From the figure it is apparent that the odds ratios for association with the risk alleles
of these SNPs and POAG differ with the different populations. The odds ratios for
rs10120688 reported by Burdon et al.'® and Wiggs et al.'” are deceptively dissimilar
because they report on alternate alleles. This association with POAG is only
replicated in the African American dataset. In the Ghanaian and South African

datasets the A allele is marginally protective.
3.2.6.3.3 Severe visual impairment from glaucoma

In a glaucoma subset analysis, SNPs in CDKN2BAS-1 were evaluated for an
association with severe visual impairment (visual acuity of less than 6/60 in either
eye) from glaucoma in each population. The results of the logistic regression
analysis for each SNP in the region including population and gender as covariates

are represented in each population in Figure 4.43.

Figure 4.43 Association of SNPs in CDKN2BAS-1 with severe visual impairment caused by glaucoma in populations of African
descent. The y-axis is the measure of association with severe visual impairment (represented by -log1op) by logistic regression
adjusted for gender in the South African, African American and Ghanaian datasets and adjusted for gender and population in
the combined dataset. On the logarithmic scale p = 0.05 is equivalent to 1.3 (blue line). The red line represents the Bonferroni
corrected level of significance (p=0.0010).
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There were six SNPs (rs7049105, rs10120688, rs16905599, rs10965235,
rs10811658 and rs12347779) in the region associated with severe visual loss from
glaucoma in the African American dataset (p<0.05) and one SNP (rs1333050)
marginally associated with visual loss in the combined group (p=0.046). The most
significantly associated SNP in the African American group (rs10120688) was also
the SNP most significantly associated with POAG in that population and the SNP
identified in two POAG GWA studies in European populations.'” '8 None of the
other SNPs associated with visual loss was associated with POAG. The association
with rs10120688 and visual loss from glaucoma in the African American dataset
withstood correction for multiple testing using the Bonferroni method (p=0.0006;
Bonferroni p<0.0010). The details of the association testing for this SNP are in Table
4.27.

Table 4.27 Association analysis of SNP rs10120688 (A allele) and severe visual impairment from glaucoma

Population A allele frequency p OR* (95% ClI) p* OR** (95% ClI) p**
SVI: Controls

South African 0.34:0.39 0.2329 0.80(0.55-1.16) 0.2346 0.84 (0.55 - 1.29) 0.4270

Ghanaian 0.37:0.39 0.4391 0.91 (0.72 - 1.14) 0.4009 0.77 (0.55-1.07) 0.1166

African 0.51:0.40 0.0004 1.55(1.21 - 1.99) 0.0006 1.51 (1.12 - 2.03) 0.0061

American

Combined 0.42:0.40 0.3057 1.10(0.94 - 1.28) 0.2356 1.04 (0.88 - 1.23) 0.6453

*Adjusted for population (South African, Ghanaian or African American) and gender; **Adjusted for population (South
African, Ghanaian or African American), age and gender

SVI, severe visual impairment from POAG; p, unadjusted p-value; OR (95% CI), odds ratio (95% confidence intervals)

The odds ratios for association of SNP rs10120688 with severe visual loss in POAG

in the African datasets are represented graphically in the Forest plot in Figure 4.44.
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Figure 4.44 Forest plot of the odds ratios for the association of SNP rs10120688:A with severe visual impairment. Odds ratios
(x-axis) are represented from the South African, Ghanaian, African American and combined datasets in the association with
severe visual impairment (SVI). For comparison the odds ratio for association with POAG is represented in the African
American dataset alone (POAG). The squares indicate the odds ratios with the 95% confidence intervals denoted by the lines.

From the figure it is apparent that the risk allele for severe visual impairment in

African Americans is, if anything, protective in the other two African populations.

None of the other associations with SNPs in the region and visual loss from
glaucoma withstood correction for multiple testing using either the Bonferroni method
(p > 0.0010) or the p corrected using the SNPSpD interface (p > 0.0013).

3.2.6.3.4 VCDR association

The CDKN2B region was identified in a VCDR GWA study,'® so the SNPs in the
gene were further evaluated by linear regression with adjustment for age, gender,
population and diagnosis (POAG or control) for an association with VCDR. None of
the SNPs genotyped in the region was found to be associated with VCDR in the
South African, Ghanaian or combined datasets. SNP rs1537370 was nominally
associated with VCDR in the African American dataset only (p=0.033). The SNP was
not associated with POAG or severe visual loss from POAG in this or any of the
other populations tested. The association did not withstand correction for multiple

testing.
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3.2.6.4 SIX1/6

3.2.6.4.1 Allele frequencies

The allele frequencies for each SNP included in the SIX1/SIX6 region in the South
African study population and in the Ghanaian and African American datasets were
similar to each other. The allele frequencies are compared with each other and with
two HapMap populations (YRI, Yoruba from Nigeria and CEU, Utah residents with
European ancestry) in Figure 4.45. The figure illustrates that the populations of
African descent all have quite similar allele frequencies, whereas in many of the
SNPs in this region the population of European descent has markedly different allele
frequencies. In SNPs rs2350890, rs11849906, rs10148202 and rs7146104 the allele

frequencies were more similar across all the populations illustrated.
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Figure 4.45 Allele frequencies of the SNPs in the SIX71/SIX6 region. Allele frequencies are represented on the y-axis in the
South African, Ghanaian and African American datasets compared with those from two HapMap populations (YRI, Yoruba from
Nigeria; CEU, Utah residents with European ancestry).

3.2.6.4.2 POAG association

Figure 4.46 summarises the POAG association analyses for each SNP in the
SIX1/SIX6 region after adjustment for gender. The combined dataset was also
adjusted for population (South African, Ghanaian or African American). There were

no SNPs in this region associated with POAG in any of the populations.
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Figure 4.46 POAG association of SNPs in SIX7/SIX6 in populations of African descent. The y-axis is the measure of
association with POAG (represented by -logop) by logistic regression adjusted for gender in the South African, African
American and Ghanaian datasets and adjusted for gender and population in the combined dataset. On the logarithmic scale p =
0.05 (not illustrated).

One of the SNPs genotyped in the region (rs4901977) had been identified as having
an association with POAG in the GWA study from the NEIGHBOR and GLAUGEN
consortia.'” Figure 4.47 represents a comparison of the odds ratios for the
associations from the meta-analysis of the results of the NEIGHBOR and GLAUGEN

studies (Wiggs et al.’”®) and from the populations of African descent.
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Figure 4.47 Forest plot of the odds ratios for SNP rs4901977 in SIX1/SIX6. Odds ratios (x-axis) are represented from the
publication by Wiggs et al.,'™ the South African, Ghanaian, African American and combined datasets. The squares indicate the
odds ratios with the 95% confidence intervals denoted by the lines. The alleles for the odds ratios are on the right of the odds
ratios.

From the figure it is apparent that the risk associated with SNP rs4901977 identified
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1.'%is not replicated in the populations of African descent either

by Wiggs et a
individually or together even when the alternate alleles used to report the odds ratios

are taken into account.

3.2.6.4.3 Severe visual impairment from glaucoma

In a glaucoma subset analysis, SNPs in the SIX1/SIX6 genomic region were
evaluated for an association with severe visual impairment (visual acuity of less than
6/60 in either eye) from glaucoma in each population. None of the SNPs genotyped
in the region was found to be associated with visual loss from glaucoma in the South
African, Ghanaian or combined datasets. SNP rs7146104 was nominally associated
with severe visual loss (after adjustment for gender) in the African American dataset
only (p=0.025). The SNP was not associated with POAG in this or any of the other
populations tested. The association did not withstand correction for multiple testing.
3.2.6.4.4 VCDR association

The SIX1/SIX6 region was identified in a VCDR GWA study,'®* so the SNPs in the
gene were further evaluated by linear regression with adjustment for age, gender,
population and diagnosis (POAG or control) for an association with VCDR. None of
the SNPs genotyped in the region was found to be associated with VCDR in the
African American, Ghanaian or combined datasets. The SNPs associated with
VCDR in the South African dataset (rs2350890 and rs10148202) were not
associated with POAG or severe visual loss from POAG in this or any of the other

populations tested.
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4. DISCUSSION

4.1 Study population

The study population of black South Africans was representative of the region in
which the study was conducted. It consisted of individuals with different ethnic
affiliations evidenced by their different home languages. However the languages are
all Southern Bantu languages (part of the Niger-Kordofanian linguistic macrofamily)
and a structure analysis on the SNPs genotyped in the BeadXpress Study confirmed
that the population is homogeneous but distinct from other African populations. This
is not surprising in the context of the great genetic diversity in populations of African

descent because of their ancestral age.>*?

The comparison with other populations of African descent was extended in the
TagMan® Genotyping Study performed at Duke University where there was a unique
opportunity to compare and combine the genotyping results from the South African
study population and Ghanaian and African American groups. The Ghanaian and
South African populations fall into the same genetic cluster (one of six in Africa)
identified by Tishkoff et al.**° from a principal components analysis of 121 African
populations. This may reflect the spread of Bantu-speaking populations from West
Africa across Eastern and Southern Africa within the past 3000 to 5000 years.
African Americans, while an admixed population, are also estimated to be of
predominantly Niger-Kordofanian ancestry with approximately 13% European
admixture and 8% admixture with other African populations.>® African Americans
have been shown to cluster genetically closely with West Africans, consistent with
the historic slave trade origin of African Americans who are largely descended from
ancestors in West Africa.>*® The allele frequency comparison suggests that the
African Americans in this analysis were closer to the other two African populations
and to the Yoruba from Nigeria than to the HapMap European population. In fact, the
three African groups compared in the TagMan® genotyping analysis have sufficient
similarities (based on this small analysis of only 49 SNPs) to justify grouping them
together to increase the power to detect small genetic effects in populations of

African descent.
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4.2 Association analyses

The primary objective of the study was to evaluate SNPs in candidate genomic
regions for an association with POAG. In each instance this was performed with a x*
test or Fisher’s exact test (unadjusted) or in a logistic regression model adjusted for
gender or for both age and gender. The inclusion of gender as a covariate is justified
because it is a potential confounder. The inclusion of age as a covariate tended to
reduce the power to detect associations, without having a marked effect on the odds
ratio for the effect size, however in some cases the inclusion of age introduced
associations that were not otherwise identified as being significant. This may
represent an artefact because age was strongly correlated with POAG in the study
population as a result of selection bias. Adjustments for gender alone were therefore

given more weight in the analyses.

4.3 Candidate gene associations

The candidate genomic regions that were evaluated in this study were selected for
inclusion because they were located within known POAG loci, they had been
identified in POAG association studies or they had been identified in ocular
quantitative trait association studies. A detailed overview of the findings for each
genomic region follows, but a summary of the candidate gene associations identified

in this study is presented in Table 4.28.
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Table 4.28 Summary of associations identified in the candidate gene association studies

Population SA WA AA COMB EUR
Association POAG IOP CCT VCDR DM POAG POAG POAG POAG

Known POAG Genes
MYOC X

CYP1B1

WDR36 X X

Regions identified in POAG association studies
C2p16

TMCO1 X X

CAV1/CAV2 X X X

CDKN2B/BAS-1 X

X X X X

SIX1/SIX6 X

Regions identified through ocular quantitative trait associations
COL1A1 X

COL1A2 X X

COL5A1

COL8A2

ZNF469 X X

ATOH7

Associations are marked with an ‘x’, a red ‘x’ represents an association that withstands correction for multiple testing

SA; South African study population; DM, diabetes mellitus; WA, Ghanaian dataset; AA; African American dataset; COMB;
combined African dataset; EUR, identified in European populations

4.3.1 Known POAG genes

4.3.1.1 MYocC

Pathogenic mutations in the MYOC gene have been demonstrated to be important in
a percentage of black South Africans with POAG who presumably have a monogenic
form of the disease (Chapter 3). In this candidate gene association study, 18
common variants in the gene were evaluated for an association with POAG in black
South Africans. One variant had a weak association with POAG, indicating that this
gene may be important in both the monogenic and genetically complex forms of the

disease.

4.3.1.2 CYP1B1

This study failed to confirm the associations with POAG that have been reported with
polymorphisms in the CYP1B1 gene. This lack of association is corroborated by a
recent meta-analysis of genetic polymorphisms in CYP1B1 with POAG, which

concluded that conflicting results reported in the literature may be the result of
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different genetic structures among different populations.'®
4.3.1.3 WDR36

There were no associations with POAG in black South Africans and SNPs in
WDR36, but a weak association (that did not withstand correction for multiple
testing) was identified with IOP and one SNP (rs1457113) in the gene. The 5q22
locus that contains the gene has been identified in association with IOP in two
genome-wide linkage studies.?® 2% The genetic effect of the risk allele of SNP
rs1457113 on IOP was small in this study, but replicating the association in a larger

group could suggest that WDR36 is the associated gene within the locus.

A much more significant association with a SNP in WDR36 that did withstand
Bonferroni correction was identified with a self-reported history of diabetes mellitus in
this population, and more specifically, type 2 diabetes mellitus. This SNP and three
others that showed more marginal associations with diabetes mellitus in this study
had no overlap with the SNP associated with IOP. This genetic association is not
among the 3659 genes reported with diabetes mellitus and recorded in the
Phenopedia section of the Human Genome Epidemiology Network (HUGENet™) as
of July 2012.3% A weakness of this finding is that body mass index was not recorded
in this study, so the association results were not corrected for body mass index. The
association with diabetes mellitus we have detected needs to be replicated in order

for its significance to be confirmed.

Confirmation of an association with diabetes and a recognised POAG locus would
strengthen the evidence for an independent association between these two disease
entities. Although it is thought that the two diseases are associated on the basis of
diabetic microvascular damage and altered vascular autoregulation of the retina and
optic nerve, an alternate hypothesis may be related to elevated IOP associated with
diabetes.?*" #** Associations of WDR36 with both diabetes mellitus and IOP could

substantiate this hypothesis.
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4.3.2 Regions identified in POAG association studies
4.3.2.1 Chromosome 2p16 region

This study did not identify a significant association with POAG in black South
Africans and the seven SNPs genotyped in the chromosome 2p16 region that had all
shown significant associations in the Afro-Caribbean population of Barbados."”® The
study was well powered to detect the magnitude of risk reported in that study. One
SNP, rs11125375, showed a marginal association with the T allele, but the
association did not withstand adjustment for gender or for age and gender. The odds
ratio for the association was 1.4, which this study was underpowered to detect. This
allele was the alternate allele to the risk allele identified by Jiao et al.'™ The minor
allele frequencies of the SNPs in this study were different to the original study,
suggesting that despite the commonality of African descent, these two populations
are not similar. As with our study, no association was shown with this region and
POAG in Japanese and Korean cohorts.'®" *%” Only a weak association has been
reported with POAG and one SNP in this region in African-Americans (but not in
Ghanaians)."®? This suggests that the reported association may be specific to the
original population in which it was identified. It could be a local founder effect or it
may represent genetic drift or region specific selection pressures. Alternately there
may be an unidentified causal variant in this region with different levels of linkage

disequilibrium with the genotyped SNPs in different populations.
4.3.2.2 TMCO1

Genotyping results were available from eight SNPs in the TMCO1 genomic region in
the South African, Ghanaian and African American datasets. The South African
dataset alone did not have the statistical power to detect the odds ratio (OR = 1.5)
reported in the GWA study by Burdon et al.'”® However, combining all three of these
datasets increased the power. In the combined dataset, an association approaching
significance after adjusting for gender and population and with correction for multiple
testing was identified in a SNP (rs7518099) that the above-mentioned GWA study
identified, but with smaller odds ratios. That this SNP was included in an attempt to

replicate a previously identified association suggests that applying correction for
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multiple testing may be too stringent. This provides evidence for an association with
glaucoma and this region in different populations. It is therefore likely that the
TMCO1 gene locus represents a common pathway for glaucoma susceptibility
across all populations. Further investigations into the function of the gene and its role

in glaucoma are warranted.

The region was also evaluated for an association with IOP because it had been
identified by van Koolwijk et al.® in an IOP GWA study. No convincing association
with IOP was detected in any of the datasets of African origin suggesting that in
these populations the association with POAG may be independent of IOP. However,
the phenotypic data on IOP was incomplete, so the findings should be interpreted

with caution.
4.3.2.3 CAV1/CAV2

SNPs in the CAV1 and CAVZ2 genomic region were evaluated in both the
BeadXpress genotyping project and in the TagMan® study. Where the SNPs
overlapped, the genotyping results concurred. None of the SNPs evaluated in this
region was found to be associated with POAG in the South African study population,
however the study was not powered to detect small genetic effects. In both the
Ghanaian and African American datasets there were marginal associations with
POAG and SNPs in CAV1/CAV2. Combining the South African dataset with the
Ghanaian and African American datasets produced an association in SNP
rs4236601 nearing significance after correction for multiple testing. This SNP was
the most significantly associated SNP that had been detected by Thorleifsson et
al.""in their GWA study and was therefore included in the study for replication
purposes, suggesting that correction for multiple testing may not be appropriate. As
was the case with the SNPs in TMCO1, the odds ratio was smaller for this African
dataset than it was for the European dataset in which the association was first
detected. An association with the CAV1/CAV2 genomic region and glaucoma has
been demonstrated in Europeans, in Asians and now in Africans suggesting that it
plays a role in glaucoma susceptibilty across all populations, but the different odds

ratios suggest different degrees of risk association.
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A biological hypothesis for a role for the caveolin gene products in glaucoma exists
with their regulatory capacity for TGF-B. In addition, the results of the IOP GWA

study by van Koolwijk et al.'®

support an association of this region with |IOP. No
association with IOP was identified for SNPs in this region (bearing in mind the
limitation of incomplete phenotypic information) and the study populations
investigated. Nonetheless, the region, and how it affects a glaucoma phenotype, are

deserving of further study in African populations.
4.3.2.4 CDKN2B / CDKN2BAS-1

Tagging SNPs and ‘literature SNPs’ were evaluated in the 9p21 locus using both
BeadXpress and TagMan® genotyping. Where the SNPs overlapped, the genotyping
results concurred. The region was first identified in a VCDR GWA study, so each
SNP was evaluated for an association with both POAG and with VCDR. This study
did not show an association with any of the SNPs and VCDR in the South African
study population. This result was anticipated because the genetic effect on VCDR of
the ‘literature SNP’ identified by Ramdas et al.'®° was too small to be detected with
this sample size. Expanding the association with VCDR to include the Ghanaian and
African American datasets revealed a nominal association with one SNP in the
region and VCDR in the African American dataset, but the association did not
withstand correction for multiple testing and was not present in the combined

dataset.

The POAG association analysis also revealed no significant associations with any of
the SNPs in the South African study population. This may be because the
association with POAG has been demonstrated to be stronger with the NTG
phenotype:'"" '"* 74 NTG was very uncommon in the South African study
population. Alternately there may be a small genetic risk associated with POAG in

this population that this sample size was insufficient to detect.

Combining the datasets of African descent and thus increasing the sample size did
not yield any effects that withstood correction for multiple testing. An association with
POAG and this region has however been demonstrated in a population of African

descent by Cao et al.'®® in the Afro-Caribbean population of Barbados. Furthermore,
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the African American dataset alone had a SNP (rs10120688) with an association to
POAG that approached significance after correction for multiple testing. This same

1."3 and Burdon et al.’"®

SNP, that was also identified by Wiggs et a in populations of
European descent, was significantly associated with severe visual loss from
glaucoma in the African American group. Comparing the association analyses for
this SNP in the three African datasets revealed similar minor allele frequencies in the
control groups, but the minor allele was the risk allele for both POAG and severe
visual loss from POAG in the African Americans whereas the minor allele was, if
anything, protective in the other two groups. Combining the three African datasets in
this study therefore, not surprisingly, removed the significance seen in the African
American population alone. This suggests that there are population differences at
this locus within these three different populations of African descent. Combining the
datasets in this instance, while increasing the power, in fact masks genuine

population specific signals.

The CDKN2B / CDKN2BAS-1 region has been convincingly demonstrated to be
associated with POAG and NTG in several populations, but the findings of this study
suggest that the genetic effect varies with different populations and within

populations originating from Africa.
4.3.2.5 SIX1/ SIX6

SNPs in SIX1, SIX6 and the intergenic region were evaluated in both the
BeadXpress genotyping project and in the TagMan® study. Where the SNPs
overlapped, the genotyping results concurred. The region was first identified, along

with the 9p21 region, by Ramdas et al.'®®

in association with VCDR. The BeadXpress
study did not show an association with any of the SNPs and VCDR in the South
African study population. Two SNPs (rs2350890 and rs10148202) within the region,
that were only evaluated with TagMan® genotyping, did however demonstrate an
association with VCDR after adjusting for POAG diagnosis, age and gender. The
associations did not withstand correction for multiple testing and were not found in

either of the other African populations or the combined dataset.

There were no SNPs that were associated with POAG in the South African study
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population or in either of the other two African populations evaluated or in the
combined group of individuals of African descent. The combined sample size was
sufficient to replicate the effect size reported in the literature suggesting that the
POAG susceptibility alleles in SIX1/SIX6 discovered in European and Japanese
populations play a greatly reduced or negligible role in populations of African

descent.'’> 173

4.3.3 Regions identified in ocular quantitative trait association studies

4.3.3.1 Collagen genes (COL1A1, COL1A2, COL5A1 and COL8A2)

The collagen genes COL1A1, COL1A2, COL5A1 and COL8A2 were selected as
candidate genes for POAG because of their association with CCT. Despite the study
being powered to detect genetic effects on CCT of more than 8um per risk allele, no
significant associations were detected with SNPs in these regions and CCT in this
population. There was a marginal association with a SNP in COL71A2 and CCT and,
in addition, individual SNPs in COL1A7and COL8A2 showed a nominal association
with POAG in the study population. These associations did not withstand correction
for multiple testing. This lack of association confirms the findings of Ulmer at al.**
who evaluated CCT in a POAG GWA study. As with this South African study, they
found no associations with these genes for either CCT or POAG in the European

population they evaluated.

The association analysis with diabetes mellitus revealed a nominal association with
three SNPs in COL1A2 and diabetes mellitus. The associations did not withstand

correction for multiple testing.

4.3.3.2 ZNF469

The 16g24 genomic region was also included as a POAG candidate gene for its
association with CCT. In this study a single SNP in the region was weakly associated
with CCT. A different SNP was associated with POAG and in a glaucoma subset
analysis was associated with glaucoma drainage surgery. None of the associations

remained significant after correction for multiple testing.
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4.3.3.3 ATOH7

ATOH?7 was included as a POAG candidate gene in the BeadXpress study because
the gene was identified in a GWA study in association with optic disc area and
VCDR."®® A SNP in the region was identified in association with POAG in the Afro-
Caribbean population of Barbados in a study of similar size to this one.’® The
BeadXpress study was unable to replicate the association of SNPs in the gene with
POAG. This provides further evidence of population differences between these two
populations of African origin. This study did not identify an association with SNPs in
the region and VCDR indicating that in this population there is a reduced role of this

region in the susceptibility to optic disc parameters.

4.4 Limitations

The candidate genes selected were mostly selected out of work on European and
Asian populations. European, Asian and African populations differ and may have

different risk factors.

The tagging SNPs were selected using the Yoruba from Nigeria as the reference
population, but also comparing the SNPs with tagging SNPs for the Luhya and
Maasai from Kenya. The diversity within African populations suggests that these

populations are imperfect proxies for black South Africans.

The candidate gene association studies were designed to detect moderate genetic
risk effects in the South African dataset. This study did not detect any such effects.
This does not exclude effects accounting for a small percentage of the risk for
glaucoma. GWA studies have only found small risk effects to date. A larger sample
size would be required to detect such effects. Combining datasets of different
populations of African descent to achieve this increased the power to detect
associations common to all the groups, but did not increase the power to detect

population-specific effects.
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4.5 Summary

This first candidate gene association study in a black South African population did
not detect any significant genetic effects within the regions included in the study.
Combining the South African data with data from a West African population and an
African American population significantly increased the power to detect associations
and identified associations of POAG with the CAV1, CAV2 and TMCO1 genomic
regions. These are likely, therefore, to be common pathways for glaucoma
susceptibility across all populations. The risk effect of the associated alleles was,

however, less than that recorded in other populations.

The African American population alone had a significant association with a SNP in
CDKNZ2BAS-1 and severe visual impairment from glaucoma that was not
strengthened by combining the African populations. This suggests that the African
populations have different susceptibilities in this and potentially other genomic

regions and that evaluating different African populations individually is still important.

A quantitative trait analysis did not find associations withstanding multiple correction
with candidate genes and IOP, VCDR or CCT, but a significant association was
identified with a SNP in WDR36 and diabetes mellitus. This finding needs replication.

The results of the study suggest that the POAG genetic susceptibility alleles found in
other populations play a reduced role in populations of African ancestry underscoring
the need for large genome-wide association studies in African populations.
Combining populations of African descent may be used in future studies of this type
to increase the power to detect small genetic effects. Populations of African descent
are, however, genetically different and should also be evaluated independently to

identify population specific effects.
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Chapter 5: Conclusion

1. PROBLEM DEFINITION

Glaucoma, an optic neuropathy characterised by specific functional and structural
alterations to the optic nerve, is the most important cause of irreversible visual loss in
South Africa. Primary open-angle glaucoma (POAG), the commonest type of
glaucoma in South Africa, is consequently an important cause of morbidity in this
country. The visual loss caused by POAG, while irreversible, may be prevented with

early detection and treatment of the condition.

The pathogenesis of POAG is incompletely understood, however it is widely
accepted that genetic factors plays a role in the development of the disease. POAG

is genetically heterogeneous.

A subgroup of individuals with POAG has an apparently ‘monogenic’ form of the
disease. The most important gene associated with this type of POAG is the MYOC
gene that codes for myocilin. MYOC mutations have been documented to cause
POAG in approximately 3% to 5% of individuals in several different population
groups from around the world. Exploring the gene for mutations in different
populations has identified numerous pathogenic mutations that are thought to
mediate glaucoma through a gain-of-function model. The pathogenesis of myocilin
glaucoma is, however, still unknown and the identification of new mutations remains
important in understanding the disease. In addition, mutations specific to individual
populations may be amenable to genetic screening in that population and may

prevent visual loss.

The majority of POAG patients have a complex, multifactorial pattern of inheritance.
Numerous genes have been identified as risk factors in this group. Many of the
associations have only been reported in single studies, in one population group or in
association with specific POAG phenotypes. More recently there have been
successful genome wide association (GWA) studies that have identified common
variants as genetic risk factors. These common variants are, however, only

responsible for a small percentage of the risk for POAG. Identifying risk alleles
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remains important for understanding the molecular basis of the disease,

distinguishing subtypes and developing targeted therapies for the disease.

The most important risk factor for POAG is IOP that is an ocular quantitative trait.
Evaluating common variants for associations with this, and other ocular quantitative
traits implicated in POAG (CCT and VCDR) is therefore another approach to unravel

the genetics of glaucoma.

Diabetes mellitus is thought to be an independent risk factor for POAG. Common
genetic risk factors for both POAG and diabetes mellitus may help to define the

association of these two common conditions.

Populations of African descent are significantly affected with POAG. It is commoner
in African populations, occurs at a younger age and is more severe. Despite this,
African populations are understudied with respect to POAG and more specifically
with respect to the genetics of POAG. There have been no prior studies on the
genetics of POAG in black South Africans. African populations are the most diverse
in the world because of their ancestral age. Genetic studies in African populations

could therefore identify new associations.

The purpose of this research was, therefore, to identify genetic risk factors for POAG
in black South Africans. Ultimately it is hoped that this will translate into a better
understanding of the pathogenesis of the disease, new treatments, earlier diagnosis

and the prevention of irreversible visual loss from glaucoma.
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2. STUDY OBJECTIVES

21 Hypothesis

The hypothesis was that there are identifiable genetic risk factors associated with

POAG in black South Africans. The findings in this study support the hypothesis.

2.2 Specific aims

2.21 Aim 1: Characterise POAG phenotypically in black South Africans

The study population consisted of self-identified black South African adult POAG and
control participants from the St John Eye Hospital in Soweto. The population was
representative of the black population of South Africa with ten of the country’s eleven
official languages reflected as first languages in the sample. A significant proportion
of the study population had hypertension and/or diabetes mellitus appropriate for the
mean age (65 years) of the sample and the prevalence of these conditions in South

Africa.

The POAG patients were deliberately younger than the controls to strengthen the
diagnostic certainty in the control group. Hypertension, diabetes mellitus and
lenticular opacities were over-represented in the control group because of the age
bias and the fact that the controls were non-glaucomatous eye-clinic patients.
Despite this there were significantly more POAG patients than control subjects with a
family history of blindness. This provides evidence for the importance of the genetic

component to the disease in this population.

The POAG participants had a mean age of diagnosis younger than that reported in
non-African populations (despite also presenting late in the disease), they had higher
IOPs at diagnosis and the disease was more advanced. More than half of the POAG
patients in the study population were severely visually impaired as a result of the
glaucoma. The only predictor for severe visual loss in this population was a larger
VCDR.
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The POAG patients had thinner corneas than the controls, but the mean CCT for the
entire study population was significantly lower than that recorded in non-African

populations. CCT was thicker in the diabetics and became thinner with age.

There were relatively few POAG patients known to have a juvenile onset for the
condition, although it is likely that there were more patients in this category, but who
presented at an older age with advanced disease. There were very few POAG

patients in this study population with NTG.

POAG in this group of patients was treated medically, surgically or with laser either
alone or in combination. More than half of the POAG participants were treated with
glaucoma drainage surgery. This occurred more frequently in patients with higher
IOPs and more advanced cupping. |IOP control was achieved in more than two-thirds

of the entire group of patients.

2.2.2 Aim 2: Determine the extent to which POAG in black South Africans is
mediated by mutations in the MYOC gene

Sequence variants were identified within the exons and flanking non-coding regions
of the MYOC gene in the study population. Most of the variant alleles occurred with
similar frequencies in POAG and control participants suggesting that they were not
associated with POAG. Two SNPs had allele frequencies that varied in the two
groups, but not significantly. There were three potentially pathogenic mutations

identified and subsequently explored in family members.

The first of these was the Lys500Arg mutation that was only identified in POAG
patients and not in controls in the study population. However, the mutation is
predicted to be tolerated and has been described in control subjects in other African
populations. In addition this study identified one unaffected family member with the
mutation and another family member who was a POAG suspect without the

mutation. The evidence suggests that the mutation is a benign polymorphism.

The Gly374Val mutation was identified as a novel glaucoma-causing mutation. The

mutation is predicted to be damaging to the protein. It occurred only in POAG
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patients and not in controls with a prevalence of 0.9% in the POAG population. It

was not identified in any family members.

