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ABSTRACT. Three ancestral components — Native American, European,
and African — comprise the Brazilian population, resulting in a high
genetic diversity and distribution of polymorphism frequency. Therefore, a
population study is necessary before analyzing disease-associated variants.
Several genes previously described are associated with neurodegenerative
diseases and their respective variants. However, the distribution of these
gene variants has not been established in the heterogeneous Brazilian
population. In this work, we analyzed polymorphic variants in samples of a
stratified Brazilian population to observe if there is any correlation between
such heterogeneity and their respective ethnic and geographical origins.
We selected individuals from Brazilian ethnic groups according to racial
self-declaration: European descendants (N = 30), African descendants (N
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= 30), Mulattoes Brazilians (N = 30), as well as Native Americans (N =
20), and individuals of Japanese descent (N = 30). The study of PCA and
other population parameters allowed the characterization of populations and
population groups. European descendant individuals were indistinguishable
from Mulattoes (Fst = 0.001); on the other hand, the group of European
descendant and Mulatto individuals indicated a moderate genetic
differentiation from the European population (Fst = 0.102). The analyses
showed that Native Americans (NAT) are a distinct group with moderate
to significant differentiation from other population groups. We showed that
the genotypic distributions of markers associated with neurodegenerative
diseases vary in our populations. Thus, the interpretation of the associated
genotypes should consider the genetic composition of this population.
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INTRODUCTION

The advances in diagnostic techniques, treatments, medications, and control strategies,
promoted remarkable progress in the medical and biomedical fields and caused an increase in
human life expectancy from approximately 49 to more than 75 years old (Havranek, 2019). Due to
the increased aging population, neurodegenerative diseases are more frequent. Neurodegenerative
diseases refer to a series of neuronal disorders accompanied by massive neuronal loss in the later
stages of the disease. These include Alzheimer's disease, Parkinson's disease, and amyotrophic
lateral sclerosis. Alzheimer's disease (Querfurth, 2010), the leading cause of dementia in the elderly
around 60 years old, is estimated to affect 36 million people (Querfurth, 2010), accounting for
10.8% of the population aged 80 to 90 years (Burns, et al., 2002).

In Brazil, the number of older adults grew by 23% in 10 years, exceeding 31 million in
2022, thus calling for a review of public policies aimed at this population segment (Paradella,
2018). Several genes were previously described in the literature as being associated with samples
from patients with neurodegenerative diseases and their respective variants (Supplementary Table
1). However, the distribution of these gene variants has not been established in a heterogeneous
population such as Rio de Janeiro, considering that the exponential increase of people meant an
abundance of rare variants, where their sharing depends on geographic distances (Tennessen, et al.,
2012).

Since world populations vary considerably in their predisposition to certain diseases concerning
the frequency of alleles (Pena, et al., 2011; Asiimwe, 2022; Harerimana, et al., 2022; Mishra, et
al., 2022, Paradela, et al., 2023), the Brazilian people, which carry the three ancestral components,
promote a model of study of high impact in the concepts of development, interpretation, and clinical
implementation (Suarez-Kurtz, 2010; Pena, et al., 2011; Deng, et al., 2016). Because the high level
of genetic diversity, implying the frequency of polymorphisms distribution, it is vital to study the
precedent population so that the best ordering can be followed (Lillo, et al., 2021; Rajabli, et al.,
2022; Ali, et al., 2023). Therefore, each person is required to be treated individually, considering the
approach based on their ancestry. This new genetic information regarding the Brazilian population
needs to be placed in a historical and phylogeographic context (Pena, et al., 2011).
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Many studies have been conducted on the relationship between target genes related to
neurodegenerative diseases and their variants. Studies in a mixed population, as in the case of Rio
de Janeiro, are still scarce for observing population variability (Benedet, et al., 2012; Horimoto,
et al., 2021). We sought to follow how the polymorphisms related to neurodegenerative diseases
behaved in the population of Rio de Janeiro, given the unique ethnic mix that Brazil suffered with its
colonization and the abundance of immigrants. Is there any correlation between such heterogeneity
and their ethnic and geographical origins? In this way, we propose to evaluate the distribution of
these variants in a sample of the mixed population of Rio de Janeiro, its percentage of admixture and
population substructures, and to carry out a comparative analysis to reference populations from the
1KG Project database (Europeans, Africans, and Asians).

METHODS

Reference populations

Genotyping data were obtained from a total of 319 individuals. Three reference populations
from the 1000 Genomes Project Consortium (Auton, et al., 2015) were selected: 108 Africans from
Yoruba (YRI), 107 Spaniards from the Iberian Peninsula (IBS), and 104 Japanese from Tokyo (JPT).

Samples of the Brazilian population

Ninety samples of anonymized individuals from populations previously studied by the group
were selected (Silva and Moura-Neto, 1998, 2004; Sucharov, et al., 1999; Costa, et al., 2002; Aranda,
et al., 2011; Moura-Neto, et al., 2018, 2021; Woerner, et al., 2018; Strobl, et al., 2019). Through
ethnic-racial self-declaration, 30 individuals were classified as African descendants of Brazil - ABR
(Silva and Moura-Neto, 1998), 30 as European descendants of Brazil - EBR (Silva and Moura-Neto,
1998), and 30 as the admixed population of Mulattoes - MUL (Aranda, et al., 2011). In addition,
34 samples of individuals classified as JPBR (Japanese from Brazil) and descendants of Japanese
residing in Sdo Paulo, Brazil, were used. The study was approved by the Research Ethics Committee
of the UFRJ (Process No. 214/03). In addition, 20 samples of Native American individuals (NAT)
were collected from Sao Gabriel da Cachoeira, a municipality in the State of Amazonas in the
extreme northwest of Brazil (-0.13, - 67.088889). The Brazilian National Survey Office estimates a
population of 47,000 in Sdo Gabriel da Cachoeira. Eight out of ten inhabitants are Native Americans,
the highest predominance of autochthonous people in Brazil. (https://cidades.ibge.gov.br/brasil/
am/sao-gabriel-da-cachoeira/pesquisa/23/22107?detalhes=true, accessed 02/03/2023). The criteria
for samples selected of native individuals were the ones of mitochondrial haplogroup A, B, C, or
D (EMPORP, https://empop.online), and prediction of haplogroup Q based on Y-STR NEVGEN
(https://nevgen.org) (data not shown), also other evidence for Native American ancestry maternal
and paternal, respectively (Moura-Neto, et al., 2015; Strobl, et al., 2019). Biological samples from
those individuals, kept on paper cards, were anonymized, and the DNA was extracted using the
QIAamp DNA Investigator Kit (QiagenTM), according to the manufacturer's instructions. DNA
was subsequently quantified using the QubitTM (Thermo Fisher Scientific).

Genotyping

Twenty-five SNPs of genetic markers associated with neurodegenerative pathologies were
selected according to reports in the literature (Supplementary Table 1). Genotyping was performed
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with a TagMan™ probe system supplied by Thermo Fisher Scientific, Carlsbad, USA. The reactions
were prepared according to the manufacturer's instructions, with a DNA input of 10 ng for all
samples drawn from blood or swabs except for Native American samples (1 ng) from DNA cards.
Genotyping was performed using ViiA 7 Real-Time PCR (Applied Biosystems, Carlsbad, USA)
in duplicates to confirm the generated data. Genotyping was interpreted when the fluorophore was
equivalent to a specific probe for a given allele and was detected in both reactions.

