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 Schnyder crystalline corneal dystrophy (SCCD; OMIM
121800) is an autosomal dominantly inherited disorder that is
characterized by corneal stromal cholesterol deposition, most
commonly in an axially distributed, annular or discoid pattern
with prominent arcus lipoides. While affected individuals dem-
onstrate a higher prevalence of hypercholesterolemia than that
observed in the general population, the majority of affected
individuals do not have elevated serum cholesterol levels [1].
Affected individuals often require corneal transplantation for
visual rehabilitation although laser phototherapeutic keratec-
tomy has been reported to be of benefit in patients with cor-
neal opacification primarily involving the anterior stroma [2,3].

The search for the genetic basis of SCCD began over 10
years ago with the performance of a genome-wide linkage
analysis in two large affected families of Scandinavian de-
scent [4]. Significant evidence of linkage to chromosome
1p24.1-p36 (now defined as 1p36.2-p36.3) was obtained in
each family with haplotype analysis defining a 16 cM candi-
date interval [5]. Fine mapping of this candidate region in these

and 11 other affected families refined the SCCD locus to a
2.32 Mbp interval, containing 31 known and predicted genes
(build 35.1) [5]. We have previously reported the absence of
coding region mutations in 15 of the positional candidate genes
in two families with SCCD [6]. Subsequently, we proceeded
to screen the remaining positional candidate genes mapped to
the 2.32 Mbp interval between the D1S1160 and D1S1635
markers. Although a large number of novel and previously
identified sequence variants were identified in these genes,
each was considered a polymorphism due to nonsegregation
with the affected phenotype in the family identified with it
and/or due to identification of the sequence variant in control
individuals.

Recently, Orr and colleagues [7] identified five different
presumed missense mutations in the UbiA prenyltransferase
domain containing gene (UBIAD1) in five families with SCCD.
While UBIAD1 is located 368 Kbp centromeric to the D1S1635
marker that defines the centromeric border of the 2.32 Mbp
fine mapped interval for SCCD, it is located within an over-
lapping 1.3 Mbp candidate interval identified through the per-
formance of linkage and haplotype analysis by Orr and col-
leagues in a large family with SCCD [7]. As screening of
UBIAD1 in the families linked to the original 2.32 Mbp fine
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mapped interval for SCCD has not been reported, it remains
to be determined whether the location of UBIAD1 outside of
the original fine mapped interval is indicative of a phenotyping
error, a genotyping error, or possible genetic heterogeneity
[7]. The latter explanation is supported by previous reports of
inherited disorders such as autosomal dominant hearing loss
and X-linked recessive retinitis pigmentosa associated with
mutations in different genes that have been mapped to the same
chromosomal locus [8,9]. Therefore, after screening the genes
mapped to the original 2.32 Mbp fine mapped interval for
SCCD, we performed screening of UBIAD1 in three families
with SCCD. Our identification of three missense mutations,
two of which have been previously reported in families with
SCCD, confirms that mutations in UBIAD1 are associated with
SCCD and provides additional evidence against genetic het-
erogeneity in SCCD.

METHODS
 The researchers followed the tenets of the Declaration of
Helsinki in the treatment of the subjects reported herein. Study
approval was obtained from the Institutional Review Board at
the University of California, Los Angeles (UCLA IRB Num-
ber 94-07-243-22, 94-07-243-22B, and 94-07-243-24B).

Patient identification and DNA collection:  Members of
three families diagnosed with SCCD were examined by one
of the authors (A.J.A.). A slit lamp examination was performed
to establish each individual’s affected status (affected or unaf-
fected). Two of the families have been reported previously,
one of Irish descent (Family 1) and the other of Egyptian an-
cestry (Family 2) [6], while a third unrelated proband of Afri-
can American ancestry has not been previously reported (Fam-
ily 3). The diagnosis of SCCD was made in each family based
on the presence of bilateral, axially-distributed, discoid or
annular corneal stromal opacification and arcus lipoides in the
corneal periphery with or without subepithelial crystalline
deposits (Figure 1). After informed consent was obtained, af-
fected and unaffected individuals were enrolled in the study.

