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Summary

We have determined the mutations in the tyrosinase gene from 12 unrelated Puerto Rican individuals who
have type I-A (tyrosinase-negative) oculocutaneous albinism (OCA). All but one individual are of Hispanic
descent. Nine individuals were homozygous for a missense mutation (G47D) in exon I at codon 47. Two
individuals were heterozygous for the G47D mutation, with one having a missense mutation at codon 373
(T373K) in the homologous allele and the other having an undetermined mutation in the homologous allele.
One individual with negroid features was homozygous for a nonsense mutation (W236X). The population
migration between Puerto Rico and the Canary Islands is well recognized. Analysis of three individuals with
OCA from the Canary Islands showed that one was a compound heterozygote for the G47D mutation and
for a novel missense mutation (L216M), one was homozygous for a missense mutation (P81L), and one was
heterozygous for the missense mutation P81L. The G47D and P81L missense mutations have been previously
described in extended families in the United States. Haplotypes were determined using four polymorphisms
linked to the tyrosinase locus. Haplotype analysis showed that the G47D mutation occurred on a single
haplotype, consistent with a common founder for all individuals having this mutation. Two different haplo-
types were found associated with the P81L mutation, suggesting that this may be either a recurring mutation
for the tyrosinase gene or a recombination between haplotypes.

Introduction

Tyrosinase (E.C. 1.14.14. 1) is the key enzyme in mela-
nin pigment formation in animals (Lerner and Fitz-
patrick 1950). This copper-containing bifunctional
enzyme catalyzes the first two steps of melanin synthe-
sis, including the hydroxylation of tyrosine to 3,4-
dihydroxylananine (dopa) and the oxidation of dopa
to dopaquinone. Tyrosinase activity reduction (or
loss) resulting from mutations of the tyrosinase gene
is associated with type I (tyrosinase-related) oculocu-
taneous albinism (OCA) (King and Summers 1988;
Witkop et al. 1989). The phenotype of type I OCA
varies from hypopigmentation to a complete absence
of melanin pigment in melanocyte-containing tissues
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(skin, hair, and eyes), along with abnormalities of the
ocular system that include nystagmus, strabismus, re-
duced retinal pigment, foveal hypoplasia, and mis-
routing of the optic nerve (King and Summers 1988).
Among the many alleles of type I OCA that have been
identified, the type I-A OCA alleles are the most se-
vere, resulting in complete absence ofmelanin pigment
formation in all pigment-producing tissues.
Our laboratory and others have reported over 27

different mutations in the tyrosinase gene that are re-
sponsible for type I OCA, including missense, non-
sense, and frameshift mutations (Tomita et al 1989;
Giebel et al. 1990, 1991a, 1991b, 1991c; Kikuchi et
al. 1990; Spritz et al. 1990, 1991; Takeda et al. 1990;
King et al. 1991; Oetting et al. 1991a, 1991b; Oetting
and King, in press-b). The majority of families that
have been studied have been Caucasian, and many of
the affected individuals have been compound hetero-
zygotes with different maternal and paternal muta-
tions.
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Field work in Puerto Rico by our laboratory has
shown that Hermansky-Pudlak syndrome (HPS) is the
most common type of OCA in this country, but a
disproportionate number of individuals with type I-A
OCA rather than HPS exist in the northwestern region
of this island (Witkop et al. 1989, 1990). We were
interested in determining the variety of mutations in
the tyrosinase gene in this population and expected to
find several different mutations. It is surprising that
we found that the majority of studied individuals with
type I-A OCA in Puerto Rico were homozygous for a
single missense mutation.

Material and Methods

Study Sample
Blood samples from individuals and families with

type I-A OCA were obtained in Puerto Rico. Individu-
als had typical features of type I-A OCA, including
white skin and hair, translucent irides, foveal hypopla-
sia, nystagmus, and strabismus. Control individuals
from the same region of Puerto Rico had normal pig-
mentation and no family history of albinism. All but
one individual (PR 9) was of Hispanic descent. Indi-
vidual PR 9 and her parents had negroid features and
were felt to be of African descent. Several individuals
remembered having distant relatives from the Canary
Islands, Spain. Blood was also obtained from three
individuals with type I-A OCA who were from the
Canary Islands. Two families from the United States,
each having at least one child with type I OCA, were
analyzed for haplotypes; the mutation analysis ofboth
families has been published previously (Oetting et al.
1991a).

