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Genetic Structure of Seven Mexican Indigenous Populations
Based on Five Polymarker Loci
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ABSTRACT This descriptive study investigates the genetic structure of seven Mexican indi-
genous populations (Mixteca Alta, Mixteca Baja, Otomies, Purepecha, Nahuas-Guerrero, Nahuas-
Xochimilco, and Tzeltales) on the basis of five PCR-based polymorphic DNA loci: LDLR, GYPA,
HBGG, D7S8, and GC. Genetic distance and diversity analyses indicate that these Mexican
indigenous are similar and that more than 96% of the total gene diversity (Hr) can be attributed
to individual variation within populations. Mixteca-Alta, Mixteca-Baja, and Nahuas-Xochimilco
show indications of higher admixture with European-derived persons. The demonstration of
a relative genetic homogeneity of Mexican Indians for the markers studied suggests that this
population is suitable for studying disease-marker associations in the search for candidate genes

of complex diseases. Am. J. Hum. Biol. 15:23-28, 2003.

Mexican mestizos represent the largest
Spanish-speaking population in Mexico.
They were generated by an admixture of
Europeans and Africans with natives
(Serrano, 1995). Presently, the proportion
of Mexican indigenous populations in regard
to the total Mexican population (97,843,412)
is 10% and, considering language as selection
criteria, this proportion exhibits a diminish-
ing tendency (Census, 2000; Fernandez and
Serrano, 1996).

Genetic variability detected by variable
number of tandem repeat loci (VNTRs) has
been shown to be highly informative for gene
mapping, forensic identification of individ-
uals, determination of relatedness of indi-
viduals, and for evolutionary studies of
closely related populations or species.

Some Native American databases have
been established for the polymorphic loci
LDLR, GYPA, HBGG, D7S8, and GC, but
for Mexican Indians the information is
scarce. This descriptive study explores the
genetic structure of seven Mexican indigen-
ous populations (Fig. 1) on the basis of five
PCR-based polymorphic DNA loci.

MATERIALS AND METHODS
Sample preparation

Whole-blood samples were collected in
EDTA by venipuncture from 330 unrelated

© 2002 Wiley-Liss, Inc.

© 2002 Wiley-Liss, Inc.

Mexican Indians [567 Mixteca-Alta (MA),
34 Mixteca-Baja (MB), 50 Otomies (OT),
50 Purepecha (PU), 40 Nahuas-Guerrero
(NG), 46 Nahuas-Xochimilco (NX), and
53 Tzeltales (TZ)]. A detailed description of
the genetic structure (using blood groups
and protein loci), geographic location,
number of individuals, and language of
these seven populations and others were
published previously by Lisker (1981).
Genomic DNA was extracted by the standard
phenol-chloroform method (Sambrook et al.,
1989).

PCR amplification and typing

Amplification and typing for the systems
LDLR, GYPA, HBGG, D7S8, and GC were
carried out using the AmpliType PM PCR
Amplification and Typing Kit (Perkin
Elmer, Norwalk, CT) according to the manu-
facturer’s protocol. Amplification was car-
ried out in a Perkin-Elmer DNA thermal
cycler 9600.
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Statistical analysis

The statistical analysis was conducted in six
steps. First, allele frequencies were calculated
by the gene-counting method (Li, 1976).
Second, Hardy-Weinberg Equilibrium (HWE)
was tested by the likelihood ratio (Weir, 1990),
exact (Guo and Thompson, 1992), and y? for
total heterozygosity tests. The significance
level was 0.05. These calculations were car-
ried out using a permutation program
described by Chakraborty et al. (1991, 1993).
The Bonferroni correction (Weir, 1990) for
multiple comparisons was used. Third,
genetic distances were computed considering
Nei’s standard genetic distances (Nei, 1972),
and their standard errors (SE) calculated
as described in Nei and Roychoudhury
(1974). Significance of the genetic distances
was assessed by the 32 statistic (Nei and
Roychoudhury, 1974). For dendrogram con-
struction, we used Saitou and Nei’s (1987)
neighbor-joining method, in which the signifi-
cance of the branches was evaluated by
bootstrapping. Gene frequency data for
comparison were obtained from the compil-
ation of Scholl et al. (1995) for three Native
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Location of the seven Mexican indigenous populations.

