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ABSTRACT

Oculocutaneous Albinism type 2 (OCA2) is a hypopigmentation disorder caused by variants in

the OCA2 gene. A 2.7kb intragenic deletion is known to be the common variant that causes

OCA2 in individuals of African descent. This variant accounts for 78% of OCA2-causing variant in

the Southern African population. The diagnostic utility for individuals who tested either negative

or heterozygous for the common 2.7kb deletion remained unsolved. This study reports on

the identification of the NM 000275.3:c.1503+5G>A variant found in 3/8 (37.5%) non-2.7kb

deletion OCA2 chromosomes within a small sample of OCA2 patients from the Southern African

population, strongly suggesting the possibility of a second common variant, pending a larger

screening study. This variant has been previously described in this population, but new variant

interpretation tools have now permitted its reclassification. Furthermore, limitations encountered

during the interpretation of data step in this study highlight the importance of informative clinical

and phenotypic data for improved and sensible interpretation of genetic results.
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ABSTRACT

Background: Oculocutaneous Albinism type 2 (OCA2) is a hypopigmentation disorder caused

by variants in the OCA2 gene. A 2.7kb deletion has been shown to be the common variant

that causes OCA2 in individuals of African descent. This variant accounts for 78% of OCA2-

causing variants in the Southern African population. For individuals who test either negative or

heterozygous for the common 2.7kb deletion, no further molecular testing could be routinely

offered in our resource-constrained Diagnostic Laboratory and the unknown variant/s remain

unidentified. This research study aimed to investigate genes associated with skin pigmentation,

primarily the OCA2 gene, to identify other possible variants that cause or contribute to the OCA2

phenotype within the South African context.
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Methods: Genotyping of the 2.7kb deletion was carried out, followed by whole exome sequencing

and screening of OCA2, HERC2, TYR, and TYRP1 genes. Bioinformatic analyses were performed

to prioritise potential pathogenic variants. Pathogenicity was determined using ACMG guidelines.

Sanger sequencing was used to validate the clinically significant variant identified within the

OCA2 gene.

Results: One likely pathogenic variant, NM 000275.3:c.1503+5G>A, was identified in the OCA2

gene and has a high frequency in this small cohort (3/7 chromosomes). This variant was previously

described in African OCA2 individuals and classified as a benign variant at the time, but current

variant interpretation tools have now allowed for its reclassification as a disease-causing variant.

Two common rufous oculocutaneous albinism (ROCA) causing variants, NM 000550.3:c.497C>G

(p.Ser166Ter) (rs10489413) and NM 000550.3:c.1103del (p.Lys368fs), were identified in the

TYRP1 gene in one patient.

Conclusion: This study reports on the identification of the NM 000275.3:c.1503+5G>A variant

within a Southern African OCA2 group of patients and suggests this is a second common variant

in this population, pending a larger screening study. Furthermore, this study illustrates the utility

of newer variant interpretation tools which can allow for reclassification of variants, and also

highlights the importance of good clinical/phenotype data at the time of test requesting as this

data can often be used to inform accurate, targeted molecular testing.

Keywords: Oculocutaneous Albinism Type 2, OCA2, African, Exome sequencing, Common variant

1 INTRODUCTION

Albinism refers to a group of inherited hypopigmentation disorders that can arise from syndromic

or non-syndromic gene-disease associations. There are two types of non-syndromic albinism:

(i) ocular albinism, a rarer form mainly affecting the eyes; and (ii) oculocutaneous albinism

(OCA), a common form that affects the eyes, hair, and skin. OCA shows locus heterogeneity and

presents as eight clinical types (OCA1-OCA8) differentiated by phenotype and genetic causes.

(Grønskov et al., 2007; Kromberg et al., 2012; Montoliu et al., 2014; Thomas et al., 2023). The

most common OCA types observed in African populations are OCA2 and OCA3 (Rufous OCA -

ROCA) (Kromberg et al., 2012; Manga et al., 2001, 1997; Stevens et al., 1997). OCA2 is caused

by variants in the OCA2 gene (OMIM 611409), which encodes for a transmembrane protein, the

P protein, involved in the processing and regulation of melanosomal proteins (Chen et al., 2002;

Toyofuku et al., 2002). OCA3 is caused by variants in the TYRP1 gene (OMIM 115501) (Manga

et al., 1997).
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Phenotypic differences between the two types are distinctive, with OCA3 (ROCA) exhibiting more

pigmentation than OCA2 (Kromberg et al., 2012; Manga et al., 1997). The clinical features, such

as visual impairment and predisposition to skin cancer, are more likely to manifest in individuals

with OCA2 as compared to OCA3 (Kromberg et al., 2008, 2012).

The incidence of OCA2 in black South Africans is 1/3900 births, but the prevalence varies

across Southern Africa (Kromberg and Jenkins, 1982). The most common cause of OCA2 in

sub-Saharan Africans is a 2.7kb deletion mapped to chr15:28262863-28265786 (GRCh37), which

includes the deletion of exon 7 of the OCA2 gene (Durham-Pierre et al., 1994; Stevens et al.,

1995; Morice-Picard et al., 2014). This deletion accounts for 78% of mutated OCA2 chromosomes

and has a carrier frequency of 1 in 40 within the black Southern Africans population (Stevens

et al., 1995, 1997). A large proportion of disease-causing OCA2 variants remain to be identified

(Kerr et al., 2000; Spritz et al., 1995). To our knowledge, no recent studies have been conducted

to discover other variants that cause or contribute to the OCA2 phenotype in the Southern African

population.

