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A glaucoma locus, GLCIA, was identified previously
on chromosome 1g. A gene within this locus (encoding
the protein myocilin) subsequently was shown to har-
bor mutations in 2-4% of primary open angle glau-
coma patients. A total of 1703 patients was screened
from five different populations representing three
racial groups. There were 1284 patients from primarily
Caucasian populations in lowa (727), Australia (390)
and Canada (167). A group of 312 African American pa-
tients was from New York City and 107 Asian patients
from Japan. Overall, 61 different myocilin sequence
variations were identified. Of the 61 variations, 21 were
judged to be probable disease-causing mutations. The
number of probands found to harbor such mutations

in each population was: lowa 31/727 (4.3%), African
Americans from New York City 8/312 (2.6%), Japan
3/107 (2.8%), Canada 5/167 (3.0%), Australia 11/390
(2.8%) and overall 58/1703 (3.4%). Overall, 16 (76%) of
21 mutations were found in only one population. The
most common mutation observed, GIn368Stop, was
found in 27/1703 (1.6%) glaucoma probands and was
found at least once in all groups except the Japanese.
Studies of genetic markers flanking the myocilin gene
suggest that most cases of the GIn368Stop mutations
are descended from a common founder. Although the
specific mutations found in each of the five popula-
tions were different, the overall frequency of myocilin
mutations was similar ( [2-4%) in all populations,
suggesting that the increased rate of glaucoma in Afri-

can Americans is not due to a higher prevalence of
myocilin mutations.

INTRODUCTION
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The glaucomas are a group of diseases that share a clualcal
phenotype characterized primarily by progressive degeneratlog of
the optic nerve. These degenerative changes cause a gradual [gss c
visual field and are often accompanied by increased intraocgilar
pressure. Glaucoma is a leading cause of blindness in develgped
nations. In the USA, glaucoma is the second most common cause
of permanent blindness. One to two percent of Americans ovegthe
age of 40 are affected with glaucoma, and each year 12 00G; are
blinded by the diseasd, ). Of the many forms of glaucomaz
primary open angle glaucoma (POAG) is by far the most comn’ion.
The prevalence of POAG, however, varies among populatloj'ls
African Americans are affected with POAG approximately five
times more frequently than the general American population ( &
Although the pathophysiology of the degenerative change§ in
POAG is poorly understood, there is strong evidence that gergenc
factors play a role in this process. The prevalence of glaucéma
among first degree relatives of glaucoma patients is as much as
eight times that of the general populati@i. (Also, there are §
reports of pedigrees demonstrating clear Mendelian inheritance
of glaucoma §). In the last 6 years, the chromosomal loci Bf
several genes involved in open angle glaucoma have been
identified ©—10). The first of these locGLC1A was mapped to
chromosome 1q by linkage analysis of a large pedigree affected
with juvenile onset open angle glaucorp TheGLC1Alocus
was refined by recombination and haplotype analysis of addi-
tional glaucoma familiesL(). Myocilin subsequently was shown
to be the glaucoma gene at theC1Alocus (L2). Mutations in
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this gene are associated with most if not all familial cases @mino acid sequence; (ii) were present in one or more glaucoma
juvenile onset open angle glaucoma as well3s of all POAG  subjects; (iii) were present in <1% of the general population; and
in a Midwestern American populatiohZ,13). (iv) were absent from the normal controls.

The myocilin gene originally was cloned from eye tissue Probable disease-causing mutations were identified in pro-
[trabecular meshwork cell culturé415), ciliary body (6) and  bands from all five glaucoma populations (Tab)lerhe numbers
retina (L7)]. It encodes a protein of unknown function and has &f probands found to harbor probable disease-causing mutations
broad range of expression not limited to the €y&. (Sequence in each population were: lowa 31/727 (4.3%), African Americans
analysis has shown that the third exon of the myocilin gene encodgsim New York City 8/312 (2.6%), Japan 3/107 (2.8%), Canada
a peptide sequence that is homologous to olfactomedin, a protgins7 (3.0%), Australia 11/390 (2.8%) and overall 58/1703
secreted by nasal epitheliuthi7). The vast majority of myocilin (3 496). Most of the myocilin mutations (16/21) were identified
mutations have been identified in this olfactomedin homology, isolated glaucoma probands or kindreds. The GIn368Stop

domain. » , mutation, however, was found in 27 glaucoma probands, gnd
Mutations in the myocilin gene have been reported in glaucon%

