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Abstract

Objectives: The aim of this study was to investigate the distribution of molecular poly-
morphisms of the ABO gene in four population samples from the province of C�ordoba,
in Central Argentina, and to compare them with other worldwide populations.

Methods: A total of 110 buccal swab samples from autochthonous individuals of
C�ordoba were typified. Molecular characterization of the allelic variants was performed
by the analysis of exons 6 and 7 of the ABO gene using PCR-RFLP analysis. Addition-
ally, the Native American AIM O1v542 was characterized by direct sequencing.

Results: The four C�ordoba populations did not show significant geographic struc-
ture, although the frequency of the O1v542 haplotype, detected in all the populations
studied, ranged from 0.019 to 0.222. The principal component analysis based on O
allele distribution showed that the populations from C�ordoba clustered close to the
admixed populations of Santiago and Mexico City, and at intermediate distances
between European and Native American populations, while being distant from the
African population.

Conclusions: The results demonstrate that the analysis of the ABO system consti-
tutes a useful tool for the study of the genetic structure and evolutionary history of
human populations, reflecting accurately the relative contribution of parental conti-
nental contribution to the gene pool of admixed populations.

1 | INTRODUCTION

Since its discovery in 1900 by Karl Landsteiner, the ABO
blood group system has been used as a marker of variation
between populations in anthropological studies, mainly
because it is highly polymorphic. The molecular basis of the
gene encoding the glycosyltransferases that synthesize ABO
antigens was established by Yamamoto, Clausen, White,
Marken, & Hakomori (1990), and the main alleles were
defined. Since then, a large number of ABO variants have
been described, and new alleles are constantly being identi-
fied. Excluding the common alleles, about half of the remain-
ing are because of new mutations and the other half can be
better explained by intragenic recombination between com-
mon variants (Yip, 2002).

Although ABO polymorphisms are distributed world-
wide, there is a remarkable variation in their frequency distri-
bution among continental populations. Surprisingly, the O
group, although not functional, is the most abundant pheno-
type worldwide, ranging from 0.61 to 0.98, and being almost
fixed in Native Americans. In addition the highest frequen-
cies of allele O02 (also called O1v) are found among these
populations. A mutation derived from the O02 allele in the
542 position of exon 7 has been consistently described in
both contemporary and precontact Native American popula-
tions in different frequencies over the continent (Villanea
et al., 2013). These findings, taken together with the rarity of
the O1v542 allele in non-American populations, support its
use as an Ancestry Informative Marker (AIM) (Estrada-
Mena et al., 2009). Present knowledge of the peopling of the
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Americas suggests that this mutation would have occurred within
an Asian migrant group, ancestral to all Native-Americans, dur-
ing the isolation period in Beringia, prior to entering into the con-
tinent about 16,000 ybp (Villanea et al., 2013) in agreement with
the Beringian Incubation Model (Tamm et al., 2007).

The population of Argentina, like those of other Latin
American countries, has diverse ethnic origins. The immigra-
tion process can be divided in two main periods: (a) early
settlements at the first half of the 16th century until the end
of colonial times (circa 1810), characterized by the arrival of
the Spaniards to the territory and by the traffic of African
slaves; and (b) the second half of the 19th and early 20th cen-
turies, marked by population expansion resulting from
massive European immigration (mainly from Spain and
Italy), favored by a process of economic internationalization
(Pellegrino, 2002). All of these people merged in a complex
process, as evident by the heterogeneous degrees of admix-
ture observed in different regions of the country.

The ABO blood group has been studied to estimate
admixture proportions and to investigate gene flow in differ-
ent regions of Argentina, both from phenotypic (Avena
et al., 2010; Morales, Dipierri, Alfaro, & Bejarano, 2000)
and molecular data (Vaccaro et al., 2011), but not in the cen-
tral region of the country. The aim of this study is to investi-
gate the distribution of molecular polymorphisms of the
ABO gene in four populations from the province of C�ordoba
and to compare them with other worldwide populations, as a
contribution to the knowledge of the recent evolutionary his-
tory of central Argentina.

2 | MATERIALS AND METHODS

2.1 | Samples

A total of 117 buccal swab samples were obtained from
healthy, unrelated individuals from four villages of C�ordoba
province. These include La Para (30.87S, 62.98W), located
in the northeast near the Mar Chiquita lagoon; San Marcos
Sierras (30.75S, 64.56W) and Villa de Soto (30.85S,
64.98W), settlements of the Sierras Pampeanas region; and
Jovita (34.52S, 63.94W), a town located in the southwestern
Pampas plains (Figure 1). Individuals included in the study
had a family history of at least two generations in their resi-
dential location. Sampling was performed following the Hel-
sinki protocol, with the informed consent of each donor. Our
research program was approved by the Research Ethics
Committee of CEMIC (Centro de Educaci�on M�edica en
Investigaciones Clínicas “Norberto Quirno”).

