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| dentification of mutationsin UBIAD1 following exclusion of
coding mutationsin the chromosome 1p36 locus for Schnyder
crystalline corneal dystrophy
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Purpose: To identify the genetic basis of Schnyder crystalline corneal dystrophy (SCCD) through screening positional
candidate genes atuBIAD1, in which mutations have been associated with SCCD, in affected families.

Methods: The coding region of each of the 16 positional candidate genes for which mutation screening has not been
previously reported was screened with polymerase chain reaction (PCR) amplification and automated sequencing in four
affected individuals from two families with SCCD. In addition, the coding regid/BbAD1, located just outside of the
originally described SCCD candidate interval on chromosome 1p36, was directly sequenced in affected and unaffected
individuals from three families with SCCD.

Results: Eighteen novel and 15 previously reported sequence variants were identified in 10 of the 16 positional candidate
genes. Only two of the sequence variants segregated with the affected phenotype in either of the families screened. Both
were novel single nucleotide polymorphisms (SNPs) predicted to result in synonymous amino acid substitutions in differ-
ent predicted genes. However, one of these SNPs was also identified in control individuals, and the other SNP was not
predicted to alter splicing. ScreeningWBIAD1 revealed a different missense mutation in each of the three unrelated
probands that was screened: p.Asn102Ser, p.Arg119Gly, and p.Leul21Val. Screening of the affected and unaffected rela-
tives of the probands in whom the p.Asn102Ser and p.Leul21Val mutations were identified demonstrated that each muta-
tion segregated with the affected phenotype. None of the three missense mutations was identified in 110 control individu-
als.

Conclusions: No presumed pathogenic coding region mutations were identified in the genes mapped to the candidate
region for SCCD. However, missense mutationBIAD1, located just outside of the originally described SCCD fine
mapped region, were identified in each of the three families with SCCD, confirming that mutatidBEAD1 are
associated with SCCD.

Schnyder crystalline corneal dystrophy (SCCD; OMIMand 11 other affected families refined the SCCD locus to a
121800) is an autosomal dominantly inherited disorder that i2.32 Mbp interval, containing 31 known and predicted genes
characterized by corneal stromal cholesterol deposition, moébuild 35.1) [5]. We have previously reported the absence of
commonly in an axially distributed, annular or discoid patterrcoding region mutations in 15 of the positional candidate genes
with prominent arcus lipoides. While affected individuals dem4in two families with SCCD [6]. Subsequently, we proceeded
onstrate a higher prevalence of hypercholesterolemia than thtatscreen the remaining positional candidate genes mapped to
observed in the general population, the majority of affectethe 2.32 Mbp interval between the D1S1160 and D1S1635
individuals do not have elevated serum cholesterol levels [linarkers. Although a large number of novel and previously
Affected individuals often require corneal transplantation folidentified sequence variants were identified in these genes,
visual rehabilitation although laser phototherapeutic keratee@ach was considered a polymorphism due to nonsegregation
tomy has been reported to be of benefit in patients with cowith the affected phenotype in the family identified with it
neal opacification primarily involving the anterior stroma [2,3].and/or due to identification of the sequence variant in control

The search for the genetic basis of SCCD began over iAdividuals.
years ago with the performance of a genome-wide linkage Recently, Orr and colleagues [7] identified five different
analysis in two large affected families of Scandinavian depresumed missense mutations in the UbiA prenyltransferase
scent [4]. Significant evidence of linkage to chromosomelomain containing gen&BIAD1) in five families with SCCD.
1p24.1-p36 (now defined as 1p36.2-p36.3) was obtained While UBIAD1is located 368 Kbp centromeric to the D1S1635
each family with haplotype analysis defining a 16 cM candimarker that defines the centromeric border of the 2.32 Mbp
date interval [5]. Fine mapping of this candidate region in thesne mapped interval for SCCD, it is located within an over-

