
UC San Diego
UC San Diego Previously Published Works

Title
Identification of the genetic determinants responsible for retinal degeneration in families of 
Mexican descent

Permalink
https://escholarship.org/uc/item/11v341gf

Journal
Ophthalmic Genetics, 39(1)

ISSN
1381-6810

Authors
Villanueva, Adda
Biswas, Pooja
Kishaba, Kameron
et al.

Publication Date
2018-01-02

DOI
10.1080/13816810.2017.1373830
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/11v341gf
https://escholarship.org/uc/item/11v341gf#author
https://escholarship.org
http://www.cdlib.org/


Identification of the genetic determinants responsible for retinal 
degeneration in families of Mexican descent

Adda Villanueva#1,2, Pooja Biswas#3,4, Kameron Kishaba4, John Suk4, Keerti Tadimeti4, P.B 
Raghavendra3, Karine Nadeau1,2, Bruno Lamontagne1,2, Lambert Busque1,2, Steve 
Geoffroy5,6, Ian Mongrain5,6, Géraldine Asselin5,6, Sylvie Provost5,6, Marie-Pierre Dubé5,6,7, 
Eric Nudleman4, and Radha Ayyagari4,*

1Mejora Vision MD/Virtual Eye Care MD, Mérida, Yucatán, México

2Laboratoire de Diagnostic Moleculaire, Hôpital Maisonneuve Rosemont, Montreal, Quebec, 
Canada

3School of Biotechnology, REVA University, Bengaluru, India

4Shiley Eye Institute, University of California San Diego, La Jolla, CA, USA

5Montreal Heart Institute, Montreal, Canada

6Université de Montréal Beaulieu-Saucier Pharmacogenomics Center, Montreal, Canada

7Université de Montréal, Montreal, Canada

# These authors contributed equally to this work.

Abstract

Purpose: To investigate the clinical characteristics and genetic basis of inherited retinal 

degeneration (IRD) in six unrelated pedigrees from Mexico.

Methods: A complete ophthalmic evaluation including measurement of visual acuities, Goldman 

kinetic or Humphrey dynamic perimetry, Amsler test, fundus photography, and color vision testing 

was performed. Family history and blood samples were collected from available family members. 

DNA from members of two pedigrees were examined for known mutations using APEX ARRP 

genotyping microarray and one pedigree using the APEX LCA genotyping microarray. The 

remaining three pedigrees were analyzed using a custom designed targeted capture array covering 

the exons of 233 known retinal degeneration genes. Sequencing was performed on Illumina HiSeq. 

Reads were mapped against hg19, and variants were annotated using GATK and filtered by 

exomeSuite. Segregation and ethnicity-matched control sample analyses were performed by 

dideoxy sequencing.

Results: Six pedigrees with IRD were analyzed. Nine rare or novel, potentially pathogenic 

variants segregating with the phenotype were detected in IMPDH1, USH2A, RPE65, ABCA4, and 

FAM161A genes. Among these, six were known mutations while the remaining three changes in 

USH2A, RPE65, and FAM161A genes have not been previously reported to be associated with 
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IRD. Analysis of 100 ethnicity-matched controls did not detect the presence of these three novel 

variants indicating, these are rare variants in the Mexican population.

Conclusions: Screening patients diagnosed with IRD from Mexico identified six known 

mutations and three rare or novel potentially damaging variants in IMPDH1, USH2A, RPE65, 
ABCA4 and FAM161A genes that segregated with disease.

Introduction:

Inherited retinal dystrophies (IRD) are a group of conditions that cause irreversible vision 

loss due to degeneration of the retina or retinal pigment epithelium (RPE) (1, 2). These are 

genetically and phenotypically heterogeneous conditions that show different modes of 

inheritance (3). Dominantly inherited conditions are more common in the Caucasian 

population while recessively inherited conditions are more common in populations with 

higher consanguinity. Mutations in more than 250 genes have been identified in patients 

with IRD while causative mutations in about 40% to 50% of cases have yet to be determined 

(4). Some of the genes involved in causing IRD are also associated with syndromic 

conditions that include RD.

The molecular basis of retinal degeneration in the Mexican population has not been studied 

extensively. A few studies involving the analysis of IRD in this population revealed 

mutations in PRPF31, RDH12, CRB1, RHO, and MFRP (5–12). However, in the Mexican 

population, approximately 15–20% of RP cases are autosomal dominant, 20–25% are 

autosomal recessive, 10–15% are X-linked recessive, and 40–55% are considered to have 

“simplex” inheritance (8). Higher incidence of recessive IRDs has been reported in 

subpopulations with high consanguinity (13). Inbreeding has been reported in certain 

regions of southern Mexico including the Yucatan peninsula; IRD in these populations have 

not been studied extensively.

