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ABSTRACT Polymorphisms at the TP53, cytochrome
P-450 (CYP), and glutathione S-transferase (GST) genes
are related to cancer susceptibility and present high di-
versity in allele frequencies among ethnic groups. This
study concerns the CYP2E1, GSTM1, and GSTT1 poly-
morphisms in seven Amerindian populations (Xavante,
Guarani, Aché, Wai Wai, Zoró, Surui, and Gavião). Poly-
morphic sites at CYP1A1 and TP53 were also studied in
the Aché and Guarani tribes and compared with previous
results about these systems already obtained in the other
populations. The CYP2E1*5B haplotype showed, respec-
tively, the highest and the lowest frequencies already
observed in human groups. High frequencies of
CYP1A1*2A and CYP1A1*2C alleles and mostly low val-
ues of GSTM1*0/*0 and GSTT1*0/*0 genotypes were ob-
served. These data may be interpreted as being due to
genetic drift or selection for these high-frequency CYP1A1

alleles and against GST null genotypes during America’s
colonization. Intrapopulation diversity varied from 0.19
(Guarani) to 0.38 (Surui), and 90% of the total diversity
was due to the variability within populations. The rela-
tionships between these Amerindians and with other eth-
nic groups were evaluated based on DA distances and the
neighbor-joining method. Low correlation was observed
between genetic relationships and geographic distances or
linguistic groups. In the TP53 comparison with other eth-
nic groups, Amerindians clustered together and then
joined Chinese populations. The cluster analysis seems to
indicate that the Aché tribe might descend from a Gê
group that could have first colonized that Paraguayan
region, but had also assimilated some amount of the Gua-
rani gene pool, maybe through intertribal admixture. Am
J Phys Anthropol 119:249–256, 2002.
© 2002 Wiley-Liss, Inc.

The cancer process is usually a multistep phenom-
enon, during which consecutive somatic cell muta-
tions occur. Genes involved in cell-cycle control, ge-
netic repair systems, or codifying enzymes for the
biotransformation of environmental carcinogens
have important roles in this process (Indulski and
Lutz, 2000).

TP53 is a tumor-suppressor gene with a critical
role in cell-cycle control, and is frequently mutated
in many human cancers (Sansom and Clarke, 2000).
At least three TP53 polymorphisms have been re-
ported as involved in cancer, showing also a high
interpopulation heterogeneity in allele and haplo-
type frequencies: a 16-bp duplication in intron 3, an
amino-acid change in exon 4 (72 Arg3Pro), and an
MspI restrictive fragment length polymorphism
(RFLP) in intron 6 (Själander et al., 1996; Khaliq et
al., 2000; Gaspar et al., 2001).

Cytochrome P-450 (CYP) comprises a superfamily
of enzymes that act on phase I of xenobiotic meta-
bolic transformation. During these reactions, toxic
metabolites are generated which might be processed
by phase II enzymes (Indulski and Lutz, 2000). The
CYP1A1 gene encodes for the CYP1A1 enzyme that

catalyzes the bioactivation of polyciclic aromatic hy-
drocarbons (Indulski and Lutz, 2000). Two CYP1A1
gene polymorphisms have been extensively studied
in relation to cancer susceptibility: a 462 Ile3Val
substitution at exon 7 (CYP1A1*2C allele), and an
associated 6235 T3C mutation at the 3� noncoding
region (CYP1A1*2A allele; Hayashi et al., 1991b).
The frequencies of these mutations also exhibit sig-
nificant interethnic differences (Aynacioglu et al.,
1998; Kvitko et al., 2000). CYP2E1 metabolizes sev-
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eral occupational and environmental carcinogens
(Indulski and Lutz, 2000). Two RFLPs in linkage
disequilibrium at the regulatory region of the
CYP2E1 gene have been described (Hayashi et al.,
1991a). Due to linkage disequilibrium, two main
arrangements are usually found: CYP2E1*5B and
CYP2E1*1A. Although rare in many populations
(Hamada et al., 1995; Griese et al., 2001), the
CYP2E1*5B arrangement is common in Asians (19–
30%; Morita et al., 1997; Tan et al., 2000) and Am-
erindians (25%; Muñoz et al., 1998).

