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Oculocutaneous Albinism (OCA) in Colombia: Molecular characterization of 

the TYR and OCA2 genes 

Oscar Urtatiz, María Claudia Lattig  

Universidad de los Andes, Departamento de Ciencias Biológicas, Bogotá, Colombia 

 

 

Abstract 

 

Oculocutaneous albinism (OCA) is a group of autosomal recessive hereditary 

disorders involving damage to the biosynthesis of melanin. The clinical phenotype 

can vary between families according to the gene that is affected. Individuals with 

OCA are characterized by hypopigmentation in skin, hair and eyes, as well as 

presenting problems in the optical system development due to the reduced amount 

of melanin during embryogenesis. There are seven types of OCA ranging from 

OCA1 to OCA7, each generated by mutations in different genes. Approximately 

80% of worldwide OCA cases are caused by mutations in the TYR and OCA2 

genes. At molecular level, it has been reported over 230 mutations in TYR and 165 

in OCA2 as causal of types OCA1 and OCA2 respectively. In this study we 

performed a mutational analysis of the TYR and OCA2 genes in 23 unrelated OCA 

cases from different regions of Colombia. Through DNA amplification by 

polymerase chain reaction (PCR) followed by Sanger sequencing of the coding 

regions of both genes, we found nine DNA variants where four of them are novel 

variants in the TYR gene. A bioinformatics analysis determined that these 

mutations have a highly detrimental impact on the structure and function of the 

protein encoded by the TYR gene. The aim of this study is then to understand the 

molecular basis of OCA in Colombian individuals in order to further understand the 

genetics and history of this condition in our population and to provide adequate 

genetic counseling. 

 

 

Key words: Oculocutaneous albinism, autosomal recessive inheritance, novel variant, founder 

effect, haplotype analysis, genetic counseling. 
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2. Introduction 

 

Clinical Features of Albinism 

Oculocutaneous albinism (OCA) is a group of autosomal recessive disorders that 

involve the melanin biosynthesis pathway with clinical and genetic heterogeneity. 

OCA is a congenital condition characterized by a complete lack or generalized 

reduction in pigmentation of hair, skin and eyes [1]. Individuals with OCA are at 

high risk of ultraviolet (UV) radiation-induced skin cancer due to the lack of 

photoprotective melanin. In addition, reduced visual acuity is observed mainly 

because early melanin precursors are vital for normal visual development in 

mammalian embryogenesis [2]. This visual deficit includes clinical manifestations 

as nystagmus, foveal hypoplasia, iris hypopigmentation, translucency, prominent 

photophobia, reduced stereoscopic vision and strabismus [3-7]. OCA can be 

classified in two main categories: complete albinism and partial albinism. In 

complete albinism, affected individuals do not show discernible pigmentation in 

hair, skin and eyes (white hair and blue to pink irides) whereas partial albinism is 

characterized by accumulation of some melanin pigmentation in eyes as well as 

hair and skin (yellow hair and blue to brown irides) [8].  

 

Genetic Etiology of Albinism 

The prevalence of all forms of albinism varies considerably worldwide and has 

been estimated at approximately 1/17,000, suggesting that about 1 in 70 people 

are carriers for an OCA mutation [9]. Until very recently, only four nonsyndromic 

types of OCA had been described: the most common and severe form known as 

OCA1 (OMIM 203100) caused by mutations in the TYR gene [10]. A milder 

phenotype and the second most common form known as OCA2 (OMIM 203200) 

caused by mutations in the OCA2 gene (formerly called P gene) [11]. OCA3 

(OMIM 203290), a form that is practically nonexistent in Caucasians, it is observed 
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mostly in African populations and is caused by mutations in the TYRP1 gene [12]. 

Finally, a last form is frequently observed in Asian individuals known as OCA4 

(OMIM 606574) caused by mutations in the SCL45A2 [13]. However, in the last 

year the genetic complexity of OCA has increased due to the report of two new 

genes and a locus which may explain three new types of OCA [14]. OCA5 (OMIM 

615312) was linked to a gene on locus 4q24 by genomewide linkage analysis in a 

consanguineous Pakistani family [15] whereas OCA7 gene (OMIM 615179), 

C10orf11, was identified via homozygosity mapping in a consanguineous Faroese 

family [16]. Lastly, OCA6 (OMIM 609802) was reported after using exome 

sequencing in a Chinese family where two deleterious mutations in a 3-years-old 

girl were identified in the SLC24A5 gene [17]. Despite this great genetic 

complexity, it is estimated that almost 80% of worldwide cases of OCA are 

explained by mutations in only two of these genes, TYR and OCA2, accounting for 

50% and 30% respectively [18]. 

 

Although the four types of OCA are inherited as autosomal recessive disorders, the 

clinical phenotype is not always distinguishable, making molecular diagnosis a 

necessary tool to establish the gene defective and thus, the OCA subtype. 