Population analysis

The genotypes were coded in numerals, with the number 1 corresponding to the ancestral
allele and 2 to the variant allele to assign weight to the variants. Population parameters, such as allelic
frequencies, Hardy-Weinberg equilibrium, linkage disequilibrium, and co-ancestry coefficient data
(Fst), were generated by the Fstat v.2.9.4 package (https://www2.unil.ch). Principal Component
Analysis (PCA) was performed by PCA-Gen v. 1.2.0 (https://www2.unil.ch). The neighbor-joining
tree was obtained in FST format, generated by Fstat, and built using Genetic Data Analysis version
1.1 (http://lewis. eeb. uconn. edu/lewishome/software. html) and TreeView version 1.6.6 (Page
1996). The population stratification values were evaluated using the Structure v. 2.3.4 program (Pritchard,
et al., 2000; Falush, et al., 2003; Hubisz, et al., 2009). The WEKA software (Smith and Frank, 2016),
which used the Random Forest algorithm to construct a decision tree and 10-fold cross-validation, was
used to determine the possible associations between the variants and the geographic and ethnic origin.
This approach has been described as an aid in diagnosing neurodegenerative diseases (Briones and Dinu,
2012; Kumar and Singh, 2017; Geeitha and Thangamani, 2018; Brasil, et al., 2019).

RESULTS

Distribution of allele frequencies in the reference and Brazilian populations

The allele frequencies of the 25 SNPs for the reference populations (319 individuals) and the
Brazilian population samples (140 individuals) are described in Supplementary Table 2. The test for
deviation from the Hardy-Weinberg equilibrium (HWE) was applied to the groups of populations
of ABR, EBR, MUL, JPBR, and NAT individuals (Supplementary Table 3). All loci in the Native
American population were in equilibrium except for the monomorphic SNPs rs11121679, rs7412,
and rs3818361. All genotyped SNPs were balanced for the ABR sample population. In the mulatto
group, the SNP rs2435207 showed a deviation in balance (p<0.001). Population parameters of the
white population, the SNPs rs5848 and rs3764650, both showed p<0.002. In the JPBR population,
all SNPs were in equilibrium, except for rs3764650 (p<0.001), where a monomorphic locus
rs11121679 was also observed (Supplementary Table 3). Despite the deviations observed in the loci,
population equilibrium is assumed because they are within the expected random deviation value of
1 to 2 loci (5%).

Linkage disequilibrium (LD) analysis provides population information regarding neighboring
alleles, as it expresses the absence of dependence between two alleles. For the study, 300 pairwise
matches were made on the 25 SNPs. At a nominal level of 5%, SNPs in linkage disequilibrium was
observed with an adjusted p-value of 0.000021 (Supplementary Table 4). The monomorphic SNPs
were removed from the analysis since the analysis takes place to the difference of alleles. They
would present deviations due to artifacts resulting from the algorithm and not biological causes.
Of the 300 pairwise combinations tested, only seven showed deviations (p<0.00001), with all pairs
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located close to each other. Markers rs2435207 and rs2471738 are separated on chromosome 17 by
17 kb; on chromosome 1, markers rs8231244 and rs823118 are separated by 21 kb. And markers
rs7982 and rs4236673 are separated, on chromosome 19, by 2.5 kb.

Genetic distance between populations

We initially evaluated the distances from the genotypes by principal component analysis
(PCA) (Figure 1). The overall genetic relationships were confirmed as expected groups of Asian
origin clustered in a single quadrant, just as the African population clustered in another. The
European population grouped the EBR and MUL sample populations from Brazil, indicating that
this reference population contributed more to these two groups. As might be expected, the ABR

IBS

MUL

ABR

YRI

JPBR NAT

JPT

Figure 1. Principal Component Analysis (PCA) based on the genotypes of the 25 SNPs genotyped in population
samples of individuals. YRI (Yoruba, N = 106), IBS (Iberian Peninsula, N = 94), and JPT (Japan, N = 104),
NAT (Native Americans, N = 20), JPBR (Japanese descendants, N = 30), EBR (Europeans descendants, N =
30), MUL (Mulattoes, N = 30); ABR (Africans descendants, N = 30).

Table 1. Genetic diversity measured by the Fst distance. YRI (Yoruba, N = 106), IBS (Iberian Peninsula, N =
94), and JPT (Japan, N = 104), NAT (Native Americans, N = 20), JPBR (Japanese descendants, N = 30), EBR
(Europeans descendants, N = 30), MUL (Mulattoes, N = 30); ABR (Africans descendants, N = 30).

YRI IBS JPT NAT JPBR EBR MUL ABR
YRI -
IBS 0.1790 -
JPT 0.2276 0.1320 -
NAT 0.2377 0.1533 0.0887 -
JPBR  [0.2953 0.1728 0.0381 0.1896 -
EBR 0.2430 0.1069 0.1414 0.1885 0.1031 -
MUL  0.2130 0.1084 0.1441 0.1879 0.1048 0.0013 -
ABR 0.0580 0.0610 0.1142 0.1237 0.1532 0.0967 0.0796 -
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group was intermediate between Africans and Europeans. Another statistical algorithm was used
to estimate the population substructure using Fst to the variation of the genotypes among the five
population groups (Table 1). The genetic distance between EBR and MUL was unexpectedly low
(Fst=0.0013), and the distance between JPT and JPBR was higher than expected (Fst = 0.0381).

Nonetheless, we prepare a more detailed tree of neighbor-joining based on the co-ancestry
values to evaluate the overall geographic relationship among those sample populations (Figure 2).
As we can see, the genetic proximity between the JPT and JBBR groups is highest with the most
distant NATs. The EBR and MUL groups are very close. And finally, the YRI and ABR groups
follow the same clustering, with values at the limit of significant differences (Fst = 0.058). When
comparing Native Americans (NAT) to all other sample populations, the Yoruba (YRI) had the most
considerable distance, with Fst = 0.2430. Japan (JPT) came in second, with Fst = 0.0887. In general,
our Brazilian group is characterized by a degree of miscegenation that can vary among these groups.

Individual population group substructure

Genotypes were analyzed to quantify the levels of miscegenation in samples from Brazilian
sample populations. For the test, ten independent runs were used as parameters for each value
of k, which measures the number of parental populations ranging from 2 to 7. Using the default
admixture model, a long burn-in period of 1,000,000 steps of the MCMC procedure was also
applied. The maximum likelihood value (L) was obtained at k=3 (data not shown). Figure 3 shows
the distribution of parental populations among samples of Brazilian populations individually. The

EBR
JPBR MuL
JPT BS
NAT ABR
0.1 YRI

Figure 2. Neighbor-joining tree of five Brazilian population groups and three reference populations, using Fst
as a measure of genetic distance: YRI (Yoruba, N = 106), IBS (Iberian Peninsula, N = 94), and JPT (Japan, N =
104), NAT (Native Americans, N = 20), JPBR (Japanese descendants, N = 30), EBR (Europeans descendants,
N =30), MUL (Mulattoes, N = 30); ABR (Africans descendants, N = 30).
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Figure 3. Individual substructure estimated from the genotype of individuals in the following populations. YRI
(Yoruba, N = 106), IBS (Iberian Peninsula, N = 94), and JPT (Japan, N = 104), NAT (Native Americans, N =
20), JPBR (Japanese descendants, N = 30), EBR (Europeans descendants, N = 30), MUL (Mulattoes, N = 30);
ABR (Africans descendants, N = 30). The bars represent estimated individual substructures, considering three
parental populations.

African population (YRI) is the most homogeneous of the three parental populations, followed by
the Asian population (JPT) and the population of the Iberian Peninsula (IBS). The Brazilian samples
reflect what was observed with the previous algorithms. The EBR and MUL groups resemble IBS,
as are the JPBR and NAT groups in Japan (JPT). The ABR group is the most miscegenated of all,
with contributions from the three parental populations.

Ancestral composition of samples from the Brazilian population

The mixture values in each group (Table 2) indicate that in the YRI group, a value of 0.05
of genetic background composition is due to algorithmic background. Thus, the IBS and JPT parent
populations do not have the same degree of homogeneity as the YRI population. Our Brazilian groups
are mixed, with the proportion of Europeans (IBS) in the EBR and MUL groups being 67—-68% and
of Africans (YRI) 10-14%. On the other hand, the MUL group contains 53% African contributions
(YRI) and 32% European contributions (IBS). The JPBR group resembles JPT. However, our NAT
group has a distinguished European contribution (IBS, 0.281).