The Tyr453del frameshift mutation was a known glaucoma-causing mutation thought
to cause gain-of-function from a mutated protein that has only been described in
African populations. It occurred in the South African POAG group with a prevalence
of 2.3%: more commonly than in any other African population in which it has been
observed. The mutation is incompletely penetrant because it was identified in two
unaffected controls from the study population. Penetrance of the mutation, as
estimated from this very small sample, increases from 25% at the age of 50 years to
80% at the age of 80 years. Despite the challenges of incomplete penetrance, family
screening successfully identified a family member with undiagnosed POAG who is
now receiving treatment for the condition. A further two family members considered
to be at high risk for developing the disease were also identified and will be
monitored for disease development. Visual loss has therefore been prevented

through the screening of this mutation.

POAG in black South Africans is therefore mediated by mutations in the MYOC gene
in approximately 3.3%. Screening of the mutations in black South African POAG
patients would identify families suitable for cascade screening that would in turn

allow for early diagnosis and the prevention of visual loss from glaucoma.

2.2.3 Aim 3: Determine the contribution of genetic variation within candidate

genomic regions to POAG in black South Africans

Association studies using common genetic variants are a useful tool for uncovering
genes associated with common conditions. The candidate genomic regions
evaluated in this study were selected for inclusion because they were located within
known POAG loci, they had been identified in POAG association studies in other

populations or they had been identified in association with ocular quantitative traits.

The study was powered to detect moderate genetic effects that would consequently
be most valuable clinically. There were no significant associations that withstood

correction for multiple testing detected with POAG in black South Africans and
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common variants in any of the genomic regions included in the study (MYOC,
CYP1B1, WDR36, chromosome 2p16, TMCO1, CAV1/CAV2, CDKN2B/CDKN2BAS-
1, SIX1/SIX6, COL1A1, COL1A2, COL5A1, COL8A2, ZNF469 AND ATOH?).
Notably the study did not corroborate a very significant association and strong
genetic effect with a region on chromosome 2p16 and POAG that had been detected
in an Afro-Caribbean population suggesting that that effect may be population-

specific.

The absence of moderate effects does not preclude small genetic effects in the
genes evaluated. In fact, weak associations with small genetic effects were identified
with POAG in this population and common variants in MYOC, ZNF469, COL1A1 and
COLB8A2. These are therefore target regions for further research in this population.
The ZNF469 genomic region was also marginally associated with CCT in the study
population. VCDR association testing revealed a weak association with SNPs in
SIX1/SIX6. I0OP association testing identified a nominal association with a SNP in
WDR36. Interestingly, a much more significant association was identified with SNPs
in the WDR36 gene and the POAG risk factor, diabetes mellitus. This finding needs

replication.

Comparing and combining the association testing in this population with a West
African population and an African American population for the TMCO1, CAV1/CAV2,
CDKNZ2BAS-1 and SIX1/SIX6 regions yielded further insights. All three of these
populations are of predominantly Niger-Kordofanian ancestry (although the African
American population is an admixed population), so combining the three populations
of African descent had the effect of creating a larger dataset that was adequately
powered to detect small genetic effects. This resulted in the replication of
associations with SNPs in the TMCO1 and CAV1/CAV2 regions and POAG. These
regions, although associated with a smaller risk effect in POAG in African
populations, are likely common pathways for glaucoma susceptibility across all

populations. They are therefore important regions for further study.

Since significant population structure is evident among African populations, pooling
of data across the populations does, however, need to be approached with care. As
evidence of this a SNP in CDKN2BAS-1 that had been identified in separate GWA
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studies in European and Asian populations was significantly associated with severe
visual impairment from glaucoma in African Americans and nominally associated
with POAG in the same population. There was no association with either the West
African or South African populations and combining all three populations with African
Ancestry led to a loss of association. It is possible that the effect is specific to NTG
as is suggested by the European and Asian studies, however NTG was an
uncommon diagnosis in all three of the populations of African descent. The effect
may be specific to only a subset of African populations or may be associated with
European population admixture. Regardless of the reasons, this suggests that

African populations should be evaluated independently as well as together.

The study results suggest that genetic variation at common variants within the
specific candidate genomic regions evaluated in this study only contributes, if
anything, a small percentage to the risk for POAG in black South Africans. A larger
sample size would provide more certainty by being powered to detect smaller
effects, however a search for associations with other genomic regions in African

populations would also be valuable.
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3. FURTHER WORK

The myocilin study has been extended, in an ongoing project, to pilot screening (for
the two mutations) on all willing POAG patients attending the eye clinics affiliated to
the University of the Witwatersrand. Cascade screening will then be offered to the
relatives of patients with mutations. This will provide more information on the
phenotype associated with the mutations, on penetrance and on the value of this

approach for screening in this country.

Marginal associations that were identified with variants in candidate genes can be
explored in larger black South African study populations to confirm or reject their
involvement in the disease. Country-wide collaborative studies could achieve the

numbers required.

While a candidate gene approach is practical, it is apparent that populations of
African descent have different genetic contributions to POAG risk. A GWA study in
these populations could provide new insights into POAG pathogenesis. This would
require large numbers of participants that could be achieved collaboratively among
African populations. Ultimately, however, further genetic studies into this South

African population are warranted.
The association of diabetes mellitus and SNPs in WDR36 requires confirmation in an

independent dataset of black South Africans in whom body mass index has also

been measured.
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4. CONCLUSION

From this first study into the genetics of POAG in black South Africans one can
conclude that genetic risk factors are important in the pathogenesis of POAG in
black South Africans.

POAG in black South Africans is under-diagnosed. Individuals with the disease
present with higher IOPs and more advanced disease at a younger age than their
European counterparts. Irreversible severe visual impairment from the disease
occurs in over half of the disease sufferers indicating that this is a significant health

problem in South Africa.

Mutations in the MYOC gene contribute to POAG in approximately 3.3% of
individuals with the disease. Screening for these mutations can identify families in
which cascade screening would be appropriate. This can identify, as it did in this
study, undiagnosed or high-risk individuals and ultimately prevent irreversible visual

loss.

While no moderate risk associations were identified that withstood correction for
multiple testing with common variants in candidate genes and POAG or ocular

quantitative traits, there were trends suggesting directions for further investigation.

This study has identified genetic risk factors for POAG in black South Africans that
may prevent visual loss. This study can further target research that may ultimately
lead to a reduction in irreversible visual loss from this common and devastating

condition.

220



10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Pascolini D, Mariotti SP. Global estimates of visual impairment: 2010. Br J
Ophthalmol 2012;96:614-618.

Quigley HA, Broman AT. The number of people with glaucoma worldwide
in 2010 and 2020. Br J Ophthalmol 2006;90:262-267.

Varma R, Lee PP, Goldberg |, et al. An assessment of the health and
economic burdens of glaucoma. Am J Ophthalmol 2011;152:515-522.
Rotchford AP, Kirwan JF, Muller MA, et al. Temba glaucoma study: a
population-based cross-sectional survey in urban South Africa.
Ophthalmology 2003;110:376-382.

Rotchford AP, Johnson GJ. Glaucoma in Zulus: a population-based cross-
sectional survey in a rural district in South Africa. Arch Ophthalmol
2002;120:471-478.

Tielsch JM, Sommer A, Katz J, et al. Racial variations in the prevalence of
primary open-angle glaucoma. The Baltimore Eye Survey. JAMA
1991,266:369-374.

Leske MC, Connell AM, Schachat AP, et al. The Barbados Eye Study.
Prevalence of open angle glaucoma. Arch Ophthalmol 1994;112:821-829.
Buhrmann RR, Quigley HA, Barron Y, et al. Prevalence of glaucoma in a
rural East African population. Invest Ophthalmol Vis Sci 2000;41:40-48.
David R, Duval D, Luntz M. The prevalence and management of
glaucoma in an African population. South African Archives of
Ophthalmology 1983;10:55-62.

Friedman DS, Jampel HD, Munoz B, et al. The prevalence of open-angle
glaucoma among blacks and whites 73 years and older: the Salisbury Eye
Evaluation Glaucoma Study. Arch Ophthalmol 2006;124:1625-1630.
Ntim-Amponsah CT, Amoaku WM, Ofosu-Amaah S, et al. Prevalence of
glaucoma in an African population. Eye 2004;18:491-497.

Friedman DS, Wolfs RC, O'Colmain BJ, et al. Prevalence of open-angle
glaucoma among adults in the United States. Arch Ophthalmol
2004;122:532-538.

Klein BE, Klein R, Sponsel WE, et al. Prevalence of glaucoma. The
Beaver Dam Eye Study. Ophthalmology 1992;99:1499-1504.

Mitchell P, Smith W, Attebo K, et al. Prevalence of open-angle glaucoma
in Australia. The Blue Mountains Eye Study. Ophthalmology
1996;103:1661-1669.

Cook C. Glaucoma in Africa: size of the problem and possible solutions. J
Glaucoma 2009;18:124-128.

Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular Hypertension
Treatment Study: a randomized trial determines that topical ocular
hypotensive medication delays or prevents the onset of primary open-
angle glaucoma. Arch Ophthalmol 2002;120:701-713; discussion 829-
730.

The effectiveness of intraocular pressure reduction in the treatment of
normal-tension glaucoma. Collaborative Normal-Tension Glaucoma Study
Group. Am J Ophthalmol 1998;126:498-505.

221



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The Advanced Glaucoma Intervention Study (AGIS): 7. The relationship
between control of intraocular pressure and visual field deterioration.The
AGIS Investigators. Am J Ophthalmol 2000;130:429-440.

Heijl A, Leske MC, Bengtsson B, et al. Reduction of intraocular pressure
and glaucoma progression: results from the Early Manifest Glaucoma
Trial. Arch Ophthalmol 2002;120:1268-1279.

Musch DC, Gillespie BW, Lichter PR, et al. Visual field progression in the
Collaborative Initial Glaucoma Treatment Study the impact of treatment
and other baseline factors. Ophthalmology 2009;116:200-207.

Gabelt BT, Kaufman PL. Changes in aqueous humor dynamics with age
and glaucoma. Prog Retin Eye Res 2005;24:612-637.

Bellezza AJ, Rintalan CJ, Thompson HW, et al. Deformation of the lamina
cribrosa and anterior scleral canal wall in early experimental glaucoma.
Invest Ophthalmol Vis Sci 2003;44:623-637.

Roberts MD, Grau V, Grimm J, et al. Remodeling of the connective tissue
microarchitecture of the lamina cribrosa in early experimental glaucoma.
Invest Ophthalmol Vis Sci 2009;50:681-690.

Roberts MD, Liang Y, Sigal IA, et al. Correlation between local stress and
strain and lamina cribrosa connective tissue volume fraction in normal
monkey eyes. Invest Ophthalmol Vis Sci 2010;51:295-307.

Dreyer EB, Zurakowski D, Schumer RA, et al. Elevated glutamate levels
in the vitreous body of humans and monkeys with glaucoma. Arch
Ophthalmol 1996;114:299-305.

Yoles E, Schwartz M. Elevation of intraocular glutamate levels in rats with
partial lesion of the optic nerve. Arch Ophthalmol 1998;116:906-910.

Yan X, Tezel G, Wax MB, et al. Matrix metalloproteinases and tumor
necrosis factor alpha in glaucomatous optic nerve head. Arch Ophthalmol
2000;118:666-673.

Tezel G, Edward DP, Wax MB. Serum autoantibodies to optic nerve head
glycosaminoglycans in patients with glaucoma. Arch Ophthalmol
1999;117:917-924.

Tielsch JM, Katz J, Sommer A, et al. Family history and risk of primary
open angle glaucoma. The Baltimore Eye Survey. Arch Ophthalmol
1994;112:69-73.

Nemesure B, He Q, Mendell N, et al. Inheritance of open-angle glaucoma
in the Barbados family study. Am J Med Genet 2001;103:36-43.

Green CM, Kearns LS, Wu J, et al. How significant is a family history of
glaucoma? Experience from the Glaucoma Inheritance Study in
Tasmania. Clin Experiment Ophthalmol 2007;35:793-799.

Wolfs RC, Klaver CC, Ramrattan RS, et al. Genetic risk of primary open-
angle glaucoma. Population-based familial aggregation study. Arch
Ophthalmol 1998;116:1640-1645.

Leske MC, Nemesure B, He Q, et al. Patterns of open-angle glaucoma in
the Barbados Family Study. Ophthalmology 2001;108:1015-1022.

Hewitt AW, Craig JE, Mackey DA. Complex genetics of complex traits: the
case of primary open-angle glaucoma. Clin Experiment Ophthalmol
2006;34:472-484.

Teikari JM, Airaksinen PJ, Kaprio J, et al. Primary open-angle glaucoma
in 2 monozygotic twin pairs. Acta Ophthalmol (Copenh) 1987;65:607-611.

222



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Gottfredsdottir MS, Sverrisson T, Musch DC, et al. Chronic open-angle
glaucoma and associated ophthalmic findings in monozygotic twins and
their spouses in Iceland. J Glaucoma 1999;8:134-139.

Lander ES, Schork NJ. Genetic dissection of complex traits. Science
1994;265:2037-2048.

Stone EM, Fingert JH, Alward WL, et al. Identification of a gene that
causes primary open angle glaucoma. Science 1997;275:668-670.
Stoilova D, Child A, Trifan OC, et al. Localization of a locus (GLC1B) for
adult-onset primary open angle glaucoma to the 2cen-q13 region.
Genomics 1996;36:142-150.

Wirtz MK, Samples JR, Kramer PL, et al. Mapping a gene for adult-onset
primary open-angle glaucoma to chromosome 3gq. Am J Hum Genet
1997,60:296-304.

Trifan OC, Traboulsi El, Stoilova D, et al. A third locus (GLC1D) for adult-
onset primary open-angle glaucoma maps to the 8q23 region. Am J
Ophthalmol 1998;126:17-28.

Sarfarazi M, Child A, Stoilova D, et al. Localization of the fourth locus
(GLCA1E) for adult-onset primary open-angle glaucoma to the 10p15-p14
region. Am J Hum Genet 1998;62:641-652.

Wirtz MK, Samples JR, Rust K, et al. GLC1F, a new primary open-angle
glaucoma locus, maps to 7935-q36. Arch Ophthalmol 1999;117:237-241.
Monemi S, Spaeth G, DaSilva A, et al. Identification of a novel adult-onset
primary open-angle glaucoma (POAG) gene on 5922.1. Hum Mol Genet
2005;14:725-733.

Suriyapperuma SP, Child A, Desai T, et al. A new locus (GLC1H) for
adult-onset primary open-angle glaucoma maps to the 2p15-p16 region.
Arch Ophthalmol 2007;125:86-92.

Allingham RR, Wiggs JL, Hauser ER, et al. Early adult-onset POAG linked
to 15q11-13 using ordered subset analysis. Invest Ophthalmol Vis Sci
2005;46:2002-2005.

Baird PN, Foote SJ, Mackey DA, et al. Evidence for a novel glaucoma
locus at chromosome 3p21-22. Hum Genet 2005;117:249-257.

Pasutto F, Matsumoto T, Mardin CY, et al. Heterozygous NTF4 mutations
impairing neurotrophin-4 signaling in patients with primary open-angle
glaucoma. Am J Hum Genet 2009;85:447-456.

Sheffield VC, Stone EM, Alward WL, et al. Genetic linkage of familial open
angle glaucoma to chromosome 1g21-q31. Nat Genet 1993;4:47-50.
Pang CP, Fan BJ, Canlas O, et al. A genome-wide scan maps a novel
juvenile-onset primary open angle glaucoma locus to chromosome 5q.
Mol Vis 2006;12:85-92.

Wang DY, Fan BJ, Chua JK, et al. A genome-wide scan maps a novel
juvenile-onset primary open-angle glaucoma locus to 15q. Invest
Ophthalmol Vis Sci 2006;47:5315-5321.

Wiggs JL, Lynch S, Ynagi G, et al. A genomewide scan identifies novel
early-onset primary open-angle glaucoma loci on 9922 and 20p12. Am J
Hum Genet 2004;74:1314-1320.

Rezaie T, Child A, Hitchings R, et al. Adult-onset primary open-angle
glaucoma caused by mutations in optineurin. Science 2002;295:1077-
1079.

223



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Kramer PL, Samples JR, Monemi S, et al. The role of the WDR36 gene
on chromosome 5qg22.1 in a large family with primary open-angle
glaucoma mapped to this region. Arch Ophthalmol 2006;124:1328-1331.
Fingert JH, Robin AL, Stone JL, et al. Copy number variations on
chromosome 12q14 in patients with normal tension glaucoma. Hum Mol
Genet 2011;20:2482-2494.

Polansky JR, Fauss DJ, Chen P, et al. Cellular pharmacology and
molecular biology of the trabecular meshwork inducible glucocorticoid
response gene product. Ophthalmologica 1997;211:126-139.

Karali A, Russell P, Stefani FH, et al. Localization of myocilin/trabecular
meshwork--inducible glucocorticoid response protein in the human eye.
Invest Ophthalmol Vis Sci 2000;41:729-740.

Swiderski RE, Ross JL, Fingert JH, et al. Localization of MYOC transcripts
in human eye and optic nerve by in situ hybridization. Invest Ophthalmol
Vis Sci 2000;41:3420-3428.

Burns JN, Turnage KC, Walker CA, et al. The stability of myocilin
olfactomedin domain variants provides new insight into glaucoma as a
protein misfolding disorder. Biochemistry 2011;50:5824-5833.
Wentz-Hunter K, Kubota R, Shen X, et al. Extracellular myocilin affects
activity of human trabecular meshwork cells. J Cell Physiol 2004;200:45-
52.

Kim BS, Savinova OV, Reedy MV, et al. Targeted Disruption of the
Myocilin Gene (Myoc) Suggests that Human Glaucoma-Causing
Mutations Are Gain of Function. Mol Cell Biol 2001;21:7707-7713.

Lam DS, Leung YF, Chua JK, et al. Truncations in the TIGR gene in
individuals with and without primary open-angle glaucoma. Invest
Ophthalmol Vis Sci 2000;41:1386-1391.

Orwig SD, Lieberman RL. Biophysical characterization of the olfactomedin
domain of myocilin, an extracellular matrix protein implicated in inherited
forms of glaucoma. PLoS One 2011;6:e16347.

Orwig SD, Perry CW, Kim LY, et al. Amyloid fibril formation by the
glaucoma-associated olfactomedin domain of myocilin. J Mol Biol
2012;421:242-255.

Fingert JH, Heon E, Liebmann JM, et al. Analysis of myocilin mutations in
1703 glaucoma patients from five different populations. Hum Mol Genet
1999;8:899-905.

Yoon SJ, Kim HS, Moon JI, et al. Mutations of the TIGR/MYOC gene in
primary open-angle glaucoma in Korea. Am J Hum Genet 1999;64:1775-
1778.

Kubota R, Mashima Y, Ohtake Y, et al. Novel mutations in the myocilin
gene in Japanese glaucoma patients. Hum Mutat 2000;16:270.

Hulsman CA, De Jong PT, Lettink M, et al. Myocilin mutations in a
population-based sample of cases with open-angle glaucoma: the
Rotterdam Study. Graefes Arch Clin Exp Ophthalmol 2002;240:468-474.
Mukhopadhyay A, Acharya M, Mukherjee S, et al. Mutations in MYOC
gene of Indian primary open angle glaucoma patients. Mol Vis
2002;8:442-448.

Melki R, Idhajji A, Driouiche S, et al. Mutational analysis of the Myocilin
gene in patients with primary open-angle glaucoma in Morocco.
Ophthalmic Genet 2003;24:153-160.

224



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Vazquez CM, Herrero OM, Bastus BM, et al. Mutations in the third exon of
the MYOC gene in spanish patients with primary open angle glaucoma.
Ophthalmic Genet 2000;21:109-115.

Resch ZT, Fautsch MP. Glaucoma-associated myocilin: a better
understanding but much more to learn. Exp Eye Res 2009;88:704-712.
Gong G, Kosoko-Lasaki O, Haynatzki GR, et al. Genetic dissection of
myocilin glaucoma. Hum Mol Genet 2004;13 Spec No 1:R91-102.
Jansson M, Marknell T, Tomic L, et al. Allelic variants in the MYOC/TIGR
gene in patients with primary open-angle, exfoliative glaucoma and
unaffected controls. Ophthalmic Genet 2003;24:103-110.

Allingham RR, Wiggs JL, De La Paz MA, et al. GIn368STOP myocilin
mutation in families with late-onset primary open-angle glaucoma. Invest
Ophthalmol Vis Sci 1998;39:2288-2295.

Cheng JW, Cheng SW, Ma XY, et al. Myocilin polymorphisms and primary
open-angle glaucoma: a systematic review and meta-analysis. PLoS One
2012;7:e46632.

Fan BJ, Wang DY, Fan DS, et al. SNPs and interaction analyses of
myocilin, optineurin, and apolipoprotein E in primary open angle glaucoma
patients. Mol Vis 2005;11:625-631.

Alward WL, Kwon YH, Kawase K, et al. Evaluation of optineurin sequence
variations in 1,048 patients with open-angle glaucoma. Am J Ophthalmol
2003;136:904-910.

Aung T, Ebenezer ND, Brice G, et al. Prevalence of optineurin sequence
variants in adult primary open angle glaucoma: implications for diagnostic
testing. J Med Genet 2003;40:e101.

McDonald KK, Abramson K, Beltran MA, et al. Myocilin and optineurin
coding variants in Hispanics of Mexican descent with POAG. J Hum
Genet 2010;55:697-700.

Forsman E, Lemmela S, Varilo T, et al. The role of TIGR and OPTN in
Finnish glaucoma families: a clinical and molecular genetic study. Mol Vis
2003;9:217-222.

Funayama T, Mashima Y, Ohtake Y, et al. SNPs and interaction analyses
of noelin 2, myocilin, and optineurin genes in Japanese patients with
open-angle glaucoma. Invest Ophthalmol Vis Sci 2006;47:5368-5375.
Mukhopadhyay A, Komatireddy S, Acharya M, et al. Evaluation of
Optineurin as a candidate gene in Indian patients with primary open angle
glaucoma. Mol Vis 2005;11:792-797.

Liu Y, Akafo S, Santiago-Turla C, et al. Optineurin coding variants in
Ghanaian patients with primary open-angle glaucoma. Mol Vis
2008;14:2367-2372.

Wiggs JL, Auguste J, Allingham RR, et al. Lack of association of
mutations in optineurin with disease in patients with adult-onset primary
open-angle glaucoma. Arch Ophthalmol 2003;121:1181-1183.

Jia LY, Tam PO, Chiang SW, et al. Multiple gene polymorphisms analysis
revealed a different profile of genetic polymorphisms of primary open-
angle glaucoma in northern Chinese. Mol Vis 2009;15:89-98.

Li Y, Kang J, Horwitz MS. Interaction of an adenovirus E3 14.7-kilodalton
protein with a novel tumor necrosis factor alpha-inducible cellular protein
containing leucine zipper domains. Mol Cell Biol 1998;18:1601-1610.

225



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

De Marco N, Buono M, Troise F, et al. Optineurin increases cell survival
and translocates to the nucleus in a Rab8-dependent manner upon an
apoptotic stimulus. J Biol Chem 2006;281:16147-16156.

Mao M, Biery MC, Kobayashi SV, et al. T lymphocyte activation gene
identification by coregulated expression on DNA microarrays. Genomics
2004;83:989-999.

Skarie JM, Link BA. The primary open-angle glaucoma gene WDR36
functions in ribosomal RNA processing and interacts with the p53 stress-
response pathway. Hum Mol Genet 2008;17:2474-2485.

Hauser MA, Allingham RR, Linkroum K, et al. Distribution of WDR36 DNA
sequence variants in patients with primary open-angle glaucoma. Invest
Ophthalmol Vis Sci 2006;47:2542-2546.

Fingert JH, Alward WL, Kwon YH, et al. No association between
variations in the WDR36 gene and primary open-angle glaucoma. Arch
Ophthalmol 2007;125:434-436.

Hewitt AW, Dimasi DP, Mackey DA, et al. A Glaucoma Case-control
Study of the WDR36 Gene D658G sequence variant. Am J Ophthalmol
2006;142:324-325.

Pasutto F, Mardin CY, Michels-Rautenstrauss K, et al. Profiling of WDR36
missense variants in German patients with glaucoma. Invest Ophthalmol
Vis Sci 2008;49:270-274.

Rotimi CN, Chen G, Adeyemo AA, et al. Genomewide scan and fine
mapping of quantitative trait loci for intraocular pressure on 5q and 14q in
West Africans. Invest Ophthalmol Vis Sci 2006;47:3262-3267.

Miyazawa A, Fuse N, Mengkegale M, et al. Association between primary
open-angle glaucoma and WDR36 DNA sequence variants in Japanese.
Mol Vis 2007;13:1912-1919.

Mookherjee S, Chakraborty S, Vishal M, et al. WDR36 variants in East
Indian primary open-angle glaucoma patients. Mol Vis 2011;17:2618-
2627.

Cheng L, Sapieha P, Kittlerova P, et al. TrkB gene transfer protects retinal
ganglion cells from axotomy-induced death in vivo. J Neurosci
2002;22:3977-3986.

Vithana EN, Nongpiur ME, Venkataraman D, et al. Identification of a novel
mutation in the NTF4 gene that causes primary open-angle glaucoma in a
Chinese population. Mol Vis 2010;16:1640-1645.

Liu Y, Liu W, Crooks K, et al. No evidence of association of heterozygous
NTF4 mutations in patients with primary open-angle glaucoma. Am J Hum
Genet 2010;86:498-499; author reply 500.

Rao KN, Kaur |, Parikh RS, et al. Variations in NTF4, VAV2, and VAV3
genes are not involved with primary open-angle and primary angle-closure
glaucomas in an indian population. Invest Ophthalmol Vis Sci
2010;51:4937-4941.

McCarthy MI, Abecasis GR, Cardon LR, et al. Genome-wide association
studies for complex traits: consensus, uncertainty and challenges. Nat
Rev Genet 2008;9:356-369.

Altshuler D, Daly MJ, Lander ES. Genetic mapping in human disease.
Science 2008;322:881-888.

Stoilov I, Akarsu AN, Sarfarazi M. Identification of three different
truncating mutations in cytochrome P4501B1 (CYP1B1) as the principal

226



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

cause of primary congenital glaucoma (Buphthalmos) in families linked to
the GLC3A locus on chromosome 2p21. Hum Mol Genet 1997;6:641-647.
Cheng JW, Li P, Wei RL. Meta-analysis of association between optineurin
gene and primary open-angle glaucoma. Med Sci Monit 2010;16:CR369-
377.

Dong S, Yang J, Yu W, et al. No association of genetic polymorphisms in
CYP1B1 with primary open-angle glaucoma: a meta- and gene-based
analysis. Mol Vis 2012;18:786-796.

Lemmela S, Ylisaukko-oja T, Forsman E, et al. Exclusion of 14 candidate
loci for primary open angle glaucoma in Finnish families. Mol Vis
2004;10:260-264.

Colomb E, Nguyen TD, Bechetoille A, et al. Association of a single
nucleotide polymorphism in the TIGR/MYOCILIN gene promoter with the
severity of primary open-angle glaucoma. Clin Genet 2001;60:220-225.
Alward WL, Kwon YH, Khanna CL, et al. Variations in the myocilin gene in
patients with open-angle glaucoma. Arch Ophthalmol 2002;120:1189-
1197.

Fan BJ, Leung YF, Pang CP, et al. Polymorphisms in the myocilin
promoter unrelated to the risk and severity of primary open-angle
glaucoma. J Glaucoma 2004;13:377-384.

Ozgul RK, Bozkurt B, Orcan S, et al. Myocilin mt1 promoter polymorphism
in Turkish patients with primary open angle glaucoma. Mol Vis
2005;11:916-921.

Bhattacharjee A, Banerjee D, Mookherjee S, et al. Leu432Val
polymorphism in CYP1B1 as a susceptible factor towards predisposition
to primary open-angle glaucoma. Mol Vis 2008;14:841-850.

Burdon KP, Hewitt AW, Mackey DA, et al. Tag SNPs detect association of
the CYP1B1 gene with primary open angle glaucoma. Mol Vis
2010;16:2286-2293.

Pasutto F, Chavarria-Soley G, Mardin CY, et al. Heterozygous loss-of-
function variants in CYP1B1 predispose to primary open-angle glaucoma.
Invest Ophthalmol Vis Sci 2010;51:249-254.

Fan BJ, Liu K, Wang DY, et al. Association of polymorphisms of tumor
necrosis factor and tumor protein p53 with primary open-angle glaucoma.
Invest Ophthalmol Vis Sci 2010;51:4110-4116.

Blanco-Marchite C, Sanchez-Sanchez F, Lopez-Garrido MP, et al.
WDR36 and P53 gene variants and susceptibility to primary open-angle
glaucoma: analysis of gene-gene interactions. Invest Ophthalmol Vis Sci
2011;52:8467-8478.

Caixeta-Umbelino C, de Vasconcellos JP, Costa VP, et al. Lack of
association between optineurin gene variants T34T, E50K, M98K,
691_692insAG and R545Q and primary open angle glaucoma in Brazilian
patients. Ophthalmic Genet 2009;30:13-18.

Wolf C, Gramer E, Muller-Myhsok B, et al. Evaluation of nine candidate
genes in patients with normal tension glaucoma: a case control study.
BMC Med Genet 2009;10:91.

Aung T, Ocaka L, Ebenezer ND, et al. A major marker for normal tension
glaucoma: association with polymorphisms in the OPA1 gene. Hum Genet
2002;110:52-56.

227



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Vickers JC, Craig JE, Stankovich J, et al. The apolipoprotein epsilon4
gene is associated with elevated risk of normal tension glaucoma. Mol Vis
2002;8:389-393.

Logan JF, Chakravarthy U, Hughes AE, et al. Evidence for association of
endothelial nitric oxide synthase gene in subjects with glaucoma and a
history of migraine. Invest Ophthalmol Vis Sci 2005;46:3221-3226.
Motallebipour M, Rada-Iglesias A, Jansson M, et al. The promoter of
inducible nitric oxide synthase implicated in glaucoma based on genetic
analysis and nuclear factor binding. Mol Vis 2005;11:950-957.

Xu F, Zhao X, Zeng SM, et al. Homocysteine, B vitamins,
methylenetetrahydrofolate reductase gene, and risk of primary open-angle
glaucoma: a meta-analysis. Ophthalmology 2012;119:2493-2499.

Huo Y, Zou H, Lang M, et al. Association between MTHFR C677T
polymorphism and primary open-angle glaucoma: a meta-analysis. Gene
2013;512:179-184.