Furthermore, the clinical phenotype of OCA is part of the clinical features of some 

syndromic forms of albinism such as Hermansky-Pudlak (HPS1 OMIM 203300), 

Chediak-Higashi (OMIM 214500), Griscelli (OMIM 214450), Ocular Albinism 

(OMIM 300500) and Waanderburg Syndrome (WS1 OMIM 193500). However, 

these syndromic forms are caused by different affected genes and besides, they 

are characterized by additional clinical manifestations including hematologic 

abnormalities or bleeding diathesis; heart, lung, genitourinary, gastrointestinal 

involvement; immune deficiency and deafness [19]. 

 

 TYR gene 

The most frequent form of OCA is OCA1 (about 50% of cases worldwide) [20]. The 

TYR gene which is located on chromosome 11q14.3 consists of 5 exons spanning 
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about 65 kb of genomic DNA and codes for a protein of 529 amino acids called 

tyrosinase, TYR [21]. Tyrosinase is a copper-containing enzyme and its role is to 

catalyze the hydroxylation of tyrosine to L-DOPA and the oxidation of L-DOPA to 

DOPA quinone in the melanin biosynthetic pathway in the melanocytes [22]. 

Clinically, OCA1 has two subtypes: OCA1A and OCA1B (also known as Yellow 

OCA). Mutations completely abolishing tyrosinase activity results in OCA1A, the 

most severe clinical phenotype (complete albinism), while mutations rendering 

some tyrosinase enzyme activity results in OCA1B allowing some accumulation of 

melanin pigment in hair and irides over time (partial albinism) [23]. To date, more 

than 233 mutations and 19 polymorphisms in the TYR gene have been reported 

worldwide [24]. 

  

 OCA2 gene 

The OCA2 gene which is placed on chromosome 15q11.2-q12, consists of 23 

exons spanning about 345 kb of genomic DNA and codes for an 838 amino acid 

integral membrane transporter protein called OCA2 [25]. The specific function of 

the OCA2 protein is currently unproven but is thought to be involved in 

melanosomal proteins processing and transport such as TYR and TYRP1 [26,27] 

and for normal biogenesis of melanosomes [28]. Phenotypically, OCA2 individuals 

are almost indistinguishable from OCA1B where typically newborns almost always 

have pigmented hair [8].      

 

Oculocutaneous Albinism in Colombia 

In an initial study performed by our group [29], we realized that unfortunately there 

are no statistical data and demographics in the Departamento Administrativo 

Nacional de Estadística (DANE) regarding the albino population in our country. In 

addition, albinism is not currently formally recognized as a visual disability by the 

national government. For this reason, in March of this year, the Fundación 

Contraste - Albinos por Colombia was created. The main goal of this foundation is 

to the created public awareness in order to change negative mindsets and socio-
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cultural stereotypes about albinism. This foundation is very interested in helping 

albino people to improve their quality of life, especially that of children, elderly and 

low-income individuals. This includes visualizing the albino population to society 

not only at the social level but also at the scientific level.  

 

In Colombia, the first mutational report about albinism was performed by our group 

[29] where the TYR gene was characterized in two unrelated cases of OCA. The 

first case was composed by four individuals belonging to a single family and the 

second case a fifth individual not related to the family. In the family we identify the 

mutations G47D and 1379delTT whereas the unrelated individual was compound 

heterozygote for the G47D and D42N mutations. Interestingly, the G47D mutation 

has also been reported in Sephardic Jewish population and people from Puerto 

Rico. A previous study showed that both populations have the same genetic 

haplotype, suggesting that the G47D mutation in both populations have the same 

origin [30,31]. Based on the above it is conceivable that individuals from these 

populations may have come to our population a long time ago, thus, generating a 

number of carriers. Probably this mutation originated in the Sephardic Jewish 

population came to America in the fifteenth century, when this population was 

forced to flee Europe for religious aspects of time [32]. 

 

To date, there are no albinism’s mutational studies in South America, thus the 

molecular basis are practically unknown in this region. The interest for this study 

arose from the need to understand the clinical and molecular basis of this disorder 

in our population to carry out a proper genetic counseling for individuals and 

families with albinism. 
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3. Objectives 

 

3.1. General Goal 

 

The purpose of this study was to identify the molecular basis of oculocutaneous 

albinism (OCA) by mutational analysis of TYR and OCA2 genes in a Colombian 

cohort. 

 

 

3.2. Specific Goals 

 

 Identify the mutations in TYR and OCA2 genes which may explain the 

albino phenotype in our study sample. 

 Determine if the mutations found are novel variants or had been reported 

previously in any other population in the world. 

 Perform a haplotype study in order to determine if the G47D mutation in 

OCA Colombian people have the same origin as the reported in Puerto Rico 

and Sephardic Jewish populations. 