In this study, we describe the clinical and genetic analysis of seven unrelated pedigrees from 

the Yucatan peninsula of Mexico and the identification of potential causative mutations 

segregating with disease in six pedigrees.

METHODS

Patients:

Research procedures were performed in accordance with the Declaration of Helsinki and 

with the approval of the UC San Diego institutional review board and the Clinical 

RetMxMap 2006 - institutional review board. Medical and family history and blood samples 

were collected from affected members and available unaffected relatives. The six pedigrees 

described in this study are a sub-set of a larger cohort of 25 unrelated IRD families recruited 

from Mexico and the studies on the remaining 19 pedigrees are underway.

Clinical examination:

Twenty-seven individuals from six pedigrees from Mexico were studied (Figure 1). 

Ophthalmic evaluation including measurement of best-corrected visual acuity (BCVA), 
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Goldmann kinetic perimetry and color vision testing were performed as described earlier 

(14). In pedigree Mex RD105, patient II:1 visual acuity was recorded at “fix and follow” at 

age 4. Retinal changes were also evaluated by fundus photography, fluorescein angiography 

and spectral-domain optical coherence tomography (SD-OCT) in selected patients. Medical 

records of affected members were reviewed.

Genetic Analysis:

DNA was isolated from blood samples. In three pedigrees, exonic regions of 233 IRD genes 

(Table S1) were captured using selective probes panel designed by our laboratory and 

sequenced on Illumina HiSeq. Sequence read mapping, variant calling and annotation were 

performed as described earlier (15, 16). The detected variants were filtered by exomeSuite 

software to identify rare or novel, potentially pathogenic changes in genes known to be 

associated with retinal degeneration (17). Patients from three other pedigrees were screened 

for known mutations associated with retinal degeneration using APEX ARRP (two 

pedigrees) and LCA (one pedigree) genotyping microarrays (18, 19). Segregation analysis 

and screening of ethnicity-matched control samples was performed by dideoxy sequencing 

(20).

RESULTS:

Six pedigrees with IRD were recruited from the Yucatan peninsula of Mexico (Figure 1 A-

F). Phenotype evaluation revealed progressive retinal degeneration in affected members of 

these families (Table 1 & Figure 2 A-J). Genetic analysis identified 9 causative mutations in 

six of these pedigrees in five different genes (Table 1). Among the pedigrees with mutations 

in known IRD genes, the phenotype segregated in the autosomal dominant mode in one 

while the remaining five pedigrees showed autosomal recessive inheritance of IRD.

Mex RD11:

The heterozygous mutation c.676G>A (p.Asp226Asn) observed in IMPDH1 segregated with 

dominant IRD in pedigree Mex RD11 (Fig 1A and Fig 2A). This mutation was reported 

previously in patients with dominant RP (21). The affected male II-2 in pedigree Mex RD11 

reported onset of vision abnormalities at age 33. He reported nyctalopia at age 48 with no 

peripheral vision abnormalities until late in his seventh decade. His distance vision measured 

20/60 in the right eye, and 20/80 in the left eye, and near vision of 20/20 in both eyes. 

Goldmann perimetry remained full 40 degrees horizontal with III isopter with both eyes at 

age 62. His affected son, III-3, noticed dark adaptation abnormalities by age 33. Another 

affected son III-4 reported peripheral vision abnormalities at age 10 and was diagnosed with 

RP. The fundus photographs of these three patients exhibited generalized pigment mottling 

with mild pigment clumping (representative fundus photograph of one patient, Fig 2A). 

There was less severe vascular attenuation with atrophic nasal vessels observed in-patient 

III-3. OCT demonstrated macular cysts in one out of three patients. Patients with IMPDH1 
mutations have been reported with early childhood onset vision loss with visual acuities 

from 20/200 to 20/400 by age 40, severe retinal changes by fundus examination, and 

declared legally blind before age 40 (22–24). The retinal changes observed in these patients 

were extensive with Bull’s eye maculopathy (24). Overall, the phenotype of pedigree Mex 
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RD11 appears to be less severe compared to the phenotype of patients with IMPDH1 
mutations reported in the literature.