: 4 ped ; aiff hnic. back counted for >40% of the total probable disease-causing
?f;'igti 952 9 pl?] tlr?i;erisporr(t)T?@?Sﬁuéo%in;rgggr:gs f?grﬁ{gyvg tations detected in this study. Screening results on 716 of £703
Ne\’/v Y’ork City (African Américans), Australia, Canada and Japaﬁlaucoma probands (mostly from lowa) in this study have bﬁe”

. P ; ported previouslylQ). 3
were studied to assess the role of myocilin in these populations. Many myocilin gene sequence variations were judged tosbe

non-disease-causing polymorphisms because they were pr.%sent
RESULTS . . .

in normal controls or because they did not alter the predicied
Screening 1703 POAG probands from lowa, New York City (almino acid sequence of the myocilin protein (Tabsd3). All 8
African Americans), Australia, Canada and Japan for myocilibut six of 40 polymorphisms were observed at a frequencys of
gene mutations revealed 61 different sequence variations. Twert}%. In fact, more than half (55%) of the polymorphisms wefe
one of these variations were judged to be probable diseasare, population-specific variations that were detected only opce
causing mutations because they: (i) altered the predicted myocilmthe entire study of 2496 glaucoma subjects and controls.

S
Table 1.Probable glaucoma-causing mutations §
‘g\)
Sequence change Exon Effect of chang® lowan New York City Australian Canadian  Japanese Caucasian  African American g
POAG Normal  African American POAG Normal ~ POAG POAG Normal  general general %
n=727 n=91 POAG Normal n=390 n=58 n=157 n=107 n=49 population  population o
n=312 n=40 n =505 n=50 Total %
Arg45Stop 1 Premature termination 0 0 0 0 0 0 0 1 0 0 0 1 §
17bpdup56-72bp 1 Multiple 0 0 1 0 0 0 0 0 0 0 0 1 S
Arg82Cy#:¢ 1 Change in charge 1 0 0 0 1 0 0 0 0 0 0 2 §
Trp286Ard 3 Change in charge 1 0 0 0 0 0 0 0 0 0 0 1 é
Thr293Ly$c 3 Change in charge 1 0 1 0 0 0 0 0 0 0 0 2 (D
Gluss2Lysd 3 Change in charge 1 0 2 0 0 0 2 0 0 1 0 6 8
Thr353lle 3 Change in polarity 0 0 0 0 0 0 0 1 0 0 0 1 —Eﬁ
Pro361Sét 3 Change in polarity 1 0 0 0 0 0 0 0 0 0 0 1 §
Gly364vaP 3 None 2 0 0 o] 0 0 0 0 o] 0 0 2 5;
GIn368Stop< 3 Premature termination 16 0 1 0 8 0 2 0 0 1 0 28 =
Thr377Meb.c 3 Change in polarity 1 0 0 0 1 0 0 0 0 0 0 2 %
Ser393Arg 3 Change in charge 0 0 1 0 0 0 0 0 0 0 0 1 g
Tyra37HiP 3 Change in charge 4 0 0 0 0 0 0 0 0 0 0 4 Q
Alad45VvaP 3 None 0 0 0 o] 1 0 0 0 0 0 0 1 g_\
1 bp del codon 453 3 Multiple 0 0 1 0 0 0 0 0 0 0 0 1 ;
lle465Met 3 None 0 0 0 0 0 0 0 1 0 0 0 1 (é
Arg470Cy$ 3 Change in charge 1 0 0 0 0 0 0 0 0 0 0 1 %
lle477As® 3 Change in polarity 1 0 0 0 0 0 0 0 0 0 0 1 %
Pro481Thr 3 Change in polarity 1 0 0 0 0 0 0 0 0 0 0 1 "
Pro481Leu 3 None 0 0 1 0 0 0 0 0 0 0 0 1
Glu483Stop 3 Premature termination 0 0 0 0 0 0 1 0 0 0 0 1
Total 31 0 8 0 11 0 5 3 0 2 0 60

aNon-conservative changes were defined as sequence changes that altered the charge, size or polarity of the predictestemyocilin p
bPreviously reported mutations (13).