Genomic DNA Extraction

Peripheral blood was collected, the lymphocytes
were isolated, and theDNA was extracted by methods
described elsewhere (Oetting et al. 1991a).

Exon Amplification and Direct Dideoxy Sequencing
DNA sequencing of the tyrosinase gene was per-

formed according to a method described elsewhere
(Oetting et al. 1991a, 1991b). In brief, the entire cod-
ing region, part of the flanking intron sequences for
each of the five exons, and 500 bp of the 5' promoter
region of the tyrosinase gene were individually ampli-
fied usingPCR (Saiki et al. 1985 ). The amplified prod-
uct was directly sequenced using the dideoxy method
of Sanger, the reaction products were separated on an
8% urea-acrylamide gel, and the pattern was visual-
ized by autoradiography (Sanger et al. 1977).

Haplotype Analysis

Four polymorphic sites of the tyrosinase gene were
used for haplotype analysis. The first polymorphism
[(GA).] consists of a GA cluster found in the 5' pro-
moter region of the gene (Morris et al. 1991). The
cluster was amplified using the primers GGAAAAA-
CAATATGGCTACA and TGGGCGATTTGTT-
CATTGTG. Before amplification, one of the primers
was radiolabeled with [y-32P]-ATP and T4 poly-
nucleotide kinase. The amplified products were sepa-
rated on a urea-acrylamide sequencing gel, and the
polymorphism was visualized with autoradiography.
At least five alleles of this polymorphism have been
recognized. When these primers are used for amplifi-
cation, our 298-bp allele is the same as the 290-bp
allele (allele A4) of Morris et al. (1991).
The second polymorphism (- 199) is located next

to the CCAATT box in the 5' promoter region at nu-
cleotide - 199 (Oetting et al. 1991c). This polymor-
phism (CCAATTA or CCAATTC) affects a TaqI
restriction-endonuclease site (TCAG). The third poly-
morphism (192) is located at codon 192 within exon
I (Giebel and Spritz 1990; Johnston et al. 1992). This
polymorphism (TAT or TCT) affects an MboI restric-
tion-endonuclease site (GATC). Products ofPCR am-
plification of the 5' promoter region (for the - 199
polymorphism) or exon I (for the 192 polymorphism)
were digested with either TaqI or MboI, respectively,
and subsequently were separated on a 1.5% agarose
gel. The resulting bands were then visualized with
ethidium bromide staining.
The fourth polymorphism (BglII) consists of a BglII

RFLP within the first intron and consists of either a
5.6- or 5.8-kb fragment (Spritz and Strunk 1991).
Genomic DNA was digested with BglII restriction en-
donuclease, separated on a 0.7% agarose gel, and
transferred to a nitrocellulose membrane by the
method of Southern (1975). The RFLP was then de-
tected by hybridization with the tyrosinase cDNA
probe pMel 34 (Kwon et al. 1987).

Results

The initial sequence analysis oftwo individuals with
type I-A OCA who were from Puerto Rico showed
that both were homozygous for a base substitution at

codon 47 in exon I (fig. 1). This mutation consisted of
a G-*A nucleotide substitution resulting in a missense
mutation of glycine to aspartic acid (G47D; fig. 2A).
This mutation also disrupts a HaeIII restriction-
endonuclease site (GGCC-GACC). By means of
HaeIII endonuclease cutting of amplified exon I, nine
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Figure I Sequencing autoradiogram showing codon 47. The
arrows mark the location of the substituted nucleotide. Left, Nor-
mal sequence for tyrosinase. Right, Sequence of individual PR 1,
showing the G47D mutation.

additional unrelated Puerto Rican individuals with
type I-A OCA were found to be homozygous for this
mutation, and two were found to be heterozygous. A
total of 17 individuals including sibs were found to
be homozygous for the G47D mutation in the nine
families studied. Sequence analysis of the two hetero-
zygotes revealed that one also had a nucleotide substi-
tution at codon 373 on the homologous chromosome
(C-A; fig. 2B), which results in a missense mutation
of threonine to lysine (T373K). The second mutation
of the other heterozygous individual was not detected
within the coding region, the flanking intron se-

quences, or in the proximal 500 bp of the 5' promoter
region.