Glutatione S-transferases (GST) are a group of
phase II enzymes that detoxify endogenous and ex-
ogenous electrophiles, determined by a gene family.
Genetic polymorphisms at these loci seem to be re-
lated to a higher risk of cancer development (Indul-
ski and Lutz, 2000). Two deletions of the GSTM1 or
GSTT1 loci which result in no enzymatic activity
have been described: both GSTM1*0/*0 and
GSTT1*0/*0 genotype frequencies present intereth-
nic variability (Rebbeck, 1997).

This study furnishes data on CYP2E1, GSTM1,
and GSTT1 polymorphisms in seven South Amerin-
dian populations. Polymorphic sites at CYP1A1 and
TP53 were also studied in the Aché and Guarani
tribes. Previous results about these systems from
other populations were compiled to allow genetic
relationship analyses. A comparison of these Amer-
indian populations with other ethnic groups was
also made, using TP53 haplotypes. The specific
questions posed were as follows: 1) Would the pop-
ulation relationships and genetic variability ob-
tained with these markers, which may be influenced
by selection, present the same pattern as those
found with polymorphisms in which this process
may not have acted as strongly? 2) Could we confirm
some unusual frequencies that had been previously
obtained in Amerindians for the CYP1A1, GSTM1,
and GSTT1 systems? 3) Since the origin of the Aché,
a recently contacted tribe of Paraguay, is still ob-
scure, would these systems provide a clue about it?

SUBJECTS AND METHODS

Samples of 257 individuals were obtained from
seven South American Indian tribes living in Brazil
and Paraguay (Table 1 and Fig. 1). More details

about these populations can be found in Hill and
Hurtado (1996) and Hutz et al. (1999).

Genomic DNA was isolated from whole blood by
the salting-out method of Miller et al. (1988) or by
the procedure described by Lahiri and Nurnberger
(1991). This latter methodology was employed for
the Aché and Wai Wai samples.

Table 2 presents the characterization of the
CYP1A1, CYP2E1, GSTM1, GSTT1, and TP53 poly-
morphisms investigated here. CYP1A1 and TP53
were PCR-RFLP analyzed, CYP1A1 according to
Hayashi et al. (1991b) and Cascorbi et al. (1996),

Fig. 1. Map showing locations of populations sampled. ACH,
Aché; GAV, Gavião; GUA, Guarani; SUR, Surui; WWAI, Wai Wai;
XAV, Xavante; ZOR, Zoró; dashed lines, national borders.

TABLE 1. Amerindian groups investigated in the present study: their location and languages

Population Country Localities
Geographical
coordinates Language1

Linguistic
group1

No. of individuals
investigated

Xavante Brazil Etéñitépa 51°40�W, 13°20�S Chavante Gê-Kaingang 33
Guarani Brazil Amambai 55°12�W, 23° 6�S Guarani Tupi 51

Limão Verde 55°6� W, 23°12� S
Porto Lindo 54°30�W, 23°48�S

Aché Paraguay Arroyo Bandera 55°50�W, 23°30�S Guayaki Tupi 67
Chupa-pou 56°30�W, 24°10�S

Wai Wai Brazil Mapuera village 57°55�W, 0°40�S Parukoto-Charumã Carib 26
Zoró Brazil Aripuanã Park 60°20�W, 10°20�S Mondé Tupi 28
Surui Brazil Sete de Setembro 61°10�W, 10°50�S Mondé Tupi 21
Gavião Brazil Igarapé Lourdes 61°8�W, 10°10�S Mondé Tupi 31

