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Summary

We have analyzed the tyrosinase (TYR) gene in 38 unrelated patients with oculocutaneous albinism (OCA),
derived from several different ethnic groups of the diverse population of Israel. We detected TYR gene

mutations in 23 of the 34 patients with apparent type I (i.e., tyrosinase-deficient) OCA and in none of the
patients with other clinical forms of albinism. Among Moroccan Jews with type IA (i.e., tyrosinase-negative)
OCA, we detected a highly predominant mutant allele containing a missense substitution, Gly47Asp (G47D).
This mutation occurs on the same haplotype as in patients from the Canary Islands and Puerto Rico, suggesting
that the G47D mutation in these ethnically distinct populations may stem from a common origin.

Introduction

Oculocutaneous albinism (OCA) is a heterogeneous
group of genetic disorders of melanin pigmentation
that have been observed in virtually all human popula-
tions. Deficient melanin pigmentation of the skin re-
sults in severe photosensitivity and predisposition to
skin cancer. Deficient melanin pigment in the develop-
ing visual neural pathways results in foveal hypolasia
and reduced visual acuity, nystagmus, and strabismus
(reviewed in Witkop et al. 1989). In type I (i.e., tyrosi-
nase-deficient) OCA, reduced or absent melanin biosyn-
thesis is the result of deficient catalytic activity of tyrosi-
nase (monophenol monooxygenase; monophenol,
L-dopa:oxygen oxidoreductase; E.C.1.14.18.1). Tyrosi-
nase is a copper-containing enzyme that catalyzes the
rate-limiting first two steps in the melanin biosynthetic
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pathway, the oxidation of tyrosine to dopa, and the
subsequent dehydrogenation of dopa to dopaquinone
(Lerner and Fitzpatrick 1950). In classic, type IA (i.e.,
tyrosinase-negative) OCA, tyrosinase activity and mela-
nin biosynthesis are entirely absent, whereas in type IB
(i.e., "yellow") OCA, tyrosinase activity and melanin
biosynthesis are greatly reduced (reviewed in Spritz
1993).

Tyrosinase is a 58-kD glycoprotein composed of 529
amino acids (Kwon et al. 1987; Shibahara et al. 1988).
The human tyrosinase (TYR) gene consists of five
exons spanning -50 kb of DNA (Giebel et al. 1991b) in
chromosome segment 11q14-q21 (Barton et al. 1988).
To date, at least 44 different pathologic mutations of
the TYR gene have been reported in patients with OCA
from several different ethnic groups (reviewed in Oet-
ting and King 1993; Spritz 1993; Tripathi et al. 1993),
although the great majority of these patients have been
Caucasian.
We have analyzed the TYR gene in 38 unrelated pa-

tients with OCA from Israel. Among these patients, we
identified 10 different TYR gene mutations, 7 of which
are novel, and 1 novel silent polymorphism. Among
Moroccan Jews with type I OCA, one mutant allele is
highly predominant, greatly simplifying efforts at car-
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Table I

TYR Gene Mutation Analysis in 38 Israeli Patients with OCA

OCA Age
Patient Type Ethnic Group (years) Sex Consanguinity Mutationa

Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan/Tunisian Jew
Tunisian Jew
Tunisian Jew
Libyan Jew
Libyan Jew
Libyan Jew
Ashkenazi/Tunisian/Sephardic Jew
Ashkenazi Jew
Moroccan/Iraqi Jew
Arab Christian
Arab Christian
Arab Christian
Arab Christian
Arab Christian
Arab Moslem
Arab Moslem
Moroccan Jew
Moroccan Jew
Moroccan Jew
Moroccan/Sephardic Jew
Ashkenazi Jew
Ashkenazi Jew
Arab Moslem
Arab Moslem
Ashkenazi Jew
Ashkenazi Jew
Arab Moslem
Ashkenazi Jew

