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Abstract
The genetic variability of a Quechua-speaking Andean
population from Peru was examined on the basis of four
Y chromosome markers and restriction sites that define
the Amerindian mitochondrial DNA (mtDNA) haplo-
groups. Forty-nine out of 52 (90.4%) individuals had
mtDNA which belonged to one of the four common
Amerindian haplogroups, with 54% of the samples be-
longing to haplogroup B. Among 25 males, 12 had an
Amerindian Y chromosome, which exists as four haplo-
types defined on the basis of the DYS287, DYS199,
DYS392 and DYS19 markers, three of which are shared
by Amazonian Amerindians. Thus, there is a clear direc-
tionality of marriages, with an estimated genetic admix-
ture with non-Amerindians that is 9 times lower for
mtDNA than for Y chromosome DNA. The comparison of
mtDNA of Andean Amerindians with that of people from
other regions of South America in a total of 1,086 individ-
uals demonstrates a geographical pattern, with a de-
creasing frequency of A and C haplotypes and increasing
frequency of the D haplotype from the north of the Ama-
zon River to the south of the Amazon River, reaching the
lowest and the highest frequencies, respectively, in the

more southern populations of Chile and Argentina. Con-
versely, the highest and lowest frequencies of the haplo-
group B are found, respectively, in the Andean and the
North Amazon regions, and it is absent from some south-
ern populations, suggesting that haplotypes A, C and D,
and haplotype B may have been dispersed by two differ-
ent migratory routes within the continent.

Copyright © 2000 S. Karger AG, Basel

Introduction

The autochthonous Andean populations are divided
into two linguistic groups, Quechua and Aymara speak-
ers. The Quechua are the main Andean population and is
located in Peru, Bolivia and Ecuador. After the conquest
of the Inca Empire by the Spanish in 1532, several other
ethnic groups, especially of European and African origin,
arrived in the region, and a variable degree of admixture
occurred with the original Quechua inhabitants. The
genetic heterogeneity of this population has been ana-
lyzed by classic protein markers, such as blood groups,
serum proteins and erythrocyte enzymes. On the basis of
the frequency of 10 loci, the Caucasian and African
admixtures in the Quechua population have been esti-
mated at 25 and 19%, respectively. Considering the fre-
quency of the Rh alleles, an average admixture of 38% for
the Quechua has been estimated [1], whereas for the Peru-
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vian population, the degree of genetic admixture has been
calculated at 15% by the analysis of three loci [2].

Studies of mitochondrial DNA (mtDNA) variation
between the Amerindians from North, Central and South
America show that most of the mtDNA lineages belong to
one of the four founding Amerindian haplogroups [3–9],
and the distribution of the haplogroups follows a geograp-
hic variation pattern [10]. Additional Amerindian haplo-
types have been proposed, some of which were found in
Asian populations. The presence or absence of the HaeIII
16517 site subdivides the Amerindian haplogroups into
eight subtypes (A1, A2, B1, B2, C1, C2, D1, D2) [7, 11,
12]. Two haplotypes are defined by the lack of the mark-
ers identifying the four haplogroups A, B, C and D, the
presence of the restriction sites DdeI 10394 and AluI at
10397, and the absence or the presence, respectively, of
HaeIII at 16517 [13, 14]. However, there is still discor-
dance concerning the acceptance and interpretation of
these haplotype variations [15–18]. Reanalysis of se-
quence and restriction fragment length polymorphism
(RFLP) data led Forster et al. [16] to propose another
Amerindian founding haplogroup that is defined by lack
of the DdeI site at nucleotide (nt) 1715. Similar joint anal-
ysis by Santos et al. [9] demonstrated that there is a high
degree of haplotypic diversity within the different Amer-
indian haplogroups [19, 20].

In contrast to mtDNA studies, a limited number of
native American populations have been studied with
regard to the genetic diversity of the Y chromosome. The
comparison of Y-specific DNA markers in several popu-
lations has suggested a reduced genetic variability of the Y
chromosome in Amerindian populations, and that most
Amerindian Y chromosomes probably derive from a sin-
gle or two paternal lineages [12, 21–28]. With regard to
Y-specific polymorphic markers, the most frequent alleles
are the 186-bp allele at locus DYS19 [29], the 254-bp
allele at locus DYS392, the 211-bp allele at locus
DYS390, the 124-bp allele at locus DYS393, the T allele
of the C→T mutation at locus DYS199 [30], and ·II of
the alphoid system [22].