1 According to Rodrigues (1986) and Greenberg (1987).
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and TP53 following Själander et al. (1995). For
GSTM1, GSTT1, and CYP2E1 typing a multiplex
PCR protocol was developed which consisted briefly
of the following procedures: an initial denaturation
at 94°C for 5 min, 6 touchdown cycles including 1
min at 94°C, 2 min at 59–54°C with a decrease of
1°C in each cycle, and 1 min at 72°C, followed by 30
cycles at 94°C for 1 min, 1 min at 55°C, and 1 min at
72°C, plus a final extension of 5 min at 72°C. The
reaction mixture consisted of 100 ng of genomic
DNA, 15 pmol of GSTM1 and GSTT1 primers, 7.5
pmol of CYP2E1 primers, 10 mM Tris HCl, 4 mM
MgCl2, 50 mM KCl, 150 mM dNTPs, and 1.0 U of
Taq DNA polymerase. An aliquot of the amplifica-
tion product was electrophoresed in horizontal aga-
rose gel (4%) to verify the presence/absence of GSTM
and GSTT fragments, the CYP2E1 product being
used as an internal control for this reaction. A sec-
ond aliquot of that amplified product was then
tested with the PstI and RsaI enzymes to establish
the CYP2E1 haplotypes. Primer sequences were
those reported by Kato et al. (1992), Bell et al.
(1993), and Pemble et al.(1994).

Allele frequencies were estimated by gene count-
ing. Haplotypes were derived using the Multiple
Locus Haplotype Analysis program (Long, 1999),
which uses the E-M algorithm (Long et al., 1995;
Peterson et al., 1999). Hardy-Weinberg equilibrium
fit was evaluated by exact tests using the Markov
chain (Guo and Thompson, 1992) through Arlequin

software version 2.0 (Schneider et al., 2000). Pheno-
type differences among populations were tested by
means of the �2 test of Roff and Bentzen (1989),
using the PEPI computer program (Gahlinger and
Abramson, 1995). Linkage disequilibrium was cal-
culated on basis of estimated haplotype frequencies
and using the Arlequin software. The D� value (D/
Dmax) was obtained as suggested by Lewontin
(1988).

Genetic affinities among populations were evalu-
ated through DA distances (Nei, 1987), and the
neighbor-joining clustering method (Saitou and Nei,
1987), using the NJBAFD computer program
(Takezaki, 1999). This latter software was also em-
ployed to estimate gene diversity values (Nei, 1987).
The reliability of the trees was tested by 2,000 boot-
strap replications (Hedges, 1992). The dendrogram
comparing Amerindians with the other ethnic
groups was based on TP53 haplotype frequencies
only, since data for the other markers were not
available for the other populations.

RESULTS

Table 3 presents GSTM1*0/*0 and GSTT1*0/*0
genotype frequencies, allele frequencies for the
other genetic systems, and the gene diversity values.

Genotype distribution was consistent with Hardy-
Weinberg expectations for all loci and populations.
For the majority of markers, genotype and allele
distributions were highly heterogeneous among pop-

TABLE 2. Characterization of CYP1A1, CYP2E1, GSTM1, GSTT1, and TP53 polymorphisms

Loci Gene location Allele or genotype Phenotypes1 Mutation

CYP1A12 3� flanking CYP1A1*2A MspI� 6325T3C
Exon 7 CYP1A1*2C BsrDI� 462A3G (Ile3Val)

CYP2E12 5� flanking CYP2E1*1A PstI�; RsaI� �1293 G; �1053 C
CYP2E1*5B PstI�; RsaI� �1293 G3C; �1053 C3T

GSTM1 Whole gene GSTM1*0/*0 No amplification Gene deletion
GSTT1 Whole gene GSTT1*0/*0 No amplification Gene deletion
TP53 Intron 3 TP5316bp*A2 Duplication 16bp duplication

Exon 4 (codon 72) TP53BstUI*A1 BstUI� 72G3C (Arg3Pro)
Intron 6 TP53MspI*A1 MspI� A3G

1 Plus & minus signs indicate presence or absence of indicated restriction site.
2 Allele nomenclature as recommended in http://www.imm.ki.se/CYPalleles.

