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Aim To carry out a deeper forensic and anthropological 
evaluation of the short tandem repeat (STR) D9S1120 in 
five Mestizo populations and eight Amerindian groups 
from Mexico.

Methods We amplified the STR D9S1120 based on prim-
ers and conditions described by Phillips et al, followed by 
capillary electrophoresis in the genetic analyzer ABI Prism 
310. Genotypes were analyzed with the GeneMapper ID 
software. In each population we estimated statistical pa-
rameters of forensic importance and Hardy-Weinberg 
equilibrium. Heterozygosity and FST-values were compared 
with those previously obtained with nine STRs of the Com-
bined DNA Index System (CODIS-STRs).

Results Amerindian and Mestizo populations showed 
high frequencies of the allele 9 and 16, respectively. Pop-
ulation structure analysis (AMOVA) showed a significant 
differentiation between Amerindian groups (FST = 2.81%; 
P < 0.0001), larger than between Mestizos (FST = 0.44%; 
P = 0.187). D9S1120 showed less genetic diversity but bet-
ter population differentiation estimates than CODIS-STRs 
between Amerindian groups and between Amerindians 
and Mestizos, but not between Mestizo groups.

Conclusion This study evaluated the ability of D9S1120 
to be used for human identification purposes and demon-
strated its anthropological potential to differentiate Mesti-
zos and Amerindian populations.
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Sample analysis of the Human Genome Diversity Project-
Centre d’Etude du Polymorphisme Humain (HGDP-CEPH) 
panel with 377 microsatellites or short tandem repeats 
(STR) conducted in five Native Amerindian populations 
(Pima, Maya, Colombian, Karitiana, and Surui) found a high 
frequency of a small allele (275 basepairs) at the tetra-
nucleotide locus D9S1120, which was absent in 47 other 
worldwide populations (1). Based on the corresponding 
number of repeats, this private allele was identified as “9RA” 
(9 repeats allele). The ubiquitous presence of 9RA in North 
and South American populations, including the Na-Dene 
and Aleut-Eskimo, and in related Western Beringian groups 
suggested that all modern Native American populations 
originated from the same founding population (2). A later 
extended survey of 678 STRs in 29 American populations 
found high frequencies of 9RA across all American regions 
(average 0.301 in North America, 0.471 in South America, 
and 0.364 in the full Native American sample), which was 
also interpreted as evidence of a single main colonization 
event (3). Interestingly, this interpretation based on a sin-
gle autosomal marker is in agreement with archeological, 
mitochondrial, and Y-chromosomal data (4-10). Finally, the 
single main colonization hypothesis is supported by the 
following observations: 1) all the chromosomes with 9RA 
share the same haplotypic background in the vicinity of 
D9S1120, suggesting they are identical by descent; 2) the 
positive selection hypothesis was shown as unlikely; and 3) 
the range of time estimated for the most recent common 
ancestor for the 9RA marker is consistent with other recent 
estimates based on archeological and genetic data con-
cerning the origin of Native American populations (11).

The forensic potential of D9S1120 for detecting Native 
American ancestry was evaluated in a third study, which 
typed three native and two admixed populations from Co-
lombia and three non-American populations (12). For this 
purpose, a new primer set reducing the amplicon sizes 
was designed and an allelic ladder was constructed, char-
acterizing 13 alleles (12). However, the ability of D9S1120 
to identify Native American ancestry requires a fuller eval-
uation in Latin American populations, both for anthropo-
logical and forensic genetics purposes. For instance, the 
greatest part of Mexican population belongs to an ethnic 
group created by post-Colombian admixture, commonly 
known as Mestizos (>90%); in Mestizos, the frequency of 
the European ancestry component increases toward the 
northwest and the frequency of the Amerindian ances-
try component increases toward the central-southeast 

(13,14). The frequency of African ancestry component 
is low and evenly distributed through the country 

(13,14). Mexico has a large number of Amerindian popu-
lations, with over 68 ethnic groups representing 9.6% of 
the total population (15). We analyzed the D9S1120 STR in 
five Mestizo and eight Amerindian populations from dif-
ferent regions of Mexico. The genetic diversity and pop-
ulation differentiation based on D9S1120 were compared 
with those obtained by STRs of the Combined DNA Index 
System (CODIS-STRs).

MateRialS and MetHodS

d9S1120 genotyping

DNA was extracted from fresh blood samples by salting-
out method (16). Its quality was evaluated by 1% agarose 
gel electrophoresis and observed by ethidium bromide 
staining. The study included 247 and 707 unrelated per-
sons from five Mestizo and eight Amerindian populations 
from Mexico, respectively (Table 1; Figure 1). All partici-
pants signed a written informed consent, according to 
the ethical guidelines of the Helsinki Declaration and the 
study was approved by the Ethics Research Committee 
of the CUCiénega, University of Guadalajara. For amplifi-
cation of D9S1120, we used primers and conditions de-
scribed by Phillips et al (12). The polymerase chain reac-
tion products were separated by capillary electrophoresis 
using the ABI Prism 310 and profiles were analyzed with 
GeneMapper ID software, version 3.2 (Applied Biosystems, 
Foster City, CA, USA). D9S1120 alleles were named accord-
ing to the repeat structure and size (bp) described by Phil-
lips et al (12), which follows the International Society of 
Forensic Genetics guidelines for STR analysis recommend-