CMutations identified in multiple populations.

dThis mutation was reported previously as a polymorphism (13).



Table 2.Probable polymorphisms
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Sequence change Effect of chang®  lowan New York City Australian Canadian  Japanese Caucasian  African American ~ Overall
POAG Normal  African American POAG Normal POAG POAG Normal general general frequency
n=727 n=91 POAG Normal  n =390 n=58 n=167 n=107 n=49 population  population (%)

n=312 n=40 n =505 n=>50

Promoter: bp -83 (gaP  None 121 22 33 0 55 - 25 - - 85 5 15

Phe4Ser Change in polarity 0 0 1 0 1 1 0 0 0 0 0 0.12

Cys9Se? None 0 1 1 0 0 0 0 0 0 0 0 0.080

Gly12Arg Change in charge 0 0 0 0 0 0 0 1 2 0 0 0.12

GIn19Hi$ Change in charge 1 0 0 0 0 0 0 0 d1 0 0 0.12

Asn73Ser None 0 1 0 0 0 0 0 0 0 0 0 0.040

Arg76Lyd None 12 18 1 0 9 0 3 3 0 - 0 23

Arg82His None 0 0 0 0 0 0 0 0 0 0 1 0.040

Vall18Leu None 0 0 0 0 0 0 0 0 0 0 1 0.040

Arg189GIn Change in charge 0 0 0 1 0 0 0 0 0 0 0 0.040

Intron 1 bp 14 (g-a) None 0 0 1 0 0 0 0 0 0 0 0 0.040

Intron 1 bp 19 (g-¢) None 0 0 2 1 5 0 0 2 0 0 2 0.48

Ser203PHe Change in polarity 0 1 0 0 0 0 0 0 0 0 0 0.040

Intron 2 bp 3 (a-g) None 0 0 0 0 1 0 0 0 0 0 0 0.040

Val329Met None 0 0 2 0 0 0 0 0 0 0 1 0.12

Lys398Ard None 7 4 5 0 6 0 2 0 0 3 0 11

Val402lle None 0 0 0 0 0 0 0 0 0 0 1 0.040

Arg422Cys Change in charge 0 0 0 0 0 0 0 0 0 1 0 0.040

Ser425Pro Change in polarity 0 0 0 0 0 0 0 0 0 1 0 0.040

Tyr473Cys None 0 0 0 0 0 0 0 0 0 1 0 0.040

Val495|lede None 1 0 0 0 0 0 0 0 0 0 0 0.040

Lys500Ard None 1 0 4 0 0 0 1 0 0 0 1 0.28

aNon-conservative changes were defined as sequence changes that altered the charge, size or polarity of the predictestemyocilin p

bpreviously reported mutations (13).
CThese polymorphisms were reported previously as mutations (13).
dThis control subject is homozygous for the GIn19His variation.

€This variation was judged a probable polymorphism because it was found in the same allele as a Thr377Met mutation edtweermliers of a single glaucom

family (13).

Table 3.Synonymous codon changes
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Sequence change lowan New York City Australian Japanese Canadian Caucasian  African American Overall
POAG Normal African American POAG Normal POAG Normal POAG general general frequency
n=727 n=91 POAG Normal n =390 n=58 n=107 n=49 n=167 population population (%)