Table 2. Ancestral composition of the stratified Brazilian population sample Values represent the mean and
standard deviation of 10 independent analyses by the Structure package. YRI (Yoruba, N = 106), IBS (Iberian
Peninsula, N =94), and JPT (Japan, N = 104), NAT (Native Americans, N = 20), JPBR (Japanese descendants,
N =30), EBR (Europeans descendants, N = 30), MUL (Mulattoes, N = 30); ABR (Africans descendants, N = 30).

POPULATIONS IBS JPT YRI

YRI 0.041 £0.002 0.049 + 0.002 0.911 £ 0.003
IBS 0.791 = 0.007 0.110 £+ 0.003 0.099 + 0.004
JPT 0.116 £ 0.001 0.829 + 0.004 0.055 £0.003
NAT 0.251 £ 0.003 0.617 + 0.004 0.132 +0.006
JPBR 0.098 = 0.002 0.873 £0.004 0.029 + 0.002
EBR 0.668 = 0.012 0.231 +0.007 0.101 +0.002
MUL 0.680+0.013 0.180 = 0.007 0.139£0.007
ABR 0.319+0.007 0.153 £ 0.004 0.528 +0.003
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Table 3. Confusion matrix generated by the WEKA software, using Random Forest as a classifier model,
with 81% accuracy. YRI (Yoruba, N = 106), IBS (Iberian Peninsula, N = 94), and JPT (Japan, N = 104), NAT
(Native Americans, N = 20), JPBR (Japanese descendants, N = 30), EBR (Europeans descendants, N = 30),
MUL (Mulattoes, N = 30); ABR (Africans descendants, N = 30).

YRI IBS JPT NAT JPBR EBR MUL ABR

105 3 0 0 0 0 0 0 YRI (N=108)
0 101 5 0 1 0 0 0 IBS (N=107)

1 6 93 1 3 0 0 0 JPT (N=104)
0 3 6 10 0 0 1 0 NAT (N=20)

0 1 10 0 19 0 0 0 JPBR (N=30)
1 2 0 0 1 18 8 0 EBR (N=30)

0 0 0 0 1 19 1 MUL (N=30)
11 6 0 1 1 1 3 7 ABR (N=30)

Modern approaches have been used to obtain a logical correlation between the distribution of
alleles in different populations (Huang, et al., 2009). One approach is machine learning, which can
determine the association of SNPs with neurodegenerative diseases. Here we tested the association
of SNPs and the ethnic, and geographic origin of the reference population individuals (YRI, N = 108;
IBS, N=107; and JPT, N = 104) and samples from genotyped Brazilian populations (EBR, N = 30,
MUL, N =30, ABR, N =30, JPBR, N =30, and NAT, N = 20). The Random Forrest classification
algorithm and cross-validation tests (Table 3) were applied, generating the confusion matrix through
this algorithm. The reference populations demonstrated a strong relationship between genotype and
ethnogeography of origin. The YRI was classified with 97% accuracy (105/108); for the Europeans
(IBS), the result was 94% accuracy (101/107), while for the JPT group, which resembled the JPBR
and NAT groups, was 89% (93/104). Considering the miscegenation data presented above, the
Brazilian groups were classified as JPBR with 97% accuracy (19 JPBR + 10 JPT/30). The EBR
groups, whose miscegenation includes populations from Europe and Africa, showed 66% accuracy
(18/30). Likewise, the MUL group had 63% accuracy (19/30). The NAT group had an accuracy of
50% (10/20), and 15% were classified as Europeans (6/20). Only the ABR group, which presented
the most complex mixed-race profile, had results below the other groups. In this case, it was 23%
(07/30). Among the ABR group, the contribution value of 20% of Europeans was found (06/30). As
a general result, a percentage of 81% correctness was found.

DISCUSSION

In this work, a population study was carried out in five Brazilian groups using 25 markers
previously associated with neurodegenerative diseases, selected through a bibliographic survey, to
observe the distribution of the genotypes of these SNPs in this sample of the Brazilian population. So
far, there is no description in the literature of this type of work, neither among Brazilian individuals
nor Native Americans.

Among the population groups used were individuals from Rio de Janeiro called European
descendants (EBR, N = 30), Mulatto descendants (MUL, N = 30), and African descendants (ABR, N
=30); individuals of Japanese descent from Sao Paulo, Brazil (JPBR, N = 30); and Native Americans
from Sdo Gabriel da Cachoeira (NAT, N = 20), where we used genotypic data along with data from
the reference population from the 1000 Genomes Project data bank Phase 3 (Auton, et al., 2015;
Sudmant, et al., 2015).

Genetics and Molecular Research 24 (1): gmr24112



Ethnic categorization of the Brazilian population samples — Native Americans, European
descendants, Mulattoes, and African descendants — using allelic frequencies distribution of gene 9
variants associated with neurodegenerative diseases

For the analysis of the Brazilian population, we used 140, in which we tested the linkage
disequilibrium between the markers. When these alleles are linked, divergences occur to expected
and observed heterozygosity. This result may be due to the physical proximity between the alleles. In
addition, inbreeding can also favor this event, as can a reduced population number, genetic isolation
between populations, selection, and mutation (Farnir, et al., 2000). The Linkage Disequilibrium
impacts population studies due to the non-independent segregation effect of specific alleles, leading
to an association between them and impacting the accuracy of genetic predictability (Borges, et al.,
2020). Here, only seven of the 300 pairwise combinations tested showed deviation (p<0.00001),
suggesting that linkage disequilibrium due to stochastic effects with no impact on the results
obtained, considering that the expected random products of the analysis are 5%, representing 15
pairs of markers (0.05 * 300 pairwise analyses).

The coancestry coefficient (Fst) of genetic differentiation was estimated among populations.
The values between European descendants (EBR) and Mulattoes (MUL) were 0.0013, showing
virtually no differentiation between these groups, which can be explained given the great miscegenation
between individuals in the last 300 years. The same result was observed during the PCA and NJ
tree analyses, in which the MUL and EBR groups were positioned close to each other, and in the
population substructure analysis, in which they presented themselves as almost indistinguishable
groups. The group of Japanese descendants (JPBR) showed little differentiation (Fst = 0.0381) from
Asian individuals from Japan (JPT), which is consistent with the migration history that occurred in
the 20th century, in which immigrants landed in the city of Sdo Paulo to work in coffee cultivation
(Nogueira 2000). The Fst values for African descendants (ABR) and Africans (YRI) also showed
low genetic differentiation (Fst = 0.058), given the history of miscegenation of enslaved Africans
in the period of Brazilian colonization (Pimenta et al. 2006). Regarding Native Americans (NAT)
and Asians (JPT), the value of Fst = 0.0887 revealed a moderate difference between them. All the
genetic diversity analyses (FST, NJ Tree, and PCA) agreed with one another and the stories of the
reference population groups.

The analysis of the population substructure reveals the level of miscegenation in all groups.
We observed that the YRI, IBS, and JPT populations are well defined through the representation of
the bar plot, in which the substructure value considered most likely was three parental populations.
From this, we see those individuals from the Americas, mainly Native Americans, are not well
represented by the reference databases, making studies for the correlation and distribution of markers
associated with neurodegenerative diseases more challenging. It is known that allele frequencies
in genes associated with various conditions differ by racial and ethnic groups. Still, populations
enrolled in disease risk studies often lack diversity in this dimension (Bustamante, et al., 2011; Lillo,
et al., 2021; Torres-Valadez, et al., 2022). Evaluating the structure of Brazilian population groups
individually, European descendants (EBR) and Mulattoes (MUL) were practically indistinguishable
from each other. African descendants (ABR) showed miscegenation between the African component
(YRI) and Europeans (EUR), with a negligible contribution from Native Americans. The dissimilarity
between Native Americans and other groups was observed, especially among Japanese descendants
(JPBR). Quantitatively, the EBR, MUL, and ABR groups have a high degree of miscegenation that
varies between African (YRI, 0.101 to 0.528) and European (IBS, 0.319 to 0.680).