Limitations to variant discovery in earlier studies have been attributed to the methodology,

detection accuracy of genetic testing approaches used, and possible influence of modifier genes

such as HERC2 and MC1R (Kerr et al., 2000; King et al., 2003; Oetting et al., 2005; Spritz et al.,

1995). Recent technological advancements have made it possible to analyse multiple genes

and adjacent regions simultaneously through next-generation sequencing (NGS) techniques and

bioinformatic tools. This study therefore aimed to investigate pigment genes (particularly the

OCA2 gene) using whole exome sequencing (WES) to identify causative variants in individuals

who tested either heterozygous or negative for the common 2.7kb deletion.

2 METHODS AND MATERIALS

2.1 Sample Selection

A total of eight (P1-P8) de-identified, residual DNA samples from individuals who tested

heterozygous (n=7) or negative (n=1) for the 2.7kb deletion in the OCA2 gene were selected for

this study. All participants were unrelated individuals of African descent who were referred for

routine OCA2 diagnostic testing at the Division of Human Genetics, National Health Laboratory

Service, Braamfontein. Although minimal information was sent with each test request, each

patient’s family history and/or phenotype data were documented as per the available patient file.

Patient files for P1, P2, and P8 could unfortunately not be located from within the Division’s filing

system (Table 1).

Frontiers 3
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Table 1: Patient clinical and family history

Patient Family history Clinical/phenotype data*

P1 - -

P2 - -

P3 - “presents with albinism”

P4 “affected mother; unaffected father” partial albinism; no nystagmus; ”medium fair
complexion; blackish brown hair”

P5 ”unaffected parents, one affected sister, and
six unaffected siblings” “presents with albinism”

P6 - ”?albinism”

P7 Family history of albinism “NICU baby; clinically pale hair and eye
colour”

P8 - -
*as per the testing requisition slip sent from the referring clinician

2.2 Genotyping the 2.7kb Deletion

A polymerase chain reaction (PCR) to confirm the presence or absence of the 2.7kb deletion in

the OCA2 gene was performed as described in earlier studies (Durham-Pierre et al., 1994; Puri

et al., 1997). The eight samples were run together with two controls (a heterozygote for the 2.7kb

deletion and a sample that is negative for the deletion) and a no template control.

2.3 Whole Exome Sequencing

Sample quantity and quality were determined using Nanodrop and Qubit™ 3.0 Fluorometer.

Libraries were generated using the Ion AmpliSeq™ Exome RDY Kit as per manufacturer protocol

(Thermo Fisher Scientific, MAN0010084). In this process, the DNA samples (100ng) were

amplified, digested, and ligated to IonCode™ Barcode Adapters to form barcoded libraries. The

barcoded library was then purified using AMPure XP Bead Reagent (Beckman Coulter, CA, USA).

Purified barcoded libraries were amplified, and then quantified using the Tape station with High

Sensitivity D5000 Reagents (Agilent Technologies). The libraries were diluted to 22pM and

pooled together in pairs for loading onto an Ion 540™ Chip. Libraries were templated using the Ion

540™ Kit-Chef following the manufacturer’s instructions (MAN0010851, Thermo Fisher Scientific,

South Africa) and sequenced with the Ion GeneStudio™ S5 Prime System (Thermo Fisher

Scientific, South Africa). The Ion GeneStudio™ S5 Prime System carries out a comprehensive

internal WES analysis, from sequencing, quality control, alignment (to GRCh37) and variant

calling.

Frontiers 4
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2.4 Variant Calling, Prioritisation and Classification

2.4.1 Single nucleotide variant analysis

The variant call file (VCF) for each sample, obtained from the Ion GeneStudio™ S5 Prime System,

was annotated using a local installation of the Ensembl Variant Effect Predictor (VEP, version

110) and the GRCh37 reference genome (McLaren et al., 2016). Annotated variants were filtered

and prioritised following a tiered approach based on: (i) the gene(initially OCA2, then other genes

were analysed where no variant that met the filtering criteria was identified in OCA2); (ii) predicted

consequence to resultant protein (such as frameshift, missense, and splice site variants); and

(iii) a minor allele frequency of ±5% using the 1000 Genomes Project and GnomAD databases.

Prioritised variants were classified based on the American College of Medical Genetics and

Genomics (ACMG) guidelines for variant interrogation (Abou Tayoun et al., 2018; Brnich et al.,

2020; Richards et al., 2015). Quality assessment using the Integrative Genomics Viewer (IGV

v2.16.2) (Robinson et al., 2017) was conducted for each prioritised variant to further assess the

depth of coverage, confirm zygosity, and exclude artefacts. Analysis of other pigment genes

followed the same filtering criteria applied to OCA2. Genes chosen for analysis include HERC2,

TYR, and TYRP1. Variants with clinically significant classifications were validated through Sanger

sequencing.

2.4.2 Copy number variant analysis

Copy number variant (CNV) analysis was carried out using the Ion ReporterTM software (v5.20).

This analysis software reportedly picks up copy number variants at a minimum coverage of 0.01x

(MAN0028321 A.0, Thermo Fisher Scientific).

3 RESULTS

3.1 Genotyping the common 2.7kb deletion

The presence of the 2.7kb deletion was confirmed in 7/8 samples included in this study (Figure

1) in agreement with the molecular testing data available from the Diagnostics Laboratory. All

individuals, except P7 were heterozygous for the deletion. Individual P7 was negative for the

deletion.

3.2 Whole Exome Sequencing and variant analysis

The mean depth coverage obtained from the WES was within the range of 44 to 145X, with

a mean read length of 209 bp. For all the samples, more than 99% of the sequenced reads

Frontiers 5
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Figure 1: Genotyping of the common 2.7kb deletion in the OCA2 gene. PCR results were visualised on
a 3% agarose gel, with bands of 398 bp (2.7kb deletion) and 220 bp (normal allele) in size. Negative (Neg)
and heterozygous (Het) controls for the 2.7kb deletion were included as allelic references. P1-6 and P8 were
heterozygous whilst P7 was negative for the 2.7kb deletion. Bands seen in the 700 - 1000 bp range represent
non-specific amplification, but do not interfere with result interpretation. A no template control (NTC) was included in
the PCR set up; there was no contamination identified within the PCR.

were aligned to the GRCh37 reference sequence and less than 1% were not aligned. Over

400,000 variants were identified with at least 250,000 variants called per individual sample from

the resulting VCF files. The majority of the variants were missense, synonymous and intronic in

nature, with the highest class being SNVs (Figure 2 A, B).