7

33
15
S

37
29
29
28
17
21
S

16
31
42
34
29
14
26
19
17
42
31
13
2
7
7

14
4

32
8

35
11
40
13
10
22
4

45

F
M

M

M

M

M

F
M

F
F
M

M

F
M

M

F
M

M

F
M

M

M

F
M

F
M

F
M

F
M

M

F
F
M

F
F
M

M

G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/G47D
G47D/None
R278X/None

None
None

T373K/None
T373K/None

None
G47D/217AC

None
None

R299H/R299H
None

R402X/R402X
R402X/R402X
SSOX/SSOX

None
None

G47D/None
G47D/None
G47D/None

E294K/IVS2 -7A
None

P152S/A355A
None
None
None
None
None
None

a Novel mutations are indicated by underlining.

rier detection and prenatal diagnosis in this particular
highly inbred ethnic group.

Subjects, Material, and Methods

Subjects
Thirty-eight unrelated patients from several different

Israeli ethnic groups (table 1) were classified as to appar-

ent OCA type, principally on the basis of clinical crite-

ria. Assays of skin or hairbulb tyrosinase activity (Wit-
kop et al. 1989) were available only for patients 1, 9, 23,
25, 26, 34, and 35.

PCR Amplification ofHuman TYR Gene Segments
DNA was isolated from peripheral blood leukocytes

by standard procedures. DNA fragments correspond-
ing to the five TYR gene exons plus adjacent noncoding
and flanking sequences (Giebel et al. 1991b) were am-
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plified in duplicate from 0.1 ig genomic DNA of each
proband by 35 cycles of the PCR (Saiki et al. 1988), as
described elsewhere (Giebel et al. 1991a).

SSCP/Heteroduplex (HDX) and DNA Sequence
Analyses

For patients 1-3, 26, and 32 the products of the du-
plicate PCR amplifications were pooled for each of the
five TYR exons, purified in 4% polyacrylamide gels,
eluted, and cloned in M13mpl9. The nucleotide se-
quences of at least six independent clones per exon
were determined (Sanger et al. 1977). For all other pa-
tients the duplicate PCR products for each exon were
pooled and were screened by combined SSCP/HDX
analysis using MDE gels (AT Biochemical) as described
elsewhere (Spritz et al. 1992). For TYR exons 2-5 the
PCR products were analyzed directly. For exon 1 the
1,060-bp PCR product was first cleaved by TaqI and
PstI to 520-, 385-, and 130-bp fragments, which were
then analyzed as a mixture. In some cases exon 5 was
also analyzed as two overlapping fragments, 422 and
433 bp in size, amplified separately as described else-
where (Tripathi et al. 1993). TYR exon segments ex-
hibiting aberrant SSCP/HDX patterns were indepen-
dently reamplified in duplicate, purified, cloned, and
sequenced as described above.

Restriction-Enzyme Cleavage Analysis
The G47D mutation abolishes a HaeIII cleavage site

(GGCC). To confirm SSCP/HDX and/or DNA se-
quence demonstration of the G47D mutation in pa-
tients 1-10, 17, and 27-29, a 293-bp fragment contain-
ing part of exon 1 was amplified by the PCR using
as primers 5'-ATGCTCCTGGCTGTTTTGTACT-3'
and 5'-AGTTTCCACAGTTGAATCCC-3'. These frag-
ments were then cleaved with HaeIII and were analyzed
by electrophoresis in either 6% polyacrylamide or 2%
agarose gels.

Similarly, the E294K mutation both abolishes an
AvaI site and creates a novel StyI site. Both of these
enzymes were used to confirm heterozygosity for this
mutation in the exon 2 fragments amplified from DNA
of patient 30 and his mother.

