Geography influences Microsatellite Polymorphism Diversity in Amerindians 
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ABSTRACT


Data related to 15 short tandem repeat polymorphisms (STRPs) are reported for four South American Indian populations, and integrated with previous Brazilian Indian results. Overall heterozygosities varied significantly among groups (Kruskal-Wallis test, p=0.002). The lowest levels of heterozygosity were observed in the Aché, Ayoreo and Suruí, an expected finding considering their isolation and ethnohistory. Genetic distance and gene diversity analyses suggested that geography was a good predictor of genetic affinity among these Native Americans. New evidence was added to support the hypothesis that the Aché population descends from a Gê group that preceded the Guarani colonization of Paraguay. 
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South American Indians present a remarkable number of populations spread over a vast territorial area. They have different demographic, linguistic, and cultural patterns, and exhibit a considerable biological diversity. Although numerous studies based on protein polymorphisms and DNA markers (review in Salzano, 2002) have already been performed, only the progressive accumulation of data can provide a better understanding of the evolutionary history of these groups.

Genetic diversity has been correlated with cultural, linguistic, and geographic differences. Linguistic affinities were considered as clues to population history, but geographic patterns of genetic diversity also allowed inferences about population histories. Cavalli-Sforza et al. (1992) stated that linguistic evolution has paralleled the genetic differentiation in our species. Barbujani (1997) showed that language and geographic proximity were equally good predictors of genetic affinity. However, Rosser et al. (2000) suggested that populations are related primarily on the basis of geography, rather than linguistic affinity. Although linguistic boundaries in Europe frequently coincide with gene frequency discontinuities (Barbujani, 2000), in the Americas the relationship between genetic differentiation and linguistic affiliation is less clear-cut. The Amerind-speaking tribes of South America generally fail or exhibit weak correspondence between their genetic relationship and linguistic affiliation (Salzano and Callegari-Jacques, 1988; Ward et al., 1993).

As an example of the type of problems that can be considered in these studies, attention can be focused on the Aché (or Guayaki) Indians of Paraguay. They are physically and genetically dissimilar to most other South Amerindian groups; although they do not show evidence of European or African admixture, they present light skin and thick beards (not common in other Native American groups; Salzano and Callegari-Jacques, 1988). The data available suggest that the Aché were hunters and gatherers who lived genetically and socially isolated from all neighboring populations for a long period of time prior to contact with non-Indians in the late twentieth century (Hill and Hurtado, 1996). The Aché are one of the southerly representatives of the tropical forest Tupi linguistic stock. Their origin has been controversial, some authors considering them as a differentiated Guarani group, while others claim that they descend from a Gê population that preceded the Guarani colonization of Paraguay (Hill and Hurtado, 1996). 

Several studies about the biological classification of the Aché have been recently performed, but the results are not conclusive. Clariá et al. (1998) analysed electrophoretic polymorphisms at loci coding for erithrocyte and plasma proteins in two populations from the Gran Chaco and the Aché from the Paraguayan forest, observing that the Aché differ from the Chaco tribes. Goicoechea et al. (2001) obtained data on 17 blood group and protein genetic systems among two Indian groups of Paraguay and integrated this information with previous results available for other four populations (including the Aché). They found that the Chaco tribes clearly separated from the Aché, the only forest group. Battilana et al. (2002) studied 12 Alu insertion polymorphisms and 20 protein and blood group markers in four South Amerindian groups, two of the Tupi and two of the Gê linguistic families, and could not decide between the two hypotheses concerning their classification, but the view that they are a differentiated Guarani group seemed more likely. Tsuneto et al., (2002) described an HLA DRB1 allele in the Aché previously found only among the Guarani-M’bya from the Brazilian state of Paraná. Finally, Gaspar et al. (2002), in a study with genes related to cancer susceptibility in seven Amerindian populations, supported the second hypothesis, since the Aché showed a closer relationship with the Xavante, a Gê speaking population.
The present study investigates the variability in 15 short tandem repeat polymorphisms (STRPs) in the Aché, Guarani, Caingang , and Ayoreo populations, and integrates the results with those already available for five other Brazilian Indian groups, trying to obtain a comprehensive picture of the diversity of these markers in South American Natives. These polymorphisms with their high heterozygosity, vast number of alleles, and high mutation rates, are particularly useful to investigate recent evolutionary events. The following specific questions were also addressed: 1) Which is the relative contribution of language and geography for the differentiation of these markers among Amerindian groups? 2) Since the origin of the Aché is still obscure, would STRPs provide a clue about it? 