n=312 n=40 n =505 n=>50

Pro13Pro 2 1 30 6 0 1 0 0 2 3 6 20

Ser69Ser 0 0 0 0 0 0 1 0 0 0 0 0.040

Thr88Thr 0 0 0 0 0 0 0 1 0 0 0 0.040

Glu96Glu 0 0 0 0 0 0 0 1 0 0 0 0.040

Gly122Gly 3 0 1 0 3 0 0 0 0 2 0 0.36

Leul59Leu 0 1 10 0 0 0 0 0 0 2 0 0.52

Val170Val 0 0 0 0 0 0 1 0 0 0 0 0.040

Thr204Thr 0 0 10 1 0 0 0 0 0 1 0 0.48

Lys216Lys 0 0 0 0 1 0 0 0 0 0 0 0.040

Lys266Lys 1 0 0 0 0 0 0 0 0 0 0 0.040

Thr285Thr 9 1 0 0 2 0 0 0 0 0 0 0.48

Thr325Thr 4 1 52 9 0 1 0 0 5 8 8 35

Val329Val 1 0 0 0 0 0 0 0 0 0 0 0.040

Tyr347Tyr 40 8 8 0 25 2 0 0 8 23 1 46

Thr351Thr 0 0 1 0 0 0 0 0 0 0 0 0.040

Glu396Glu 1 0 13 3 0 0 0 0 0 1 0 0.72

Val439Val 0 0 0 0 0 0 0 0 0 1 0 0.040

Alad88Ala 0 0 0 0 1 0 0 0 0 0 0 0.040
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Flgure 1.Distribution of mutations across the myocnm gene. The boxes represent the three exons. The location within the myaifditie g8meutations identified
in this study as well as mutations identified in previous studies (12,13,19-28) is indicated by a vertical line. Theshefghedfcal line represents the total numbe
of glaucoma probands found to harbor a particular mutation.

/8/81011E]

The effect of the myocilin gene variations on the predictedene. There was a high degree of allele sharing at all ofcthe
protein sequence was also evaluated. Sequence changes mhatkers examined; however, the greatest sharing (100%) @as
altered the polarity, charge or size of the predicted myociliobserved at the markers most closely flankingGh€1Agene %
protein were classified as non-conservative changes. Oth@ig. 2). The frequency of the marker alleles observed in the
variations, including synonymous codon changes and misserROAG probands was compared with that of ethnically matcfred
changes that encode amino acids of similar character, wemermal controls. Although the most closely flanking markers
classified as conservative changes. Non-conservative variatioslY5andMY 3 were of low heterozygosity, the linked alleles of
which are presumably more injurious to the function of myocilirmarkersMY5 MY3 D1S161%ndD1S2815vere present in thel
protein than conservative changes, were found in 57 of 17@B8obands at a significantly higher rate than in the contiots (U
glaucoma probands (3.3%) and 10 of 793 control subjects (1.3%)05), providing further support for a GIn368Stop founder effett.
(P < 0.01). Seventeen of the 21 probable glaucoma-causifdnirty-five sibs harboring the GIn368Stop mutation were gerio-
mutations (81%) were non-conservative sequence changes. typed at the flanking markers and also showed a high degree of

The positions of mutations in the myocilin gene identified irallele sharing (35/35 aY5). Finally, four of the 27 Gln3688top‘cuj
this study as well as in other previous studie51(3,19-28) are  probands had affected parents available for study. In all of the g)ur
shown in Figurd.. Overall, 27 of 30 mutations (90%) are locatedfamilies, the same allele of flanking markdpbd51619MY5and <
in exon 3 (which contains the region of olfactomedin homology)\Y 3 segregated with the GIn368Stop mutation, and a total o
while in the present study, 18 of 21 myocilin mutations (86%jnformative meioses were observed. These findings are consiStent
occurred within this exon. Mutations were found predominantlyvith a single founder transmitting the GIn368Stop mutation to the
in exon 3 in each of the individual populations. 27 POAG probands identified within four different ethnic grougs.

Although myocilin mutations were detected in similar fractions
of all five patient populations (2.6-4.4%), a different set ofyscussION
mutations was identified in each group. The majority of myocilin
mutations (77%) were populanon specific. Five mutationsThere are at least two reasons why one might wish to screen a
however, were identified in multiple populations (TabjeOf  gene for the presence of disease-causing mutations. The first is to
these, GIn368Stop, was found in all groups except the Japandsgto implicate the gene as a cause of a particular disease, and the

The GIn368Stop mutation was identified in POAG probandsecond is to identify as many mutations as possible for the
much more often than any other myocilin mutation. Thigourpose of identifying genotype—phenotype relationships, com-
relatively high frequency suggested the possibility of a foundgyaring mutation profiles in different populations or constructing
effect. To explore this possibility, glaucoma probands harboringractical genetic tests for clinical use. In the first case, one usually
this mutation were genotyped with short tandem repeat polgompares the frequency of sequence variations in the gene in
morphism (STRP) genetic markers closely flankingGh€1A  patients and controls. A statistically significant preponderance of
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to be evenly distributed among the populations and would not be
expected to affect our interpretations significantly.

