 1986). They 
live in a single village, located 20 km from 
the Branco river (approximately 60"20'W, 
10"20'S), Aripuans Indian Park, State of 
Mato Grosso, Brazil. More extensive con- 
tacts with non-Indians only started in 1977 
(Anonymous, 1978), and at, that time it was 
estimated that they should number 350 per- 
sons. In July-August 1990, however, this 
number had been reduced to 215 (Santos, 
1991). Several biomedical studies have been 
performed among them (Coimbra and San- 
tos, 1989; Santos and Coimbra, 1991; Flem- 
ing-Moran et al., 1991; Coimbra et al., 
199233). An overall evaluation of these and 
other investigations can be found in San- 
tos (1991). 

Ga via0 
This Tupi-Monde group should not be con- 

founded with Ge-speaking groups with the 
same name living in southeast Para (GaviZio- 
Parkatejg) or  Maranhiio (Gaviiio-Pukobi6). 
The population studied actually lives some- 
what further west than the Zor6, in the In- 
dian Area Igarape Lourdes, State of Ron- 
dBnia, Brazil. They are distributed in two 
villages, but many of them have houses in 
both. Samples were obtained from people of 
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the two communities (geographical coordi- 
nates: 61’8’W 10”lO’S). In July-August 
1990, the total population was estimated as 
288 individuals (Santos, 1991). The Gaviso 
were contacted by neo-Brazilians in the 
early 1940s and are much more acculturated 
than their neighbors, the Zoro; however, 
these two groups have several features in 
common, and have been investigated to- 
gether (as well as  with another Tupi-Monde 
tribe, the Surui) as a model for the study of 
the effects of acculturation on health (Coim- 
bra and Santos, 1989; Santos, 1991; Santos 
and Coimbra, 1991; Coimbra et al., 1992b, 
1993). 

Blood samples were refrigerated shortly 
after collection and sent by air to Porto Ale- 
gre, where DNA was extracted using the 
technique of Miller et al. (1988). Afterwards, 
aliquots of DNA were sent to Salt Lake City, 
where they were processed with methods al- 
ready described (Ward et  al., 1991). Nucleo- 
tide diversity ( T )  values were calculated us- 
ing the SEND program (Nei and Jin, 1989) 
and tree constructions were performed using 
the MEGA program (Kumar et al., 1993). 

RESULTS 
Table 1 presents the nucleotide sequence 

differences observed in the first 360 base 
pairs of the control region in the mtDNA of 
the 82 individuals affiliated with the three 
tribes. A total of 14 different lineages were 
observed. The largest number was found 
among the Zoro (8); five of them occur also 
among the GaviBo, who also present two lin- 
eages found only among them. The Zoro also 
share one lineage with the Xavante, and 
also show three unique sequences. Three of 
the lineages were previously observed in the 
Nuu-Chah-Nulth (Ward et al., 1991); the cor- 
responding numbers are (the lineage num- 
ber assigned in this study is given first; the 
second number is that given by the latter 
authors): 1 = 27; 4 = 11; 7 = 21. Lineage 1, 
therefore, occurs among the Xavante, Zor6 
and Nuu-Chah-Nulth. The nine base pairs 
deletion characteristic of some Asian and Pa- 
cific populations was observed in 26 (32%) 
of the 82 individuals, whose mtDNA was 
classified in lineages 1-3, 10 and 13. All nu- 
cleotide substitutions are transitions. 

Additional information about the variabil- 
ity is provided in Table 2. Three diversity 
indices were calculated for these three newly 
studied groups, and for three others chosen 
for comparison (the Mapuche from Argen- 

tina, within South America but outside Bra- 
zil; the Huetar from Costa Rica, thus living 
in Central America; and the Nuu-Chah- 
Nulth from Vancouver Island, Canada). The 
first index expresses gene diversity (an ana- 
log of heterozygosity), considering the se- 
quences in the population. The second (TI 
represents an average of the differences be- 
tween sequences, while the third evaluates 
the number of polymorphic (segregating) 
sites per nucleotide site. This estimator is 
independent of type frequencies and mea- 
sures a long-term average rather than a 
“current generation” value. The three indi- 
ces vary in the same direction (r = 
0.87-0.95), with the Xavante showing the 
lowest numbers (0.68,0.0084,2.65), and the 
Mapuche and Nuu-Chah-Nulth the highest 
(0.91. 0.95; 0.0153, 0.0150; 4.97, 5.52). 