American populations (Navajo, Pueblo, and
Sioux) and at http://www.uni-duesseldorf.de/
WWW/MedFak/Serology/polymarker.html for
Spain (pooled without Canary Isles), Afro-
Americans (pooled), and USA Hispanics
(pooled). Fourth, the extent of genetic vari-
ation within and between the populations
was assessed using the nested gene diversity
computer program (NEGST) developed by
Chakraborty et al. (1982). Fifth, computation
for nonrandom association of alleles among
different genetic loci was conducted according
to the methods of Brown et al. (1980) and
Chakraborty (1981, 1984). Finally, levels of
polymorphism and their utility through the
estimation of locus-specific heterozygosities
(Nei and Roychoudhury, 1974), power of exclu-
sion (for paternity testing, Ohno et al., 1982),
and power of discrimination (Jones, 1972)
were computed.

RESULTS AND DISCUSSION

Genotype and allele frequencies are shown
in Tables 1 and 2. With a few exceptions,
genotype frequency distributions do not
deviate from HWE.



TABLE 1. Observed genotype frequency distributions (%) for five DNA polymorphic loci
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MA MB oT PU NG NX TZ
Genotype n =57 n =234 n =50 n =50 n =40 n = 46 n =53
LDLR AA 45.61 41.18 28.00 70.00 32.50 34.78 37.74
AB 24.56 20.59 46.00 26.00 32.50 50.00 39.62
BB 29.82 38.24 26.00 4.00 35.00 15.22 22.64
GYPA AA 35.09 44.12 59.18 68.00 95.00 39.13 75.47
AB 49.12 29.41 30.61 30.00 2.50 45.65 24.53
BB 15.79 26.47 10.20 2.00 2.50 15.22 0.00
HBGG AA 15.79 23.53 14.00 8.00 7.50 4.35 11.32
AB 42.11 41.18 38.00 30.00 32.50 78.26 37.74
BB 35.09 20.59 46.00 58.00 60.00 17.39 50.94
AC 7.02 5.88 2.00 0.00 0.00 0.00 0.00
BC 0.00 2.94 0.00 4.00 0.00 0.00 0.00
cC 0.00 5.88 0.00 0.00 0.00 0.00 0.00
D758 AA 28.07 41.18 51.02 46.00 40.00 28.26 43.40
AB 49.12 44.12 28.57 36.00 42.50 58.70 45.28
BB 22.81 14.71 20.41 18.00 17.50 13.04 11.32
GC AA 3.51 11.76 2.04 0.00 0.00 2.17 3.77
AB 14.04 8.82 6.12 14.00 2.50 19.57 15.09
BB 21.05 8.82 6.12 8.00 10.00 4.35 13.21
AC 14.04 20.59 20.41 18.00 15.00 39.13 16.98
BC 29.82 29.41 34.69 36.00 50.00 21.74 28.30
CC 17.54 20.59 30.61 24.00 22.50 13.04 22.64

MA: Mixteca-Alta; MB: Mixteca-Baja; OT: Otomies; PU: Purepecha; NG: Nahuas-Guerrero; NX: Nahuas-Xochimilco; TZ: Tzeltales.

TABLE 2. Observed allele frequency distributions (%)

MA MB oT PU NG NX TZ
Allele n =57 n=234 n = 50 n =50 n = 40 n = 46 n =53
LDLR A 57.90 51.47 51.00 83.00 48.75 59.78 57.55
B 42.10 48.53 49.00 17.00 51.25 40.22 42.45
GYPA A 59.65 58.82 74.49 83.00 96.25 61.96 87.74
B 40.35 41.18 25.51 17.00 3.75 38.04 12.26
HBGG A 40.35 47.06 34.00 23.00 23.75 43.48 30.19
B 56.14 42.65 65.00 75.00 76.25 56.52 69.81
(6} 3.51 10.29 1.00 2.00 0.00 0.00 0.00
D7S8 A 52.63 63.23 65.31 64.00 61.25 57.61 66.04
B 47.37 36.77 34.69 36.00 38.75 42.39 33.96
GC A 17.54 26.47 15.31 16.00 8.75 39.52 19.81
B 42.98 27.94 26.53 33.00 36.25 25.00 34.91
C 39.48 45.59 58.16 51.00 55.00 43.48 45.28

MA: Mixteca-Alta; MB: Mixteca-Baja; OT: Otomies; PU: Purepecha; NG: Nahuas-Guerrero; NX: Nahuas-Xochimilco; TZ: Tzeltales.