Mex RD1 and Mex RD101:

Mutations in the USH2A gene were observed in two pedigrees, Mex RD1 (Fig 1B) and Mex 

RD101 (Fig 1C), with recessive IRD. Mex RD1 had compound heterozygous mutations; a 

novel nonsense variant c.10820A>C (p.His3607Pro) and a previously reported mutation c. 

11864G>A (p.Trp3955*) (25). A previously reported homozygous USH2A mutation c. 

2276G>T (p.Cys759Phe) was observed in the Mex RD101 pedigree (Table 1)(26, 27). 

Neither of the two affected siblings of Mex RD1 (Fig 1B) had sensorineural hearing loss. 

Patient II:1 (Fig 1B) in this pedigree first noticed constriction of visual fields and nyctalopia 

at age 23. However, she did not complain of a functional deficit until the late 4th decade of 

life. At age 41, her best-corrected vision at distance was 20/80 OU and best-corrected vision 

at near was 20/20. Visual fields were constricted to 15–20 degrees by Humphrey perimeter. 

No macular cysts were observed by OCT at this age. Fundus evaluation from patients II:1 

and II:3, revealed peripheral pigmentary changes, narrowing of retinal vessels and RPE 

changes in the macula of both eyes (Fig 2B and 2C). Similarly, Patient II:1 in Mex 

RD101(Fig 1C) reported vision abnormalities since age 68. At age 78, her best-corrected 

near visual acuity was 20/400 at 15cm OU. Her pupils were 1+ sluggish. Visual fields by 

confrontation were unreliable. Anterior segment examination was significant for 3+ nuclear 

sclerosis OU. Fundus evaluation revealed diffuse peripheral clumps of pigment and 

narrowing of vessels (Fig 2D). The onset of disease in both pedigrees was observed to be 

quite late (after 4th decade) (Fig 1B and 1C). The USH2A mutation p.Cys759Phe was 

previously reported in patients with nonsyndromic RP. Later this variant was also observed 

in a few normal individuals thereby casting doubt on the involvement of this variant in 

causing pathology (28). Patient II-1 of pedigree Mex RD101 had no other damaging variants 

in the RD genes tested. The phenotype in this patient with no significant vision loss until age 

68 years, suggested a less severe phenotype associated with the p.Cys759Phe mutation and 

may explain the lack of retinal pathology in some of the younger individuals carrying this 

mutation in the homozygous state.

Mex RD105:

Analysis of Mex RD105 family members (Fig 1D) with a diagnosis of LCA revealed 

compound heterozygous mutations, c.311G>T (p.Gly104Val) and c.370C>T (p.Arg124*) in 

the RPE65 gene. The novel variant p.Gly104Val has not been reported in patients with IRD, 

while p.Arg124* was observed previously in a patient with retinitis pigmentosa (29). The 

four year-old affected female II:1 showed healthy appearing optic nerves, macula and retinal 

vessels (Fig 2E). Her best-corrected near vision was 20/30, 10/10 at 10 cm, OS ET 2PD, 

hypermetropia of R+4.25, +5.00 cc ET’ 1DD; distance vision was not reliable. Her vision 

abnormalities started at age one and nystagmus at age two. Her parents reported a habit of 

frequent sun gazing. By age 7, her vision deteriorated to HM at 10cm.

Mex RD100:

A previously known homozygous mutation c.6306C>A (p.Asp2102Glu) in ABCA4 was 

observed in Mex RD100 with two siblings affected with recessive RD and one unaffected 
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sibling (Fig 1E) (30). The affected male II:2 complained of blurred vision at age 13 with no 

color vision abnormalities. He was diagnosed with severe myopia of −6.00 and Stargardt’s 

dystrophy at age 17. At age 29 his visual acuity was 20/40, fluorescein angiography and 

fundus pictures showed hyperfluorescence in the fovea, and macular RPE atrophy and 

pigmentary clumping surrounded the fovea in both eyes (Fig 2F and 2G). His sister II:3, at 

age 33, had abnormal color vision and near visual acuities were 20/40 at 24 cm and 20/200 

at 16 cm (Table 1). Fundus photography showed diffuse generalized RPE atrophy 

throughout the fundus with small patches of pigmentary clumping (Fig 2H). No micropsia or 

metamorphosis was seen and the Amsler test was negative.

