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Abstract

The study presents comparisons between blood group frequencies beyond ABO and Rh blood systems in Native
American populations and previously published data from Brazilian blood donors. The frequencies of Diego
(c.2561C>T, rs2285644), Kell (c.578C>T, rs8176058), Duffy (c.125A>G, rs12075, ¢.1-67T>C, rs2814778) and Kidd
(c.838A>G, rs1058396) variants in Kaingang (n=72) and Guarani (n=234) populations from Brazil (1990-2000)
were obtained and compared with data from these populations sampled during the 1960s and with individuals of
different Brazilian regions. Data showed high frequencies of D/I*07 and FY*01 alleles: 11.8% and 57.6% in Kaingang
and 6.8% and 75.7% in Guarani groups, respectively. The main results indicated: (1) reduction in genetic distance
over time of Kaingang and Guarani in relation to other Brazilian populations is suggestive of ongoing admixture; (2)
significant differences in some frequencies of blood group markers (especially Diego, Kidd and Duffy) in relation to
Native Americans and individuals from different geographical regions of Brazil. Our study shows that the frequency
of red blood cell polymorphisms in two Native American groups is very different from that of blood donors, when we
evaluated blood groups different from ABO and Rh systems, suggesting that a better ethnic characterization of blood

unit receptors is necessary.

Keywords: Genotyping, Native American population, blood group variability.

Received: July 17, 2020; Accepted: March 15, 2021.

Introduction

Brazil has more than 207 million inhabitants and is
one of the most diverse countries in the world as a result of
successive migratory waves (European, African and Asian) in
addition to the Native American populations already residing
in Brazilian territory prior to colonization (Leite et al., 2009;
IBGE, 2017). The Guarani are the most populous Brazilian
Native American population, and they reside in the states of
Rio Grande do Sul, Santa Catarina, Parana, Sdo Paulo, Rio de
Janeiro, Espirito Santo and Mato Grosso do Sul, as well as in
other Latin American countries (Argentina, Paraguay, Bolivia
and Uruguay) (Comissdo de Cidadania e Direitos Humanos,
2010). The Kaingang are the third most populous Native
American group in Brazil; the Kaingang live in the states of
Sao Paulo, Parana, Santa Catarina and Rio Grande do Sul
(Lindenau et al., 2016). Although Brazil harbors a significant
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proportion of the Native Americans in South America, only
0.4% (896,000 people) of the total Brazilian population
self-classify themselves as indigenous (““indigena”) (IBGE,
2012a). However, this percentage represents an undercount,
given that this figure does not include several Brazilian Native
American communities that live in “isolated populations”
and that some ethnic groups are in the process of ethnic
reaffirmation following years of domination and cultural
repression (Luciano, 2006; IBGE, 2012b). As a number of
these populations have remained in their precolonial state,
they are geographically and culturally isolated and have
close links with their territories; thus, they have well-defined
social, economic and political systems, beliefs, languages
and cultures (Luciano, 2006). Reproductive isolation may
produce populations with genetic pools that differ from those
of populations living in panmixia.

The International Society of Blood Transfusion (ISBT)
currently recognizes 366 blood group antigens, of which
328 are dispersed within 38 blood group systems (ISBT,
2020); some of these antigens cause alloimmunization.
Alloimmunization can lead to hemolytic transfusion reactions
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(HTRs) and hemolytic diseases of the fetus and newborn
(HDFNs) (Alves et al., 2012). These adverse effects occur
more frequently when blood donor recipients or parents of
a child differ in their genetic makeup as a result of diverse
ethnicities (Kenny, 2006; Saleh et al., 2018). ABO and Rh
are the most important blood group systems in transfusional
medicine; however, other clinically significant systems are
worthy of consideration, such as the Kell, Duffy, Diego and
Kidd blood systems (Westhoff, 2019).