A concomitant study of Y chromosome and mtDNA
variations is suitable for examining genetic background,
population structure in terms of the maternal and pater-
nal DNA components, directionality of marriage patterns
and gene flow. This approach has been employed by dif-
ferent authors: in native Mexican populations [8], in the
Sinai Peninsula [31], in the Ojibwa [30], in Hispanic and
Anglo groups in the San Luis Valley in the USA [32], in
Uruguayans [33], and in Ethiopians [34].

With the purpose of better understanding the genetic
diversity of the Andean Amerindian population in rela-
tion to genes of male and female origins, we analyzed the
mtDNA (by RFLP) and Y-chromosome-specific markers
of a sample of Peruvian individuals of Quechua origin.
Our results show that the frequency of the mitochondrial
haplogroups A–D in Peruvians is more similar to the
Andean Amerindians than to the Amazon Amerindians,
and the geographic distribution of A–D haplogroups may
be interpreted as the consequence of at least two migrato-
ry routes within the continent. The Y chromosome haplo-
types were similar to those observed in the Amazon
region, although there was one haplotype that was found
only among Peruvians. In addition, there is a clear direc-
tionality of marriage that governs the gene flow between
Amerindian and other populations.

Materials and Methods

This study included 52 Peruvians who live in the towns of Pasco
(28 individuals) and Lima (24 individuals). All individuals studied
were unrelated and apparently of nonmixed origin. Only those indi-
viduals who had at least one Quechua surname were included in the
analysis. Additional information about the family background and
place of birth was obtained by interviewing each participant.

DNA was obtained from whole blood by phenol-chloroform
extraction and ethanol precipitation. The mtDNA was examined for
the RFLPs at three sites and for the region V 9-bp deletion (8272–
8289) that identify the four Amerindian haplogroups: haplotype A
mtDNA is defined by the gain of a HaeIII restriction site at nt posi-
tion 663; haplotype B mtDNA by the presence of the 9-bp deletion;
haplotype C mtDNA by the absence of a HincII 13259 site, and
haplotype D mtDNA by the absence of an AluI 5176 site. Two addi-
tional restriction sites were studied: AluI at nt 10397, and DdeI at
nt 10394. A positive HpaI site at nt 3592 was used to identify a
mtDNA lineage of African origin. The methods have been previously
reported. Briefly, the segment for each site was amplified by PCR,
digested with the appropriate restriction enzyme and analyzed by
electrophoresis on polyacrylamide gel. To identify the 9-bp deletion,
the amplified segment was directly analyzed by electrophoresis.

The 25 males were studied for four polymorphic Y-chromosome-
specific loci: an Alu insertion (YAP) at DYS287, a point mutation of
DYS199, and tetranucleotide and trinucleotide repeat loci DYS19
and DYS392. The primer sequences and PCR conditions have been
published elsewhere [25, 35, 36].

For the comparison of mtDNA data, the Amerindian tribes were
divided into four groups, on the basis of their geographical location:
(1) Amazon tribes at the north of the Amazon River (North Ama-
zon); (2) Amazon tribes at the south of the Amazon River (South
Amazon); (3) tribes of the Andean Region (Andes), and (4) tribes in
the southern regions of South America (Southern). The distribution
of four Amerindian haplogroups among the four geographic regions
was tested for homogeneity by the ¯2 test. The proportion of genetic
variance attributable to geographic subdivision (structure) was esti-
mated using the GST statistics [37, 38]. The relative contribution of
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Table 1. Frequency and diversity of
mtDNA haplogroups in Quechua speakers
from the Peruvian Andes (present study)
and other populations

Population Frequency of Amerindian haplogroup, %

n A B C D ¯2 others

hA/B

52 3.9 53.8 17.3 19.2 – 5.8 0.651/0.609
Quechuaa 19 26.3 36.8 5.3 31.6 – – 0.731
Aymaraa 172 6.4 67.4 12.2 14.0 – – 0.510
Mexicansb 60 65.0 21.7 13.3 – – – 0.521
Yanomamia 83 – 6.0 72.4 9.6 12.0 – 0.455/0.312

hA/B = Diversity considering all haplogroups (A) and only A–D haplogroups (B). ̄ 2 = 4.58;
p ! 0.20, considering haplogroups A–D for Quechua and Aymara populations.
a Data obtained from previous reports [10, 13, 14].
b The Mexican samples included 11 Mixtec, 6 Zapotec and 14 Mixed Mexican natives [8].