Subjects and Methods

Populations

General information about the four populations studied is presented in Table 1. The Caingang and Guarani are the two major Amerindian tribes living in southern Brazil, and speak languages of the Gê and Tupi stocks, respectively. Despite living side by side for many centuries, the Guarani and Caingang populations still differ in many aspects of their culture and biology (Petzl-Erler et al., 1993). Both tribes are in an advanced stage of acculturation. The Aché, who live in the tropical forest, and the Ayoreo, of the Gran Chaco area, are more isolated, presenting minimal non-Indian influence. The Aché are linguistically related to the Guarani and geographically close to the Ayoreo. Figure 1 shows the geographic location of the four tribes studied herein, together with the five Amerindian populations previously investigated by Hutz et al (2002), which were included in the joint analysis. The present sample consisted of 198 individuals from the Aché (50), Guarani (50), Caingang (50), and Ayoreo (48) populations. 

Laboratory analyses

The samples were collected with anticoagulant, refrigerated shortly afterwards, and transported in this condition to Porto Alegre (Aché, Ayoreo, Caingang) or Curitiba (Guarani) where DNA was isolated using standard procedures.

A total of 15 STR loci (all repetitions of a 4-base-pair motif), D2S1338, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D19S433, D21S11, FGA, vWA, CSF1PO, TPOX and TH01 were determined using the AmpFlSTR( IdentifilerTM amplification kit ( Applied Biosystems, Foster City, CA). Amplifications were performed following the instructions provided in the kit user manual, with the recommended DNA amount (1.0-2.0 ng). Electrophoresis of the amplified fragments was performed in a 310 ABI PRISMTM Genetic Analyzer (Applied Biosystems, Foster City, CA), according to the manufacturer’s recommended protocol. The GeneScanTM v3.2.1 analysis software was used to track lanes and measure fragment sizes, while the GenotyperTM v2.5.2 software was employed to automatically designate alleles by comparison with locus specific allelic ladders.

Statistical analyses

Allele frequencies were obtained directly by gene counting. Hardy-Weinberg equilibrium and heterogeneity among populations were tested by the Guo and Thompson (1992) exact test using the GENEPOP v3.1d software (Raymond and Rousset, 1995). Average variances and their standard errors across loci were estimated using the MICROSAT program (Minch, 2001). Mean heterozygosities and their standard errors were calculated as described in Nei (1987), using the DISPAN software (Ota, 1993).  Since these estimates do not follow a normal distribution, they were compared across populations with the Kruskal-Wallis test.  Dunn’s method (Zar, 1999) was used to test for statististical significant differences among populations. To test for population subdivision AMOVA (Weir and Cockerham, 1984; Excoffier et al., 1992; Weir, 1996) was performed using language and geography as subdivision criteria. These analyses were developed with the Arlequin software v2001 (Schneider et al., 2001).

Genetic distances among populations were estimated with the ((()2 distance (Goldstein et al., 1995), that is independent of population size and incorporates the stepwise mutation model. The neighbor-joining method (Saitou and Nei, 1987) was used to construct the trees based on the genetic distance matrices with the POPTREE program (Takezaki, 2001). The corresponding dendrograms were visualized with the TREEVIEW v1.5.2 program (Page, 1996).

Results and Discussion

Number of alleles, mean variance and heterozygosity

Allele frequency distributions for the fifteen STR loci found in the four populations investigated are shown in Table 2. The most common allele frequencies ranged from 0.89 (D18S51, allele 14, Aché) to 0.20 (D19S433, allele 13, Caingang). The most frequent allele was the same in the four populations for only two systems: D3S1358 (*15) and D18S51 (*14). The 60 tests for departure from Hardy-Weinberg equilibrium showed that 7 were statistically significant at the 0.05 significance level. However, after Bonferroni’s correction for multiple tests, only one case remained significant for heterozygote deficiency (D16S539 locus in the Guarani). This deficiency could be due to the presence of null alleles private to this group, but the small sample sizes involved in the comparisons, and eventual deviations from random mating that may occur in these relatively small populations, could also account for this finding.