Individual PR 9 was found to be homozygous for a

nonsense mutation at codon 236 (fig. 2C). This muta-
tion consisted of a base substitution ofG--A, resulting
in a nonsense mutation of tryptophan to a termination
codon (W236X).

Sequence analysis of three individuals with type I-A
OCA who were from the Canary Islands showed that
one (CI 2) was a compound heterozygote for the G47D
mutation and for a missense mutation at codon 216
(fig. 2D), resulting in a leucine substituted by a methio-
nine (L216M). The second individual (CI 1) was ho-
mozygous for a mutation at codon 81 (fig. 2E), re-

sulting in a proline substituted by a leucine (P81L),
and the third individual (CI 3) was heterozygous for
the P81L mutation, with an unknown mutation on the
homologous allele.

Haplotypes were determined for all individuals by
using the four polymorphic sites of the tyrosinase gene
(table 1). For several individuals, the correct haplo-

Gly47
Normal 5' CCCTGTGGCCAGCTT
Mutant 5' ------GAC------

Asp47

3 ,

3,

B Thr373
Normal 5' AATGGAACAATGTCC 3'
Mutant 5' ------AAA------ 3'

Lys373

C Trp236
Normal 5' CCATATTGGGACTGG 3'
Mutant 5' ------TAG------ 3'

***236

D Leu216
Normal 5' TTCTTGTTGCGGTGG 3'
Mutant 5' ------ATG------ 3'

Met216

E Pro81
Normal 5' TCGTGGCCTTCCGTC 3'
Mutant 5' ------CTT------ 3'

Leu81

F Asn371
Normal 5' TATATGAATGGAACA 3'
Mutant 5' ------ACT------ 3'

Thr371
Figure 2 Mutations found in the populations of Puerto Rico
and the Canary Islands. A, Most common mutation, also shown in
fig. 1. The mutation occurs at codon 47, resulting in an amino acid
substitution of glycine to aspartic acid. B, Missense mutation at
codon 373, of threonine to lysine. C, Nonsense mutation at codon
236, of tryptophan to the termination codon TAG. D, Missense
mutation at codon 216, of leucine to methionine. E, Missense muta-
tion at codon 81, of proline to leucine. F, Missense mutation at
codon 371, of asparagine to threonine.

type could not be determined without further family
analysis. Haplotype analysis of the affected individu-
als showed that all individuals from Puerto Rico who
were homozygous for the G47D mutation were also
homozygous for haplotype 1 (table 2). The individuals
from the United States who had the G47D mutation
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Table 2

Mutation and Polymorphic Analysis of Unrelated Individuals

POLYMORPHISM

POPULATION AND INDIVIDUAL MUTATION (GA)n -199 192 BglII Haplotype

Puerto Rico:
PR I ............ ................. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 2 ............ ................. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 3 ............ ................. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 4 ............ ................. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR S .............. ................ G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 6 .............. ................ G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 7 ............ ................. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 8 ............ ................. G47D/T373K 298/298 +/+ +/- +/- 1/4 or 2/3
PR 9 .............. ................ W236X/W236X 306/306 -I- +/+ -/- 15/15
PR 10 ................ .............. G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR 11 .............. ............... G47D/G47D 298/298 +/+ +/+ +/+ 1/1
PR12 .............. ............... G47D/? 298/298 +/+ +- +- 1/4 or 2/3

Canary Islands:
CI 1 ............. ................. P81L/P81L 298/298 +/+ -/- -/- 4/4
CI 2 ............ ................. G47D/L216M 298/298 +/+ +/+ +/- 1/3
CI 3 .............. ................ P81L/? 298/298 +/+ -/- -/- 4/4