TABLE 3. Genotype frequencies (in %) for GST loci, allele frequencies (in %) for CYP and TP53, and gene diversity values (�100)

Characteristic

Populations

Xavante Guarani Aché Wai Wai Zoró Surui Gavião

Genotype or allele
GSTM1*0/*0 18.2 3.9 35.8 26.9 14.3 43.0 12.9
GSTT1*0/*0 30.3 11.8 17.9 0.0 14.3 0.0 6.5
CYP1A1*2A1 95.0 96.1 100.0 81.0 87.0 96.0 72.0
CYP1A1*2C1 97.0 90.2 100.0 81.0 76.0 54.0 59.0
CYP2E1*5B 3.0 18.6 42.5 1.9 32.1 33.3 29.0
TP53 16bp*A11 100.0 100.0 100.0 100.0 100.0 100.0 98.1
TP53 BstUI*A11 28.0 8.8 36.6 11.9 6.8 25.0 19.2
TP53 MspI*A11 0.0 0.0 0.0 7.1 0.0 0.0 1.9
Sample size 33.0 51.0 67.0 26.0 28.0 21.0 31.0
Gene diversity2

Intrapopulation (HS) 24.4 18.8 34.7 24.4 29.8 38.2 32.4
Interpopulation (GST) GST � SE: 10.3 � 1.2

1 Data from Kvitko et al. (2000) and Gaspar et al. (2001), except for the Aché and Guarani.
2 According to Nei (1987).
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ulations, regardless of whether they were of the
same geographic region or linguistic group. The only
exception was TP53, in which 16bp*A1 and MspI*A2
alleles were fixed in almost all samples. The intra-
population diversity varied from 0.19 (Guarani) to
0.38 (Surui); most of the total diversity (90%) was
due to heterogeneity within populations. Gene di-
versity values per locus/per tribe always showed
positive figures, and the interpopulation differences
(GST) per locus were not significantly different
(range, 7 (TP53) to 13 (CYP1A1)).

As for the CYP2E1 gene, as previously described
(Hayashi et al., 1991a), a complete linkage disequi-
librium between the PstI and RsaI sites was ob-
served and resulted in only two haplotypes:
CYP2E1*1A (PstI�, RsaI �) and CYP2E1*5B (PstI
�, RsaI�). The prevalence of CYP2E1*5B (and of its
complementary arrangement) also showed wide
variation among populations: from 2% in the Wai
Wai, to 42% in the Aché. But these extreme values
are restricted to three populations only (the two
above-indicated and the Xavante (3%)), while the
other values (19–33%) are more in accordance with
previous Asian or Asian-derived groups.

Table 4 presents the estimated haplotype frequen-
cies for the CYP1A1 polymorphisms and the linkage
disequilibrium (D�) values. The Aché population was
monomorphic for CYP1A1*2B, the most frequent
haplotype in the six other populations. Highly sig-
nificant linkage disequilibrium was observed in five
of these groups.

The estimated TP53 haplotypes are given in Table
5. Only two haplotypes were observed in the Aché
and Guarani, as was found for 3 of the 5 other
Amerindian tribes previously considered by Gaspar
et al. (2001).

The relationships among the seven populations
obtained with the DA distances and the neighbor-
joining method, using the five loci studied, are
shown in Figure 2. The extremes of this unrooted
tree are occupied on the one hand by the Wai Wai (a
Carib group from northern Brazil) and Surui (a
Tupi-Mondé tribe from southwestern Amazonia),
while on the other, the Xavante (a Gê-speaking pop-
ulation from Central Brazil) and Aché (a Tupi-Gua-
rani-speaking group from the Paraguayan forest)

occur. Therefore, although 3 of the 4 Tupi tribes
group together in the center of the tree, no clear
correlation could be observed between the genetic
relationships and geographic distances or linguistic
group.

Figure 3 shows the TP53 relationships obtained
considering the Amerindians and other ethnic
groups. It is well-known that dendrograms based on
one marker only should be viewed with caution.
Absence of comparative information for the other
loci, however, forced us to restrict the analysis to
TP53. Despite this limitation, the results agreed
with the expectations: three clusters can be ob-
served, one involving Asian or Asian-derived (Amer-
indian) groups, another composed of the two Euro-
pean or European-derived populations, and a third
including Africans, African Brazilians, and Paki-
stani.