Each group has its particularity, making them models for unique studies in such estimates.
was observed that even when using different algorithms for data analysis, including machine
learning, our genotyped Brazilian population (EBR, MUL, ABR, and NAT) is complex in terms
of its ethnic background. The group of Native Americans (NAT) resembles the Japanese (JPT)
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and Europeans (IBS) since we accept that this group is already mixed. The same fact appears with
the genotypes of EBR and MUL, which are like each other. And finally, the ABR, with a high
concentration of melanin, is mixed with Europeans (IBS) and Mulattoes (MUL), making it difficult
to determine the ethnicity linked to the markers of interest for neurodegenerative diseases. Thus, the
study then depends on the genomic and population context in which the individual is inserted, which
can significantly alter the probability of developing the disease (Bustamante, et al., 2011; Horimoto,
et al., 2021; Wang et al. 2023).

In summary, this study showed that the analysis of genotypic distributions of markers
related to neurodegenerative diseases varies according to the investigated populations. Thus, the
interpretation of the associated genotypes must consider the genetic composition of this population.
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Supplementary Table 1. List of genetic loci studied description, location, SNP number, polymorphism, and

classification of SNPs.

Locus Gene Mapping dbSNP Cla§s1ﬁcat Polllmorph Patholo Refere
(Hg19) ion ism gy nce
a disintegrin-
like and
4GALT3/ metalloprotei  Chr 1:16118  rs45750 ,
ADAMTS4  nase with 5602 98 SUTR G=>A AD (1,2)
thrombospon
din motifs-4
ATP Binding
Cassette Chr rs37646 .
BECRT ey A (021046521 50 intron =@ D (G
Member 7
apolipoprotei Chr rs42935 .
APOE nE 19:44908634 3 missense C>T AD (5-8)
apolipoprotei Chr . 7
APOE nE 19:44908822 rs7412 missense C>T AD (9-11)
. Chr .
CLU clusterin 8:27604964 1s7982 missense G>A AD (12-14)
. Chr 142366 .
CLU clusterin 8:27607412 73 intron G>A AD (1,15)
Complement
Chr rs38183 .
CR1 C3b/C4b 1207611623 61 intron G>A AD (3,16)
Receptor 1
Membrane
Spanning 4- Chr 1579358 .
IR Domains  11:60175342 29 i = AD (a7
A6A
TAR DNA
. Chr rs11121 ,
TARDBP Blndlpg 1:11012634 679 5'UTR G>A AD (18,19)
Protein
microtubule-
. Chr rs24717 .
MAPT assoglated 17-45998697 38 intron C>T PD/AD  (20,21)
protein tau
Bone
Marrow Chr rs42734 .
LRI Stromal Cell ~ 4:15736240 68 intron G=A PD (22)
Antigen 1
Family With
Sequence Chr rs68121 .
FAMATEL  gimilarity 47 476277833 93 intron €T My =)
Member E
Granulin Chr ,
G0y Precursor 17:44352876 mESEA SHLTIE C=1 D 8)
microtubule-
. Chr rs24255 .
MAPT assoglated 17-45942346 7 intron G>A PD (27)
protein tau
microtubule-
. Chr rs24352 .
MAPT assoglated 17:45981562 07 intron G>A PD (28,29)
protein tau
RAB29/PARK Parkinson Chr rs82314 .
16 Disease 16 1:205775418 4 SR C=A D i)
Nuclear
RAB7L1/NUC Casein Chr rs82311 . .
KSl Kinase And  1:205754444 8 NIEEERG (G PD — (2432)

Cyclin



https://www.ensembl.org/Homo_sapiens/Location/View?contigviewbottom=variation_feature_variation%3Dnormal%2Cseq%3Dnormal;db=core;r=1:161185552-161185652;source=dbSNP;v=rs4575098;vdb=variation;vf=2433273
https://www.ensembl.org/Homo_sapiens/Location/View?contigviewbottom=variation_feature_variation%3Dnormal%2Cseq%3Dnormal;db=core;r=1:161185552-161185652;source=dbSNP;v=rs4575098;vdb=variation;vf=2433273

Dependent

Kinase
Substrate 1
Synuclein Chr 1s35621 .
SNCA Alpha 4:89716450 ) intron A>G PD  (33,34)
ZNF646. Zinc Finger Chr synonymo
KATS Protein 646 16:31110472  "S1423 us G A W ERR0)
Myelin
Associated
. Chr rs61614 .
MOBP Ol;%;)(]ige;cil(rsoc 3:39492990 7 intron G>A ALS (37,38)
Protein
Secl Family
. Chr rs10139 .
SCFD1 Colizlr;a&r; | 1430678292 154 intron T>C ALS (37,39)
Chr
DOCK 1 — 10:12747623 “436635 intergenic C>T ALS  (22,40)
9
Chr rs16984 .
SNP1 = 2:18053180 239 intron C>A ALS (22)
Chr rs50142 . .
SNP3 5.77913837 35 intergenic C>T ALS (22)
SNP4 = Chr 79760 tergenic G T ALS  (22)

12:51857488 59
Chr. cromossomo; AD. Alzheimer's disease; PD. Parkinson's disease; ALS. Amyotrophic
Lateral Sclerosis.

Supplementary Table 2. Allele frequency of reference and Brazilian populations selected in 25 SNPs YRI (Yoruba,
Africa); JPT (Japanese); IBS (lberian Peninsula); NAT (Native Americans); JPBR (Japanese descendants in Brazil);
EBR (Europeans descendants in Brazil); MUL (mulattoes); and ABR (Africans descendants in Brazil). The
underlined allele represents the most frequent ancestral allele in African populations, according to frequencies
obtained from the Ensembl Genome Browser database.

Locus dbSNP Allele YRI IBS JPT NAT JPBR EBR MUL ABR
G 0.653 0.640 0.534 0425 0.650 0.667 0.650 0.600

15242557 =
A 0.347 0.360 0466 0.575 0.350 0.333 0.350 0.400
G 0.736 0.678 0.736 0.825 0.750 0.683 0.650 0.667

MAPT rs2435207 =
A 0.264 0.322 0264 0.175 0250 0317 0350 0.333
C 0912 0.804 0.764 0.825 0.783 0.817 0.867 0.800

1s2471738 =
T 0.088 0.196 0.236 0.175 0.217 0.183 0.133 0.200
A 0.259 0.650 0.409 0425 0500 0.550 0.533 0.483

SNCA rs356219 =
G 0.741 0.350 0.591 0.575 0.500 0450 0467 0.517
C 0.630 0.248 0.567 0925 0483 0.650 0.617 0.533

PARK16 rs823144 =
A 0370 0.752 0433 0.075 0.517 0350 0.383 0.467
C 0.593 0.626 0918 0900 0.900 0.750 0.583 0.617

FAMA4TE rs6812193 =
T 0.407 0.374 0.082 0.100 0.100 0.250 0417 0.383




C 0.838 0.453 0.553 0925 0.500 0.533 0483 0.683

RAB7L1/NUCKSI1 rs823118 =
T 0.162 0.547 0447 0.075 0.500 0467 0.517 0.317
G 0944 0.645 0.096 0400 0.017 0.583 0.733 0.767

ZNF646. KATS rs14235 =
A 0.056 0.355 0904 0.600 0983 0417 0267 0.233
G 0.653 0.827 0.404 0.600 0400 0.767 0.500 0.643

BST1 14273468 =
A 0.347 0.173 0.596 0.400 0.600 0.233 0.500 0.357
C 0.218 0.664 0.745 0975 0.683 0.567 0.583 0.500

GRN rs5848 =
T 0.782 0.336 0.255 0.025 0.317 0433 0417 0.500
G 0.477 0.995 1.000 1.000 1.000 0.867 0.833 0.583

