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ABSTRACT 

This study aims to establish the current state of the IT-15 (HTT) gene in different 

Ecuadorian ethnic groups and patients by determining CAG triplet repeats, compared with 

the ethnicity of individuals. Four hundred twelve individuals were studied using nested 

PCR and Sanger sequencing: 75 individuals were indigenous (Kichwas), 211 mestizos, and 

65 Afro-Ecuadorians. We included 31 patients who were clinically diagnosed with 

Huntington’s disease and relatives of the affected patients (n=30). Moreover, we correlated 

the presence of HD in Ecuadorian patients with 46 genetic ancestry-informative insertion-

deletion polymorphic markers (AIMs-INDELs). We found that 77.20% had <28 CAG 

repetitions, 18.80% had mutable alleles, 2.27% had incomplete penetrance, and 1.70% 

reflected >39 repetitions. The average of CAG repetitions was 24 ± 3 for indigenous 

people; 28 ± 2 for mestizos; and 24 ± 3.2 repetitions for the Afro-Ecuadorians. The 

ancestral component showed that the main ancestry corresponded to Native Americans 

(0.873) and European ascendants (0.145), Africans were less represented in the evaluated 

population (0.018). There was a significant difference between the number of CAG repeats 

in mestizos and indigenous people (p < 0.01), suggesting that the Ecuadorian mestizo 

population has a risk factor for the gene mutation. 
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Huntington’s disease (HD) is a neurodegenerative, autosomal-dominant type disease that is 

caused by an inherited genetic disorder with variable expressivity and complete 

penetrance1-3. On average, the age of onset is 40 years1. Several factors may influence the 

instability of CAG repeats in the HTT gene, including the number of the triplets, age, and 

sex of the parent who transmitted the disease, and also genetic and environmental 

factors1,4,5.  

Population studies have suggested that the mutation originated in Europe and then spread 

worldwide via migration6,7. Thus, the prevalence of the illness fluctuates in distinctive 

populations. HD affects all ethnic groups1,6-10. We previously reported the CAG 

trinucleotide expansion in Ecuadorian mestizo affected individuals11. However, there are no 

exact data on the frequency or the state of the gene responsible for the disease in the 

healthy and asymptomatic population between Ecuadorian ethnicities. Our aims were to: i) 

establish the current state of the IT-15 (HTT) gene in different Ecuadorian ethnic groups 

and HD patients by determining the number of CAG triplet repeats, compared to the 

ethnicity of individuals; and ii) correlate the presence of HD in Ecuadorian patients with 46 

genetic ancestry-informative insertion-deletion polymorphic markers (AIMs-INDELs). The 

analysis of this trait will improve the genetic description of HD CAG triplet repeats in 

Ecuador.  

 

2. Methods  

Participants 

A total of 412 adults from different Ecuadorian ethnic groups were included. Three hundred 

fifty-one were individuals without a family history of HD or other ataxic diseases (75 were 

indigenous (Kichwas), 211 were mestizos, 65 were Afro-Ecuadorians), 31 were clinically 
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diagnosed HD patients. Additionally, 30 relatives of the affected subjects were also 

included in the study. 

The participants´ demographics are listed in Table 1. The study was previously approved by 

a bioethics committee (Universidad de las Américas), and all participants provided written 

informed consent before sample collection.   

Genotyping 

Peripheral blood samples from participants were genotyped as previously described by 

Pavón-Realpe et al. (2014)11. Repeat length interpretation was as follows: d28, normal; 29–

35, mutable alleles; 36–39, reduced penetrance; and e40, full penetrance.  

Ancestry informative markers 

All HD patients were genotyped by Single Multiplex PCR using 46 autosomal Ancestry 

Informative Markers (AIMs), as described by Pereira et al. (2012)11. Fluorescent DNA 

fragments were separated and detected by capillary electrophoresis in the genetic analyzer 

ABI 3130 (Applied Biosystems, Austin, TX), and were identified using the software 

Genemapper V 3.1 (Life Technologies, Carlsbad, CA) following allele nomenclature 

previously described11. 

Statistical analysis 

A nonparametric Kruskal-Wallis test was used to determine the number of CAG repeats 

that are associated with ethnic groups and sex. A value of p < 0.05 was considered 

statistically significant. The genetic structure of the population formed by the patients was 

analyzed with the program STRUCTURE V2.3.4 software using the admixture model with 

K53 (based on the tri-hybrid historic mixture). All statistical analyses were performed using 

the IBM SPSS Statistics 22 software (SPSS Inc., Chicago, IL). 
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 3. Results  

In this study, we included 75 Kichwas (21.36%), 211 (60.11%) mestizos, and 65 (18.51%) 

Afro-Ecuadorians. For symptomatic patients, the mean age of onset was 39 years and the 

average number of CAG repetitions was 48 ± 5.7. Additionally, a significant inverse 

correlation between the number of repeats and the onset of the disease was found (p = 

0.02). However, there was no significant correlation between sex (male or female) and the 

number of CAG repeats (p > 0.05). The average number of CAG repetitions in males was 

50.52 ± 8 and 40.64 ± 5.3 in females.  There was no statistical difference between the 

variables for the genetic inheritance and the number of repetitions (p > 0.05).   