Fourgeux C, Martine L, Bjorkhem |, et al. Primary open-angle glaucoma:
association with cholesterol 24S-hydroxylase (CYP46A1) gene
polymorphism and plasma 24-hydroxycholesterol levels. Invest
Ophthalmol Vis Sci 2009;50:5712-5717.

Lin HJ, Tsai CH, Tsai FJ, et al. Transporter associated with antigen
processing gene 1 codon 333 and codon 637 polymorphisms are
associated with primary open-angle glaucoma. Mol Diagn 2004;8:245-
252.

Liu Y, Schmidt S, Qin X, et al. No association between OPA1
polymorphisms and primary open-angle glaucoma in three different
populations. Mol Vis 2007;13:2137-2141.

Juronen E, Tasa G, Veromann S, et al. Polymorphic glutathione S-
transferase M1 is a risk factor of primary open-angle glaucoma among
Estonians. Exp Eye Res 2000;71:447-452.

Rocha AV, Talbot T, Magalhaes da Silva T, et al. Is the GSTM1 null
polymorphism a risk factor in primary open angle glaucoma? Mol Vis
2011;17:1679-1686.

Jansson M, Rada A, Tomic L, et al. Analysis of the Glutathione S-
transferase M1 gene using pyrosequencing and multiplex PCR--no
evidence of association to glaucoma. Exp Eye Res 2003;77:239-243.
Junemann AG, von Ahsen N, Reulbach U, et al. C677T variant in the
methylentetrahydrofolate reductase gene is a genetic risk factor for
primary open-angle glaucoma. Am J Ophthalmol 2005;139:721-723.
Woo SJ, Kim JY, Kim DM, et al. Investigation of the association between
677C>T and 1298A>C 5,10-methylenetetra- hydrofolate reductase gene
polymorphisms and normal-tension glaucoma. Eye (Lond) 2009;23:17-24.
Mossbock G, Weger M, Faschinger C, et al.
Methylenetetrahydrofolatereductase (MTHFR) 677C>T polymorphism and
open angle glaucoma. Mol Vis 2006;12:356-359.

Mabuchi F, Tang S, Kashiwagi K, et al. Methylenetetrahydrofolate
reductase gene polymorphisms ¢.677C/T and c.1298A/C are not
associated with open angle glaucoma. Mol Vis 2006;12:735-739.
Nilforoushan N, Aghapour S, Raoofian R, et al. Lack of association
between the C677T single nucleotide polymorphism of the MTHFR gene
and glaucoma in Iranian patients. Acta Med Iran 2012;50:208-212.

228



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Lin HJ, Tsai SC, Tsai FJ, et al. Association of interleukin 1beta and
receptor antagonist gene polymorphisms with primary open-angle
glaucoma. Ophthalmologica 2003;217:358-364.

Mookherjee S, Banerjee D, Chakraborty S, et al. Association of IL1A and
IL1B loci with primary open angle glaucoma. BMC Med Genet
2010;11:99.

Aung T, Ocaka L, Ebenezer ND, et al. Investigating the association
between OPA1 polymorphisms and glaucoma: comparison between
normal tension and high tension primary open angle glaucoma. Hum
Genet 2002;110:513-514.

Powell BL, Toomes C, Scott S, et al. Polymorphisms in OPA1 are
associated with normal tension glaucoma. Mol Vis 2003;9:460-464.

Woo SJ, Kim DM, Kim JY, et al. Investigation of the association between
OPA1 polymorphisms and normal-tension glaucoma in Korea. J
Glaucoma 2004;13:492-495.

Guo Y, Chen X, Zhang H, et al. Association of OPA1 polymorphisms with
NTG and HTG: a meta-analysis. PLoS One 2012;7:€42387.

Ishikawa K, Funayama T, Ohtake Y, et al. Association between glaucoma
and gene polymorphism of endothelin type A receptor. Mol Vis
2005;11:431-437.

Kim SH, Kim JY, Kim DM, et al. Investigations on the association between
normal tension glaucoma and single nucleotide polymorphisms of the
endothelin-1 and endothelin receptor genes. Mol Vis 2006;12:1016-1021.
Lin HJ, Tsai FJ, Chen WC, et al. Association of tumour necrosis factor
alpha -308 gene polymorphism with primary open-angle glaucoma in
Chinese. Eye (Lond) 2003;17:31-34.

Mossbock G, Weger M, Moray M, et al. TNF-alpha promoter
polymorphisms and primary open-angle glaucoma. Eye (Lond)
2006;20:1040-1043.

Kang JH, Wiggs JL, Rosner BA, et al. Endothelial nitric oxide synthase
gene variants and primary open-angle glaucoma: interactions with sex
and postmenopausal hormone use. Invest Ophthalmol Vis Sci
2011;51:971-979.

Ayub H, Khan MI, Micheal S, et al. Association of eNOS and HSP70 gene
polymorphisms with glaucoma in Pakistani cohorts. Mol Vis 2010;16:18-
25.

Liao Q, Wang DH, Sun HJ. Association of genetic polymorphisms of
eNOS with glaucoma. Mol Vis 2011;17:153-158.

Shibuya E, Meguro A, Ota M, et al. Association of Toll-like receptor 4
gene polymorphisms with normal tension glaucoma. Invest Ophthalmol
Vis Sci 2008;49:4453-4457 .

Takano Y, Shi D, Shimizu A, et al. Association of Toll-like Receptor 4
Gene Polymorphisms in Japanese Subjects With Primary Open-Angle,
Normal-Tension, and Exfoliation Glaucoma. Am J Ophthalmol
2012;154:825-832 e821.

Chen LJ, Tam PO, Leung DY, et al. SNP rs1533428 at 2p16.3 as a
marker for late-onset primary open-angle glaucoma. Mol Vis
2012;18:1629-1639.

229



152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Park S, Jamshidi Y, Vaideanu D, et al. Genetic risk for primary open-angle
glaucoma determined by LMX1B haplotypes. Invest Ophthalmol Vis Sci
2009;50:1522-1530.

Majsterek |, Markiewicz L, Przybylowska K, et al. Association of MMP1-
1607 1G/2G and TIMP1 372 T/C gene polymorphisms with risk of primary
open angle glaucoma in a Polish population. Med Sci Monit
2011;17:CR417-421.

Mossbock G, Weger M, Faschinger C, et al. Role of functional single
nucleotide polymorphisms of MMP1, MMP2, and MMP9 in open angle
glaucomas. Mol Vis 2010;16:1764-1770.

Mossbock G, Weger M, Faschinger C, et al. Role of cholesterol 24S-
hydroxylase gene polymorphism (rs754203) in primary open angle
glaucoma. Mol Vis 2011;17:616-620.

Lin HJ, Tsai FJ, Hung P, et al. Association of E-cadherin gene 3'-UTR C/T
polymorphism with primary open angle glaucoma. Ophthalmic Res
2006;38:44-48.

Lin HJ, Chen WC, Tsai FJ, et al. Distributions of p53 codon 72
polymorphism in primary open angle glaucoma. Br J Ophthalmol
2002;86:767-770.

Daugherty CL, Curtis H, Realini T, et al. Primary open angle glaucoma in
a Caucasian population is associated with the p53 codon 72
polymorphism. Mol Vis 2009;15:1939-1944.

Acharya M, Mitra S, Mukhopadhyay A, et al. Distribution of p53 codon 72
polymorphism in Indian primary open angle glaucoma patients. Mol Vis
2002;8:367-371.

Saglar E, Yucel D, Bozkurt B, et al. Association of polymorphisms in
APOE, p53, and p21 with primary open-angle glaucoma in Turkish
patients. Mol Vis 2009;15:1270-1276.

Mabuchi F, Sakurada Y, Kashiwagi K, et al. Lack of association between
p53 gene polymorphisms and primary open angle glaucoma in the
Japanese population. Mol Vis 2009;15:1045-1049.

Silva RE, Arruda JT, Rodrigues FW, et al. Primary open angle glaucoma
was not found to be associated with p53 codon 72 polymorphism in a
Brazilian cohort. Genet Mol Res 2009;8:268-272.

Guo Y, Zhang H, Chen X, et al. Association of TP53 polymorphisms with
primary open-angle glaucoma: a meta-analysis. Invest Ophthalmol Vis Sci
2012;53:3756-3763.

Al-Dabbagh NM, Al-Dohayan N, Arfin M, et al. Apolipoprotein E
polymorphisms and primary glaucoma in Saudis. Mol Vis 2009;15:912-
919.

Ressiniotis T, Griffiths PG, Birch M, et al. The role of apolipoprotein E
gene polymorphisms in primary open-angle glaucoma. Arch Ophthalmol
2004;122:258-261.

Yousaf S, Khan MI, Micheal S, et al. XRCC1 and XPD DNA repair gene
polymorphisms: a potential risk factor for glaucoma in the Pakistani
population. Mol Vis 2011;17:1153-1163.

Zanon-Moreno V, Ciancotti-Olivares L, Asencio J, et al. Association
between a SLC23A2 gene variation, plasma vitamin C levels, and risk of
glaucoma in a Mediterranean population. Mol Vis 2011;17:2997-3004.

230



168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Hashizume K, Mashima Y, Fumayama T, et al. Genetic polymorphisms in
the angiotensin Il receptor gene and their association with open-angle
glaucoma in a Japanese population. Invest Ophthalmol Vis Sci
2005;46:1993-2001.

Dudbridge F, Gusnanto A. Estimation of significance thresholds for
genomewide association scans. Genet Epidemiol 2008;32:227-234.
Nakano M, Ikeda Y, Taniguchi T, et al. Three susceptible loci associated
with primary open-angle glaucoma identified by genome-wide association
study in a Japanese population. Proc Natl Acad Sci U S A
2009;106:12838-12842.

Nakano M, Ikeda Y, Tokuda Y, et al. Common variants in CDKN2B-AS1
associated with optic-nerve vulnerability of glaucoma identified by
genome-wide association studies in Japanese. PLoS One 2012;7:33389.
Osman W, Low SK, Takahashi A, et al. A genome-wide association study
in the Japanese population confirms 9p21 and 14923 as susceptibility loci
for primary open angle glaucoma. Hum Mol Genet 2012;21:2836-2842.
Wiggs JL, Yaspan BL, Hauser MA, et al. Common variants at 9p21 and
8922 are associated with increased susceptibility to optic nerve
degeneration in glaucoma. PLoS Genet 2012;8:61002654.

Takamoto M, Kaburaki T, Mabuchi A, et al. Common variants on
chromosome 9p21 are associated with normal tension glaucoma. PLoS
One 2012;7:€40107.

Jiao X, Yang Z, Yang X, et al. Common variants on chromosome 2 and
risk of primary open-angle glaucoma in the Afro-Caribbean population of
Barbados. Proc Natl Acad Sci U S A 2009;106:17105-17110.

Meguro A, Inoko H, Ota M, et al. Genome-wide association study of
normal tension glaucoma: common variants in SRBD1 and ELOVL5
contribute to disease susceptibility. Ophthalmology 2010;117:1331-1338
e1335.

Thorleifsson G, Walters GB, Hewitt AW, et al. Common variants near
CAV1 and CAV2 are associated with primary open-angle glaucoma. Nat
Genet 2010;42:906-909.

Burdon KP, Macgregor S, Hewitt AW, et al. Genome-wide association
study identifies susceptibility loci for open angle glaucoma at TMCO1 and
CDKN2B-AS1. Nat Genet 2011;43:574-578.

Rao KN, Kaur I, Chakrabarti S. Lack of association of three primary open-
angle glaucoma-susceptible loci with primary glaucomas in an Indian
population. Proc Natl Acad Sci U S A 2009;106:E125-126; author reply
E127.

Mabuchi F, Sakurada Y, Kashiwagi K, et al. Lack of association of
common variants on chromosome 2p with primary open-angle glaucoma
in the Japanese population. Proc Natl Acad Sci U S A 2010;107:E90-91.
Kim K, Yun YJ, Kim S, et al. Analysis of an extended chromosome locus
2p14-21 for replication of the 2p16.3 association with glaucoma
susceptibility. Mol Vis 2011;17:1136-1143.

Liu Y, Qin X, Schmidt S, et al. Association between chromosome 2p16.3
variants and glaucoma in populations of African descent. Proc Natl Acad
Sci U S A 2010;107:E61; author reply E62.

231



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Mabuchi F, Sakurada Y, Kashiwagi K, et al. Association between SRBD1
and ELOVL5 gene polymorphisms and primary open-angle glaucoma.
Invest Ophthalmol Vis Sci 2011;52:4626-4629.

Surgucheva |, Surguchov A. Expression of caveolin in trabecular
meshwork cells and its possible implication in pathogenesis of primary
open angle glaucoma. Mol Vis 2011;17:2878-2888.

Wiggs JL, Kang JH, Yaspan BL, et al. Common variants near CAV1 and
CAV2 are associated with primary open-angle glaucoma in Caucasians
from the USA. Hum Mol Genet 2011;20:4707-4713.

Kuehn MH, Wang K, Roos B, et al. Chromosome 7931 POAG locus:
ocular expression of caveolins and lack of association with POAG in a US
cohort. Mol Vis 2011;17:430-435.

Xin B, Puffenberger EG, Turben S, et al. Homozygous frameshift mutation
in TMCO1 causes a syndrome with craniofacial dysmorphism, skeletal
anomalies, and mental retardation. Proc Natl Acad Sci U S A
2010;107:258-263.

Sharma S, Burdon KP, Chidlow G, et al. Association of genetic variants in
the TMCO1 gene with clinical parameters related to glaucoma and
characterization of the protein in the eye. Invest Ophthalmol Vis Sci
2012;53:4917-4925.

van Koolwijk LM, Ramdas WD, Ikram MK, et al. Common genetic
determinants of intraocular pressure and primary open-angle glaucoma.
PLoS Genet 2012;8:e1002611.

Hannon GJ, Beach D. p15INK4B is a potential effector of TGF-beta-
induced cell cycle arrest. Nature 1994;371:257-261.

Gil J, Peters G. Regulation of the INK4b-ARF-INK4a tumour suppressor
locus: all for one or one for all. Nat Rev Mol Cell Biol 2006;7:667-677.
Harismendy O, Notani D, Song X, et al. 9p21 DNA variants associated
with coronary artery disease impair interferon-gamma signalling response.
Nature 2011;470:264-268.

Helgadottir A, Thorleifsson G, Manolescu A, et al. A common variant on
chromosome 9p21 affects the risk of myocardial infarction. Science
2007;316:1491-1493.

Saxena R, Voight BF, Lyssenko V, et al. Genome-wide association
analysis identifies loci for type 2 diabetes and triglyceride levels. Science
2007;316:1331-1336.

Ramdas WD, van Koolwijk LM, Ikram MK, et al. A genome-wide
association study of optic disc parameters. PLoS Genet
2010;6:e1000978.

Cao D, Jiao X, Liu X, et al. CDKN2B polymorphism is associated with
primary open-angle glaucoma (POAG) in the Afro-Caribbean population of
Barbados, West Indies. PLoS One 2012;7:€39278.

Jean D, Bernier G, Gruss P. Six6 (Optx2) is a novel murine Six3-related
homeobox gene that demarcates the presumptive pituitary/hypothalamic
axis and the ventral optic stalk. Mech Dev 1999;84:31-40.

Toy J, Yang JM, Leppert GS, et al. The optx2 homeobox gene is
expressed in early precursors of the eye and activates retina-specific
genes. Proc Natl Acad Sci U S A 1998;95:10643-10648.

232



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Gallardo ME, Rodriguez De Cordoba S, Schneider AS, et al. Analysis of
the developmental SIX6 homeobox gene in patients with
anophthalmia/microphthalmia. Am J Med Genet A 2004;129A:92-94.
Charlesworth J, Kramer PL, Dyer T, et al. The path to open-angle
glaucoma gene discovery: endophenotypic status of intraocular pressure,
cup-to-disc ratio, and central corneal thickness. Invest Ophthalmol Vis Sci
2010;51:3509-3514.

Parssinen O, Era P, Tolvanen A, et al. Heritability of intraocular pressure
in older female twins. Ophthalmology 2007;114:2227-2231.

Zheng Y, Xiang F, Huang W, et al. Distribution and heritability of
intraocular pressure in chinese children: the Guangzhou twin eye study.
Invest Ophthalmol Vis Sci 2009;50:2040-2043.

Carbonaro F, Andrew T, Mackey DA, et al. Heritability of intraocular
pressure: a classical twin study. Br J Ophthalmol 2008;92:1125-1128.
Duggal P, Klein AP, Lee KE, et al. A genetic contribution to intraocular
pressure: the beaver dam eye study. Invest Ophthalmol Vis Sci
2005;46:555-560.

Charlesworth JC, Dyer TD, Stankovich JM, et al. Linkage to 10g22 for
maximum intraocular pressure and 1p32 for maximum cup-to-disc ratio in
an extended primary open-angle glaucoma pedigree. Invest Ophthalmol
Vis Sci 2005;46:3723-3729.

Lee MK, Woo SJ, Kim JI, et al. Replication of a glaucoma candidate gene
on 5g22.1 for intraocular pressure in mongolian populations: the
GENDISCAN Project. Invest Ophthalmol Vis Sci 2010;51:1335-1340.
Duggal P, Klein AP, Lee KE, et al. Identification of novel genetic loci for
intraocular pressure: a genomewide scan of the Beaver Dam Eye Study.
Arch Ophthalmol 2007;125:74-79.

He M, Liu B, Huang W, et al. Heritability of optic disc and cup measured
by the Heidelberg Retinal Tomography in Chinese: the Guangzhou twin
eye study. Invest Ophthalmol Vis Sci 2008;49:1350-1355.

Healey P, Carbonaro F, Taylor B, et al. The heritability of optic disc
parameters: a classic twin study. Invest Ophthalmol Vis Sci 2008;49:77-
80.

Macgregor S, Hewitt AW, Hysi PG, et al. Genome-wide association
identifies ATOH7 as a major gene determining human optic disc size.
Hum Mol Genet 2010;19:2716-2724.

Ramdas WD, van Koolwijk LM, Lemij HG, et al. Common genetic variants
associated with open-angle glaucoma. Hum Mol Genet 2011;20:2464-
2471.

Fan BJ, Wang DY, Pasquale LR, et al. Genetic variants associated with
optic nerve vertical cup-to-disc ratio are risk factors for primary open angle
glaucoma in a US Caucasian population. Invest Ophthalmol Vis Sci
2011;52:1788-1792.

Goldmann H, Schmidt T. Applanation tonometry. Ophthalmologica
1957;134:221-242.

Gordon MO, Beiser JA, Brandt JD, et al. The Ocular Hypertension
Treatment Study: baseline factors that predict the onset of primary open-
angle glaucoma. Arch Ophthalmol 2002;120:714-720; discussion 829-
730.

233



215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

Brandt JD, Gordon MO, Gao F, et al. Adjusting intraocular pressure for
central corneal thickness does not improve prediction models for primary
open-angle glaucoma. Ophthalmology 2012;119:437-442.

Medeiros FA, Weinreb RN. Is corneal thickness an independent risk factor
for glaucoma? Ophthalmology 2012;119:435-436.

Francis BA, Varma R, Chopra V, et al. Intraocular pressure, central
corneal thickness, and prevalence of open-angle glaucoma: the Los
Angeles Latino Eye Study. Am J Ophthalmol 2008;146:741-746.
Bandyopadhyay AK, Bhattacharya A, Dan AK, et al. A study on central
corneal thickness and optic disc size in patients with primary open angle
glaucoma. J Indian Med Assoc 2011;109:465-468.

Nemesure B, Wu SY, Hennis A, et al. Corneal thickness and intraocular
pressure in the Barbados eye studies. Arch Ophthalmol 2003;121:240-
244,

Sample PA, Girkin CA, Zangwill LM, et al. The African Descent and
Glaucoma Evaluation Study (ADAGES): design and baseline data. Arch
Ophthalmol 2009;127:1136-1145.

Wu RY, Zheng YF, Wong TY, et al. Relationship of central corneal
thickness with optic disc parameters: the Singapore Malay Eye Study.
Invest Ophthalmol Vis Sci 2011;52:1320-1324.

Toh T, Liew SH, MacKinnon JR, et al. Central corneal thickness is highly
heritable: the twin eye studies. Invest Ophthalmol Vis Sci 2005;46:3718-
3722.

Zheng Y, Ge J, Huang G, et al. Heritability of central corneal thickness in
Chinese: the Guangzhou Twin Eye Study. Invest Ophthalmol Vis Sci
2008;49:4303-4307.

Dueker DK, Singh K, Lin SC, et al. Corneal thickness measurement in the
management of primary open-angle glaucoma: a report by the American
Academy of Ophthalmology. Ophthalmology 2007;114:1779-1787.
Dimasi DP, Chen JY, Hewitt AW, et al. Novel quantitative trait loci for
central corneal thickness identified by candidate gene analysis of
osteogenesis imperfecta genes. Hum Genet 2010;127:33-44.

Vithana EN, Aung T, Khor CC, et al. Collagen-related genes influence the
glaucoma risk factor, central corneal thickness. Hum Mol Genet
2011;20:649-658.

Vitart V, Bencic G, Hayward C, et al. New loci associated with central
cornea thickness include COL5A1, AKAP13 and AVGR8. Hum Mol Genet
2010;19:4304-4311.

Segev F, Heon E, Cole WG, et al. Structural abnormalities of the cornea
and lid resulting from collagen V mutations. Invest Ophthalmol Vis Sci
2006;47:565-573.

Desronvil T, Logan-Wyatt D, Abdrabou W, et al. Distribution of COL8A2
and COL8A1 gene variants in Caucasian primary open angle glaucoma
patients with thin central corneal thickness. Mol Vis 2010;16:2185-2191.
Abu A, Frydman M, Marek D, et al. Deleterious mutations in the Zinc-
Finger 469 gene cause brittle cornea syndrome. Am J Hum Genet
2008;82:1217-1222.

Hoehn R, Zeller T, Verhoeven VJ, et al. Population-based meta-analysis
in Caucasians confirms association with COL5A1 and ZNF469 but not
COLB8A2 with central corneal thickness. Hum Genet 2012;131:1783-1793.

234



232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

Lu Y, Dimasi DP, Hysi PG, et al. Common genetic variants near the Brittle
Cornea Syndrome locus ZNF469 influence the blinding disease risk factor
central corneal thickness. PLoS Genet 2010;6:e1000947.

Cornes BK, Khor CC, Nongpiur ME, et al. Identification of four novel
variants that influence central corneal thickness in multi-ethnic Asian
populations. Hum Mol Genet 2012;21:437-445.

Ulmer M, Li J, Yaspan BL, et al. Genome-wide analysis of central corneal
thickness in primary open-angle glaucoma cases in the NEIGHBOR and
GLAUGEN consortia. Invest Ophthalmol Vis Sci 2012;53:4468-4474.
Tielsch JM, Katz J, Quigley HA, et al. Diabetes, intraocular pressure, and
primary open-angle glaucoma in the Baltimore Eye Survey.
Ophthalmology 1995;102:48-53.

de Voogd S, lkram MK, Wolfs RC, et al. Is diabetes mellitus a risk factor
for open-angle glaucoma? The Rotterdam Study. Ophthalmology
2006;113:1827-1831.

Quigley HA, West SK, Rodriguez J, et al. The prevalence of glaucoma in
a population-based study of Hispanic subjects: Proyecto VER. Arch
Ophthalmol 2001;119:1819-1826.

Le A, Mukesh BN, McCarty CA, et al. Risk factors associated with the
incidence of open-angle glaucoma: the visual impairment project. Invest
Ophthalmol Vis Sci 2003;44:3783-3789.

Klein BE, Klein R, Jensen SC. Open-angle glaucoma and older-onset
diabetes. The Beaver Dam Eye Study. Ophthalmology 1994;101:1173-
1177.

Mitchell P, Smith W, Chey T, et al. Open-angle glaucoma and diabetes:
the Blue Mountains eye study, Australia. Ophthalmology 1997;104:712-
718.

Chopra V, Varma R, Francis BA, et al. Type 2 diabetes mellitus and the
risk of open-angle glaucoma the Los Angeles Latino Eye Study.
Ophthalmology 2008;115:227-232 e221.

Wise LA, Rosenberg L, Radin RG, et al. A prospective study of diabetes,
lifestyle factors, and glaucoma among African-American women. Ann
Epidemiol 2011;21:430-439.

Pasquale LR, Kang JH, Manson JE, et al. Prospective study of type 2
diabetes mellitus and risk of primary open-angle glaucoma in women.
Ophthalmology 2006;113:1081-1086.

Bonovas S, Peponis V, Filioussi K. Diabetes mellitus as a risk factor for
primary open-angle glaucoma: a meta-analysis. Diabet Med 2004;21:609-
614.

Challa P, Herndon LW, Hauser MA, et al. Prevalence of myocilin
mutations in adults with primary open-angle glaucoma in Ghana, West
Africa. J Glaucoma 2002;11:416-420.

Sale MM, FitzGerald LM, Kagame K, et al. Investigation of the prevalence
of the myocilin Q368STOP mutation in Ugandan glaucoma patients.
Ophthalmic Genet 2002;23:67-69.

Liu W, Liu Y, Challa P, et al. Low prevalence of myocilin mutations in an
African American population with primary open-angle glaucoma. Mol Vis
2012;18:2241-2246.

235



248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

Nemesure B, Jiao X, He Q, et al. A genome-wide scan for primary open-
angle glaucoma (POAG): the Barbados Family Study of Open-Angle
Glaucoma. Hum Genet 2003;112:600-609.

Yao W, Jiao X, Hejtmancik JF, et al. Evaluation of the association
between OPA1 polymorphisms and primary open-angle glaucoma in
Barbados families. Mol Vis 2006;12:649-654.

Ramsay M. Africa: Continent of genome contrasts with implications for
biomedical research and health. FEBS Letters 2012;586:2813-2819.

Teo YY, Small KS, Kwiatkowski DP. Methodological challenges of
genome-wide association analysis in Africa. Nat Rev Genet 2010;11:149-
160.

Census 2011 Statistical release - P0301.4 / Statistics South Africa.
Pretoria: Statistics South Africa; 2012.

Williams SE, Whigham BT, Liu Y, et al. Major LOXLA1 risk allele is
reversed in exfoliation glaucoma in a black South African population. Mol
Vis 2010;16:705-712.

Terminology and Guidelines for Glaucoma. In: Heijl A, Traverso CE (eds).
Savona: European Glaucoma Society; 2008:183.

Mills RP, Budenz DL, Lee PP, et al. Categorizing the stage of glaucoma
from pre-diagnosis to end-stage disease. Am J Ophthalmol 2006;141:24-
30.

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic Acids Res
1988;16:1215.

Fan Q, Teo YY, Saw SM. Application of advanced statistics in
ophthalmology. Invest Ophthalmol Vis Sci 2011;52:6059-6065.
Karakosta A, Vassilaki M, Plainis S, et al. Choice of analytic approach for
eye-specific outcomes: one eye or two? Am J Ophthalmol 2012;153:571-
579 e571.

Carbonaro F, Andrew T, Mackey DA, et al. Repeated measures of
intraocular pressure result in higher heritability and greater power in
genetic linkage studies. Invest Ophthalmol Vis Sci 2009;50:5115-5119.
Steyn K, Bradshaw D, Norman R, et al. Determinants and treatment of
hypertension in South Africans: the first Demographic and Health Survey.
S Afr Med J 2008;98:376-380.

Steyn K, Gaziano TA, Bradshaw D, et al. Hypertension in South African
adults: results from the Demographic and Health Survey, 1998. Journal of
hypertension 2001;19:1717-1725.

Malaza A, Mossong J, Barnighausen T, et al. Hypertension and Obesity in
Adults Living in a High HIV Prevalence Rural Area in South Africa. PLoS
One 2012;7:e47761.

Hall V, Thomsen RW, Henriksen O, et al. Diabetes in Sub Saharan Africa
1999-2011: epidemiology and public health implications. A systematic
review. BMC public health 2011;11:564.

Motala AA, Esterhuizen T, Gouws E, et al. Diabetes and other disorders
of glycemia in a rural South African community: prevalence and
associated risk factors. Diabetes care 2008;31:1783-1788.

Carmichael TR, Carp GI, Welsh ND, et al. Effective and accurate
screening for diabetic retinopathy using a 60 degree mydriatic fundus
camera. S Afr Med J 2005;95:57-61.

236



266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

Looker HC, Nyangoma SO, Cromie D, et al. Diabetic retinopathy at
diagnosis of type 2 diabetes in Scotland. Diabetologia 2012;55:2335-
2342.

Xu J, Wei WB, Yuan MX, et al. Prevalence and risk factors for diabetic
retinopathy: the Beijing Communities Diabetes Study 6. Retina
2012;32:322-329.

Ozdamar Y, Cankaya B, Ozalp S, et al. Is there a correlation between
diabetes mellitus and central corneal thickness? J Glaucoma
2010;19:613-616.

Sahin A, Bayer A, Ozge G, et al. Corneal biomechanical changes in
diabetes mellitus and their influence on intraocular pressure
measurements. Invest Ophthalmol Vis Sci 2009;50:4597-4604.

Niederer RL, Perumal D, Sherwin T, et al. Age-related differences in the
normal human cornea: a laser scanning in vivo confocal microscopy
study. Br J Ophthalmol 2007;91:1165-1169.

Mafwiri M, Bowman RJ, Wood M, et al. Primary open-angle glaucoma
presentation at a tertiary unit in Africa: intraocular pressure levels and
visual status. Ophthalmic Epidemiol 2005;12:299-302.

Ntim-Amponsah CT. Visual loss in urban and rural chronic glaucoma
patients in Ghana. Trop Doct 2002;32:102-104.

Omoti AE, Osahon Al, Waziri-Erameh MJ. Pattern of presentation of
primary open-angle glaucoma in Benin City, Nigeria. Trop Doct
2006;36:97-100.

Whigham BT, Williams SE, Liu Y, et al. Myocilin mutations in black South
Africans with POAG. Mol Vis 2011;17:1064-10609.

Rautenbach RM, Bardien S, Harvey J, et al. An investigation into LOXL1
variants in black South African individuals with exfoliation syndrome. Arch
Ophthalmol 2011;129:206-210.

Gould DB, Miceli-Libby L, Savinova OV, et al. Genetically increasing Myoc
expression supports a necessary pathologic role of abnormal proteins in
glaucoma. Mol Cell Biol 2004;24:9019-9025.

Hewitt AW, Mackey DA, Craig JE. Myocilin allele-specific glaucoma
phenotype database. Hum Mutat 2008;29:207-211.