Figure 2: Variants called within the whole exome in a cohort of eight African OCA2 individuals. A. Overall
variant consequences within the whole exome annotated using VEP. Variant types were collated for each sample
and the sum presence of each variant type was visualised. B. Summarised variant classes for whole exome per
individual. The variant classes identified most frequently per sample were SNVs, followed by deletions and insertions.

Frontiers 6
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A total of 66 variants were found in the OCA2 gene across the eight individuals (22 unique

variants, once duplicates were removed) (Figure 3). Following this, variants with a potentially

unharmful consequence (intronic and synonymous) were removed, leaving 18 variants across

two consequent types (missense and splicing variants). After accounting for duplicates, only five

SNVs spread across the eight patients were detected within the OCA2 gene (Table 2). No CNVs

(including the common 2.7kb deletion) or indels were identified in the OCA2 gene. The 2.7kb

deletion region (chr15:28262863-28265786) was examined using the IGV with P3 (heterozygous

for the deletion) and P7 (negative for the deletion). A decrease in coverage was observed in P3,

but it was not statistically significant (Figure S1).

Finally, variants were filtered based on MAF. Two of these variants NM 000275.3:c.1183-4A>G

(rs10852218) and NM 000275.3:c.913C>T (p.Arg305Trp) (rs1800401) were notably common in

population databases (1000 Genome Project and GnomAD). NM 000275.3:c.1183-4A>G had a

frequency of 0.42 and 0.47; whereas NM 000275.3:c.913C>T was reported as 0.13 and 0.14

respectively within the African population (1000 Genome Project AFR and GnomAD AFR). These

variants were subsequently excluded from further analysis. The remaining three variants, NM -

000275.3:c.1007C>T (p.Ala336Val) (rs34010619) (n=1), NM 000275.3:c.2165T>C (p.Ile722Thr)

(rs1800417) (n=1), and NM 000275.3:c.1503+5G>A (rs368124046) (n=3) (Table 2), all with a

MAF frequency ≤0.05, were prioritised for classification using the ACMG guidelines. PM2 was

thus applied for all three variants for low allele frequencies within the African population. In all

individuals, these variants were heterozygous.

Figure 3: Types of variants called within the OCA2 gene from whole exome sequencing data. A total of 66
variants across eight samples were identified and categorised by variant type and consequence.

Frontiers 7
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Table 2: OCA2 (NM 000275.3) variants prioritised using ACMG/AMP guidelines

Gene
Variation

SNP Allele
frequencya Occurrenceb Consequence In silico

prediction Classification Evidence Ref
HGVSc HGVSp

OCA2 C.1503+5G>A - rs368124046 <0 3/8 Splice donor 0.76c Likely
Pathogenic

PS3, PM2
PP3, PP5

1

OCA2 C.1007C>T p.Ala336Val rs34010619 0.03 1/8 Missense 0.19d Likely Benign PM2, BP4
BP6

2

OCA2 C.2165T>C p.Ile722Thr rs1800417 0.05 1/8 Missense 0.28d Likely Benign PM2, BP4
BP6

3

OCA2 C.1183-4A>G* - rs10852218 0.42 6/8 Splice variant 0.0c Benign BA1 -
OCA2 C.913C>T* p.Arg305Trp rs1800401 0.13 7/8 Missense 0.32d Benign BA1 -

a = Population allele frequency as reported by 1000 Genome Project AFR
b = In this study
c = SpliceAI predicted effect on splicing;
d = REVEL score predicting the pathogenicity of missense variants
* = Variants excluded from further analysis
1 = Kerr et al. (2000); Rimoldi et al. (2014);ClinVar-VCV000211768.17
2 = Kamaraj and Purohit (2014); ClinVar-VCV000255713.13
3 = Kamaraj and Purohit (2014); Kerr et al. (2000); Martin et al. (2017);ClinVar-VCV000255728.14

Frontiers
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The variant NM 000275.3:c.1007C>T was identified in P1 who is heterozygous for the 2.7kb

deletion, whilst NM 000275.3:c.2165T>C was identified in P7 who tested negative for the 2.7kb

deletion. In silico tools predicted the effect of the variants to be tolerated with overall low REVEL

scores (Table 2), as such benign code BP4 was applied.

Upon the assessment of the variant positions (NM 000275.3:c.1007C>T and NM -

000275.3:c.2165T>C), neither variant was associated with other pathogenic novel missense

variants or same amino acid changes at that position. As such neither PM5 nor PS1 were applied

to these variants. These variants were both reported as benign by reputable sources (ClinVar)

and in the literature, therefore BP6 was applied. Ultimately, these two variants were classified

as likely benign due to ACMG code combination (PM2, BP4, BP6) favouring a more benign

contribution.

The variant NM 000275.3:c.1503+5G>A, seen in P3, P5 and P8, has been shown to have

functional consequences (Rimoldi et al., 2014), and is reported as clinically significant in ClinVar

(ClinVar ID: 211768), PS3 and PP5 were thus respectively applied. The silico tool, SpliceAI,

predicts this variant to have a high splice-altering effect with a high donor loss score of 0.76, for

this reason, PP3 was applied. Visualisation on IGV confirmed the variant to be true and present

in a heterozygous state (Figure 4). PVS1 was not applied as this splice variant is not within

±2 base pairs of the intron thus not compatible with splice site recommendations. This variant

Figure 4: IGV visualisation of NM 000275.3:c.1503+5G>A (rs368124046) variant in P3, P5 and P8. The variant
is located in position chr15:28228486 and appears in a heterozygous state in all three individuals.