United States:
US 1 (father) ............................. P81L/+298/298+/+ +/- +/- 1/4
US 2 (mother) ............................. G47D/+ 298/298+/+ +/- +/- 1/4
US 3 (proband) ............................. G47D/P81L 298/298 +/++/+ +/+ 1/1
US 4 (father) ............................. N371T/+ 298/298+/+ -/- -/- 4/4
US 5 (mother) ............................. P81L/+ 298/298+/+ +/- +/- 1/4
US 6 (proband) ............................. P81L/N371T 298/298 +/++/- +/- 1/4

Normal pigmentation-Puerto Rico:
PR13 .............. ............... +/+ 298/298 +/+ -/- -/- 4/4
PR14 .............. ............... +/+ 306/322 +/+ +/+ +/+ 9/17
PR15 .............. ............... +/+ 298/306 +/- +/+ -/- 3/15 or7/11
PR16 .............. ............... +/+ 306/306 -/- +/+ +/- 15/15
PR17 .............. ............... +/+ 298/298 +/+ +/- +/- 1/4or2/3
PR18 ................ .............. +/+ 306/306 -/- +/+ +/- 13/15
PR19 .............. ............... +/+ 298/306 +/+ +/- ?
PR20 .............. ............... +/+ 298/306 +/+ +/- ?
PR21 ................ .............. +/+ 298/298 +/+ +/+ +/- 11/3
PR22 .............. ............... G47D/+ 298/306 +/+ +/+ +/- 1/11 or3/9

also showed linkage between the G47D mutation and
haplotype 1. Individual CI 2 has both the G47D muta-
tion and haplotype 1, yet linkage between the two
cannot be inferred without analysis of additional fam-
ily members. In contrast to this are the results for the
P81L mutation. The P81L mutation was found on
haplotype 4 in the two individuals from the Canary
Islands, while the P81L mutation was found to be on
haplotype 1 in the extended family from the United
States. Haplotype analysis of the normally pigmented
control individuals from Puerto Rico showed that
both haplotypes associated with the mutations (i.e.,
haplotypes 1 and 4) were present, as were several

different haplotypes not observed with any of the type
I-A OCA mutations.

Discussion

We have analyzed individuals with type I-A OCA
who are from the northwestern region of Puerto Rico,
an area that includes the cities of Rincon, Aguadilla,
and Arecibo, or from the Canary Islands, Spain. All
individuals studied had a classic type I-A OCA pheno-
type, with white skin and hair, blue translucent irides,
and no evidence of pigment in these tissues. Table 3
shows the distribution of mutations found in these
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Table 3

Mutations Found in Puerto Rico and
the Canary Islands

Population and Mutation No.

Puerto Rico:
G47D/G47D .............................. 17
G47D/T373K .............................. 1
G47D/? ................. ............. 1
W236X/W236X .............................. 1

Canary Islands:
G47D/L216M ............................. 1
P81L/P81L .......................1......
P81L/? ............. ................ 1

affected individuals. Clearly, the G47D mutation is
the dominant mutation associated with type I-A OCA
in the northwestern area of Puerto Rico, and it is also
found in the Canary Islands. This mutation is identical
to the G47D mutation found in a previously described
non-Hispanic extended family from the United States
(Oetting et al. 1991a). In Puerto Rico and the United
States, the G47D mutation is on haplotype 1 and po-

tentially is linked to haplotype 1 from individual CI 2
from the Canary Islands, providing strong evidence
for a common founder for this mutation. Historically,
there is a connection between the populations of
Puerto Rico and the Canary Islands, and it is very

possible that the G47D mutation was carried with the
migration of these people. The family in the United
States is also likely to be related (however remotely)
to the same individuals who were among the founders
of these two island populations, although family his-
tory revealed no suggestion of this linkage.