The mean number of alleles per locus is considered to be a reasonable indicator of genetic variation within a population, given the assumption of mutation-drift equilibrium and similar sample sizes among populations (Nei, 1987). A total of 119 different alleles were detected in the four populations (Table 3), with a range of 11 (D2S1338 and FGA) to five alleles per locus (THO1 ). The mean number of alleles per locus varied from 7.3 ± 1.8 in the Caingang to 4.1 ( 1.3 in the Aché. Probably some of the alleles observed in the Caingang are not of Amerindian origin. This population has the highest degree of genetic admixture with non-Indians among those investigated herein (4.5-6.6%; Salzano et al., 1997; Callegari-Jacques and Salzano, 1999). Overall the mean number of alleles per locus detected in these four Amerindian groups (7.9 ( 2.0) was very similar to that described for five other South American native populations using 13 of the 15 STRPs included in the present study (7.0 ( 2.9; Hutz et al., 2002).

The number of alleles restricted to one population only among those investigated (Table 3) varied from 14 (Caingang) to two (Aché and Ayoreo). The variation in number of restricted alleles, however decreased to 8 (Caingang) and 1 (Aché, Guarani and Ayoreo) when the comparison was extended to the five Brazilian Indian populations previously investigated (Hutz et al., 2002) Most of these alleles were seen in frequencies lower than 4% in the population in which they occurred. In other ethnic groups they were also detected in low frequencies (http://www.uni-duesseldorf.de/WWW/MedFak/Serology/database.html; Destro-Bisol et al., 2000). An exception is TPOX*9. This allele, identified in 4% of the Caingang chromosomes, has a prevalence of 24% in Africans (Destro-Bisol et al., 2000), and of 1% in a urban neo-Brazilian sample (Grattapaglia et al., 2001).

The mean heterozygosity (Table 3) ranged between 0.77 ( 0.02 (Caingang) and 0.58 ( 0.04 (Aché). Overall heterozygosities varied significantly among groups (Kruskal-Wallis test, p<0.001). After pairwise comparisons (Dunn test), two subgroups could be discerned: Caingang (higher values),  and Ayoreo plus Aché (lower heterozygosities). Guarani’s heterozygosity did not differ significantly from both groups.

Table 4 shows the average heterozygosity and mean allele length variance values considering the 13 STRPs for which data were available for the five previously investigated Amerindian populations (Hutz et al., 2002). Mean heterozygosities were significantly different when the nine populations were considered (Kruskal-Wallis test, p=0.002). Suruí, Ayoreo and Aché have the lowest heterozygosity levels, what is expected considering their isolation and ethnohistory (Salzano et al., 1978; Battilana et al., 2002; Hutz et al., 2002). The mean allele length variance ranged from 3.19 (Gavião) to 1.91 (Ayoreo), but these differences were non-significant. 

Genetic affinities among nine South Amerindian populations 

Figure 2 presents the neighbor-joining tree obtained when the four populations studied here were compared with the five other uniformly studied for the same 13 microsatellite loci. In general these tribes are primarily distributed according to their geographic location. The Aché associated first with the Ayoreo and then with the Caingang. These populations live in Paraguay and in south Brazil (Figure 1). This more southerly cluster joined the groups from central Brazil (Xavante and Guarani) and then the Amazonian tribes (Wai Wai, Gavião,  Zoró, and Suruí,). 

The Gavião, Zoró and Suruí, besides living in close geographic proximity (Fig. 1) have a common language, and share many cultural traits (Bevilaqua et al., 1995; Hutz et al., 1997, 1999, 2002; Salzano et al., 1998); the Xavante and Caingang, who speak languages from the same linguistic group, were also close to each other suggesting that similarity in language may have also contributed to the genetic relatedness of these populations. These findings were further explored by a gene diversity analysis (Table 5). The importance of geography for gene differentiation was further corroborated by the AMOVA tests (p=0.022), while no heterogeneity between the two language groups established was disclosed by this analysis (p=0.312)