Table 2. Frequencies (%) of four Amerindian haplogroups in four regions of South America

Population n A A1 A2 B B1 B2 C C1 C2 D D1 D2 Other2 hA/B

415 17.1 7.2 9.5 19.5 14.3 0.3 39.3 19.7 23.8 18.5 7.5 12.9 6.3 0.743/0.715
North Amazon 262 19.9 8.2 9.5 9.5 13.8 0.4 47.7 22.4 24.1 18.3 5.2 11.6 4.6 0.691/0.662
South Amazon 153 12.4 3.2 9.2 36.6 16.1 0.0 24.8 9.7 22.6 18.9 16.1 17.7 7.2 0.753/0.718

Andean 244 7.0 0.7 3.7 62.3 56.9 7.3 13.1 3.6 8.0 16.0 4.4 12.4 1.6 0.566/0.552
Southern 427 4.7 1.7 2.6 25.1 19.4 4.7 26.0 3.0 20.7 42.1 8.2 39.6 2.1 0.691/0.678

Total 1,086 9.9 3.9 5.9 31.3 24.8 3.2 28.2 10.6 19.5 27.3 7.1 22.2 3.3 0.738/0.721

hA/B = Diversity considering all haplogroups (A) and only A–D haplogroups (B). Sources: previous reports [4–10, 13, 48, 49, 67, 76] and
present study. 121 Amazon, 107 Andean and 195 Southern natives were not examined for the presence or absence of the HaeIII 16517 site.

¯2 = 222.6; p ! 0.0001, considering only haplogroups A, B, C and D for Amazon, Andean and Southern regions.
1 North Amazon: 11 tribes; South Amazon: 9 tribes; Andean: Aymara and Quechua; Southern: 10 (4 ancient) native groups.
2 Forty-one haplotypes include both additional Amerindian haplotypes and haplotypes shared by non-Amerindian populations.

each region to the total genetic differentiation (GST) was examined by
removing from the analysis the subpopulation of one region each
time and reestimating the GST values. The index of gene diversity
was computed using the DISPAN program. Haplotype diversity (h)
was calculated according to Nei [38].

Indirect methods have been developed for estimating the average
level of gene flow among equilibrium and nonequilibrium popula-
tions with different geographic locations, from both DNA RFLP and
sequence data and classic protein markers [39–44]. The gene flow as
measured by the product Nm can be estimated from FST (GST) values
on the basis of the island model of population structure [43, 45, 46],
where N is the number of individuals in each subpopulation and m is
the migration rate among subpopulations in each generation. An esti-
mate of Nm can be obtained by the formula: Nm = [(ds – 1) /2ds]
[1/GST – 1], where ds is the number of subpopulations sampled [43].

Genetic distances between the populations of the four regions
were estimated from the frequencies of the four mtDNA haplogroups
using the method of Reynolds et al. [47] (FST), and a phylogenetic tree
was constructed with the UPGMA algorithm. Each restriction site
was considered as one locus with two alleles. For comparative pur-

poses, eleven Amerindian tribes of Central America were included in
this analysis [5, 8, 48–50]. The reliability of the clusters obtained by
UPGMA was tested by bootstrap with 1,000 replications, computing
a majority-rule consensus tree. All analyses were carried out using the
Phylip package [51].