Mendoza-Reinoso V, Patil TS, Guevara-Fujita ML, et al. Novel and known
MYOC exon 3 mutations in an admixed Peruvian primary open-angle
glaucoma population. Mol Vis 2012;18:2067-2075.

Kumar P, Henikoff S, Ng PC. Predicting the effects of coding non-
synonymous variants on protein function using the SIFT algorithm. Nature
protocols 2009;4:1073-1081.

Choi Y, Sims GE, Murphy S, et al. Predicting the functional effect of amino
Acid substitutions and indels. PLoS One 2012;7:e46688.

Adzhubei IA, Schmidt S, Peshkin L, et al. A method and server for
predicting damaging missense mutations. Nature methods 2010;7:248-
249.

Mullis KB, Faloona FA. Specific synthesis of DNA in vitro via a
polymerase-catalyzed chain reaction. Methods Enzymol 1987;155:335-
350.

Sanger F, Coulson AR. A rapid method for determining sequences in DNA
by primed synthesis with DNA polymerase. J Mol Biol 1975;94:441-448.

237



284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

Barrett JC. Haploview: Visualization and analysis of SNP genotype data.
CSH Protoc 2009;2009:pdb ip71.

de Bakker PI, Yelensky R, Pe'er |, et al. Efficiency and power in genetic
association studies. Nat Genet 2005;37:1217-1223.

Barrett JC, Fry B, Maller J, et al. Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics 2005;21:263-265.

Lao O, van Duijn K, Kersbergen P, et al. Proportioning whole-genome
single-nucleotide-polymorphism diversity for the identification of
geographic population structure and genetic ancestry. Am J Hum Genet
2006;78:680-690.

Schlebusch CM. Genetic Variation in Khoisan-speaking Populations from
Southern Africa. PhD Thesis. Johannesburg: University of the
Witwatersrand; 2011.

Fan JB, Chee MS, Gunderson KL. Highly parallel genomic assays. Nat
Rev Genet 2006;7:632-644.

Gauderman WJ, Morrison JM. QUANTO 1.1: A computer program for
power and sample size calculations for genetic-epidemiology studies.
2006.

Gauderman WJ. Sample size requirements for association studies of
gene-gene interaction. Am J Epidemiol 2002;155:478-484.

Gauderman WJ. Candidate gene association analysis for a quantitative
trait, using parent-offspring trios. Genet Epidemiol 2003;25:327-338.
Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for whole-
genome association and population-based linkage analyses. Am J Hum
Genet 2007;81:559-575.

Gabriel SB, Schaffner SF, Nguyen H, et al. The structure of haplotype
blocks in the human genome. Science 2002;296:2225-2229.

Pruim RJ, Welch RP, Sanna S, et al. LocusZoom: regional visualization of
genome-wide association scan results. Bioinformatics 2010;26:2336-
2337.

Mefford J, Witte JS. The Covariate's Dilemma. PLoS Genet
2012;8:¢1003096.

Pirinen M, Donnelly P, Spencer CC. Including known covariates can
reduce power to detect genetic effects in case-control studies. Nat Genet
2012;44:848-851.

Nyholt DR. A simple correction for multiple testing for single-nucleotide
polymorphisms in linkage disequilibrium with each other. Am J Hum
Genet 2004;74:765-7609.

Li J, Ji L. Adjusting multiple testing in multilocus analyses using the
eigenvalues of a correlation matrix. Heredity 2005;95:221-227.

Patterson N, Price AL, Reich D. Population structure and eigenanalysis.
PLoS Genet 2006;2:e190.

R Core Team. R: A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing 2012.

Henn BM, Gignoux CR, Jobin M, et al. Hunter-gatherer genomic diversity
suggests a southern African origin for modern humans. Proc Natl Acad
SciUS A2011;108:5154-5162.

Livak KJ. Allelic discrimination using fluorogenic probes and the &'
nuclease assay. Genetic analysis : biomolecular engineering
1999;14:143-149.

238



304.

305.

306.

307.

McGuigan FE, Ralston SH. Single nucleotide polymorphism detection:
allelic discrimination using TagMan. Psychiatric genetics 2002;12:133-
136.

Tishkoff SA, Reed FA, Friedlaender FR, et al. The genetic structure and
history of Africans and African Americans. Science 2009;324:1035-1044.
Yu W, Clyne M, Khoury MJ, et al. Phenopedia and Genopedia: disease-
centered and gene-centered views of the evolving knowledge of human
genetic associations. Bioinformatics 2010;26:145-146.

Mabuchi F, Sakurada Y, Kashiwagi K, et al. Lack of association of
common variants on chromosome 2p with primary open-angle glaucoma
in the Japanese population. Proc Natl Acad Sci U S A 2010;107:E90-91.

239



APPENDICES

APPENDIX 1 - ETHICS CLEARANCE CERTIFICATE M10216

UNIVERSITY OF THE WITWATERSRAND. JOHANNESBURG
Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Susan Williams

CLEARANCE CERTIFICATE M10216

PROJECT The Genetics of Primary Open-Angle Glaucoma
in Black South Africans: Candidate Gene
Association Study

INVESTIGATORS Dr Susan Williams.
DEPARTMENT Division of Opthalmology
DATE CONSIDERED 26/02/2010

DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon
application.

DATE 26/02/2010 CHAIRPERSON

(Professor PE Cledton-Jones)

*Guidelines for written ‘informed consent’ attached where applicable
cc: Supervisor : Prof TR Carmichael

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

1/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the
Committee. 1 agree to a completion of a yearly progress report.

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...

240



APPENDIX 2 - PARTICIPANT INFORMATION AND CONSENT
FORMS

1.  Control participant information

1.1 Introduction and summary

Hello

My name is Dr Sue Williams. [ am a consultant eye specialist at St John and I will be
conducting the study we are speaking about. This form is a summary of the fuller information
sheet, and does not replace it.

We are studying a condition called primary open angle glaucoma (POAG) that may cause
blindness. It seems that this may be inherited in the genes. The purpose of this study is to take
a blood sample from patients in this country with POAG. We will then take the DNA (which
contains our genes) out of that blood without doing any other tests on the blood. We want to
find the genes that are associated with POAG. We will also be doing eye examinations, eye
tests and blood tests on people, like you, who don’t have POAG — to compare the genes of
people with POAG to those of people without POAG.

This study will not help you in any way but it will help us to understand the disease better
and may help us to develop new ways to treat the disease in the future.

Once we have done the gene tests on your DNA we will store a sample of your DNA, but we
will only use it for other tests for glaucoma. It will not be used for any other purpose.

You are free to join the study or not to join the study. It is your choice. If you don’t want to
join the study we don’t mind and your treatment won’t change.

There is much more information in the main patient information sheet; please read it
carefully, and discuss the details with me if necessary.

Thank you for your interest.

1.2  Control participant information

I (Dr Susan Williams) am undertaking research into the underlying genetic cause for primary
open angle glaucoma (POAG). I will be doing the research at the St John Eye Hospital where
I am a consultant.

I would like to invite you to enter this study as a control participant. I am studying patients

with POAG, but I need to compare them to healthy individuals. You do not have POAG so I
would like your participation as a healthy control. This will mean answering some questions
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about your background, your health and your eyes. Your eyes will be examined. You will
then have a blood sample taken.

You don’t have to join this study. You can also decide to leave the study at any time.
If you do not want to be part of this study or decide to leave the study it will not affect your
regular treatments or medical care in any way.

INFORMATION ABOUT PRIMARY OPEN ANGLE GLAUCOMA (POAG)

POAG is a type of glaucoma. Glaucoma is a condition where the optic nerve (that connects
the eye to the brain and carries information from the eye to the brain) is gradually damaged.
This damage first reduces side vision then central vision. It eventually causes blindness. A
high pressure in the eyes is one of the causes for the damage. POAG can be treated with eye
drops or surgery to lower the pressure inside the eyes if it is discovered early. If there has
already been some loss of vision, this loss is permanent and treatment does not reverse the
damage but can prevent further damage.

We don’t know what causes POAG. It seems likely that POAG is an inherited disease
because it occurs more commonly in some parts of the world and within families.
Researchers in other parts of the world have found genes (part of the DNA that we inherit
from our parents that is found in all the cells of our bodies) that are associated with POAG.
There have not been any studies looking for gene associations in Southern Africans.

The purpose of this research is to study a few genes that may be associated with glaucoma in
a group of Southern African patients with glaucoma and to compare these gene findings with
a similar group that do not have glaucoma. We hope that the results will help us to
understand more about glaucoma. This might lead to new treatments for the condition as well
as new ways to make the diagnosis of glaucoma early before people lose vision from the
disease.

INFORMATION ABOUT DNA SAMPLING

In order to study your genes we take a sample of blood from your arm. We then extract your
DNA from this blood sample. DNA is the chemical inside the nucleus of all our cells that we
inherit from our parents. It carries the genetic instructions for making us living organisms.
Extracting the DNA allows us to study your genes. Once we have extracted your DNA, we
will study the possible glaucoma genes for this research. The remainder of your DNA will be
stored at the NHLS Molecular Genetics Laboratory sample repository here in South Africa.
In the future if further tests become available for genes involved in glaucoma we may use
your DNA to look for these genes. We will not use your DNA for any other purpose.

EXPECTED BENEFITS
This study will not help you, but it will help us to understand POAG better and may help us
to develop new ways to treat the disease in the future.

WHAT TO EXPECT FROM THE STUDY

Once you have signed the consent form we will ask you some questions about your
background, your health and your eyes. I shall then perform a complete eye examination on
you. This examination will include dilating your eyes. This is part of a routine eye
examination. It may make your vision a bit blurred and sensitive to light for up to six hours.
It is not advisable to drive if your pupils are dilated. You will also undergo a visual field test
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and an analysis of the nerve layer around your optic nerve. These tests will confirm that you
do not suffer from glaucoma. All of this information will be used in the research study, but
your personal details will be withheld. Then a nursing sister will take four teaspoons (20ml or
2 tubes) of blood from a vein in your arm. Venipunctures (drawing blood) are normally done
as part of routine medical care and present a slight risk of discomfort. Drawing blood may
result in faintness, inflammation of the vein, pain, bruising or bleeding at the puncture site.
There is also a slight possibility of infection. Your protection is that experienced personnel
perform the procedures under sterile conditions. This blood will be sent to the laboratory
where your DNA will be extracted from it. Most of your DNA will then be stored under the
code we have assigned to you (not your name). Some of the DNA will be used to assess the
glaucoma genes we are researching.

If we would like you to come on a separate day for any of these tests then we will pay you
R50 to cover your transport costs.

CONFIDENTIALITY

Only the investigators of the study will know your name and personal details. You will be
given a code and number for the study so that no one knows who you are. The blood samples
and DNA will not be attached to your name — they will only have your code and number on
them.

CONTACT DETAILS

If you have any problems you can contact me at any time on this telephone number: -

Dr Susan Williams — 082 467 6999.

If you have any complaints or problems with this research you may report
them to the Chair of the Human Research Ethics Committee at the University
of the Witwatersrand on this telephone number — (011) 717 1234.

2. POAG participant information

21 Introduction and summary

Hello

My name is Dr Sue Williams. [ am a consultant eye specialist at St John and I will be
conducting the study we are speaking about. This form is a summary of the fuller information
sheet, and does not replace it.

We are studying a condition that you have called primary open angle glaucoma (POAG) and
that may cause blindness. It seems that this may be inherited in the genes. The purpose of this
study is to do eye examinations, eye tests and to take a blood sample from patients in this
country with POAG. We will then take the DNA (which contains our genes) out of that blood
without doing any other tests on the blood. We want to find the genes that are associated with
POAG. We will also be using the records from all you eye related tests to help us find
patterns between specific results from these tests or examinations and the DNA changes. In
addition, we will be doing blood tests on other people who don’t have POAG — to compare
the genes of people with POAG to those of people without POAG.
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This study will not help you in any way but it will help us to understand the disease better
and may help us to develop new ways to treat the disease in the future.

Once we have done the gene tests on your DNA we will store a sample of your DNA, but we
will only use it for other tests for glaucoma. It will not be used for any other purpose.

You are free to join the study or not to join the study. It is your choice. If you don’t want to
join the study we don’t mind and your treatment won’t change.

There is much more information in the main patient information sheet; please read it
carefully, and discuss the details with me if necessary.

Thank you for your interest.

2.2 POAG participant information

I (Dr Susan Williams) am undertaking research into the underlying genetic cause for primary
open angle glaucoma (POAG). I will be doing the research at the St John Eye Hospital where
[ am a consultant.

I would like to invite you to enter this study as a participant. This will mean answering some
questions about your background, your health and your eyes. Your eyes will be examined.
You will then have a blood sample taken. We will ask you to return to the hospital on another
occasion to talk to a genetic counsellor so that we can find out if this is a condition that runs
in your family. We will compensate you for the cost of returning to the hospital for our
research.

You don’t have to join this study. You can also decide to leave the study at any time.
If you do not want to be part of this study or decide to leave the study it will not affect your
regular treatments or medical care in any way.

INFORMATION ABOUT PRIMARY OPEN ANGLE GLAUCOMA (POAG)

POAG is a type of glaucoma. Glaucoma is a condition where the optic nerve (that connects
the eye to the brain and carries information from the eye to the brain) is gradually damaged.
This damage first reduces side vision then central vision. It eventually causes blindness. A
high pressure in the eyes is one of the causes for the damage. POAG can be treated with eye
drops or surgery to lower the pressure inside the eyes if it is discovered early. If there has
already been some loss of vision, this loss is permanent and treatment does not reverse the
damage but can prevent further damage.

We don’t know what causes POAG. It seems likely that POAG is an inherited disease
because it occurs more commonly in some parts of the world and within families.
Researchers in other parts of the world have found genes (part of the DNA that we inherit
from our parents that is found in all the cells of our bodies) that are associated with POAG.
There have not been any studies looking for gene associations in Southern Africans.
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The purpose of this research is to study a few genes that may be associated with glaucoma in
a group of Southern African patients with glaucoma and to compare these gene findings with
a similar group that do not have glaucoma. We hope that the results will help us to
understand more about glaucoma. This might lead to new treatments for the condition as well
as new ways to make the diagnosis of glaucoma early before people lose vision from the
disease.

INFORMATION ABOUT DNA SAMPLING

In order to study your genes we take a sample of blood from your arm. We then extract your
DNA from this blood sample. DNA is the chemical inside the nucleus of all our cells that we
inherit from our parents. It carries the genetic instructions for making us living organisms.
Extracting the DNA allows us to study your genes. Once we have extracted your DNA, we
will study the possible glaucoma genes for this research. The remainder of your DNA will be
stored at the NHLS Molecular Genetics Laboratory sample repository here in South Africa.
In the future if further tests become available for genes involved in glaucoma we may use
your DNA to look for these genes. We will not use your DNA for any other purpose.

EXPECTED BENEFITS
This study will not help you, but it will help us to understand POAG better and may help us
to develop new ways to treat the disease in the future.

WHAT TO EXPECT FROM THE STUDY

Once you have signed the consent form we will ask you some questions about your
background, your health and your eyes. I shall then perform a complete eye examination on
you. This examination will include dilating your eyes. This is part of a routine eye
examination. It may make your vision a bit blurred and sensitive to light for up to six hours.
It is not advisable to drive if your pupils are dilated. You will also undergo a visual field test
and an analysis of the nerve layer around your optic nerve. These tests are routine in the
diagnosis and management of glaucoma. All of this information will be used in the research
study, but your personal details will be withheld. Then a nursing sister will take four
teaspoons (20ml or 2 tubes) of blood from a vein in your arm. Venipunctures (drawing
blood) are normally done as part of routine medical care and present a slight risk of
discomfort. Drawing blood may result in faintness, inflammation of the vein, pain, bruising
or bleeding at the puncture site. There is also a slight possibility of infection. Your protection
is that experienced personnel perform the procedures under sterile conditions. This blood
will be sent to the laboratory where your DNA will be extracted from it. Most of your DNA
will then be stored under the code we have assigned to you (not your name). Some of the
DNA will be used to assess the glaucoma genes we are researching.

On a separate occasion a genetic counsellor, who will determine whether this disease is likely
to run in your family, will interview you and ask you questions about the health of your
family. If you have family members with glaucoma we may ask you to bring them to the
hospital for us to include them in the study.

If we would like you to come on a separate day for any of these tests then we will pay you
R50 to cover your transport costs.

CONFIDENTIALITY
Only the investigators of the study will know your name and personal details. You will be
given a code and number for the study so that no one knows who you are. The blood samples
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and DNA will not be attached to your name — they will only have your code and number on
them.

CONTACT DETAILS

If you have any problems you can contact me at any time on this telephone number: -

Dr Susan Williams — 082 467 6999.

If you have any complaints or problems with this research you may report
them to the Chair of the Human Research Ethics Committee at the University
of the Witwatersrand on this telephone number — (011) 717 1234.

3. Consent form

I, the undersigned, have been fully informed as to the procedure to be followed
and have been given a description of the discomforts, risks and benefits of
joining this study.

In signing this form, I agree to participate in this study and for my medical
records to be used as part of the research.

I understand that I am free to refuse to be part of this study or to withdraw my
consent and stop participating in this study at any time. If I do withdraw I
understand that this will not affect my regular treatment or medical care in any
way. If I choose not to be part of this study I will not be treated any differently.

I understand that if I have any questions at any time, they will be answered.

I understand that my confidentiality will be maintained at all times through the
use of a code and numbering system.

A signed copy of this consent form will be made available to me if [ want one.

Date:............ Participant:..............coooeiiiies i
Name Signature

Participant date of birth............

Date:............ WitNeSS: e s
Name Signature

PARTICIPANT CODE................
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4. Consent form for DNA storage for possible future use

I, the undersigned, have been fully informed as to the procedure to be followed
and have been given a description of the discomforts, risks and benefits of
having my DNA sampled and stored for possible further research.

In signing this form, I agree to have my DNA sampled and stored at the NHLS
Molecular Genetics Laboratory sample repository.

I understand that most of the DNA that is extracted from my blood will be
stored in Johannesburg and may be used for further genetic testing into
glaucoma only. This may include sending the samples overseas for further tests.
This process will be monitored by the Wits Ethics Committee.

I understand that if I have any questions at any time, they will be answered.

I understand that I can choose to have my DNA discarded at any time.

I understand that my confidentiality will be maintained at all times through the
use of a code and numbering system.

A signed copy of this consent form will be made available to me if [ want one.

Name Signature
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APPENDIX 3 - DATA COLLECTION SHEETS

1. Questionnaire

Date: BP=

HGT= Participant Code:

Date of birth:

Age:

Place of birth:

Home language:

Mother's language:

Maternal grandmother's language:

Maternal grandfather's language:

Father's language:

Paternal grandmother's language:

Paternal grandfather's language:

History of eye problems:

Any eye surgery?

Any eye drops?

(specific questions:-
anyone with glaucoma?
anyone blind?

anyone have eye surgery?

Family history of eye problems:

anyone use eyedrops every day from a hospital?

if so, did the eye surgery improve the vision?

Draw a pedigree of family eye problems:

Medical history:

Diabetic?

(if yes do they use tablets or insulin. When was the diagnosis made?)

Hypertensive?

(if yes what medication are they using. When was the diagnosis made?)

Other illnesses?

Other information:
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2.  Ophthalmic history and examination

Participant code:...... ..o e
Date of @XamINation:. ... ...ouuit e e
Date of birth:. ... e
Ophthalmic history:
Date of diagnosis of POAG:......................
IOP at diagnosis: RE:....... LE:.......
Ophthalmic treatment:. .. ... ..ot e e e e e e naeeness
Previous ophthalmic SUIery:.....o.oiiiiii i e
Examination:
Right Eye Left Eye
GDx NFI
GDx TSNIT
Oculus MD
Visual Acuity
Conjunctiva
Cornea
GAT
Gonioscopy
CCT
Anterior chamber
Pupil
Lens
Vitreous
Fundus
Vertical disc diameter
Cupping
Diagram if required
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APPENDIX 4 - DNA EXTRACTION USING SALTING-OUT

Day One:

1.

5 to 10ml of whole blood was decanted into a 50 ml polypropylene tube (a
NUNC). The extraction procedure was usually done in a batch of 16 samples.
Each NUNC tube containing the whole blood was filled to the 40ml mark with
cold sucrose-Triton-X lysing buffer. This detergent lyses the red blood cells.
The NUNC tubes were inverted several times to mix and centrifuged for 10
minutes.

The supernatant fluid, containing lysed red blood cells, was poured off as
“Blood Waste”. A reddish-white pellet containing the leucocytes was left in the
tube.

The pellets were washed with 20 - 25ml of the cold sucrose-Triton-X lysing
buffer.

6. The NUNC tubes were placed on ice for 5 minutes.

7. The NUNC tubes were centrifuged for 5 minutes. The wash was repeated to

ensure that most of the red cell debris was removed in the supernatant.

3ml T20ES5, 0.2ml 10% SDS (sodium dodecyl sulphate) and 0.5 ml
Proteinase-K mix was added to each sample. This step lyses the white blood
cells and degrades the protein. The detergent SDS acts by breaking up the
lipid bilayer of the cell membrane.

The components of the NUNC tube were mixed by inversion and incubated

overnight in the 42°C incubator.

Day Two:

1.

1ml saturated NaCl (clear liquid) was added to the lysate and the components
were vigorously agitated for 15 seconds by inversion.

The tubes with the salt were placed on ice for 10 minutes and then
centrifuged for 30 minutes such that a white pellet, containing proteins
precipitated by salt, was visible.

The supernatant fluid containing the DNA was transferred to new NUNC tubes
labelled with the participant codes. Two volumes of absolute ethanol kept at

room temperature were added to the tubes. In the presence of a high salt
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concentration, DNA is not soluble in ethanol, therefore DNA was precipitated
out of solution with the addition of the absolute ethanol.

4. After gentle agitation, the DNA was spooled or fished out of the solution, then
washed in 70% ice-cold ethanol to remove excess salt that could interfere
with enzymatic reactions. The DNA was placed in safety-lock Eppendorf tubes
labelled with the participant codes. All traces of liquid were removed from the
Eppendorf tubes. The DNA was air dried and resuspended in appropriate
amount of 1x TRIS-EDTA (TE) buffer (usually 200ul to 1000ul).

5. If the DNA was not visible or was fragmented, the DNA was precipitated at
minus 70°C for 30 minutes. The NUNC tube was then centrifuged for 20
minutes to pellet the DNA. The supernatant fluid was discarded and the DNA
pellet was washed with 70% ethanol and centrifuged for 10 min. The ethanol
was discarded and the NUNC tube inverted on a paper towel to dry the pellet
before resuspending the DNA pellet in an appropriate amount of 1x TE buffer
(usually 20-100ul). This was then placed in a safety-lock Eppendorf tube
labelled with the participant code.
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APPENDIX 5 - ETHICS CLEARANCE CERTIFICATE M110214

M110214

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Susan EI Williams

CLEARANCE CERTIFICATE M110214

PROJECT Genetics counselling, cascade screening and eye
examination of first-second-degree relatives of

primary-
open angle glaucoma patients identified as having
MYOC mutations.

INVESTIGATORS Dr Susan EI Williams.

DEPARTMENT Division of Human Genetics/NHLS

'DATE CONSIDERED 25/02/2011

DECISION OF THE COMMITTEE* Approved unconditionally

D A e ———

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon
application. :

/)
06/05/2011 CHAIRPERSON &é(’&'%géa'
(Professor PE Cleaton-Jones)

DATE

*Guidelines for written ‘informed consent’ attached where applicable
cc: Supervisor : Prof M Ramsay

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

I/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved l/we undertake to resubmit the protocol to the

Committee. 1 agreetoa completion of a yearly progress report.
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...
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APPENDIX 6 - PARTICIPANT INFORMATION FORMS

1. Introduction and summary

Hello

My name is Dr Sue Williams. [ am a consultant eye specialist at St John and I will be
conducting the study we are speaking about. This form is a summary of the fuller information
sheet, and does not replace it.

We are studying a condition called primary open angle glaucoma (POAG) that may cause
blindness particularly if it is only picked up late in the disease process. It seems that this is a
family disease. Family diseases are passed on in our genes which we inherit from our parents.
The genes are contained in the DNA which is found in every cell of our bodies. We have
discovered that your relative has a gene that may cause glaucoma. This may mean that you
have POAG or may be at risk of developing it.

We would like to invite you to participate in this study. If you would like to participate, we
will examine your eyes, perform eye tests and take a blood sample from your arm. We will
then take the DNA out of that blood without doing any other tests on the blood. If we find
that you have POAG we will treat you for the condition and we may be able to prevent visual
loss. We will test your DNA for the gene that your relative has. If we find that you have the
gene for the condition but do not show any signs of the condition we will contact you with
the information and urge you to visit us every year for examination for signs of the disease so
that treatment may be started early in the disease and visual loss may be prevented.

We would further like to invite you to allow us to store a sample of your DNA for other tests
related to glaucoma. It will not be used for any other purpose. You are free to have the
sample discarded at any time.

You are free to join the study or not to join the study. It is your choice. If you don’t want to
join the study we don’t mind and if we find you have the condition, your treatment won’t

change.

There is much more information in the main patient information sheet; please read it
carefully, and discuss the details with me if necessary.

Thank you for your interest.
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2. Participant information

I (Dr Susan Williams) am undertaking research into the underlying genetic cause for primary
open angle glaucoma (POAG). I will be doing the research at the St John Eye Hospital where

I am a consultant.

I would like to invite you to enter this study as a participant. This will mean answering some
questions about your background, your health and your eyes. Your eyes will be examined.
You will then have a blood sample taken. If we find that you have glaucoma or are at risk of
developing glaucoma we will treat you appropriately to prevent visual loss from the

condition.

You don’t have to join this study. You can also decide to leave the study at any time.
If you do not want to be part of this study or decide to leave the study it will not affect your

treatments or medical care in any way.

INFORMATION ABOUT PRIMARY OPEN ANGLE GLAUCOMA (POAG)

POAG is a type of glaucoma. Glaucoma is a condition where the optic nerve (that connects
the eye to the brain and carries information from the eye to the brain) is gradually damaged.
This damage first reduces side vision then central vision. It eventually causes blindness. A
high pressure in the eyes is one of the causes for the damage. POAG can be treated with eye
drops or surgery to lower the pressure inside the eyes if it is discovered early. If there has
already been some loss of vision, this loss is permanent and treatment does not reverse the

damage but can prevent further damage.

We don’t know what causes POAG. It seems likely that POAG is an inherited disease
because it occurs more commonly in some parts of the world and within families. Family
diseases are inherited through our genes. The genes are contained in the DNA which is found
in all the cells of our bodies. Researchers in other parts of the world have found genes that are

associated with POAG. We have found a gene that may cause glaucoma in your relative.

The purpose of this research is to study the relatives of people who may have the gene for the

disease to see whether the relatives have the gene or the disease.
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INFORMATION ABOUT DNA SAMPLING

If you would like to be a part of this study, then in order to study your genes we will take a
sample of blood from your arm. Your blood contains cells. All the cells in our bodies contain
a chemical called DNA that we inherit from our parents. It carries the instructions for making
us living organisms. It contains all our genes. We can take the DNA out of the cells that are
in the sample of blood that we take from your arm. Once we have removed the DNA from the
blood we can study your genes. In this study we will look for the gene that your relative has
that we think is a glaucoma gene. If you are interested in helping us with further research into
glaucoma then the remainder of your DNA will be stored at the NHLS Molecular Genetics
Laboratory sample repository here in South Africa. You may sign a separate consent form for
this. In the future if further tests become available for genes involved in glaucoma we may

then use your DNA to look for these genes. We will not use your DNA for any other purpose.

EXPECTED BENEFITS
If you have glaucoma, we will pick it up during our examination. We can then start treating

the condition and we may be able to prevent you from losing vision as a result of the disease.

If you have the gene for the condition, but do not have the disease, we will contact you to
give you this information and we can then schedule follow-up consultations to look for the
disease which will enable us to start treatment early on in the course of the disease if this

becomes necessary.

WHAT TO EXPECT FROM THE STUDY

Once you have signed the consent form we will ask you some questions about your
background, your health and your eyes. I shall then perform a complete eye examination on
you. This examination will include dilating your eyes. This is part of a routine eye
examination. It may make your vision a bit blurred and sensitive to light for up to six hours.
It is not advisable to drive if your pupils are dilated. You may also undergo a visual field test
and an analysis of the nerve layer around your optic nerve. These tests are routine in the
diagnosis and management of glaucoma. All of this information will be used in the research
study, but your personal details will be withheld. Then a nursing sister will take two
teaspoons (10ml or 2 tubes) of blood from a vein in your arm. Venipunctures (drawing
blood) are normally done as part of routine medical care and present a slight risk of

discomfort. Drawing blood may result in faintness, inflammation of the vein, pain, bruising
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or bleeding at the puncture site. There is also a slight possibility of infection. Your protection
is that experienced personnel perform the procedures under sterile conditions. This blood
will be sent to the laboratory where your DNA will be taken out of the cells in the blood.

Some of the DNA will be used to assess the glaucoma gene that your relative has.

If you sign the separate ‘DNA Sampling’ consent form, then the remainder of your DNA will

be stored under the code we have assigned to you (not your name).

We will pay you R150 to cover your transport costs on attending the hospital.

CONFIDENTIALITY

Only the investigators of the study will know your name and personal details. You will be
given a code and number for the study so that no one knows who you are. The blood samples
and DNA will not be attached to your name — they will only have your code and number on

them.

CONTACT DETAILS
If you have any problems you can contact me at any time on this telephone number: -
Dr Susan Williams — 082 467 6999.

If you have any complaints or problems with this research you may report them to the

Chair of the Human Research Ethics Committee at the University of the Witwatersrand

on this telephone number — (011) 717 1234.