DNA previously collected from 110 unrelated individu-
als without evidence of SCCD served as control samples.

Phlebotomy was performed for the majority of patients
and saliva collection kits (Oragene; DNA Genotek Inc.,
Ontario, Canada) and buccal epithelial swabs (CytoSoft™
Cytology Brush; Medical Packaging Corporation, Camarillo,
CA) were used for DNA collection from patients in whom
phlebotomy could not be performed. Genomic DNA was pre-
pared from the peripheral blood leukocytes and buccal epi-
thelial cells using the FlexiGene DNA (Qiagen, Valencia, CA)
and QIAamp DNA Blood Mini Kits (Qiagen), respectively.

Polymerase chain reaction amplification:  Polymerase
chain reaction (PCR) amplification of each positional candi-
date gene was performed using DNA from two affected indi-
viduals in Family 1 and in Family 2. When a sequence variant
was identified in both individuals in either one or both fami-
lies and was neither observed in a simultaneously analyzed
control specimen nor a previously reported single nucleotide
polymorphism (SNP; dbSNP section of the NCBI database),
DNA from the other family members was analyzed to deter-

mine if the identified variant segregated with the affected phe-
notype. If so, at least 100 DNA specimens from individuals
without SCCD were screened for the sequence variant.

Primers were designed using Primer3 software to bind to
untranslated regions approximately 60-80 bases from the in-
tron-exon boundaries (sequences available upon request). The
coding regions were amplified by PCR using a 25 µl reaction
volume that contained 50 mM Tris-HCl (pH 9.0, 25 °C), 20
mM NH

4
Cl, 2.5 mM MgSO

4
, 200 µM of each dNTP, 0.5 M

Betaine, 2.5 µl DMSO, 150 mM Trehalose, 0.002% Tween-
20, 0.12 µM of each primer, 0.5 units of REDTaq Genomic
DNA Polymerase (Sigma-Aldrich, St. Louis, MO), and ap-
proximately 60 ng of genomic DNA. Thermal cycling was
performed in an iCycler Thermal Cycler (Bio-Rad, Hercules,
CA).

Primer3 software was used to custom design primers for
the two coding exons of UBIAD1: 2F-CTC GTG GGG TGT
AAG ACC CAC TT, 2R-GCG GCT TAA ATT AGA AAG
CCA CCT; 3F-AGT GCC CAC CTG CAC AGT CTA AG,
3R-CAA ACT GGG CAG CTC CTT TAC AA. Each reaction
was performed in a 25 µl mixture containing 50 mM Tris-HCl
(pH 9.0, 25 °C), 20 mM NH

4
Cl, 2.5 mM MgSO

4
, 0.2 mM of

each dNTP, 0.5 M Betaine, 0.12 µM of each primer, 0.5 units
of REDTaq Genomic DNA Polymerase (Sigma-Aldrich), and
approximately 60 ng of genomic DNA. Thermal cycling was
performed in an iCycler Thermal Cycler (Bio-Rad).

DNA Sequencing:  Purification of the PCR products and
DNA sequencing was performed as described previously [6].
Nucleotide sequences, read manually and with Mutation Sur-
veyor v2.2 (Softgenetics, State College, PA), were compared
to published cDNA sequences for each gene (Table 1).

RESULTS
Screening of positional candidate genes:  Eighteen novel and
15 previously reported sequence variants were identified in
the coding regions of 10 of the positional candidate genes while
no sequence variants were identified in the coding regions of
the remaining six positional candidate genes (Table 2). Only
two of the identified sequence variants were found to be present
in both affected members of either family, were not identified
in a simultaneously analyzed control individual, and subse-
quently demonstrated segregation with the affected phenotype
in the family in which it was identified: c.772A>G
(p.Thr258Ala) in LOC644896 and c.396G>A (p.Ala132Ala)
in LOC729124. Both of these sequence variants were identi-
fied in the heterozygous state in each of the three affected
individuals in Family 2 but neither was present in an unaf-
fected individual from this family nor in any members of Fam-
ily 1. One hundred and ten additional unrelated control indi-
viduals of western European (70), Asian (13), Hispanic (12),
African American (10), and unknown (5) ancestry were
screened for these variants: the LOC644896 p.Thr258Ala mis-
sense variant was identified in two individuals while the
LOC729124 p.Ala132Ala synonymous substitution was not
identified in any of the control individuals. Analysis of the
LOC729124 wild type sequence and the mutant LOC729124
sequence containing the c.396G>A substitution with the splice
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TABLE 1. SCHNYDER CRYSTALLINE CORNEAL DYSTROPHY CANDIDATE