The blood group allele and phenotype frequencies
change according to ethnic group (Romphruk ef al., 2019)
due to selection (as with Duffy alleles), genetic drift and other
evolutionary factors. In some populations, blood group alleles
could be considered to be an anthropological marker, such
as the Di® antigen for Native Americans (Bégat et al., 2015).
In blood centers, ABO and RhD phenotypes are identified
for all blood donations to avoid HTR (Ministério da Saude,
2017). However, it is also important to search for other blood
systems, such as Kell, Duffy, Kidd, Diego and other blood
group antigens, because they could also be implicated in
HTR and DHFN (Poole and Daniels, 2007). The investigation
of genetic polymorphisms of other blood groups in Native
Americans is important for determining whether the allele
frequencies of blood groups in a focal population differ from
those of blood donors from the general population. In addition,
these studies may provide useful information to blood centers
regarding focal ethnic groups.

The aims of this study were: (a) to determine the
frequency of several clinically important blood group alleles,
that is, Diego (¢.2561C>T — DI*01/*02 — rs2285644), Kell
(¢.578C>T — KEL*01/*02 — rs8176058), Dufty (c.1254>G
—FY*01/%02 —1s12075 and ¢. /-67T>C —FY *02N.01/*02 —
1s2814778) and Kidd (c.8384>G — JK*01/*02 —rs1058396),
in two Native American populations from Brazil (the Kaingang
and Guarani) and; (b) to compare the observed frequencies with
published data from individuals residing in different Brazilian
regions, as well as with published data that were obtained
from the Kaingang and Guarani populations in the 1960s.

Subjects and Methods

Sample characterization

We analyzed data from 306 Native American
individuals: 72 Kaingang and 234 Guarani (154 from the
Kaiowa subdivision and 80 from the Nandeva subdivision),
which were sampled between 1990 and 2000. In Table 1, we
present the characteristics of the populations (the name of

Table 1 — Geographic location and year of collection of the samples studied.
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the locality, geographical coordinates and sampling period).
This study was approved by the Research Ethics Committee
of the Universidade Federal de Ciéncias da Satde de Porto
Alegre (UFCSPA) (N°1.885.647).

DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood
leukocytes by a standard salting-out procedure (Lahiri and
Numberger, 1991). DNA samples were quantified by optical
density at 260 nm (BioSpec-Nano, Shimadzu, Columbia,
MD) and diluted to 10 ng/puL.

The genotypes of the 5 polymorphisms of blood groups
were determined by allele discrimination using a hydrolysis
probe with TagMan 5'-nuclease assays on a real-time PCR
system (StepOnePlus, Applied Biosystems, Foster City, CA,
USA). The following assays were used (Thermo Fischer
Scientific, Waltham, MA): C_ 26654865 10 (DI*01/*02
— 152285644), AHABI4V (KEL*01/%02 — rs8176058),
C 2493442 10 (FY*01/*02-1s12075),C__ 15769614 10
(FY*02N.01/%02 — rs2814778) and C__ 1727582 10
(JK*01/*%02 —1s1058396). The reactions were performed with
fast thermal cycling conditions, and the reagent concentrations
were as follows: 10 ng of DNA, 1X TagMan genotyping assay,
1X TagMan genotyping master mix and nuclease-free water.

Data collection of previously published blood group
variants

Genotypic data of the samples of the present study were
compared to phenotypic data obtained from 214 Kaingang
(Ligero, Guarita, Nonoai and Cacique Doble, Rio Grande do
Sul state) and 34 Guarani (Chapeco and Duque de Caxias,
Santa Catarina state) samples collected in the 1960s (Salzano,
1964a, 1964b; Salzano et al., 1980) (Table S1).

In addition, we reviewed previous studies of blood
groups from other regions of Brazil, determined the allele
frequency of the investigated polymorphisms and compared
these data with those of the Kaingang and Guarani groups.
Data on allele frequencies from blood donors were collected
from (1) the South region of Brazil (by state): Rio Grande do
Sul (RS, n=407) (Waskow et al. 2020), Santa Catarina (SC, n
=373) (Costaet al., 2016) and Parana (PR, n=251; Brazilian
Japanese descendants, n =209) (Flores et al., 2014; Zacarias
etal., 2016); (2) the Southeast region: Sao Paulo (SP, n=948)
(Ribeiro et al., 2009); and (3) the Northeast region: Bahia (BA,
n = 196) (Costa et al., 2016). The following methodologies
were employed for blood group genotyping in these studies:
restriction fragment length polymorphism - polymerase chain