| ingl.3M ndi interval identifi hr h th r-
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mapped interval for SCCD has not been reported, it remaimaine if the identified variant segregated with the affected phe-
to be determined whether the locatiorlJ®l AD1 outside of  notype. If so, at least 100 DNA specimens from individuals
the original fine mapped interval is indicative of a phenotypingvithout SCCD were screened for the sequence variant.
error, a genotyping error, or possible genetic heterogeneity Primers were designed using Primer3 software to bind to
[7]. The latter explanation is supported by previous reports aintranslated regions approximately 60-80 bases from the in-
inherited disorders such as autosomal dominant hearing log®n-exon boundaries (sequences available upon request). The
and X-linked recessive retinitis pigmentosa associated withoding regions were amplified by PCR using aiP&eaction
mutations in different genes that have been mapped to the sam@ume that contained 50 mM Tris-HCI (pH 9.0, Z5), 20
chromosomal locus [8,9]. Therefore, after screening the genesM NH,Cl, 2.5 mM MgSQ, 200uM of each dNTP, 0.5 M
mapped to the original 2.32 Mbp fine mapped interval foBetaine, 2.511 DMSO, 150 mM Trehalose, 0.002% Tween-
SCCD, we performed screeningBIAD1 in three families 20, 0.12uM of each primer, 0.5 units of REDTag Genomic
with SCCD. Our identification of three missense mutationsDNA Polymerase (Sigma-Aldrich, St. Louis, MO), and ap-
two of which have been previously reported in families withproximately 60 ng of genomic DNA. Thermal cycling was
SCCD, confirms that mutationsWBIAD1 are associated with performed in an iCycler Thermal Cycler (Bio-Rad, Hercules,
SCCD and provides additional evidence against genetic heGA).
erogeneity in SCCD. Primer3 software was used to custom design primers for
the two coding exons @JBIAD1: 2F-CTC GTG GGG TGT
METHODS AAG ACC CAC TT, 2R-GCG GCT TAA ATT AGA AAG
The researchers followed the tenets of the Declaration &@CA CCT; 3F-AGT GCC CAC CTG CAC AGT CTA AG,
Helsinki in the treatment of the subjects reported herein. Stul3R-CAAACT GGG CAG CTC CTT TAC AA. Each reaction
approval was obtained from the Institutional Review Board atvas performed in a 28 mixture containing 50 mM Tris-HCI
the University of California, Los Angeles (UCLA IRB Num- (pH 9.0, 25°C), 20 mM NHCI, 2.5 mM MgSQ, 0.2 mM of
ber 94-07-243-22, 94-07-243-22B, and 94-07-243-24B). each dNTP, 0.5 M Betaine, 0.1® of each primer, 0.5 units
Patient identification and DNA collection: Members of of REDTaq Genomic DNA Polymerase (Sigma-Aldrich), and
three families diagnosed with SCCD were examined by onapproximately 60 ng of genomic DNA. Thermal cycling was
of the authors (A.J.A.). Aslit lamp examination was performegerformed in an iCycler Thermal Cycler (Bio-Rad).
to establish each individual's affected status (affected or unaf- DNA Sequencing: Purification of the PCR products and
fected). Two of the families have been reported previousiypNA sequencing was performed as described previously [6].
one of Irish descent (Family 1) and the other of Egyptian arNucleotide sequences, read manually and with Mutation Sur-
cestry (Family 2) [6], while a third unrelated proband of Afri- veyor v2.2 (Softgenetics, State College, PA), were compared
can American ancestry has not been previously reported (Fano- published cDNA sequences for each gene (Table 1).
ily 3). The diagnosis of SCCD was made in each family based
on the presence of bilateral, axially-distributed, discoid or RESULTS
annular corneal stromal opacification and arcus lipoides in th&creening of positional candidate genes: Eighteen novel and
corneal periphery with or without subepithelial crystallinel5 previously reported sequence variants were identified in
deposits (Figure 1). After informed consent was obtained, athe coding regions of 10 of the positional candidate genes while
fected and unaffected individuals were enrolled in the studyno sequence variants were identified in the coding regions of
DNA previously collected from 110 unrelated individu- the remaining six positional candidate genes (Table 2). Only
als without evidence of SCCD served as control samples. two of the identified sequence variants were found to be present
Phlebotomy was performed for the majority of patientsn both affected members of either family, were not identified
and saliva collection kits (Oragene; DNA Genotek Inc.,in a simultaneously analyzed control individual, and subse-
Ontario, Canada) and buccal epithelial swabs (CytoSoft™uently demonstrated segregation with the affected phenotype