GENES

Names and mRNA accession numbers of sixteen positional candi-
date genes for Schnyder crystalline corneal dystrophy and UBIAD1.

site recognition software NNSplice (donor and acceptor score
cutoff 0.40) revealed identical splicing profiles with neither a
gain nor a loss of a splice acceptor or donor site in the mutant
sequence. Each of the other identified sequence variants was
considered a polymorphism as each failed to segregate with
the affected phenotype in the family in which it was identified
and/or was also identified in a simultaneously analyzed con-
trol individual (Table 2).

UBIAD1 screening: A diff erent missense mutation was
identified in each of the three probands in whom UBIAD1
screening was performed. In Family 1, p.Ser75Phe (c.224C>T)
and p.Asn102Ser (c.305A>G) were present in the heterozy-
gous state in the affected proband, five other affected family
members, and another individual of an undetermined affected
status. Neither missense variant was identified in the only
unaffected family member available for screening (Figure 2A).
In Family 2, p.Leu121Val (c.361C>G) was identified in the
proband and two other affected individuals but was absent in
an unaffected family member (Figure 2B). The p.Ser75Phe
(c.224C>T) variant was also identified in the proband, her
affected sister, and her unaffected son but was not present in
the proband’s affected daughter. In Family 3, the proband dem-
onstrated a p.Arg119Gly missense mutation (c.355A>G) al-
though no family members were available to determine seg-
regation (Figure 2C). While the p.Asn102Ser, p.Leu121Val,
and p.Arg119Gly missense mutations were not identified in
110 control individuals, the p.Ser75Phe variant was identified
in four unrelated controls out of 110.

DISCUSSION
 The identification of three missense mutations (p.Asn102Ser,
p.Arg119Gly, and p.Leu121Val) in highly conserved UBIAD1
in three affected probands, with segregation of p.Asn102Ser
and p.Leu121Val with the affected phenotype in two of the
families. provides additional evidence that SCCD is caused
by mutations in UBIAD1. Two of these mutations, p.Asn102Ser

and p.Arg119Gly, were recently reported by Orr and colleagues
[7] in two of the five families with SCCD that were screened.
In both of these previously reported families, the mutation
segregated with the affected phenotype as the p.Asn102Ser
mutation did in the family that we report. It is therefore rea-
sonable to assume that the p.Arg119Gly mutation would also
segregate with the affected phenotype in the family that we
report if additional family members had been available for
examination and UBIAD1 screening. However, it is unlikely
that the families we report share a common ancestral muta-
tion with the previously reported families as we identified the
p.Asn102Ser mutation in a family of Irish descent while Orr
and colleagues identified this mutation in an Italian family
[7]. Similarly, we identified the p.Arg119Gly mutation in an
African American individual while Orr and colleagues identi-
fied this mutation in a large family from Nova Scotia, of pos-
sible Spanish ancestry [7].

The p.Leu121Val mutation has not been previously re-
ported and is presumed to be pathogenic as it segregated with
the affected phenotype in Family 2 and was the only coding
region sequence variant other than p.Ser75Phe identified in
the affected individuals in this family. Additionally, this mu-
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Figure 1. Schnyder crystalline corneal dystrophy.  Slit lamp photo-
micrograph of the proband from a previously unreported family with
SCCD demonstrates dense arcus lipoides and central corneal opaci-
fication secondary to superficial and subepithelial crystalline depos-
its. Photograph courtesy of Dr. Sadeer Hannush.
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TABLE 2. CODING REGION SEQUENCE VARIANTS IDENTIFIED IN POSITIONAL CANDIDATE GENES FOR SCHNYDER CRYSTALLINE CORNEAL DYSTROPHY