Results

Mitochondrial DNA
Tables 1 and 2 compare the frequencies of the four

mtDNA haplogroups A–D in Peruvians with other rele-
vant native American populations, in a total of 1,086
individuals. All four Amerindian haplogroups were found
in the Peruvians, and the frequencies of these haplotypes
are similar to those of the Quechua and Aymara Andean
populations. The haplogroups A and B display the lowest
and highest frequencies, with 4 and 50%, respectively.
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Table 3. Comparison of the frequencies of
positivity for DdeI at 10394 and AluI at
10397 in haplotypes of the haplogroup B
from relevant populations

Haplotype types Population N Haplogroup B

n –/– +/–

Reference

52 30 28 2 present study
AM118 Zapotec 15 5 4 1 8
17.25; 8.12 Mongolian 103 10 7 3 50
AS36,55 Vietnam 28 5 3 2 6, 53
AS60 Taiwan 20 8 7 1 6, 53
AS100 Korean 13 2 1 1 6, 53
1Tharus b Tharus 107 8 0 5 77

Total 338 68 50 15

N = Total number of individuals studied; n = number of haplotypes belonging to haplog-
roup B.

Table 4. Frequency of six Y chromosome lineages defined on the
basis of four polymorphic markers in Peruvians

YAP DYS199 DYS392 DYS19 Frequency, %

– T 257 1861 20
– T 254 1861 20
– T 254 1902 4
– C 254 1861 4
– C 245 190 8
– C 245 194 8
– C 245 198 4
– C 251 190 20
– C 251 194 8
+ C 245 190 4

1 Haplotypes shared with Amazon tribes.
2 Haplotypes found only in Peruvians. Other haplotypes were
shared with nonnative populations.

With regard to the presence or absence of HaeIII at nt
16517, each haplogroup can be classified into subtypes 1
and 2 [7]. This polymorphic site has been found in all
Amerindian haplogroups of South America [9, 13, 14].
The frequencies obtained were 1.9% for A1 and A2; 42
and 8% for B1 and B2; 9.6 and 7.7% for C1 and C2, and
1.9 and 17.3% for D1 and D2 haplotypes.

Three out of 52 (5.8%) samples analyzed did not have
all the specific Amerindian mtDNA restriction sites and
were classified as non-Amerindian haplogroups. These
other haplotypes are probably the product of admixture.
One mtDNA that had the HpaI site at nt 3592 was proba-
bly of African origin, since this marker identifies the
major African haplogroup, L. [52]. Another haplotype

defined by HincII at nt 13259, AluI at nt 5176, HaeIII at
nt 16517, DdeI at nt 10394, the loss of HaeIII at nt 663
and AluI at nt 10397, and the lack of the 9-bp deletion,
was found in two Peruvian mtDNA. The same haplotype
has been observed in Anglo (12.6%) and Hispanic (1.1%)
populations by Merriwether et al. [32], and corresponds to
haplotype X4.

Two mtDNA haplotypes, one with and the other with-
out the HaeIII site at nt 16517, displayed the 9-bp dele-
tion, but possessed a DdeI restriction site at nt 10394 and
lacked AluI at nt 10397. The Amerindian haplogroup B
has always been associated with the loss of the DdeI 10394
and AluI 10397 sites.

The distribution of the haplotype with the 9-bp dele-
tion associated with the DdeI site at 10394 and absence of
an AluI site at 10397 in Asian and Amerindian popula-
tions indicates that this haplotype is of Asian origin and
represents a founder haplotype for the native populations
of America (table 3), with low frequency both in Asia and
America (4.4%), and represents 22% of the haplogroup B
(36.4% of haplogroup B in Asians and 8.6% in America).
Five Asians and 2 Amerindians from Central and South
America presented this haplotype. The phylogenetic tree
shows that this haplotype forms an independent cluster
within the lineage B [5, 8, 50, 53]. This haplotype was not
found among the Amazon Amerindians.

Y Chromosome
Twenty-five Peruvian males were examined for four

Y-chromosome-specific polymorphic markers (table 4).
The insertion of the Alu element at locus DYS287 (YAP)
was found in 1 Y chromosome. The allele C of DYS199
was observed in 14 subjects (56%). The four alleles of
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Table 5. GST statistics by haplogroup and
South America region Condition HT HS GST G)ST Dif1

A 0.204 0.196 0.038 5.0
B 0.452 0.376 0.170 21.0
C 0.413 0.378 0.084 10.9
D 0.372 0.349 0.061 8.0
All loci 0.360 0.325 0.099 12.7

Region
North and South Amazon, Andean 0.357 0.320 0.103 14.8 –2.1
Andean, South Amazon, Southern 0.345 0.323 0.063 9.2 +3.5
Andean, North Amazon, Southern 0.360 0.314 0.128 18.1 –5.4
North and South Amazon, Southern 0.363 0.342 0.059 8.6 +4.1

G)ST = Dm/H)T.
1 Calculated as (12.7–G)ST).