 Perform an initial approach to a correlation between clinical features 

(phenotype) and molecular characteristics (genotype) in our study sample. 
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4. Methods 

 

4.1. Study Subjects 

Our study cohort consisted of 36 OCA individuals without restriction for sex or age 

from 23 independent families. The individuals were from ten departments in 

Colombia (Bogotá D.C, Boyacá, Antioquia, Tolima, Cundinamarca, Caldas, 

Caquetá, Meta, Bolivar and Nariño). Most of these participants were initially 

contacted by Fundación Contraste – Albinos por Colombia. All individuals 

analyzed showed different degrees of hypopigmentation on skin and hair, plus 

typical ocular landmarks of the condition representing the clinical spectrum of OCA 

phenotypes. Hematologic abnormalities, bleeding diathesis or deafness were 

absent in all individuals discarding possible syndromes such as Hermansky-

Pudlak, Chediak-Higashi, Griscelli or Waardenburg. This study was approved by 

the ethical review boards of the Universidad de los Andes, Colombia. Written 

informed consent/assent was obtained from all participants or legal guardians. 

 

4.2. Phenotype Classification (Complete Albinism or Partial Albinism)  

In order to phenotypically classify the individuals as complete or partial albinism, we 

focused on eye pigmentation. Any individual who lacked eye pigmentation was 

classified as complete albinism, whereas discernible pigmentation in eyes was 

classified as partial albinism (even if the individual had a complete absence of 

pigmentation in hair and skin).  

 

4.3. Complete Ophthalmic Evaluation 

The evaluation included visual acuity measurements, iris translucency, fundus 

examination and evaluation of ocular motility. This evaluation was carried out in the 

Hospital Militar Central (Bogotá, Colombia) in a collaborative work with ophthalmologist 

Angela Fernandez. 
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4.4. Molecular Analysis 

 4.4.1. DNA Extraction 

Genomic DNA from participants was isolated from approximately 10 ml of 

peripheral blood. Blood samples were collected in BD Vacutainer® tubes using 

ethylenediamine tetraacetic acid (EDTA) as an anticoagulant. DNA was extracted 

by a salting out method using the commercial kit Corpogen® DNA 2000 (Corpogen, 

Colombia) according to manufacturer specifications.  

 

 4.4.2. Mutational Analysis for TYR and OCA2 genes 

We initially screened for variants in the TYR gene in all the 23 cases. In the cases 

where we could not identify two variants in the TYR gene, we sequenced the 

OCA2 gene. 

DNA fragments corresponding to the five TYR gene exons plus flanking sequences 

were amplified by Polymerase Chain Reaction (PCR) using specific 

oligonucleotides and conditions [29, 33] (See supplementary information, Table 

S1). For amplification of the twenty-three coding exons and flanking sequences of 

OCA2 gene, we designed 46 oligonucleotides between 18-22 nucleotides using the 

web site of Integrated DNA Technologies: IDT, 

http://www.idtdna.com/Primerquest/Home/Index (See Table S2).  

Amplified products were Sanger sequenced using Macrogen service (Seoul, 

Republic of Korea). All the sequences were aligned and compared with the 

reference sequence of TYR (GenBank: NM_000372.4) and OCA2 (GenBank: 

NM_000275.2) to search for the presence of variations using the bioinformatics 

software Geneious® version 4.8.3 created by Biomatters (http://www.geneious.com/). 

The variants found were compared with two online databases, the Albinism 

Database of University of Minnesota (http://albinismdb.med.umn.edu/index.html) and 

the Retina International Mutation Database (http://www.retina-international.org/sci-

news/databases/mutation-database/). In addition, we examined if the variants were 

http://www.idtdna.com/Primerquest/Home/Index
file:///D:/Mis%20Documentos/Documents/Articulo%20Albinismo/http:/www.geneious.com/
http://albinismdb.med.umn.edu/index.html
http://www.retina-international.org/sci-news/databases/mutation-database/
http://www.retina-international.org/sci-news/databases/mutation-database/
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reported in an updated mutation list [18] and in the dbSNP Short Genetic Variations 

of the National Center for Biotechnology Information (NCBI). In those cases where 

we were able to identify DNA variations that had already been reported, we carried 

out a screening of carriers in unaffected relatives who wished to participate. If the 

DNA variations found had not been reported in any database, we performed a 

bioinformatics analysis using PolyPhen 2 Software Version 2.2.2. 

(http://genetics.bwh.harvard.edu/pph2/) [34] and SIFT tool (http://sift.jcvi.org/) [35] 

to predict the possible impact on the structure and function of the protein. 

 

 4.4.3. Haplotype Analysis for G47D mutation 

 

We analyzed three of the four polymorphisms described in Sephardic Jewish 

population and people from Puerto Rico [30,31].  

The first polymorphism S/Y 192 (rs1042602) is located at codon 192 within exon I 

[36]. This polymorphism (TCT or TAT) was detected by Sanger sequencing using 

the primers for exon 1B (See table S3). 