2.2 | DNA extraction and ABO genotyping

Genomic DNA was extracted from cheek swabs using the
Accuprep Genomic DNA Kit (GenBiotech). The ABO geno-

types were first characterized by PCR-RFLP, following a
described method (Hummel, Schmidt, Kahle, & Herrmann,
2002). Two fragments of 103/104 bp and 64 bp from exons
6 and 7, respectively, were amplified in order to distinguish
the A101, B101, O01, O02, and O03 alleles. Eight ll of the
PCR products were digested sequentially with the corre-
sponding restriction enzymes, that is, the exon 6’s fragment
in the first place and then exon 7, if necessary.

In a second stage, in order to trace the G542A mutation,
a fragment corresponding to exon 7 from those samples that
presented the allele O02, both in homozygous and hetero-
zygous states, was amplified with primers ABO-3 and ABO-
8 (Ogasawara et al., 1996). PCR products were purified
and both strands were sequenced separately by Macrogen
(Korea). Sequences were manually aligned using Allele
A101 (GenBank AC000397) as reference sequence, using
Sequencher 5.3 (Gene Codes Corporation). As there is no
consensus terminology for ABO alleles, we followed the
nomenclature proposed by the Blood Group Antigen Gene
Mutation Database (http://www.ncbi.nlm.nih.gov/projects/
mhc/xslcgi.fcgi?cmd5 bgmut/home), except in the case of
the allele O11, characterized by the mutation in position 542,
where the name “O1v542” is more informative.

2.3 | Statistical analyses

Allele frequency estimates, Hardy-Weinberg equilibrium,
and the Analysis of Molecular Variance (AMOVA) were
carried out using the Arlequin v.3.5 software package
(Excoffier & Lischer, 2010). To evaluate genetic affinities
among the studied samples and other populations data
obtained from the literature, a principal component analysis
based on O alleles distribution was performed using the soft-
ware Past 3.09 (Hammer, Harper, & Ryan, 2001).

3 | RESULTS AND DISCUSSION

Of the 117 samples, 110 were successfully genotyped for the
ABO polymorphisms. A total of 62 sequences were ob-
tained, including 44 from individuals that presented the O02
allele and 18 problematic samples that could not be geno-
typed by RFLP.

The distribution of ABO genotypes and allele frequen-
cies in the four populations and in the total population, as
well as the Hardy-Weinberg test results and observed and
expected heterozygosis, are presented in Table 1. Deviation
from Hardy-Weinberg’s expectation was only observed in
La Para, most likely because of a bias generated by the small
sample size. The most frequent allele was O01, in line with a
global tendency, except for La Para. Allele O02 was the sec-
ond most frequent variant, a result in agreement with the
high incidence of native mitochondrial lineages in C�ordoba
(76%) and the important Native American contribution in its
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gene pool (40%) according to autosomal markers (García
et al., 2015).

Three hypotheses have been proposed to explain the high
frequency of O blood type in Native Americans: first, a foun-
der effect during the initial peopling of the Americas; second,
genetic drift related to European contact-associated popula-
tion decline; and third, natural selection of the O blood group
associated with some selective advantage in response to dis-
ease epidemics following European contact. In this regard,
some pathogens mimic ABO antigens, which makes it more
difficult for the immune system to detect and destroy them.
Blood type A may be more susceptible to smallpox, for
example, because a substance resembling the A antigen is
present in the Variola virus. So, it could be assumed that the
repeated and widespread smallpox epidemics of the 16th–
19th centuries may have selected against Native Americans
with A alleles and increased the frequency of O and B alleles
in the surviving population (Halverson & Bolnick, 2008).
However, further investigations show no changes in ABO
allele frequencies between precontact and extant populations

(Georges, Seidenberg, Hummel, & Fehren-Schmitz, 2012;
Halverson & Bolnick, 2008). These results suggest that
events following European contact had little impact on ABO
frequencies in the Americas and support the founder effect
hypothesis, which is more compatible with the evidence
from other genetic loci. The fact that haplotypes O1 and O1v
both constitute null alleles and, in principle, have identical
selective values, supports the notion that chance could be
responsible for both the predominance of O1v haplotypes
and the O group fixation (Estrada-Mena et al., 2009).