Cytology Brush; Medical Packaging Corporation, Camarillo,in the family in which it was identified: ¢c.772A>G
CA) were used for DNA collection from patients in whom (p.Thr258Ala) inLOC644896 and c.396G>A (p.Alal32Ala)
phlebotomy could not be performed. Genomic DNA was prein LOC729124. Both of these sequence variants were identi-
pared from the peripheral blood leukocytes and buccal epfied in the heterozygous state in each of the three affected
thelial cells using the FlexiGene DNA (Qiagen, Valencia, CA)individuals in Family 2 but neither was present in an unaf-
and QlAamp DNA Blood Mini Kits (Qiagen), respectively. fected individual from this family nor in any members of Fam-
Polymerase chain reaction amplification: Polymerase ily 1. One hundred and ten additional unrelated control indi-
chain reaction (PCR) amplification of each positional candividuals of western European (70), Asian (13), Hispanic (12),
date gene was performed using DNA from two affected indiAfrican American (10), and unknown (5) ancestry were
viduals in Family 1 and in Family 2. When a sequence variargcreened for these variants: H@C644896 p.Thr258Ala mis-
was identified in both individuals in either one or both fami-sense variant was identified in two individuals while the
lies and was neither observed in a simultaneously analyzédC729124 p.Alal32Ala synonymous substitution was not
control specimen nor a previously reported single nucleotidiglentified in any of the control individuals. Analysis of the
polymorphism (SNP; dbSNP section of the NCBI database),0C729124 wild type sequence and the muta@C729124
DNA from the other family members was analyzed to detersequence containing the ¢.396G>A substitution with the splice
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site recognition software NNSplice (donor and acceptor scorand p.Arg119Gly, were recently reported by Orr and colleagues
cutoff 0.40) revealed identical splicing profiles with neither a[7] in two of the five families with SCCD that were screened.
gain nor a loss of a splice acceptor or donor site in the mutaht both of these previously reported families, the mutation
sequence. Each of the other identified sequence variants wesgregated with the affected phenotype as the p.Asn102Ser
considered a polymorphism as each failed to segregate withutation did in the family that we report. It is therefore rea-
the affected phenotype in the family in which it was identifiedsonable to assume that the p.Arg119Gly mutation would also
and/or was also identified in a simultaneously analyzed corsegregate with the affected phenotype in the family that we
trol individual (Table 2). report if additional family members had been available for
UBIADL1 screening: A different missense mutation was examination andJBIAD1 screening. However, it is unlikely
identified in each of the three probands in whoBIAD1  that the families we report share a common ancestral muta-
screening was performed. In Family 1, p.Ser75Phe (c.224C>Tipn with the previously reported families as we identified the
and p.Asn102Ser (c.305A>G) were present in the heterozyp-Asn102Ser mutation in a family of Irish descent while Orr
gous state in the affected proband, five other affected familgnd colleagues identified this mutation in an Italian family
members, and another individual of an undetermined affectdd]. Similarly, we identified the p.Arg119Gly mutation in an
status. Neither missense variant was identified in the onljfrican American individual while Orr and colleagues identi-
unaffected family member available for screening (Figure 2A)fied this mutation in a large family from Nova Scotia, of pos-
In Family 2, p.Leul21Val (c.361C>G) was identified in thesible Spanish ancestry [7].
proband and two other affected individuals but was absentin The p.Leul21Val mutation has not been previously re-
an unaffected family member (Figure 2B). The p.Ser75Phported and is presumed to be pathogenic as it segregated with
(c.224C>T) variant was also identified in the proband, hethe affected phenotype in Family 2 and was the only coding
affected sister, and her unaffected son but was not presentregion sequence variant other than p.Ser75Phe identified in
the proband’s affected daughter. In Family 3, the proband derthe affected individuals in this family. Additionally, this mu-
onstrated a p.Arg119Gly missense mutation (c.355A>G) al-
thOUgh no famlly members were avallable to determlne Seg.TABLE 1. SCHNYDER CRYSTALLINE CORNEAL DYSTROPHY CANDIDATE