Overall, genetic distances and the corresponding neighbor-joining tree, as well as the gene diversity analyses, suggest that geography influences the genetic relationships observed among these groups. Rosser et al. (2000) and Zerjal et al. (2001) analyzed Y chromosome haplogroups in European populations and suggested that these populations are related primarily by geography, indicating however that linguistic differences have also been important for their genetic differentiation. Sanchez-Mazas (2001) observed that in relation to two HLA class II loci, DRB1 and DPB1 genetic distances were significantly correlated with geography between continents, while genetic diversity within Africa was mostly explained by linguistic differences. As pointed out by Barbujani (1997, 2000) weak geographic barriers and weak linguistic barriers may together form strong barriers to gene flow.
The Gm haplotype distribution in Native Americans reveal clear and clinal differences between North, Central, and South American Indian populations (Callegari-Jacques et al. 1993). Salzano et al. (1991), Callegari-Jacques et al. (1994) and Hutz et al. (2000) suggested, based on protein and DNA markers, that the Amazon river could constitute a barrier to north-south gene flow. Eight of the nine tribes included in the present study are situated south of the Amazon river, but the Plata-Paraná-Paraguay hydrographic system in the south could also have been a geographic barrier to gene flow. At the tribal level, groups exchange genes with their neighbors in varying degrees, and diversification may occur more rapidly in one region than in another due to the fission-fusion processes which occur within a tribe (Salzano and Callegari-Jacques, 1988).

How the data obtained in the present investigation can help to elucidate the Aché classification? The STRP markers add evidence to support the hypothesis that the Aché population may have descended from a Gê group that preceded the Guarani colonization of Paraguay, since they show a closer relationship with the Caingang and Xavante, Gê speaking populations, than with the Tupi groups considered in this analysis. These results are more similar to those obtained by Gaspar et al. (2002) than to those described by Battilana et al. (2002) and Tsuneto et al. (2002) mentioned in the Introduction. Nevertheless, the long branch observed in Figure 2 shows their marked distinctiveness from the other Native South American populations, as have been consistently shown in previous studies (Battilana et al, 2002; Gaspar et al, 2002; Tsuneto et al, 2002).
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TABLE 1. Characteristics of the four populations investigated
	
	Populations

	Characteristics
	Aché
	Ayoreo
	Caingang 
	Guarani

	Localities
	Arroyo Bandera

Chupa-pou
	Maria Auxiliadora

Pozo Verde

Tobité
	Nonoai
	Amambai

Limão Verde

Porto Lindo

	Geographic location
	55(W, 23(S

56(W, 24(S
	58(W,16(S 

63(W, 22(S
	52(W, 27(S
	55(W, 23(S

55(W, 23(S

54(W, 23(S

	Country
	South Paraguay
	South Bolivia and North Paraguay
	South Brazil
	Central Brazil

	Linguistic group1
	Tupi
	Zamuco
	Gê
	Tupi

	Non-Indian influence
	Minimal
	Minimal
	Extensive
	Extensive


1 According to Greenberg (1987).

TABLE 2. Allele frequency distributions for the 15 STRPs systems in four South Amerindian populations
	Systems and alleles
	Populations

	
	Aché      (2n=100)
	Ayoreo    (2n=96)
	Caingang (2n=100)
	Guarani (2n=100)

	
	
	
	
	

	CSF1PO
	
	
	
	

	*9
	0.000
	0.000
	0.020
	0.000

	*10
	0.020
	0.281
	0.220
	0.190

	*11
	0.080
	0.188
	0.330
	0.390

	*12
	0.710
	0.188
	0.390
	0.400

	*13
	0.190
	0.333
	0.040
	0.020

	*14
	0.000
	0.010
	0.000
	0.000

	
	
	
	
	

	D2S1338
	
	
	
	

	*16
	0.000
	0.000
	0.000
	0.010

	*17
	0.080
	0.000
	0.260
	0.200

	*18
	0.740
	0.083
	0.050
	0.070

	*19
	0.000
	0.302
	0.170
	0.100

	*20
	0.000
	0.000
	0.040
	0.140

	*21
	0.000
	0.000
	0.060
	0.010

	*22
	0.000
	0.292
	0.080
	0.190

	*23
	0.180
	0.323
	0.230
	0.230

	*24
	0.000
	0.000
	0.040
	0.020

	*25
	0.000
	0.000
	0.050
	0.030

	*26
	0.000
	0.000
	0.020
	0.000

	
	