The second polymorphism (- 199 C/A) (rs1799989) is located next to the CCAATT 

box in the 5' promoter region at nucleotide -199 [37]. This polymorphism (TCGA or 

TAGA) affects a TaqI restriction-endonuclease site (T^CAG). This fragment was 

amplified using primers (GCTCTTTAACGTGAGATATC and 

GGAGACACAGGCTCTAGGGA) [29] and then digested with TaqI. The digestion 

was visualized in a 1.5% agarose and 0.5% metaphor gel during 60 minutes with 

70V.  

The third polymorphism (GA)n consists of a GA cluster found in the 5' promoter 

region of the gene [38]. This polymorphism was detected by STR genotyping. First, 

the cluster was amplified using primers designed by us, 

ATGGCTACAGCATTGGAGAG and CTGGGCGATTTGCTTCATTG (Table S3 for 

conditions). Then we performed a fragment analysis by an ABI 3500 Genetic 

http://genetics.bwh.harvard.edu/pph2/
http://sift.jcvi.org/
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Analyzer (Applied Biosystems) and using GeneScan ROX 500 (Applied 

Biosystems) as size standard for the PCR product. 

 

5. Results 

 

5.1. Phenotype Classification 

Of the 23 cases analyzed, 11 were classified as complete albinism and 12 were 

classified as partial albinism. Figure 1 shows one case of complete albinism (A) and 

two cases of partial albinism (B and C). A and B individuals, both have white hair and 

pale skin, however, individual B has a brown iris whereas individual A has a translucent 

iris (absence of pigmentation). On the other hand, individual C has typical features of 

partial albinism with yellow hair and iris pigmentation. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Phenotypic classification according to degree of hypopigmentation. (A) Complete 

Albinism, total absent of pigmentation in skin, hair and irides. (B) Partial Albinism, although he 

has white hair, there is present of pigmentation in irides. (C) Partial Albinism, yellow hair and dark 

pigmentation in eyes. 

A 

B 

C 
Partial Albinism 

Complete Albinism 
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5.2. Ophthalmological Evaluation 

To date, a detailed ophthalmological evaluation has been done in only five individuals, 

three with partial albinism and two with complete albinism. The evaluation confirmed 

low vision in all five individuals. Reduction in visual acuity was common in all cases 

(20/80 to 20/400), as well as presence of nystagmus and iris transillumination.  

 

Table 1. Ophthalmological results in five individuals. 

 

 

 

5.3. Molecular Characterization 

Mutational analysis in genomic DNA of 23 unrelated OCA cases reveals four novel 

DNA variants in the TYR gene and five mutations previously reported in the 

albinism database (three in the TYR gene and two in the OCA2 gene). 

 

 Mutational Analysis for Complete Albinism 

All the individuals with complete albinism showed two DNA variants in the TYR 

gene which may explain their albino phenotype.  
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Table 2. Mutations identified in 11 individuals with complete albinism  

 

 

Novel variants are blue shaded. As all individuals had two mutations in TYR, OCA2 gene was not characterized. 

 

Five individuals were homozygous for the missense c.140G>C mutation 

(rs61753180) in exon 1, generating a glycine to aspartic change at position 47 of 

the tyrosinase protein (p.G47D). Four of them were from Boyacá and one from 

Cundinamarca. 

Also, four individuals were compound heterozygous for the G47D mutation having 

a different mutation on the other allele. Individuals OCA_02 and OCA_06, both had 

the missense c.124G>A mutation (rs200960909) generating an aspartic acid to 

asparagine change at position 42 of the tyrosinase protein (p.D42N). Individual 

OCA_02 inherited the D42N mutation from her mother. Individual OCA_21 from 

Tolima had the novel c.551C>G variation (rs367543066) in exon 1 that resulted in 

a nonsense mutation, a serine to stop codon change at position 184 of the 

tyrosinase protein (p.S184X). In addition, individual OCA_18 from Nariño had a 

novel variation as well. She inherited from her father an adenine deletion c.580delA 

(not submitted yet) in exon 1 resulting in a frameshift change with isoleucine as the 

first affected amino acid at position 209, changing into a serine, and the new 

reading frame causes a premature stop codon at position 241 (p.I209SfsX32). 
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Furthermore, one individual (OCA_05) was compound heterozygous for the D42N 

mutation and a novel variation c.163T>G (rs367543067) in exon 1 generating a 

missense mutation, a cysteine to glycine change at position 55 of the gene product 

(p.C55G). 

And finally, individual OCA_12 from Caquetá was homozygous for the missense 

c.230G>A mutation (rs61753185) in exon 1, which results in an arginine to 

glutamine change at position 77 of the tyrosinase enzyme.  

 

 Mutational Screening for Partial Albinism 

In 5 of 12 (42%) individuals with partial albinism, we identified at least one mutation 

in the TYR or OCA2 genes. Three of them showed mutations in the OCA2 gene 

and the remaining two in the TYR gene. 

Table 3. Mutations identified in 12 individuals with partial albinism 

 

Novel variants are blue shaded. Pathogenic Polymorphisms are orange shaded. NF, not found. 