DISCUSSION

Polymorphisms at the TP53, CYP, and GST
loci have been described as related to cancer sus-
ceptibility. For example, the GSTM1*0/*0 and
GSTT1*0/*0 genotypes, CYP1A1*2A, CYP1A1*2C,
and TP53 BstUI*A1 alleles, and the CYP2E1*5B
haplotype have been associated with different tu-
mors in several human populations (Weston et al.,
1997; Indulski and Lutz, 2000). These polymor-
phisms also present high diversity among ethnic

TABLE 5. Estimated TP53 haplotype frequencies (%) in seven
South Amerindian populations

Populations

Haplotypes1

2n1-1-2 1-2-2 1-2-1 2-1-1

Xavante 28.0 72.0 50
Guarani 7.8 92.2 102
Aché 38.1 61.9 134
Wai Wai 11.9 81.0 7.1 42
Zoró 6.8 93.2 44
Surui 25.0 75.0 40
Gavião 17.3 80.8 1.9 52

1 Data from Gaspar et al. (2001), except for the Aché and Gua-
rani.
2Haplotypes can be characterized as follows: 1-1-2; duplication
(dupl.)�/BstUI�/MspI�; 1-2-2; dupl.�/BstUI�/MspI�; 1-2-1;
dupl.�/BstUI�/MspI�; 2-1-1; dupl.�/BstUI�/MspI�.

TABLE 4. Estimated CYP1A1 haplotype frequencies (%) and linkage disequilibrium (D�) values

Populations1

Haplotypes2

D� P 2n1A 2A 2C 2B

Xavante 3.0 3.0 94.0 1.00 * 42
Guarani 2.9 6.9 1.1 89.1 0.72 * 102
Aché 100.0 134
Wai Wai 16.0 16.0 5.0 63.0 0.60 * 52
Zoró 8.0 16.0 5.0 71.0 0.50 * 60
Surui 4.0 42.0 54.0 1.00 NS 48
Gavião 27.0 14.0 59.0 1.00 * 60

1 With the exception of the Aché and Guarani, haplotype frequencies were previously published by Kvitko et al. (2000).
2 Haplotypes can be characterized as follows: 1A, MspI�/BsrDI�;2A, MspI�/BsrDI�;2C, MspI�/BsrDI�; 2B; MspI�/BsrDI�. NS, p �
0.05.
* P � 0.001.
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groups. Trying to explain the differences of allele
frequencies observed in genes which influence the
phase I and phase II detoxifying process, Nebert
(1997) proposed an effect of natural selection in re-
sponse to population differences in diet, while Beck-
man et al. (1994), and Själander et al. (1996) had
already suggested that population differences in
TP53 allele frequencies might result from selective
effects on ecological adaptation to climatic condi-
tions.

Any hypothesis that uses diet as a basis is con-
fronted by the quantification problem. It is very
difficult to accurately establish the amount of energy
received in any given meal, and the type and quan-
tity of food ingested may vary widely on a daily
and/or seasonal basis. The amount of dietary infor-
mation available for the groups studied here is gen-
erally indirect and of a fragmentary nature. In
terms of outside influences, the Guarani have al-
ready adopted the neo-Brazilian way of living, and
their diet is not much different from those of rural
non-Indians, but no scientific investigation of food
consumption has been performed among them. The
Xavante have more than half a century of contact
with non-Indians, and is the group for which the
most information is available. The relative impor-
tance of game, fish, gathered plant products, and
purchased foods varied markedly during this period;
details are provided in Coimbra et al. (2002). The
degree of isolation of the Wai Wai and Tupi-Mondé
groups (Gavião, Surui, and Zoró) is still high, and
they maintain much of their traditional way of liv-
ing. No quantitative nutritional data is available for
the Wai Wai (reviewed in Gallois and Ricardo, 1983;
Callegari-Jacques et al. 1996), while for the Tupi-
Mondé only indirect information exists (e.g., see

Santos and Coimbra, 1994). Finally, the Aché only
started more permanent contact with non-Indians in
1970; until recently, therefore, their diet would re-
semble those of forest peoples. But again, no specific
food consumption investigation had been performed
among them (Hill and Hurtado, 1996).

