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Background: Previous studies have reported on retinitis pigmentosa (RP) in Puerto Rico. Information on the geographic distribution 
of RP mutations in Puerto Rico may lead to higher rates of diagnosis and co-management. We aimed to evaluate whether there are 
areas with increased incidence of genes leading to RP in the Island.
Materials and Methods: We conducted a non-concurrent prospective study on the genotype of 241 patients with RP in Puerto Rico. 
We evaluated their townships to determine whether there are clusters of genes leading to RP. Genetic studies were done using the 
Invitae inherited retinal diseases panel analyzing 330 genes.
Results: A total of 100 patients were evaluated. Clusters of patients with mutations were found in certain townships. As depicted in 
the map, a cluster of patients with a mutation in the PDE6B gene was found in San Juan (9), those with the BBS1 gene occurred in San 
Juan (6) and Bayamón (4), mutations on the USH2A gene were found in Toa Baja (5), mutations in the CRB1 gene appeared in Ciales 
(4), and mutations in the BBS7 were found in Aibonito (2). Other mutations are scattered throughout the Island.
Conclusion: Clusters of mutations were identified in several townships including San Juan, Bayamón, Toa Baja, Ciales, and Aibonito. 
Some of these are isolated geographically. Additional mutations were identified but only the most pertinent were reported. Genetic 
studies are warranted in all patients with RP in Puerto Rico.
Keywords: retinitis pigmentosa, inherited retinal eye diseases, Usher syndrome, Bardet–Biedl syndrome

Introduction
Retinitis pigmentosa (RP) is a heterogeneous group of inherited disorders affecting 1 in 3000–8000 people caused by 
abnormalities of photoreceptors or retinal pigment epithelium of the retina which leads to progressive visual loss.1 RP 
can be inherited in an autosomal dominant, autosomal recessive, or X-linked manner.1,2

RP is considered a rod-cone dystrophy because it is characterized by primary degeneration of photoreceptor rods which 
is followed by secondary degeneration of cones.1 Therefore, patients typically experience night blindness early in the 
disease course which later progresses to visual loss in diurnal conditions.3 Degeneration of the retina begins in the mid- 
periphery and advances towards the macula lutea and fovea.1 This explains why night blindness is followed by visual field 
loss in a concentric pattern.4 RP then progresses to include degeneration of central cone photoreceptors resulting in central 
vision loss.4 Typically, patients will begin to experience vision loss in their teenage years which progresses to severe vision 
loss by 40–50 years of age.1 Patients may also experience photophobia usually in more advanced stages of the disease.3

Genetic mutations causative of RP lead to alterations in proteins which are essential for function of the neuroretina 
and retinal pigment epithelium.4 Altered protein function damages photoreceptor and retinal pigment epithelial cells 
possibly due to excessive reactive oxygen species.5 This leads to apoptosis of photoreceptors, a reduction in the thickness 
of the outer nuclear layer in the retina and deposition of retinal pigment in the fundus.1
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The diagnostic criteria for RP are multifaceted and findings can vary significantly between individuals. RP is 
considered to have a classic triad of fundus abnormalities which include bone spicule pigmentation in the periphery 
and/or mid periphery, attenuation of retinal vessels, and waxy pallor of the optic nerve.4 Electroretinogram findings 
demonstrate decreased amplitude of a- and b-waves and can be used for diagnosing RP as well as monitoring disease 
progression.3 Optical coherence tomography (OCT) and fundus autofluorescence (FAF) imaging show loss of outer 
retinal layers and altered lipofuscin distribution.4

RP is usually limited to the eye but can also occur in a syndromic manner as part of the Usher or Bardet-Biedl 
syndrome (BBS).1,6 Usher syndrome is the most frequent syndromic form of RP.3 It is characterized by RP and 
neurosensory deafness. It is classified into three types based on characteristics of hearing loss. Type 1 is associated 
with profound hearing loss, type 2 with moderate hearing loss, and type 3 with deafness which occurs in the first decade 
of life and progressively worsens. BBS is less frequent and characterized by RP with associated obesity, intellectual 
impairment, polydactyly, hypogenitalism, and renal abnormalities.3

Over 80 different genes have been associated with non-syndromic RP and at least 11 genes have been associated with 
Usher syndrome and BBS.3,4 The incidence of genetic mutation which cause syndromic and non-syndromic RP are 
different depending on regions and ethnicities.7 Studies have identified clusters of gene mutations leading to RP in Spain, 
Mexico, Brazil, China, South Africa, France, South Korea, and other countries.2,7–10 Puerto Rico’s geographic isolation 
leads to inbreeding which could lead to a higher incidence of particular genetic mutations. However, no studies have 
determined the incidence of specific gene mutations in this population.

We sought to study the distribution of the various gene mutations leading to RP according to the Puerto Rican 
townships. This led us to evaluate if there are clusters of genes in certain townships in PR. Identification of these clusters 
can lead to improvements in the diagnosis and treatment of patients.