Frontiers 9
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Figure 5: Sanger sequencing validation for NM 000275.3:c.1503+5G>A (rs368124046). Sanger sequencing
was performed on the 3500xL genetic analyser and analysed using SnapGene software. Pane 1 labelled as OCA2
reference sequence shows the alignment sequence utilised: GRCh37:ENSG00000104044 assembly from Ensembl.
Pane 2 and 3 show the region of interest for Patient ID P3 and P1 respectively. For P3, heterozygosity for the
NM 000275.3:c.1503+5G>A variant was seen as an AG double peak at location 15:28228486, with the mutant allele
(A) represented by the green peak. Homozygosity for the wildtype allele (GG) was seen for P1, represented by a
single black peak. Results for WES were therefore validated.

was classified in this study as likely pathogenic owing to multiple combinations of pathogenicity

codes (PS3, PM2, PP3, PP5). This variant was validated using Sanger sequencing (Figure

5). Identification of this variant contributes 37.5% (3/8 unknown chromosomes) to the overall

diagnostic yield within this cohort.

3.3 Other pigment genes

HERC2, known for housing an enhancer for the OCA2 gene, was investigated in individuals (P1,

P2, P4, P6, P7) who remained with an unknown second variant causing OCA2. The variant

NM 004667.6:c.13272+874T>C (rs12913832), known to reduce OCA2 expression (Eisenberg,

2020; Visser et al., 2012), was not identified. No variants of interest were detected in the TYR

gene.

A total of four variants were prioritised in TYRP1 (Table 3). Two of the variants were found

to be known pathogenic variants, NM 000550.3:c.497C>G (p.Ser166Ter) (rs10489413) and

NM 000550.3:c.1103del (p.Lys368fs) (rs387906560), and were in a compound heterozygous

state in P6. These two variants are well described and are known to be causative of the

ROCA phenotype. Substantial evidence for the pathogenicity of NM 000550.3:c.497C>G and

NM 000550.3:c.1103del could be gathered through the literature and ClinVar submissions.
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Table 3: TYRP1 (NM 000550.3) variants prioritised using ACMG/AMP guidelines

Gene
Variation

SNP Allele
frequencya Occurrence Consequence In silico

predictionb Classification Evidence Ref
HGVSc HGVSp

TYRP1 C.1557T>G p.Tyr519Ter rs41302073 0.05 1/8 Stop gained - Benign/Likely
benignc PM2, PM6 1

TYRP1 C.977G>A p.Arg326His rs16929374 0.02 1/8 Missense 0.07 Likely Benign PM2, BP1
BP5, BP6

2

TYRP1 C.497C>G p.Ser166Ter rs104894130 0 1/8 Stop gained - Pathogenic PVS1, PM2
PP5

3

TYRP1 C.1103del p.Lys368fs rs387906560 0 1/8 Frameshift - Pathogenic PVS1, PM2
PP5

4

a = Population allele frequency as reported by 1000 Genome Project AFR
b = REVEL score predicting the pathogenicity of missense variants. In silico predictions for frameshift and stop gain variants were not identified
c = Classification as noted on ClinVar
1 = ClinVar - VCV000198743.18
2 = ClinVar - VCV000437183.19
3 = (Chiang et al., 2008; Manga et al., 1997); ClinVar-VCV000017594.4
4 = (?Manga et al., 1997); ClinVar-VCV000017593.22
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The remaining variants, NM 000550.3:c.1557T>G (p.Tyr519Ter) (rs41302073) and NM -

000550.3:c.977G>A(p.Arg326His) (rs16929374) were found in P2 and P3 respectively in a

heterozygous state. Both NM 000550.3:c.1557T>G and NM 000550.3:c.977G>A were reported

as benign/likely benign on ClinVar. Further classification of these variants was not pursued.

3.4 Overall result summation

A total of three clinically significant variants were identified in four individuals, resolving 50%

(4/8)cases in this study (Table 4). variants NM 000550.3:c.1103del and NM 000550.3:c.497C>G

identified in the TYRP1 gene resulted in a diagnosis for P6. Results for this patient are thus

considered separately from the rest of the cohort, as this individual does not actually have OCA2.

Variant NM 000275.3:c.1503+5G>A was found in 3/7 possible OCA2 patients resulting in a

42.9% OCA2 diagnostic resolution rate. Causative variants and a confirmed diagnosis remain

elusive for the remaining four patients (Table 4).

4 DISCUSSION

This study presents the results of exome sequencing analysis of a cohort of eight unrelated

individuals of African descent with a reported OCA2 phenotype. A total of three clinically significant

variants were identified, with one in OCA2 and the remaining two in the TYRP1 gene. Of the

eight individuals tested, the second recessive variant was identified in three of them, and a fourth

individual was shown to have as opposed to OCA2.

4.1 Variants in OCA2

4.1.1 Detection of SNVs

A likely pathogenic splice variant, NM 000275.3:c.1503+5G>A, was identified in three individuals

within this cohort. This variant was previously identified in several African individuals and classified

as non-pathogenic at the time (Kerr et al., 2000), however, it was later investigated at the functional

level and shown to be causative of OCA2 through in vitro analysis (Rimoldi et al., 2014). Variants

at this intronic position result in the activation of a cryptic 5’ splice site (Buratti et al., 2007; Rimoldi

et al., 2014) consequently resulting in aberrant RNA in a gene where loss of function is a known

mechanism of disease (Rimoldi et al., 2014). The exact function of the OCA2 protein is not well

understood, however, variants that disrupt the function or expression of this protein are known to

impair melanin biogenesis thus leading to hypopigmentation (Chen et al., 2002; Hirobe, 2011;