Polymorphism Haplotype Analysis
Three common DNA polymorphisms in or near the

TYR gene were used for haplotype analysis of patients
1-8, 14,15, 17,22,23,28, and 30. A TaqI RFLP result-
ing from a C/A polymorphism in the promoter region
(Oetting et al. 1991b) was analyzed by amplifying a 784-

bp fragment by the PCR using as primers 5'-GCTCTT-
TAACGTGAGATATC-3' and 5'-GGAGACACAGGC-
TCTAGGGA-3' (Giebel et al. 1991b), digestion with
TaqI, and electrophoresis in 2% agarose gels. An MboI
RFLP resulting from a C/A polymorphism within co-
don 192 was analyzed as described elsewhere (Giebel
and Spritz 1990). A BglII RFLP within the first interven-
ing sequence (Spritz and Strunk 1990) was analyzed by
cleavage of genomic DNAs by BglI and Southern blot
hybridization (Southern 1975) using as probe cloned
human TYR cDNA pMEL34 (Kwon et al. 1987). For
patients 14 and 15 only, exon 4 was subjected to DNA
sequence analyses to analyze an A/G polymorphism
within codon 402 (Tripathi et al. 1991).

Results

Patients with Type IA OCA
As shown in table 1, patients 1-10 were all Moroc-

can Jews with clinical type IA OCA, with no apparent
pigmentation of the skin, hair, or eyes and with low
vision and nystagmus. L-DOPA incubation assay per-
formed on the skin of patients 1 and 9 showed no ap-
parent tyrosinase enzymatic activity. SSCP/HDX and
DNA sequence and/or HaeIII cleavage analyses
showed that patients 1-9 were all homozygous for
the same missense substitution, codon 47 GGC
(Gly)-*GAC (Asp) (G47D) (fig. 1A). Patient 10 was het-
erozygous for this mutation; no abnormality was de-
tected on the other allele. The G47D mutation has been
identified previously, in a single Caucasian patient (Oet-
ting et al. 1991a) and in Hispanic patients from Puerto
Rico and the Canary Islands (Oetting et al. 1993).

Patient 11 was a Moroccan/Tunisian Jew with type
IA OCA. SSCP/HDX and DNA sequence analyses
showed that he was heterozygous for a novel nonsense
mutation, codon 278 CGA (Arg)- TGA (TER) (R278X)
(fig. 1B). No abnormality was detected on the other
allele. SSCP/HDX analysis of DNA of his mother, a
Moroccan Jew, showed that she was also heterozygous
for this substitution. Thus, the paternal (Tunisian) allele
of patient 11 apparently contained either an occult mu-
tation or a TYR gene deletion that was invisible to our
PCR-based analyses.

Patients 12 and 13 were both Tunisian Jews with
type IA OCA. SSCP/HDX analysis detected no abnor-
malities in either of these patients.

Patients 14-16 were Libyan Jews with type IA OCA.
SSCP/HDX and DNA sequence analyses demonstrated
that patients 14 and 15 were heterozygous for the same
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Figure I TYR gene mutations found in Israeli patients with
type I OCA. A, G47D missense mutation found in patients 1-10, 17,
and 27-29. B, R278X nonsense mutation found in patient 11. C,
T373K missense mutation found in patients 14 and 15. D, R217AC
frameshift found in patient 17. E, R299H missense mutation found
in patient 20. F, R402X nonsense mutation found in patients 22 and
23. G, S50X nonsense mutation found in patient 24. H, E294K mis-
sense mutation found in patient 30. I, IVS2 -7A splice mutation
found in patient 30.1, P152S missense mutation found in patient 32.
K, A355A polymorphism found in patient 32.
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missense mutation, codon 373, ACA (Thr)- AAA (Lys)
(T373K) (fig. 1C). This mutation has previously been
observed in numerous Caucasian individuals (Spritz et

al. 1990; Spritz 1993). No abnormalities were detected

on their other alleles, and no abnormality was detected
in patient 16.

Patient 17, also with type IA OCA, was of mixed
Ashkenazi, Sephardic, and Tunisian Jewish origin.
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B
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SSCP/HDX and DNA sequence analyses demonstrated
that he was an apparent compound heterozygote for
the G47D mutation described above and a novel frame-
shift at codon 217, CGG (Arg)-*GG (217AC) (fig. 1D).
His family was not available for study.