FiGuRe 1. Geographical location of the Mexican populations 
analyzed in this study: Mestizos (triangles) and amerindian 
groups (circles).
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ing thorough sequence analysis of alleles used to con-
struct reference ladders.

data analyses

Allele distribution and the following statistical parameters 
of forensic importance were computed with the Power-
Stats software (17): observed heterozygosity (Ho), power of 
exclusion (PE), power of discrimination (PD), polymorphism 
informativity content (PIC), and typical paternity index (IP). 
For each population sample, Hardy-Weinberg expectation 
was verified by exact tests (95% confidence interval, CI) us-

ing the Genetic Data Analysis program (GDA), version 1.1 
(18). Genetic differentiation was evaluated by FST distanc-
es and exact test P values including previously published 
population data (12) using Arlequin 3.1 software (19). We 
compared the genetic diversity (Het) and population dif-
ferentiation (FST) based on D9S1120 polymorphism with 
those previously estimated with nine CODIS-STRs in Mexi-
can Mestizos from Chihuahua, Jalisco, Yucatan, and Vera-
cruz (13,20,21), and available data from Maya and Purépe-
cha Amerindian groups (15). The CODIS-STRs were used 
for comparison purposes because they were analyzed in 
all the studied Mexican populations and are included in 
both Identifiler and Profiler kits (Applied Biosystems). Ge-
netic distances were shown in a multidimensional scaling 
(MDS) plot to explore the genetic relationships among the 
populations with SPSS, version 10.0 (SPSS Inc., Chicago, IL, 
USA). Analysis of molecular variance (AMOVA) was carried 
out in the total Mexican population sample, and separately 
in Mestizos and Amerindian groups.

ReSultS

allele frequencies and forensic parameters

In Mexican populations, we identified nine alleles (alleles 9, 
10, and 13-19), but the allele 10 was exclusively observed in 
the Purépecha group. The increased allele number by pop-
ulation was related to the presence of alleles 13 and 19, 
which were observed in Mestizos from Chihuahua (north), 
Jalisco (west), and the Maya group (southeast). The small-
est allele number was observed in the Tojolobal (4 al-
leles) and Lacandon (5 alleles) native groups. The 

taBle 1. description of the Mexican populations analyzed with the short tandem repeat (StR) d9S1120*

Mestizo population abbreviation location, state Region Sample size (n)

Chihuahua Chih Chihuahua, Chihuahua North  51
Jalisco Jal Guadalajara, Ocotlán, Jalisco West  52
Veracruz Ver Veracruz, Veracruz Center  42
Chiapas Chis Tapachula, Chiapas Southeast  51
Yucatán Yuc Mérida, Yucatan Southeast  51
amerindian group
Tarahumara Tar Chihuahua, Chihuahua North 125
Huichol Hui San Sebastián Teponamastlán, Jalisco West  61
Purépecha Pur Zipiajo and Angahuan, Michoacán West 111
Mazateco Maz San Miguel Soyaltepec, Oaxaca South  41
Lacandón Lac Lacanjá Chansayab, Ocosingo, Chiapas Southeast  78
Tzotzil Tzo San Juan Chamula, Chiapas Southeast 113
Tojolabal Toj Las Margaritas, Chiapas Southeast  52
Mayas May Yucatan and Quintana Roo Southeast 126
*For some analyses these populations were grouped to estimate allele and genotype distribution.

FiGuRe 2. Ratio of genotype frequencies (RGF) plot for 
d9S1120 between Mexican ameridians (am) and Mestizos 
(Mest), and vice-versa. Genotypes with RGF values below 0.5 
were excluded from the plot.
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modal alleles in Amerindian groups were 9 (38.2%) and 16 
(30.5%), but in the Tojolabal and Maya groups the allele 16 
was prevalent over the allele 9 (modal values of 47% and 
34%, respectively) (Tables 2 and 3). In Mestizos, the modal 
allele was 16 (39.1%) followed by 9 (21%).

Genotype distributions of D9S1120 were in agreement 
with the Hardy-Weinberg expectations in all Mexican pop-
ulations (Table 2 and 3). The only exception was the Tzotzil 
group, which showed a relatively low P value (P = 0.0364), 
however this was not significant after Bonferroni correc-
tion. In order to record representative D9S1120 genotypes 
for the main Mexican population groups, we obtained a 
ratio of genotype frequencies (RGF) between Mestizos and 
Amerindians and vice-versa (Figure 2). Although geno-
types 9/14 and 14/16 can be used to indicate the Amerin-
dian component of Mestizo origin, their potential may be 
limited by low population frequencies (≤2.03 and 1.63%, 
respectively). In general, RGF values indicated the allele 9 
was typically observed in Amerindian groups and the al-
leles 14 and 16 in Mestizos.