 

Two individuals, apparently non-related, OCA_14 from Caldas and OCA_24 from 

Antioquia were homozygous for the missense c.2359G>A mutation (rs142988897) 

in exon 23 of OCA2 gene which generates an alanine to threonine change at 

position 787 of the gene product (p.A787T). More in detailed, individual OCA_24 is 
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from El Santuario, a small town located in the eastern region of Antioquia having a 

considerable number of albino people (no statistics) in its population as we could 

observe during our visit. In addition to OCA_24, we identified the A787T mutation 

in homozygous state in eleven individuals from El Santuario and a nearby town, 

Marinilla, which shared the same partial albinism phenotype to OCA_24. 

 

 

 

 

Figure 2. Partial albinism phenotype of two homozygous individuals for A787T mutation in 

OCA2 gene. OCA_14 from Samaná, Caldas (left photo) and OCA_24 from El Santuario, 

Antioquia (right photo). 

 

Individual OCA_04 from Bolivar was heterozygote for an adenine deletion 

c.157delA in exon 2 of OCA2 gene. This deletion resulted in a frameshift where the 

first amino acid changed is an arginine to glycine, and then this frameshift causes a 

premature stop codon at position 102 in the OCA2 protein (p.R53GfsX49). We 

could not identify the second mutation in the TYR or OCA2 gene. 

Individual OCA_22 from Tolima was heterozygote for the novel variant S184X in 

the TYR gene, previously found in a complete albinism individual (OCA_21) from 

Tolima. This variant was inherited from his father. We could not identify the second 

mutation in the TYR or OCA2 gene. However, this individual had a possible 

“pathogenic” polymorphism (rs1800401) in exon 9 of the OCA2 gene in 

heterozygous state. This polymorphism is an arginine to tryptophan change 

(p.R305W) with a MAF value (MInorAlleleCount) of A=0.063/138. In addition, 

OCA_22 has an affected and a carrier sibling having the variant S184X in 

heterozygous state. 
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Figure 3. Pedigree chart for OCA_22’s family (S184X mutation). His older sister (middle 

photo) has the same partial albinism phenotype as him. The carrier sister has a normal 

pigmentation and does not have a visual deficit. The others four siblings do not have the 

novel variant. 

 

Individual 0CA_07 from Tolima was heterozygous for a novel variation c.739T>C 

(rs367543068) in exon 1 of the TYR gene generating a missense mutation, a 

cysteine to arginine change at position 247 of the gene product (p.C247R). We 

could not identify the second mutation in the TYR or OCA2 gene. Nevertheless, 

this man had two possible “pathogenic” polymorphisms, one, the polymorphism 

P305W in heterozygous state in OCA2 and the second polymorphism (rs1126809) 

was an arginine to glutamine change in exon 4 of the TYR gene (p.R402Q). This 

polymorphism has a MAF value (MInorAlleleCount) of A=0.112/244. 

Finally, in seven individuals no mutations were found in the TYR or OCA2 gene. 

Four of them had at least one polymorphism whereas the remaining three 

individuals did not have any polymorphism. 

 

 

 

 

OCA_22 Affected sister Carrier sister 
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Figure 4. Novel variants in exon 1 of the TYR gene. (A) S184X mutation found in individuals 

OCA_21 and OCA_22. Serine to stop codon change. (B) C247R mutation found in individual 

OCA_07. Cysteine to arginine change. (C) C55G mutation in individual OCA_05. Cysteine to 

glycine change. (D) I209SfsX32 mutation found in individual OCA_18. Frameshift and premature 

stop codon due to and adenine deletion. The sequence below corresponds to the reference 

sequence of the TYR gene. (GenBank: NM_000372.4). 

 

5.4. Bioinformatics Analysis 

The novel missense variants, C55G and C247R, both were predicted as damaging 

on the structure and function of the tyrosinase enzyme by in silico analysis using 

Polyphen2 Software and SIFT.  

A 

B 
C 
D 

A. S184X mutation B. C247R mutation 

C. C55G mutation D. I209SfsX32 mutation 
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Table 4. Pathogenicity predictions for novel missense variants 

 

For SIFT Output, score: Ranges from 0 to 1. The amino acid substitution is predicted damaging is 

the score is <= 0.05, and tolerated if the score is > 0.05. Median info: Ranges from 0 to 4.32, ideally 

the number would be between 2.75 and 3.5. This is used to measure the diversity of the sequences 

used for prediction. A warning will occur if this is greater than 3.25 because this indicates that the 

prediction was based on closely related sequences. According to http://sift.jcvi.org/. 

The others two novel variants, S184X and I209SfsX32 are considered damaging 

mutations since they truncate the protein in exon 1. 

 

5.5. Haplotype Analysis for the G47D mutation 

 

Haplotypes were determined for nine individuals, five having the G47D mutation in 

homozygote state and four in heterozygote state. For the first polymorphism, 

S/Y192, all the five individuals who were homozygous for the G47D mutation were 

also homozygous for the ancestral allele, TCT (S/S). The four G47D compound 

heterozygous were heterozygous for the ancestral allele, TCT/TAT (S/Y). 