Mex RD107:

Compound heterozygous mutations of a previously reported nonsense variant c.1567C>T 

(p.Arg523*) (31) and a novel nonsense variant c.1759G>T (p.Gly587*) were observed in the 

FAM161A (NM_001201543.2) gene in the Mex RD107 pedigree (Fig 1F). FAM161A gene 

mutations are associated with RP (32). The phenotype observed in all three affected patients 

was similar (representative fundus images, Fig 2I and 2J). The 13 year-old affected female 

II:4 of Mex RD107 reported vision abnormalities since age 11 and photophobia since age 

13. Red-Green color vision abnormalities were reported since age 16. At this age, her best-

corrected visual acuity was 20/50 OU and near vision was 20/20 (Table 1). Fundus 

evaluation revealed mild atrophic changes in the RPE throughout the fundus in patient II-1 

and II-3 (Fig 2I and 2J). The optic nerve had tilted insertion with a crowded appearing optic 

cup. This phenotype appears similar to that reported by Langmann et al. in patients with 

FAM161A mutations (32). However, no optic disc pallor was observed in any of these 

patients even at age 40, contrary to what was reported by Bandah-Rozenfeld et al (31). The 

p.Arg523* mutation observed in this pedigree has been reported previously in RP patients 

with Syrian, Libyan, and Israeli Jewish ancestry and determined to be a founder mutation in 

the Israeli Jewish population (31). Haplotype analysis of Mex RD107 may reveal if this 

variant in the Mexican population is of Jewish origin.

Discussion:

Currently, limited information is available on the genetic basis of inherited retinal 

degenerations in the Mexican population. Our studies on 6 Mexican pedigrees identified 9 

mutations in known IRD genes with three being novel and six being previously reported (5–

12). A study of Mexican individuals with autosomal dominant retinitis pigmentosa (RP) 

demonstrated a mutation frequency in the RHO gene of 17%, a lower mutation frequency 

than the 25–40% seen in other studies (8, 33). In total, we analyzed 25 pedigrees from 

Mexico for mutations in known RD genes using methods ranging from targeted mutation 

screening to exome sequencing of 233 known IRD genes. We identified previously reported 

mutations or potentially pathogenic variants in known RD genes in 6 pedigrees. In one 

dominant RD pedigree, variants were observed in the IMPDH1 gene; in five recessive 

pedigrees, variants were observed in USH2A, RPE65, ABCA4, and FAM161A genes. A 

total of 9 causative variants were detected including 3 changes that have not been previously 

reported to be associated with IRD (Table 1). In the remaining 19 pedigrees, no mutations 

were detected in genes previously implicated in IRD by selective capture and sequencing of 
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the coding regions of 233 known RD genes. The mutation detection rate appears to be low in 

our cohort compared to the identification of mutations in known genes in about 50% to 60% 

of cases in other populations (4, 34, 35). The lower mutation detection rate could be due to 

the limitations of the methodologies used. The APEX arrays with known mutations in arRD 

genes used for this study did not contain all the mutations known to date. Similarly, the 

targeted exome capture probes are designed to screen only 233 out of the more than 256 

genes known today. In addition, mutation screening using selective capture probes can only 

detect single base changes and small sequence alterations located in exons while additional 

types of sequence alterations remain undetected (36, 37). These limitations may contribute 

to the lower mutation detection rate observed in this study. Furthermore, a larger sample size 

of patients from the Yucatan peninsula may be needed to better determine the proportion of 

cases with known RD gene mutations.

Although the number of pedigrees analyzed in our study is small, identification of 3 novel 

potential mutations in six pedigrees and lack of mutations in known genes tested in 19 of the 

25 pedigrees may suggest the potential involvement of novel mutations in known RD genes 

or the involvement of novel genes in causing RD in our patient cohort from the Yucatan 

peninsula of Mexico. More than 50 indigenous ethnic groups inhabit Mexico and a study 

examining 20 of these revealed a significant genetic diversity among the groups (38). These 

ethnic groups were also found to be significantly divergent from people of European 

ancestry; some of the indigenous populations appear to be isolated. In general, the Mexican 

population is a complex admixture between Europeans, Amerindians and a minor proportion 

of other populations. Because of the unique structure of this population, establishing the 

variants associated with IRD in this population will be valuable in providing more accurate 

molecular diagnosis and improved care to patients of Mexican origin.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Mexican RD pedigrees showing segregation of detected mutations. Pedigree numbers and 

the causative mutations are listed below each pedigree.
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Figure 2: 
Fundus photos and OCT images of patients from the Mexican pedigrees described in Figure 

1. Patient and pedigree IDs are given at the right bottom corner of each image.
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