Genetic relatedness between populations

We estimated genetic distances and Fst P values based 
on D9S1120 (Table 4) and represented them graphically 
(Figure 3). Mexican populations were compared to the 
reference populations from Europe, Africa, and East Asia 
(12) (P < 0.01) and were clearly separated in the MDS plot 
(Figure 3A). No differentiation was observed between all 
five Mexican Mestizo populations but the majority of dif-
ferences in pairwise comparisons between Mestizo pop-
ulations and Lacandones, Tarahumaras, Purépechas, and 
Tzotzils were significant (Table 4). Among native groups, 
Tojolabales and Mayas showed a high frequency of allele 
16 (Table 3), which explains their close relationship with 
Mexican Mestizos (Figure 3). Similarly, Mulalós from Co-
lombia (12) showed differences from all Mexican Amerin-
dian groups (P < 0.01), but were similar to most of Mexican 
Mestizos, except those from Yucatan (P = 0.0032) (data not 
shown).

A pairwise comparison between Mexican Amerindian 
groups, including the Mayas (12), showed that the most 
differentiated populations were Lacandones, Tojolabales, 
Tarahumaras, Tzotziles, and Purépechas (Table 4). Inter-
estingly, the pooled South American groups including 
the Awa-Kuaikier, Pijao, and Coyaima from Colombia 
(12) were similar to all five Mexican Mestizo populations 
(P > 0.01; data not shown) and to the majority of Mexican 

taBle 2. Statistical parameters of forensic importance in five 
Mexican-Mestizo populations for the locus d9S1120*†

Chihuahua Jalisco Veracruz Chiapas Yucatán Global
allele 2n = 102 2n = 104 2n = 84 2n = 1022n = 1022n = 494
9 0.1373 0.2212 0.2381 0.2255 0.2353 0.2105
13 0.0098 0.0192 - - - 0.0061
14 0.0392 0.0288 0.0238 0.0294 0.0294 0.0304
15 0.1961 0.0865 0.1429 0.1667 0.0980 0.1376
16 0.4118 0.4712 0.2976 0.3627 0.3922 0.3907
17 0.1569 0.125 0.2619 0.1667 0.2157 0.1822
18 0.0392 0.0385 0.0357 0.0490 0.0196 0.0364
19 0.0098 0.0096 - - 0.0098 0.0061
MAF 0.0512 0.0460 0.0584 0.0512 0.0512
Genotype n = 51 n = 52 n = 42 n = 51 n = 51 n = 247
9/9 0.0392 0.0962 0.0952 0.0588 0.0588 0.0691
9/13 - 0.0192 - - - 0.0041
9/14 0.0196 - 0.0238 0.0392 0.0196 0.0203
9/15 0.0392 - 0.0714 0.0588 0.0784 0.0488
9/16 0.0980 0.1731 0.0476 0.1373 0.1373 0.1219
9/17 0.0196 0.0385 0.1429 0.0784 0.0980 0.0732
9/18 0.0196 - - 0.0196 0.0196 0.0122
9/19 - 0.0192 - - - 0.0041
13/15 0.0196 - - - - 0.0041
13/17 - 0.0192 - - - 0.0041
14/15 - - - 0.0196 - 0.0041
14/16 0.0196 0.0385 0.0238 - - 0.0163
14/17 0.0392 0.0192 - - 0.0196 0.0163
14/18 - - - - 0.0196 0.0041
15/15 0.0392 0.0192 0.0238 0.0588 - 0.0285
15/16 0.1765 0.0962 0.0952 0.1176 0.0980 0.1138
15/17 0.0392 0.0385 0.0714 0.0196 0.0196 0.0366
15/18 0.0196 - - - - 0.0041
15/19 0.0196 - - - - 0.0041
16/16 0.1569 0.2500 0.1429 0.1176 0.1569 0.1667
16/17 0.2157 0.0962 0.1190 0.1765 0.2157 0.1667
16/18 - 0.0385 0.0238 0.0588 - 0.0244
16/19 - - - - 0.0196 0.0041
17/17 - 0.0192 0.0714 0.0196 0.0392 0.0285
17/18 - - 0.0476 0.0196 - 0.0122
18/18 0.0196 0.0192 - - - 0.0081
Statistical parameters average
Ho 0.7451 0.5962 0.6667 0.7451 0.7451 0.6996
PIC 0.7116 0.6671 0.7243 0.7220 0.6913 0.7033
PD 0.8774 0.8713 0.9048 0.8989 0.8774 0.8860
PE 0.5014 0.2863 0.3786 0.5014 0.5014 0.4338
Typical PI 1.9615 1.2381 1.5000 1.9615 1.9615 1.7245
P‡ 0.1027 0.1289 0.5024 0.6445 0.5218
*abbreviations: MaF – minimum allele frequency; Ho – heterozygosity 
observed; PiC – polymorphism informativity content; Pd – power of 
discrimination; Pe – power of exclusion; Pi – paternity index.
†Modal alleles and genotypes by populations are underlined.
‡exact test for Hardy-Weinberg expectations.
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Amerindian populations, except Lacandones. Individu-
ally, the Colombian Awa-Kuaikier population was differ-
ent from Tarahumaras, Purépechas, Tzotziles, and Lacan-
dones, whereas the Pijao group was different only from 

Lacandones and Tojolabales. Lacandones was the most 
distinct and markedly differentiated Mexican Amerindian 
group (Figure 3B).