TARDBP rs11121679 =
A 0.523 0.005 0.000 0.000 0.000 0.133 0.167 0.417
C 0.236 0.140 0.082 0.275 0.050 0.067 0.183 0.167

rs429358 =
APOE T 0.764 0.860 0918 0.725 0950 0933 0.817 0.833
2412 C 0.894 0.944 0952 1.000 0.967 0967 0950 0.917

s =
T 0.106 0.056 0.048 0.000 0.033 0.033 0.050 0.083
2082 G 0.514 0.654 0.779 0.600 0.800 0.633 0.633 0.450

rs =
CLU A 0.486 0.346 0.221 0400 0.200 0367 0367 0.550
G 0968 0.654 0.779 0.600 0.633 0300 0350 0.683

rs4236673 =
A 0.032 0.346 0.221 0400 0.367 0.700 0.650 0.317
G 0.556 0.874 0.702 1.000 0.517 0.833 0.800 0.767

CR1 rs3818361 =
A 0.444 0.126 0.298 0.000 0483 0.167 0.200 0.233
T 0.736 0.893 0.582 0975 0.500 0.804 0.786 0.733

ABCA7 rs3764650 =
C 0.264 0.107 0418 0.025 0.500 0.196 0.214 0.267
G 0991 0.771 0.601 0.775 0.467 0233 0.367 0.800

4GALT3/ ADAMTS4  rs4575098 =
A 0.009 0.229 0.399 0.225 0.533 0.767 0.633 0.200
A 0.838 0.603 0.798 0900 0.800 0.683 0.683 0.783

MS4A6A 1s7935829 =
G 0.162 0.397 0.202 0.100 0.200 0317 0317 0.217
C 0926 0.860 0.755 0950 0.217 0.183 0.117 0.833

SNP1 rs16984239 =
A 0.074 0.140 0.245 0.050 0.783 0.817 0.883 0.167
C 0.338 0.439 0476 0250 0.600 0.633 0.550 0.550

DOCK1 rs4363506 =
T 0.662 0.561 0.524 0.750 0.400 0367 0.450 0.450
C 1.000 0.654 0938 0974 0.933 0.817 0.900 0.900

SNP3 rs5014235 =
T 0.000 0.346 0.063 0.026 0.067 0.183 0.100 0.100
G 0.671 0.650 0.313 0375 0224 0.667 0.638 0.466

SNP4 1s7976059 =
T 0.329 0.350 0.688 0.625 0.776 0333 0362 0.534
G 0995 0.720 0.404 0325 0467 0717 0.750 0.828

MOBP rs616147 =
A 0.005 0.280 0.596 0.675 0.533 0283 0.250 0.172
T 0.852 0.346 0.707 0.725 0.617 0.517 0.533 0.617

SCFD1 rs10139154 =
C 0.148 0.654 0.293 0.275 0383 0483 0467 0.383




Supplementary Table 3. Verification of the Hardy-Weinberg Equilibrium Deviation for Samples of the Brazilian
Population NAT (Native Americans); JPBR (Japanese descendants in Brazil). EBR (Europeans descendants in
Brazil); MUL (mulattos); and ABR (Africans descendants in Brazil). Highlighted in red are the loci that were outside
the EHW. Loci rs11121679, rs7412, and rs3818361 are monomorphic in the JPBR and NAT samples

(Supplementary Table 1).

HWE (P-value)

dbSNP NAT JPBR EBR MUL ABR
rs242557 0.674 1.000 0.102 1.000 0.711
rs2435207 1.000 0.327 0.674 0.001 0.215
rs2471738 1.000 0.589 0.551 0.414 0.307
rs356219 1.000 0.141 1.000 0.723 1.000
rs823144 1.000 0.713 1.000 0.055 1.000
rs6812193 1.000 1.000 0.641 0.474 0.703
rs823118 1.000 0.465 0.462 0.032 0.411
rs14235 0.385 1.000 1.000 0.637 0.633
rs4273468 1.000 1.000 0.159 0.287 0.239
rs5848 1.000 0.100 0.002 0.706 1.000
rs11121679* - - 0.415 0.155 0.057
rs429358 0.592 1.000 1.000 0.551 0.155
rs7412* - 1.000 1.000 1.000 1.000
rs7982 1.000 0.560 0.450 0.447 1.000
rs4236673 1.000 0.004 1.000 0.254 0.673
rs3818361* - 1.000 0.155 0.308 0.295
rs3764650 1.000 >0.001 >0.001 1.000 1.000
rs4575098 1.000 1.000 1.000 0.021 0.060
rs7935829 1.000 1.000 1.000 0.028 0.292
rs16984239 1.000 0.589 0.551 1.000 0.015
rs4363506 1.000 0.264 1.000 0.481 0.482
rs5014235 1.000 1.000 0.551 1.000 1.000
rs7976059 0.648 0.287 0.681 1.000 0.710
rs616147 1.000 0.724 1.000 1.000 1.000
rs10139154 0.591 0.445 0.714 0.461 0.703

* Monomorphic marker for JPBR and NAT groups.



Supplementary Table 4. Pairs of loci exhibiting linkage disequilibrium (LD) for Brazilian population samples
NAT (Native Americans); JPBR (Japanese descendants in Brazil); EBR (Europeans descendants in Brazil); MUL
(mulattos); and ABR (Africans descendants in Brazil). The adjusted P-value for the 5% nominal level is
0.000021. The pairs of loci that were outside the LD are highlighted in red, as these markers are close by
2.5 kb (Table 1).

Sample Population

Pair of Loci

NAT JPBR EBR MUL ABR
1s242557 x 152435207 0.002420  0.734230 0.368770  0.015670  0.545100
1$242557 x 1s2471738 0.002060  0.794170  0.018190  0.139900  0.057080

1s242557 x 1356219 0.749670  0.125270  0.891290  0.045920  0.799290
1s242557 x 15823144 1.000000  0.348040 0.718080  0.539480  0.185730
r$242557 x 1s6812193 0.148710  0.497650  0.065310 0.807710  0.678690
rs242557 x rs823118 1.000000  0.440190 0.240900 0.719520  0.256880
rs242557 x rs14235 0.488250  1.000000 0.801480  0.802270  0.910670
1$242557 x 14273468 0.575480  0.783230 0.018130  0.421980  0.000560
1s242557 x rs5848 1.000000  0.359250 0.223270  0.922420  0.094500
1s242557 x 1511121679 NA NA 0.833730 0.188400  0.838710
1s242557 x rs429358 0.629100 0.178630 0.366060  0.879730  0.621170
1s242557 x rs7412 NA 0.196440  1.000000 0.829500  0.511850
1s242557 x rs7982 0.425290 0.511350 0.078170  0.631500  0.489900
1$242557 x 14236673 0.432100  0.563480 0.043940  0.234520  1.000000
rs242557 x rs3818361 NA 0.837730  0.482710 0.081190  0.881880
1s242557 x 1s3764650 1.000000  0.725920 0.456480  0.806100  0.874650
rs242557 x rs4575098 0.540150  0.158380  0.290270  0.749190  0.181850
rs242557 x 157935829 0.145130  0.503880 0.516650  0.393900 0.061020
1s242557 x 1516984239 0.671020  0.628400 0.165150  0.841920  1.000000
rs242557 x rs4363506 0.592460 0.818730 0.322210 0.117880  0.477000
1s242557 x 1s5014235 0.211250  0.700900 0.407170  0.055480  0.246650
r$242557 x 1s7976059 0.221380  0.178960  0.948630  0.369560  0.547380
1s242557 x rs616147 0.874190 0.871170  0.310580  0.635020  0.297500
1s242557 x rs10139154 0.287770  0.428380 0.765710  0.139810  0.691830
1s2435207 x rs2471738 0.000020  0.000020 0.000170  0.061920  0.000380
rs2435207 x 13356219 1.000000 0.870750  0.038830  0.934710  0.143980
rs2435207 x rs823144 1.000000  0.400810 0.238940  0.199600  0.505000
1s2435207 x rs6812193 0.588830  0.526500 0.161380 0.946710 0.103170
rs2435207 x rs823118 1.000000  0.353100 0.030080  0.425520  0.861400
1s2435207 x rs14235 0.810130  1.000000  0.756400  0.697520  0.520710
1s2435207 x rs4273468 0.381960  0.270750  0.016150 0.168880  0.587440
1$2435207 x 155848 0.348650  0.740560 0.933170  0.324770  0.645310
rs2435207 x rs11121679 NA NA 0.626730  0.020980  0.122810
1s2435207 x 13429358 0.671210  0.656940  0.702920  0.875520  0.501040
rs2435207 x 157412 NA 1.000000  0.551020 0.565560  0.833150



