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A B S T R A C T

We studied HLA class I (HLA-A, -B) and class II (HLA-DRB1, -DQB1) alleles by PCR-SSP based typing in 117
Mexicans from the state of San Luis Potosí living in the city of San Luis Potosí (N= 30) and rural communities
(N= 87), to obtain information regarding allelic and haplotypic frequencies. We find that the most frequent
haplotypes in the state include 13 Native American, six European, two African and two Asian haplotypes.
Admixture estimates revealed that the main genetic components are Native American (52.72 ± 0.66% by ML;
48.29% of Native American haplotypes) and European (34.62 ± 4.28% by ML; 32.48% of European haplo-
types), and a relatively high African genetic component (12.66 ± 4.61% by ML; 10.26% of African haplotypes).

The state of San Luis Potosí is located in the northern part of the
central region of Mexico (Fig. 1). The state of San Luis Potosí borders
seven entities: the North with Zacatecas, Nuevo León and Tamaulipas;
to the East with Tamaulipas and Veracruz; to the South with Hidalgo,

Querétaro and Guanajuato; and to the West with Zacatecas. It has 58
municipalities, organized into four geographical regions with their own
physical, cultural and economic characteristics: a) Huasteca region, b)
Middle region, c) Central region, d) San Luis Potosí highlands.
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However, only six municipalities exceed 90,000 inhabitants: San Luis
Potosi, Matehuala, Rioverde, Tamazunchale, Soledad de Graciano
Sánchez and Ciudad Valles. About 58.73% of the total population live
in urban centers; 30% of which live in the capital city of San Luis Potosí.
In San Luis Potosí state more than 630,000 people are considered in-
digenous (23.2% of the total population), being the Huasteca region the
place where the three municipalities with the largest indigenous po-
pulation are located (San Antonio 97.2%, Tanlajas 94.4%, and Coxca-
tlán 94.4%). Of the speakers of indigenous languages, 54.7% speak
Nahuatl and 39.1% Huasteco. Only 0.04% of the population consider
themselves as Afro-descendant [1].
According to paleoecology studies, during the Late Pleistocene San

Luis Potosí presented favorable characteristics for human settlement,
such as Rancho de la Amapola in the town of Cedral, which, being a
marshy area, trapped animals in search of water. Animal and human
remains were found during the first excavations of the site [2] sug-
gesting that the hunter-gatherer groups could take advantage of this
trap to hunt. During the Pre Hispanic period the state is divided be-
tween the two main cultural zones (Aridoamérica and Mesoamérica),
the northern part was inhabited by Otomíes and Chichimecas, while
eastern and southeastern San Luis Potosí were inhabited by Huastecos,
Pames and Nahuas. The European conquerors discovered large gold and
silver deposits and began the colonization of the territory that was in-
habited by Huachichil groups, more closely related to Chichimecas [3].
In 1592 the city of San Luis Potosí was founded, “San Luis” in honor

of King Louis IX of France and “Potosí” because it was expected that the
riches of its mines would be similar to those found in the homonymous
city in Bolivia. In addition to the mining activity, the growth of live-
stock areas prompted two situations: first, the pacification of the north
of the country by transplanting pacifying indigenous communities
(mainly Tlaxcaltecan and Purépecha) to northern areas where the
Chichimec groups continued to maintain wars; and second, a semi-de-
sertification for the creation of pastures for livestock grazing, which
peaked in the San Luis Potosí area around 1630 [3]. During the Colonial
period, the hacienda systems were the main form of settlement. The
hacienda towns were communities settled around the haciendas or

within their territorial limits, and formed population centers with a
very varied social composition, composed of tenants, day laborers,
shepherds, artisans, muleteers and weavers, that often exceeded a
thousand inhabitants. However, these did not have recognition nor the
rights that the indigenous communities had; on the contrary, they were
only seen as the workforce for the haciendas and the interest in the
growth of their population was to preserve this labor force. However by
the mid-nineteenth century the situation changed, the population was
more than could be kept under control and this led to a series of up-
risings against landowners. In addition, the Reform war and the French
Intervention created favorable political conditions in the region to in-
stall legislation by local governments instead of communal lands [4].
Due to its geographical location, San Luis Potosí has always been an

intermediate point in the communication networks between the three
main cities of the country: Guadalajara, Monterrey and Mexico City; it
is also the intersection in the routes between four maritime ports:
Manzanillo, Mazatlán, Altamira and Tampico; and has a large network
of roads and highways that allow a large flow of people throughout the
length and breadth of its territory. The city of San Luis Potosí has be-
come a cluster of metalworking industry, which has driven social and
economic growth; however, in general terms, the state is in third place
as a center for the exodus (expulsion makes it sound as if they are forced
to leave, or is that the case?) of the population, a situation that has been
maintained since 1940, with the state of Nuevo León being its main
migratory destination [5].
For the present work, we analyzed HLA class I (HLA-A, -B) and class II

(HLA-DRB1, -DQB1) PCR-SSP based typings in 117 Mexicans from the
state of San Luis Potosí [composed by the following populations: Mexico
San Luis Potosí, San Luis Potosí city, N=30, Allele Frequencies Net
Database Identifier (AFND-ID): 3487; Mexico San Luis Potosí Rural,
N=87, AFND-ID: 3586]. In addition to the individual populations we also
show data for these combined populations. The latter are not held on
AFND to prevent duplication of data. Maximum-likelihood (ML) fre-
quencies for alleles and four-locus haplotypes were estimated using an
Expectation-Maximization algorithm. For a comprehensive review on the
methods, such as sample collection, HLA typing and statistical analyses,