Toyofuku et al., 2002).
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Table 4: Summary of results and variant profile per case

Code Gene Consequence Genotype Variant Zygosity Phenotype Confirmed
diagnosis

deletion 2.7kb del het
P1 OCA2

-
M/U

unknown -
- -

deletion 2.7kb del het
P2 OCA2

-
M/U

unknown -
- -

deletion 2.7kb del het
P3 OCA2

-
M/M

c.1503+5G>A het
presents with

albinism
OCA2

deletion 2.7kb del het

P4 OCA2

deletion
M/U

unknown -

partial albinism; no
nystagmus; medium

fair complexion;
blackish-brown hair

-

deletion 2.7kb del het
P5 OCA2

-
M/M

c.1503+5G>A het
presents with

albinism
OCA2

OCA2 deletion M/U 2.7kb del het

stop gained c.497C>G (p.Ser166Ter) hetP6
TYRP1

frameshift variant
M/U

c.1103del (p.Lys368fs) het

?albinism ROCA

P7 OCA2 - U/U unknown -
clinically pale hair
and eye colour;

NICU baby
-

deletion 2.7kb del het
P8 OCA2

splice donor
M/M

c.1503+5G>A het
- OCA2

U = unknown variant
M = variant identified
OCA2 transcript = NM 000275.3
TYRP1 transcript = NM 000550.3
het = heterozygous
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This variant accounts for 21.4% (3/14) of OCA2 chromosomes within this study, slightly higher

than the 18% (14/78 chromosomes) observed in an older study, albeit the sample size was larger

than this current study (Kerr et al., 2000). With the exclusion of P6 (confirmed), the diagnostic

rate for OCA2 thus increased from 37.5% to 42.9% (3/7) in this cohort.

The absence of functional data for a majority of variants often impairs definitive classification

for those variants. The functional characterisation of the NM 000275.3:c.1503+5G>A variant

proved to be the pivotal step required to provide a more definitive assessment of the variant’s

impact (Rimoldi et al., 2014), ultimately leading to its reclassification from non-pathogenic to likely

pathogenic in this paper. This thus highlights the importance of studying the functional effect of

variants on a gene to better understand their role in disease onset. (Brnich et al., 2020; Richards

et al., 2015)

4.1.2 Detection of CNVs

No CNVs, including the 2.7kb deletion, were identified using WES. Although a 50% reduction in

coverage for exon 7 was anticipated in P3, P5, and P8, who were heterozygous for the 2.7kb

deletion, this was not observed upon visual inspection using IGV. Despite the noticeable reduction

in coverage when zoomed out, a mathematical analysis comparing the coverage of P3 and

P7 (who tested negative for the 2.7 kb deletion) revealed only a 25.1% difference in coverage

(Figure S1), this was not significant enough to confirm the deletion. Other studies investigating

the OCA2 gene using WES and CNV analysis tools different from Ion Reporter have succeeded

in identifying large deletions within the gene, however, none have been sensitive enough to

detect smaller CNVs (commonly called small insertions or deletions (INDELs)) such as the 2.7kb

deletion (Jiang et al., 2024; Shahzad et al., 2017). INDELs are noted to be less than 10kb in

size (Mullaney et al., 2010), the Ion Reporter Software reportedly identifies CNVs from 1̃0mb

in size (MAN0028321 A.0, Thermo Fisher Scientific). This is important to note as it suggests

that the possible presence of smaller CNVs and INDELs is being missed, further highlighting the

limitation of CNV analysis using WES.

4.2 Variants in TYRP1

Two common TYRP1 variants (NM 000550.3:c.1103del and NM 000550.3:c.497C>G) were

identified in individual P6. The variants are known to be causative of the (classified as OCA3)

phenotype (Kromberg et al., 2012; Manga et al., 1997). The additional, heterozygous presence

of the 2.7kb deletion in OCA2 results in a more hypopigmented phenotype with lighter skin

and yellow-like hair closely resembling OCA2. This combination phenotype has been described
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previously (Manga et al., 1997). Identification of a case within this cohort highlights the importance

of phenotypic clinical details for directive molecular testing.

4.3 The remaining unresolved cases

Although OCA is a visually obvious disorder, phenotypic differences and molecular confirmation

of causative variants allow for the distinction between OCA types. Albeit having a family history

of albinism, the indistinctive phenotypes described for P4 and P7 highlight the importance of a

molecularly confirmed diagnosis.

P4 was heterozygous for the 2.7kb deletion with no other variant identified, similar to two other

patients in this study (Table 4), however the inability to identify a second causative variant in the

OCA2 gene does not refute an OCA2 diagnosis. Partial pigmentation described in P4 (Table 1) is

suggestive of a possible milder variant downregulating the expression of the OCA2 gene, thus

altering the phenotype. Variants known to influence OCA2 gene expression, such as rs12913832

in HERC2, could not be investigated in this exome analysis due to their deep intronic location

(Eisenberg, 2020; Sturm et al., 2008; Visser et al., 2012).

For P7, PCR testing confirmed a negative result for the common 2.7kb deletion,and exome

analysis did not reveal other potentially causative variants in either OCA2, TYR, or TYRP1. As

this individual was a newborn and in the neonatal intensive care unit (NICU), a clinical picture,

other than classic OCA2, is suggested. Cases of hypopigmentation that do not arise from variants

in associated pigment genes could be linked to syndromic albinism disorders such as Hermansky-

Pudlak Syndrome (HPS) (Merideth et al., 2009; Thomas et al., 2023; Wei and Li, 2013). Diagnosis

of syndromic albinism required clinical information that was not available, and beyond the scope

of the current study.