taBle 3. Statistical parameters of forensic importance in eight Mexican-amerindian groups for the locus d9S1120*†

tarahumara Huichol Purépecha Mazateca tzotzil tojolabal lacandon Maya Global
allele 2n = 250 2n = 122 2n = 222 2n = 82 2n = 226 2n = 104 2n = 156 2n = 252 2n = 1414
9 0.44 0.3934 0.4324 0.378 0.354 0.2115 0.5513 0.2659 0.38190
10 - - 0.0045 - - - - - 0.0007
13 - - - - - - - 0.0040 0.0007
14 0.004 0.0246 0.0045 0.0122 - - - 0.0159 0.0071
15 0.132 0.1557 0.1261 0.1585 0.1637 0.0769 0.0705 0.1508 0.1322
16 0.324 0.3525 0.2523 0.3415 0.2788 0.4712 0.1603 0.3413 0.3048
17 0.088 0.0574 0.1667 0.0732 0.1283 0.2404 0.1603 0.1587 0.1351
18 0.012 0.0164 0.0135 0.0366 0.0708 - 0.0577 0.0595 0.0361
19 - - - - 0.0044 - - 0.004 0.0014
MAF 0.0204 0.0406 0.0233 0.0578 0.0240 0.0499 0.0325 0.0223
Genotype n = 125 n = 61 n = 111 n = 41 n = 113 n = 52 n = 78 n = 126 n = 707
9/9 0.2080 0.1803 0.1802 0.1951 0.1150 0.0769 0.3077 0.0794 0.1641
9/10 - - 0.0090 - - - - - 0.0014
9/14 0.0080 0.0164 - - - - - 0.0079 0.0042
9/15 0.0960 0.1148 0.1351 0.0488 0.0531 0.0192 0.0769 0.0794 0.0834
9/16 0.2720 0.2459 0.2523 0.1707 0.2212 0.1731 0.1410 0.1984 0.2178
9/17 0.0880 0.0492 0.0991 0.1220 0.115 0.0769 0.1795 0.0635 0.0976
9/18 - - 0.0090 0.0244 0.0796 - 0.0897 0.0238 0.0297
9/19 - - - - 0.0088 - - - 0.0014
13/14 - - - - - - - 0.0079 0.0014
14/15 - - 0.0090 - - - - 0.0159 0.0042
14/16 - 0.0164 - 0.0244 - - - - 0.0028
14/18 - 0.0164 - - - - - - 0.0014
15/15 0.0240 0.0328 0.0180 0.0488 0.0531 - - 0.0238 0.0255
15/16 0.0960 0.0984 0.0450 0.1463 0.1239 0.0962 - 0.1032 0.0863
15/17 0.0160 0.0328 0.0270 - 0.0442 0.0385 0.0513 0.0397 0.0325
15/18 0.0080 - - 0.0244 - - 0.0128 0.0159 0.0071
16/16 0.1200 0.1475 0.0721 0.1463 0.0708 0.1731 0.0385 0.0873 0.0976
16/17 0.0400 0.0328 0.0541 0.0244 0.0354 0.3269 0.0897 0.1270 0.0820
16/18 - 0.0164 0.009 0.0244 0.0354 - 0.0128 0.0714 0.0240
16/19 - - - - - - - 0.0079 0.0014
17/17 0.0160 - 0.0721 - 0.0265 0.0192 - 0.0397 0.02687
17/18 - - 0.0090 - 0.0088 - - 0.0079 0.0042
18/18 0.0080 - - - 0.0088 - - - 0.0028
Statistical parameters average
Ho 0.6240 0.6393 0.6577 0.6098 0.7257 0.7308 0.6538 0.7698 0.6764
PIC 0.6200 0.6380 0.6588 0.6582 0.7083 0.6150 0.5980 0.7237 0.6525
PD 0.8393 0.8557 0.8590 0.8673 0.8868 0.8099 0.8268 0.8995 0.8555
PE 0.3207 0.3408 0.3658 0.3028 0.4691 0.4774 0.3605 0.5443 0.3977
Typical PI 1.3298 1.3864 1.4605 1.2813 1.8226 1.8571 1.4444 2.1724 1.5943
P* 0.0897 0.6252 0.1203 0.2272 0.0364 0.3685 0.1952 0.3071
*abbreviations: MaF – minimum allele frequency; Ho – heterozygosity observed; PiC – polymorphism informativity content; Pd – power of discrimi-
nation; Pe – power of exclusion; Pi – paternity index.
†Modal alleles and genotypes by populations are underlined.
‡exact test for Hardy-Weinberg expectations.
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analysis of molecular variance (aMoVa)

AMOVA based on D9S1120 showed a significant inter-
population differentiation among all the Mexican popu-
lations (FST = 4.03%; P < 0.0001). However, Amerindians 
showed larger and significant inter-population differen-
tiation (FST = 2.81%; P < 0.0001) than Mestizos (FST = 0.44%; 
P = 0.187). When we clustered Mestizos vs Amerindians, 
the differentiation both between the groups (FCT = 2.19%; 
P = 0.0098) and within the groups was significant 
(FSC = 1.84%; P < 0.000), indicating that the population clus-
tering was not robust. Although differentiation between 

Amerindians from Mexico and those from Colombia (12) 
was not significant (FCT = -0.16%; P = 0.409), differentia-
tion within the groups was (FSC = 2.25%; P < 0.0001). Finally, 
when population structure was assessed between Amer-
indians (Mexicans plus Colombians) and populations from 
Europe, Asia, and Africa (12), differentiation between the 
groups increased substantially (FCT = 8.54%; P < 0.0001).