Population
Characteristics Guarani Kaingang
Amambai/MS
Localities Limao Verde/ MS Nonoai/ RS

Porto Lindo/ MS
55°12°W, 23°6°S

Geographical coordinates

55°6°W, 23°12’S

52°45°W, 27°20°S

54°30°W, 23°48’S

Sampling period

1992 — 1993

2000

Table adapted from Lindenau et al. (2016).
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reaction (RFLP-PCR) (Flores et al., 2014; Costa et al., 2016;
Zacarias et al., 2016), DNA array analysis performed with the
human erythrocyte antigen (HEA) BeadChip (Ribeiro ef al.,
2009) and real-time PCR (Waskow et al., 2020).

Statistical analyses

Allele frequencies were estimated from our data by
gene counting. We estimated allele frequencies of data
collected from the literature using g = Vhomozygote. For
our data, Hardy-Weinberg equilibrium (HWE) was tested for
each locus using an analog of Fisher’s exact test, described
in Guo and Thompson (1992). Genetic diversity between
populations was evaluated using a chi-square test, while
Bonferroni correction was employed to adjust for multiple
comparisons. These analyses were performed in Arlequin v.3.5
(Excoffier and Lischer, 2010). Pairwise Nei’s genetic distances
(Nei et al., 1983) were employed to estimate DA genetic
distances between populations using Poptree2 (Takezaki et
al., 2010). A nonmetric multidimensional scaling (MDS) for
DA distances was performed to visualize the populations in
a two-dimensional frame. A stress (distortion) lower than
0.05 was considered to be acceptable. To conduct MDS, we
employed the Statistical Package for Social Sciences Version
18.0 software (SPSS, Chicago, IL). For the statistical tests, a
p-value < 0.05 was considered to be significant.

Results

The Guarani cultural-linguistic subdivisions Nandeva
and Kaiowa did not exhibit significant differences in allele
frequencies; thus, we clustered these two subdivisions in a
group called Guarani (data not shown). The observed genotype
distributions in the Kaingang and Guarani ethnic groups were
in HWE for all systems. The comparison between Kaingang
and Guarani differed in the frequencies of the FY*01, FY*02
and FY*02N.01 alleles (p = 0.00175 + 0.0021).

Gene frequencies were compared between Kaingang,
Guarani and other Brazilian samples (Table 2). We observed
significant differences in allele frequencies when Kaingang
and Guarani people were compared with non-native Brazilian
individuals from the South, Southeast and Northeast regions. For
the Kaingang group, all polymorphisms exhibited significant
differences, except for Kell. The primary differences were in the
Duffy and Kidd systems. The Guarani also differed from other
populations in the Duffy and Kidd systems. The Diego system
also exhibited differences between Native Americans and
other populations. Despite these differences, Guarani showed
a similar genetic profile with Brazilian-Japanese descendants,
with differences being observed only in the Kidd system.

We also computed pairwise DA genetic distances
between Kaingang and Guarani samples collected in this study,
samples obtained from native groups from the 1960s, and
samples from the previously mentioned present-day Brazilian
populations in the analysis. Multidimensional scaling was
applied to DA distances to produce Figure 1. The median DA
genetic distance (0.017) between the Kaingang sampled for
this study (Kaingang 2000) and samples of six other Brazilian
populations was smaller than that observed for samples from
the 1960s (Kaingang 1960, median DA = 0.044). The same
tendency was observed for the Guarani, but the decrease
was considerably less pronounced (median DA for Guarani
1990 = 0.026; Guarani 1960 = 0.028). This pattern did not
change when Japanese descendants were omitted, or when
the analysis included exclusively non-native individuals of
the South region. From the analysis of allele frequencies, we
observed a temporal decrease in the DI*(1 allele, which is a
well-known Native American marker, in both Native American
populations (Kaingang 1960s: 0.240; Kaingang 2000: 0.118;
Guarani 1961-1963: 0.233; Guarani 1992-1993: 0.069). In
addition, the genetic marker of European ancestry KEL*01
was only observed in Guarani, which were recently sampled

Table 2 — Minor allele frequencies of blood groups studied in Kaingang and Guarani compared with other Brazilian data.