TABLE 3. Standard genetic distances (10~ %) among Mexican indigenous populations

MA MB oT PU NG NX
MB 6.20 + 6.43
OT 20.94 + 9.93 14.16 + 11.81
PU 52.86 + 14.27 79.32 & 33.16 37.14 + 33.28
NG 61.49 + 35.39 77.85 & 42.03 15.06 £+ 12.35 40.03 £ 39.27
NX 2.28 + 10.40 —2.68 &+ 5.32 12.59 + 6.46 45.64 + 12.88 63.34 + 29.33
TZ 34.55 + 23.49 43.37 + 28.44 5.59 + 6.05 18.23 + 20.84 2.42 + 1.94 28.34 + 19.20

MA: Mixteca-Alta; MB: Mixteca-Baja; OT: Otomies; PU: Purepecha; NG: Nahuas-Guerrero; NX: Nahuas-Xochimilco; TZ: Tzeltales.
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Fig. 2. Neighbor-joining tree showing the genetic relationships among the seven Mexican populations studied

here and six others for comparison.

Genetic distances are presented in Table 3.
Differences among them are not statistic-
ally significant. The dendrogram obtained
from the genetic distances obtained using
the data obtained here and those of six
other populations are shown in Figure 2.
Four of the seven Mexican populations
(Nahuas-Guerrero, Tzeltales, Otomies, and
Purepecha) and the three Native American
groups cluster together, while the Mixteca-
Baja and Nahuas-Xochimilco populations
cluster with USA Hispanics and the
Spanish sample. All are clearly distinct
from Africans.

Table 4 presents the hierarchical gene
diversity analysis. The total average gene

diversity (Hp) is 48.9%. Over 96% of Hrp
can be attributed to individual variation
within the population.

From the available genotype data on each
individual, we defined the multilocus geno-
type for each individual for the five loci. The
number of loci with respect to which individ-
ual was heterozygous was determined. This
generated an observed distribution on the
number of heterozygous loci across 330
individuals. Chakraborty (1981) provided
a numerical algorithm to compute the
expected distribution for such observations,
assuming random association of alleles at
the different loci. In general, the observed
distribution agrees with the expected one

TABLE 4. Gene diversity analysis of the allele frequency data

Ger* Hy**
Locus Within population Between populations Total gene diversity
LDLR 95.27 4.73 0.486
GYPA 89.89 10.11 0.380
HBGG 95.59 441 0.484
D788 99.13 0.87 0.473
GC 98.07 1.93 0.625
Mean 95.96 4.04 0.489
s.e. 1.40 1.40 0.039

*Expressed as percentage of total.
**Absolute total gene diversity in the entire sample.
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TABLE 5. Summary statistics of levels of polymorphism in 330 Mexican Indians

Loci LDLR GYPA HBGG D7S8 GC Combined
Power of

exclusion 0.183 0.154 0.201 0.181 0.337 0.700
Power of

discrimination 0.650 0.545 0.628 0.626 0.780 0.995
Observed

heterozygosity 0.484 0.379 0.477 0.475 0.625
Expected

heterozygosity 0.484 0.379 0.478 0.475 0.626

(x% = 9.60, P = 0.10). The mean number of
heterozygous loci is 2.20 and the variance is
1.26, while their expected values (under the
random association model) are 2.44 and 1.22,
respectively. Clearly, these values provide no
evidence of nonrandom association of these
alleles in the total indigenous populations.
Table 5 presents locus-specific values of
observed and expected (unbiased) heterozy-
gosity, exclusion probability (PE), and power
of discrimination (PD), based on the allele
frequency data of Table 2. The combined
average PE and PD were 0.700 and 0.995
(11in 200) for the total sample. Thus, for every
200 comparisons between two people chosen
at random, about 199 pairs would have dif-
ferent types. These five loci should be a use-
ful battery of markers for DNA testing.
These findings have a number of import-
ant implications in relation to the utility of
these populations for anthropogenetic and
epidemiological studies. The demonstration
of a relative genetic homogeneity of Mexican
Indians for the markers studied suggests
that this population is suitable for studying
disease-marker associations in the search
for candidate genes of complex diseases
(Chakraborty and Weiss, 1988). On the
other hand, their multilocus genotypic dis-
tribution satisfies the premises of random
segregation of unlinked loci. Therefore, the
probability of finding a specific multiple-
locus genotype in them can be determined
by the product rule of locus-specific genotype
probabilities. Finally, Mixteca-Alta, Mixteca-
Baja, and Nahuas-Xochimilco show a higher
degree of intermixture with European-
derived persons than the other four groups.
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