Sequence variants are documented at the nucleotide and amino acid levels, and the RefSNP number provided for previously identified poly-
morphisms. The number of affected and unaffected individuals in each family in which the variants were identified is shown, as is the number
of control individuals in whom each variant was identified.
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tation is not reported as a known SNP in either the HapMap or
NCBI SNP databases (dbSNP Build 127) and was not identi-
fied in the 110 control individuals that were screened. Although
codon 121 is not located in one of the predicted nine trans-
membrane regions of the encoded protein, it is located within
the predicted prenyltransferase functional domain (InterPro)
and occurs in a highly conserved amino acid residue across
vertebrate and invertebrate orthologs of UBIAD1 [7]. The other
missense variant identified, p.Ser75Phe, is not presumed to
be a pathogenic mutation despite its segregation with the af-
fected phenotype in Family 1 as it did not segregate with the
affected phenotype in Family 2 and was identified in unaf-
fected control individuals in this study and a previously one
[7].

While a sequence variant in two of the positional candi-
date genes that were screened, LOC644896 and LOC729124,
segregated with the affected phenotype in Family 2, the iden-
tification of the missense variant in LOC644896 in unaffected
control individuals and the demonstration that the synonymous
substitution in LOC729124 does not alter splicing indicate that
these are not pathogenic variants. Additionally, even though
nonsense mutations typically produce a truncated, nonfunc-
tional protein product, the two nonsense changes observed in
RERE were considered nonpathogenic polymorphisms as each
was identified in affected and unaffected individuals in Fami-
lies 1 and 2 as well as in a control individual. Frequently ob-
served, nonpathogenic nonsense changes have been previously
described in several genes including RP1 (OMIM 603937),
which is associated with autosomal dominant retinitis
pigmentosa [10-12].

UBIAD1 is variably expressed in a wide variety of tis-
sues, but its expression as measured by expressed sequence
tag (EST) counts is higher in the eye than in any other tissue
(UniGene’s EST ProfileViewer). Although UBIAD1 has been
found to be expressed in the adult human cornea
(NEIBankLibrary NbLib0073), the mechanism by which mu-
tations in UBIAD1 result in corneal cholesterol deposition is
not immediately clear. It is interesting to note that mutations
in another gene coding for a prenyltransferase that is
overexpressed in the eye, Rab escort protein 1 (REP1; OMIM
300390), are responsible for another inherited ocular disor-
der, choroideremia [13]. Although the role of REP1 in the reti-
nal pigment epithelial cells and photoreceptors has not been
elucidated, it is thought that the loss of function of the en-
coded protein could lead to defects in intracellular vesicular
trafficking [13]. Orr and colleagues [7] hypothesized that
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Figure 2. Pedigrees of three families with Schnyder crystalline cor-
neal dystrophy.  A-C: In each pedigree, black filled symbols repre-
sent affected individuals, symbols filled with gray represent indi-
viduals of indeterminate phenotype, and the unfilled symbols repre-
sent unaffected individuals based on examination or history. Ques-
tion marks indicate individuals of unknown affected status. Below
the symbol for each individual in whom DNA collection and UBIAD1
screening was performed, the presence of the wild type allele (desig-
nated by the + symbol) or the mutant allele is indicated. Chromato-
grams demonstrating the identified mutation and the wild-type DNA
sequence are shown beneath each pedigree.

1781



UBIAD1 may play a role in the intracellular localization of
other proteins via prenylation of these proteins. The missense
mutations that Orr and colleagues and we have identified in
the prenyltransferase domain of UBIAD1 may therefore inter-
fere with intracellular transport, resulting in the accumulation
of various metabolic substances such as lipids in tissues where
the gene is highly expressed, such as the eye. The use of RNA
interference targeting of UBIAD1 transcript in cultured hu-
man keratocytes or the development of a knock-in animal
model of SCCD will hopefully clarify the role of UDIAD1 in
the cornea and the mechanism by which the identified mis-
sense mutations in UDIAD1 result in corneal cholesterol depo-
sition.
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