 

 

 

 

 

 

 

 

 

Figure 5. Sanger sequencing of polymorphism S/Y 192. Homozygous for the G47D mutation 

were homozygous for the ancestral allele TCT, whereas heterozygous for the G47D mutation 

were heterozygous for the allele 

 

G47D / X G47D / G47D 

http://sift.jcvi.org/
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For the second polymorphism, (-199 C/A), all the individuals were homozygous for 

the ancestral allele C. As allele C does not affect the TaqI restriction-endonuclease 

site (T^CAG), two bands are expected (514 and 277bp). If allele A is present, only 

one band is expected (791bp). 

 

 

Figure 6. TaqI digestion in a 1.5% agarose and 0.5% metaphor gel. C/A: heterozygous 

control. C/C: homozygous control. All individuals have genotype C/C for polymorphism -199 

C/A. 

 

For the third polymorphism (GA)n, all the individuals were homozygous for the 

allele 288bp. The allele 288bp found in our study is the same as the 298-bp allele 

reported in Puerto Rico and Sephardic Jewish population [30,31] and 290-bp allele 

(allele A4) of Morris et.al [38] (See supplementary S4 for further detail). 

  

 

 

Figure 7. Genotyping profile of allele 298 of polymorphism (GA)n. The highest peak is the 

first allele, in this case corresponds to 298bp. 
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According to the above, the table 5 summarizes the genotype found for each 

polymorphism in our study sample. Two haplotypes are identified, one when the 

G47D mutation is found in homozygote state and a second one when it is in 

heterozygous state.  

 

Table 5. Haplotype analysis for 9 unrelated individuals with the G47D mutation. 

 

 

 

6. Discussion 

 

By an initial phenotypically classification, 11 individuals were grouped in complete 

albinism and 12 individuals were grouped in partial albinism. Although some 

individuals had the typical features of complete albinism (white hair and pale skin), 

a detailed observation in search of eye pigmentation was a key strategy to give a 

correct classification as partial albinism. Figure 1 shows one of those cases where 

a classification based on hair and skin hypopigmentation would be unclear and 

erroneous. Therefore, we wanted to evaluate if there is a difference between 

individuals with complete and partial albinism at a visual deficit level. Although only 

five individuals have been evaluated by detailed ophthalmic analysis, complete 

albinism individuals showed visual deficit values slightly higher than partial albinism 
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individuals. Nevertheless, it is necessary to continue efforts and complete clinical 

ophthalmologic evaluation as soon as possible to be sure of this initial observation. 

 

Mutational analysis of TYR and OCA2 genes showed that most of the mutations 

found were located in the TYR gene (~78%) agreeing with the reported in the 

literature [10,18,19]. In total, we found nine DNA variants which may explain the 

albino phenotype in our study sample. Five of these variants had been reported 

previously (R53GfsX49 in OCA2 [39], G47D in TYR [40], D42N in TYR [41], R77Q 

in TYR [42], AT87T in OCA2,) whereas four of them are novel (C55G in TYR, 

C247R in TYR, S184X in TYR and I209SfsX32 in TYR) 

 

 

 Complete albinism analysis 

 

We could identify two DNA variants in 100% of the cases with complete albinism. 

All the variants were located in exon 1 of the TYR gene. One reason is that exon 1 

is the biggest exon of the TYR gene covering almost 52% of the coding region. In 

addition, the topological domain of the tyrosinase enzyme which includes two 

cysteine-rich motif (motif 2 contains a tyrosinase catalytic domain) are mostly 

encoded by exon 1 [18]. In complete albinism, the G47D mutation accounts for 

more than half of the cases (82%). Most of the cases with the G47D mutation in 

homozygous state were from Boyacá suggesting a founder mutational allele in this 

Colombian region. The second mutation in frequency was D42N, which was found 

in heterozygote state in two individuals from Cundinamarca and Meta. Also, we 

identify three novel variants in individuals from different regions of Colombia. The 

variant S184X was found in individual OCA_21 from Tolima, the frameshift 

R53GfsX49 was found in individual OCA_18 from Nariño and the variant C55G 

was found in individual 0CA_05 from Cundinamarca. The variants S184X and 

R53GfsX49 are damaging because both generates a stop codon in exon 1, thus, 

the tyrosinase enzyme is truncated. We need to perform a mutational screen for 
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variant C55G in the family of individual 0CA_05 to find if it was inherited or if it is a 

de-novo variant.   

