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ABSTRACT

Introduction: obesity is a complex condition influenced by genetic and environmental factors. The FTO 
gene has been associated with obesity through several single nucleotide polymorphisms (SNPs), particularly 
rs9939609, related to higher body mass index (BMI) and risk of obesity. FTO variants influence the regulation 
of appetite and energy metabolism by affecting RNA methylation and the expression of key genes in 
adipogenesis.
Objective: to investigate the association between the FTO rs9939609 SNP and genetic ancestry proportions 
in Latin American populations.
Methods: genotypes for rs9939609 were obtained using VcfTools and the 1000 Genomes Project database. 
Samples from Latin America were selected, covering four mixed populations: Colombians (n=94), Mexicans 
(n=64), Peruvians (n=85) and Puerto Ricans (n=104), totaling 347 individuals. To estimate genetic ancestry 
proportions, 446 SNPs from a panel of ancestry informative markers (AIMs) were used.
Results: individuals with the AA genotype of SNP rs9939609 have a higher proportion of Native American 
ancestry and a lower proportion of European ancestry compared to TT and AT genotypes. The variability 
in the proportions of ancestry according to the genotype of the SNP rs9939609 suggests a possible genetic 
stratification in the Latin American populations studied.
Conclusions: these findings highlight the importance of considering ancestral composition in genetic studies 
related to obesity. More research is needed to understand how gene-environment interactions contribute 
to obesity in various populations, which could lead to more effective and targeted intervention strategies.
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RESUMEN

Introducción: la obesidad es una condición compleja influenciada por factores genéticos y ambientales. 
El gen FTO se ha asociado con la obesidad a través de varios polimorfismos de nucleótido único (SNPs), 
particularmente rs9939609, relacionado con un mayor índice de masa corporal (IMC) y riesgo de obesidad. Las 
variantes de FTO influyen en la regulación del apetito y el metabolismo energético al afectar la metilación 
del ARN y la expresión de genes clave en la adipogénesis. 
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Objetivo: investigar la asociación entre el SNP rs9939609 del gen FTO y las proporciones de ascendencia 
genética en poblaciones latinoamericanas.
Métodos: se obtuvieron los genotipos para rs9939609 utilizando VcfTools y la base de datos del Proyecto 
1000 Genomas. Se seleccionaron muestras de América Latina, abarcando cuatro poblaciones mezcladas: 
colombianos (n=94), mexicanos (n=64), peruanos (n=85) y puertorriqueños (n=104), totalizando 347 
individuos. Para estimar las proporciones de ancestría genética, se utilizaron 446 SNPs de un panel de 
marcadores informativos de ancestría (AIMs).
Resultados: los individuos con el genotipo AA del SNP rs9939609 tienen una mayor proporción de ancestría 
nativo americana y una menor proporción de ancestría europea en comparación con los genotipos TT y AT. 
La variabilidad en las proporciones de ancestría según el genotipo del SNP rs9939609 sugiere una posible 
estratificación genética en las poblaciones latinoamericanas estudiadas.
Conclusiones: estos hallazgos resaltan la importancia de considerar la composición ancestral en los estudios 
genéticos relacionados con la obesidad. Se necesita más investigación para comprender cómo la interacción 
entre genes y ambiente contribuye a la obesidad en varias poblaciones, lo que podría conducir a estrategias 
de intervención más efectivas y específicas.

Palabras clave: Dioxigenasa FTO Dependiente De Alfa-Cetoglutarato; Rs9939609; Obesidad; Ancestría 
Genética; América Latina; Índice De Masa Corporal.

INTRODUCTION
The FTO gene (fat mass and obesity-associated) is associated with obesity through various single nucleotide 

polymorphisms (SNPs), particularly rs9939609, which is related to higher body mass index (BMI) and obesity 
risk.(1) Variants of FTO influence appetite regulation and energy metabolism by affecting RNA methylation and 
the expression of key genes in adipogenesis.(2, 3) Individuals with risk alleles tend to consume more energy-dense 
foods, leading to increased caloric intake and weight gain.(4)

The FTO gene is also associated with cancer through its role in the demethylation of N6-methyladenosine 
(m6A) in various types of RNA.(5) SNPs in FTO, such as rs9939609, are linked to higher BMI and predisposition 
to obesity.(1, 4) These SNPs influence the expression of key genes in adipogenesis and appetite control, such as 
RUNX1T1 and ghrelin.(6,7) Additionally, FTO regulates the mTOR pathway, which is important for cell growth and 
metabolism, and its dysfunction can contribute to cancer development.(8,9) FTO is overexpressed in various types 
of cancer, such as leukemia, glioblastoma, and breast cancer, where its m6A demethylase activity influences 
tumor progression and treatment resistance, suggesting that FTO acts as a molecular link between obesity and 
cancer.(3,10,11)

The FTO gene shows significant population variability, especially in the SNP rs9939609, which has shown 
a strong correlation with BMI in individuals of European and Asian ancestry.(1,4) The risk allele A of rs9939609 
is associated with higher BMI and obesity risk in Europe and Asia.(12,13) These associations are also observed in 
populations of Latin America and Africa.(14,15)

The aim of this research is to analyze the relationship between European ancestry and the prevalence of 
the risk allele rs9939609 in Latin American populations, to better understand how genetic variability influences 
obesity risk. The Latin American population, descended from East Asian and European populations, presents 
a complex genetic structure. The rate of recombination and genetic structuring, influenced by sociocultural 
segregation, could be causing stratification of FTO alleles according to the degree of European ancestry.