Present study South Southeast Northeast
Kaingang Guarani RS SC PR PR-BID SP BA

(n=172) (n=234) (n=407) (n=373) (n=251) (n=209) (n=948) (n=196)
Diego
DI*01 0.118 0.069 0.010%+ 0.028*f 0.022*F 0.043* 0.020*t 0.015*f
Kell
KEL*01 0 0.002 0.005 0.031+ 0.044+ 0.002 0.024+ 0.020
Duffy
FY*01 0.576+ 0.757* 0.404+ 0.405*F 0.436+ 0.784* 0.360*f 0.247*%
FY*02 0.376+ 0.231* 0.490% 0.541*% 0.540+ 0.205* 0.455%% 0.317*%
FY*02N.01 0.048+ 0.012* 0.106} 0.054*+ 0.024+ 0.011* 0.185*f 0.436*t
Kidd
JK*01 0.326 0.407 0.560* 0.531* 0.502* 0.538*F 0.460* 0.380
JK*02 0.674 0.593 0.440* 0.469* 0.498* 0.462*+ 0.540* 0.620

RS: Blood donors from the state of Rio Grande do Sul (Waskow et al., 2020)

SC: Blood donors from the state of Santa Catarina (Costa et al., 2016)

PR: Blood donors from the Southwest region of the state of Parana (Zacarias et al., 2016)
PR-BJD (Brazilian Japanese descendants): Blood donors from the state of Parana (Flores ef al., 2014)

SP: Blood donors from the state of Sdo Paulo (Ribeiro et al., 2009)
BA: Mixed population from the state of Bahia (Costa et al., 2016)
* Kaingang with other studies, p <0.05

+ Guarani with other studies, p < 0.05
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Figure 1 — Nonmetric multidimensional scaling of DA genetic distances between 10 population samples, based on Diego, Kell and Duffy red cell
polymorphisms (stress = 0.04; R2 = 0.99). Legend: GUARA_1990: Guarani present study, KAING 2000: Kaingang present study, GUARA_1960s:
Guarani sampled in the 1960s (Salzano 1964a), KAING 1960s: Kaingang sampled in the 1960s (Salzano et al., 1980), RS: Blood donors from the
state of Rio Grande do Su 1(Waskow et al., 2020), SC: Blood donors from the state of Santa Catarina (Costa e al., 2016), PR: Blood donors from the
Southwest region of the state of Parana (Zacarias et al., 2016), PR-BJD (Brazilian Japanese descendants): Blood donors from the state of Parana (Flores
et al.,2014), SP: Blood donors from the state of Sdo Paulo (Ribeiro et al., 2009), BA: Mixed population from the state of Bahia (Costa et al., 2016).

(1992-1993), at a prevalence of 0.002. We also observed a
dual temporal effect on the FY*0! allele frequency: for the
Kaingang sampled in Rio Grande do Sul in the 1960s (Salzano
et al., 1980), and there was a reduction in allele frequency
(0.710 vs. 0.576), while an increase was observed between
Guarani from Rio Grande do Sul relative to Santa Catarina
in the 1960s (Salzano, 1964a) (0.450 vs. 0.757).

Discussion

The frequencies with which blood group antigens
are detected differ based on the studied population. For
example, the Di* antigen (D/*01 allele), which is considered
an anthropological marker of Native American populations,
was observed at differing frequencies in the studied population
(Daniels, 2002). Knowledge of the different frequencies of
RBC (red blood cell) polymorphisms among populations
is useful for understanding anthropology and is helpful for
transfusion medicine (Costa et al., 2016). Several studies
have been conducted with Native American ethnic groups to
characterize their genetic variability (Salzano, 1964a; Salzano
etal 1997, 1980; Hiinemeier et al., 2012; Reich et al., 2012;
de Souza and Santos, 2014; Bégat et al., 2015; Lindenau et al.,
2016); however, no study has evaluated variations in blood
groups along with relevant contexts from a clinical perspective.