Even considering the scarcity of data, it is clear
that the relationships obtained in Figure 2 for the
seven tribes cannot be explained on the basis of diet
differences, since the Guarani, who should have the
most distinctive diet from the others, occupy a cen-
tral position in the tree.

This investigation confirmed that most Amerindi-
ans are monomorphic for both the 16bp*A1 allele in
intron 3, and for the presence of the MspI*A2 allele
in intron 6 of the TP53 gene. They are, therefore, not
informative in relation to the second hypothesis put
forward to explain variability in this system. Beck-
man et al. (1994) and Själander et al. (1996) found a
correlation between the variability at codon 72 of the
TP53 gene and latitude, suggesting a possible role
for natural selection involving climatic adaptation.
The Guarani and Aché live in the southern part of
South America and speak a Tupi-Guarani language,
but show TP53 BstUI*A1 gene frequencies of respec-
tively 9–37%. On the other hand, the Zoró, Gavião,
and Surui, who live in the north of South America in
about the same area and speak languages classified
as a Tupi subgroup, presented frequencies of the
same allele varying from 7–25%. Therefore, our data
do not show any correlation between the frequencies
of this allele and latitude.

Despite extensive changes that most Amerindians
have suffered due to contact with other groups, most
of the populations studied here, as mentioned, re-
tain many of their previous ecological conditions,
such as nomadism, hunting, gathering, and horticul-
ture (Hill and Hurtado, 1996; Santos et al., 1996),
and are not continuously exposed to environmental
chemicals. All tribes presently investigated pre-
sented high levels of diversity in most of the systems
(averages range from 19–38). Therefore, although
they live in small groups, evolutionary factors such
as selection or drift seem not to have significantly
decreased their genetic diversity. These data con-
firm the degree of variability previously verified in
the same populations for other systems (eight nu-
clear DNA markers, 41–57; mtDNA, 5–17; 12 Alu
loci, 15–29; 23 protein systems, 13–18; Hutz et al.,
1999; Battilana et al., 2002).

As previously indicated, the CYP2E1*5B distribu-
tion presented remarkable (2–42%) differences.
These are the most extreme values reported so far
for any other ethnic group, except the 0.02% de-
tected among Australian Aborigines (Griese et al.,
2001). These extreme values are, however, re-
stricted to the Wai Wai, Xavante, and Aché. When
an inspection is made of the prevalences observed in
the other systems studied here, the peculiarities of
the Aché stand out clearly. The figures displayed in
Tables 3–5 are not completely independent, but in

Fig. 2. Dendrogram obtained using neighbor-joining method
and DA distance, considering CYP1A1, CYP2E1, and TP53 hap-
lotypes, as well as GSTM1 and GSTT1 genotype frequencies.
Numbers indicate bootstrap values.
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most cases the most extreme values were provided
by the Aché. The Xavante also presented some ex-
treme but less numerous differences, while the Wai
Wai conformed more to the average. Similar results
were obtained considering blood group plus protein
and other nDNA and mtDNA systems (Callegari-
Jacques et al., 1996; Battilana et al., 2002; Coimbra
et al., 2002). Detailed discussion about the interre-
lationships obtained for 5 of the 7 groups studied
here (Gavião, Surui, Zoró, Wai Wai, and Xavante)
was presented by Hutz et al. (1999). The peripheral
position observed here for the Surui was also ob-
served when 23 protein genetic systems were con-
sidered, and may be due to the fact that this group
was, of the seven, that which suffered most the first
impact of contact with the surrounding populations
(Coimbra, 1989).