Figure 1 presents a phylogenetic tree com- 
paring the different lineages found in the 
three tribes. The tree was obtained using 
Jukes-Cantor distances, the neighbor-join- 
ing method and 2,000 bootstrap replications. 
The same results were found using UPGMA 
(unweighted pair-group method with arith- 
metic averaging) instead of the neighbor- 
joining method; or taking into consideration 
differing rates of changes per nucleotide (Jin 
and Nei, 1990). As observed repeatedly in 
previous investigations (Ward et al., 1991; 
Horai et al., 1993; Torroni et al., 1993), the 
lineages can be grouped into four clusters. 
Lineages 1,2,3,10, and 13 (including, there- 
fore, three of the four Xavante lineages) fall 
in Ward et a1.k (1991) cluster IV (I of Horai 
et al., 19931, which is the only one in which 
the nine pair deletion occurs. Lineages 6 ,  7, 
9, and 12, shared by the Zoro and GaviLio, can 
be included in Horai et al.’s (1993) cluster I1 
(but in none of those identified by Ward et 
al., 1991). Lineages 4 ,5  and 14, derived from 
the three tribes, are grouped in cluster I1 
(Ward et al., 1991) or I11 (Horai et al., 19931, 
while lineages 8 and 11, present among the 
Zoro only, would be classified in clusters 111 
(Ward et al., 1991) or IV (Horai et al., 1993). 
Therefore, the Xavante have lineages per- 
taining to only two of the four clusters, the 
Gaviso to three and the Zoro to all four 
clusters. 

A general genealogy comparing these lin- 
eages with those from the three other Amer- 
indian populations listed in Table 2, as well 
as with others obtained in all continents (too 
extensive to be reproduced here), was also 
compiled using the method of Tamura and 
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TABLE I. Nucleotide sequence differences LIZ the major noncoding region of mtDN.4 from 82 mdiuiduals affiliated with 
three Brazilian Indian trihes 

9 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l h  
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ~  

Tribes 0 0 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 d  
and 9 9 1 6 7 8 1 2 4 5 6 6 7 8 9 9 9 0 1 1 2 2 6 e  No 
lineages 2 3 1 8  5 9 7 3 1 6  1 6  8 4 0 1 8  4 6 9 5 7 2 1 observed 

Referencesequence T T C C A T T C A C C C C A C C T T A G T C T / 1 

Nuclcotide poslhon In control regmn 

Xavante 
1 
2 
3 
4 

Zoro’ 
5 
6 
7 
8 
9 

10 
11 
12 

Gaviao’ 
13 
14 

. . . . .  C C  . . . . . . . . . . . . . . . .  t 11 

. . .  T . C C  . . . . . . . . . . . . . . . .  + 1 

. C  . . .  C . C . G  + 9 

. .  T . . . .  T . . . . . . T . . . . A . .  C -  4 

. .  T . . . . T . . . . T . T T . . . A . . C -  6 

. . . . .  C . T  . . . . . . . . .  C . . C . C -  2 

. . . . . .  . T . .  . . . . . . . . .  . C . C -  13 

. C  . . . . .  T . . . . . . . . C . . . C T . -  3 

. . . .  G . .  T . . . . . . . . . . . . C .  C -  2 

. . . . .  C . . . . . . . . . . . .  G . . . .  + 1 
. C  . . . . .  T . T  . . . . . .  C . . . C T . -  1 
. . . . .  C . T  . . . . . . . . . . . .  C . C -  1 

. . . . .  C C  . . .  T . .  G . . . . . . . . .  t 4 
C . T  . .  C . T  . . .  T . . T . . . . A . . C  1 

. . . . . . . . . . . . . .  

lOne individual from the Zorrj presentu lineage 1 obscnred among 11 Xavanle. 
LThme 1s extenslve lineage sharing hrtwcen thc Zor6 and GariBo. Besides the two specific lineages the CaviSo also prcscnt the fol luwin~,  found 
among the Zuro (number of individunls in parentheseti): X3); 6(51; 7r5l; 9!6J; 1X3) 

TABLE 2. rrrtDNA sequence d6cersct.y ii i  three Brazilian Indian tribes, compar-ed with data from ofher Anlerindians, 
using the first 3fi0 riuclcotides of the control region 

No. of Gene 
No. of different diversitv 

Nucleotide 
diversity + S.E. 

Trihw individuals lineaces - S.E.’ 7 1 2  E(sj5 

Xavante 25 4 0.68 i 0.03 
Zor6 30 9 0.78 -t 0.14 
Gaviao 27 7 0.87 i 0.00 
All three 82 14 0.89 i- 0.00 
Mapuche4 39 13 0.91 = 0.00 
Huetarj 27 7 0.71 2 0.04 
Nu-Chah-Nulth‘ 63 28 0.95 i 0.00 
General total 2 11 56 0.97 2 0.00 

‘U&g forniiila 8.5 and 8.13 given in Nei 11987, pp. 179-1801, Furlher infarmxtion in the texl 
‘Using formulas 2 and 3 giveri in NPI and .Tin (1989). Further information in the Lexl. 
Wsing formulas 5-8 pven in Tajima 11993, p. 572) Further information in the text 
“Dala frum Ginthpr et al. 11993). 
5Data from Santos I’asamontes (19921. 
W a t a  from Ward et al. (1991). 

0.0084 i 0.0028 
0.0112 = 0.0029 
0.0112 -t 0.0032 
0.0139 i 0.0035 
0.0153 t 0.0037 
0.0098 -t 0.0033 
0.0150 f 0.0035 
0.0155 -t 0.0014 

2.65 + 0.84 
4.30 + 1.04 
4.15 + 1.04 
4.62 5 0.96 
4.97 5 1.08 
3.11 t 0.90 
5.52 f 1.08 
7.59 t 1.13 

Nei (1993), considering both the UPGMA 
and neighbor-joining procedures. The four 
clusters previously observed by all previous 
investigators were again found to be present, 
but outliers also occurred. 