256



APPENDIX 7 - BEADXPRESS ASSOCIATION STUDY SNP TABLE

Table A7.1 List of SNPs within each candidate region that were included in the lllumina® GoldenGate Assay

Genomic region SNP Chr Position Alleles Comment
COLBA2 rs274750 1 36561956 [T/IG]

rs6693322 1 36565362 [A/G]

rs274754 1 36565617 [A/G]
MYOC MYOCc3 1 171605081 [T/C] Potential Mutation

MYOCcdel 1 171605223 [T/A] Potential Mutation

rs61730975 1 171605392 [T/C]

MYOCc2 1 171605459 [A/C] Potential Mutation

rs61745146 1 171605526 [T/C]

rs61730976 1 171605605 [A/G]

rs79255460 1 171605922 [A/G]

rs12076134 1 171606054 [T/IG]

rs2032555 1 171607702 [A/G]

rs57824969 1 171607855 [A/C]

rs235869 1 171610959 [A/C]

rs16864720 1 171612267 [T/C]

rs235876 1 171614114 [T/C]

rs2236875 1 171614683 [T/IG]

rs235917 1 171620579 [A/G]

rs7525674 1 171620834 [T/C]

MYOCnc1 1 171621135 [T/IG]

rs61730977 1 171621275 [A/G]

rs2234926 1 171621525 [T/C]

rs12082573 1 171621713 [T/IG]

rs2075648 1 171621834 [T/C]
AIM rs723854 1 192511012 [GIC] AIM
AIM rs1876482 2 17362568 [T/C] AIM
CYP1B1 rs162549 2 38295456 [T/A]

rs9341261 2 38296939 [T/IG]

rs10916 2 38297170 [T/IG]

rs162562 2 38297515 [T/IG]

rs1056836 2 38298203 [C/G]

rs162561 2 38298877 [T/IG]

rs9341252 2 38300431 [A/G]
Chromosome 2p16 rs2303298 2 50850686 [A/G]

rs10202118 2 51950324 [A/G]

rs11125375 2 51952149 [T/C]

rs10208467 2 51957943 [G/C]

rs1533428 2 51959258 [A/G]

rs12994401 2 52072246 [T/C]

rs11889995 2 52163410 [A/G]
AIM rs952718 2 215888624 [T/IG] AIM
AIM rs1344870 3 21307401 [A/C] AIM
AIM rs720096 4 179551071 [C/G] AIM
WDR36 rs7729832 5 110428744 [A/G]

rs17623144 5 110430488 [C/G]

Chr, chromosome; AIM, SNP informative of ancestry
(Table A7.1 continues overpage)
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Genomic region SNP Chr Position Alleles Comment
rs13357724 5 110433323 [T/C]
rs13153937 5 110434307 [A/G]
rs6859041 5 110435231 [A/G]
rs2416257 5 110435490 [A/G]
WDR36 rs17132782 5 110437494 [A/G]
rs17132783 5 110438439 [A/G]
rs10038058 5 110443281 [A/G]
rs12515367 5 110447853 [A/G]
rs12521169 5 110448313 [A/G]
rs10051830 5 110452845 [A/G]
rs10491424 5 110453806 [A/G]
rs11956837 5 110454757 [A/G]
rs12522383 5 110455266 [T/C]
rs17624563 5 110456263 [C/G]
rs43203 5 110457983 [T/C]
rs11241098 5 110458508 [T/C]
rs7722241 5 110460747 [A/T]
rs10041326 5 110461298 [A/C]
rs4530809 5 110462230 [A/G]
rs17132810 5 110464114 [T/C]
rs1457113 5 110467074 [T/C]
AIM rs1363448 5 140783596 [T/C] AIM
AIM rs217538 6 108483470 [G/C] AIM
AIM rs65264 7 28545611 [A/G] AIM
COL1A2 rs4729131 7 94028427 [A/G]
rs3814967 7 94029982 [A/G]
rs1800222 7 94030899 [A/G]
rs411717 7 94033031 [T/C]
rs406226 7 94033800 [T/C]
rs3763466 7 94035892 [A/G]
rs17166249 7 94036547 [A/G]
rs42518 7 94038934 [T/C]
rs2521206 7 94039187 [T/C]
rs42521 7 94040816 [G/C]
rs42522 7 94040963 [A/G]
rs42524 7 94043239 [C/G]
rs42526 7 94045576 [A/G]
rs2521205 7 94046541 [A/C]
rs3736638 7 94047266 [T/IG]
rs42527 7 94047677 [A/G]
rs369982 7 94048482 [T/C]
rs4266 7 94050608 [T/IG]
rs10235102 7 94051795 [T/IG]
rs441051 7 94054000 [T/C]
rs2072071 7 94054223 [A/G]
rs13240759 7 94055933 [T/C]
rs400218 7 94056006 [T/C]
rs10046552 7 94057418 [T/IG]
rs12668754 7 94059236 [A/G]

Chr, chromosome; AIM, SNP informative of ancestry
(Table A7.1 continues overpage)
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Genomic region SNP Chr Position Alleles Comment

rs11764718 7 94059317 [T/C]

rs1062394 7 94060509 [A/C]

rs1034620 7 94063415 [T/C]

rs11982782 7 94063700 [A/T]
CAV1/2 rs8940 7 116146074 [C/G]

rs10258482 7 116150095 [T/IG]

rs6466578 7 116150869 [T/C]

rs3919515 7 116151784 [G/C]

rs4236601 7 116162729 [A/G]
CAV1/2 rs926198 7 116167208 [A/G]

rs3779512 7 116171063 [T/IG]

rs10262090 7 116171568 [T/C]

rs6466583 7 116173064 [T/C]

rs3807986 7 116177825 [T/C]

rs1476833 7 116181475 [A/C]

rs10270569 7 116182782 [T/C]

rs11773845 7 116191301 [T/IG]

rs9886215 7 116191651 [T/C]

rs3807992 7 116197245 [A/G]
AIM rs679047 9 12883664 [T/A] AIM
CDKN2B rs3217992 9 22003223 [A/G]

rs1063192 9 22003367 [T/C]

rs3217989 9 22003790 [T/C]

rs2069426 9 22006273 [A/C]

rs974336 9 22006348 [A/G]

rs3217980 9 22006607 [A/G]

rs2069422 9 22008026 [T/IG]
AIM rs2077559 9 36014850 [T/C] AIM
COL5A1 rs1536478 9 137432248 [A/G]

rs3118516 9 137439792 [A/G]

rs1536482 9 137440528 [T/C]

rs7044529 9 137568051 [T/C]
ATOH7 rs6480320 10 69991668 [A/G]

rs7916697 10 69991853 [A/G]

rs2289804 10 69993032 [T/C]

rs1900004 10 70000881 [T/C]

rs41340944 10 70002020 [A/G]

rs1900020 10 70007008 [A/G]
AIM rs714857 11 15974389 [T/C] AIM
AIM rs953386 13 110943692 [A/G] AIM
SIX1/6 rs12436579 14 60983087 [T/IG]

rs17097585 14 60987630 [T/C]

rs8006274 14 60988311 [T/C]

rs1007152 14 60999493 [A/G]

rs7152532 14 61000665 [A/G]

rs11849906 14 61019559 [A/G]

rs1955698 14 61029936 [A/G]

rs10150234 14 61031284 [G/C]

rs11158289 14 61032390 [T/C]

Chr, chromosome; AIM, SNP informative of ancestry

(Table A7.1 continues overpage)
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Genomic region SNP Chr Position Alleles Comment

rs10142401 14 61039403 [A/G]

rs10483726 14 61039476 [T/C]

rs8020353 14 61070296 [T/C]

rs10483727 14 61072875 [A/G]

rs2057135 14 61077022 [T/C]

rs8010936 14 61085974 [A/T]

rs7156317 14 61087740 [T/C]

rs7146104 14 61089336 [A/G]

rs4901995 14 61090629 [C/G]

rs8007935 14 61103375 [A/C]

rs11628064 14 61108569 [T/C]
AIM rs722869 14 97277005 [G/C] AIM
AIM rs735612 15 34076642 [A/C] AIM
AIM rs2089740 15 36310531 [A/C] AIM
AIM rs1823718 15 74147244 [A/G] AIM
ZNF469 rs12447690 16 88298124 [T/C]

rs7500824 16 88299491 [T/C]

rs4352077 16 88300429 [A/G]

rs6540214 16 88301976 [T/C]

rs11863929 16 88304433 [C/G]

rs7501402 16 88320911 [T/A]

rs6540223 16 88321436 [T/C]

rs12448211 16 88330513 [A/G]

rs9938149 16 88331640 [A/C]

rs9925231 16 88338107 [A/G]

rs11644804 16 89976224 [T/C]
COL1A1 rs2696297 17 48245180 [T/C]

rs16948744 17 48246162 [A/G]

rs2696296 17 48246231 [T/C]

rs36107109 17 48248998 [T/C]

rs2586476 17 48251111 [T/C]

rs12945599 17 48255183 [T/C]

rs2586481 17 48257099 [T/C]

rs2696270 17 48257812 [T/C]

rs1061947 17 48262119 [T/C]

rs1061237 17 48262775 [T/C]

rs2277632 17 48263903 [T/C]

rs2696245 17 48264717 [A/G]

rs2586488 17 48265426 [T/C]

rs2075559 17 48267291 [G/C]

rs2857396 17 48269302 [T/C]

rs2696247 17 48269903 [T/C]

rs2586494 17 48273155 [T/IG]

rs2075554 17 48274309 [A/G]

rs16948765 17 48274760 [A/C]

rs16948767 17 48275292 [A/C]

rs2586498 17 48276252 [A/G]
AIM rs1858465 17 51142920 [T/A] AIM
AIM rs2112527 19 9603751 [A/G] AIM

Chr, chromosome; AIM, SNP informative of ancestry
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APPENDIX 8 - ILLUMINA GOLDENGATE ASSAY: DETAILED
PROCEDURE

[llumina manufactured the unique SNP kit that consisted of:

* Query assay oligonucleotides (oligos) targeting the specific 192 SNPs
selected

* Five 96-plex VeraCode bead plates — each well containing the beads
providing unique identifiers for each SNP

* Reagents that activate DNA, that elute extended and ligated products, that
extend and ligate, that wash away non-specifically hybridised and excess
oligonucleotides from the genomic DNA, that bind double-stranded PCR
products to magnetic particles, that make the hybridisation plate and that
wash the VeraCode beads

* Precipitation and resuspension solutions

* Buffers — oligonucleotide hybridisation and complementary DNA and genomic
DNA binding buffer and universal buffers for washing paramagnetic beads
and magnetic particles

* Uracil DNA Glycosylase used to help prevent PCR product contamination

1. Pre-PCR protocol

1.1  Make single-use DNA plates

In this process sufficient DNA of each individual sample to be used once in the assay
was activated by adding Spl of the appropriate DNA activation reagent (containing
Biotin) to 5pl of each DNA sample (normalised to 50ng/ul) in 96-well microplates.
The plates were then pulse centrifuged, vortexed and incubated at 95°C for 30
minutes. DNA is denatured at 95°C, leaving biotinylated single stranded DNA in the

plates.

1.2 Precipitate the DNA in the single-use DNA plate

The single stranded biotinylated DNA in the plates was precipitated by adding 5ul of
a precipitation solution to each well, then vortexing the plate before adding 15pul 2-
propanol to each sample. DNA is insoluble in propanol. The plates were centrifuged

for 20 minutes at 3000xg. The supernatant was decanted onto an absorbent pad and
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the precipitated DNA was left to dry for 15 minutes.

1.3 Resuspend the DNA in the single-use DNA plate
The precipitated DNA in each well was resuspended in 10yl of the resuspension

reagent.

1.4 Make an allele-specific extension plate

10ul of the GoldenGate Assay custom oligo pool (containing the query
oligonucleotides - two allele-specific oligonucleotides and one locus-specific
oligonucleotide - for each of the 192 selected SNPs) was added to each well of five
new 96-well microplates. To each of these wells 30pl of oligo hybridisation and DNA
binding buffer (containing streptavidin-conjugated paramagnetic particles) was
added. The biotinylated samples from the single-use DNA plates were transferred to
the appropriate wells of the allele-specific extension plates. These plates were heat
sealed and placed in a preheated heat block and allowed to drop in temperature
from 70°C to 30°C over 2 hours such that the query oligonucleotides for each
sequence target of interest were allowed to anneal to the biotinylated genomic DNA
samples. The genomic DNA was simultaneously captured by paramagnetic particles

through the binding of biotin to streptavidin.

1.5 Add master mix for extension/ligation

Mis-hybridised and excess oligonucleotides were washed away in repeated steps
using a raised bar magnetic capture plate to allow the paramagnetic beads to remain
in the wells while all liquid was discarded and replaced. In this process a washing
reagent was used to resuspend the beads (off the magnetic plate) twice before
repeating the process twice with a universal buffer. To each washed genomic DNA
sample, 37ul of an extension and ligation master mix was added. The extension and

ligation reaction occurred in 15 minutes at 45°C.

1.6 Make polymerase chain reaction (PCR) plate

64yl of Titanium Taq DNA polymerase and 50ul Uracil DNA Glycosylase were added
to the ‘master mix for PCR’ reagent. This reagent contains three universal primers:
two are labeled with fluorescent dyes and the third is biotinylated. The biotinylated

primer allows capture of the PCR product and elution of the strand containing the
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fluorescent signal. 30ul of this mixture was placed in each well of five new 96-sample

plates.

1.7  Inoculate the PCR plate
The allele specific extension plates were placed on the raised bar magnetic plate
and, leaving the beads in the wells, the supernatant was discarded. The beads were

washed with universal buffer as described above.

35ul of the reagent for inoculating PCR was added to each column of the plates.
The plates were placed on a heat block preheated to 95°C for 1 minute. The
temperature denatures the DNA and frees the templates formed in the extension and

ligation process from the genomic DNA.

The plates were then placed on the raised bar magnet to capture all the beads, but
this time the supernatant containing the complementary templates was transferred to
the corresponding wells of the PCR plates while the beads (still bound to the

genomic DNA) were discarded.

The PCR plates were transferred to the thermal cycler.

2. Post-PCR protocol

21 Thermal cycle the PCR plate

The sealed plates were placed in the thermal cycler and run at 37°C for 10 minutes,
95°C for 3 minutes, then 34 cycles of 95°C for 35 seconds, 56°C for 35 seconds and
72°C for 2 minutes and finally 72°C for 10 minutes and 4°C for 5 minutes. The
thermal cycling fluorescently labels and amplifies the templates generated in the pre-

PCR process.

2.2 Bind PCR products
Magnetic particle reagent used to bind biotinylated double-stranded PCR products
was added to each of the wells of the PCR plate. The solution was then transferred

to the corresponding columns of filter plates. The filter plates were stored at ambient
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temperature, protected from light, for 60 minutes so that the PCR product could bind

to the paramagnetic particles.

2.3 Make intermediate plate for VeraCode Bead Plate

The filter plates containing the bound PCR products were placed onto a filter plate
adapter and centrifuged at 1000xg for 5 minutes at 25°C to displace the waste fluid
into waste plates while the bound PCR products were captured by the filter.
Universal buffer was added to each well of the filter plates and the process was

repeated.

The reagent for hybridisation was added to each well of new empty 96-well plates
and the waste plates were replaced with these intermediate plates.

Sodium hydroxide was dispensed into each well of the filter plates to lower the pH
and break the bonds between the biotinylated PCR products and the streptavidin-
conjugated paramagnetic particles. The plates were centrifuged at 1000xg for 5
minutes at 25°C to displace the fluid containing the PCR products into the
intermediate plates. The filter plates holding the paramagnetic particles were

discarded.

2.4 Hybridise VeraCode Bead Plate

A second reagent for hybridisation was neutralised with sodium hydroxide. 50ul of
this solution was dispensed into each well of the intermediate plates. 100pul of each
assay product was then transferred into the corresponding well of the VeraCode

Bead Plate containing the digitally inscribed glass microbeads.

The VeraCode Bead Plates with the samples were placed into the VeraCode Vortex
Incubator (an incubating microplate shaker) and incubated at 45°C and at a speed of
850rpm for 3 hours during which time the beads were hybridized to the PCR

products.
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2.5 Wash VeraCode Bead Plate
The VeraCode Bead pellets were washed with 200ul of buffer that was then
aspirated with the vacuum manifold, leaving the beads at the bottom of the wells.

The wash was repeated.
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APPENDIX 9 - INDIVIDUALS IN WHOM BEADXPRESS GENOTYPING

WAS SUCCESSFUL

Table A9.1 Demographic features of study subjects in whom BeadXpress genotyping was successful

Group Total POAG Control p Adjusted p
n 429 215 214
Female (%) 222 (51.75) 107 (49.77) 115 (53.74) 041179
Age (years) Range 22-87 50-91
Mean = SD 59.8+13.4 70.2+8.3 <0.001 §
FAMILY HISTORY
Family history of glaucoma (%) 15 (6.98) N/A
Family history of blindness (%) 52 (24.19) 15 (7.01) <0.001¢q
HOME LANGUAGE 0.492 %
Afrikaans (%) 8 (1.86) 4 (1.86) 4 (1.87)
IsiNdebele (%) 5(1.17) 1(0.47) 4(1.87)
Sepedi (%) 33 (7.69) 16 (7.44) 17 (7.94)
Sesotho (%) 70 (16.32) 32 (14.88) 38 (17.76)
Siswati (%) 5(1.17) 1(0.47) 4 (1.87)
Xitsonga (%) 23 (5.36) 12 (5.58) 11 (5.14)
Setswana (%) 69 (16.08) 30 (13.95) 39 (18.22)
Tshivenda (%) 11 (2.56) 8(3.72) 3(1.40)
IsiXhosa (%) 36 (8.39) 21 (9.77) 15 (7.01)
IsiZulu (%) 167 (38.93) 89 (41.40) 78 (36.45)
Other (%) 2(0.47) 1(0.47) 1(0.47)
MEDICAL HISTORY
DM (%) 129 (30.07) 49 (22.79) 80 (37.38) 0.001 9 0.037
Type | 7 (5.43) 5(10.20) 2 (2.50) 0.104 % 0.211
Diabetic retinopathy 30 (23.26) 3(6.12) 27 (33.75) <0.001 » <0.001
HT (%) 266 (62.00) 118 (54.9) 148 (69.17) 0.002 9 0.810

DM, diabetic; HT, hypertensive; Adjusted p, p adjusted for age and gender in a logistic regression model

9] Pearson's ¥’ test
* Fisher's exact test
§ T-test

266



Table A9.2 Clinical features of study subjects in whom BeadXpress genotyping was successful

Group POAG Control p (t-test)  Adjusted p
n 215 214
SVI (%) 114 (53.02)
Glaucoma drainage surgery (%) 119 (55.35)
Age at diagnosis (years) n 179
Range 17 - 84
Mean + SD 54.48 + 13.83
Juvenile onset (%) 25 (11.63)
MAP n 190 166
Range 73.33-158.67 61.33 - 189.67
Mean + SD 101.55 £ 13.80 99.81 + 16.56 0.282
I0P n 176 214
Range 18-68 6-19
Mean = SD 352+95 134127 <0.001
NTG (%) 6 (3.41%)
CCT n 194 175
Range 379-586 420-609
Mean + SD 506.0 + 38.4 513.8+37.2 0.049 0.004
VCDR n 214 213
Range 0.3-1.0 0.1-0.7
Mean + SD 0.90 £0.13 0.37£0.13 <0.001

SVI, Snellen visual acuity < 6/60 in at least one eye secondary to glaucoma; MAP, Mean arterial pressure; IOP, IOP at
diagnosis for POAG subjects or at enrolment for control subjects

Adjusted p, p adjusted for age and gender in a logistic regression model
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Figure A9.1 Comparison of the demographics of the POAG and control participants in the entire study population (POAG 1,
Control 1) and in the POAG and control participants in whom BeadXpress genotyping was successful (POAG 2, Control 2). The
y-axis represents frequency in percent and each demographic criterion is represented along the x-axis.

FH Glaucoma, family history of glaucoma; FH blindness, family history of blindness; DM, diabetes mellitus; T1 DM, type 1
diabetes mellitus; DR, diabetic retinopathy; HT, hypertensive
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Figure A9.2 First language spoken: comparison of the proportions speaking each South African language of POAG and control
participants in the entire study population (POAG 1, Control 1) and in the POAG and control participants in whom BeadXpress
genotyping was successful (POAG 2, Control 2). The y-axis represents frequency in percent and the languages are
represented along the x-axis.
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Figure A9.3 Box-and-whisker plots in the POAG and control participants in the entire study population (POAG 1 and Control 1)
and in the POAG and control participants in whom BeadXpress genotyping was successful (POAG 2 and Control 2) of:

A - Age

B - Mean arterial pressure (MAP)

C - Intraocular pressure (IOP) in mmHg

D - Vertical cup-to-disc ratio (VCDR)

E - Central corneal thickness (CCT) in ym

The bottom and top of the box are the lower and upper quartiles respectively, and the band near the middle of the box is the
median. The ends of the whiskers represent the upper and lower adjacent values. Any data not included between the whiskers
is plotted as an outlier with a dot.
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APPENDIX 10 - POAG ASSOCIATION ANALYSIS IN THE
BEADXPRESS ASSOCIATION STUDY

Table A10.1 Single SNP association testing with a diagnosis of POAG in the study population

Genomic Ch SNP MA MAF MAF X p p*
region POAG Controls

COL8A2 1 rs274750 T 0.45 0.44 0.0058 0.9392 0.9453
COL8A2 1 rs6693322 G 0.11 0.07 3.6140 0.0573 0.0710
COL8A2 1 rs274754 A 0.35 0.35 0.0071 0.9330 0.9411
MYOC 1 rs61730975 T 0.03 0.03 0.1492 0.6993 0.8426
MYOC 1 rs61745146 T 0.03 0.02 0.1772 0.6738 0.8296
MYOC 1 rs61730976 A 0.05 0.03 3.6050 0.0576 0.0830
MYOC 1 rs79255460 A 0.03 0.04 0.0439 0.8341 0.8569
MYOC 1 rs12076134 G 0.20 0.20 0.0027 0.9585 1.0000
MYOC 1 rs2032555 G 0.07 0.06 0.1602 0.6890 0.7807
MYOC 1 rs57824969 A 0.00 0.01 0.2059 0.6500 0.6860
MYOC 1 rs235869 o] 0.30 0.27 0.7441 0.3883 0.4068
MYOC 1 rs16864720 T 0.14 0.16 0.8961 0.3438 0.3898
MYOC 1 rs235876 o] 0.07 0.06 1.1830 0.2767 0.3334
MYOC 1 rs2236875 T 0.20 0.18 0.7120 0.3988 0.4305
Myoc 1 rs235917 A 0.08 0.04 7.1660 0.0074 0.0101
MYOC 1 rs7525674 o] 0.04 0.04 0.0349 0.8519 0.8649
MYOC 1 MYOCnc1 G 0.02 0.03 0.0488 0.8251 1.0000
MYOC 1 rs61730977 G 0.04 0.05 0.0320 0.8581 0.8715
MYOC 1 rs2234926 T 0.00 0.01 2.7040 0.1001 0.1230
MYOC 1 rs12082573 G 0.04 0.04 0.0449 0.8323 0.8678
MYOC 1 rs2075648 T 0.01 0.01 0.4142 0.5198 0.5457
CYP1B1 2 rs9341261 G 0.03 0.04 0.3358 0.5622 0.5774
CYP1B1 2 rs162562 T 0.32 0.28 1.4690 0.2254 0.2437
CYP1B1 2 rs1056836 G 0.17 0.20 1.4060 0.2358 0.2494
CYP1B1 2 rs162561 T 0.20 0.17 1.3650 0.2427 0.2530
CYP1B1 2 rs9341252 G 0.05 0.04 1.2820 0.2575 0.3255
C2p16 2 rs2303298 A 0.10 0.11 0.3074 0.5793 0.6576
C2p16 2 rs10202118 A 0.25 0.26 0.0763 0.7824 0.8132
C2p16 2 rs11125375 T 0.29 0.22 4.3020 0.0381 0.0418
C2p16 2 rs10208467 G 0.22 0.25 1.7570 0.1851 0.1983
C2p16 2 rs1533428 A 0.39 0.37 0.5196 0.4710 0.4822
C2p16 2 rs12994401 T 0.03 0.02 1.6510 0.1988 0.2800
C2p16 2 rs11889995 A 0.07 0.08 0.0780 0.7800 0.7964
WDR36 5 rs7729832 A 0.12 0.12 0.0066 0.9354 1.0000
WDR36 5 rs17623144 o] 0.00 0.00 0.9965 0.3182 1.0000
WDR36 5 rs13357724 T 0.01 0.00 0.6620 0.4159 0.6864
WDR36 5 rs13153937 A 0.05 0.05 0.0003 0.9873 1.0000
WDR36 5 rs6859041 G 0.29 0.28 0.3163 0.5739 0.5967
WDR36 5 rs2416257 A 0.13 0.12 0.0792 0.7783 0.8377
WDR36 5 rs17132783 G 0.17 0.15 0.6545 0.4185 0.4562
WDR36 5 rs10038058 A 0.25 0.25 0.0388 0.8439 0.8749
WDR36 5 rs12515367 G 0.03 0.03 0.0365 0.8484 1.0000
WDR36 5 rs12521169 A 0.14 0.14 0.1050 0.7460 0.7676

Ch, Chromosome; MA, minor allele; MAF, minor allele frequency; p, p-value obtained from the ¥ test; p*, p-value from
Fisher's exact test

(Table A 10.1 continues overpage)
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Genomic Ch SNP MA MAF MAF X p p*
region POAG Controls

WDR36 5 rs10051830 G 0.29 0.27 0.3333 0.5637 0.5930
WDR36 5 rs10491424 G 0.47 0.48 0.0178 0.8940 0.9455
WDR36 5 rs11956837 G 0.03 0.04 0.0460 0.8301 0.8525
WDR36 5 rs12522383 T 0.17 0.18 0.1516 0.6970 0.7211
WDR36 5 rs17624563 o] 0.18 0.17 0.1077 0.7428 0.7876
WDR36 5 rs43203 T 0.06 0.06 0.0162 0.8988 1.0000
WDR36 5 rs11241098 T 0.14 0.16 0.2564 0.6126 0.6338
WDR36 5 rs7722241 T 0.43 0.40 0.7599 0.3833 0.4042
WDR36 5 rs10041326 o] 0.07 0.08 0.2907 0.5898 0.6057
WDR36 5 rs4530809 G 0.23 0.19 2.9650 0.0851 0.0943
WDR36 5 rs17132810 T 0.14 0.15 0.1697 0.6804 0.7023
WDR36 5 rs1457113 o] 0.08 0.06 0.8300 0.3623 0.4257
COL1A2 7 rs4729131 A 0.08 0.08 0.0216 0.8830 0.8994
COL1A2 7 rs3814967 A 0.36 0.39 1.3950 0.2376 0.2593
COL1A2 7 rs1800222 A 0.37 0.34 1.1870 0.2759 0.2857
COL1A2 7 rs411717 o] 0.27 0.26 0.0060 0.9383 1.0000
COL1A2 7 rs406226 o] 0.13 0.12 0.2454 0.6203 0.6772
COL1A2 7 rs3763466 A 0.14 0.14 0.0000 1.0000 1.0000
COL1A2 7 rs17166249 G 0.29 0.24 2.1640 0.1413 0.1633
COL1A2 7 rs42518 o] 0.10 0.07 2.0180 0.1554 0.1861
COL1A2 7 rs2521206 o] 0.30 0.34 2.0720 0.1501 0.1638
COL1A2 7 rs42521 o] 0.38 0.36 0.2136 0.6440 0.6707
COL1A2 7 rs42522 G 0.23 0.22 0.3827 0.5361 0.5667
COL1A2 7 rs42524 G 0.07 0.06 0.2966 0.5860 0.6736
COL1A2 7 rs42526 A 0.44 0.43 0.0763 0.7823 0.8358
COL1A2 7 rs2521205 A 0.34 0.36 0.4532 0.5008 0.5201
COL1A2 7 rs3736638 T 0.25 0.29 1.6240 0.2025 0.2178
COL1A2 7 rs42527 A 0.15 0.14 0.3075 0.5792 0.6276
COL1A2 7 rs369982 T 0.19 0.16 1.1090 0.2923 0.3205
COL1A2 7 rs4266 G 0.21 0.22 0.2033 0.6521 0.6785
COL1A2 7 rs10235102 T 0.08 0.08 0.0212 0.8841 0.9007
COL1A2 7 rs441051 T 0.27 0.24 1.2960 0.2550 0.2719
COL1A2 7 rs2072071 A 0.21 0.24 1.2930 0.2555 0.2877
COL1A2 7 rs13240759 o] 0.12 0.13 0.1114 0.7385 0.7591
COL1A2 7 rs400218 o] 0.20 0.18 0.5204 0.4707 0.4851
COL1A2 7 rs10046552 G 0.19 0.21 0.5132 0.4738 0.4957
COL1A2 7 rs12668754 A 0.02 0.01 1.6730 0.1959 0.2975
COL1A2 7 rs11764718 T 0.06 0.05 0.3481 0.5552 0.6498
COL1A2 7 rs1062394 A 0.11 0.14 2.0250 0.1547 0.1786
COL1A2 7 rs1034620 o] 0.08 0.07 0.2357 0.6273 0.7049
COL1A2 7 rs11982782 T 0.47 0.46 0.0001 0.9923 1.0000
CAV18&2 7 rs8940 o] 0.19 0.19 0.0235 0.8781 0.9307
CAV18&2 7 rs10258482 T 0.44 0.41 0.7252 0.3944 0.4070
CAV18&2 7 rs6466578 o] 0.16 0.14 0.7117 0.3989 0.4432
CAV18&2 7 rs3919515 o] 0.37 0.41 1.9160 0.1663 0.1837
CAV18&2 7 rs926198 A 0.49 0.47 0.3025 0.5823 0.5853
CAV18&2 7 rs3779512 G 0.37 0.36 0.0908 0.7631 0.7776
CAV18&2 7 rs10262090 o] 0.11 0.13 0.8460 0.3577 0.3989

Ch, Chromosome; MA, minor allele; MAF, minor allele frequency; p, p-value obtained from the ¥ test; p*, p-value from
Fisher's exact test

(Table A 10.1 continues overpage)
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Genomic Ch SNP MA MAF MAF X p p*
region POAG Controls