Also extremely interesting are the very high val-
ues of the CYP1A1*2A and CYP1A1*2C alleles and
the mostly low frequencies of the GSTM1*0/*0 and
GSTT1*0/*0 genotypes. The highest frequencies so
far described in non-Amerindians for the first two

markers are 33% (Japan; Aynacioglu et al., 1998)
and 35% (Siberia; Duzhak et al., 2000), respectively,
which are much lower than the 81–100% and 54–
100% observed here. Our values, however, are sim-
ilar to those observed in the Mapuche of Chile (re-
spectively, 83% and 77%; Muñoz et al., 1998). The
GSTM1*0/*0 frequencies vary from 22% in Africa to
100% in Oceania; most of these populations present
values above 30% (reviewed in Rebbeck, 1997). The
values observed here (4–43%) are in some cases
lower, in agreement with a 20% frequency obtained
previously among the Amazonian Parakanã Indians
(Arruda et al., 1998). The GSTT1*0/*0 frequency,
on the other hand, is about 16% in Caucasians and
above 38% in the other ethnic groups (Rebbeck,
1997), while the interval observed here was 0–30%.
The Parakanã studied by Arruda et al. (1998)
showed a prevalence of 11% of this genotype.

The enzymes codified by CYP1A1*2A and
CYP1A1*2C alleles have higher catalytic activities
than the products of the wild alleles, producing a
larger amount of toxic metabolites which are mainly

Fig. 3. Dendrogram obtained using neighbor-joining method and DA distances, based on TP53 haplotype frequencies. Data on
Nigerians, Chinese, and Swedes were obtained from Själander et al. (1996); on Pakistani, from Khaliq et al. (2000); and on African and
European Brazilians, from Gaspar et al. (2001).
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detoxified by both the GSTM1 and GSTT1 proteins
(Indulski and Lutz, 2000). As the GSTM1 and
GSTT1 null genotypes have no enzyme activity,
toxic products induced by the action of CYP enzymes
could accumulate in these individuals.

It is possible, therefore, that CYP1A1*2A and
CYP1A1*2C allele frequencies had increased during
America’s colonization, either by genetic drift (Cav-
alli-Sforza et al., 1994) or by selection in response to
new environmental challenges (Nebert, 1997).
These high CYP prevalences could have acted
as selective factors reducing GSTM1*0/*0 and
GSTT1*0/*0 frequencies, since the ratio between
CYP and GST activities is critical to avoid the accu-
mulation of toxic reactive intermediates (Rebbeck,
1997).

The origin of Aché population has been controver-
sial: some authors consider them as a differentiated
Guarani group, while others claim that they descend
from a Gê group that preceded the Guarani coloni-
zation of Paraguay (Hill and Hurtado, 1996). Al-
though the possible action of selection, as outlined
above, should be also taken into consideration, the
cluster analysis given here seems to support the
second hypothesis. The Aché showed a closer rela-
tionship with the Xavante, a Gê-speaking popula-
tion, than with the four Tupi-Guarani groups in-
cluded in the study. But, as previously stressed, they
were clearly differentiated from all the other popu-
lations studied, showing their genetic distinctive-
ness. Battilana et al. (2002), who examined the vari-
ability of 20 blood group plus protein systems and 12
Alu insertions in the same Aché, Xavante, and Gua-
rani samples studied here, also obtained indications
of Aché distinctiveness, although in their data, the
closest group to cluster with the Aché was the Gua-
rani. It is therefore possible that the Aché might
have descended from a Gê group that had first col-
onized Paraguay, but that they had also assimilated
some amount of the Guarani gene pool, maybe
through intertribal admixture. New data are needed
to clarify this point.

CONCLUSIONS

In conclusion, this study found that: 1) the pat-
terns of population relationships obtained show dis-
tinctive features (but not the levels of genetic vari-
ability) which may in some undefined way be due to
selective processes; 2) the unusual Amerindian
CYP1A1, GSTM1, and GSTT1 frequencies have
been confirmed; and 3) due to the Aché genetic dis-
tinctiveness, their origin is an unresolved issue.
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