Materials and Methods
This a non-concurrent prospective study on the genotype of 241 patients with a clinical diagnosis of RP in Puerto Rico as 
delineated in a previous study.11 Institutional Review Board approval was obtained from the Medical Sciences Campus of 
the University of Puerto Rico (B1960120). Our study complies with the Declaration of Helsinki.

We obtained saliva samples from patients with an RP diagnosis recruited at an RP symposium on November 8th, 
2019. All patients were Puerto Rican and required to sign a consent form. All patients were evaluated by at least one of 
the authors. Patients under the age of 18 were required to have a legal custodian provide written consent.

Saliva samples were obtained from patients and submitted for DNA analysis. Samples were analyzed using an Inherited 
Retinal Disorders (IRD) panel from the Invitae corporation. This laboratory does full gene sequencing and deletion/duplication 
analysis with next-generation sequencing (NGS) technology. The Invitae corporation panel analyzes a total of 330 genes.

A genotyping microarray from the Invitae corporation was used to screen for mutations. DNA was enriched for targeted 
regions and sequenced with Illumina technology to identify significant variants. Patient demographic data included township, 
age, and gender. We only included previously described pathogenic variants leading to RP as being associated with RP.

Inclusion criteria were based on genetic results, clinical diagnosis, and demographic data. For patients to meet 
inclusion criteria their genetic results must be classified as one of the following categories: patients with homozygous 
pathogenic variants in autosomal recessive (AR) genes; compound heterozygous pathogenic variants in AR genes; 
autosomal dominant (AD) pathogenic variants; and pathogenic variants in X-linked genes. Patients were also required to 
have a clinical diagnosis of RP. This diagnosis was based on symptoms of nyctalopia and decreased visual acuity as well 
as retinal findings, a visual field test, and electroretinography results compatible with RP. Finally, patients were required 
to provide demographic data which identified their township.

The exclusion criteria were patients whose genetic results did not comply with one of the previously mentioned 
categories. These were patients who had a single heterozygous pathogenic variant in an AR gene or whose identified 
variants were of unknown significance. Other exclusion criteria were not being able to provide a saliva sample for genetic 
testing, presence of congenital nystagmus, and patients which lacked township data.

Frequency counts were calculated to determine the incidence of each mutation by township in Puerto Rico and plotted 
on a map of the island.
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Results
Demographics
A total of 100 patients met inclusion criteria. Of these, there were 51 (51%) male and 49 (49%) female patients. Their 
ages ranged from 10 to 81 years (average age = 42 years).

Mutational Spectrum
64 cases (64%) carried homozygous pathogenic variants in an AR gene. Twenty-nine (29%) carried compound hetero-
zygous variants in an AR gene. Only seven cases (7%) had AD gene variants; and none had XL gene pathogenic variants.

25 patients (25%) had mutations in the BBS1 gene; 13 (13%) had pathogenic mutations in the PDE6B gene; 12 (12%) 
had pathogenic mutations in the CNGB1 gene; 11 patients (11%) had pathogenic mutations in the CRB1 gene; and 9 
patients (9%) had pathogenic mutations in the USH2A gene. These mutations represent 70% of cases. Refer to 
Supplementary Table 1 for a comprehensive list of all mutations identified.

Geographic Distribution
As depicted in Figure 1, a cluster of 6 patients (6/25; 24%) with a mutation in the BBS1 gene was identified in the 
township of San Juan and a cluster of 4 patients (4/25; 16%) was identified in Bayamon. The p.Met390Arg variant was 
the most common variant in the BBS1 gene in our patient population. All 6 patients in the San Juan cluster had the p. 
Met390Arg variant. Of these, 3 were compound heterozygotes having both the p.Met390Arg and the p.Glu549* variants. 
In the Bayamon cluster, 2 patients were homozygous for the p.Met390Arg variant, 1 was homozygous for the p.Glu549* 
variant and 1 was a compound heterozygote for both the p.Met390Arg and the p.Glu549* variants.

A cluster of 9 patients (9/13; 69%) with a mutation in the PDE6B gene was identified in San Juan. All 9 patients had 
the p.Leu514Trpfs*61 variant with one being compound heterozygote for the p.Leu514Trpfs*61 variant and the p. 
His620Glnfs*23 variant.

A cluster of 5 patients (5/9; 56%) with a mutation in the USH2A gene was identified in Toa Baja. Of these, one patient 
was homozygous for the p.Glu767Serfs*21 variant and 4 patients were compound heterozygotes with the p. 
Glu767Serfs*21 and the p.Cys575Tyr variants.

A cluster of 4 patients (4/11; 36.4%) with a mutation in the CRB1 gene was identified in Ciales. Of these, 3 are 
homozygous for the p.Ile167_Gly169del variant and one is homozygous for the p.Ile205Aspfs*13 variant.