Coincidentally, the same extended U.S. family also
had the P81L mutation found in individuals with OCA
in the Canary Islands. In this case, there were two
different haplotypes associated with this mutation.
The P81L mutation has also been described by Giebel
et al. (1990) in a large extended family in Wisconsin
and was reported as a frequent tyrosinase gene muta-
tion associated with type I OCA in the Caucasian pop-
ulation. They also found the P81L mutation to be
associated with two different haplotypes. There are

two potential explanations. First, this could be a very
old mutation that has been distributed to the two hap-
lotypes by recombination. Only one recombination is
needed to exchange the P81L from haplotype 1 to
haplotype 4. Second, this mutation could have oc-

curred at least twice on two different haplotype back-
grounds.
Two of these mutations, W236X and L216M, have

not been previously reported. The nonsense mutation
W236X, located in exon I, would result in the produc-
tion of a truncated protein with over half the expected
amino acids missing. The L216M mutation is located
in the putative copper A-binding region of the enzyme
(see below).
We have found that the missense mutations associ-

ated with type I OCA cluster in three distinct areas of
the tyrosinase-coding region (King et al. 1991). These
clusters are thought to represent important functional
domains of the enzyme necessary for catalytic activity
and therefore would be sensitive to amino acid substi-
tutions. Currently, six different missense mutations,
including G47D and P81L, have been found within a
cluster in the 5' end of the gene. We hypothesize that
this region contains a substrate (tyrosine)- or cofactor
(dopa)-binding site for the enzyme (Oetting and King,
in press-b). The second and third clusters are located at
the putative copper A- and copper B-binding regions.
The L216M mutation is located at the putative copper
A-binding region, and both the T373K mutation and
the N371T mutation (fig. 2F) from the extended fam-
ily are found in the putative copper B-binding region
(Oetting and King, in press-a). These two regions are
thought to form a coupled binuclear copper complex
(Ross and Solomon 1991). The copper atoms complex
with oxygen and tyrosine in the first step of melanin
biosynthesis within this site. We hypothesize that any
alterations -whether in the copper-copper distance of
the coupled binuclear copper complex, the stability of
the copper-protein interaction, or the ability ofoxygen
to bind the copper complex-that are caused by these
mutations could affect the catalytic properities oftyro-
sinase and result in a lack of melanin biosynthesis
(Oetting and King, in press-a). Further correlation be-
tween mutation location and tyrosinase activity will
contribute to a better understanding of how alter-
ations in enzyme structure affect phenotype-genotype
relationships.

Haplotype analysis of mutations of the tyrosinase
gene that are associated with type I OCA will now
allow us to follow the distribution of specific muta-
tions in populations. The analysis of additional indi-
viduals with type I OCA who are from various regions
of the world will provide insight into the population
origin and distribution of mutations of this important
gene.

Acknowledgments
This investigation was supported by NIH grants

GM22167 and AR40001. The authors would like to thank

22



Type I-A OCA Mutations in Puerto Rico 23

Dr. Inez Escular for his help in preparation of the manu-
script. The authors would also like to thank the families for
their generous participation in this work.

References
Giebel LB, Musarella MA, Spritz RA (1991a) A nonsense

mutation in the tyrosinase gene of Afghan patients with
tyrosinase-negative (type IA) oculocutaneous albinism. J
Med Genet 28:464-467

Giebel LB, Spritz RA (1990) RFLP for MboI in the human
tyrosinase (TYR) gene detected by PCR. Nucleic Acids
Res 18:3103

Giebel LB, Strunk KM, King RA, Hanifin JM, Spritz RA
(1990) A frequent tyrosinase gene mutation in classic,
tyrosinase-negative (type IA) oculocutaneous albinism.
Proc Natl Acad Sci USA 87:3255-3258

Giebel LB, Tripathi RK, King RA, Spritz RA (1991b) A
temperature-sensitive tyrosinase in human albinism: a hu-
man homologue to the Siamese cat and the Himalayan
mouse. J Clin Med 87:1119-1122

Giebel LB, Tripathi RK, Strunk KM, Hanifin JM, Jackson
CE, King RA, Spritz RA (1991c) Tyrosinase gene muta-
tions associated with type IB ("yellow") oculocutaneous
albinism. Am J Hum Gen 48:1159-1167

JohnstonJD, Winder AF, Breimer LH (1992) An MboI poly-
morphism at codon 192 of the human tyrosinase gene is
present in Asians and Afrocaribbeans. Nucleic Acids Res
20:1433

Kikuchi H, Hara S, Ishiguro S, Tamai M, Watanabe M
(1990) Detection of point mutation in the tyrosinase gene
of a Japanese albino patient by a direct sequencing of
amplified DNA. Hum Genet 85:123-124