	
	
	

	D3S1358
	
	
	
	

	*14
	0.000
	0.000
	0.020
	0.040

	*15
	0.560
	0.542
	0.370
	0.470

	*16
	0.000
	0.177
	0.340
	0.310

	*17
	0.440
	0.073
	0.190
	0.140

	*18
	0.000
	0.208
	0.060
	0.030

	*19
	0.000
	0.000
	0.020
	0.010

	
	
	
	
	

	D5S818
	
	
	
	

	*7
	0.000
	0.052
	0.130
	0.320

	*9
	0.010
	0.000
	0.050
	0.070

	*10
	0.000
	0.000
	0.020
	0.020

	*11
	0.670
	0.239
	0.390
	0.560

	*12
	0.320
	0.667
	0.290
	0.020

	*13
	0.000
	0.042
	0.080
	0.010

	*14
	0.000
	0.000
	0.040
	0.000


TABLE 2. (cont.)

	Systems and alleles
	Populations

	
	Aché       (2n=100)
	Ayoreo    (2n=96)
	Caingang (2n=100)
	Guarani (2n=100)

	
	
	
	
	

	D7S820
	
	
	
	

	*7
	0.000
	0.000
	0.010
	0.000

	*8
	0.010
	0.000
	0.200
	0.040

	*9
	0.000
	0.010
	0.050
	0.000

	*10
	0.010
	0.177
	0.360
	0.140

	*11
	0.410
	0.563
	0.170
	0.470

	*12
	0.570
	0.240
	0.200
	0.310

	*13
	0.000
	0.010
	0.010
	0.040

	
	
	
	
	

	D8S1179
	
	
	
	

	*8
	0.000
	0.000
	0.010
	0.000

	*9
	0.010
	0.000
	0.000
	0.000

	*10
	0.440
	0.063
	0.060
	0.090

	*11
	0.000
	0.010
	0.040
	0.000

	*12
	0.290
	0.469
	0.130
	0.080

	*13
	0.250
	0.219
	0.300
	0.120

	*14
	0.010
	0.177
	0.230
	0.490

	*15
	0.000
	0.010
	0.180
	0.210

	*16
	0.000
	0.052
	0.030
	0.010

	*17
	0.000
	0.000
	0.020
	0.000

	
	
	
	
	

	D13S317
	
	
	
	

	*7
	0.000
	0.000
	0.000
	0.050

	*8
	0.000
	0.000
	0.020
	0.010

	*9
	0.210
	0.761
	0.250
	0.260

	*10
	0.000
	0.000
	0.010
	0.010

	*11
	0.340
	0.010
	0.200
	0.320

	*12
	0.230
	0.010
	0.380
	0.170

	*13
	0.220
	0.209
	0.130
	0.130

	*14
	0.000
	0.010
	0.010
	0.050

	
	
	
	
	

	D16S539
	
	
	
	

	*9
	0.490
	0.187
	0.320
	0.510

	*10
	0.000
	0.240
	0.100
	0.020

	*11
	0.000
	0.552
	0.310
	0.190

	*12
	0.200
	0.021
	0.210
	0.230

	*13
	0.300
	0.000
	0.060
	0.050

	*14
	0.010
	0.000
	0.000
	0.000


TABLE 2. (cont.)

	Systems and alleles
	Populations

	
	Aché       (2n=100)
	Ayoreo    (2n=96)
	Caingang (2n=100)
	Guarani (2n=100)

	
	
	
	
	

	D18S51
	
	
	
	

	*12
	0.040
	0.031
	0.040
	0.200

	*13
	0.000
	0.094
	0.200
	0.100

	*14
	0.890
	0.344
	0.240
	0.320

	*15
	0.060
	0.000
	0.140
	0.150

	*16
	0.000
	0.094
	0.140
	0.030

	*17
	0.000
	0.281
	0.110
	0.160

	*18
	0.010
	0.135
	0.040
	0.040

	*19
	0.000
	0.021
	0.030
	0.000

	*21
	0.000
	0.000
	0.050
	0.000

	*23
	0.000
	0.000
	0.010
	0.000

	
	
	
	