In this regard, the AIM O1v542, introduced from Beringia
by the population ancestral to most Native Americans
(Villanea et al., 2013), was detected in all of the four popula-
tions studied, in variable frequencies. San Marcos Sierras
shows the highest frequency (0.222), consistent with the de-
mographic history of the Sierras Pampeanas, since this region
used to have the highest concentration of native population
settlements before the arrival of the Spaniards. The frequency
of O1v542 in San Marcos Sierras is comparable to the average
incidence of this polymorphism in the Native American

FIGURE 1 Map of C�ordoba province, Argentina, in the southern cone of South America, showing the four locations sampled for this study
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populations studied to date (Villanea et al., 2013). In contrast,
the lowest frequency of this AIM was found in Jovita (0.019),
a rural village of the southeastern plains of C�ordoba province,
where many European immigrants settled.

Some uncommon alleles of European origin were detected
in low frequencies, such as O09, O12, O26, and O03. One
particularly rare haplotype at a global scale, O03(6491 689),
was found in La Para. This variant was described by
Hosseini-Maaf et al. (2005), when they screened samples pre-
senting the allele O03 with an unclear serological blood
group. They found that, although C649T polymorphism is a
rare occurrence, G689A was present in 17% of the O03
screened chromosomes, and concluded that many of the rare
novel alleles constitute a risk of error in all ABO genotyping
methods used to date because of its wide range of serologic
activity.

Taking into account that Native Americans nearly exclu-
sively belong to group O and have low genetic variability at
the ABO locus (Georges et al., 2012), alleles other than O01
and O02 (and its variant O1v542) could be considered to be
of foreign origin. To that extent, the population of Jovita has
the highest incidence of non-native polymorphisms (adding
up to 38%).

Despite finding that the AMOVA results and pairwise
FST distances did not show any significant difference
between the studied populations (p> 0.05), they were con-
sidered discrete populations for the principal component
analysis, attending to the above mentioned different ten-
dencies in allelic frequencies distribution. Results are
shown in Figure 2. The first component, accounting for
48.5% of the total variation, separates the African sample
of Ivory Coast from the other populations. All of the

TABLE 1 Distribution of genotypic and allelic frequencies and Hardy-Weinberg’s equilibrium (HWE) test in the studied populations

Frequencies %

ABO
Genotypes

La Para
(N529)

Villa de
Soto
(N528)

San Marcos
(N527)

Jovita
(N526)

Total
(N5110)

ABO
Alleles

La
Para

Villa
de Soto

San
Marcos Jovita Total

A1A1 6.9 0 7.4 11.5 6.4 A101 0.190 0.179 0.167 0.269 0.200

A1O1 10.3 25 3.7 23 15.4 A201 0.017 0 0 0.019 0.009

A1O2 13.8 3.6 7.4 3.7 7.2 B101 0.052 0.018 0.019 0.038 0.032

A1O1v542 0 7.1 7.4 3.7 4.5 O01 0.310 0.429 0.278 0.308 0.332

A2B1 3.4 0 0 3.7 1.8 O02 0.362 0.304 0.259 0.288 0.305

B1O2 3.4 3.6 3.7 3.7 3.6 O1v542 0.035 0.071 0.222 0.019 0.086

B1O1v542 0 0 0 0 0 O03 0.017 0 0.019 0 0.009

B1O3 3.4 0 0 0 0.9 O03(6491 689) 0.017 0 0 0 0.005

O1O1 17.2 17.9 11.1 7.7 13.6 O09 0 0 0.037 0 0.009

O1O2 17.2 17.9 14.8 19.2 17.3 O12 0 0 0 0.038 0.009

O1O1v542 0 3.6 11.1 0 3.6 O26 0 0 0 0.019 0.005

O1O3 0 0 3.7 0 0.9 Obs. Het. 0.586 0.679 0.63 0.692

O2O2 17.2 14.3 7.4 11.3 10.8 Exp. Het. 0.745 0.699 0.791 0.760

O2O1v542 3.4 7.1 11.1 0 5.4 HWE p-value 0.032a 0.287 0.291 0.173

O1v542O1v542 0 0 7.4 0 1.8

O3vO1v542 3.4 0 0 0 0.9

O9O9 0 0 3.7 0 0.9

O12O1 0 0 0 3.7 0.9

O12O2 0 0 0 3.7 0.9

O26O2 0 0 0 3.7 0.9

aStatistically significant P< 0.05.
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C�ordoba samples cluster together at intermediate values of
the second component, close to other admixed South
American populations (Santiago de Chile and Mexico
City). They also fall at intermediate distances between
European and Native American populations, although
Jovita appears closer to the European populations, as
expected. It is interesting to note that this pattern, based on
a single locus, is identical to that observed by García et al.
(2015), who analyzed 10 autosomal AIMs. The results
demonstrate that the analysis of the ABO system (more
precisely the variants of the O blood group) constitutes a
useful tool for the study of the genetic structure and evolu-
tionary history of human populations, reflecting accurately
the relative parental continental contributions to the gene
pool of Latin American admixed populations.
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