regation (Figure 2C). While the p.Asn102Ser, p.Leul21Val, GENES
and p.Arg119Gly missense mutations were not identified in
110 control individuals, the p.Ser75Phe variant was identifie( Gene (ymbol) mRNA accession nimber
in four unrelated controls out of 110 Apoptosis-inducing TAF9-like domain 1 (APITD1I) variants NM_ 199294,
NM_199295 &
DISCUSSION NM 198544

The identification of three missense mutations (p.Asn102Se
p.Arg119Gly, and p.Leul21Val) in highly consenig8l AD1

in three aﬁected prObandS, Wlth Segregation Of pASﬂlOZS' castor homolog 1 zinc finger (CASZI) NM 017766
and p.Leul21Val with the affected phenotype in two of the microrNA 342 (RN341) ALS91166
families. provides additional evidence that SCCD is cause
by mutations itdBIAD1. Two of these mutations, p.Asn102Ser

arginine-glutamic acid dipeptide repeats (RERE) variants NM_012102,

carbonic anhydrase VI (CA6) NM 001215

nicotinamide nucleotide adenylyltransferase 1 (NMNATI) NM_022787

NM_ 001042681 &

NM 001042682

solute carrier family 2 member 5 (SLC245) NM 003039
facilitated glucose transporter member 7 (SLC247) NM 207420
ubiquitination factor E4B (UBE4B) NM 006048
LOC645010 (FLJI6126) NM_001039777
hypothetical protein RP13-15M17.2 (LOC199953) NM_001010866
protein similar to ribosomal protein L9 (LOC642740) XM 927197

protein similar to 60S ribosomal protein L7 (LOC644896) XR_018436

hypothetical protein LOC7227721 (LOC7227721) XM 001123441
hypothetical protein LOC729124 (LOC729124) XM_001129378
hypothetical protein LOC729158 (LOC729158) XM 001129511

Figure 1. Schnyder crystalline corneal dystrophy. Slit lamp photo
micrograph of the proband from a previously unreported family witr
SCCD demonstrates dense arcus lipoides and central corneal opaci-

fication secondary to superficial and subepithelial crystalline depogNames and mRNA accession numbers of sixteen positional candi-
its. Photograph courtesy of Dr. Sadeer Hannush. date genes for Schnyder crystalline corneal dystrophy&héD1.
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TABLE 2. CODING REGION SEQUENCE VARIANTS IDENTIFIED IN POSITIONAL CANDIDATE GENES FOR SCHNYDER CRYSTALLINE CORNEAL DYSTROPHY