	

	D19S433
	
	
	
	

	*12
	0.050
	0.000
	0.060
	0.010

	*12.2
	0.270
	0.000
	0.120
	0.030

	*13
	0.180
	0.031
	0.200
	0.300

	*13.2
	0.010
	0.031
	0.160
	0.120

	*14
	0.000
	0.198
	0.170
	0.230

	*14.2
	0.030
	0.010
	0.010
	0.010

	*15
	0.230
	0.386
	0.150
	0.120

	*15.2
	0.230
	0.271
	0.090
	0.120

	*16
	0.000
	0.063
	0.040
	0.050

	*16.2
	0.000
	0.010
	0.000
	0.010

	
	
	
	
	

	D21S11
	
	
	
	

	*28
	0.000
	0.000
	0.270
	0.000

	*29
	0.130
	0.000
	0.120
	0.080

	*30
	0.490
	0.438
	0.180
	0.400

	*30.2
	0.040
	0.000
	0.000
	0.000

	*31
	0.000
	0.010
	0.040
	0.020

	*31.2
	0.000
	0.469
	0.140
	0.090

	*32.2
	0.270
	0.083
	0.150
	0.200

	*33.2
	0.070
	0.000
	0.090
	0.210

	*37
	0.000
	0.000
	0.010
	0.000

	
	
	
	
	

	TH01
	
	
	
	

	*6
	0.420
	0.281
	0.190
	0.570

	*7
	0.190
	0.489
	0.500
	0.280

	*8
	0.000
	0.000
	0.080
	0.020

	*9
	0.000
	0.000
	0.050
	0.000

	*9.3
	0.390
	0.230
	0.180
	0.130


TABLE 2. (cont.)

	Systems and alleles
	Populations

	
	Aché      (2n=100)
	Ayoreo    (2n=96)
	Caingang (2n=100)
	Guarani (2n=100)

	
	
	
	
	

	FGA
	
	
	
	

	*18
	0.000
	0.000
	0.000
	0.010

	*19
	0.120
	0.010
	0.060
	0.170

	*20
	0.000
	0.000
	0.080
	0.000

	*21
	0.000
	0.010
	0.110
	0.000

	*22
	0.050
	0.000
	0.140
	0.050

	*23
	0.320
	0.375
	0.140
	0.130

	*23.2
	0.000
	0.021
	0.000
	0.000

	*24
	0.030
	0.375
	0.260
	0.140

	*25
	0.430
	0.052
	0.160
	0.240

	*26
	0.050
	0.073
	0.020
	0.210

	*27
	0.000
	0.084
	0.030
	0.050

	
	
	
	
	

	TPOX
	
	
	
	

	*7
	0.000
	0.000
	0.010
	0.000

	*8
	0.450
	0.323
	0.480
	0.310

	*9
	0.000
	0.000
	0.040
	0.000

	*10
	0.000
	0.000
	0.050
	0.020

	*11
	0.270
	0.219
	0.240
	0.520

	*12
	0.280
	0.458
	0.180
	0.150

	
	
	
	
	

	vWA
	
	
	
	

	*14
	0.000
	0.000
	0.070
	0.010

	*15
	0.010
	0.021
	0.080
	0.000

	*16
	0.420
	0.281
	0.390
	0.290

	*17
	0.280
	0.687
	0.370
	0.340

	*18
	0.280
	0.010
	0.040
	0.270

	*19
	0.010
	0.000
	0.030
	0.080

	*20
	0.000
	0.000
	0.020
	0.010

	
	
	
	
	


TABLE 3. Total number of alleles, in parentheses number of those present in that population only, mean number of alleles, and mean heterozygosity for 15 STRPs in four South Amerindian populations
	