 

 Partial albinism analysis 

 

In the partial albinism cases, we could not identify any mutations in more than half 

of them (55%). We found the variant p.A787T in homozygous state in two 

apparently unrelated individuals from Samaná (Caldas) and El Santuario 

(Antioquia). This variant was also identified in homozygous state in eleven 

individuals with partial albinism belonging to six different pedigrees from El 

Santuario and Marinilla (Antioquia). Although this nucleotide variant has been 

reported c.2359G>A (rs142988897) in the Short Genetic Variations (dbSNP) 

database of NCBI, the online databases for albinism mutations do not report this 

nucleotide variant in their lists. Instead, the databases report the amino acid 

change p.A787T but due to a different nucleotide change, c.2360C? [43]. However, 

we believe that there is a mistake in the mutation submission or publication 

because no nucleotide change at position 2360 can code for threonine (T). Thus, it 

is possible that the allele found in our study, c.2359G>A, could be explaining the 

albino phenotype in our study sample from Antioquia and Caldas. Nevertheless, we 

still need to perform a screening for this variant in a control group to be sure that 

this variant is not found in homozygous state in unaffected individuals. 

 

Also, we analyzed one individual (OCA_22) and his family belonging to the region 

of Tolima. This family is composed by two parents and seven children. OCA_22 

and his older sister have the partial albinism phenotype and both are heterozygous 

for the novel nonsense variant S814X which inherited from their father. In addition, 

one sister who does not have the albino phenotype is carrier for this variant. 

Furthermore, individual OCA_22 showed in OCA2 gene the polymorphism R305 in 

heterozygote state. This polymorphism has been associated with a brown/black 

eyes phenotype [44] and also has been proposed to interact with MC1R gene to 

explain light skin completion and visual dysfunction in Caucasian population [45].  
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Individual OCA_07 from Tolima was heterozygote for a novel missense variant 

C247R. In addition he has two “pathogenic” polymorphisms, R305 in heterozygote 

state in OCA2 and the TYR p.R402Q temperature-sensitive polymorphism. A 

substitution of arginine to glutamine at codon 402 of human tyrosinase produces a 

thermolabile enzyme [46,47]. At a physiological temperature (37ºC), the p.R402Q 

tyrosinase has reduced activity and is retained in the endoplasmic reticulum of 

melanocytes [48]. However this variant by itself is not sufficient to cause albinism, 

since unaffected individuals who are homozygous for p.R402Q do not show the 

clinical signs of albinism [49]. Then it has been proposed that p.R402Q could 

explain a partial albinism phenotype when is accompanied by certain genetic 

backgrounds [18]. 

 

 

 

 

Figure 8. Distribution of mutations found in the TYR and OCA2 genes for complete and 

partial albinism individuals. 

 

While we analyzed two genes that may explain a high percentage (about 80%) of 

the worldwide cases of OCA, we still have a considerable 55% of partial albinism 

cases that remain molecularly unexplained. One possible explanation is the 

presence of variants in the regulatory elements or intergenic sequence of these 

genes [50] which were not analyzed in this study. A second plausible explanation is 

the existence of undiscovered OCA genes. Just in the last year, two new genes 

and a locus have been reported to cause albinism [14]. Therefore, using new 
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sequencing approaches such as exome-sequencing would allow us to discover 

new genes or mutations in known genes that are not detected by Sanger 

sequencing. 

 

 In silico Analysis of variants C55G and C247R 

 

Because variants C55G and C247R are missense, we could perform a 

bioinformatics analysis predicting the impact of the amino acid change in the 

structure of the protein. According to SIFT and PolyPhen2, both variants affect the 

tyrosinase function. In the tyrosinase enzyme, cysteine is a very important amino 

acid not only because it could form disulfide bridges to stabilize the native structure 

of the protein, but also because cysteine-rich motif 2 has the tyrosinase catalytic 

domain [18]. Even though we still need functional assays to confirm these results, 

bioinformatics analysis suggested that variants C55G and C247 may explain the 

partial albinism phenotype of individuals OCA_05 and OCA_07. 

 

 

 Haplotype Analysis 

 

The haplotype found in nine Colombian individuals with the G47D mutation is the 

same as the reported in Puerto Rico and Sephardic Jews population [30,31]. This 

may suggest a founder effect of this allele in our population. However, the alleles 

defining the haplotype are common in unaffected people, (S/Y192 MAF 

A=0.182/397 and -199(C) MAF A=0.169/369). For the allele 288, it was also found 

in an individual with normal pigmentation, thus we need to continue this study 

choosing more polymorphisms from the HapMap Project and ensure that these 

segregate with the G47D mutation.  
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7. Conclusions 

 

This study provides the first mutational analysis of the TYR and OCA2 genes in a 

sample of 23 Colombian individuals with oculocutaneous albinism (OCA). We 

identify four novel DNA variants as a possible cause of some individuals of our 

study sample. Also, the G47D mutation was found in 9 of 23 individuals (39%) 

being the most common mutation among individuals from the Cundiboyacense 

region. Although we performed a haplotype analysis for tracing the origin of the 

G47D mutation, the evidence is not enough to conclude if this mutation shared the 

same origin as the reported in population from Puerto Rico and Sephardic Jews. In 

addition, we could identify the variant A787T among individuals from El Santuario 

and Marinilla (Antioquia), two municipalities having an elevated number of albino 

people. 