Patient 18 was an Ashkenazi Jew, and patient 19 was
a Moroccan/Iraqi Jew; both had type IA OCA. SSCP/
HDX analysis detected no abnormalities in either case.

Patient 20 was an inbred Christian Arab with type IA
OCA. SSCP/HDX and DNA sequence analyses demon-
strated that he was homozygous for a missense muta-
tion at codon 299, CGT (Arg)- CAT (His) (R299H)
(fig. 1E). This substitution has been observed previ-
ously, in a single Caucasian patient with type IA OCA
(Tripathi et al. 1992b).

Patient 21 was a Christian Arab with type IA OCA.
SSCP/HDX analysis detected no abnormalities.

Patients 22 and 23 were both inbred Christian Arabs
with type IA OCA. Tyrosinase assay of hairbulbs from
patient 23 showed no detectable activity. SSCP/HDX
and DNA sequence analyses demonstrated that both of
these patients were homozygous for a novel nonsense
mutation, codon 402 CGA (Arg)--TGA (TER) (R402X)
(fig. 1F). It is interesting that this mutation occurs at a
residue that is polymorphic (R402Q) among normal
Caucasians (Tripathi et al. 1991), and the R402X and
R402Q substitutions appear to result from reciprocal
deamination events at a CpG within the common form
of the codon, CGA.

Patient 24 was an inbred Christian Arab with type IA
OCA. SSCP/HDX and DNA sequence analyses demon-
strated that he was homozygous for another novel non-
sense mutation, codon 50 TCA (Ser)-*)TGA (TER)
(S50X) (fig. 1G). Both parents were heterozygous for
this mutation.

Patients 25 and 26 were both Moslem Arabs with
type IA OCA. L-DOPA incubation assay performed on
the skin of both patients showed no detectable tyrosi-
nase activity. SSCP/HDX analysis detected no abnor-
malities in patient 25, and complete DNA sequence
analysis detected no abnormalities in patient 26.

Patients with Type lB OCA
Patients 27-29 were Moroccan Jews with type IB

OCA. SSCP/HDX and DNA sequence and/or HaeIII
cleavage analyses demonstrated that all three were het-
erozygous for the G47D substitution, described above.
We detected no abnormality of the other allele in any
of these three patients.

Patient 30 was a Moroccan/Sephardic Jew with type

lB OCA. SSCP/HDX and DNA sequence analyses dem-
onstrated two different novel mutations. A missense
mutation at codon 294, GAG-*AAG, results in a
Glu-oLys substitution (E294K) (fig. 1H) and was in-
herited from his mother, a Moroccan Jew. The other
mutation is near the 3' end of the second intervening
sequence (IVS2), a t-*a transition 7 bp upstream of the
3' splice site (IVS2 -7A) (fig. 11). This mutation creates
a novel ag dinucleotide that most likely acts as a novel 3'
splice site for IVS2, interfering with normal splicing of
tyrosinase pre-mRNA and resulting in an mRNA con-
taining a frameshift. This is very similar to several muta-
tions known to cause ,B-thalassemia (Spritz et al. 1981;
Weatherall et al. 1989) and is the first apparent RNA
splicing mutation described in association with albi-
nism. We have also observed the IVS2 -7A mutation in
four other patients of northern European origin, all
with type IB OCA (authors' unpublished data).

Patients 31 and 32 were European Ashkenazi Jews
with clinically apparent type IB OCA. SSCP/HDX anal-
ysis detected no abnormalities in patient 31. However,
SSCP/HDX and DNA sequence analyses in patient 32
demonstrated two novel mutations. A missense substi-
tution at codon 152, CCC--TCC, results in a Pro-*Ser
substitution at this site (P152S) (fig. 1J). A substitution
at codon Ala355, GCG-*GCA, is silent (A355A) (fig.
1K), and we detected no additional abnormalities. The
family of patient 32 was not available for study; there-
fore, we could not determine whether these two muta-
tions were in cis or in trans. Amino acid 152 is distant
from the two segments of the tyrosinase polypeptide in
which amino acid substitutions typically result in type
IA OCA, possibly accounting for the relatively mild
phenotype apparently associated with the P152S sub-
stitution. It will thus be important to test the effect of
this substitution on tyrosinase stability and catalytic
activity, by use of in vitro functional assays (Tripathi et
al. 1992a).