	Populations
	

	Locus
	Aché
	Ayoreo
	Caingang
	Guarani
	Total

	CSF1PO
	4 (0)
	5 (1)
	5 (1)
	4 (0)
	6

	D2S1338
	3 (0)
	4 (0)
	10 (1)
	10 (1)
	11

	D3S1358
	2 (0)
	4 (0)
	6 (0)
	6 (0)
	6

	D5S818
	3 (0)
	4 (0)
	7 (1)
	6 (0)
	7

	D7S820
	4 (0)
	5 (0)
	7 (1)
	5 (0)
	7

	D8S1179
	5(1)
	7 (0)
	9 (2)
	6 (0)
	10

	D13S317
	4 (0)
	5 (0)
	7 (0)
	8 (1)
	8

	D16S539
	4 (1)
	4 (0)
	5 (0)
	5 (0)
	6

	D18S51
	4 (0)
	7 (0)
	10 (2)
	7 (0)
	10

	D19S433
	7 (0)
	8 (0)
	9 (0)
	10 (0)
	10

	D21S11
	5 (0)
	4 (0)
	8 (2)
	6 (0)
	9

	FGA
	6 (0)
	8 (1)
	9 (1)
	8 (1)
	11

	TH01
	3 (0)
	3 (0)
	5 (1)
	4 (0)
	5

	TPOX
	3 (0)
	3 (0)
	6 (2)
	4 (0)
	6

	vWA
	5 (0)
	4 (0)
	7 (0)
	6 (0)
	7

	Mean number of alleles per locus
	4.1 ( 1.30
	5.0 ( 1.69
	7.3 ( 1.76
	6.3 ( 1.95
	7.9 ( 2.05

	Mean heterozygosity ( SE
	0.58 ( 0.04b
	0.63 ( 0.03b
	0.77 ( 0.02a
	0.71 ( 0.02ab
	0.74 ( 0.02


Tests for the statistical significance of the heterozygosities: Kruskal-Wallis (2=19.910; df=3; p<0.001; Dunn test for the differences among the populations: a and b indicate groups that do not differ significantly.

TABLE 4. Mean variance in repeat number and mean heterozygosity considering 13 STRPs in nine Amerindian populations
	Populations
	Variance in repeat number
	Heterozygosity

	
	Mean
	SE
	Mean
	SE

	Aché
	2.09
	0.50
	0.58a
	0.04

	Ayoreo
	1.91
	0.29
	0.61a
	0.03

	Caingang
	2.89
	0.54
	0.76
	0.02

	Guarani
	2.71
	0.61
	0.69
	0.02

	Gavião1
	3.19
	0.76
	0.73
	0.02

	Suruí1
	2.09
	0.39
	0.64a
	0.03

	Xavante1
	2.34
	0.53
	0.69
	0.03

	Zoró1
	2.74
	0.67
	0.68
	0.03

	Wai Wai1
	2.79
	0.60
	0.71
	0.03


1 variances were calculated from data of Hutz et al. (2002). D2S1338 and D19S433 were not included.

Tests for the statistical significance of the differences: (1) Heterozygosity: Kruskal-Wallis (2=24.060; df=8; p=0.002; Dunn test: a indicate groups that not differed significantly. (2) Variance in repeat number: Kruskal-Wallis (2=3.754; df=8; p=0.879.
TABLE 5. Microsatellite diversity analysis using different subdivision criteria in South Amerindian populations
	Source of variation
	Variance
	% Total
	P
	(-Statistics

	I-Geographic criterion
	
	
	
	

	
	
	
	
	

	Among groups
	0.139
	2.89
	0.022
	0.029

	Among populations within groups
	0.469
	9.77
	(0.0001
	0.101

	Within populations
	4.192
	87.34
	(0.0001
	0.127

	II- Language criterion
	
	
	
	

	
	
	
	
	

	Among groups
	0.011
	0.22
	0.312
	0.002

	Among populations within groups
	0.278
	5.70
	(0.0001
	0.057

	Within populations
	4.592
	94.08
	(0.0001
	0.059


Geographic criterion: Group 1 (Paraguayan): Aché, Ayoreo; Group 2 (Amazonian): Gavião, Suruí, Zoró, Wai Wai.  Language criterion: Group 1 (Tupi linguistic group): Gavião, Suruí, Zoró, Guarani; Group 2 (Gê linguistic group): Caingang, Xavante.

FIGURE LEGENDS

Fig. 1. Geographic location of the four populations investigated, and of five other Brazilian Indian groups previously studied.

Fig. 2. Neighbor-joining trees based on ((()2 distance for 13 STRPs in nine South Amerindian populations. Superscript numbers refer to language groups: 1: Tupi ; 2: Zamuco; 3: Gê; 4: Carib.
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