1s2435207 x 1s7982
1s2435207 x 1s4236673
rs2435207 x rs3818361
152435207 x 1s3764650
1s2435207 x rs4575098
rs2435207 x rs7935829
1s2435207 x 1s16984239
1rs2435207 x rs4363506
1s2435207 x rs5014235
1$2435207 x 1s7976059
rs2435207 x rs616147
rs2435207 x rs10139154
1s2471738 x 1s356219
rs2471738 x rs823144
1s2471738 x rs6812193
rs2471738 x rs823118
rs2471738 x rs14235
rs2471738 x 154273468
152471738 x rs5848
rs2471738 x rs11121679
rs2471738 x rs429358
rs2471738 x rs7412
rs2471738 x 137982
rs2471738 x 1s4236673
1s2471738 x rs3818361
1s2471738 x rs3764650
1s2471738 x rs4575098
1s2471738 x 1s7935829
rs2471738 x rs16984239
rs2471738 x 1s4363506
1s2471738 x 1s5014235
1s2471738 x rs7976059
rs2471738 x r1s616147
1s2471738 x rs10139154
rs356219 x rs823144
rs356219 x rs6812193
rs356219 x rs823118
rs356219 x rs14235
rs356219 x rs4273468
1356219 x 155848
rs356219 x rs11121679
rs356219 x rs429358
15356219 x 157412

0.565290
0.566850
NA
0.350830
0.423630
0.006810
0.109560
0.329060
0.590080
0.263900
0.251830
1.000000
1.000000
1.000000
0.586790
1.000000
0.810500
0.383060
0.345310
NA
0.676880
NA
0.568960
0.568350
NA
0.348600
0.428330
0.006790
0.114000
0.324920
0.589670
0.263580
0.250980
1.000000
0.064980
0.029420
0.062440
0.593540
0.650250
1.000000
NA
0.059380
NA

0.324980
0.493810
0.026830
0.371170
0.529690
0.156190
0.153690
0.199900
1.000000
0.371770
0.513350
0.214380
0.504290
0.247250
0.170170
0.226440
1.000000
0.454900
0.820440
NA
0.617080
0.604920
0.443830
0.112290
0.253040
0.522500
0.958190
0.675690
0.545250
0.046630
0.458100
0.745770
0.932520
0.525500
1.000000
0.800000
1.000000
1.000000
0.345920
0.395690
NA
0.528670
1.000000

0.812690
0.337040
0.642230
0.895630
0.737650
0.901900
0.639850
0.162900
1.000000
0.456850
0.720080
0.567880
0.148520
0.880460
0.189100
0.757480
0.409250
0.459900
0.696440
0.246810
0.610730
1.000000
1.000000
0.250100
0.068920
0.907630
0.533500
0.325810
0.241040
0.252630
0.695750
0.212960
0.104790
0.172520
0.049770
0.109920
0.724290
0.019350
0.152770
0.888020
0.919130
0.384350
0.240560

0.122940
0.106770
0.102290
0.176380
0.732980
0.514730
0.622730
0.308770
0.005690
0.831060
0.069810
0.358380
0.821170
0.873500
0.311730
1.000000
0.625850
0.940710
0.071460
0.310500
0.776460
1.000000
0.705980
0.471790
0.231480
0.183000
0.126790
0.596480
0.452400
0.143810
0.659170
0.703630
0.195980
0.511600
0.011770
0.971980
0.307670
0.135810
0.859330
0.868270
0.147880
0.497540
0.784650

0.093580
0.058000
0.889000
0.362440
0.439230
0.691000
0.632290
0.023880
0.719190
0.736190
0.694730
0.717000
0.340060
0.516690
0.247730
0.401060
0.679150
0.559500
0.645020
0.964960
0.426460
1.000000
0.441380
0.455310
1.000000
0.672730
0.864710
0.352960
0.875730
0.305100
1.000000
0.204880
0.465980
0.427600
0.813190
0.123920
0.673520
1.000000
0.078460
0.061770
0.162040
0.959520
0.820000



1356219 x 157982
rs356219 x rs4236673
rs356219 x rs3818361
1s356219 x rs3764650
rs356219 x rs4575098
rs356219 x rs7935829

1$356219 x rs16984239
rs356219 x rs4363506
rs356219 x rs5014235
1$356219 x 1s7976059
1s356219 x rs616147
rs356219 x rs10139154
rs823144 x 156812193
rs823144 x rs823118
rs823144 x rs14235
rs823144 x rs4273468
rs823144 x rs5848
rs823144 x rs11121679
1s823144 x 15429358
rs823144 x rs7412
rs823144 x rs7982
rs823144 x 154236673
rs823144 x rs3818361
rs823144 x rs3764650
rs823144 x rs4575098
rs823144 x rs7935829
rs823144 x rs16984239
rs823144 x 154363506
rs823144 x rs5014235
rs823144 x rs7976059
1s823144 x 15616147
rs823144 x rs10139154
rs6812193 x rs823118
rs6812193 x rs14235
rs6812193 x rs4273468
rs6812193 x rs5848
rs6812193 x rs11121679
rs6812193 x rs429358
rs6812193 x rs7412

rs6812193 x 157982
rs6812193 x rs4236673
rs6812193 x rs3818361

1s6812193 x rs3764650

0.217920
0.216670
NA
1.000000
0.700440
1.000000
1.000000
0.651690
0.364080
0.030540
0.801020
1.000000
1.000000
0.001020
0.650380
0.817920
1.000000
NA
0.662900
NA
0.075690
0.076580
NA
1.000000
1.000000
1.000000
1.000000
0.614060
0.281150
0.229810
1.000000
0.525920
1.000000
0.195020
1.000000
1.000000
NA
0.600170
NA
1.000000
1.000000
NA
1.000000

1.000000
0.706980
0.236980
1.000000
0.102400
1.000000
0.753600
0.577940
1.000000
0.130170
0.945310
0.551040
0.688500
0.000020
1.000000
0.396790
0.259190
NA
0.586670
0.495670
0.523690
0.571480
0.898810
0.105210
0.934270
0.725900
0.385060
0.390920
0.791330
0.495170
0.926060
0.434940
0.814960
1.000000
1.000000
0.069290
NA
1.000000
0.363460
1.000000
0.844230
1.000000
0.470100

0.151230
0.428690
0.637750
0.365330
0.897980
0.335940
0.277580
0.219310
0.017710
0.760960
0.242830
0.682270
0.465500
0.010460
0.194540
0.810540
0.463100
0.735670
0.171170
1.000000
0.551500
0.159480
0.312520
0.807600
1.000000
0.824190
0.676540
0.398980
0.283810
0.677730
0.285580
0.973170
0.370020
0.891230
1.000000
0.377380
0.431170
0.165880
1.000000
1.000000
0.772380
0.090630
0.016750

0.097150
0.552650
1.000000
0.102630
0.718000
0.492830
0.544850
0.924230
1.000000
0.204150
0.224520
0.041500
0.574250
0.000020
0.093710
0.723020
0.304420
0.957250
1.000000
0.225170
0.745960
0.398650
0.396790
0.222480
0.371940
0.443790
0.869500
0.309040
0.416670
0.889150
0.840040
0.084480
0.957730
0.739580
0.563480
0.339710
0.571310
0.565270
0.060630
0.628290
0.164250
0.139310
0.873020

0.474850
0.259000
0.363670
0.049940
0.160330
0.570080
0.418600
0.888630
0.117630
0.831730
0.841230
0.467270
0.498500
0.002270
0.318770
0.570210
0.498350
0.533830
0.108710
0.311170
0.004460
0.346000
1.000000
0.709170
0.308130
0.607170
0.008270
0.101980
0.310480
0.162150
0.260750
1.000000
0.156330
0.851540
1.000000
0.053350
0.472940
0.486710
0.157940
0.177900
0.959270
0.393150
0.415210