A cluster of 2 patients (2/4; 50%) with a mutation in the BBS7 gene was identified in Aibonito. Both patients were 
homozygous for the p.Thr211Ile variant.

Discussion
We conducted a non-concurrent prospective study on the genotype of a cohort of Puerto Rican patients with a clinical 
diagnosis of RP. We evaluated their townships to determine the presence of clusters of genetic mutations which lead to 

Figure 1 Map of the US Commonwealth of Puerto Rico. The map shows the location of the townships with a cluster of mutations in the PDE6B gene (yellow), BBS1 gene 
(purple), CRB1 gene (green), USH2A gene (Orange), and BBS7 gene (blue).
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RP. In our study, we found 5 main clusters due to mutations in the BBS1, PDE6B, CRB1, and USH2A genes. All clusters 
are from townships on the northern part of the island except for the CRB1 cluster which is in the middle of the island.

Studies in a Spanish cohort showed that mutations in CRB1 contributed to 8% of autosomal recessive cases of RP.12 This 
value is close to our frequency of 11% and may be due to the Spanish colonization of the island. The presence of a cluster in 
the township of Ciales suggests this Spanish influence may be contributing to RP cases in that area of the island.

Previous studies have identified that mutations in the CRB1 gene are one of the major contributors to RP in the 
Mexican population.10 Mutations in CRB1 contributed to 7% of pathogenic mutations associated with inherited retinal 
dystrophies.10 In our cohort, mutations in CRB1 were associated with 11% of cases. The relatively higher frequencies in 
our cohort could be explained by consanguinity. The fact that CRB1 mutations are major contributors in both the 
Mexican and Puerto Rican populations could be explained by Maya population migrations in the Caribbean Sea.

Both the p.Ile205Aspfs*13 and p.Ile167_Gly169del variants identified in the township of Ciales have previously been 
identified in France.13 Meanwhile, the p.Ile167_Gly169del variant has been identified in Brazilian and Spanish cohorts.14,15 

A study based on a small European cohort of patients identified this variant in all their patients indicating further European 
influence.16

Studies of Spanish cohorts identified that mutations in the BBS1 gene accounted for a large proportion of patients with 
syndromic RP.12,17 A study also identified the p.Met390Arg as the most frequent variant and reported compound 
heterozygotes with the same combination of p.Met390Arg and p.Glu549*.17 Likewise, in our cohort the p.Met390Arg 
variant was present in all but one patient in the San Juan and Bayamon clusters. This is further evidence of the Spanish 
influence on clusters of RP in the island.

Mutations in the BBS7 gene were associated with 4% of cases. This is a higher incidence than has been identified in 
other populations.10,12 Studies have also identified BBS7 mutations in Spanish and Mexican cohorts.12 However, the p. 
Thr211Ile variant has not been previously identified in other populations. This provides an interesting opportunity for 
further study to trace this variant to other populations.

Mutations in PDE6B accounted for 13% of patients with RP. Studies of cohorts in South Korea have demonstrated 
that PDE6B mutations accounted for 6.3% of patients with RP and 17% of patients with AR RP.7 Studies in the Spanish 
population showed that mutations in the PDE6B gene caused fewer than 1% of AR RP cases.12 In our cohort, PDE6B 
gene mutations account for 12.7% of cases. This is closer to the frequencies found in the South Korean population than in 
the Spanish population which is contrary to what would be expected. However, the cluster of patients with PDE6B 
mutations in San Juan could be due to Spanish ancestors with a higher frequency due to consanguinity. The p. 
His620Glnfs*23 found in one patient in the cluster has been identified in an African cohort. This could be explained 
by the presence of African ancestry on the island.

Mutations in the USH2A gene were associated with 9% of cases. Mutations in USH2A contributed to 19% of AR RP 
cases in the Spanish population.12 All patients in the Toa Baja cluster were compound heterozygotes for the p. 
Glu767Serfs*21 and the p.Cys575Tyr variants. The former has been identified as an ancestral European pathogenic 
variant and has been identified in the Spanish population.12

Limitations of our study include that demographic data was not available for all patients tested. A larger number of 
patients could help elucidate other clusters or add confidence to the ones already identified. Moreover, due to 
convenience sampling our patient population did not include representation from all townships. However, our sample 
included patients from a large variety of areas. Strengths include many mutations identified, a comprehensive inclusion 
and exclusion criteria, and identification of rare mutations.

Conclusions
This study is the first report on the geographic distribution of patients with RP in the Puerto Rican population. Clusters of 
mutations in the BBS1, PDE6B, CRB1, USH2A, and BBS7 genes were identified in certain townships. Mutations in these 
genes have been identified in Mexican and Spanish populations which suggests there may be an effect from European 
colonization and Mexican migration in these townships. These results can assist in determining any founder effects on the 
Island.
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