Patients 33 and 34 were Moslem Arabs with type IB
OCA. Assay of hairbulb tyrosinase in patient 34
showed no enzymatic activity. SSCP/HDX analyses de-
tected no abnormalities in either of these patients.

Patients with Type 11 (Tyrosinase-positive) OCA
Patients 35 and 36 were Ashkenazi Jews, and patient

37 was a Moslem Arab; all three had clinically apparent
type II OCA. Assay of hairbulb tyrosinase in patient 35
showed normal activity. SSCP/HDX analyses detected
no abnormalities of the TYR gene in any of these three
patients, consistent with our observation of mutations
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Table 2

Haplotype Analysis of TYR Gene Mutations in Israeli Patients with Type I OCA

POLYMORPHISMb

PATIENTa ETHNIC GROUP MUTATION -199 192 Bg1II HAPLOTYPEC

I1 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
12 ...... Moroccan Jew G47D/G47D +/+ + +/+ 1,9/1,9
13 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
14 ...... Moroccan Jew G47D/G47D +/+ + +/+ 1,9/1,9
I5 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
16 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
17 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
18 ...... Moroccan Jew G47D/G47D +/+ +/+ +/+ 1,9/1,9
117 .... Mixed Jewish G47D/217AC +/+ +/+ +/- 1,9/1,3
128 .... Moroccan Jew G47D/? +/- +/+ Indeterminate
114 .... Libyan Jew T373K/? +/+ +/- +/- Indeterminate
115 .... Libyan Jew T373K/? +/+ +7- +7- Indeterminate
USI .... Northern European T373K/D383N +/+ -7- 7- 4,12/4,12
US2 .... Northern European T373K/N382K +/+ -7- -7- 4,12/4,12
US3 .... Northern European T373K/R422Q +/+ -7- -7- 4,12/4,12
US4 .... Northern European T373K/G446S +/+ +7 +7- Indeterminate
US5 .... Northern European T373K/G446S +/+ +7- +7- Indeterminate
US6 .... Northern European T373K/? +/+ +7- +7- Indeterminate
122 Arab Christian R402X/R402X -7- +/+ -7- 7,15/7,15
123 Arab Christian R402X/R402X -7- +/+ -7- 7,15/7,15
US7 .... Northern European R402X/R402X -7- +/+ -7- 7,15/7,15
Ill .... Mixed Jewish R278X/? +/+ +/+ +/+ 1,9,17/1,9,17
G1 .... Guyanan R278X/? +/+ +/- +/-
130 .... Mixed Jewish IVS2 -7A/E294K +7- +/+ -7- 3,11/7,15
US8 .... Northern European IVS2 -7A/V275F +7- +/+ +7 Indeterminate
US9 .... Northern European IVS2 -7A/S380P +/+ +/+ +7- 3,11/1,9,17

aI = Israeli; US = United States; and G = Guyanan.
b A plus sign (+) indicates the presence of the polymorphic TaqI (-199), Mbol (192), and BglII sites; - indicates absence of the site; and a

question mark (?) indicates that no mutation was identified on one allele in some patients.
' Assigned according to the method of Oetting et al. (1993); because one polymorphism used by those authors was not analyzed, multiple

alternative haplotypes are indicated.

of the P gene in many patients with type II OCA (Lee et

al., in press).

Patient with Ocular Albinism
Patient 38 was an Ashkenazi Jew with clinically ap-

parent ocular albinism; the family history was negative.
SSCP/HDX analysis detected no apparent abnormali-
ties of the TYR gene.