DYS392 (245, 251, 254 and 257 bp) were found with sim-
ilar frequencies. For DYS19, the most frequent alleles
were the 186-bp (44%) and 190-bp (36%) alleles.

The simultaneous analysis of four loci (/YAP/
DYS199/DYS392/DYS19/) resulted in the identification
of ten haplotypes, three of them with the T allele of
DYS199 (11 chromosomes). Six of the seven haplotypes
with the C allele of DYS199 were considered of nonnative
origin, since these haplotypes were shared by Brazilian
Blacks, Whites, Japanese and Africans: /+/C/245/, /–/C/
245/ and /–/C/251/ lineages (13 chromosomes). The /–/C/
254/ (4%), /–/T/254/ (24%) and /–/T/257/ (20%) lineages
were observed in Amerindian populations (12 chromo-
somes). One haplotype (/–/T/254/190/) was found only in
Peruvians (4%) and three others were shared with other
native Amazon groups.

Admixture
Genetic admixture was estimated as the proportion of

the population with non-Amerindian Y chromosomes or
mtDNA haplotypes. For mtDNA, haplotypes that did not
show all specific markers of the Amerindian haplogroups
[5–7, 10] were considered to be non-Amerindian. The
genetic admixture calculated on the basis of mtDNA
haplotypes for the Peruvian population was 5.8%. The Y
haplotypes specific for Amerindians have been defined
elsewhere [28]. The genetic admixture of the same Peru-
vian population calculated on the basis of Y chromosome
markers varies between 52 and 56%, depending on
whether one considers as Amerindian only the 11 chro-
mosomes with a T allele at DYS199 (56% admixture), or
whether one includes as Amerindian the chromosome
with the /–/C/254/186/ haplotype (52%).

Genetic Diversity
The diversity of Y chromosomes in the Peruvian sam-

ple (0.871) is high, due to the European/African admix-
ture, and near to the value estimated previously for five
Amazon tribes (0.899) [28]. When the diversity is esti-
mated only for Y haplotypes which are specific for Amer-
indians, this value diminishes to 0.697. Comparison with
the Amazon tribes shows that three of four haplotypes are
shared with the Peruvian Andeans, indicating that there is
lower degree of Y-specific genetic differentiation among
the Andean than among the Amazon Amerindians. Simi-
lar results are obtained for mtDNA diversity (tables 1, 2).
The haplotypic diversity of the Peruvian sample (0.609)
and the Andean natives (0.552) is lower than for the Ama-
zon (0.715) and the Southern (0.678) populations.

Geographic Structure and Gene Flow
The analysis of mtDNA variation in South America

showed that 13% of genetic differentiation can be attrib-
uted to the geographic locations of Amerindian popula-
tions and that 87% of the variation occurs within each
region. The B haplogroup is responsible for most of the
geographic diversity (table 5), followed by haplogroup C.
When we investigated the degree of contribution of each
region to the total interregional variation (G)ST = 12.7%),
we observed that the North Amazon and Andean regions
increase the differentiation level, while the South Amazon
and Southern regions diminish it (table 5). This result is
due to the high frequencies of haplogroups B and C in the
former regions; in contrast, the frequency of haplogroup B
in the South Amazon and Southern regions is half that of
the Andean (table 2).
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Fig. 1. A consensus tree calculated by the UPGMA algorithm from
FST distances based on the mtDNA haplogroups obtained by RFLP
analysis. The numbers indicate the percentage of times that the
branch recovered in 1,000 replications.

Table 6. Genetic diversity index and Nm values for each region
pair

Region pair HT HS GST Nm

North Amazon, South Amazon 0.316 0.343 0.051 4.7
North Amazon, Andean 0.357 0.302 0.153 1.4
Andean, Southern 0.335 0.306 0.086 2.6
Andean, South Amazon 0.326 0.316 0.031 7.8
South Amazon, Southern 0.357 0.347 0.027 8.9

Nm = [(ds–1)/2ds] [1/GST–1].