Comparison of d9S1120 with CodiS-StRs

The genetic diversity represented by heterozygosity (Het) 
and the population differentiation coefficient (FST) based 

taBle 4. Genetic distances (Fst, below diagonal) and Fst P values (above diagonal) between Mexican Mestizos and amerindian 
populations*

Mestizos amerindian groups

Chih Jal Ver Chis Yuc tar Hui Pur Maz tzo toj lac May

Chih ******* 0.4811 0.1796 0.7476 0.7015 0.0000* 0.0086* 0.0000* 0.0264 0.0000* 0.3464 0.0000* 0.0332
Jal 0.0160 ******* 0.2024 0.3363 0.2158 0.0000* 0.1468 0.0000* 0.3628 0.0010* 0.1958 0.0000* 0.0389
Ver 0.0230 0.0339 ******* 0.7544 0.6966 0.0027* 0.0373 0.0163 0.1905 0.0251 0.0552 0.0000 0.2915
Chis 0.0072 0.0136 0.0079 ******* 0.8938 0.0001* 0.0826 0.0017* 0.3423 0.0879 0.3627 0.0000* 0.9471
Yuc 0.0154 0.0104 0.0075 0.0056 ******* 0.0098* 0.0359 0.0042* 0.0706 0.0018* 0.8602 0.0014* 0.4635
Tar 0.0766 0.0548 0.0515 0.0419 0.0476 ******* 0.8436 0.3577 0.3383 0.0031* 0.0000* 0.0000* 0.0000*
Hui 0.0547 0.0381 0.0457 0.0285 0.0380 0.0069 ******* 0.2822 0.8369 0.1433 0.0009* 0.0001* 0.1848
Pur 0.0798 0.0676 0.0350 0.0415 0.0444 0.0135 0.0206 ******* 0.0738 0.0290 0.0000* 0.0001* 0.0191
Maz 0.0461 0.0331 0.0353 0.0205 0.0306 0.0055 0.0095 0.0161 ******* 0.6686 0.0048* 0.0009* 0.2460
Tzo 0.0469 0.0438 0.0235 0.0197 0.0302 0.0161 0.0138 0.0139 0.0071 ******* 0.0000* 0.0000* 0.1290
Toj 0.023 0.0116 0.0245 0.0196 0.0062 0.0724 0.0615 0.0731 0.0545 0.0567 ******* 0.0000* 0.1650
Lac 0.1593 0.1385 0.0904 0.1052 0.1081 0.0411 0.0609 0.0241 0.0569 0.0470 0.1484 ******* 0.0000*
MY1 0.0186 0.0193 0.0107 0.0043 0.0101 0.0316 0.0225 0.0309 0.0150 0.0139 0.0266 0.0828 *******
*Significant Fst P (<0.01). For abbreviations see table 1.

FiGuRe 3. Genetic distances (Fst) represented in multidimensional scaling plots based on d9S1120: (A) Mexicans plus reference 
populations from europe (eu), asia (asia), africa (afr), and from Colombia: Mulaló-Mestizos (Mul), awa (awa), Pijao (Pij), and Coyaima 
(Coy) (12). (B) Mexican amerindian and Mestizo populations (abbreviations are shown in table 1).
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on D9S1120 were compared with those previously ob-
tained using 9 CODIS-STRs from the corresponding Mexi-
can populations (Chihuahua, Jalisco, Veracruz, Yucatan, Pu-
répechas, and the Maya). D9S1120 showed lower genetic 
diversity than most of the nine CODIS-STRs in most of the 
populations (Figure 4A), (except D5S818 and D3S1358), 
but it showed higher diversity in Mestizos from Veracruz 
and the Mayas than four and five CODIS-STRs, respectively 
(Figure 4A). D9S1120 had the ability to differentiate Am-
erindians from Mestizos, and Amerindian groups between 
each other. However, its ability to differentiate Mexican 
Mestizos was limited; in fact, it was just a little higher than 
that of the most of the CODIS-STRs (Figure 4B).

diSCuSSion

In this study, the STR locus D9S1120 was characterized in 
Mexican Amerindian groups and the admixed Mestizo pop-
ulation to determine its forensic and anthropological po-
tential; importantly, our findings could apply to other Latin 
American countries. A total of nine alleles were found in Na-
tive Americans and Mestizos, with very similar frequency dis-
tributions as in previous reports (2,3,12). Five out of 14 alleles 
previously described in worldwide surveys were not detect-
ed: alleles 11, 12, 17.3, 18.3, and 20; however, these D9S1120 
alleles are rare in all populations (11,12). Interestingly, in a 
previous report including 24 Native American (n = 426) and 
53 worldwide populations (n = 1048), the allele 10 was only 
detected in the Maya, Ojibwa, and Cree populations (3). In 

our full Mexican Native American sample (n = 1414), the al-
lele 10 was only observed in Purépechas but not in Mayan 
samples, confirming its very rare frequency, at least among 
the studied Mexican populations. Another interesting and 
uncommon allele is the allele 19, which was previously 
found in the Mayas and whose origin is either Native Ameri-
can or European (12). In our study, the allele 19 (315 bp) was 
observed in the Tzotzil native group and three Mestizo pop-
ulations (<1%), with a higher global frequency in Mestizos 
than in native groups (0.607 vs 0.141%), in line with the ob-
servations of Phillips et al (12).