Haplotype Analysis
Patients 1-8 were all Moroccan Jews homozygous

for the G47D substitution. As shown in table 2, all of
these patients (11-18) were homozygous for a +++
TYR polymorphism haplotype. Patient 17, of mixed
Jewish ancestry, was heterozygous for the G47D muta-

tion and was also an obligate heterozygote for the +++
haplotype. In patient 28, a Moroccan Jew heterozygous
for the G47D mutation, haplotype analysis was indeter-
minate but was consistent with this assignment. Thus,
in all patients analyzed, the G47D mutation was appar-
ently associated with a +++ haplotype.

Israeli patient 11 , of mixed Jewish origin, was hetero-
zygous for the R278X nonsense mutation. We have
also observed this substitution in a patient of Guyanan
origin (Tripathi et al. 1993). As shown in table 2, Israeli
patient Ill was homozygous for the +++ haplotype.
Haplotype analysis of the Guyanan patient Gl was inde-
terminate; however, haplotype analysis of his mother
demonstrated that the R278X mutation was associated
with the +++ haplotype. Therefore, the R278X muta-
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tion appears to be associated with the same haplotype
in the Guyanan and Israeli patients.

Patients 14 and 15 were both Libyan Jews heterozy-
gous for the T373K mutation. This mutation is rela-
tively common among patients of northern European
origin (Spritz et al. 1990; Spritz 1993). As shown in table
2, the T373K mutation was associated with the +--
haplotype in Caucasian patients US1, US2, and US3.
The haplotype could not be determined in Israeli pa-
tients 114 and 115, but it is consistent with this assign-
ment. DNA sequence analysis of PCR-amplified exon 4
demonstrated that Israeli patients 14 and 15 were both
heterozygous at polymorphic codon 402 (Tripathi et al.
1991); elsewhere we have shown that the T373K muta-
tion is associated with 402CGA (Spritz et al. 1990; Tri-
pathi et al. 1992b) in Caucasians.

Patients 22 and 23 were both inbred Arab Christians
homozygous for a novel nonsense mutation, R402X.
As shown in table 2, both patients were homozygous
for the -+- haplotype. We have also observed the
R402X mutation in two Italian patients with type IA
OCA. As shown in table 2, one of these individuals,
patient US7, who was homozygous, by descent, for this
mutant allele (authors' unpublished data), was also ho-
mozygous for the -+- haplotype. Thus, the R402X
nonsense mutation appears to be associated with the
same haplotype in the Italian and Arab Christian pa-
tients.

Israeli patient 30 was a compound heterozygote for
two novel mutations, E294K and IVS2 -7A. We have
also observed the IVS2 -7A mutation in four individ-
uals of northern European origin. Haplotype analysis in
Israeli patient 130 and his (Moroccan Jewish) mother,
who carried the E294K mutation, and in two of the
American patients (US8 and US9) was indeterminate.
However, the data are consistent with the three pa-
tients sharing a common haplotype (++-).

Discussion
We have screened for mutations of the TYR gene in

38 Israeli patients with OCA. As shown in table 1, these
patients derived from a variety of different ethnic
groups, including Moroccan, Tunisian, Libyan, Sephar-
dic (Spanish), and Ashkenazi (European) Jews, as well as
Arab Christians and Moslems. The majority of patients
were classified on the basis of clinical criteria, as assays
of tyrosinase activity were not available for most.
Of the 34 patients with apparent type I OCA, we

detected mutations of the TYR gene in 23 (68%). This
is comparable to the frequencies of TYR gene muta-

tions detected in patients of Caucasian and of Indo-Pa-
kistani ethnic origins (Spritz 1993). Seven of the muta-
tions that we detected among these Israeli patients have
not been described previously, and some may thus be
unique to these groups. However, some of the muta-
tions that we detected have also been identified in
other populations. Our observation of different preva-
lent mutant alleles in each Israeli subpopulation bears
interpretation in light of the different histories of those
groups.
Among Israeli patients of Moroccan Jewish origin,