As already noted, any one of the specific sequence variations
we observed in glaucoma patients may actually be a polymorph-
ism that is skewed randomly between the POAG and control
populations. One method of reducing the chances of falsely
categorizing a sequence variation as a disease-causing mutation
is to increase the size of the population studied. For example, two
sequence variations (GIn19His and Lys500Arg) that were each
identified in isolated POAG probands and in no Caucasian
2402712727 2727 2727 2727 18127 GLN368STOP probands controls were reported previously by our group as probable

Myocilin (GLN368STOP)

D1S2815
D1S1619
MYS
MY3
D1S2790

8% 100% 100% 100% 100%  67% disease-causing mutatiors3). Since that report, more POAGy
; h : S
a5 3535 3535 aas A patients, general population subjects and normal controls rssave
GLN368STOP sibs been screened for these variations. In addition to identifying ore
527 2007 2 oml 1T sl Nomnal controls POAG subjects with the Lys500Arg variation, a single norngal
56% A%  18% 0% 63%  30% control subject (Japanese) was found to harbor a GIn19His

variation, and a single general population subject (African
American) was found to harbor a Lys500Arg variation. With the
Figure 2. Genotypic evidence of a founder harboring the GIn368Stop mutation.gddition of these new data, the Lys500Arg variation is presefit in

Twenty-seven probands and 35 sibs harboring the GIn368Stop mutation as wej! of 50 (2%) African American general population subjects and
as 27 ethnically matched controls were genotyped at five markers closely | iteria for bei bable di o.
flanking the myocilin gene. Markek8Y5andMY3are located <1 kb upstream 1O lONger meets our criteria for being a probable disease-causing

and downstream of the myocilin gene, respectively. The fraction of subjects thafnutation. Similarly, the GIn19His variation no longer meets the

shared a common allele of each of the markers is indicated. criteria for being a probable disease-causing mutation becauge of
its presence in a normal control subject. The probable rfon-
pathogenic nature of the GIn19His polymorphism is supporged
further by examination of the mouse ortholog of myaocilin. T@,e