The modal alleles 9RA and 16 displayed a prevalence of 
38.2% and 39.1% in Amerindian groups and Mestizos, re-
spectively. Therefore, elevated frequency of allele 9RA and/
or low frequency of allele 16 indicate Amerindian ances-
try, whereas an opposite pattern indicates an admixture 
or non-native ancestry (eg, European). In Mestizos, this 
assumption was evaluated in view of the previously de-
scribed increasing northwest to southeast gradient of Am-
erindian ancestry and the opposite gradient of European 
ancestry. This pattern has been consistently obtained with 
different genetic systems, such as CODIS-STRs, Y-STRs, and 
genome-wide single nucleotide polymorphisms analysis 
(13,14,22). While the allele 16 distribution is in agreement 
with such ancestry distribution, the 9RA distribution con-
firms it only partially because its frequency in northern 
Mestizos from Chihuahua was low (13.7%), and higher 
in other Mestizo populations (22%-24%).

FiGuRe 4. Comparison of the genetic diversity (Het) (A) and genetic differentiation (FSt) (B) based on d9S1120 and 9 CodiS-StRs in 6 
Mexican populations (13,15,20,21).
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9RA was prevalent in the majority of Mexican Amerindi-
an groups, except in the Mayas and Tojolobales, where the 
modal allele was 16 (47.1 and 34.3%, respectively). There 
are contrasting explanations for such allele distribution. In 
the Mayas, the large number of alleles and the observed 
heterozygosity suggests admixture, which is in agreement 
with previous reports on elevated gene flow (15) and on 
cultural practices allowing marriage with non-Mayan indi-
viduals (23). Conversely, a reduced number of alleles ob-
served in Tojolobales, in addition to their cultural and geo-
graphic isolation, suggests genetic drift and/or founder 
effect. Similarly, Lacandones showed the lowest genetic 
diversity and largest differentiation from other popula-
tions, also suggesting genetic drift effects. This finding, al-
though only based on a single autosomal STR, confirms 
the conclusions obtained with Y-chromosome markers 
(Rubi-Castellanos et al, unpublished data 2012) and histor-
ical records of geographic and socio-cultural isolation of 
Lacandones (24,25).

The forensic parameters estimated in this study confirm 
that D9S1120 can be a useful tool for human identification 
and molecular anthropology. On average, genetic diversity 
values (Ho) were larger in Mestizos than Amerindian groups 
(Table 2 and 3). In most Mexican populations, the informa-
tiveness of D9S1120 was lower than that of the majority of 
CODIS-STRs, largely due to the dominant, high frequencies 
of 9RA and allele 16. However, given their different distri-
butions (2,3,11,12), D9S1120 potentially allows the discrimi-
nation of Amerindian and Mestizo biological samples from 
those of different origin (eg, European, Asian, or African). We 
would advocate the use of this STR alongside uni-parental 
markers (ie, Y-chromosome and mtDNA) and particularly 
ancestry-informative markers in commercial STR human 
identification kits to provide the most robust ancestry iden-
tification in forensic samples. This would be useful in multi-
ethnic countries with a large proportion of Hispanic popu-
lations of Amerindian origin (eg, United States).

An interesting finding was that Mestizos and Amerindi-
an groups from Mexico could not be differentiated from 
their counterparts from Colombia (12), which is in agree-
ment with the hypothesis on the common origin of Na-
tive Americans (2,3). Similarly, the population structure and 
differentiation patterns among some Mexican populations 
closely agreed with previous analyses based on autosomal 
STRs (15,26) and Y-chromosome markers (27). Additional-
ly, MDS plot stress-values (stress <0.1) indicated a reason-

able reliability of the genetic relationships. In summary, 
our results emphasize the potential of D9S1120 to 

differentiate Native American groups from Mestizos and 
other population groups. Further studies of this unique 
STR are required, especially in view of its application in the 
forensic practice.

Funding This work was supported by the Consejo Nacional de Ciencia y 
Tecnología (CONACyT) with the grant No.129693 to HR-V.

ethical approval received from the Ethical Research Committee of the Aca-
demic Center of the Ciénega, University of Guadalajara.

declaration of authorship H-RV gave the initial proposal for the study and 
participated in statistical analysis, data interpretation, and writing of the 
manuscript. VMS-G provided the technical support and participated in data 
analysis and writing of the discussion. MB-R provided technical support 
and participated in statistical data analysis and writing of the discussion. 
JS-F participated in the statistical analysis and data interpretation. GM-C 
provided advice on the experimental analysis and took part in manuscript 
preparation. JFM-V participated in designing of the study and writing of the 
manuscript. CP devised materials/protocols used for the analyses, approved 
the study design and scope, and helped the lead author in writing of the 
manuscript.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1 Zhivotovsky la, Rosenberg na, Feldman MW. Features of evolution 

and expansion of modern humans, inferred from genomewide 

microsatellite markers. am J Hum Genet. 2003;72:1171-86. 