Our primary results indicated the following: (1) Kaingang
and Guarani groups differ only in the Duffy system; (2) the
reduction of genetic distance over time, which was exhibited

Kaingang and Guarani relative to other Brazilian populations,
is suggestive of historical admixture; (3) nevertheless, there
are significant differences regarding some frequencies of
blood group markers (especially Diego, Kidd and Dufty)
between Native Americans and individuals from different
geographical regions of Brazil.

The Brazilian population is highly heterogeneous due to
genetic admixture between several ancestral groups, primarily
Native Americans, Europeans and Africans (Suarez-Kurtz et
al., 2012). The relative contributions of the three main parental
populations vary throughout the country. Data from a study of
934 Brazilian individuals, self-categorized as having white,
brown and black color, showed that European genomic ancestry
is 0.601 in the Northeast region, 0.742 in the Southeast region
and 0.795 in the South region; African ancestry is 0.293,0.173
and 0.103 in the Northeast, Southeast, and South regions,
respectively; and Native American ancestry is 0.089, 0.073
and 0.094 in the Northeast, Southeast, and South regions,
respectively (Pena et al., 2011). These observations have
important implications for transfusion medicine, especially
when blood donors are not matched to the recipient of the blood
unit or when patients are polytransfused. Native Americans are
a unique population with high genetic diversity and a history of
genetic isolation (Lindenau et al.,, 2016). If the recipient were
Native American, the blood bank may have difficulties locating
a compatible blood unit. The Native American contribution is
higher in the North (0.185) than in other regions, but it is not
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negligible in the South (0.094) (Pena et al., 2011). We observed
significant differences in the frequencies of all genetic markers
in our study compared with non-native Brazilian subjects, and
these markers can cause immune reactions (Table 2).

DI*01 has often been associated with HDFN, but it can
also cause HTR (Byrne and Byrne, 2004). There are three
possible genotypes to predict three possible phenotypes:
Di(atb-) (DI*01/DI*01 genotype), Di(a+b+) (DI*01/DI*02
genotype) and Di(a-b+) (DI*02/DI*02 genotype) (Flores et
al., 2014). As the DI*01 allele is an anthropological marker
of Native American populations (Bégat et al., 2015) and
it is infrequently observed in other populations, there is
a low probability of locating a compatible donor for the
Di(atb-) phenotype. Brazil has a national program of rare
blood donors where Di(a+b-) blood donors are available.
The DI*01 allele frequency was observed to 11.8% in Kaingang
and 6.8% in Guarani. These frequencies are considerably
higher than all other published data for the Brazilian population
(frequency range: 0.9%-4.3%) (Cavasini et al., 2007; Ribeiro
etal., 2009; Flores et al., 2014; Latini et al., 2014; Costa et al.,
2016; Zacarias et al., 2016; Martins et al., 2017). Exceptions
are Brazilian-Japanese populations, which had a frequency
(4.3%) similar to that of the Guarani (6.9%) (Table 2).
Therefore, there is a low probability of finding a compatible
donor for the Di(a+b-) phenotype among non-native Brazilian
donors (Figure 2), although the probability is slightly higher
among people with Native American (when possible) and
Japanese ancestry. From the allele frequencies obtained in

BA
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"NPEIPrr
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Kaingang —
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the present study, it is possible to calculate the probability
of finding an individual with a Di(a+b-) phenotype: 1.39%
(14/1,000 individuals) among the Kaingang and 0.47%
(5/1,000 individuals) among the Guarani. Considering data
from published articles, the lowest probability of finding
an individual with a Di(a+b-) phenotype is among blood
donors from Rio Grande do Sul (0.0081%, that is, 8/100,000
individuals). The highest probability of finding a compatible
donor of this profile is in Japanese descendants of Parana
(0.18% or 2/1,000 individuals). Among samples from other
blood donors, the highest probability was observed in Santa
Catarina state with 9/10,000 individuals (0.09%).
According to Bégat et al. (2015), the frequency of the
DI*01 allele is considerably higher in individuals who speak
G€ (17.1%) and Tupi (18.4%) (Bégat et al., 2015) than in
Brazilian blood donors. These data are consistent with our
results: the DI*01 allele occurs at a frequency of 11.8% in
the Kaingang (who speak the Gé language) and 6.8% in the
Guarani (from the Tupi language family). The allele frequency
found in our study is slightly lower than those proposed by
Bégat et al. (2015) for the DI*01 allele in Native Americans. In
addition, the temporal comparison between allelic frequencies
of blood groups evaluated in the Kaingang and Guarani
indicates a decrease in the DI*01 allele frequency, which may
be explained by different reasons. First, although the samples
collected in the 1960s and more recently were obtained from
the same Native American groups, the sampled population
is not exactly the same; therefore, the subjects could have