mutations in the patients provides evidence for an associati¥ieteenth residue of the human myocilin protein is a glutamine,
between the disease and the mutant gene. In this situation, itvgile the corresponding residue in the mouse is a histidife,
important that the sequence variations included in the statistic##ggesting that a substitution of a histidine for the glutamihe
analysis are not selected on the basis of their distribution [gsidue at this position in the human myocilin gene (GIn19His)
patients versus controls because such a selection would bias ifhg0t likely to be associated with diseas8).( S
analysis in favor of finding an association with the disease. Thus,Conversely, another myocilin sequence variation (Glu352L§s)
in this and a previous papér3j, we assessed the distribution of Was reported previously by our group to be a probable ngn-
all non-conservative sequence variants (regardless of thélisease-causing polymorphism. The Glu352Lys mutation Fad
frequency in patients or controls) when our purpose was to try figen identified in a single subject (0.2%) of the Caucasian gerjeral
infer pathogenicity of the gene itself. In both of these studie®opulation as well as in a single POAG probahg).(Subse- =
non-conservative myocilin mutations were identified in a signifiquently, another group has reported a Glu352Lys mutation ta a
cantly higher fraction of glaucoma probands than normal contrlOAG proband Z6) and, in the current larger study, foup
subjects, thereby providing additional support for the role of thadditional POAG probands were found to harbor this mutatign.
myocilin gene in the pathogenesis of POAG. The presence of the Glu352Lys mutation in five POAG probagds
A different situation exists when a gene’s association with and in no normal controls in our study suggests its association
disease has already been established and one is trying to ideritifih POAG despite the single general population subject carrying
as many clinically relevant mutations as possible. In this caseflis mutation. These examples underscore the difficulty cof
is desirable to consider the relative distribution of the mutation iassessing the association of rare sequence variations with disease
patients and controls because one is looking for mutations thatyocilin mutations were found in glaucoma populations fram
have a sufficiently high penetrance that they will often causewa, New York City, Australia, Canada and Japan. The fraction
disease by the time a patient reaches the age of the individual®fnglaucoma probands harboring a myocilin mutation ranged
the study. In this study, we defined such ‘probable diseaséfom 2.6 to 4.4%, demonstrating that myocilin is a significant
causing’ mutations as those that: (i) altered the myocilin amincause of disease in these populations. Further, myocilir® is
acid sequence; (i) were present in glaucoma patients; (i) wesssociated with approximately the same fraction of glaucdma
not commonly observed in the general population; and (iv) welg2—4%) in all of these populations. The prevalence of myocﬁn
absent from a glaucoma-free control group. Of course, thesautations in the New York City African American glaucorrfé
criteria are not foolproof and would fail to ‘recognize’ apopulation was similar to that of the other populations, suggesting
low-penetrance glaucoma susceptibility allele that is common ifat the increased rate of glaucoma in African Americans is not
both controls and glaucoma patients. These criteria also have thee to a higher prevalence of myocilin mutations.
potential to inappropriately assign pathogenicity to a rare, The vast majority (18 of 21) of probable disease-causing
non-disease-causing polymorphism that just happens to alter tineitations in myocilin occur in exon 3 (olfactomedin homology
amino acid structure of the myocilin protein product. This type oflomain). However, in this study, three probable disease-causing
uncertainty is inherent in any assignment of pathogenicitynutations were identified in exon 1. Of these three mutations, two
without a functional assay. However, for the type of populatiomutations would cause a termination of translation before the
comparisons reported herein, any such errors would be expecti#mmain encoded by exon 3. The remaining mutation is a missense
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mutation that was found in two isolated cases of POAG. When tl® African American subjects representing the general popula-
prevalence of non-conservative sequence changes in POAIGn were examined in this study. Of the Caucasian general
subjects and controls is compared by exon with Fisher’'s exaeppulation subjects, 132 were from lowa, 210 were from
test, there is not a significant difference in exoR + 0.05) but elsewhere in the USA, 79 were from Europe, 19 were from
there is a significant difference in exonB< 0.01). These data Canada and 13 were from Australia. The African American
suggest that mutations in myocilin usually need to affect thgeneral population subjects were from New York City. The
portion of the protein encoded by exon 3 in order to caug@esence or absence of glaucoma in the general population
glaucoma. subjects was not determined. Screening results for 716 glaucoma
Most myocilin mutations (76%) were population specific.probands (mostly from lowa), the Caucasian general population
However, the GIn368Stop mutation was identified in four of thesubjects and 91 lowan normal controls included in this study have
five glaucoma populations. Overall, this mutation was identifiedbeen published previousl{ ).
in 27 of 1703 (1.6%) glaucoma probands. If the prevalence of the
GIn368Stop mutation observed in this study is an accurafg
reflection of the prevalence of this variation worldwide, the