Gene Nucleotide Amino Acid change — RefSNP # Affecteds Unaffecteds — Controls
change
c.853C>T Alal29Ala rs628462 1/2 Family 1 - 0/1
1/2 Family 2
APITDI c.898T=C Serl44Ser rs606103 2/2 Family 1 - 1/1
2/2 Family 2
c. 1B8C>T Thr55Met rs2274327  4/4 Family | 1/2 Family 1 01
1/2 Family 2
c226A>C Met68Leu rs2274328  4/4 Family 1 2/2 Family 1 1/1
CA6 1/2 Family 2
¢233G>C Gly70Ala 1s2274329  4/4 Family | 2/2 Family 1 1/1
0/2 Family 2
¢.252G>C Gly76Gly rs2274330  4/4 Family 1 2/2 Family 1 1/1
0/2 Family 2
c.2365A>G Ser661Ser rs284204 1/2 Family 1 - 1/1
2/2 Family 2
CASZ] ¢.2950G=A Ala856Ala rs284299 23 Fam!ly 1 - 171
2/2 Family 2
¢.32291=C Phe949Phe rs778228 0/2 Family 1 - 1/1
2/2 Family 2
. c. 105C>T Leu32Leu None 2/2 Family 1 - 1/1
LOC199953 2/2 Family 2
LOC644896 c.772A>G Thr258Ala None 2§ ?Jm!ly 1 0/1 Family 2 2/101
/3 Family 2
LOCT29124 ¢.396G=A Alal32Ala None 0/2 Family I 0/1 Family 2 0/101
3/3 Family 2
LOCTI9158 c.286G>A Gly96Ser None 1/2 Family | - 0/1
0/2 Family 2
€.045_659delGG Asp4_Lys8del None 2/2 Family | - 11
RERE ACAAAGACAA 2/2 Family 2
AGA
c.685C=T Argl7X None 2/2 Family 1 - 1/1
2/2 Family 2
c.691C>T Argl9Trp None 2/2 Family 1 - 171
2/2 Family 2
¢.697C=T Arg21X None 2/2 Family 1 - 1/1
2/2 Family 2
c.838G=A Ala68Thr None 2/2 Family 1 - 171
2/2 Family 2
¢861T>C Asp75Asp None 2/2 Family 1 - 11
2/2 Family 2
¢.879A>G Lys81Lys None 2/2 Family 1 - 1/1
2/2 Family 2
c.884A>C Lys83Thr None 2/2 Family 1 - 1/1
2/2 Family 2
c912T>C Gly92Gly None 2/2 Family 1 - 1/1
2/2 Family 2
¢.945G>T Vall03Val None 2/2 Family 1 - 1/1
2/2 Family 2
c.982C=T Argl16Trp None 2/2 Family 1 - 1/1
2/2 Family 2
c.998C>T Prol21Leu None 2/2 Family 1 - 1/1
2/2 Family 2
¢.3000A>G Pro788Pro rs13596 2/2 Family 1 1/1 Family 1 0/1
3/3 Family 2 1/1 Family 2
c31G=A Pro825Pro rs2784735  2/2 Family 1 1/1 Family 1 0/1
3/3 Family 2 1/1 Family 2
3582G>A Ser982Ser None 0/2 Family 1 0/1
1/2 Family 2
cASRIA=G Argl315Arg rs521047 2/2 Family 1 1/1 Family 1 0/1
3/3 Family 2 I/1 Family 2
c4587G=T Argl317Arg rs11121172  2/2 Family I I/1 Family 1 0/1
3/3 Family 2 1/1 Family 2
SLC2A7 c.BI8G=A Arg273GIn 12402973 1.-:2 Fam!ly 1 - 0/1
/2 Family 2
¢.2012G=C Leu442Phe None 0/2 Family 1 - 0/1
UBE4B 1/2 Family 2
¢.3251T=C Ser855Ser 1s2273299  0/2 Family 1 - 1/1

1/2 Family 2

Sequence variants are documented at the nucleotide and amino acid levels, and the RefSNP number provided for previedgipligentif
morphisms. The number of affected and unaffected individuals in each family in which the variants were identified is Ehihvemwasber

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 o A
NCBI SNP databases (dbSNP Build 127) and was not identi | [—0
fied in the 110 control individuals that were screened. Although ! ‘
codon 121 is not located in one of the predicted nine trans
o o
3 4

membrane regions of the encoded protein, it is located withir || ]
the predicted prenyltransferase functional domain (InterPro} 1 el aers ..
and occurs in a highly conserved amino acid residue acros
vertebrate and invertebrate orthologe/81 AD1[7]. The other I ; ; [] %
missense variant identified, p.Ser75Phe, is not presumed t B 2 s P 5 . ;
be a pathogenic mutation despite its segregation with the af ennzser PhmnagISer femoES haniogst e
fected phenotype in Family 1 as it did not segregate with the 1V
affected phenotype in Family 2 and was identified in unaf- +/asniozser
fected control individuals in this study and a previously one/y, ... " = = " 7 T T T T Lormal