1s6812193 x rs4575098
rs6812193 x rs7935829
rs6812193 x rs16984239
1s6812193 x rs4363506
rs6812193 x rs5014235
rs6812193 x rs7976059
rs6812193 x rs616147
rs6812193 x rs10139154
rs823118 x rs14235
rs823118 x rs4273468
rs823118 x rs5848
rs823118 xrsl11121679
rs823118 x rs429358
rs823118 x rs7412
rs823118 x rs7982
rs823118 x rs4236673
rs823118 x rs3818361
rs823118 x rs3764650
rs823118 x rs4575098
rs823118 x rs7935829
rs823118 x rs16984239
rs823118 x rs4363506
rs823118 x rs5014235
rs823118 x rs7976059
rs823118 xrs616147
rs823118 xrs10139154
rs14235 x rs4273468
1514235 x 1s5848
rs14235 x rs11121679
rs14235 x rs429358
1514235 x 157412
rs14235 x rs7982
rs14235 x rs4236673
1514235 x rs3818361
rs14235 x rs3764650
rs14235 x rs4575098
1514235 x 1s7935829
rs14235 x rs16984239
rs14235 x rs4363506
1514235 x 1s5014235
rs14235 x rs7976059
rs14235 x rs616147
rs14235 x rs10139154

0.218000
0.163670
1.000000
0.683380
0.365980
0.121250
1.000000
0.599170
0.653350
0.814790
1.000000
NA
0.658980
NA
0.076190
0.077440
NA
1.000000
1.000000
1.000000
1.000000
0.613960
0.284100
0.224580
1.000000
0.525790
0.168460
0.400380
NA
0.387560
NA
0.696130
0.700270
NA
0.405980
0.883330
0.560080
1.000000
0.286520
1.000000
0.701670
0.320350
0.353880

0.175100
1.000000
0.530270
0.850810
0.558560
0.119480
0.610790
0.845020
1.000000
0.152020
0.408210
NA
0.840940
0.505880
0.361290
0.515560
0.764290
0.109020
0.789520
0.751210
0.543830
0.692960
0.802900
0.607790
0.937690
0.537290
0.167580
0.467210
NA
1.000000
1.000000
1.000000
1.000000
0.229400
1.000000
1.000000
1.000000
0.066380
1.000000
1.000000
0.463540
0.534130
0.433210

0.017770
1.000000
0.191230
0.505350
0.039710
0.895330
0.795080
0.933630
0.807540
1.000000
0.454310
0.061940
0.803940
0.502060
0.086540
0.145630
0.809040
0.835330
1.000000
0.737440
0.236400
0.220670
0.123380
0.567830
0.101540
0.653600
0.202540
0.789350
0.232380
0.208210
0.241880
0.539630
0.826290
0.834670
0.803000
0.938940
0.487940
0.259350
0.953380
0.119170
0.239150
0.256210
0.696960

1.000000
0.884080
0.091380
0.730580
0.614020
0.454170
0.428810
0.922210
0.203980
0.861810
0.140000
0.764440
0.407880
0.379150
0.180650
1.000000
0.227100
0.382650
0.053270
0.511830
1.000000
0.208210
0.064330
0.704730
1.000000
0.208540
0.108210
0.953170
0.685400
1.000000
0.635730
0.531900
1.000000
0.798380
0.346420
0.030540
0.650350
1.000000
0.493690
0.264000
0.745980
0.598080
0.677960

0.623210
0.701690
0.088380
0.239130
0.069670
0.532250
0.672310
1.000000
0.227310
0.381080
0.534000
0.903100
0.544380
0.839630
0.104400
0.107600
0.466460
0.369380
0.431060
0.184920
0.120230
0.432060
1.000000
0.679400
0.714730
0.668710
0.824210
0.451250
0.568310
0.532060
0.743000
0.433420
0.004880
1.000000
0.932900
0.167400
0.616980
0.694270
0.032150
0.767380
0.681020
0.950630
0.549100



154273468 x rs5848
rs4273468 x rs11121679
rs4273468 x rs429358
rs4273468 x rs7412
rs4273468 x 137982
rs4273468 x 154236673
154273468 x 1s3818361
rs4273468 x 1s3764650
rs4273468 x rs4575098
154273468 x 157935829
rs4273468 x 1s16984239
rs4273468 x 154363506
154273468 x 1s5014235
rs4273468 x 157976059
rs4273468 x rs616147
rs4273468 x 1s10139154
rs5848 x rs11121679
rs5848 x rs429358
rs5848 x 157412
rs5848 x 157982
rs5848 x 154236673
rs5848 x 1s3818361
rs5848 x rs3764650
rs5848 x rs4575098
rs5848 x 157935829
rs5848 x rs16984239
rs5848 x 154363506
rs5848 x 155014235
rs5848 x 157976059
rs5848 x 15616147
1s5848 x rs10139154
rs11121679 x rs429358
rs11121679 x rs7412
rs11121679 x rs7982
rs11121679 x rs4236673
rs11121679 x rs3818361
rs11121679 x rs3764650
rs11121679 x rs4575098
rs11121679 x rs7935829
rs11121679 x rs16984239
rs11121679 x rs4363506
rs11121679 x rs5014235
rs11121679 x rs7976059

1.000000
NA
0.582650
NA
0.061810
0.061380
NA
1.000000
0.329230
0.675900
1.000000
0.151170
0.760940
0.424650
0.224420
0.833190
NA
1.000000
NA
1.000000
1.000000
NA
0.049330
0.401250
0.199880
1.000000
0.448900
1.000000
0.449060
1.000000
1.000000
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.704500
NA
0.566290
0.150940
0.887690
0.827980
0.805980
0.956560
0.743920
0.655600
0.816880
0.949770
1.000000
0.161190
0.793380
0.778210
NA
0.269420
0.208190
1.000000
0.932330
0.218380
0.204310
0.548230
0.539480
0.922020
0.030960
0.699830
0.655730
0.737100
0.007420
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.587460
0.905830
0.849190
0.649710
0.433020
0.181310
0.772290
0.553440
0.911600
0.118900
0.006560
0.033040
0.341500
1.000000
0.751230
0.610960
0.722600
0.112580
0.679460
0.215540
0.005480
0.009350
0.867250
0.433520
0.525940
0.701190
0.761130
0.785040
0.397020
0.130380
0.694020
1.000000
1.000000
0.703980
0.598750
0.043380
0.208190
0.709690
1.000000
0.089020
0.496190
0.465210
0.608540

0.232500
0.733020
1.000000
0.759830
0.604730
0.722630
0.723650
0.801350
0.636630
0.145710
0.856880
0.437310
0.735920
0.678020
0.524810
0.709250
0.417290
0.795380
0.286920
0.466600
0.440000
0.170420
0.094880
0.464940
0.424790
0.859920
0.671690
1.000000
0.043380
0.300150
0.450040
0.825980
0.216520
0.066830
0.313850
0.596730
0.743190
1.000000
0.221770
1.000000
0.238630
0.854690
0.524150