4.4 Limitations and future directions

Ultimately, causative variants in four individuals in this cohort remain unknown. This is ascertained

by limitations within the sequencing technology used here. The lack of variants identified in these

individuals suggests that the variants are in regions undetected by WES. Detection of CNVs

using WES data is based on the comparison between sequence read depth (Mason-Suares et al.,

2016; Moreno-Cabrera et al., 2020; Zhao et al., 2013) and an appropriate baseline or reference

sequence similar to the study population (African descent). CNV analysis was largely limited

in this study by the capability of the analysis software used. Inability to identify the common

2.7kb deletion in known carriers using Ion Reporter software and IGV showed that the analysis

of small CNVs/INDELs from WES data was unreliable in this study. Furthermore, alignment to
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GRCh37 utilising Ion torrent sequencing posed a limitation on GATK usage due to the immediate

unavailability of resources for the aligned build and sequencer used.

Further analysis to be considered for these samples includes whole genome sequencing (WGS)

or high-resolution comparative genome hybridization microarray (array-CGH). Several complex

rearrangements in OCA2 have been identified and mapped through the use of array-CGH (Morice-

Picard et al., 2014). Variants identified in African individuals included the 2.7kb deletion, exon 5

deletion (2.4kb), and a large deletion including the whole OCA2 gene (Morice-Picard et al., 2014).

On the other hand, WGS would be useful in the investigation of deep intronic regions possibly

housing regulatory elements, and also large CNVs missed by detection and analysis techniques

used in the current study.

5 CONCLUSION

This study was successful in its aim to investigate variants other than the 2.7kb deletion that are

causative of the OCA2 phenotype in the Southern African population. The splice site variant,

NM 000275.3:c.1503+5G>A, identified herewith exhibits a high detective rate and is suggestive

of a second common variant in this population. Identification of this mutations will assist in

the development of more accurate molecular testing approaches that can improve the correct

classification of OCA2 cases in Africa, as well as provide carrier and prenatal testing for families

with a history of OCA2.

Future research to determine the frequency of this variant within a larger sample size is required.

Findings in this study thus indicate the necessity for further investigation of other variants causative

of OCA2. The identification of ROCA through molecular diagnosis in this study highlights the

importance of precisely describing the phenotype and clinical features experienced by patients

for better differential diagnosis.
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6 APPENDICES

Appendix A: Supplementary Material

Genotyping the 2.7kb deletion

The PCR reaction included 1 µl of each primer (MHB71, MHB72, and MHB107), 1ul of 100 ng

genomic DNA, 12.5 µl DreamTaq Green PCR Master Mix (2X) (Thermo Fisher Scientific, South

Africa), and 8.5 µl of nuclease-free water to a total volume of 25 µl. PCR amplification was carried

out on a Bio-Rad T100 Thermal Cycler using the following conditions: denaturation at 95◦C for

one minute, annealing at 60◦C for one minute, synthesis at 72◦C for one minute, repeated 35

times. PCR products were separated on a 3% agarose gel and ethidium bromide staining was

used for visualisation under ultraviolet light using the Omega Fluor™ Gel documentation system

(Vacutec, South Africa).

Variant validation using Sanger sequencing

The PCR reaction included 0.8 ul of each primer (Table S1) at 10pmol, 1 µl of 100 ng genomic

DNA, 10 µl DreamTaq Green PCR Master Mix (2X) (Thermo Fisher Scientific, South Africa), and

made up to a total volume of 20 ul using nuclease-free water. PCR amplification was carried out

on a Bio-Rad T100 Thermal Cycler using the following conditions: denaturation at 95°C for 30

seconds, annealing at 54◦C for 30 seconds, synthesis at 72◦C for 30 seconds, repeated 35 times.

The sample was maintained at a temperature of 72◦C for 5 minutes, to ensure full extension. 5

µl of PCR products were separated on a 3% agarose gel and ethidium bromide staining was

used for visualisation under ultraviolet light using the Omega FluorTM Gel documentation system

(Vacutec, South Africa).

The PCR products were cleaned using 6 µl ExoSAP-ITTM Express (Thermo Fisher Scientific,

South Africa), followed by incubation at 37◦C and 80◦C for 15 min each. Cycle sequencing

reaction was performed using 5 µl of the purified PCR product in a reaction mix containing

2 µl Bigdye terminator v3.1 Ready Reaction Mix (Applied Biosystems, USA), 1 µl 5x Bigdye

sequencing buffer (Applied Biosystems, USA), 1 µl of 10pmol forward primer (Inqaba Biotechnical

Industries, SA) and 1 µl of nuclease-free water.

Table S1: PCR primer sequences designed to amplify the NM 000275.3:c.1503+5G>A variant region

Primer Sequence (5’->3’) Length(bp)

rs368124046 F AAC AGT CAC CTA ACA TCC CA 20
rs368124046 R CCT CCC TTA TAC GAG CAA GC 20
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Post-cycle sequencing clean-up was performed using the BigDye XTerminatorTM Purification

Kit as per manufacturer’s instruction. 45 µl SAMTM Solution and 10ul BigDye XTerminatorTM

Solution were added to 10µl of the cycle sequencing product. The plate was subsequently sealed

using MicroAmpTM Clear Adhesive Film (Applied Biosystems, USA), vortexed for 30 minutes on a

96-well microplate mixer, and finally centrifuged for 2 minutes. Sequencing was conducted on the

ABI 3500xl genetic analyzer and results were analysed using Snapgene software.

Detection of CNVs

Percentage of reduced coverage was calculated using the following formula:

%Coverage reduced = 100− [Total count of heterozygous sample
Total count of negative sample ∗ 100]

Coverage for P3 was thus found to be reduced by 25.1%, but not by approximately 50% as

expected for a known 2.7kb deletion carrier (Figure S1).