DISCUSSION 
In a general way, the results obtained in 

the three Brazilian tribes are in accordance 
with those expected considering historical 

and biodemographical data. The Xavante 
village that was studied has a past of a high 
degree of inbreeding and isolation due to the 
strong influence of a famous leader, Apewe, 
who kept its members under rigid control 
for decades (Nee1 et al., 1964). It has not 
been possible in the 1960s and in the recent 
field work to identify cases of introduction 
of women from other tribes into this commu- 
nity. The Zord and Gaviiio show more 
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Fig. 1. Phylogenetic tree comparing the 14 lineages 
observed among the Xavante (XI, %or6 (Z), and Gavigo 
(G). Similar relationships were obtained with other 
methods, like maximum-parsimony and maximum like- 
lihood. The numbers at  the nodes represent bootstrap 
values. 

mtDNA diversity and share a large number 
of‘ lineages. Since they speak similar lan- 
guages, have many cultural traits in com- 
mon, and live in relatively close geographical 
proximity, their mtDNA similarity is not un- 
expected. As for the estimates of nucleotide 
diversity, the main impression obtained is 
that the three tribes are not very different 
from North, Central or South American Indi- 
ans. The three indices follow similar trends, 
which are, however, independent of geo- 
graphical location. It is difficult to  compare 
the present figures with those of other au- 
thors, since the latter do not indicate the 
formulae used. Nevertheless, the three 
tribes described do not seem to be unusual 
in this regard. 

Much more data than those presently 
available are necessary to establish more 
firm conclusions about the three questions 
mentioned in the introduction, i.e., the num- 
ber of ancestral populations that colonized 
the New World, the timing of their entry in 
the continent, and the presence or absence 
of severe bottlenecks during the colonization 
process. For instance, the absence of the so- 
called Asian-specific nine base pair deletion 
(which occurs in high frequencies in Pacific 
populations as  well) among the Ticuna was 
invoked by Schurr et al. (1990) as evidence in 
favor of their hypothesis that severe genetic 
restriction occurred during the process of col- 

onization from North to South America. 
Horai et al. (1993), however, have observed 
that the deletion occurs in native popula- 
tions from Colombia, Brazil and Chile; 
Ginther e t  al. (1993) found i t  among the Ma- 
puche of Argentina, Torroni et al. (1993) 
among the Kraho and Mataco of Brazil and 
Argentina, respectively, and Merriwether et 
al. (1994) among the Aymara, Pehuenche, 
Huilliche and Atacameno of Chile, and the 
Quechua of Peru. It was also observed in the 
three tribes presently described. Horai et al. 
(1993), on the basis of the bimodal distribu- 
tion of pairwise sequence differences ob- 
served among native Americans, also con- 
cluded that severe bottlenecks could not 
have occurred during the peopling of the 
New World. Similar analyses were made by 
Kolman et al. (1995) and Batista et al. 
(1995). Bimodal distributions were also ob- 
tained in the Xavante, Zord and Gavigo (data 
not shown), but a more thorough analysis 
of this problem is necessary. This analysis 
should take into consideration within and 
between clusters comparisons before a defin- 
itive interpretation can be reached. 

The question of the number of New World 
founding populations merits consideration. 
Turner (1983, 1985), on the basis of dental 
evidence, and Greenberg et al. (1986), after 
consideration of linguistic, dental and mono- 
genic blood systems, arrived at  what has 
been called the “three-waves of migration” 
theory of colonization of the New World. The 
three founding groups would be the Paleo- 
Indians, the Na-Dene and the Eskimo- 
Aleuts, and they would have entered the con- 
tinent in this order, starting 40,000-16,000 
years ago. Torroni et al. (1992) found that 
the Amerinds (descendants of the postulated 
Paleo-Indians) and Na-Dene showed pro- 
nounced mtDNA differences which favors 
the hypothesis. However, Shields et al. 
(19931, also using mtDNA results, could not 
separate Na-Dene speaking groups from Es- 
kimos. In  addition, several lines of evidence 
(see Callegari-Jacques et al., 1993) indicate 
that  to consider all Amerindians, with the 
exception of the Na-Dene, as a single biologi- 
cal entity, appears to be an oversimplifica- 
tion. The four mtDNA clusters monotously 
observed by all researchers in these popula- 
tions, and confirmed in the present study, 
are clearly against this view. Moreover, Bail- 
liet e t  al. (1994) convincingly suggested the 
existence of other founder lineages in addi- 
tion to these four, and some of the outliers 
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observed in the present study (the general 
genealogy mentioned at the end of the re- 
sults section) can be traced directly to Asia. 
On the other hand, tribal population struc- 
ture is of such a nature (based on fissions 
and fusions, see Nee1 and Salzano, 1967) 
that the idea of large scale migrations of 
totally independent groups appears unwar- 
ranted. 
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