METHODS
Genotypes for rs9939609 were obtained using VcfTools(16) and the 1000 Genomes Project Consortium 

database. (17) For this study, samples exclusively from Latin America were selected, encompassing four admixed 
populations: Colombians (n=94), Mexicans (n=64), Peruvians (n=85), and Puerto Ricans (n=104), totaling 347 
individuals.

To estimate genetic ancestry proportions, 446 SNPs from a panel of ancestry informative markers (AIMs) 
recommended by Galanter et al. were used.(18) These markers were designed and validated to calculate ancestry 
proportions in individuals and populations in Latin America.

Five ancestral populations (K=5) were modeled to estimate the genetic ancestry proportions of each individual 
using STRUCTURE.(19) The Kolmogorov-Smirnov test was then applied to assess the normality of the distribution 
of individual genetic ancestry proportions. Since none of the ancestries followed a normal distribution (P 
Kolmogorov-Smirnov < 0,05), Non-parametric tests were used: Kruskal-Wallis and post hoc Wilcoxon pairwise 
tests, to evaluate the null hypothesis of no association between genetic ancestry and the obesity risk genotypes, 
with a confidence level of 95 % and a critical p-value of 0,05.
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RESULTS
The distribution and normality analysis of Native American (NAM) and European (EUR) ancestries were 

performed using histograms, Q-Q plots (figure 1), and Shapiro-Wilk normality tests. The NAM ancestry distribution 
showed significant skewness, confirmed by a Shapiro-Wilk statistic of 0,8787 and a p-value of 6,63×10−16. The 
EUR ancestry showed a distribution closer to normality, with a Shapiro-Wilk statistic of 0,9653 and a p-value of 
2,40×10−7.

Figure 1. Distribution of Native-American ancestry and European ancestry proportions among individuals

Kruskal-Wallis tests revealed significant differences in NAM and EUR ancestry proportions among the TT, 
AT, and AA genotypes of the SNP rs9939609. For NAM, the Kruskal-Wallis statistic was 48,913 (p = 2,39×10−11), 
while for EUR, it was 38,820 (p = 3,72×10−9). Box plots showed that the AA genotype has a higher median and 
a wider range in NAM, and a lower median in EUR, compared to the TT and AT genotypes (figure 2).

Figure 2. Distribution of European ancestry (left) and Native-American ancestry (right) among the genotypes of the 
rs4988235(C) polymorphism
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Post-hoc Mann-Whitney U tests showed significant differences in NAM ancestry between TT and AT genotypes 
(U = 17866,5, p = 9,03×10−11), and between TT and AA genotypes (U = 3537,5, p = 7,07×10−5). For EUR ancestry, 
there were significant differences between TT and AT genotypes (U = 7699,0, p = 3,83×10−9) and between TT 
and AA genotypes (U = 1422,5, p = 0,00113). No significant differences were found between AT and AA genotypes 
in any ancestry.

DISCUSSION
The A allele of the SNP rs9939609 in the FTO gene is associated with a higher likelihood of obesity, a complex 

condition influenced by both genetic and environmental factors.(1) The results of this study show significant 
differences in Native American and European ancestry proportions among the different genotypes of this SNP. 
Individuals with the AA genotype (low risk of obesity) have a higher proportion of Native American ancestry 
and a lower proportion of European ancestry compared to those with TT and AT genotypes. This suggests that 
variation in the FTO gene and its association with obesity may differ among populations with different ancestral 
compositions.

The higher frequency of the A allele in European populations could partly explain the differences in obesity 
prevalence between these and other populations.(12) Individuals with the A allele have a genetic predisposition 
that affects appetite regulation and metabolism, increasing the risk of developing obesity.(2,3) The influence 
of genotype on the variability of ancestral composition observed in this study highlights the importance of 
considering specific genetic factors in each population when studying complex diseases like obesity.

These findings underscore the need for personalized approaches in the treatment and prevention of obesity, 
considering both individual genetics and ancestral diversity.(4,5) Future research should focus on how the 
interaction between genes and the environment contributes to obesity in various populations, which could lead 
to more effective and targeted intervention strategies.

Finally, some limitations of this study are related to the restriction to a sample of four Latin American 
populations, which may not represent the complete genetic diversity of the region. The observed genetic 
stratification may be affected by sample selection and the accuracy of ancestry estimates. Nonetheless, the 
alignment of the results with predictions suggests expanding the study’s approach to other populations.

CONCLUSIONS 
Individuals with the AA genotype of the SNP rs9939609 have a higher proportion of Native American 

ancestry and a lower proportion of European ancestry compared to the TT and AT genotypes. The variability in 
ancestry proportions according to the genotype of the SNP rs9939609 suggests potential genetic stratification 
in the studied Latin American populations. These findings highlight the importance of considering ancestral 
composition in genetic studies related to obesity.
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