Figure S1: IGV visualization of the 2.7kb deletion region. The 2.7kb deletion is mapped at chr15:28262863-
28265786 and encompasses a deletion of exon 7. Pane 1 and 2 visualise the coverage (total count) of P7 (negative
for the 2.7kb deletion) and P3 (heterozygous for the 2.7kb deletion) respectively for the same position. A 25.1%
reduction in coverage is seen for P3 compared to P7.
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1. Background

Albinism is a group of inherited, autosomal recessive, hypopigmentation disorders.

There are two types of albinism: (i) ocular albinism, a rarer form mainly affecting the

eyes; and (ii) oculocutaneous albinism (OCA), a common trifactor form affecting the

eyes, hair and skin (reviewed in Montoliu et al., 2014). OCA shows locus

heterogeneity and presents as seven types, differentiated by phenotype and genetic

cause. OCA2 is caused by mutations in the OCA2 gene, which encodes a

transmembrane protein involved in the processing and regulation of melanosomal

proteins (Chen et al., 2002; Toyofuku et al., 2002). The clinical features of OCA2

include hypopigmentation of the skin, hair, and eyes, as well as visual impairment

and predisposition to skin cancer (Kromberg et al., 2008). Individuals with OCA2

have light- coloured skin and hair, and their eyes may appear blue-grey, or brown.

The incidence of OCA2 in black South Africans is 1/3900 births, but the prevalence

varies across sub-Saharan Africa (Stevens et al., 1997).

The most common cause of OCA2 in sub-Saharan Africans is a 2.7kb deletion

mutation, which includes the deletion of exon 7 of the OCA2 gene (Durham-Pierre et

al., 1994; Stevens et al., 1995). This mutation accounts for 78% of OCA2

chromosomes, leaving 22% of mutations unidentified in this population group

(Stevens et al., 1997). Therefore, many individuals with OCA2 are homozygous for

the 2.7kb deletion, but about 38% of individuals with OCA2 are either heterozygous

(30%) or have completely unknown (8%) genotypes (Stevens et al., 1997). Thus, a

large proportion of disease-causing OCA2 mutations remain to be identified (Stevens

et al., 1997).



A few studies have been conducted across Africa in attempts to identify other

mutations that cause or contribute to the OCA2 phenotype. In Tanzania, Spritz et al.,

(1995) identified two deleterious novel mutations in a compound heterozygous state

with the common 2.7kb deletion: (i) a splice site variant (IVS21-2A>G) and (ii)

missense variant (K614N). Their study further identified a Nigerian couple who were

carriers for novel frameshift (V726- L727delGTCCT) and missense (T404M) variants

in the OCA2 gene that were assumed to have caused the OCA2 phenotype in their

affected child (Spritz et al., 1995). In the Sub-Saharan region, Kerr et al., (2000)

identified one missense (A334V) and three frameshift (614delA, 683insT, and

727insG) mutations that had a likely causative contribution to an OCA2 phenotype.

These studies suggest that a second common mutation does not exist and that

‘other’ OCA2 mutations are private. To our knowledge, no other recent studies have

been conducted to try and identify other OCA2 causing mutations in this population.

In more recent years, several studies have investigated the link between

polymorphisms in modifier genes and their role in the differing OCA2 phenotypic

expression in certain populations (Chiang et al., 2008, Johanson et al., 2010; King et

al., 2003). These studies looked at genes such as HERC2 and MC1R, and drew

conclusions on the effect of variants in these genes on hair, skin and eye colour for

their populations. In the study conducted on Polynesian individuals it was revealed

that MC1R polymorphisms did not affect or contribute to the OCA2 phenotype,

confirming that effects of this gene are population specific (Johanson et al., 2010). In

the study conducted by Chiang and colleagues (2008), they investigated modified

hair colour in an OCA2 patient of Hispanic origin and found no involvement of

polymorphisms in the MC1R gene. Instead, they found a mutation in the TYRP1

gene (known to cause another type of OCA, namely OCA3, also autosomal



recessive) and this suggested that variants in OCA genes can have a synergistic

interaction with each other to influence a phenotype (Chiang et al., 2008).

Crawford et al., (2017), investigating normal pigment variation, showed that multiple

genes are associated with pigment variation in the African population. These genes

include the OCA2, HERC2 and other genes involved in other types of OCA

(Crawford et al., 2017). The HERC2 gene lies immediately next to the OCA2 gene

on chromosome 15q and homozygosity for a SNP (rs1800404) found in HERC2 was

shown to reduce OCA2 function by ~40%. While this is not sufficient to produce an

OCA2 phenotype, it may have significant effect if present together with a classic

OCA2 mutation. If ~29% of African skin pigmentation can be attributed to the additive

effect of four genetic regions (OCA2/HERC2 included) (Crawford et al., 2017), is it

not possible that interaction between mutations in these genes could result in a

hypopigmented phenotype?

A number of suggestions which could be used to explain the large proportion of

OCA2 mutations that remain unidentified have been described: (i) limitations in the

ability of older testing techniques previously used (Kerr et al., 2000; Oetting et al.,

2005); (ii) missing mutations in intronic regions not covered by the testing approach

(Kerr et al., 2000; Oetting et al., 2005); (iii) possible epistasis between known

pigment genes (Chiang et al., 2008); (iv) presence of mutations in the promoter or

enhancer regions of the gene (Oetting et al., 2003) and (v) unknown functionality of

splicing mutations (Kerr et al., 2000; Preising et al., 2011; Rimoldi et al., 2014).

Current advancements in technology, sequencing techniques and bioinformatic tools

can now be used to interrogate genes more fully, and to interrogate several genes

simultaneously.



2. Aim

This study thus aims to investigate pigment genes, primarily the OCA2 gene, using

exome sequencing, in order to identify possible ‘other’ mutations in individuals who

tested heterozygous for the common OCA2 2.7kb deletion.