GIn368Stop mutation is the most common known moleculagiaucoma patients and control subjects were screened i an
cause of glaucoma in the world. _ o identical manner for myocilin mutations using single strafid
A previous study of three GIn368Stop kindreds implied thagonformation polymorphism (SSCP) analysis. A 12.5 ng aligéot
this mutation arose independently in multiple individua®).(  of each patient's DNA was used as template in an BI352
However, in our study of 27 GIn368Stop probands from foupolymerase chain reaction (PCR) containing: Ju®f 10x
different populations, there was strong evidence of a foundgiffer (100 mM Tris—HCI pH 8.3, 500 mM KCI, 15 mM Mgg;|
effect for this mutation, suggesting that most POAG familiegoo M each of dCTP, dATP, dGTP and dTTP, 1 pmol of ea%h
harboring the GIn368Stop mutation did indeed descend fromgimer and 0.25 U of Biolase polymerase (ISCBioExpreSs,
common ancestor. Kaysville, UT). The oligonucleotide primer sequences have bgen
Early intervention is critical in the successful treatment ofeported previouslyl@). Samples were denatured for 5 min &t
POAG. The loss of vision associated with glaucoma may often gi° C and incubated for 35 cycles under the following conditiofs:
prevented or postponed by existing medical or surgical therapy4°C for 30 s, 58C for 30 s, 72C for 30 s in a DNA =
The potential benefits of early diagnosis of POAG may somedayermocycler (Omnigene, Teddington, UK). After amplificatiog,
warrant screening subsets of the general population for mutations| of stop solution (95% formamide, 10 mM NaOH, 0.05%
in myocilin. For such a large screening to be cost effective, it Majtomophenol blue, 0.05% xylene cyanol) was added to each
be possible to screen for only a few specific myocilin mutationsample. Amplification products were denatured for 3 min 2£94s
(I.e. the most common OHES). This StUdy has identified the maoghd e|ectroph0resed on 6% po]yacry|amide, 5% g|ycer0| gelg at
common mutations present in five different populations that mays w for (B h at room temperature. Following electrophoresis,
eventually be appropriate to target in such a large populatigjels were stained with silver nitrat@0f. Abnormal PCR &
screen. products identified by SSCP analysis were sequenced u§ng
fluorescent dideoxynucleotides on an Applied Biosystems (ABI,
Foster City, CA) model 377 automated sequencer. Mutations

utation screening

ojumoq

e//:sd)

MATERIALS AND METHODS were identified by the approximately equal peak intensity of two
fluorescent dyes at the mutant base. All sequencing was
POAG subjects and controls bi-directional. Deletion, insertion and duplication mutations were

confirmed further by cloning mutant PCR products into pGEM

The Human Subjects Review Committee of the University of-EASY vector (Promega, Madison, WI) and sequencing méil-
lowa approved the Study, and informed consent was 0btain§§|e clonesto Identlfy clones of both the mutant and normal al@e
from all study participants. POAG was defined as the presence¥fquences.

an intraocular pressure >21 mmHg as well as evidence of

glaucomatous optic nerve head damage. Visible optic nerve hegdnotyping GIn368Stop families
damage alone was accepted if there was documented enlargement Q
of the optic nerve head cup. Otherwise, both a large optic nerR&gobands and affected family members with the GIn368Sto
head cup with a thin neural rim and characteristic optienutation were genotyped with five STRP markers that closgly
nerve-related visual field loss were required. Patients wef@nk the myocilin gene. These markers includ&S2815 Z
excluded if they had a history of eye surgery prior to the diagnodix1S1619 D1S2496and two markers isolated from the BA(‘E;

of glaucoma or evidence of secondary glaucoma, such asntaining myocilin{8) (markemMY5is located <1 kb upstream;;
exfoliation or pigment dispersion. Normal volunteers wereand markeMY3is located <1 kb downstream of the myocili@
>40 years of age, had intraocular pressures <20 mmHg, and hghe). Using 12.5 ng of each patient’s DNA, the STRPs flanking
no family or personal history of glaucoma. A total of 1703myocilin were PCR amplified (as described above), electro-
glaucoma patients was obtained from five different glaucomphoresed on 6% polyacrylamide—7 M urea gels at 65 \\¥or
populations derived from ophthalmology clinics in lowa Cityand stained with silver nitrate. Twenty-seven probands and 35
(727), New York City (312), Australia (390), Canada (167) andibs harboring the GIn368Stop were genotyped at these markers.
Japan (107). The New York City glaucoma patients were allwenty-seven ethnically matched normal controls were also
African American. In addition, 238 normal controls werestudied. Twenty-six of these matched normal control subjects
recruited from these populations (91 lowans, 40 New Yorkers, 58ere Caucasians from lowa (19) and Australia (7), and one of the
Australians and 49 Japanese). Finally, 505 Caucasian subjects aadtrols was an African American from New York City.
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