The degree of interpopulational differentiation (GST

F 10%) for the four South American regions is similar to
the values obtained by analyses of nuclear genes, variable
number of tandem repeats and RFLPs in Asian, Euro-
pean and American populations [29, 54, 55–57].

To test whether the low level of genetic differentiation
(GST = 9.2%) and the total diversity (HT = 0.345) for the
Andean, South Amazon and Southern regions, as com-
pared with the other regions (table 5), was caused by gene
flow, we analyzed the gene flow between each pair of
regions. The gene flow measured as Nm (using GST val-
ues) probably does not represent the real flow and is not

the best estimation of this demographic parameter [58],
but this measure permitted us to observe the overall
trend. Our analysis suggests that the gene flow between
the Andean and South Amazon and the South Amazon
and Southern groups (7.8 and 8.9) is higher than between
the other regions (1.4–4.7) (table 6). Also, it suggests that
geographic proximity is probably not the only factor that
facilitates the gene flow among Amerindian tribes; for
instance, the flow between the Andean and Southern
regions was 2.6.

Phylogenetic Analysis
Since genetic drift is the major factor of variation of

the A–D Amerindian haplogroup frequencies in native
Americans, and assuming that recurrent mutations did
not occur either in the ancestral (Paleo-Indians) or de-
rived populations (Amerindians), the FST distance seems
the most appropriate to represent the evolutionary rela-
tionship of the populations of the four geographic regions
(table 2). The UPGMA tree obtained shows that the
Andean population clusters in a different group in rela-
tion to the Amazon tribes, whereas the fact that the South-
ern and South Amazon Amerindians cluster into the same
group indicates a closer relationship between the South-
ern natives and some Amazon tribes (fig. 1), especially
those located at the south of the Amazon River. The sepa-
ration of Andean, South Amazon and Southern tribes is
less consistent (lower bootstrap values), probably due to
genetic flow between the tribes from those regions.

Discussion

The present study of the genetic diversity of the Peru-
vian population provides: (1) the first information about
Y chromosomes in the Quechua Amerindians; (2) addi-
tional data and diversity measurements on mtDNA
RFLPs of this population; (3) admixture estimates for
male and female non-Amerindians genes, and (4) a com-
parison of mtDNA data of the Amerindians from the
Andean and the Amazon regions of South America that
suggests an evolutionary relationship between these two
Amerindian groups.

The comparison of markers of maternal and paternal
origins permits us to distinguish the male and female con-
tributions to the genetic admixture of the population. In
native Amerindian populations, our results and data pre-
viously reported show that males are responsible for the
major part of the European admixture, through a direc-
tional mating of European males and Amerindian females
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Fig. 2. Distribution of mtDNA haplogroups
A, B, C and D in South American Amerin-
dians.

[8, 30, 32]. A comparison of admixture indicates that the
rate of nonindigenous genes of female origin in the Peru-
vian Quechua (5.8%) is times lower than that of nonindi-
genous genes of male origin (52%).

The average admixture calculated on the basis of our
mitochondrial and Y chromosome data (30%) is twice the
value obtained for Peruvians by Modiano et al. [2] with
classic protein markers (15%), and near the 25–38% val-
ues obtained elsewhere for the Quechua [1]. The African
admixture in Peruvians is lower; 1 of 5 males and 1 of 12
females.

This profound dissimilarity in terms of DNA inherited
exclusively from the father (Y DNA) or from the mother
(mtDNA) is not completely unexpected in view of the his-
tory of this population after the arrival of the Europeans.
The first Spanish who settled in the region were soldiers
and volunteer adventurers seeking wealth, rather than
farmers with families. The predominance of European
males in relation to females facilitated the male admix-
ture with the natives. Furthermore, the social attitude
during the first centuries of colonization encouraged or at
least tolerated mating between European men and indige-
nous women, but condemned the opposite.