Medline:12690579 doi:10.1086/375120

2 Schroeder KB, Schurr tG, long JC, Rosenberg na, Crawford MH, 

tarskaia la, et al. a private allele ubiquitous in the americas. Biol 

lett. 2007;3:218-23. Medline:17301009 doi:10.1098/rsbl.2006.0609

3 Wang S, lewis CM, Jakobsson M, Ramachandran S, Ray n, 

Bedoya G, et al. Genetic variation and population structure in 

native americans. PloS Genet. 2007;3:e185. Medline:18039031 

doi:10.1371/journal.pgen.0030185

4 Merriwether da, Rothhammer F, Ferrell Re. distribution of the 

four founding lineage haplotypes in native americans suggests a 

single wave of migration for the new World. am J Phys anthropol. 

1995;98:411-30. Medline:8599378 doi:10.1002/ajpa.1330980404

5 Bonatto Sl, Salzano FM. a single and early migration for the 

peopling of the americas supported by mitochondrial dna 

sequence data. Proc natl acad Sci u S a. 1997;94:1866-71. 

Medline:9050871 doi:10.1073/pnas.94.5.1866

6 Santos FR, Pandya a, tyler-Smith C, Pena Sd, Schanfield M, 

leonard WR, et al. the central Siberian origin for native american Y 

chromosomes. am J Hum Genet. 1999;64:619-28. Medline:9973301 

doi:10.1086/302242

7 Fiedel SJ. the peopling of the new World: present evidence, 

new theories, and future directions. J archaeological Reserach. 

2000;8:39-103. doi:10.1023/a:1009400309773

8 dixon eJ. Human colonization of the americas: timing, technology 

www.icmje.org/coi_disclosure.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12690579&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12690579&dopt=Abstract
http://dx.doi.org/10.1086/375120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17301009&dopt=Abstract
http://dx.doi.org/10.1098/rsbl.2006.0609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18039031&dopt=Abstract
http://dx.doi.org/10.1371/journal.pgen.0030185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8599378&dopt=Abstract
http://dx.doi.org/10.1002/ajpa.1330980404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9050871&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9050871&dopt=Abstract
http://dx.doi.org/10.1073/pnas.94.5.1866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9973301&dopt=Abstract
http://dx.doi.org/10.1086/302242
http://dx.doi.org/10.1023/A:1009400309773


431Rangel-Villalobos et al: D9S1120 in Mestizos and Amerindian populations from Mexico

www.cmj.hr

and process. Quat Sci Rev. 2001;20:277-99. doi:10.1016/S0277-

3791(00)00116-5

9 tarazona-Santos e, Santos FR. the peopling of the americas: a 

second major migration? am J Hum Genet. 2002;70:1377-80. 

Medline:11951181 doi:10.1086/340388

10 Zegura Sl, Karafet tM, Zhivotovsky la, Hammer MF. High-

resolution SnPs and microsatellite haplotypes point to a single, 

recent entry of native american Y chromosomes into the americas. 

Mol Biol evol. 2004;21:164-75. Medline:14595095 doi:10.1093/

molbev/msh009

11 Schroeder KB, Jakobsson M, Crawford MH, Schurr tG, Boca SM, 

Conrad dF, et al. Haplotypic background of a private allele at 

high frequency in the americas. Mol Biol evol. 2009;26:995-1016. 

Medline:19221006 doi:10.1093/molbev/msp024

12 Phillips C, Rodriguez a, Mosquera-Miguel a, Fondevila M, 

Porras-Hurtado l, Rondon F, et al. d9S1120, a simple StR with a 

common native american-specific allele: forensic optimization, 

locus characterization and allele frequency studies. Forensic 

Sci int Genet. 2008;3:7-13. Medline:19083860 doi:10.1016/j.

fsigen.2008.07.002

13 Rubi-Castellanos R, Martinez-Cortes G, Munoz-Valle JF, Gonzalez-

Martin a, Cerda-Flores RM, anaya-Palafox M, et al. Pre-Hispanic 

Mesoamerican demography approximates the present-day 

ancestry of Mestizos throughout the territory of Mexico. am J 

Phys anthropol. 2009;139:284-94. Medline:19140185 doi:10.1002/

ajpa.20980

14 Silva-Zolezzi i, Hidalgo-Miranda a, estrada-Gil J, Fernandez-lopez 

JC, uribe-Figueroa l, Contreras a, et al. analysis of genomic 

diversity in Mexican Mestizo populations to develop genomic 

medicine in Mexico. Proc natl acad Sci u S a. 2009;106:8611-6. 

Medline:19433783 doi:10.1073/pnas.0903045106

15 Martinez-Cortes G, nuno-arana i, Rubi-Castellanos R, Vilchis-

dorantes G, luna-Vázquez a, Coral-Vazquez RM, et al. origin 

and genetic differentiation of three native Mexican groups 

(Purépechas, triquis and Mayas): contribution of CodiS-

StRs to the history of human populations of Mesoamerica. 

ann Hum Biol. 2010;37:801-19. Medline:20515366 

doi:10.3109/03014461003743801

16 Miller Sa, dykes dd, Polesky HF. a simple salting out procedure 

for extracting dna from human nucleated cells. nucleic acids Res. 