 

We believe the results of this study about the albino condition are of great benefit 

to carry out a proper genetic counseling for individuals and families as we now 

have a better understanding of the most common mutations in the country. Also, 

the discovery of mutations in our population that have been reported previously in 

other human populations, brings us closer to understanding the evolutionary 

history of this condition in the Colombian population. Finally, we believe this study 

will provide educational tools and awareness in society about the albino condition.  
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Supplementary Information 

 

Table S1. Primers sequence used to amplified the 5 exons of TYR gene 

 

For exon 1-3: All amplifications were run in a program of 95°C denaturation for 5 min, 35 

cycles of annealing (60°C) for 45 seconds, elongation (72 °C) for 45 seconds, and 

denaturation (95 °C) for 45 seconds. Finally 10 minutes at 72 °C closing with 10 min at 10 °C.  

For exon 4: All amplifications were run in a program of 95°C denaturation for 5 min, 10 

cycles of annealing (53°C) for 30 seconds, elongation (72 °C) for 60 seconds, and 

denaturation (94 °C) for 30 seconds. Then, 25 cycles of annealing (54°C) for 30 seconds, 

elongation (72 °C) for 60 seconds, and denaturation (94 °C) for 30 seconds. Finally 4 minutes 

at 72 °C closing with 10 min at 10 °C. 

For exon 5: All amplifications were run in a program of 95°C denaturation for 5 min, 30 

cycles of annealing (54°C) for 30 seconds, elongation (72 °C) for 60 seconds, and 

denaturation (94 °C) for 30 seconds. Finally 4 minutes at 72 °C closing with 10 min at 10 °C.  
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Table S2. Sequences of primers and amplification condition for OCA2 gene.  

 

All amplifications were run in a program of 95°C denaturation for 5 min, 35 cycles of 

annealing (60°C) for 45 seconds, elongation (72 °C) for 45 seconds, and denaturation (95 °C) 

for 45 seconds. Finally 10 minutes at 72 °C closing with 10 min at 10 °C.  
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Table S3. Sequences of primers and amplification condition for haplotype 

analysis of G47D mutation.  

 

Y/S 192: All amplifications were run in a program of 95°C denaturation for 5 min, 35 cycles of 

annealing (60°C) for 45 seconds, elongation (72 °C) for 45 seconds, and denaturation (95 °C) 

for 45 seconds. Finally 10 minutes at 72 °C closing with 10 min at 10 °C.  

(GA)n: All amplifications were run in a program of 95°C denaturation for 10 min, 35 cycles of 

annealing (60°C) for 30 seconds, elongation (72 °C) for 30 seconds, and denaturation (95 °C) 

for 30 seconds. Finally 7 minutes at 72 °C closing with 10 min at 10 °C.  

 

S4. Genotypification of polymorphism (GA)n by three different primers 

sequences.  

 

 Morris et al. 1991 (Allele 290bp Reference) 

tttctagaattgataggaaaaacaatatggctacagcattggagagagagagaaaggagagaggagaaaggag

agagagagaaaggagagaggagagagacagaggagagagagagaggatagaggggagagagagagaggagaga

gacagaggagagagagagaggatagaggggagagagagggagagggagagagagggagagagagggagagaga

gagagagagagggagagagagagagaaagagagagagagggagagagagagagagagctctttaacgtgagat

atccccacaatgaagcaaatcgcccagttatcaa 

 

Amplified product length = 254bp 

Primer forward=40% GC 

Primer reverse=47% GC 

 

 Oetting et al. 1993 (Allele 298bp) 

tttctagaattgataggaaaaacaatatggctacagcattggagagagagagaaaggagagaggagaaaggag

agagagagaaaggagagaggagagagacagaggagagagagagaggatagaggggagagagagagaggagaga

gacagaggagagagagagaggatagaggggagagagagggagagggagagagagggagagagagggagagaga

gagagagagagggagagagagagagaaagagagagagagggagagagagagagagagctctttaacgtgagat

atccccacaatgaagcaaatcgcccagttatcaa 

 

Amplified product length = 262bp 

Primer forward=35% GC 

Primer reverse=47% GC 
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 Urtatiz et al. 2013 (Allele 288bp) 

tttctagaattgataggaaaaacaatatggctacagcattggagagagagagaaaggagagaggagaaaggag

agagagagaaaggagagaggagagagacagaggagagagagagaggatagaggggagagagagagaggagaga

gacagaggagagagagagaggatagaggggagagagagggagagggagagagagggagagagagggagagaga

gagagagagagggagagagagagagaaagagagagagagggagagagagagagagagctctttaacgtgagat

atccccacaatgaagcaaatcgcccagttatcaa 

 

Amplified product length = 252bp 

Primer forward=50% GC 

Primer reverse=50% GC 

 

 

 

 

 