CAV18&2 7 rs3807986 T 0.28 0.25 1.1650 0.2805 0.3141
CAV18&2 7 rs1476833 A 0.29 0.28 0.0680 0.7943 0.8202
CAV18&2 7 rs10270569 T 0.18 0.17 0.1527 0.6960 0.7175
CAV18&2 7 rs11773845 T 0.23 0.22 0.1397 0.7086 0.7429
CAV18&2 7 rs9886215 o] 0.32 0.36 1.5050 0.2200 0.2483
CAV18&2 7 rs3807992 A 0.48 0.47 0.3030 0.5820 0.5852
CDKN2B 9 rs3217992 A 0.06 0.05 0.3203 0.5714 0.6624
CDKN2B 9 rs1063192 o] 0.00 0.00 0.3298 0.5658 1.0000
CDKN2B 9 rs3217989 o] 0.32 0.29 1.2400 0.2654 0.2986
CDKN2B 9 rs974336 A 0.23 0.30 4.0720 0.0436 0.0445
CDKN2B 9 rs3217980 A 0.08 0.11 2.3060 0.1289 0.1607
CDKN2B 9 rs2069422 G 0.11 0.12 0.1066 0.7440 0.8278
COL5A1 9 rs1536478 A 0.29 0.29 0.0116 0.9142 0.9399
COL5A1 9 rs3118516 A 0.19 0.15 2.3310 0.1268 0.1427
COL5A1 9 rs1536482 T 0.46 0.43 0.8139 0.3670 0.3722
COL5A1 9 rs7044529 T 0.39 0.41 0.2379 0.6257 0.6759
ATOH7 10 rs6480320 A 0.29 0.27 0.6287 0.4278 0.4479
ATOH7 10 rs7916697 G 0.20 0.23 1.2540 0.2628 0.2788
ATOH7 10 rs2289804 o] 0.50 0.49 0.2991 0.5845 0.6323
ATOH7 10 rs1900004 o] 0.24 0.24 0.0017 0.9669 1.0000
ATOH7 10 rs41340944 G 0.43 0.46 0.5598 0.4544 0.4919
ATOH7 10 rs1900020 G 0.49 0.46 0.7957 0.3724 0.3752
SIX18&6 14 rs12436579 T 0.47 0.51 1.5070 0.2195 0.2456
SIX186 14 rs17097585 T 0.09 0.08 0.1199 0.7291 0.8069
SIX18&6 14 rs8006274 T 0.27 0.25 0.1216 0.7273 0.7558
SIX186 14 rs1007152 G 0.27 0.25 0.7338 0.3917 0.4362
SIX18&6 14 rs7152532 A 0.03 0.02 0.7086 0.3999 0.5181
SIX18&6 14 rs11849906 G 0.05 0.03 3.1980 0.0737 0.1036
SIX186 14 rs1955698 A 0.43 0.47 1.1780 0.2777 0.3029
SIX18&6 14 rs10150234 G 0.43 0.46 0.5596 0.4544 0.4922
SIX186 14 rs11158289 T 0.40 0.42 0.2242 0.6359 0.6769
SIX18&6 14 rs10142401 G 0.32 0.33 0.1148 0.7348 0.7710
SIX18&6 14 rs10483726 o] 0.48 0.50 0.5622 0.4534 0.4947
SIX186 14 rs8020353 T 0.26 0.26 0.0373 0.8469 0.8763
SIX18&6 14 rs10483727 G 0.01 0.01 0.4142 0.5198 0.5457
SIX186 14 rs2057135 o] 0.44 0.43 0.2408 0.6236 0.6305
SIX186 14 rs7156317 o] 0.50 0.48 0.3796 0.5378 0.5397
SIX186 14 rs7146104 A 0.07 0.06 0.2762 0.5992 0.6837
SIX186 14 rs4901995 o] 0.15 0.14 0.6484 0.4207 0.4383
SIX18&6 14 rs8007935 A 0.23 0.19 1.9590 0.1617 0.1772
SIX186 14 rs11628064 T 0.09 0.10 0.2323 0.6298 0.6475
ZNF469 16 rs12447690 T 0.14 0.15 0.1014 0.7501 0.7722
ZNF469 16 rs7500824 o] 0.16 0.17 0.3416 0.5589 0.5802
ZNF469 16 rs4352077 A 0.06 0.05 0.0823 0.7742 0.8797
ZNF469 16 rs7501402 T 0.25 0.24 0.0784 0.7795 0.8113
ZNF469 16 rs6540223 o] 0.33 0.29 1.0690 0.3012 0.3370
ZNF469 16 rs12448211 A 0.33 0.38 2.4170 0.1200 0.1326
ZNF469 16 rs9938149 o] 0.44 0.38 3.0700 0.0798 0.0824

Ch, Chromosome; MA, minor allele; MAF, minor allele frequency; p, p-value obtained from the ¥ test; p*, p-value from
Fisher's exact test
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Genomic Ch SNP MA MAF MAF X p p
region POAG Controls

ZNF469 16 rs9925231 A 0.50 0.43 4.8180 0.0282 0.0288
ZNF469 16 rs11644804 T 0.25 0.26 0.1547 0.6941 0.6966
COL1A1 17 rs2696297 C 0.16 0.19 0.9256 0.3360 0.3688
COL1A1 17 rs16948744 G 0.37 0.44 3.9750 0.0462 0.0511
COL1A1 17 rs2696296 T 0.42 0.46 1.1930 0.2747 0.3022
COL1A1 17 rs36107109 T 0.09 0.10 0.3598 0.5486 0.5655
COL1A1 17 rs2586476 T 0.31 0.33 0.6831 0.4085 0.4210
COL1A1 17 rs12945599 T 0.08 0.07 0.0489 0.8251 0.8968
COL1A1 17 rs2696270 C 0.43 0.39 1.4220 0.2331 0.2388
COL1A1 17 rs1061947 T 0.15 0.18 2.0820 0.1490 0.1670
COL1A1 17 rs1061237 C 0.48 0.47 0.0414 0.8388 0.8905
COL1A1 17 rs2277632 C 0.46 0.40 2.5440 0.1107 0.1134
COL1A1 17 rs2696245 G 0.07 0.07 0.0643 0.7998 0.8920
COL1A1 17 rs2586488 T 0.50 0.48 0.3787 0.5383 0.5398
COL1A1 17 rs2075559 G 0.39 0.45 3.7110 0.0540 0.0616
COL1A1 17 rs2857396 C 0.09 0.09 0.0196 0.8887 0.9065
COL1A1 17 rs2696247 C 0.15 0.14 0.3122 0.5764 0.6253
COL1A1 17 rs2586494 T 0.20 0.17 1.0390 0.3081 0.3352
COL1A1 17 rs16948765 C 0.06 0.08 1.1870 0.2759 0.2873
COL1A1 17 rs2586498 G 0.36 0.33 0.9137 0.3391 0.3511

Ch, Chromosome; MA, minor allele; MAF, minor allele frequency; p, p-value obtained from the ¥ test; p*, p-value from
Fisher's exact test
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Table A10.2 Logistic regression modelling of single SNP association with POAG in the study population

Genomic  SNP p1 OR1 (95% Cl) p2 OR2 (95% Cl) p3 OR3 (95% CI)
region

COL8A2  rs274750 0.9392 1.01(0.77-1.32)  0.8932 1.02(0.78-1.34)  0.8861 0.98 (0.72 - 1.32)
COL8A2 rs6693322  0.0573 1.59 (0.98-2.57)  0.0659 1.56 (0.97 -2.51)  0.0139 1.92 (1.14 - 3.24)
COL8A2  rs274754 0.933 1.01(0.76-1.35)  0.9203 1.02(0.76-1.36)  0.9099 0.98 (0.72 - 1.35)
MYOC 61730975 0.6993 1.17(0.53-2.55)  0.7356 1.15(0.52-2.55)  0.7059 0.84 (0.33-2.1)
MYOC 61745146 0.6738 1.2 (0.51-2.81) 0.6621 1.21(0.51-2.87)  0.6215 1.27 (0.49 - 3.26)
MYOC 61730976 0.0576 1.97 (0.97-4.01)  0.058 2.02(0.98-4.17) 04166 1.43 (0.6 - 3.39)
MYOC  rs79255460  0.8341 0.93 (0.45 - 1.9) 0.8983  0.96 (0.48 - 1.9) 0.9238  0.96 (0.45 - 2.05)
MYOC  rs12076134 09585 1.01(0.72-1.41) 0985  1(0.72-1.38) 0.8841 0.97 (0.68-1.4)
MYOC  rs2032555  0.689  1.12(0.65-1.93)  0.6532 1.13(0.66-1.96)  0.7202 1.12(0.61 - 2.03)
MYOC  rs57824969  0.65 0.66 (0.11-3.98)  0.6362 0.65(0.11-3.92)  0.8166 0.79 (0.11 - 5.69)
MYOC  rs235869 0.3883 1.14(0.85-1.53)  0.3346 1.16(0.85-1.59)  0.5757 1.1 (0.78 - 1.56)
MYOC  rs16864720  0.3438 0.83 (0.57-1.21)  0.3443 0.83(0.56-1.22)  0.5256 0.87 (0.57 - 1.33)
MYOC  rs235876 0.2767 1.35(0.78-2.34)  0.2742 1.35(0.79-2.31)  0.6987 1.12(0.63-2.02)
MYOC  rs2236875  0.3988 1.16(0.82-1.64)  0.3977 1.16(0.82-1.63)  0.7228 1.07 (0.73 - 1.56)
MYOC  rs235917 0.0074 2.21 (1.22-4) 0.0084 2.23(1.23-4.05)  0.014  2.32 (1.19 - 4.52)
MYOC  rs7525674  0.8519 0.94 (0.48-1.85)  0.8767 0.95(0.49-1.83)  0.8723 0.94 (0.43 - 2.03)
MYOC MYOCnc1 0.8251 0.91(0.38-2.16)  0.8198 0.91(0.39 - 2.1) 0.7262  1.18 (0.46 - 3.05)
MYOC 61730977 0.8581 0.94 (0.5 - 1.79) 0.9 0.96 (0.51 - 1.8) 0.7431  0.88 (0.43 - 1.84)
MYOC 2234926 0.1001 0.2(0.02-1.7) 0.1429 0.2 (0.02-1.72) 0.2387  0.26 (0.03 - 2.42)
MYOC 12082573 0.8323  0.93(0.48 - 1.8) 0.8576  0.94 (0.5 - 1.79) 0.771  0.89 (0.42-1.9)
MYOC  rs2075648 05198 0.66 (0.19-2.36)  0.5493 0.68 (0.19-2.44)  0.8599 1.13 (0.28 - 4.5)
CYP1B1  rs9341261 0.5622 0.8 (0.38 - 1.69) 0.5143 0.78(0.36-1.66)  0.4858 0.74 (0.33 - 1.71)
CYP1B1  rs162562 0.2254 1.21(0.89-1.64)  0.2259 1.21(0.89-1.65)  0.4268 1.15(0.82-1.62)
CYP1B1 rs1056836  0.2358 0.81(0.57-1.15)  0.2521 0.82(0.58-1.15)  0.1656 0.76 (0.52 - 1.12)
CYP1B1  rs162561 0.2427 1.23(0.87-1.74)  0.2202 1.24(0.88-1.76)  0.2433 1.25(0.86 - 1.83)
CYP1B1 rs9341252  0.2575 1.46 (0.76 - 2.8) 0.2569 1.46 (0.76 - 2.8) 0.2384  1.54 (0.75 - 3.15)
C2p16 rs2303298  0.5793 0.88 (0.57-1.37)  0.53 0.87 (0.56-1.35)  0.6792 0.9 (0.56 - 1.46)
C2p16 rs10202118  0.7824 0.96 (0.7 - 1.3) 0.7564 0.95(0.71-1.29)  0.4288 0.87 (0.62-1.23)
C2p16 rs11125375  0.0381 1.39 (1.02-1.89)  0.0607 1.32(0.99-1.77)  0.0898 1.33 (0.96 - 1.84)
C2p16 rs10208467  0.1851 0.81(0.59-1.11)  0.1808 0.81(0.59-1.11)  0.1922 0.79 (0.56 - 1.13)
C2p16 rs1533428 0471  1.11(0.84-1.46) 04992 1.1 (0.84 - 1.43) 0.2472  1.19(0.89 - 1.59)
C2p16 rs12994401  0.1988 1.77 (0.73-4.26)  0.206  1.78(0.73-4.33)  0.507  1.39 (0.53 - 3.67)
C2p16 rs11889995  0.78 0.93(0.56-1.55)  0.8015 0.94 (0.56-1.57)  0.4147 0.79 (0.45 - 1.39)
WDR36  rs7729832  0.9354 1.02(0.67-1.54)  0.9956 1(0.65 - 1.52) 0.6203 1.13 (0.7 - 1.82)
WDR36  rs17623144  0.3182 N/A N/A N/A 0.9993 N/A

WDR36  rs13357724  0.4159 2 (0.36 - 10.98) 0.4247 2.01(0.36-11.08) 05743 1.68 (0.27 - 10.38)
WDR36  rs13153937  0.9873 1(0.54 - 1.83) 0.9705 0.99(0.55-1.79)  0.7557 0.9 (0.47 - 1.74)
WDR36  rs6859041 0.5739 1.09(0.81-1.47) 05586 1.1(0.8-1.5) 0.6694 1.08 (0.76 - 1.53)
WDR36  rs2416257  0.7783 1.06 (0.71-1.58)  0.8335 1.05(0.69-1.58)  0.5016 1.17 (0.74 - 1.87)
WDR36  rs17132783  0.4185 1.16(0.81-1.68)  0.3928 1.18 (0.81-1.7) 0.3759 1.2 (0.8-1.81)
WDR36  rs10038058  0.8439 1.03(0.76-1.41)  0.8576 1.03(0.74-1.43)  0.9562 1.01 (0.7 - 1.45)
WDR36  rs12515367  0.8484 1.08 (0.49 - 2.4) 0.858  1.08(0.48-2.42) 09144 0.95 (0.4 - 2.29)
WDR36  rs12521169  0.746  1.07 (0.72-1.57)  0.7647 1.06 (0.72-1.55)  0.9849 1 (0.66 - 1.54)
WDR36  rs10051830  0.5637 1.09 (0.81-1.47)  0.5396 1.1 (0.81- 1.5) 0.563  1.11(0.79 - 1.56)
WDR36  rs10491424  0.894 0098 (0.75-1.28)  0.936  0.99 (0.75-1.31)  0.5645 0.91 (0.67 - 1.25)
WDR36  rs11956837  0.8301 0.92 (0.44-1.94)  0.8386 0.92(0.43-1.97)  0.7587 0.88 (0.39 - 2)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for gender; p3/OR3, adjusted
for age and gender

(Table A10.2 continues overpage)
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Genomic  SNP p1 OR1 (95% CI) p2 OR2 (95% Cl) p3 OR3 (95% Cl)
region

WDR36  rs12522383  0.697 0.93(0.66-1.32)  0.687 0.93(0.65-1.32)  0.7403 0.94 (0.64 - 1.38)
WDR36  rs17624563  0.7428 1.06 (0.75-1.51)  0.8174 1.04(0.73-1.48)  0.6659 1.09 (0.73 - 1.62)
WDR36  rs43203 0.8988 1.04 (0.59-1.83)  0.8828 1.04 (0.59-1.85)  0.6692 0.87 (0.45 - 1.66)
WDR36  rs11241098  0.6126 0.91(0.62-1.32)  0.5974 0.9 (0.62 - 1.32) 0.7674 0.94 (0.62 - 1.43)
WDR36  rs7722241 0.3833 1.13(0.86-1.48)  0.3901 1.13(0.85-1.51)  0.3115 1.18 (0.86 - 1.62)
WDR36  rs10041326  0.5898 0.87 (0.52-1.45)  0.6538 0.9 (0.58 - 1.42) 0.6207  0.88 (0.53 - 1.46)
WDR36  rs4530809 0.0851 1.34(0.96-1.86)  0.0978 1.31(0.95-1.82)  0.2633 1.23(0.86-1.77)
WDR36  rs17132810  0.6804 0.92(0.63-1.35)  0.6689 0.92(0.63-1.35)  0.8352 0.96 (0.63 - 1.46)
WDR36  rs1457113 0.3623 1.28(0.76-2.15)  0.3448 1.3(0.76 - 2.21) 0.2842  1.39 (0.76 - 2.51)
COL1A2  rs4729131 0.883  0.96(0.58-1.59)  0.841  0.95(0.58-1.55)  0.8553 0.95 (0.55 - 1.64)
COL1A2  rs3814967 0.2376 0.85(0.64-1.12)  0.27 0.85(0.65-1.13)  0.3851 0.87 (0.64 - 1.19)
COL1A2  rs1800222 0.2759 1.17(0.88-1.55)  0.3192 1.15(0.87-1.53)  0.309  1.18 (0.86 - 1.61)
COL1A2  rs411717 0.9383 1.01(0.75-1.37)  0.9885 1 (0.73-1.37) 0.9903 1(0.71-1.42)
COL1A2  rs406226 0.6203 1.11(0.74-1.67)  0.6614 1.1(0.73 - 1.66) 0.7073  1.09 (0.69 - 1.73)
COL1A2  rs3763466 1 1(0.68 - 1.48) 0.9338 0.98(0.67-1.45)  0.8771 0.97 (0.63 - 1.48)
COL1A2  rs17166249  0.1413  1.26 (0.93 - 1.7) 0.1325 1.27(0.93-172)  0.2165 1.24 (0.88 - 1.75)
COL1A2  rs42518 0.1554 1.41(0.88-2.27)  0.1475 1.43(0.88-2.31)  0.1273 1.52 (0.89 - 2.61)
COL1A2  rs2521206 0.1501 0.81(0.61-1.08)  0.1438 0.81(0.61-1.08)  0.2284 0.83(0.6-1.13)
COL1A2  rs42521 0.644  1.07(0.81-1.41) 05941 1.08(0.81-1.44)  0.4723 1.12(0.82 - 1.54)
COL1A2  rs42522 0.5361 1.11 (0.8 - 1.53) 0542  1.11(0.8-1.53) 0.8877 0.97 (0.68 - 1.4)
COL1A2  rs42524 0.586  1.17(0.67-2.03)  0.5726 1.18(0.67-2.06)  0.8556 1.06 (0.56 - 2.01)
COL1A2  rs42526 0.7823 1.04(0.79-1.36)  0.7883 1.04(0.79-1.36)  0.4935 1.1 (0.83 - 1.49)
COL1A2  rs2521205 0.5008 0.91(0.69-1.2) 0.5167 0.91(0.69-1.21)  0.8254 0.97 (0.71 - 1.32)
COL1A2  rs3736638 0.2025 0.82(0.61-1.11) 02194 0.83(0.61-1.12)  0.1824 0.8 (0.57 - 1.11)
COL1A2  rs42527 05792 1.11(0.76-1.63)  0.6242 1.11(0.74-1.65)  0.7551 1.07 (0.69 - 1.67)
COL1A2  rs369982 02923 1.21(0.85-1.73)  0.3227 1.2(0.84 - 1.73) 0236  1.28(0.85-1.93)
COL1A2  rs4266 0.6521 0.93(0.67-1.29)  0.7013 0.94 (0.67-1.31)  0.5361 0.89 (0.62 - 1.29)
COL1A2 rs10235102  0.8841 0.96 (0.59-1.58)  0.9009 0.97 (0.59 - 1.6) 0.8507  0.95 (0.55 - 1.64)
COL1A2  rs441051 0255  1.2(0.88-1.63) 0.2686 1.2 (0.87 - 1.64) 0.3187 1.2 (0.84 - 1.69)
COL1A2  rs2072071 0.2555 0.83 (0.6 - 1.15) 0.2796 0.84 (0.61-1.15)  0.2097 0.8 (0.56 - 1.13)
COL1A2  rs13240759  0.7385 0.93 (0.62 - 1.4) 0721  0.93(0.63-1.38)  0.7772 0.94 (0.61 - 1.45)
COL1A2  rs400218 0.4707 1.14 (0.8 -1.6) 0.4959 1.13(0.8-1.6) 0.4779  1.15(0.78 - 1.71)
COL1A2 rs10046552 04738 0.88(0.63-1.24)  0.4842 0.89(0.64-1.23)  0.4924 0.88 (0.62 - 1.26)
COL1A2 rs12668754  0.1959 2.01(0.68-5.94)  0.1914 2.07(0.69-6.17)  0.3337 1.8 (0.55-5.92)
COL1A2  rs11764718  0.5552 1.2 (0.66 - 2.17) 0.5598 1.2 (0.66 - 2.18) 0.8118  1.08 (0.56 - 2.09)
COL1A2  rs1062394 0.1547 074 (0.49-1.12)  0.178  0.75(0.5- 1.14) 0.4147  0.83(0.53-1.3)
COL1A2  rs1034620 0.6273 1.13(0.69-1.86)  0.6479 1.13(0.68-1.88)  0.9565 1.02(0.58 - 1.78)
COL1A2  rs11982782  0.9923 1 (0.77 - 1.31) 0.9683 0.99 (0.76 - 1.3) 0.9948 1 (0.74 - 1.35)
CAV1&2  rs8940 0.8781 0.97(0.69-1.37)  0.8776 0.97 (0.69-1.37)  0.676  0.92(0.63 - 1.35)
CAV1&2 rs10258482  0.3944 1.13(0.86-1.48)  0.4154 1.12(0.86-1.46)  0.7793 1.04 (0.78 - 1.4)
CAV1&2  rsB466578 0.3989 1.18(0.81-1.71)  0.3974 1.17 (0.81-1.7) 0.595  1.12(0.74 - 1.69)
CAV1&2 rs3919515 0.1663 0.82(0.63-1.08)  0.1798 0.83(0.64-1.09)  0.4245 0.89 (0.66 - 1.19)
CAV1&2  rs926198 0.5823 1.08(0.82-1.41)  0.6183 1.07 (0.82-1.4) 0.5587  1.09 (0.81 - 1.47)
CAV1&2  rs3779512 0.7631 1.04(0.79-1.38)  0.7966 1.04 (0.8 - 1.35) 0.9033  0.98 (0.74 - 1.31)
CAV1&2 rs10262090  0.3577 0.82(0.54-1.25)  0.3925 0.84 (0.56-1.25)  0.995  1(0.65 - 1.55)
CAV1&2 rs3807986 0.2805 1.18 (0.87 - 1.6) 0.3327 1.16(0.86-1.56)  0.5506 1.11(0.79 - 1.54)
CAV1&2  rs1476833 0.7943  1.04 (0.77 - 1.4) 0.7671 1.05(0.78-1.41)  0.7442 0.95(0.68 - 1.32)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for gender; p3/OR3, adjusted
for age and gender
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Genomic  SNP p1 OR1 (95% Cl) p2 OR2 (95% Cl) p3 OR3 (95% CI)
region

CAV1&2 rs10270569 0.696  1.07 (0.75-1.53) 07319 1.07 (0.74-1.52)  0.7278 1.07 (0.72 - 1.6)
CAV1&2 rs11773845 07086 1.06 (0.77-1.47)  0.73 1.06 (0.77-1.45)  0.4273 1.15(0.81 - 1.64)
CAV1&2 rs9886215  0.22 0.84 (0.63-1.11)  0.1997 0.83(0.62-1.11)  0.3465 0.86 (0.62 - 1.18)
CAV1&2 rs3807992  0.582  1.08(0.82-1.41) 05832 1.08(0.82-1.41) 05124 1.11(0.82 - 1.49)
CDKN2B  rs3217992 05714 1.18(0.67-2.09)  0.5825 1.18 (0.66 - 2.1) 0.6974 1.14 (0.59 - 2.18)
CDKN2B rs1063192  0.5658 2 (0.18 - 22.09) 05292 2.17(0.19-24.3)  0.4585 2.58 (0.21 - 31.41)
CDKN2B rs3217989  0.2654 1.18(0.88-1.58)  0.2721 1.18(0.88-1.57) 04686 1.13 (0.82 - 1.55)
CDKN2B  rs974336 0.0436 0.73 (0.54-0.99)  0.0322 0.7 (0.51 - 0.97) 0.0862 0.74 (0.52 - 1.05)
CDKN2B  rs3217980  0.1289 0.7 (0.44 - 1.11) 0.1261 0.69(0.43-1.11)  0.1702 0.7 (0.42 - 1.17)
CDKN2B  rs2069422 0744 093 (0.61-1.43)  0.7242 0.92 (0.6 - 1.43) 0.7951  0.94 (0.58 - 1.52)
COL5A1 rs1536478  0.9142 1.02(0.76-1.37) 09275 1.01(0.76-1.35) 05892 0.92 (0.67 - 1.26)
COL5A1 rs3118516  0.1268 1.32 (0.92 - 1.9) 0.1381 1.31(0.92-1.87)  0.4068 1.18 (0.8 - 1.75)
COL5A1 rs1536482  0.367  1.13(0.86-1.48) 04046 1.12(0.86-1.47)  0.3961 1.14 (0.84 - 1.54)
COL5A1  rs7044529  0.6257 0.93(0.71-1.23) 05741 0.92 (0.7 - 1.22) 0.1946  0.82 (0.61-1.11)
ATOH7  rs6480320  0.4278 1.13(0.84-1.52)  0.4592 1.12(0.83 - 1.5) 0.6329 1.08 (0.78 - 1.5)
ATOH7  rs7916697  0.2628 0.83 (0.6 - 1.15) 0.2813  0.84 (0.6 - 1.16) 0.484  0.88 (0.61-1.27)
ATOH7  rs2289804  0.5845 1.08(0.82-1.41)  0.5909 1.08 (0.83 - 1.4) 0.6546  1.07 (0.8 - 1.43)
ATOH7  rs1900004  0.9669 0.99 (0.73-1.36)  0.9934 1(0.73 - 1.37) 0.6538  1.09 (0.76 - 1.55)
ATOH7  rs41340944  0.4544 0.9 (0.69 - 1.18) 0.4796  0.91 (0.7 - 1.19) 0.6165 0.93 (0.69 - 1.25)
ATOH7  rs1900020  0.3724 1.13(0.86-1.48)  0.3922 1.12(0.86-1.47)  0.5999 1.08 (0.81 - 1.45)
SIX1&6  rs12436579  0.2195 0.85(0.65-1.11)  0.2152 0.84 (0.64-1.11)  0.2588 0.84 (0.63 - 1.13)
SIX1&6  rs17097585  0.7291 1.09 (0.67-1.76)  0.7236 1.09 (0.68-1.75)  0.5682 1.17 (0.69 - 1.98)
SIX1&6  rs8006274 07273 1.06(0.78-1.43)  0.7578 1.05(0.78-1.41) 05323 1.11 (0.8 - 1.55)
SIX1&6  rs1007152  0.3917 1.14(0.84-1.55)  0.3665 1.15(0.85-1.57)  0.5546 1.11(0.79 - 1.55)
SIX18&6  rs7152532  0.3999 1.44 (0.61-3.42)  0.4078 1.45 (0.6 - 3.46) 0.6471 1.25(0.48 - 3.22)
SIX1&6  rs11849906  0.0737 1.95(0.93-4.09)  0.078  1.98(0.93-4.21)  0.059  2.22(0.97 - 5.08)
SIX1&6  rs1955698  0.2777 0.86 (0.66-1.13)  0.2838 0.86 (0.66-1.13)  0.2605 0.84 (0.63 - 1.14)
SIX1&6  rs10150234  0.4544 0.9 (0.69 - 1.18) 0.4561 0.9 (0.69 - 1.18) 0.4369  0.89 (0.66 - 1.2)
SIX1&6  rs11158289  0.6359 0.94 (0.71-1.23)  0.6375 0.94 (0.71-1.23)  0.5633 0.91 (0.67 - 1.24)
SIX1&6  rs10142401 07348 0.95(0.72-1.27)  0.7503 0.95(0.72-1.27)  0.66 0.93 (0.68 - 1.28)
SIX1&6  rs10483726  0.4534 0.9 (0.69 - 1.18) 0.4522 0.9 (0.69 - 1.18) 0.3998 0.88 (0.66 - 1.18)
SIX1&6  rs8020353  0.8469 1.03 (0.76 - 1.4) 0.8817 1.02(0.76-1.39)  0.9032 1.02(0.73-1.43)
SIX1&6  rs10483727 05198 0.66 (0.19-2.36)  0.5713 0.71(0.22 - 2.3) 0.9034  0.92 (0.25 - 3.43)
SIX1&6  rs2057135  0.6236 1.07 (0.82 - 1.4) 0.6425 1.07(0.82-1.39)  0.7842 1.04 (0.77 - 1.4)
SIX1&6  rs7156317  0.5378 1.09 (0.83-1.42)  0.5695 1.08 (0.83 - 1.4) 0.4651 1.12 (0.83 - 1.49)
SIX1&6  rs7146104 05992 1.15(0.68-1.97) 05921 1.16(0.68-1.98)  0.8204 1.07 (0.59 - 1.95)
SIX1&6  rs4901995  0.4207 1.17 (0.8 - 1.71) 0.4292 1.16 (0.8 - 1.67) 0.7598 1.07 (0.71-1.6)
SIX1&6  rs8007935 01617 1.27(0.91-1.77)  0.1837 1.25(0.9-1.73) 0.2231 1.25(0.87-1.8)
SIX1&6  rs11628064  0.6298 0.9 (0.57 - 1.41) 0.6754 0.91(0.58-1.42) 05763 0.87 (0.53 - 1.42)
ZNF469  rs12447690  0.7501 0.94 (0.64-1.37)  0.7529 0.94 (0.64-1.38)  0.9925 1 (0.65- 1.54)
ZNF469  rs7500824  0.5589 0.9 (0.62 - 1.29) 0.5813 0.9 (0.63 - 1.29) 0.7033  0.92 (0.62 - 1.38)
ZNF469  rs4352077  0.7742  1.09 (0.6 - 1.98) 0.7432 1.11(0.61-2.01)  0.8781 1.05(0.54 - 2.04)
ZNF469  rs7501402  0.7795 1.05(0.77-1.43) 07176 1.06 (0.77-1.47)  0.7324 1.07 (0.74 - 1.53)
ZNF469  rs6540223  0.3012 1.17(0.87-1.56)  0.3158 1.16 (0.87-1.55)  0.3505 1.17 (0.85-1.61)
ZNF469  rs12448211  0.12 0.8 (0.6 - 1.06) 0.1212 0.79(0.59-1.06)  0.0856 0.75 (0.55 - 1.04)
ZNF469  rs9938149  0.0798 1.28(0.97-1.68)  0.0874 1.27(0.97-1.68)  0.1099 1.29 (0.94 - 1.75)
ZNF469  rs9925231 0.0282 1.35(1.03-1.77)  0.0298 1.36 (1.03-1.78)  0.0225 1.43 (1.05 - 1.93)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for gender; p3/OR3, adjusted
for age and gender
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Genomic  SNP p1 OR1 (95% Cl) p2 OR2 (95% Cl) p3 OR3 (95% CI)
region