1988;16:1215. Medline:3344216 doi:10.1093/nar/16.3.1215

17 tereba a. tools for analysis of population statistics. Profiles in dna. 

Fitchburg (Wi) Promega corp; 1999.

18 lewis Po, Zaykin d. Genetic data analysis: Computer program for 

the analysis of allelic data. Version 1.0 (d16c). 2001. available from: 

http://lewis.eeb.uconn.edu/lewishome/software.html. accessed: 

September 18, 2012.

19 excoffier l, laval G, Schneider S. an integrated software package 

for population genetic data analysis. arlequin ver. 3.0. evol 

Bioinform online. 2005;1:47-50.

20 Martinez-Gonzalez lJ, Martinez-espin e, Fernandez-Rosado F, 

Moguel Ma, entrala C, alvarez JC, et al. Mexican population data 

on fifteen StR loci (identifiler kit) in a Chihuahua (north Central 

Mexico) sample. J Forensic Sci. 2005;50:236-8. Medline:15831031 

doi:10.1520/JFS2004361

21 Rangel-Villalobos H, Rubi-Castellanos R, Morales-Vallejo Me, 

Molina-araujo V, licea-Cadena Ra, Rizzo-Juarez S, et al. admixture 

estimates and statistical parameters of forensic importance based 

on PowerPlex 16 system in Mexican-Mestizos from the States of 

Guanajuato (Center) and Veracruz (east). Forensic Sci int Genet. 

2010;4:271-2. Medline:20457045 doi:10.1016/j.fsigen.2009.09.001

22 Salazar-Flores J, dondiego-aldape R, Rubi-Castellanos R, anaya-

Palafox M, nuńo-arana i, Canseco-avila lM, et al. Population 

structure and paternal admixture landscape on present-day 

Mexican-Mestizos revealed by Y-StR haplotypes. am J Hum Biol. 

2010;22:401-9. Medline:19967759 doi:10.1002/ajhb.21013

23 Ruz MH. Mayas. indigenous towns of the contemporary 

Mexico. 2006. available from: http://www.cdi.gob.mx/index.

php?option=com_docman&itemid=200020&limitstart=15. 

accessed: September 25, 2012.

24 Garcia de león a. Resistance and utopia. Memorial of grievances 

and a chronicle of riots and prophecies in the province of Chiapas 

over the last 450 years of its history. Mexico (dF): era;1985.

25 eroza-Solano e. lacandones. indigenous towns of the 

Contemporary Mexico. 2006;28-30. available from: http://www.cdi.

gob.mx/index.php?option=com_docman&itemid=200020&limitst

art=15. accessed: September 27, 2012.

26 Rangel-Villalobos H, Rivas F, Sandoval l, ibarra B, Garcěa-Carvajal 

ZY, Cantu JM, et al. Genetic variation among four Mexican 

populations (Huichol, Purepecha, tarahumara, and Mestizo) 

revealed by two VntRs and four StRs. Hum Biol. 2000;72:983-95. 

Medline:11236868

27 Rangel-Villalobos H, Munoz-Valle JF, Gonzalez-Martin a, Gorostiza 

a, Magana Mt, Paez-Riberos la. Genetic admixture, relatedness, 

and structure patterns among Mexican populations revealed 

by the Y-chromosome. am J Phys anthropol. 2008;135:448-61. 

Medline:18161845 doi:10.1002/ajpa.20765

http://dx.doi.org/10.1016/S0277-3791(00)00116-5
http://dx.doi.org/10.1016/S0277-3791(00)00116-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11951181&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11951181&dopt=Abstract
http://dx.doi.org/10.1086/340388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14595095&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msh009
http://dx.doi.org/10.1093/molbev/msh009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19221006&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19221006&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msp024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19083860&dopt=Abstract
http://dx.doi.org/10.1016/j.fsigen.2008.07.002
http://dx.doi.org/10.1016/j.fsigen.2008.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19140185&dopt=Abstract
http://dx.doi.org/10.1002/ajpa.20980
http://dx.doi.org/10.1002/ajpa.20980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19433783&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19433783&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0903045106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20515366&dopt=Abstract
http://dx.doi.org/10.3109/03014461003743801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3344216&dopt=Abstract
http://dx.doi.org/10.1093/nar/16.3.1215
http://lewis.eeb.uconn.edu/lewishome/software.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15831031&dopt=Abstract
http://dx.doi.org/10.1520/JFS2004361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20457045&dopt=Abstract
http://dx.doi.org/10.1016/j.fsigen.2009.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19967759&dopt=Abstract
http://dx.doi.org/10.1002/ajhb.21013
http://www.cdi.gob.mx/index.php?option=com_docman&Itemid=200020&limitstart=15
http://www.cdi.gob.mx/index.php?option=com_docman&Itemid=200020&limitstart=15
http://www.cdi.gob.mx/index.php?option=com_docman&Itemid=200020&limitstart=15
http://www.cdi.gob.mx/index.php?option=com_docman&Itemid=200020&limitstart=15
http://www.cdi.gob.mx/index.php?option=com_docman&Itemid=200020&limitstart=15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11236868&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11236868&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18161845&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18161845&dopt=Abstract
http://dx.doi.org/10.1002/ajpa.20765