3. Study Objectives

1. To perform whole exome sequencing on eight individuals presenting with OCA2

2. To select genes associated with skin pigmentation (through literature search) for

analysis only if no mutations are found in the OCA2 gene, otherwise prioritizing the

examination of the OCA2 gene

3. To perform bioinformatic analyses to:

﹣ Identify single nucleotide variants (SNVs) and small insertions/deletions

(INDELs) in the OCA2 gene, or other selected genes associated with skin

pigmentation if no mutations are found in the OCA2 gene

﹣ Annotate the identified variants using Ensembl’s Variant Effect Predictor

(VEP) and other relevant tools

﹣ Filter and prioritise variants of interest

4. To perform selective variant validation

4. Methods

4.1 Sample selection



The study sample will comprise of eight de-identified, residual, DNA samples

obtained through routine diagnostic testing at the Division of Human Genetics,

National Health Laboratory Service, Braamfontein. These samples will be from

individuals of African descent with OCA2 who were found to be heterozygous for the

2.7kb deletion in the OCA2 gene.

4.2 Whole exome sequencing (WES)

Genetic data will be produced from whole exome sequencing (WES) using the Ion

Torrent™ Ion S5 (in-house within the Division of Human Genetics). The advantages

of using WES in this study are: (i) this is a massive parallel sequencing technique

that will enable us to simultaneously generate data from the OCA2 gene as well as

other pigment genes; (ii) OCA2 is a large gene that consists of 23 coding exons. To

perform WES would be less time consuming and more cost effective as compared to

performing Sanger Sequencing on each exon individually.

The WES workflow will require sample preparation (DNA purification and quality

control), library preparation (exome capturing), and sequencing. Data derived from

WES will be analysed as described in Section 5.

4.2.1 Sample quality control

Sample quality will be determined using the Qubit™ dsDNA HS Assay Kit with the

Qubit™ 3.0 Fluorometer. The integrity of the DNA will then be assessed through

agarose gel electrophoresis.



4.2.2. Library preparation

Library preparation will be conducted using the Ion Ampliseq Exome RDY kit. In this

process the DNA samples will be amplified, digested and ligated to IonCode™

Barcode Adapters to form the barcoded libraries. The library will thereafter be

amplified and finally purified. The Qubit™ 3.0 Fluorometer will be utilised to quantify

the concentration of the library.

4.2.3. Sequencing

Barcoded exome libraries will be pooled and will be loaded onto an Ion 540™ Chip,

and sequenced using the Ion Torrent™ Ion S5. Sequencing data will be saved as a

variant call file (VCF) and will be used as described in Section 5.

4.2.4 Quality Control

The sequencing run will be assessed by evaluating the report metrics (generated by

the Ion Torrent software). A reference coverage of >50x; ISP loading of >80%;

enrichment of ~100% and a clonality of >70% will be indicative and accepted as

good quality for the exome sequencing. Quality assessment using the Integrative

Genomics Viewer (IGV) (Robinson et al., 2017) will be conducted for each prioritized

variant to further assess the depth of coverage, determine zygosity and exclude

artefacts.



5. Data Analysis

Using the VCF generated by the Ion Torrent™ Ion S5 system, the identified variants

will be annotated using the Ensembl Variant Effect Predictor (VEP) (McLaren et al.,

2016). Annotated variants will be filtered and prioritised following a tiered approach

based on: (i) the gene and its curated transcript; (ii) a minor allele frequency of less

than 0.05 using the 1000 Genomes Project; (iii) predicted consequence to resultant

protein such as frameshift, missense and splice site variants; and (iv) effect of the

variant using in silico prediction tools. Prioritised variants will then be classified

based on the American College of Medical Genetics and Genomics (ACMG)

guidelines for variant interrogation (Richards et al., 2015) and pathogenic and likely

pathogenic variants will be assessed further.

6. Variant validation

Variants classified as pathogenic will be validated through Sanger sequencing.

Variant validation will be conducted on the condition that time permits. This will

involve amplification of DNA sequences through a polymerase chain reaction,

followed by amplicon purification and cycle sequencing, and lastly capillary

electrophoresis on the ABI 3500xl Genetic Analyzer. If true, these variants will

decrease the proportion of unknown or unidentified variants that cause OCA2 and

contribute to future testing strategies.



7. Ethics

This research project is a sub-study under the “The identification of causal mutations

of classic oculocutaneous albinism type 2 (OCA2) and brown albinism in individuals

of African descent” study (PI - Thandiswa Ngcungcu, ethics number M210203).

Permission to use the residual samples has been granted by the Division of Human

Genetics Head of department (Prof Amanda Krause). Ethics has been applied for

and is pending acceptance of this proposal.

8. Timing

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
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Data
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9. Funding

Running costs for this study are estimated to be approximately R51 000. The cost of

which are illustrated in Table 1 below. This project will be funded by Dr Thandiswa

Ngcungcu who received an MRC SIR Grant (2021) for the parent project titled “The

identification of causal mutations of oculocutaneous albinism type 2 (OCA2) in

individuals of African descent”. All reagents and consumables required for this have

been purchased.

Table 1: Cost of exome sequencing

Description Price (R)

General consumables 1 000.00

Ion Ampliseq Exome RDY kit 20 415.50

Ion 540 chip kit 15 478.75

Ion 540 KIT-chef 8 RXNS 8 814.50

Validation 5 000.00

Total amount 50 708.75

10. Possible limitations

Limitations in this study are based on technique used, sample size and analysis

method. Using WES, we are unable to investigate variants found in deep intronic

regions and those that are in regulatory elements outside of the exon. This technique

reduces the chances of identifying large INDELs and is prone to errors around

repetitive sequences.



The use of a small sample size reduces the chances of identifying a possible

common mutation. A larger sample size is required in order to accurately estimate

the occurrence of a particular variant in the population.

The identification of a Variant of Uncertain Significance (VUS) in the African

population may be difficult to resolve due to the diverse nature of the population

group and the limited number of studies originating from this population.
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