0.612230
0.531480
0.561600
0.364980
0.929770
0.181900
0.882210
0.575560
0.756810
0.315690
0.503540
0.468380
0.890020
0.815710
0.657880
0.729400
0.148770
0.107440
0.347460
0.577060
0.493350
0.232060
0.027350
0.094560
0.040310
0.257380
1.000000
0.254100
0.779310
0.716480
0.920480
0.772540
1.000000
0.818880
0.972650
0.306100
0.870500
0.654080
0.576060
0.861020
0.548650
0.519480
0.847520



rs11121679 x rs616147

rs11121679 x rs10139154

rs429358 x rs7412
rs429358 x rs7982
rs429358 x rs4236673
rs429358 x rs3818361
rs429358 x rs3764650
rs429358 x rs4575098
rs429358 x 157935829
rs429358 x rs16984239
rs429358 x rs4363506
rs429358 x rs5014235
1s429358 x 1s7976059
rs429358 x r1s616147
rs429358 x rs10139154
rs7412 x 157982
rs7412 x 154236673
rs7412 x rs3818361
rs7412 x 1s3764650
rs7412 x rs4575098
rs7412 x 1s7935829
157412 x 1516984239
rs7412 x rs4363506
rs7412 x 1s5014235
rs7412 x 157976059
1s7412 x 1s616147
rs7412 x rs10139154
137982 x 154236673
rs7982 x rs3818361
rs7982 x rs3764650
1s7982 x rs4575098
rs7982 x 1s7935829
rs7982 x rs16984239
1s7982 x 154363506
rs7982 x rs5014235
rs7982 x 157976059
157982 x 15616147
rs7982 x rs10139154
rs4236673 x 1s3818361
154236673 x 1s3764650
1s4236673 x rs4575098
rs4236673 x 157935829

rs4236673 x 1516984239

NA
NA
NA
0.332630
0.333830
NA
1.000000
0.903960
0.603310
1.000000
0.173270
1.000000
0.717900
0.210850
0.859940
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.000020
NA
1.000000
0.399690
0.191060
0.474540
0.233830
0.123040
1.000000
1.000000
0.934810
NA
1.000000
0.401630
0.191150
0.474420

NA
NA
1.000000
1.000000
0.812940
0.404130
0.373060
0.809670
0.128830
0.129130
0.268710
0.677940
0.019020
1.000000
1.000000
1.000000
0.705100
0.239480
0.130710
0.482350
1.000000
1.000000
0.626080
1.000000
0.521190
0.711810
0.609400
0.000020
0.097130
0.739830
0.481380
0.311210
0.078980
0.238080
1.000000
1.000000
0.565880
0.373150
0.581130
0.164830
0.270730
0.159810
0.116540

0.356230
0.007540
1.000000
0.673670
1.000000
0.170440
0.242040
0.091270
0.743500
0.611880
0.705940
0.609960
0.706850
1.000000
1.000000
0.492810
1.000000
1.000000
0.468710
0.218130
0.581520
0.516770
0.166670
1.000000
1.000000
1.000000
1.000000
0.000020
0.663520
0.113000
0.820060
0.329540
0.690710
0.976560
0.543560
1.000000
0.507900
0.775730
0.475580
0.894830
0.931250
0.161750
0.863190

0.032250
0.943980
0.540420
0.885750
0.356770
0.386440
0.055230
0.179440
0.696060
1.000000
0.277560
1.000000
0.515500
0.190630
0.657460
0.806560
0.141520
0.485060
1.000000
0.792060
0.541750
1.000000
0.436500
0.592750
0.845560
1.000000
0.190290
0.000650
0.870060
0.229080
0.957690
0.238330
0.729210
0.978190
0.001380
0.799790
0.440310
0.297270
0.780040
0.071150
0.427290
0.728830
0.763080

0.531170
0.234170
0.247400
0.469190
0.802190
0.066690
0.255790
0.622790
0.064960
0.440250
0.005420
0.851380
0.257920
0.842270
1.000000
0.571940
0.346250
0.158750
0.628400
1.000000
0.356690
1.000000
0.827080
0.551810
0.289810
0.727730
0.278040
0.079150
0.495580
0.965460
0.441900
0.897100
0.135330
0.448210
0.834630
0.828080
0.120060
0.672920
0.727350
1.000000
0.540770
0.857100
0.257270
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154236673 x 154363506
1s4236673 x 1s5014235
1s4236673 x 157976059
154236673 x 15616147
rs4236673 x rs10139154
rs3818361 x rs3764650
rs3818361 x rs4575098
rs3818361 x 157935829
rs3818361 x rs16984239
rs3818361 x rs4363506
rs3818361 x rs5014235
rs3818361 x rs7976059
rs3818361 x rs616147
rs3818361 x rs10139154
rs3764650 x rs4575098
1$3764650 x 1s7935829
rs3764650 x rs16984239
rs3764650 x 1s4363506
1$3764650 x rs5014235
r$3764650 x rs7976059
rs3764650 x rs616147
rs3764650 x rs10139154
rs4575098 x rs7935829
rs4575098 x rs16984239
rs4575098 x rs4363506
rs4575098 x rs5014235
rs4575098 x 157976059
rs4575098 x rs616147
rs4575098 x rs10139154
rs7935829 x rs16984239
187935829 x 154363506
1s7935829 x rs5014235
1$7935829 x rs7976059
rs7935829 x rs616147
rs7935829 x rs10139154
rs16984239 x rs4363506
rs16984239 x rs5014235
rs16984239 x rs7976059
rs16984239 x rs616147
rs16984239 x rs10139154
rs4363506 x rs5014235
rs4363506 x 157976059
154363506 x rs616147

0.233400
0.127060
1.000000
1.000000
0.934020
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.400900
0.197710
1.000000
0.450350
1.000000
0.452540
1.000000
1.000000
0.683210
0.211940
0.250710
0.651350
0.097980
0.490170
0.814130
0.369630
0.679980
0.368420
0.840830
0.466040
0.599630
0.099630
1.000000
1.000000
0.572420
0.190560
1.000000
0.632920
0.692230

0.342790
0.459290
0.888380
0.654400
0.548210
0.211380
0.337830
0.734900
0.683710
0.175460
0.453420
0.777170
0.916690
0.896080
0.835440
0.307460
0.054500
0.018600
1.000000
1.000000
0.610190
0.300020
0.056500
0.600750
0.799210
0.788670
0.458960
0.370880
0.953210
0.903380
0.833750
1.000000
0.247850
0.817440
0.702520
0.888400
0.678210
0.402020
0.637420
0.030130
0.851790
0.916310
0.654560

0.413540
0.384540
0.976920
0.816670
0.618190
0.113100
0.090250
0.517520
1.000000
1.000000
0.454730
0.107600
0.174080
0.028560
0.115270
0.300000
1.000000
0.236670
0.675730
0.484270
0.837210
0.745580
0.613790
0.819960
0.546130
0.536150
0.945750
0.925920
0.872980
0.328290
0.735080
0.737790
0.279460
0.048350
0.285560
0.010290
0.465380
0.772730
0.364100
0.084580
0.773040
0.620380
0.404850

0.536710
0.650960
0.696250
0.221770
0.332230
0.622730
0.831060
0.615520
0.400400
0.119000
0.063690
0.545540
0.311440
0.297210
0.439040
0.108750
0.084900
0.726850
0.819210
0.092770
0.234480
0.438630
0.890060
1.000000
0.472790
0.250400
0.966330
0.427020
0.692630
0.067830
0.798290
0.642790
0.066080
0.852060
0.880920
0.640130
1.000000
0.000150
1.000000
1.000000
0.371580
0.982210
0.000230

0.845790
0.779330
0.700810
0.252940
0.558080
0.467150
0.233060
1.000000
0.063770
0.300850
0.074440
0.298600
1.000000
0.623900
0.455310
0.849830
0.430190
0.469060
0.874040
0.809270
0.864400
0.808920
0.281940
0.003650
0.098480
0.716420
0.366900
1.000000
0.698000
0.324350
0.725100
0.671310
0.889600
1.000000
0.884350
0.088270
0.593190
0.543850
0.880500
0.335250
0.369290
0.274750
0.801150
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rs4363506 x rs10139154
rs5014235 x rs7976059
rs5014235 x rs616147
rs5014235 x rs10139154
rs7976059 x rs616147
rs7976059 x rs10139154
1616147 x 1s10139154

0.210750
0.710310
1.000000
1.000000
0.306880
0.312730
0.489540

0.030460
1.000000
0.327100
0.856420
0.040790
0.704170
0.952920

0.659230
0.280400
0.030940
0.671750
0.646150
0.027650
0.211040

0.780730
0.350830
0.188630
0.055900
0.712400
0.879850
0.204810

0.776650
0.062250
0.453040
0.191630
0.016150
0.101290
0.599960

NA, Not Available due to one of the markers being monomorphic.
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