Using 46 AIMS, the ancestry apportionment of HD patients was estimated. Patients showed 

a greater Native American ancestry proportion (0.837) compared with the European (0.145) 

or the Afro-Ecuadorian groups (0.018; Fig. 1). 

Overall in the asymptomatic population, 271 participants had less than 28 repetitions 

(77.20%), which placed them in the normal population; 66 (18.80%) participants had 

mutable alleles; 8 (2.27%) participants had incomplete penetrance; and 6 (1.70%) 

participants had more than 39 repetitions and were considered to be affected. For 

indigenous participants, 78.6% showed fewer than 28 CAG repeats, while 17.3% had 29–

35 repetitions; 2.6% had 36–39 repetitions, and only 1.3% of the participants had expanded 

alleles with more than 39 CAG repeats. For mestizos, 75.5% of the participants had fewer 

than 28 CAG repeats; 24.1% had 29–35 repetitions; 2.80% had 36–39 repeats; and 1.42% 

had alleles with more than 39 repetitions. The Afro-Ecuadorians had 93.8% of participants 

with less than 28 CAG repeats, 3.07% with 29–35 repeats, and the remaining 3.07% with 

more than 39 repeats. The overall average number of repetitions was 24 ± 3 in the 
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indigenous ethnic group, 28 ± 2 for mestizos, and 24 ± 3.2 for Afro-Ecuadorians. Within 

the population that was clinically diagnosed with HD, there was an average of 48 ± 5.7 

replicates (Table 2). 

Significant differences between the number of repetitions and different ethnic groups were 

found. For this, the Kruskal–Wallis test was used (significance level = 0.05). 

There was a significant difference between the number of CAG repeats in mestizos and 

indigenous people (p < 0.01), suggesting that the Ecuadorian mestizo population has a risk 

factor for the gene mutation. Moreover, comparing the Afro-Ecuadorians with Mestizos, 

the value obtained was p < 0.001, which are similar results to the previous comparison. 

This confirms the above interpretation where mixed race ethnicity presents an influencing 

factor for perceived instability in the number of CAG repetitions. 

There was no significant difference between the Afro-Ecuadorian and indigenous ethnic 

groups. Therefore, indigenous people and Afro-Ecuadorians have a lower influence of 

generational alteration on increasing the number of CAG repeats. 

Comparison of each ethnic group showed that the average number of repetitions in the 

indigenous and Afro-Ecuadorian ethnic groups were similar (range, 24 ± 3 CAG repeats), 

while for Mestizos, the range of repetitions was 28 ± 2. 

 

 4. Discussion 

Our study is the first to provide a comprehensive allele estimate across the Huntington’s 

CAG repeats in multiple patient ethnicities within the Ecuadorian population. Moreover, 

this research identifies, for the first time, the specific number of CAG repeats for each 

ethnic group in the country. HD has been studied in several regions of Latin America6,7,10. 
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According to Bates et al. (2015), the HD molecular-genetic studies have higher reporting 

rates than clinical measures alone, the last ones currently used as a diagnosis method in the 

Ecuadorian population12. The findings presented in this study are consistent with those 

reported by other authors7,10. The Ecuadorian mestizos showed a higher number of CAG 

repeats, with an average of 28 ± 2. The range and average repetitions in normal alleles were 

modestly higher compared with those found in some populations in Australia, Canada, 

United States (20.2 CAG repetitions), and Brazil (22 CAG repetitions)7,11. However, this 

average was significantly higher compared with the populations in Argentina, Costa Rica, 

Mexico, and Venezuela (17, 17.8, 19.04 and 19 CAG repetitions, respectively)1,10,13. 

Similar results are seen for Africa (16.2), Japan (16.9), China (17.0), and European 

populations (18)14. This suggests that Ecuadorian mestizos have a higher number of CAG 

repeats. Additionally, 57% of patients with more than 55 CAG repetitions had an important 

European influence from 45% to 95%, compared to patients with a higher percentage of 

Native American and/or Afro-descendants who had fewer repetitions. The ancestry results 

of mestizo HD patients showed that the group maintains a genetic profile of ancestral 

populations in South America (Native Americans = 0.873), but this population has 

experienced genetic mixing by Spanish colonization.  Fundamentally, Ecuadorian HD 

patients are related to the American ancestral elements, and this result may be different than 

those obtained by other groups, suggesting that this disease mainly affects individuals of 

European origin15,16. However, these results are similar to Bryc et al. (2010), where the 

Ecuadorian population has the highest proportion of Native American ancestry followed by 

European, and a reduced African contribution compared to other Hispanic populations17. 

Thus, the high number of CAG repeats found in the mestizo ethnic group could be related 

to the ancestral origin of Ecuadorians. For the expanded allele, the results were similar to 

those reported in Argentinean and Brazilian populations but increased compared to 

Australia, Cuba, Slovenia, and the USA1,9,18-20. 
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Even though, some studies show that factors such as sex and age of the transmitting parent 

contribute to CAG repeats11,12, we did not find any significant difference between them. 

Finally, the results presented in this study show that the high number of CAG repeats could 

be related to a higher prevalence of HD in Ecuador than what is reported for Europe and 

other Latin American countries. 
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