A comparison of our data with the literature on
mtDNA RFLPs of native American populations of South

America shows that the distribution of the four Amerin-
dian haplogroups follows a defined variation pattern,
with a high prevalence of each haplogroup confined to a
specific geographic region (table 6, fig. 2), contrary to the
idea proposed by Rothhammer and Bianchi [59]. This
variation can be interpreted as a consequence of at least
two population movements of the first Amerindians who
entered the continent, followed by genetic drift for the
populations in each region, which increased the genetic
differences. The frequencies of the haplogroups A, C, and
D suggest a migratory route of one group from the North
Amazon region towards the South Amazon and the
Southern (Argentina and Chile) regions, with a secondary
flow to the Andes. The frequencies of the haplogroups A
and C diminish from the north to the south of the Ama-
zon River and to the Southern populations, while the
haplogroup D frequencies increase in the same direction
(north-south cline). The highest frequencies of the haplo-
groups C and D are found in the populations at the north
of the Amazon River and in Southern natives. Converse-
ly, the lowest and highest frequencies of haplogroup B
occur in the North Amazon (9%) and Andean (61.5%)
groups, respectively, suggesting a migratory route in a dif-
ferent direction to that of the haplogroups A, C, and D.
The dispersion of the haplogroup B within South America
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seems to have occurred from the Andean to the Amazon
and Southern regions, but this movement would have
occurred later, mainly after the expansion of the haplo-
groups C and D to the Southern region. This theory is
reinforced by the low frequency or lack of the 9-bp dele-
tion in some modern and ancient Southern groups, such
as Yagham and Tierra del Fuego aborigines [59–61], and
the finding of certain B haplotypes that are restricted to
the Andes and have not been found among Amazon
Amerindians (table 2). We must always consider that
some genetic flow does occur between these populations,
as we have demonstrated the occurrence of rare and com-
plex gene rearrangements in individuals of tribes be-
longing to different linguistic groups from distant geo-
graphic regions [62].

The Y chromosome and mtDNA variation patterns do
not permit a clear conclusion as to whether the Andean
Quechua and Aymara populations are derived from the
Amazon population [63, 64], or if they represent two inde-
pendently differentiated Amerindian populations, one lo-
cated in the Andes region and the other in the tropical
forest [65]. Previous studies, including multivariate anal-
yses comparing the gene frequency of several blood pro-
teins and the HLA system, and dermatoglyphic, cranio-
metrical and morphological features with linguistic and
geographic/climatic variables, have produced controver-
sial results [1, 57, 61, 63–72]. In contrast, our DNA mark-
er data demonstrate that there exist significant genetic
differences between the Amazon, the Andean and South-
ern natives for RFLP-mtDNA, whereas the differences in
the Y-specific markers between Andean and Amazon
natives are low, although the number of males studied is
still too small. The differences in mtDNA haplogroup fre-
quencies can be interpreted on the basis of two ancient
migratory routes: one along the Pacific coast (mainly
Amerindians with the B haplogroup), and the other with-
in the Amazon region (mainly Amerindians with the A
and C haplogroups). Although it is not necessarily so,
these migratory movements could, finally, be related to
two migration waves that could have entered America as
proposed in the literature [48, 72–75], and that may be
associated with two morphological patterns found in an-
cient and recent Amerindians [61]. The higher diversity
of the B haplogroup as compared to the A, C and D haplo-
groups [9] in South American Amerindians would thus be
explained by the accumulation of new haplotypes of the B
haplogroup during the expansion of the first Amerindians
in North, Central and South America.

Two additional alternatives must be considered. Se-
lective advantage has not been described for any mtDNA

haplogroup. By contrast, a rapid population expansion
might conceivably produce the observed picture of the
predominance of haplogroup B among the Andeans. The
territorial expansion of the Inca Empire into a subconti-
nental power was accompanied by the submission and
extinction of numerous small populations, probably fol-
lowed by the rapid population growth of the Incas. If
haplogroup B was the sole or predominant haplogroup in
the small initial Inca population, genetic drift would have
caused it to become the predominant haplogroup of the
most important and organized pre-Columbian population
of South America, which would also explain the present-
day data on haplogroup distribution in South America.

The present distribution of mtDNA and Y chromo-
some DNA, as well as other genetic nuclear markers, is
subject to the influence of both local selective (warfare
and famine) and stochastic (genetic drift and founder
effect ) forces [1, 59]. Further investigations of ancient
and contemporary Amerindian samples for Y chromo-
some, mtDNA and other nuclear markers may allow an
interpretation of the present genetic variability of Amer-
indians and identification of the major ancient migratory
routes during the expansion of Paleo-Indians in South
America.
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