ZNF469  rs11644804  0.6941 0.94 (0.69-1.28)  0.7118 0.94 (0.68 - 1.3) 0.8545 0.97 (0.68 - 1.37)
COL1AT rs2696297  0.336  0.84 (0.59-1.2) 0.3629 0.85 (0.6 - 1.21) 0.3061 0.82(0.55 - 1.2)
COL1A1 rs16948744  0.0462 0.76 (0.58 - 1) 0.0391 0.75(0.57-0.99)  0.0143 0.68 (0.5 - 0.93)
COL1A1 rs2696296  0.2747 0.86 (0.66-1.13)  0.2551 0.86 (0.65-1.12)  0.1203  0.79 (0.59 - 1.06)
COL1A1 rs36107109  0.5486 0.87 (0.55-1.37)  0.555  0.87 (0.55-1.37)  0.6764 0.9 (0.55 - 1.48)
COL1A1 rs2586476  0.4085 0.89 (0.66-1.18)  0.4407 0.89 (0.67-1.19) 05 0.9 (0.65 - 1.23)
COL1AT rs12945599  0.8251 1.06 (0.64-1.76)  0.8372 1.05(0.64-1.73)  0.5178 1.2 (0.69 - 2.07)
COL1AT  rs2696270  0.2331 1.18 (0.9 - 1.55) 0.2068 1.19(0.91-157)  0.2893 1.18 (0.87 - 1.6)
COL1A1  rs1061947  0.149  0.77 (0.53 - 1.1) 0.1644 0.78(0.54-1.11) 0226  0.79(0.53-1.16)
COL1A1 rs1061237  0.8388 1.03(0.79-1.35)  0.8525 1.03(0.78-1.35)  0.8192 1.04 (0.77 - 1.4)
COL1A1  rs2277632  0.1107 1.25(0.95-1.63) 01082 1.25(0.95-1.65) 00779 1.31(0.97 - 1.78)
COL1A1 rs2696245  0.7998 1.07 (0.63-1.83)  0.7953 1.07 (0.63-1.81)  0.6582 1.14 (0.64 - 2.02)
COL1A1 rs2586488  0.5383 1.09(0.83-1.42)  0.5381 1.09(0.83-1.42)  0.2793 1.18 (0.87 - 1.59)
COL1A1 rs2075559  0.054  0.77 (0.58-1.01)  0.0483 0.75 (0.57 - 1) 0.0963  0.77 (0.56 - 1.05)
COL1A1 rs2857396  0.8887 0.97 (0.61-1.54)  0.8782 0.97 (0.61-1.52)  0.6419 1.13(0.69 - 1.85)
COL1A1  rs2696247 05764 1.12(0.76-1.64) 05745 1.12(0.76-1.64)  0.6651 1.1 (0.72-1.67)
COL1AT rs2586494  0.3081 1.2(0.85-1.69) 0.266  1.23(0.86-1.75)  0.2234 1.28 (0.86 - 1.89)
COL1A1  rs16948765  0.2759 0.75(0.44-1.27) 02926 0.77 (0.47-1.26)  0.3067 0.75 (0.43 - 1.31)
COL1A1 rs2586498  0.3391 1.15(0.87-1.52)  0.3752 1.13 (0.86 - 1.5) 0.4894 1.12(0.82-1.52)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for gender; p3/OR3, adjusted
for age and gender
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APPENDIX 11 - DIABETES MELLITUS ASSOCIATION ANALYSIS IN
THE BEADXPRESS ASSOCIATION STUDY

Table A11.1 Single SNP association testing with a diagnosis of diabetes mellitus in the study population

Genomic  Ch  SNP MA MAF MAF X p p*
region DM non DM

COL8A2 1 rs274750 T 0.40 0.46 2.5860 0.1078 0.1167
COL8A2 1 rs6693322 G 0.10 0.08 1.0770 0.2993 0.2983
COL8A2 1 rs274754 A 0.33 0.35 0.3561 0.5507 0.5711
MYOC 1 61730975 T 0.03 0.03 0.2361 0.6270 0.6661
MYOC 1 61745146 T 0.02 0.03 0.6136 0.4335 0.4921
MYOC 1 61730976 A 0.04 0.04 0.0561 0.8128 1.0000
MYOC 1 rs79255460 A 0.05 0.03 1.1220 0.2895 0.3197
MYOC 1 rs12076134 G 0.22 0.19 1.6070 0.2048 0.2247
MYOC 1 rs2032555 G 0.05 0.07 2.0030 0.1570 0.1745
MYOC 1 rs57824969 A 0.01 0.01 0.2239 0.6361 0.6419
MYOC 1 rs235869 C 0.29 0.28 0.0571 0.8112 0.8060
MYOC 1 rs16864720 T 0.18 0.14 2.5740 0.1086 0.1194
myoc 1 rs235876 (o] 0.04 0.08 4.3940 0.0361 0.0358
MYOC 1 rs2236875 T 0.17 0.19 0.4418 0.5063 0.5674
MYOC 1 rs235917 A 0.05 0.07 0.4043 0.5249 0.6437
MYOC 1 rs7525674 C 0.05 0.04 1.6250 0.2025 0.2587
MYOC 1 MYOCnc1 G 0.02 0.03 0.0384 0.8446 1.0000
MYOC 1 61730977 G 0.06 0.04 1.2880 0.2565 0.2851
MYOC 1 2234926 T 0.01 0.01 0.0263 0.8712 1.0000
MYOC 1 12082573 G 0.05 0.04 1.0670 0.3016 0.3596
MYOC 1 rs2075648 T 0.01 0.01 0.0004 0.9833 1.0000
CYP1B1 2 rs9341261 G 0.03 0.04 0.1049 0.7460 0.8394
CYP1B1 2 rs162562 T 0.28 0.30 0.3748 0.5404 0.5556
CYP1B1 2 rs1056836 G 0.20 0.17 0.6056 0.4365 0.4411
CYP1B1 2 rs162561 T 0.18 0.18 0.0000 0.9986 1.0000
CYP1B1 2 rs9341252 G 0.05 0.05 0.0042 0.9483 1.0000
C2p16 2 rs2303298 A 0.09 0.11 0.7705 0.3801 0.4017
C2p16 2 rs10202118 A 0.23 0.26 0.5830 0.4451 0.4933
C2p16 2 rs11125375 T 0.21 0.28 4.4370 0.0352 0.0407
C2p16 2 rs10208467 G 0.27 0.22 2.9370 0.0866 0.0962
C2p16 2 rs1533428 A 0.38 0.38 0.0055 0.9408 1.0000
C2p16 2 rs12994401 T 0.02 0.03 0.6136 0.4335 0.4921
C2p16 2 rs11889995 A 0.07 0.08 0.4582 0.4985 0.5728
WDR36 5 rs7729832 A 0.10 0.13 1.1270 0.2884 0.3024
WDR36 5 rs17623144 C 0.00 0.00 0.4353 0.5094 1.0000
WDR36 5 rs13357724 T 0.00 0.01 0.5320 0.4658 0.6738
WDR36 5 rs13153937 A 0.07 0.05 1.5250 0.2169 0.2390
WDR36 5 rs6859041 G 0.26 0.29 0.9566 0.3281 0.3652
WDR36 5 rs2416257 A 0.10 0.14 2.4590 0.1168 0.1202
WDR36 5 rs17132783 G 0.14 0.17 1.2510 0.2634 0.3105
WDR36 5 rs10038058 A 0.23 0.26 0.5065 0.4767 0.4941
WDR36 5 rs12515367 G 0.05 0.02 5.7400 0.0166 0.0252

Ch, Chromosome; MA, minor allele; MAF DM, minor allele frequency in diabetics; MAF nonDM, MAF in non diabetics; p, p-
value obtained from the ¥’ test; p*, p-value from Fisher's exact test
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Genomic  Ch  SNP MA MAF MAF X p p*
region DM non DM

WDR36 5 rs12521169 A 0.14 0.14 0.0510 0.8214 0.8300
WDR36 5 rs10051830 G 0.27 0.28 0.1280 0.7205 0.7405
WDR36 5 rs10491424 G 0.46 0.48 0.4156 0.5191 0.5520
WDR36 5 rs11956837 G 0.04 0.03 0.8653 0.3523 0.4101
WDR36 5 rs12522383 T 0.25 0.14 15.0500 0.0001 0.0002
WDR36 5 rs17624563 o} 0.14 0.19 3.4190 0.0644 0.0780
WDR36 5 rs43203 T 0.04 0.07 2.9370 0.0866 0.1150
WDR36 5 rs11241098 T 0.20 0.13 8.3570 0.0038 0.0049
WDR36 5 rs7722241 T 0.37 0.43 3.2140 0.0730 0.0822
WDR36 5 rs10041326 o} 0.08 0.07 0.2062 0.6498 0.6722
WDR36 5 rs4530809 G 0.19 0.22 1.1340 0.2869 0.3170
WDR36 5 rs17132810 T 0.20 0.13 8.7820 0.0030 0.0047
WDR36 5 rs1457113 o} 0.06 0.08 0.5159 0.4726 0.5636
COL1A2 7 rs4729131 A 0.07 0.08 0.4066 0.5237 0.5815
COL1A2 7 rs3814967 A 0.42 0.36 3.0720 0.0797 0.0914
COL1A2 7 rs1800222 A 0.32 0.37 1.8320 0.1759 0.1878
CoL1A2 7 rs411717 o} 0.25 0.27 0.2465 0.6196 0.6739
COL1A2 7 rs406226 o} 0.13 0.12 0.0718 0.7888 0.8209
COL1A2 7 rs3763466 A 0.13 0.14 0.3752 0.5402 0.5907
COL1A2 7 rs17166249 G 0.24 0.28 1.0030 0.3166 0.3545
COL1A2 7 rs42518 o} 0.07 0.10 1.7300 0.1885 0.2389
COL1A2 7 rs2521206 o} 0.30 0.33 0.5684 0.4509 0.4736
coL1A2 7 rs42521 c 0.43 0.35 4.8790 0.0272 0.0307
COL1A2 7 rs42522 G 0.18 0.24 3.9720 0.0463 0.0500
COL1A2 7 rs42524 G 0.06 0.07 0.1740 0.6766 0.7608
COL1A2 7 rs42526 A 0.45 0.43 0.2723 0.6018 0.6006
COL1A2 7 rs2521205 A 0.38 0.34 1.6550 0.1983 0.2135
COL1A2 7 rs3736638 T 0.28 0.26 0.1492 0.6993 0.7374
COL1A2 7 rs42527 A 0.13 0.15 0.2961 0.5863 0.6727
COL1A2 7 rs369982 T 0.14 0.19 2.3810 0.1228 0.1402
coL1A2 7 rs4266 G 0.27 0.19 6.3400 0.0118 0.0146
coL1A2 7 rs10235102 T 0.11 0.07 4.8850 0.0271 0.0395
CoL1A2 7 rs441051 T 0.21 0.27 3.3800 0.0660 0.0728
CoL1A2 7 rs2072071 A 0.24 0.22 0.3611 0.5479 0.5937
COL1A2 7 rs13240759 o} 0.11 0.13 0.7703 0.3801 0.4347
COL1A2 7 rs400218 o} 0.17 0.20 0.7442 0.3883 0.4458
COL1A2 7 rs10046552 G 0.19 0.20 0.1549 0.6939 0.7118
COL1A2 7 rs12668754 A 0.01 0.02 2.0820 0.1491 0.2545
COL1A2 7 rs11764718 T 0.05 0.05 0.0004 0.9841 1.0000
COL1A2 7 rs1062394 A 0.15 0.12 1.3150 0.2514 0.2631
COL1A2 7 rs1034620 o} 0.07 0.08 0.1951 0.6587 0.7834
COL1A2 7 rs11982782 T 0.48 0.46 0.3755 0.5400 0.5518
CAV1&2 7 rs8940 o} 0.19 0.19 0.0086 0.9260 0.9248
CAV1&2 7 rs10258482 T 0.42 0.42 0.0206 0.8860 0.9401
CAV1&2 7 rs6466578 o} 0.13 0.16 0.8701 0.3509 0.4030
CAV1&2 7 rs3919515 o} 0.40 0.39 0.1432 0.7052 0.7042
CAV1&2 7 rs926198 A 0.50 0.46 1.1030 0.2936 0.2988

Ch, Chromosome; MA, minor allele; MAF DM, minor allele frequency in diabetics; MAF nonDM, MAF in non diabetics; p, p-
value obtained from the ¥’ test; p*, p-value from Fisher's exact test
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Genomic  Ch  SNP MA MAF MAF X p p*
region DM non DM

CAV1&2 7 rs3779512 G 0.40 0.36 1.4930 0.2217 0.2483
CAV1&2 7 rs10262090 C 0.13 0.12 0.1991 0.6554 0.6481
CAV1&2 7 rs3807986 T 0.26 0.27 0.1076 0.7428 0.8007
CAV1&2 7 rs1476833 A 0.26 0.29 1.0930 0.2958 0.3222
CAV1&2 7 rs10270569 T 0.17 0.18 0.1340 0.7143 0.7681
CAV18&2 7 rs11773845 T 0.24 0.21 0.8363 0.3605 0.3726
CAV1&2 7 rs9886215 C 0.32 0.35 0.4740 0.4912 0.5304
CAV1&2 7 rs3807992 A 0.48 0.47 0.0615 0.8042 0.8236
CDKN2B 9 rs3217992 A 0.07 0.06 0.3436 0.5578 0.5310
CDKN2B 9 rs1063192 C 0.00 0.00 0.0131 0.9089 1.0000
CDKN2B 9 rs3217989 C 0.33 0.30 0.8541 0.3554 0.3749
CDKN2B 9 rs974336 A 0.26 0.27 0.1076 0.7428 0.8007
CDKN2B 9 rs3217980 A 0.09 0.10 0.0180 0.8932 1.0000
CDKN2B 9 rs2069422 G 0.09 0.12 1.2760 0.2587 0.2876
COL5A1 9 rs1536478 A 0.28 0.29 0.0080 0.9286 1.0000
COL5A1 9 rs3118516 A 0.15 0.18 1.1300 0.2877 0.3194
COL5A1 9 rs1536482 T 0.43 0.44 0.1451 0.7033 0.7091
COL5A1 9 rs7044529 T 0.38 0.41 0.5267 0.4680 0.4957
ATOH7 10  rs6480320 A 0.29 0.28 0.1060 0.7448 0.7417
ATOH7 10  rs7916697 G 0.21 0.22 0.0965 0.7560 0.7863
ATOH7 10  rs2289804 C 0.50 0.50 0.0010 0.9745 1.0000
ATOH7 10 rs1900004 C 0.24 0.24 0.0015 0.9689 1.0000
ATOH7 10  rs41340944 G 0.46 0.44 0.3312 0.5649 0.6008
ATOH7 10 rs1900020 G 0.45 0.48 0.7029 0.4018 0.4140
SIX1&6 14 rs12436579 T 0.49 0.49 0.0234 0.8783 0.8822
SIX1&6 14 rs17097585 T 0.08 0.09 0.3190 0.5722 0.6897
SIX1&6 14 rs8006274 T 0.28 0.25 0.8441 0.3582 0.3971
SIX1&6 14 rs1007152 G 0.24 0.27 0.9427 0.3316 0.3524
SIX1&6 14 rs7152532 A 0.03 0.03 0.0223 0.8814 0.8193
SIX1&6 14 rs11849906 G 0.03 0.04 0.0747 0.7847 0.8474
SIX1&6 14 rs1955698 A 0.46 0.45 0.0689 0.7930 0.8228
SIX1&6 14 rs10150234 G 0.45 0.44 0.0345 0.8527 0.8813
SIX1&6 14 rs11158289 T 0.40 0.41 0.0970 0.7554 0.7630
SIX1&6 14 rs10142401 G 0.30 0.34 0.8586 0.3541 0.3838
SIX1&6 14 rs10483726 C 0.48 0.49 0.0358 0.8500 0.8820
SIX1&6 14 rs8020353 T 0.29 0.25 2.1440 0.1431 0.1498
SIX1&6 14 rs10483727 G 0.02 0.01 0.4505 0.5021 0.5012
SIX1&6 14 rs2057135 C 0.45 0.43 0.3017 0.5828 0.6005
SIX1&6 14 rs7156317 C 0.50 0.48 0.3068 0.5797 0.6033
SIX1&6 14 rs7146104 A 0.07 0.07 0.1776 0.6734 0.6596
SIX1&6 14 rs4901995 C 0.13 0.15 0.3374 0.5614 0.5989
SIX1&6 14 rs8007935 A 0.23 0.20 0.9696 0.3248 0.3586
SIX1&6 14 rs11628064 T 0.08 0.10 0.7457 0.3878 0.4537
ZNF469 16 rs12447690 T 0.13 0.15 0.6671 0.4141 0.4617
ZNF469 16 rs7500824 C 0.16 0.17 0.0820 0.7746 0.8408
ZNF469 16 rs4352077 A 0.05 0.05 0.0004 0.9841 1.0000
ZNF469 16 rs7501402 T 0.25 0.24 0.1166 0.7328 0.7296

Ch, Chromosome; MA, minor allele; MAF DM, minor allele frequency in diabetics; MAF nonDM, MAF in non diabetics; p, p-
value obtained from the ¥’ test; p*, p-value from Fisher's exact test
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Genomic Ch  SNP MA MAF MAF X p p
region DM non DM

ZNF469 16 rs6540223 Cc 0.29 0.32 0.9871 0.3205 0.3351
ZNF469 16 rs12448211 A 0.37 0.35 0.4022 0.5259 0.5334
ZNF469 16 rs9938149 Cc 0.37 0.43 2.7490 0.0973 0.1107
ZNF469 16 rs9925231 A 0.45 0.47 0.3390 0.5604 0.6023
ZNF469 16 rs11644804 T 0.28 0.25 0.6395 0.4239 0.4434
COL1A1 17 rs2696297 Cc 0.17 0.18 0.0931 0.7603 0.8450
COL1A1 17 rs16948744 G 0.38 0.41 1.1250 0.2889 0.3236
COL1A1 17 rs2696296 T 0.41 0.45 1.5220 0.2173 0.2315
COL1A1 17 rs36107109 T 0.11 0.09 0.5124 0.4741 0.5298
COL1A1 17 rs2586476 T 0.35 0.31 1.56350 0.2154 0.2323
COL1A1 17 rs12945599 T 0.08 0.07 0.5236 0.4693 0.4814
COL1A1 17 rs2696270 Cc 0.41 0.41 0.0101 0.9198 0.9399
COL1A1 17 rs1061947 T 0.17 0.16 0.0102 0.9196 0.9203
COL1A1 17 rs1061237 Cc 0.51 0.46 1.3580 0.2439 0.2624
COL1A1 17 rs2277632 Cc 0.45 0.42 0.3385 0.5607 0.5997
COL1A1 17 rs2696245 G 0.05 0.08 1.8330 0.1758 0.1868
COL1A1 17 rs2586488 T 0.50 0.49 0.0507 0.8219 0.8241
COL1A1 17 rs2075559 G 0.43 0.41 0.4023 0.5259 0.5473
COL1A1 17 rs2857396 Cc 0.08 0.10 0.5436 0.4609 0.5212
COL1A1 17 rs2696247 Cc 0.13 0.15 0.1755 0.6752 0.7499
COL1A1 17 rs2586494 T 0.18 0.19 0.0802 0.7770 0.8488
COL1A1 17 rs16948765 Cc 0.05 0.08 1.4840 0.2232 0.2467
COL1A1 17 rs2586498 G 0.35 0.34 0.0415 0.8386 0.8759

Ch, Chromosome; MA, minor allele; MAF DM, minor allele frequency in diabetics; MAF nonDM, MAF in non diabetics; p, p-
value obtained from the ¥’ test; p*, p-value from Fisher's exact test
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Table A11.2 Logistic regression modelling of single SNP association with diabetes mellitus in the study population

Genomic SNP p1 OR1 (95% CI) p2 OR2 (95% Cl)
region

COL8A2 rs274750 0.1078 0.79 (0.58 - 1.06) 0.0795 0.76 (0.56 - 1.03)
COL8A2 rs6693322 0.2993 1.3(0.79-2.13) 0.2285 1.36 (0.83 - 2.24)
COL8A2 rs274754 0.5507 0.91 (0.66 - 1.25) 0.5471 0.9 (0.65 - 1.25)
MYOC 61730975 0.627 1.23 (0.54 - 2.79) 0.382 1.47 (0.62 - 3.51)
MYOC 61745146 0.4335 0.67 (0.24 - 1.84) 0.4162 0.65 (0.23 - 1.84)
MYOC 61730976 0.8128 0.91(0.43 - 1.93) 0.7544 1.14 (0.51 - 2.53)
MYOC rs79255460 0.2895 1.49 (0.71 - 3.11) 0.4223 1.35 (0.65 - 2.77)
MYOC rs12076134 0.2048 1.26 (0.88 - 1.8) 0.1378 1.31(0.92 - 1.88)
MYOC rs2032555 0.157 0.62 (0.32 - 1.21) 0.1486 0.61(0.31-1.19)
MYOC rs57824969 0.6361 1.54 (0.26 - 9.26) 0.6541 1.52 (0.25 - 9.32)
MYOC rs235869 0.8112 1.04 (0.75 - 1.43) 0.7519 1.06 (0.75 - 1.49)
MYOC rs16864720 0.1086 1.38 (0.93 - 2.04) 0.1645 1.34 (0.89 - 2.04)
MYOC rs235876 0.0361 0.48 (0.24 - 0.97) 0.0732 0.53 (0.26 - 1.06)
MYOC rs2236875 0.5063 0.88 (0.6 - 1.29) 0.6072 0.9 (0.62 - 1.33)
MYOC rs235917 0.5249 0.82 (0.4 - 1.53) 0.7394 0.9 (0.47 - 1.71)
MYOC rs7525674 0.2025 1.56 (0.78 - 3.13) 0.2756 1.48 (0.73 - 2.97)
MYOC MYOCnc1 0.8446 0.91(0.35 - 2.37) 0.7483 0.85 (0.33 - 2.23)
MYOC 61730977 0.2565 1.46 (0.76 - 2.84) 0.341 1.39 (0.71 - 2.71)
MYOC 2234926 0.8712 1.15 (0.21 - 6.32) 0.8138 0.81(0.14 - 4.64)
MYOC 12082573 0.3016 1.43(0.72 - 2.83) 0.3775 1.36 (0.68 - 2.72)
MYOC rs2075648 0.9833 0.99 (0.25 - 3.84) 0.6618 0.73 (0.18 - 2.96)
CYP1B1 rs9341261 0.746 0.87 (0.38 - 2) 0.8364 0.91(0.39 - 2.16)
CYP1B1 rs162562 0.5404 0.9 (0.65 - 1.26) 0.7508 0.95 (0.67 - 1.34)
CYP1B1 rs1056836 0.4365 1.16 (0.8 - 1.68) 0.5186 1.13 (0.78 - 1.65)
CYP1B1 rs162561 0.9986 1(0.69 - 1.46) 0.9688 1.01 (0.69 - 1.48)
CYP1B1 rs9341252 0.9483 1.02 (0.51 - 2.05) 0.8554 1.07 (0.52 - 2.18)
C2p16 rs2303298 0.3801 0.8 (0.49 - 1.31) 0.3776 0.79 (0.48 - 1.32)
C2p16 rs10202118 0.4451 0.88 (0.62 - 1.23) 0.5341 0.9 (0.63 - 1.27)
C2p16 rs11125375 0.0352 0.69 (0.49 - 0.98) 0.1084 0.76 (0.54 - 1.06)
C2p16 rs10208467 0.0866 1.34 (0.96 - 1.87) 0.1096 1.32 (0.94 - 1.87)
C2p16 rs1533428 0.9408 0.99 (0.73 - 1.34) 0.9787 1(0.74 - 1.34)
C2p16 rs12994401 0.4335 0.67 (0.24 - 1.84) 0.6547 0.79 (0.28 - 2.24)
C2p16 rs11889995 0.4985 0.82 (0.46 - 1.46) 0.4992 0.81 (0.45 - 1.48)
WDR36 rs7729832 0.2884 0.77 (0.48 - 1.24) 0.342 0.79 (0.48 - 1.29)
WDR36 rs17623144 0.5094 N/A 0.9993 N/A

WDR36 rs13357724 0.4658 0.46 (0.05 - 3.94) 0.5529 0.51 (0.06 - 4.65)
WDR36 rs13153937 0.2169 1.48 (0.79 - 2.76) 0.1731 1.55 (0.82 - 2.93)
WDR36 rs6859041 0.3281 0.85 (0.61-1.18) 0.3638 0.85 (0.6 - 1.21)
WDR36 rs2416257 0.1168 0.69 (0.43-1.1) 0.1376 0.69 (0.42 - 1.13)
WDR36 rs17132783 0.2634 0.79 (0.52 - 1.19) 0.2487 0.78 (0.51 - 1.19)
WDR36 rs10038058 0.4767 0.88 (0.63 - 1.24) 0.5266 0.89 (0.62 - 1.28)
WDR36 rs12515367 0.0166 2.57 (1.16 - 5.71) 0.01 3.01 (1.3 - 6.95)
WDR36 rs12521169 0.8214 1.05 (0.69 - 1.6) 0.6956 1.09 (0.71 - 1.67)
WDR36 rs10051830 0.7205 0.94 (0.68 - 1.31) 0.7435 0.94 (0.67 - 1.34)
WDR36 rs10491424 0.5191 0.91 (0.68 - 1.22) 0.4357 0.88 (0.65 - 1.21)
WDR36 rs11956837 0.3523 1.44 (0.67 - 3.08) 0.3607 1.45 (0.65 - 3.23)
WDR36 rs12522383 0.0001 2.03 (1.41 - 2.91) 0.0001 2.14 (1.46 - 3.15)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for age, gender and POAG

diagnosis (POAG or control)
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Genomic SNP p1 OR1 (95% CI) p2 OR2 (95% Cl)
region

WDR36 rs17624563 0.0644 0.68 (0.45 - 1.03) 0.1079 0.71 (0.47 - 1.08)
WDR36 rs43203 0.0866 0.54 (0.27 - 1.1) 0.1017 0.55 (0.27 - 1.13)
WDR36 rs11241098 0.0038 1.76 (1.2 - 2.59) 0.0038 1.84 (1.22 - 2.77)
WDR36 rs7722241 0.073 0.76 (0.56 - 1.03) 0.0932 0.76 (0.55 - 1.05)
WDR36 rs10041326 0.6498 1.13 (0.66 - 1.95) 0.7746 1.07 (0.66 - 1.76)
WDR36 rs4530809 0.2869 0.82 (0.57 - 1.18) 0.4964 0.88 (0.61 - 1.27)
WDR36 rs17132810 0.003 1.79 (1.21 - 2.63) 0.003 1.87 (1.24 - 2.82)
WDR36 rs1457113 0.4726 0.81(0.45 - 1.45) 0.4902 0.81(0.44 - 1.49)
COL1A2 rs4729131 0.5237 0.83 (0.48 - 1.46) 0.6052 0.86 (0.49 - 1.52)
COL1A2 rs3814967 0.0797 1.31(0.97 - 1.76) 0.1782 1.24 (0.91 - 1.68)
COL1A2 rs1800222 0.1759 0.81(0.59 - 1.1) 0.3168 0.85 (0.62 - 1.17)
COL1A2 rs411717 0.6196 0.92 (0.66 - 1.28) 0.8149 0.96 (0.67 - 1.37)
COL1A2 rs406226 0.7888 1.06 (0.68 - 1.65) 0.5937 1.13(0.72 - 1.79)
COL1A2 rs3763466 0.5402 0.87 (0.57 - 1.35) 0.709 0.92 (0.59 - 1.43)
COL1A2 rs17166249 0.3166 0.84 (0.6 - 1.18) 0.409 0.86 (0.61 - 1.22)
COL1A2 rs42518 0.1885 0.69 (0.4 - 1.2) 0.2059 0.69 (0.39 - 1.22)
COL1A2 rs2521206 0.4509 0.89 (0.65 - 1.21) 0.3753 0.86 (0.63 - 1.19)
COL1A2 rs42521 0.0272 1.4 (1.04 - 1.89) 0.0315 1.42 (1.03 - 1.95)
COL1A2 rs42522 0.0463 0.69 (0.48 - 1) 0.0799 0.71 (0.49 - 1.04)
COL1A2 rs42524 0.6766 0.88 (0.47 - 1.62) 0.7502 0.9 (0.47 - 1.72)
COL1A2 rs42526 0.6018 1.08 (0.81 - 1.45) 0.6594 1.07 (0.79 - 1.44)
COL1A2 rs2521205 0.1983 1.22 (0.9 - 1.65) 0.2932 1.18 (0.87 - 1.61)
COL1A2 rs3736638 0.6993 1.07 (0.77 - 1.48) 0.8463 1.03 (0.74 - 1.44)
COL1A2 rs42527 0.5863 0.89 (0.58 - 1.36) 0.811 0.95 (0.6 - 1.49)
COL1A2 rs369982 0.1228 0.73 (0.49 - 1.09) 0.183 0.75 (0.49 - 1.15)
COL1A2 rs4266 0.0118 1.55 (1.1 - 2.18) 0.0176 1.55 (1.08 - 2.22)
COL1A2 rs10235102 0.0271 1.75 (1.06 - 2.89) 0.0301 1.8 (1.06 - 3.07)
COL1A2 rs441051 0.066 0.72 (0.51 - 1.02) 0.1107 0.74 (0.52 - 1.07)
COL1A2 rs2072071 0.5479 1.11(0.79 - 1.57) 0.659 1.08 (0.76 - 1.53)
COL1A2 rs13240759 0.3801 0.82 (0.52 - 1.28) 0.3833 0.82 (0.52 - 1.29)
COL1A2 rs400218 0.3883 0.85 (0.58 - 1.24) 0.4871 0.87 (0.58 - 1.3)
COL1A2 rs10046552 0.6939 0.93 (0.64 - 1.34) 0.628 0.91 (0.64 - 1.32)
COL1A2 rs12668754 0.1491 0.35 (0.08 - 1.56) 0.207 0.37 (0.08 - 1.72)
COL1A2 rs11764718 0.9841 1.01(0.53 - 1.92) 0.831 1.08 (0.55 - 2.09)
COL1A2 rs1062394 0.2514 1.28 (0.84 - 1.96) 0.5296 1.15(0.74 - 1.79)
COL1A2 rs1034620 0.6587 0.88 (0.51 - 1.53) 0.8625 0.95 (0.53 - 1.69)
COL1A2 rs11982782 0.54 1.1 (0.82 - 1.47) 0.4476 1.12(0.83 - 1.52)
CAV1&2 rs8940 0.926 1.02 (0.7 - 1.47) 0.924 1.02 (0.7 - 1.49)
CAV1&2 rs10258482 0.886 0.98 (0.73 - 1.32) 0.8854 1.02 (0.76 - 1.38)
CAV1&2 rs6466578 0.3509 0.82 (0.54 - 1.25) 0.4134 0.84 (0.55 - 1.28)
CAV1&2 rs3919515 0.7052 1.06 (0.79 - 1.43) 0.9014 1.02 (0.76 - 1.37)
CAV1&2 rs926198 0.2936 1.17 (0.87 - 1.56) 0.1946 1.22 (0.9 - 1.64)
CAV1&2 rs3779512 0.2217 1.21 (0.89 - 1.63) 0.1595 1.23 (0.92 - 1.65)
CAV1&2 rs10262090 0.6554 1.11(0.71-1.72) 0.949 1.01 (0.66 - 1.57)
CAV1&2 rs3807986 0.7428 0.95 (0.68 - 1.32) 0.8915 1.02 (0.73 - 1.43)
CAV1&2 rs1476833 0.2958 0.84 (0.6 - 1.17) 0.3114 0.84 (0.6 - 1.18)
CAV1&2 rs10270569 0.7143 0.93 (0.63 - 1.37) 0.8162 0.95 (0.64 - 1.43)
CAV1&2 rs11773845 0.3605 1.17 (0.83 - 1.66) 0.3417 1.19 (0.83 - 1.68)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for age, gender and POAG

diagnosis (POAG or control)