While a sequence variant in two of the positional candi-
date genes that were screendd(C644896 andLOC729124,
segregated with the affected phenotype in Family 2, the iden
tification of the missense variantli®C644896 in unaffected
control individuals and the demonstration that the synonymout
substitution inLOC729124 does not alter splicing indicate that
these are not pathogenic variants. Additionally, even thougt
nonsense mutations typically produce a truncated, nonfunc
tional protein product, the two nonsense changes observed i B

RERE were considered nonpathogenic polymorphisms as eac | @ ?

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 previou Il L ~

described in several genes includiRBl (OMIM 603937), Loutzavas © | Leurzavae

which is associated with autosomal dominant retinitis

pigmentosa [10-12]. [l ; &
UBIADL is variably expressed in a wide variety of tis- ooy Lo

sues, but its expression as measured by expressed sequel s

utant orma

tag (EST) counts is higher in the eye than in any other tissu o v 1
(UniGene’s EST ProfileViewer). AlthoudlBIAD1 has been ﬂ

found to be expressed in the adult human cornee
(NEIBankLibrary NbLib0073), the mechanism by which mu-

tations inUBIAD1 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; OMIN

300390), are responsible for another inherited ocular disor: \ A e lis

der, choroideremia [13]. Although the roleREP1 in the reti-

nal pigment epithelial cells and photoreceptors has not bee |
elucidated, it is thought that the loss of function of the en- ! 2
coded protein could lead to defects in intracellular vesicular
trafficking [13]. Orr and colleagues [7] hypothesized that I d) |£| ﬁ ﬁ ‘ i

N3
Arg119Gly/+

Figure 2. Pedigrees of three families with Schnyder crystallinecor-_ .~ .
neal dystrophy.A-C: In each pedigree, black filled symbols repre- |Mutant Normal

sent affected individuals, symbols filled with gray represent indi- 200 ¢ 400
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 &8l AD1
screening was performed, the presence of the wild type allele (desic
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.
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UBIAD1 may play a role in the intracellular localization of 5. Theendakara V, Tromp G, Kuivaniemi H, White PS, Panchal S,
other proteins via prenylation of these proteins. The missense Cox J, Winters RS, Riebeling P, Tost F, Hoeltzenbein M, Tervo
mutations that Orr and colleagues and we have identified in  TM. Henn W, Denniger E, Krause M, Koksal M, Kargi S,

the prenyltransferase domainBl AD1 may therefore inter- Ugurbas SH, Latvala T, Shearman AM, Weiss JS. Fine mapping

e Lo . of the Schnyder’s crystalline corneal dystrophy locus. Hum
fere with intracellular transport, resulting in the accumulation 2004: 114:594-600.

of vanou; mgtabollc substances such as lipids in tissues Whe‘é'.eAIdave AJ, Rayner SA, Principe AH, Affeldt JA, Katsev D, Yellore
the gene is highly expressed, such as the eye. The use of RNA s analysis of fifteen positional candidate genes for Schnyder

interference targeting diBIAD1 transcript in cultured hu- Crysta”ine corneal dystrophy. Mol Vis 2005; 11:713-6.
man keratocytes or the development of a knock-in animal. Orr A, Dube MP, Marcadier J, Jiang H, Federico A, George S,
model of SCCD will hopefully clarify the role &fDIAD1 in Seamone C, Andrews D, Dubord P, Holland S, Provost S,

the cornea and the mechanism by which the identified mis- Mongrain V, Evans S, Higgins B, Bowman S, Guernsey D,

sense mutations IdDIAD1 result in corneal cholesterol depo- ~ Samuels M. Mutations in the UBIAD1 gene, encoding a poten-
sition tial prenyltransferase, are causal for Schnyder crystalline cor-

neal dystrophy. PLoS ONE 2007; 2:e685.
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