the G47D mutant allele (fig. 1A) is highly predominant.
Of the 18 independent obligate type IA OCA alleles
sampled among the Moroccan Jewish patients studied
here, 15 (83%) contained the G47D mutation. In addi-
tion, patients 27-29, who were also of Moroccan Jew-
ish origin but had type IB OCA, all were heterozygous
for the G47D mutation. The G47D mutation is ex-
tremely rare among patients of northern European
Caucasian origin (Spritz 1993); indeed, it has been ob-
served in only one family (Oetting et al. 1991a). Re-
cently, however, Oetting et al. (1993) identified the
G47D mutation in a large number of Hispanic patients
from Puerto Rico and in a patient from the Canary
Islands, a territory of Spain.
The history of the Sephardic (Spanish) and Moroc-

can Jewish populations may provide clues to the origin
and spread of the G47D mutation. The majority of the
Moroccan Jewish population was indigenous, having
arrived during antiquity. Some migration of Sephardic
Jews to northern Africa occurred by the 7th century
(Beinart 1992)-and again in 1391 and in 1492, when
the Sephardic Jews were expelled from Spain to various
other countries around the Mediterranean (Morocco,
Libya, Tunisia, Portugal, Italy, Turkey, and the Bal-
kans) (Gilbert 1993). In addition, during the 16th and
17th centuries Morocco became a haven for conversos
(Jews converted to Christianity) fleeing Spain, Portugal,
Madeira, and the Canary Islands. The close geographic
proximity and political relationship of Spain to Mo-
rocco and the Canary Islands, the exploration of Puerto
Rico by Spanish sailors, and the historical population
migration from the Canary Islands to Puerto Rico
strongly suggest that the G47D mutations in all of these
populations derive from a common origin. This is sup-
ported by our observation of the G47D substitution in
a patient of mixed Sephardic Jewish origin (patient 17)
and by the fact that the G47D mutation appears to be
associated with the same RFLP haplotype in Moroccan
Jews (table 2) as in patients from the Canary Islands,

592



Mutations of the Tyrosinase Gene in Patients with Albinism 593

Puerto Rico, and the United States (Oetting et al. 1993).
The G47D mutant allele may have existed in the indige-
nous Moroccan Jewish population, or it may have been
introduced subsequently, most likely by Sephardic Jews
or Spanish sailors.

In contrast, we did not detect the G47D mutation
among any of the Israeli patients from other Jewish
subgroups of the Mediterranean basin. However, two
of the three Libyan Jewish patients with type IA OCA
whom we studied were heterozygous for a different
missense mutation, T373K (fig. 1C). This mutation ac-
counts for -14% of type I OCA alleles among north-
ern European Caucasian patients (Spritz et al. 1990;
Spritz 1993). Although not conclusive, the haplotype
data were consistent with origination of the T373K
mutation in the Libyan Jewish and northern European
populations from a common ancestor. Here, history is
less helpful; principal Jewish settlement of Libya oc-
curred during antiquity, and subsequent influx was rela-
tively minor. The T373K mutant allele thus may have
existed in the Jewish population during antiquity, or it
may have been introduced to Libya by European sea-
farers.
We did not observe either the G47D or T373K mu-

tant alleles among the small number of Tunisian Jews
studied; in fact, we were not able to identify any abnor-
malities in these patients. Principal settlement of Jews
in Tunisia occurred during antiquity. There was addi-
tional settlement during the 1391 emigration of Sephar-
dic Jews from Spain, but very little following the Span-
ish expulsion of 1492. A minor Jewish influx occurred
during the 17th century, principally from Italy (Li-
vorno). Thus, the Jewish settlement of Tunisia was
largely independent of those of Morocco or Libya.

Together, our data indicate that the principal type I
OCA mutant alleles in the Moroccan, Libyan, and Tuni-
sian Jewish populations were probably introduced inde-
pendently. It is surprising that there appears to have
been little genetic admixture of OCA alleles among
these groups, despite considerable recorded contact.
The very high prevalence of the G47D mutant allele
among Moroccan Jewish and Puerto Rican patients
with type IA OCA should facilitate carrier detection
and prenatal diagnosis of type IAOCA in high-risk fami-
lies derived from these ethnic groups.
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