(Table A11.2 continues overpage)




Genomic SNP p1 OR1 (95% CI) p2 OR2 (95% Cl)
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CAV1&2 rs9886215 0.4912 0.9 (0.66 - 1.22) 0.3562 0.86 (0.62 - 1.19)
CAV1&2 rs3807992 0.8042 1.04 (0.78 - 1.39) 0.7479 1.05 (0.78 - 1.42)
CDKN2B rs3217992 0.5578 1.2 (0.65 - 2.19) 0.4286 1.29 (0.69 - 2.43)
CDKN2B rs1063192 0.9089 1.15 (0.1 - 12.75) 0.9915 0.99 (0.08 - 11.51)
CDKN2B rs3217989 0.3554 1.16 (0.85 - 1.59) 0.2215 1.22 (0.89 - 1.69)
CDKN2B rs974336 0.7428 0.95 (0.68 - 1.32) 0.5282 0.89 (0.62 - 1.27)
CDKN2B rs3217980 0.8932 0.97 (0.59 - 1.6) 0.7277 0.91 (0.54 - 1.53)
CDKN2B rs2069422 0.2587 0.76 (0.46 - 1.23) 0.2353 0.73 (0.44 - 1.22)
COL5A1 rs1536478 0.9286 0.99 (0.71 - 1.36) 0.8977 1.02 (0.74 - 1.41)
COL5A1 rs3118516 0.2877 0.8 (0.54 - 1.2) 0.5132 0.87 (0.58 - 1.31)
COL5A1 rs1536482 0.7033 0.94 (0.7 - 1.27) 0.9588 0.99 (0.73 - 1.34)
COL5A1 rs7044529 0.468 0.9 (0.66 - 1.21) 0.6772 0.94 (0.69 - 1.27)
ATOH7 rs6480320 0.7448 1.06 (0.76 - 1.46) 0.5482 1.11 (0.8 - 1.53)
ATOH7 rs7916697 0.756 0.94 (0.66 - 1.35) 0.5073 0.88 (0.61 - 1.27)
ATOH7 rs2289804 0.9745 1.01(0.75 - 1.35) 0.8973 1.02 (0.76 - 1.37)
ATOH7 rs1900004 0.9689 0.99 (0.71-1.4) 0.8041 0.96 (0.67 - 1.36)
ATOH7 rs41340944 0.5649 1.09 (0.81 - 1.46) 0.7431 1.05 (0.78 - 1.41)
ATOH7 rs1900020 0.4018 0.88 (0.66 - 1.18) 0.5788 0.92 (0.68 - 1.24)
SIX1&6 rs12436579 0.8783 1.02 (0.76 - 1.37) 0.968 0.99 (0.73 - 1.35)
SIX1&6 rs17097585 0.5722 0.86 (0.5 - 1.47) 0.5358 0.84 (0.49 - 1.45)
SIX1&6 rs8006274 0.3582 1.17 (0.84 - 1.62) 0.3127 1.19 (0.85 - 1.66)
SIX1&6 rs1007152 0.3316 0.85 (0.6 - 1.19) 0.3585 0.85 (0.6 - 1.2)
SIX1&6 rs7152532 0.8814 1.07 (0.43 - 2.66) 0.6695 1.23 (0.48 - 3.19)
SIX1&6 rs11849906 0.7847 0.9 (0.41 - 1.97) 0.9843 1.01(0.44 - 2.3)
SIX1&6 rs1955698 0.793 1.04 (0.78 - 1.39) 0.9303 1.01(0.75 - 1.37)
SIX1&6 rs10150234 0.8527 1.03 (0.77 - 1.38) 0.9292 1.01(0.75 - 1.37)
SIX1&6 rs11158289 0.7554 0.95 (0.71 - 1.28) 0.6891 0.94 (0.69 - 1.28)
SIX1&6 rs10142401 0.3541 0.86 (0.63 - 1.18) 0.2997 0.84 (0.61 - 1.17)
SIX1&6 rs10483726 0.85 0.97 (0.73-1.3) 0.7988 0.96 (0.72 - 1.29)
SIX1&6 rs8020353 0.1431 1.28 (0.92 - 1.77) 0.0978 1.33 (0.95 - 1.85)
SIX1&6 rs10483727 0.5021 1.54 (0.43 - 5.51) 0.7182 1.25 (0.38 - 4.1)
SIX1&6 rs2057135 0.5828 1.09 (0.81 - 1.46) 0.4633 1.12(0.83 - 1.51)
SIX1&6 rs7156317 0.5797 1.09 (0.81 - 1.45) 0.4855 1.11 (0.83 - 1.49)
SIX1&6 rs7146104 0.6734 1.13(0.64 - 2) 0.5735 1.18 (0.66 - 2.12)
SIX1&6 rs4901995 0.5614 0.88 (0.58 - 1.35) 0.6852 0.92 (0.61 - 1.39)
SIX1&6 rs8007935 0.3248 1.19(0.84-1.7) 0.1743 1.28 (0.9 - 1.84)
SIX1&6 rs11628064 0.3878 0.8 (0.48 - 1.33) 0.2938 0.76 (0.45 - 1.27)
ZNF469 rs12447690 0.4141 0.84 (0.55 - 1.28) 0.3375 0.81(0.52 - 1.25)
ZNF469 rs7500824 0.7746 0.94 (0.63-1.4) 0.6674 0.92 (0.62 - 1.37)
ZNF469 rs4352077 0.9841 1.01(0.53 - 1.92) 0.9967 1(0.52 - 1.94)
ZNF469 rs7501402 0.7328 1.06 (0.76 - 1.49) 0.8339 1.04 (0.72 - 1.49)
ZNF469 rs6540223 0.3205 0.85 (0.62 - 1.17) 0.435 0.88 (0.63 - 1.22)
ZNF469 rs12448211 0.5259 1.1(0.81-1.5) 0.7485 1.05 (0.77 - 1.45)
ZNF469 rs9938149 0.0973 0.78 (0.57 - 1.05) 0.1928 0.81(0.59 - 1.11)
ZNF469 rs9925231 0.5604 0.92 (0.68 - 1.23) 0.8146 0.96 (0.71 - 1.31)
ZNF469 rs11644804 0.4239 1.14 (0.82 - 1.59) 0.5172 1.12(0.79 - 1.6)
COL1A1 rs2696297 0.7603 0.94 (0.64 - 1.39) 0.5678 0.89 (0.6 - 1.33)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for age, gender and POAG

diagnosis (POAG or control)
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COL1A1 rs16948744 0.2889 0.85 (0.63 - 1.15) 0.2884 0.85 (0.62 - 1.15)
COL1A1 rs2696296 0.2173 0.83 (0.62 - 1.12) 0.2347 0.83 (0.62 - 1.13)
COL1A1 rs36107109 0.4741 1.19(0.74 - 1.93) 0.5476 1.16 (0.71-1.9)
COL1A1 rs2586476 0.2154 1.22 (0.89 - 1.66) 0.3022 1.18 (0.86 - 1.63)
COL1A1 rs12945599 0.4693 1.22 (0.71 - 2.09) 0.4676 1.22 (0.71 - 2.08)
COL1A1 rs2696270 0.9198 0.98 (0.73 - 1.32) 0.9402 0.99 (0.73 - 1.34)
COL1A1 rs1061947 0.9196 1.02 (0.69 - 1.51) 0.8195 0.95 (0.64 - 1.42)
COL1A1 rs1061237 0.2439 1.19 (0.89 - 1.6) 0.2084 1.22 (0.9 - 1.65)
COL1A1 rs2277632 0.5607 1.09 (0.81 - 1.46) 0.4038 1.14 (0.84 - 1.55)
COL1A1 rs2696245 0.1758 0.65 (0.34 - 1.22) 0.1629 0.63(0.33-1.2)
COL1A1 rs2586488 0.8219 1.03 (0.77 - 1.38) 0.8605 1.03 (0.76 - 1.39)
COL1A1 rs2075559 0.5259 1.1 (0.82 - 1.48) 0.733 1.06 (0.77 - 1.44)
COL1A1 rs2857396 0.4609 0.82 (0.49 - 1.39) 0.3865 0.79 (0.47 - 1.34)
COL1A1 rs2696247 0.6752 0.91 (0.6 - 1.39) 0.7795 0.94 (0.61 - 1.45)
COL1A1 rs2586494 0.777 0.95 (0.65 - 1.38) 0.7323 0.93 (0.63 - 1.39)
COL1A1 rs16948765 0.2232 0.68 (0.37 - 1.27) 0.2339 0.7 (0.39 - 1.26)
COL1A1 rs2586498 0.8386 1.03 (0.76 - 1.4) 0.5904 1.09 (0.8 - 1.48)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for age, gender and POAG

diagnosis (POAG or control)
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APPENDIX 12 - TAQMAN ASSOCIATION STUDY SNP TABLE

Table A12.1 List of SNPs within each candidate region that were included in the TaqMan® association study

Genomic region SNP Ch Position Alleles Comment
T™MCO1 rs10800149 1 163951691 [A/C]
rs10800150 1 163951706 [C/T]
rs4656461 1 163953829 [C/T]
rs1913845 1 163962203 [T/C]
rs12059327 1 163965807 [C/T]
rs6426940 1 164000107 (o7a]
rs7518099 1 164003504 [C/T]
rs2814471 1 164006222 [C/T]
CAV2 rs8940 7 115933310 [G/C] BeadXpress
rs1052990 7 115935606 [C/A]
rs6466578 7 115938105 [C/T] BeadXpress
rs3919515 7 115939020 [C/G] BeadXpress
rs10227696 7 115949183 [A/G]
rs4236601 7 115949965 [A/G] BeadXpress
CAV1 rs917664 7 115954680 [A/T]
rs3779512 7 115958299 [C/A] BeadXpress
rs3807986 7 115965061 [T/C] BeadXpress
rs3807989 7 115973477 [CIT]
rs3779514 7 115976419 [A/G]
rs3815412 7 115977929 [G/A]
rs8713 7 115987033 [C/A]
CDKN2B rs2069422 9 21998026 [G/T]
rs7049105 9 22018801 [A/G]
rs2151280 9 22024719 [A/G]
rs7851706 9 22037437 [T/C]
rs10120688 9 22046499 [A/G]
rs16905597 9 22058074 [A/G]
rs16905599 9 22059144 [T/C]
rs16923583 9 22063334 [A/T]
rs1547705 9 22072375 [CIA]
rs1537370 9 22074310 [C/T]
rs10965235 9 22105105 [A/C]
rs4990722 9 22105217 [T/IG]
rs17761446 9 22108102 [GIT]
rs1333049 9 22115503 [C/G]
rs1333050 9 22115913 [T/C]
rs10811658 9 22118600 [A/G]
rs12347779 9 22118709 [G/C]
rs10965245 9 22120515 [A/G]
rs2383208 9 22122076 [G/A]
SIX1/6 rs2350890 14 59855477 [T/C]
rs4901977 14 59858929 [G/A]
rs8012339 14 59867298 [C/A]
rs1266416 14 59892415 [T/C]
rs3759688 14 60045332 [A/C]
rs11849906 14 60089312 [G/A] BeadXpress
rs10148202 14 60125693 [A/G]
rs7156317 14 60157493 [G/A] BeadXpress
rs7146104 14 60159089 [A/G] BeadXpress

Ch, chromosome; BeadXpress, SNPs genotyped in both the TaqMan® and the BeadXpress study
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APPENDIX 13 - INDIVIDUALS IN WHOM TAQMAN GENOTYPING

WAS SUCCESSFUL

Table A13.1 Demographic features of study subjects in whom TaqMan® genotyping was successful

Group Total POAG Control p Adjusted p
n 366 179 187
Female (%) 181 (49.5) 84 (46.9) 97 (51.9) 0.344 9
Age (years) Range 22 -87 50 - 91
Mean + SD 59.4 +13.6 69.9+84 <0.001 %
FAMILY HISTORY
Family history of glaucoma (%) 11 (6.1) N/A
Family history of blindness (%) 41 (22.9) 13 (7.0) <0.001¢q
HOME LANGUAGE 0.740 x
Afrikaans (%) 6 (1.6) 3(1.7) 3(1.6)
IsiNdebele (%) 4(1.1) 1(0.6) 3(1.6)
Sepedi (%) 30(8.2) 15 (8.4) 15 (8.0)
Sesotho (%) 58 (15.9) 25 (14.0) 33(17.6)
Siswati (%) 5 (1.4) 1(0.6) 4(2.1)
Xitsonga (%) 18 (5.36) 10 (5.6) 8(4.3)
Setswana (%) 61 (16.7) 26 (14.5) 35(18.7)
Tshivenda (%) 11 (3.0) 7 (3.9) 4(2.1)
IsiXhosa (%) 29 (7.9) 16 (8.9) 13 (7.0)
IsiZulu (%) 142 (38.8) 74 (41.3) 68 (36.4)
Other (%) 2(0.6) 1(0.6) 1(0.5)
MEDICAL HISTORY
DM (%) 110 (30.1) 41 (22.9) 69 (36.9) 0.004 0.101
Type | 7 (6.4) 5(12.2) 2(2.9) 0.100 0.165
Diabetic retinopathy 24 (21.8) 4(9.8) 20 (29.0) 0.019 x 0.011
HT (%) 224 (61.2) 95 (53.1) 129 (69.0) 0.002 9 0.828

DM, diabetic; HT, hypertensive; Adjusted p, p adjusted for age and gender in a logistic regression model

9 Pearson's ¥ test
* Fisher's exact test
§ T-test
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Table A13.2 Clinical features of study subjects in whom TagMan® genotyping was successful

Group POAG Control p (t-test) Adjusted p
n 179 187
SVI (%) 89 (49.7)
Glaucoma drainage surgery (%) 91 (50.8)
Age at diagnosis (years) n 146
Range 17 - 84
Mean + SD 54.1+13.7
Juvenile onset (%) 22 (12.3)
MAP (mmHg) n 157 135
Range 73.3-140.0 61.3-146.0
Mean + SD 100.6 £ 13.3 98.9+ 144 0.295
IOP (mmHg) n 147 187
Range 18 - 68 6-19
Mean + SD 352+95 13.2+27 <0.001
NTG (%) 5 (2.8%)
CCT (um) n 162 148
Range 379 - 586 420 - 609
Mean + SD 505.6 + 37.9 515.6 + 37.6 0.021 0.007
VCDR n 179 187
Range 0.3-1.0 0.1-0.6
Mean + SD 0.89+0.13 0.38+0.13 <0.001

SVI, Snellen visual acuity < 6/60 in at least one eye secondary to glaucoma; MAP, Mean arterial pressure; IOP, IOP at

diagnosis for POAG subjects or at enrolment for control subjects

Adjusted p, p adjusted for age and gender in a logistic regression model
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Figure A13.1 Comparison of the demographics of the POAG and control participants in the entire study population (POAG 1,
Control 1) and in the POAG and control participants in whom TagMan® genotyping was successful (POAG 2, Control 2). The y-
axis represents frequency in percent and each demographic criterion is represented along the x-axis.

FH Glaucoma, family history of glaucoma; FH blindness, family history of blindness; DM, diabetes mellitus; T1 DM, type 1
diabetes mellitus; DR, diabetic retinopathy; HT, hypertensive
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Figure A13.2 First language spoken: comparison of the proportions of POAG and control participants in the entire study
population (POAG 1, Control 1) and in the POAG and control participants in whom TaqMan® genotyping was successful
(POAG 2, Control 2). The y-axis represents frequency in percent and the languages are represented along the x-axis.
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Figure A13.3 Box-and-whisker plots in the POAG and control participants in the entire study population (POAG 1 and Control 1)
and in the POAG and control participants in whom TagMan® genotyping was successful (POAG 2 and Control 2) of:

A - Age

B - Mean arterial pressure (MAP)

C - Intraocular pressure (IOP) in mmHg

D - Vertical cup-to-disc ratio (VCDR)

E - Central corneal thickness (CCT) in ym

The bottom and top of the box are the lower and upper quartiles respectively, and the band near the middle of the box is the
median. The ends of the whiskers represent the upper and lower adjacent values. Any data not included between the whiskers
is plotted as an outlier with a dot.
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APPENDIX 14 - POAG ASSOCIATION ANALYSIS IN THE TAQMAN

STUDY

Table A14.1 Single SNP association testing with a diagnosis of POAG in the South African study population

2

Genomic region Ch  SNP MA MAF MAF X p p*
POAG Controls

TMCO1 1 rs10800149 A 0.19 0.19 0.0756 0.7834 0.8520
TMCO1 1 rs10800150 Cc 0.49 0.44 1.6610 0.1974 0.2110
TMCO1 1 rs4656461 Cc 0.32 0.28 1.3020 0.2539 0.2620
TMCO1 1 rs1913845 T 0.12 0.13 0.0373 0.8470 0.9118
TMCO1 1 rs12059327 Cc 0.15 0.13 0.7616 0.3828 0.3989
TMCO1 1 rs6426940 Cc 0.40 0.40 0.0006 0.9797 1.0000
TMCO1 1 rs7518099 Cc 0.08 0.07 0.5033 0.4781 0.4841
TMCO1 1 rs2814471 Cc 0.17 0.16 0.0269 0.8698 0.9214
CAV1/2 7 rs8940 G 0.20 0.18 0.1926 0.6608 0.7072
CAV1/2 7 rs1052990 Cc 0.45 0.44 0.1984 0.6560 0.7103
CAV1/2 7 rs6466578 Cc 0.15 0.13 0.6718 0.4124 0.4521
CAV1/2 7 rs3919515 Cc 0.37 0.39 0.2051 0.6506 0.7036
CAV1/2 7 rs10227696 A 0.17 0.16 0.0670 0.7958 0.8421
CAV1/2 7 rs4236601 A 0.41 0.39 0.2750 0.6000 0.6517
CAV1/2 7 rs917664 T 0.48 0.46 0.3901 0.5322 0.5565
CAV1/2 7 rs3807986 T 0.26 0.25 0.0705 0.7906 0.7998
CAV1/2 7 rs3807989 Cc 0.24 0.21 0.9682 0.3251 0.3315
CAV1/2 7 rs3779514 A 0.23 0.26 0.7522 0.3858 0.3932
CAV1/2 7 rs3815412 G 0.46 0.46 0.0158 0.9001 0.9413
CAV1/2 7 rs8713 Cc 0.33 0.36 0.5337 0.4651 0.4880
CDKN2BAS-1 9 rs2069422 G 0.11 0.10 0.3740 0.5409 0.5538
CDKN2BAS-1 9 rs7049105 A 0.18 0.20 0.2130 0.6444 0.7091
CDKN2BAS-1 9 rs2151280 A 0.22 0.21 0.1910 0.6621 0.7217
CDKN2BAS-1 9 rs7851706 T 0.16 0.14 0.5826 0.4453 0.4688
CDKN2BAS-1 9 rs10120688 A 0.38 0.39 0.0842 0.7717 0.8211
CDKN2BAS-1 9 rs16905597 A 0.07 0.10 1.9530 0.1623 0.1790
CDKN2BAS-1 9 rs16905599 T 0.26 0.26 0.0217 0.8830 0.9332
CDKN2BAS-1 9 rs16923583 A 0.18 0.20 0.4572 0.4989 0.5168
CDKN2BAS-1 9 rs1547705 Cc 0.22 0.24 0.4247 0.5146 0.5358
CDKN2BAS-1 9 rs1537370 Cc 0.35 0.31 1.1380 0.2860 0.3057
CDKN2BAS-1 9 rs10965235 Cc 0.47 0.47 0.0106 0.9182 0.9414
CDKN2BAS-1 9 rs4990722 T 0.14 0.13 0.2575 0.6119 0.6698
CDKN2BAS-1 9 rs17761446 G 0.04 0.04 0.2027 0.6525 0.7074
CDKN2BAS-1 9 rs1333049 Cc 0.24 0.24 0.0048 0.9446 1.0000
CDKN2BAS-1 9 rs1333050 T 0.12 0.12 0.0000 0.9961 1.0000
CDKN2BAS-1 9 rs10811658 G 0.47 0.48 0.1581 0.6909 0.7116
CDKN2BAS-1 9 rs12347779 G 0.02 0.03 0.0188 0.8911 1.0000
CDKN2BAS-1 9 rs10965245 A 0.24 0.26 0.2642 0.6072 0.6092
CDKN2BAS-1 9 rs2383208 G 0.24 0.24 0.0030 0.9566 1.0000
SIX1/6 14 rs2350890 Cc 0.48 0.50 0.2715 0.6024 0.6080
SIX1/6 14 rs4901977 G 0.48 0.48 0.0595 0.8073 0.8259
SIX1/6 14 rs8012339 Cc 0.24 0.24 0.0598 0.8069 0.8638
SIX1/6 14 rs1266416 Cc 0.36 0.38 0.5065 0.4767 0.4940
SIX1/6 14 rs3759688 A 0.21 0.19 0.4380 0.5081 0.5211
SIX1/6 14 rs11849906 G 0.05 0.03 2.0860 0.1486 0.1850
SIX1/6 14 rs10148202 A 0.14 0.12 0.3084 0.5787 0.5878
SIX1/6 14 rs7156317 A 0.48 0.51 0.4461 0.5042 0.5096
SIX1/6 14 rs7146104 A 0.08 0.07 0.0942 0.7589 0.7841

Ch, Chromosome; MA, minor allele; MAF, minor allele frequency; p, p-value obtained from the ¥ test; p*, p-value from

Fisher's exact test
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Table A14.2 Logistic regression modelling of single SNP association with POAG in the South African study population

Genomic SNP p1 OR1 (95% CI) p2 OR2 (95% Cl) p3 OR3 (95% CI)
region

TMCO1 rs10800149 0.7834 0.95(0.66-1.37) 0.7895 0.95(0.67-1.36) 0.5628 0.89 (0.6 - 1.32)
TMCO1 rs10800150 0.1974 1.21(0.91-1.61) 0.1961 1.21(0.91-1.61) 0.2212 1.22 (0.89 - 1.68)
TMCO1 rs4656461  0.2539 1.2(0.88-1.65)  0.2416 1.21(0.88-1.65) 0.1501 1.29 (0.91 - 1.83)
TMCO1 rs1913845  0.847  0.96 (0.62-1.48) 0.8078 0.95(0.61-1.48) 0.5084 0.85 (0.51 - 1.39)
TMCO1 rs12059327 0.3828 1.2(0.79-1.82)  0.379 1.21(0.79-1.83) 0.4069 1.22 (0.76 - 1.95)
TMCO1 rs6426940  0.9797 1 (0.74 - 1.34) 0.9259 0.99 (0.73-1.33) 0.6474 0.93 (0.67 - 1.29)
TMCO1 rs7518099  0.4781 1.22(0.7-2.13) 04563 1.23(0.71-2.13) 0.356  1.32 (0.73 - 2.36)
TMCO1 rs2814471  0.8698 1.03(0.7-1.52)  0.8338 1.04(0.7-1.56)  0.7302 1.08 (0.7 - 1.67)
CAV1/2 rs8940 0.6608 1.09 (0.75-1.57) 0.6495 1.09 (0.75-1.58) 0.6762 1.09 (0.72 - 1.65)
CAV1/2 rs1052990  0.656  1.07 (0.8-1.43)  0.6757 1.06 (0.8-1.42)  0.9953 1(0.73 - 1.37)
CAV1/2 rs6466578  0.4124 1.19(0.78-1.82) 0416  1.19(0.79-1.79) 0.3496 1.24 (0.79 - 1.95)
CAV1/2 rs3919515  0.6506 0.93 (0.69-1.26) 0.6692 0.94 (0.7-1.25)  0.6988 0.94 (0.68 - 1.29)
CAV1/2 rs10227696 0.7958 1.05(0.71-1.56) 0.7763 1.06 (0.71-1.58) 0.637  1.11(0.72-1.73)
CAV1/2 rs4236601 0.6 1.08 (0.81-1.45) 06252 1.08(0.8-1.45) 07364 1.06 (0.77 - 1.46)
CAV1/2 rs917664 05322 1.1(0.82-1.46)  0.5643 1.09 (0.81-1.46) 0.7561 1.05(0.76 - 1.45)
CAV1/2 rs3807986  0.7906 1.05(0.75-1.46) 0.8378 1.03(0.75-1.43) 0.8932 0.98 (0.68-1.4)
CAV1/2 rs3807989  0.3251 1.19(0.84-1.69) 0.3359 1.19 (0.84-1.69) 0.4339 1.17 (0.79 - 1.72)
CAV1/2 rs3779514  0.3858 0.86 (0.62-1.21) 0.3955 0.86(0.61-1.21) 0.3364 0.83 (0.57 - 1.21)
CAV1/2 rs3815412  0.9001 0.98 (0.74-1.31) 0.8711 0.98(0.72-1.32) 0.805  0.96 (0.68 - 1.34)
CAV1/2 rs8713 0.4651 0.89(0.66-1.21) 04737 0.9(0.67-1.21)  0.7504 0.95 (0.68 - 1.32)
CDKN2BAS-1  rs2069422  0.5409 1.16 (0.73-1.85) 0.5559 1.15(0.72-1.86) 0.4143 1.24 (0.74 - 2.1)
CDKN2BAS-1  rs7049105  0.6444 092 (0.64-1.32) 0.6261 0.91(0.62-1.33) 0.7862 0.94 (0.63 - 1.42)
CDKN2BAS-1  rs2151280  0.6621 1.08 (0.76-1.53) 0.6869 1.08 (0.75-1.55) 0.6001 1.11(0.75 - 1.66)
CDKN2BAS-1  rs7851706  0.4453 1.17 (0.78-1.76) 0.4567 1.17 (0.78-1.76)  0.4332 1.2 (0.76 - 1.89)
CDKN2BAS-1  rs10120688 0.7717 0.96 (0.71-1.29) 0.7579 0.95(0.71-1.29) 0.9766 1.01 (0.72 - 1.39)
CDKN2BAS-1  rs16905597 0.1623 0.68 (0.4-1.17)  0.1579 0.67 (0.39-1.17)  0.1849 0.67 (0.37 - 1.21)
CDKN2BAS-1  rs16905599 0.883  0.98 (0.7-1.36)  0.8897 0.98(0.7-1.36)  0.9161 0.98 (0.69 - 1.4)
CDKN2BAS-1  rs16923583 0.4989 0.88 (0.61-1.27) 0.5061 0.89(0.62-1.27) 0.6743 0.92(0.62 - 1.36)
CDKN2BAS-1  rs1547705 05146 0.89 (0.63-1.26) 0.5102 0.89(0.63-1.26) 0.5286 0.88 (0.6 - 1.3)
CDKN2BAS-1 rs1537370  0.286  1.18 (0.87-1.61) 0.2642 1.21(0.87-1.68) 0.3542 1.19(0.82-1.72)
CDKN2BAS-1  rs10965235 0.9182 0.99 (0.74-1.31) 0.9109 0.98 (0.73-1.33) 0.9136 0.98 (0.7 - 1.37)
CDKN2BAS-1  rs4990722  0.6119 1.11(0.73-1.69) 0.6089 1.12(0.73-1.73) 0.9064 1.03 (0.63 - 1.67)
CDKN2BAS-1  rs17761446 0.6525 0.84 (0.4-1.78)  0.7115 0.87 (0.42-1.82) 0.7201 1.16 (0.52 - 2.56)
CDKN2BAS-1  rs1333049  0.9446 1.01(0.72-1.42) 0.9651 1.01(0.71-1.42) 0.4936 0.88 (0.6 - 1.28)
CDKN2BAS-1  rs1333050  0.9961 1 (0.64 - 1.55) 0.9937 1(0.64 - 1.56) 0.7991 1.07 (0.66 - 1.73)
CDKN2BAS-1  rs10811658 0.6909 0.94 (0.71-1.26) 0.6776 0.94 (0.7-1.26)  0.3099 0.85 (0.61-1.17)
CDKN2BAS-1  rs12347779 0.8911 0.94 (0.38-2.34) 0.8434 0.92 (0.38-2.21) 05713 0.76 (0.29 - 1.97)
CDKN2BAS-1  rs10965245 0.6072 0.92 (0.65-1.28) 0.6363 0.92(0.66-1.29) 0.8392 0.96 (0.67 - 1.39)
CDKN2BAS-1  rs2383208  0.9566 0.99 (0.71-1.39) 0.9945 1 (0.72 - 1.4) 0.2564 1.24 (0.85 - 1.8)
SIX1/6 rs2350890  0.6024 0.93 (0.69-1.24) 0.5413 0.91(0.67-1.23) 0.3904 0.86 (0.62 - 1.21)
SIX1/6 rs4901977  0.8073 0.96 (0.72-1.29) 0.8115 0.97 (0.73-1.28)  0.8347 0.97 (0.71 - 1.33)
SIX1/6 rs8012339  0.8069 1.04 (0.75-1.46) 0.7806 1.05(0.75-1.46) 0.9856 1 (0.69 - 1.44)
SIX1/6 rs1266416  0.4767 0.9(0.67-1.21) 04522 0.89(0.66-1.2)  0.3657 0.86 (0.62-1.2)
SIX1/6 rs3759688  0.5081 1.13(0.79-1.62) 0.4926 1.13(0.8-1.61)  0.4002 1.18(0.8-1.73)
SIX1/6 rs11849906 0.1486 1.75(0.81-3.75) 0.159  1.75(0.8-3.83)  0.0814 2.15(0.91 - 5.06)
SIX1/6 rs10148202 0.5787 1.13(0.74-1.73) 0.6018 1.12(0.74-1.68) 0.6664 1.1(0.7-1.73)
SIX1/6 rs7156317  0.5042 0.91(0.68-1.21) 05128 0.91(0.68-1.21) 0.4774 0.89 (0.65 - 1.23)
SIX1/6 rs7146104  0.7589 1.09 (0.63-1.87) 07323 1.1(0.84-1.89)  0.4797 1.24 (0.68 - 2.27)

OR (95% ClI), Odds ratio (95% confidence intervals); p1/OR1, unadjusted; p2/OR2, adjusted for gender; p3/OR3, adjusted
for age and gender
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