Fig. 1. Location of San Luis Potosí and admixture proportions for the state of San Luis Potosí [composed by the following populations: Mexico San Luis Potosí, San
Luis Potosí city, N=30, Allele Frequencies Net Database Identifier (AFND-ID): 3487; Mexico San Luis Potosí Rural, N= 87, AFND-ID: 3586]. Admixture proportions
were estimated by ML using HLA-A, -B and -DRB1 frequencies as genetic estimators. Green refers to the proportion of European contribution, purple to Native
American contribution and yellow depicts African contribution. Map modified from Google Maps Pro [15].
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please refer to [6] in this same issue. For the frequencies of HLA-A, -B,
-DRB1 and -DQB1 and haplotypic data for the sample sets of the state of
San Luis Potosí please refer to the Supplementary information:
Supplementary Tables 1–7. For data on Hardy-Weinberg equilibrium
(HWE) please see Supplementary Information: Supplementary Table 8 of
this work and Supplementary information: Supplementary Table 9 in [6]
in this same issue. We find that the most frequent haplotypes for the state
(haplotypic frequency, H.F. > 1.0%, arbitrarily; Supplementary Table 5)
include 13 Native American (HLA~A*02~B*35~DRB1*08~
DQB1*04, A*68~B*40:02~DRB1*08~DQB1*04, A*02~B*15:01~
DRB1*04~DQB1*03:02, A*24~B*35~DRB1*16~DQB1*03:01, A*31
~B*35~DRB1*04~DQB1*03:02, A*02~B*35~DRB1*04~DQB1
*03:02, A*02~B*40:02~DRB1*08~DQB1*04, A*02~B*48~
DRB1*04~DQB1*03:02, A*02~B*51~DRB1*08~DQB1*04, A*24~
B*35~DRB1*08~DQB1*04, A*24~B*39~DRB1*16~DQB1*03:01,
A*68~B*35~DRB1*08~DQB1*04 and A*68~B*40:02~DRB1*04~
DQB1*03:02), six European (HLA~A*33~B*14:02~DRB1*01~
DQB1*05, A*01~B*08~DRB1*03:01~DQB1*02, A*24~B*35~
DRB1*11~DQB1*03:01, A*26~B*14:01~DRB1*13~DQB1*06,
A*29~B*44~DRB1*07~DQB1*02 and A*68~B*14:02~DRB1*01~
DQB1*05), two African (HLA~A*66~B*41~DRB1*11~DQB1*03:01
and A*23~B*45~DRB1*15~DQB1*06) and two Asian
(HLA~A*23~B*49~DRB1*11~DQB1*03:01 and A*02~B*50~
DRB1*07~DQB1*02; the latter probably Eurasian) haplotypes. Ad-
mixture estimates revealed that the main genetic components are Native
American (52.72 ± 0.66% by ML; 48.29% of Native American haplo-
types) and European (34.62 ± 4.28% by ML; 32.48% of European hap-
lotypes), and a relatively high African genetic component
(12.66 ± 4.61% by ML; 10.26% of African haplotypes). A study using
blood groups as genetic estimators in mixed ancestry population from San
Luis Potosí [7] found 75.64 ± 5.42% of European ancestry and
24.60 ± 5.42% of Native American ancestry in their sample. Another
study using 13 short tandem repeats (STRs) as a genetic estimator for
admixture analysis in a closely related population [8] showed somewhat
different results: 54.99 ± 3.44% of European, 39.99 ± 2.57% of Native
American and 5.02 ± 2.82% of African contributions. These two studies
resemble more the results for San Luis Potosí City than the ones here re-
ported for the whole state (see below). A different study using ancestry
informative markers (AIMs) in a similar population [9] found 56% of
Native American, 38% of European and 6% of African contribution, results
that resemble more closely the estimations obtained with HLA.
The admixture estimates for both San Luis Potosí city and the rural

areas show very dissimilar African (San Luis Potosí city 0.00 ± 9.87%
by the ML method and 11.67% by estimating the proportion of African
haplotypes vs. rural areas 16.79 ± 6.50% by the ML method and
9.77% by estimating the proportion of African haplotypes; Fig. 1) and
European (San Luis Potosí city: 51.23 ± 9.58% by the ML method and
38.33% by estimating the proportion of European haplotypes vs. Rural
areas: 29.58 ± 5.67% by the ML method and 30.46% by estimating the
proportion of European haplotypes) ancestries, but similar Native
American (San Luis Potosí city: 48.77 ± 1.58% by the ML method and
45.00% by estimating the proportion of Native American haplotypes vs.
Rural areas: 53.63 ± 1.11% by the ML method and 49.43% by esti-
mating the proportion of Native American haplotypes) proportions.
These results are in line with previous evidence stating Native American
and African ancestries are more represented in rural areas than in urban
settings [10]. The important presence of African haplotypes in San Luis
Potosí can be explained by the massive involuntary migration of African
enslaved human workforce that happened during the Colonial period to

be used as workforce for mining, agriculture and husbandry activities in
the state [11].
The proportions of Asian MPA haplotypes remain relatively constant

in the three datasets analyzed: 6.84% for the state of San Luis Potosí,
3.33% for San Luis Potosí City and 8.05% for the rural areas. Although
not documented in large numbers in San Luis Potosí, there were some
Asian immigrants reaching the central part of Mexico throughout the
colonial period but also a ten-fold increase in Asian population from
1895 to 1910 [12,13]. This Asian presence can explain the proportion
of Asian haplotypes found in the datasets analyzed. All data from our
sample sets, both frequencies and individual genotypes, can be found at
The Allele Frequency Net Database website (www.allelefrequencies.
net) [14].

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.humimm.2019.07.291.
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