King RA, Mentink MM, Oetting WS (1991) Non-random
distribution ofmissense mutations within the human tyro-
sinase gene in type I (tyrosinase-related) oculocutaneous
albinism. Mol Biol Med 8:19-30

King RA, Summers CG (1988) Albinism. Dermatol Clin 6:
217-228

Kwon, BS, Haq AK, Pomerantz SH, Halaban R (1987) Iso-
lation and sequence of a cDNA clone for human tyrosinase
that maps at the mouse c-albino locus. Proc Natl Acad Sci
USA 84:7473-7477

Lerner AB, Fitzpatrick TB (1950) Biochemistry of melanin
formation. Physiol Rev 30:91-126

Morris SW, Muir W, St. Clair D (1991) Dinucleotide repeat
polymorphism at the human tyrosinase gene. Nucleic
Acids Res 19:6968

Oetting WS, Handoko HY, Mentink MM, Paller AS, White
JG, King RA (1991a) Molecular analysis of an extended
family with type IA (tyrosinase-negative) oculocutaneous
albinism. J Invest Dermatol 97:15-19

Oetting WS, King RA. Analysis of mutations in the copper
B binding region associated with type I (tyrosinase related)
oculocutaneQus albinism. Pigment Cell Res (in press-a)

. Molecular analysis of type IA (tyrosinase negative)
oculocutaneous albinism. Hum Genet (in press-b)

Oetting WS, Mentink MM, Summers CG, Lewis RA, King
RA (1991b) Three frameshift mutations associated with
type IA oculocutaneous albinism. Am J Hum Genet 49:
199-206

Oetting WS, Roed CM, Mentink MM, Handoko HY, King
RA (1991c) PCR detection of a TaqI polymorphism at
the CCAATT box of the human tyrosinase (TYR) gene.
Nucleic Acids Res 19:5800

Ross PK, Solomon EI (1991) An electronic structural com-
parison of copper-peroxide complexes of relevance to he-
mocyanin and tyrosinase active sites. JAm Chem Soc 11 3:
3246-3259

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich
HA (1985) Enzymatic amplification of 3-globin genomic
sequences and restriction site analysis for diagnosis of
sickle cell anemia. Science 230:1350-1354

Sanger F, Nicklen S, Coulson AR (1977) DNA sequencing
with chain-terminating inhibitors. Proc Natl Acad Sci
USA 74:5463-5467

Southern EM (1975) Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J Mol
Biol 98:503-517

Spritz RA, Strunk K, Giebel LB, King RA (1990) Detection
of tyrosinase gene mutations in a patient with type IA
oculocutaneous albinism. N EnglJ Med 322:1724-1728

Spritz RA, Strunk KM (1991) RFLP for BglII at the human
tyrosinase (TYR) locus. Nucleic Acids Res 18:3672

Spritz RA, Strunk KM, Hsieh C-L, Sekhon S, Francke U
(1991) Homozygous tyrosinase gene mutation in an
American black with tyrosinase-negative (type IA) oculo-
cutaneous albinism. Am J Hum Genet 322:1724-1728

Takeda A, Tomita Y. Matsunaga J, Tagami H, Shibahara
S (1990) Molecular basis of tyrosinase-negative oculocu-
taneous albinism. J Biol Chem 265:17792-17797

Tomita Y. Takeda A, Okinaga S, Tagami H, Shibahara S
(1989) Human oculocutaneous albinism caused by single
base insertion in the tyrosinase gene. Biochem Biophys
Res Commun 164:990-996

Witkop CJ, Babcock MN, Roa GHR, Gaudier F, Summers
CG, Shanahan F, Harmon KR, et al (1990) Albinism and
Hermansky-Pudlak syndrome in Puerto Rico. Biol Asoc
Med Puerto Rico 82:333-339

Witkop CJ Jr, Quevedo WC Jr, Fitzpatrick TB, King RA
(1989) Albinism and the disorders of pigment metabo-
lism. In: Scriver CR, Beaudet AL, Sly WS, Valle D (eds)
The metabolic basis of inherited disease, 6th ed. McGraw-
Hill, New York, pp 2905-2947