80% 70% 80% 90% 100%

Di(a-b+)

Figure 2 — Phenotype frequencies by Diego blood group alleles. Legend: Guarani: present study Kaingang: present study, RS: Blood donors from the
state of Rio Grande do Sul (Waskow ef al., 2020), SC: Blood donors from the state of Santa Catarina (Costa et al., 2016), PR: Blood donors from the
Southwest region of the state of Parana (Zacarias et al., 2016), PR-BJD (Brazilian Japanese descendants): Blood donors from the state of Parana (Flores
et al., 2014), SP: Blood donors from the state of Sao Paulo (Ribeiro et al., 2009), BA: Mixed population from the state of Bahia (Costa et al., 2016).



had different allele frequencies. Moreover, these results may
also suggest that there is a continuing process of admixture
among these populations with non-Native Americans; perhaps
modifications in the culture of marriages with non-Native
Americans may have happened more recently in these ethnic
groups. The increased frequency of the FY*02 (Fy®) allele
in Kaingangs and the detection of the KEL*01 (K) allele in
the Guarani population suggest that admixture may partially
explain these results (Table S1).

The KEL*01 allele (K antigen) is the third most
potent allele for triggering alloimmunization implicated in
potential HTR and HDFN (Fléres et al., 2014), and in relation
to immunogenicity, only the D antigen is considered more
immunogenic (Denomme, 2015). In HDFN, anti-K induces
mild hyperbilirubinemia and reticulocytopenia. In addition,
the blocking phenomenon, which is a false negative typing of
the fetal cells’ K antigen, can be caused by a high anti-K titre
in the maternal blood (Manfroi and Velati, 2017). Therefore,
this allele is important for determining the presence of the K
antigen when there is a blood transfusion in Kaingang and
Guarani individuals, given that the K antigen is present at a
considerably lower frequency in these populations than among
non-native blood donors. K-negative antigen (KEL*02/*02
genotype) has been documented in other studies of native
South American groups (Salzano, 1964a).

Dufty blood group antigens (Fy* — FY*0I allele and
Fy® — FY*02 allele) are associated with immediate and
delayed HTR. The Duffy glycoprotein is a receptor in the
erythrocyte membrane to chemokines and plays a role as
a portal to malaria pathogens in RBCs. Allele FY*02N.01,
which is caused by the point mutation c./-677>C (rs2814778)
in the 5’ untranslated region, prevents Fyb antigen expression
exclusively in red blood cells and might prevent malaria
infection in some people (Hoher et al., 2017). The frequencies
of the FY*02N.0I allele were similar in the Kaingang and
some southern Brazilian populations (RS and PR) and in
Guarani and Brazilian-Japanese descendants. However, in
other Brazilian populations, the frequencies were higher
due to an increased African contribution to the Brazilian
population.

To the best of our knowledge, the literature does not
provide data showing how many Native Americans undergo
blood transfusions in Brazil. However, this screening is
important in the process of locating the most appropriate
blood unit in case one is needed. This study demonstrates
that variability in RBC polymorphisms (DI*01/*02,
KEL*01/*02, FY*01/*02, FY*02N.01/*%02, JK*01/*02) in
Kaingang and Guarani populations is different from that of
the RBCs of blood donors, with the exception of people of
Japanese ancestry compared with people of Guarani ancestry.
When blood transfusion is required for a Brazilian Native
American and a Native American or their descendants are
not available to donate, based on our data and those presented
in the literature, we suggest that blood centers recruit blood
donors with Asian ancestry. In addition, we recommend that
additional studies of the descendants of Native American
populations be conducted to help to elucidate the diversity
of the Brazilian population.
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