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A total of 125 Costa Ricans of Amerindian descent were genotyped at high-resolution for the human leukocyte
antigen loci HLA-A, -B, -C, and -DRB1 using sequence-based typing methods. The respective allele and extended
haplotype frequencies, as well as Hardy-Weinberg proportions were calculated. The most frequent extended
haplotype identified was A*24:02:01-B*40:02:01-C*03:05-DRB1*04:07:01G, with an estimated frequency of
8.26%. A deviation from Hardy-Weinberg Equilibrium was detected at the DRB1 locus (p = 0.099). The HLA
genotypic data of the population sample reported here are available publicly in the Allele Frequencies Net
Database under the population name “Costa Rica Amerindians” and the identifier AFN3608.

Costa Rica is a Central American country with an area of
51,000 km? and a population of approximately 5 million inhabitants. Its
Native American population, namely Costa Rican Amerindians (CRAI),
represents approximately 2.4% of the general population. This in-
digenous population is divided in 8 ethnic groups, namely the Brunca,
Bribri, Cabécar, Huetar, Maleku, Ngobe-Buglé, and Teribe, who live
mostly in or next to 22 indigenous territories defined by Costa Rican
law. These territories are mainly located in the east and south of the
country, although communities in the central (Huetar), northern
(Maleku), and western (Chorotega) regions exist. Because of Costa
Rica’s location, its territory was a contact area between Mesoamerican
and South American aboriginal peoples. Indeed, the northwestern
Chorotega (Guanacaste province) were part of the Aztec-Nahua influ-
ence area and shared cultural aspects and a Western (Oto-) Manguean
language (now extinct) with other Mesoamerican groups, whereas other
indigenous Costa Rican groups still speak their native Chibchan lan-
guages (e.g. Bribri, Cabécar, Maleku-Guatuso, Ngébere) closely related
to those of South American indigenous groups [1]. Today, Costa Rican
Amerindians remain in relative isolation [2], and endogamy and
polygyny has been documented among some groups [3].

A total of 125 blood samples from unrelated healthy volunteer do-
nors belonging to 5 indigenous groups (Chorotega, n = 16; Maleku,
n = 26; Huetar, n = 34; Cabécar, n = 43; and Ngobe, n = 6) were in-
cluded in this study. All individuals included self-identified as Costa
Rican Amerindians and lived in indigenous territories. All samples were
collected in these territories as part of the DNA biobank at the
University of Costa Rica’s Centre for Research in Hematology and
Related Disorders (Centro de Investigaciones en Hematologia y
Trastornos Afines, CIHATA), which continuously collects samples for
the characterization of genetic variation across the country and its as-
sociation with medically-relevant traits. DNA was extracted from blood
by routine methods. All participants gave informed written consent as
per CIHATA’s DNA biobank standard procedures. Sample collection
under CIHATA’s biobank and this study were approved by the local
ethics committee at the University of Costa Rica.

High-resolution HLA typing was performed at Anthony Nolan by in-
house sequence-based typing methods, with generic amplification of
exons 2, 3 and 4 for HLA-A, HLA-B, HLA-C. For HLA class II, exon 2 of
the HLA-DRB1 gene was amplified using in house allele group-specific
primer pairs. Amplicons were purified and each exon was sequenced on
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an ABI 3730xL DNA Analyzer with specific forward and reverse primers
using the Big Dye® Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems). Sequence analysis was done with Assign-SBT software
(version 3.6+, Conexio Genomics, Freemantle, Australia) using IPD-
IMGT/HLA database release 3.9.0 [4]. Ambiguities were further solved
using allele-group- (HLA class I) or codon-86-specific (HLA class II)
primer combinations and sequencing of the allelic products. For HLA
class I, alleles with identical sequences at codons 2, 3, and 4 could not
be distinguished, and were assigned the third-field name of the allele
with the lowest numerically ordered name (which is usually the more
common one). Hence, HLA class I allele frequencies given may in many
cases represent the frequency of a group of alleles sharing sequences at
these exons. Allele groups (G) were assigned to HLA class II alleles
according to IPD-IMGT/HLA database specifications. All homozygous
samples were confirmed by at least two determinations and using dif-
ferent techniques. Allele frequencies and compliance with Hardy-
Weinberg equilibrium (HWE) were computed using the online tools
available from the HLA-net platform (http://hla-net.eu/tools/) [5].
Haplotype frequencies were estimated by an in house implementation
of the expectation-maximization (EM) algorithm [6].

Samples successfully typed for HLA-A, HLA-B, HLA-C, and HLA-
DRB1 were 124, 123, 122, and 120, respectively. A total of 24, 34, 18,
and 26 alleles were identified for HLA-A, -B, -C, and -DRB1, respec-
tively. Compliance with HWE was confirmed for all loci except for HLA-
DRB1, where a significant deviation was detected (p = 0.099), some-
thing observed frequently in Amerindian populations [7]. The five most
common alleles per locus were A*24:02:01 (35.1%), A*68:01:02
(17.7%), A*02:01:01 (9.3%), A*68:30 (6.8%), A*02:06:01 (4.4%);
B*40:02:01 (35.8%), B*35:01:01 (15.4%), B*35:43:01 (13.4%),
B*15:01:01 (3.7%), B*38:01:01 and B*51:01:01 (both 2.8%); C*03:05
(36.1%), C*01:02:01 (15.2%), C*04:01:01 (13.9%), C*03:04:01 (8.2%),
C*07:02:01 (4.5%); DRB1*04:07:01G (35.4%), DRB1*16:02:01
(14.6%), DRB1%08:02:01 (9.6%), DRB1%14:02 (9.2%),
DRB1%07:01:01G (4.6%). The complete lists of alleles for each locus are
given in Supplementary Table 1.

Based on the results for HLA typing, 4-locus haplotype frequency
estimations based on the expectation-maximization algorithm were
generated. The number of the extended haplotypes with an estimated
frequency > 1/2N was 94. Twenty-three extended haplotypes have
estimated frequencies of > 1%, the most common being A*24:02:01-
B*40:02:01-C*03:05-DRB1*04:07:01G (8.26%), A*68:30-B*40:02:01-
C*03:05-DRB1*16:02:01 (6.85%), A*68:01:02-B*40:02:01-C*03:05-
DRB1*04:07:01G (6.79%), A*68:01:02-B*35:01:01-C*04:01:01-
DRB1%04:07:01G (4.96%), and A*24:02:01-B*35:43:01-C*01:02:01-
DRB1%08:02:01 (4.32%). A complete list of estimated extended haplo-
types is given in Supplementary Table 2. The HLA profiles of CRAI show
similarity to other populations of Amerindian descent [8], with rela-
tively reduced diversity and high differentiation [9]. Gene flow from
other continental groups in Amerindians from Costa Rica [2,9-12] can
also be demonstrated by the presence of alleles common in Europeans
(B*38:01:01) or Africans (A*36:01). All genotype, as well as haplotype
and allele frequency data are available in the Allele Frequencies Net
database (AFND) [13] under the population name “Costa Rica Amer-
indians” and the identifier (AFN3608). Haplotype and HLA class II al-
lele data are available in “G” notation in the Supplementary
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information accompanying this publication. However, the notation “G”
is omitted in AFND due to format restrictions, and second-field level
resolution is shown for the relevant alleles instead.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.humimm.2019.05.008.
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