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Abstract

Background

Recently nonsynonymous coding variants in the ankyrin repeats and suppressor of cytokine
signaling box-containing protein 10 (ASB10) gene were found to be associated with primary
open angle glaucoma (POAG) in cohorts from Oregon and Germany, but this finding was
not confirmed in an independent cohort from lowa. The aim of the current study was to
assess the role of ASB10 gene variants in Pakistani glaucoma patients.

Methods

Sanger sequencing of the coding exons and splice junctions of the ASB10 gene was per-
formed in 30 probands of multiplex POAG families, 208 sporadic POAG patients and 151
healthy controls from Pakistan. Genotypic associations of individual variants with POAG
were analyzed with the Fisher’s exact or Chi-square test.

Results

In total 24 variants were identified in POAG probands and sporadic patients, including 11
novel variants and 13 known variants. 13 of the variants were nonsynonymous, 6 were syn-
onymous, and 5 were intronic. Three nonsynonymous variants (p.Arg49Cys, p.Arg237Gly,
p.Arg453Cys) identified in the probands were not segregating in the respective families.
This is not surprising since glaucoma is a multifactorial disease, and multiple factors are
likely to be involved in the disease manifestation in these families. However a nonsynon-
ymous variant, p.Arg453Cys (rs3800791), was found in 6 sporadic POAG patients but not
in controls, suggesting that it infers increased risk for the disease. In addition, one synony-
mous variant was found to be associated with sporadic POAG: p.Ala290Ala and the associ-
ation of the variant with POAG remained significant after correction for multiple testing
(uncorrected p-value 0.002, corrected p-value 0.047). The cumulative burden of rare,
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nonsynonymous variants was significantly higher in sporadic POAG patients compared to
control individuals (p-value 0.000006).

Conclusions

Variants in ASB10 were found to be significantly associated with sporadic POAG in the
Pakistani population. This supports previous findings that sequence variants in the ASB10
gene may act as a risk factor for glaucoma.

Introduction

Glaucoma is a group of heterogeneous optic neuropathies and a leading cause of irreversible
blindness, affecting approximately 70 million individuals worldwide [1, 2]. One of the major
risk factors for glaucoma is an abnormal elevation of intraocular pressure (IOP). Glaucoma
causes an irreversible destruction of the optic nerve, which ultimately affects the central visual
pathway. This involves the degeneration and death of the retinal ganglion cells, which leads to
a progressive deterioration of the visual field [3].

The cellular and molecular mechanisms underlying glaucoma are not yet fully understood.
Family-based linkage analysis and case-control studies have shown that genetic variants con-
tribute to the pathogenesis of POAG [4-8]. At least 16 chromosomal loci for POAG have been
reported [4-6]. To date, several causative genes and 16 POAG-associated loci have been identi-
fied, including myocilin (MYOC/GLC1A; MIM 601652) [7, 8], optineurin (OPTN/GLCIE;
MIM 137760) [9], WD repeat domain 36 (WDR36/GLC1G; MIM 609669) [10, 6], cytochrome
P450 1B1 (CYPIBI; MIM 231300) [11,12]. In addition, genome-wide association studies have
detected several POAG-associated gene variants, some potentially acting at the level of the tra-
becular meshwork (associated with elevated IOP), and others possibly at the level of the retinal
ganglion cells [13-16].

Recently, ankyrin repeats and suppressor of cytokine signalling (SOCS) box-containing pro-
tein 10 (ASB10) has been identified as a novel POAG candidate gene (MIM 603383) located at
chromosome 7q35-q36, the GLCIF locus. Further support was provided by the additional
screening of the POAG patients from Oregon and Germany [17], but this was not confirmed
in an independent POAG cohort from Iowa [18]. In the current study we further investigated
the role of the ASB10 gene in glaucoma families and sporadic POAG patients from Pakistan.

Materials and Methods
Subjects

Thirty families with juvenile- and adult-onset POAG (age range 16-60 years), 208 sporadic
Pakistani POAG patients with a mean age of 55.3+1.2 years (51% male and 49% female), and
151 healthy controls with a mean age of 53.7£1.1 years (53% male, 47% female) were included
in this study. Probands of all the families included in the current study were excluded for the
variants in the CYP1BI1, MYOC, OPTN, WDR36 genes.

Ethics statement

The study adhered to the guidelines of the Declaration of Helsinki and was approved by the
Institutional Review Board of Al-Shifa Eye Trust Hospital. After signed informed consents
were obtained, blood samples were collected for DNA isolation.
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Clinical evaluations

Complete ophthalmic examinations were performed for patients and controls. Juvenile-onset
POAG was diagnosed between age 3 years and early adulthood (<35 years). Adult-onset
POAG was diagnosed at adulthood, usually after 35 years of age. Briefly, for POAG patients
the inclusion criteria were high IOP (>21 mmHg) measured using Goldmann applanation
tonometry, a cup-to-disc ratio (CDR) >0.7 with thinning or notching of the disc rim [19], and
visual field defects. Visual field defects typical of glaucoma such as arcuate scotoma, nasal step
and paracentral scotoma were determined with a Humphrey Field Analyzer (Zeiss Humphrey
Systems, Dublin, CA, USA), and an open anterior chamber angle was confirmed with gonio-
scopy. Although high IOP is not part of the definition of glaucoma, we used strict criteria to
exclude other types of glaucoma in our cohort. Controls and cases were matched for age, gen-
der and ethnicity. The same detailed ophthalmological examinations were done for the controls
as for the glaucoma patients, and only control individuals without glaucoma were selected.

DNA isolation and genetic analysis

A conventional phenol-chloroform method was used for the extraction of genomic DNA from
whole blood [20]. Primers flanking the entire coding sequence of ASBI10 were designed with
Primer3 software (primer sequences and PCR conditions are available on request). The ampli-
fied region covered at least 50 base pairs into each intron to screen for potential mutations
affecting splicing. PCR products were visualized on 2% agarose gel and purified with PCR
clean-up purification plates (NucleoFast®™ 96 PCR, MACHEREY-NAGEL, Germany), accord-
ing to the manufacturer’s protocol. Purified PCR products were analyzed by Sanger sequencing
in an automated DNA sequencer (Big Dye Terminator, version 3 on a 3730 DNA analyzer;
Applied Biosystems, Inc., Foster City, CA). Sequencing results were aligned with the reference
sequence (obtained from the hgl9 human genome build) and analyzed using Vector NTI
Advance (TM) 2011 software (Invitrogen).

In silico analysis

In addition, the pathogenicity of ASB10 missense variants was evaluated by publically available
tools including PhyloP, Grantham, PolyPhen2, and SIFT [21]. Evolutionary conservation was
determined for variants which were predicted pathogenic by PolyPhen2 and SIFT, or had a
high Grantham distance or PhlyoP score. To assess the amino acid conservation, orthologous
ASB10 protein sequences of various species were aligned using Vector NTT Advance (TM)
2011 software. The amino acid sequences were obtained from protein sequence database Uni-
Prot (http://www.uniprot.org).

Statistical analysis

The genotype frequency of individual sequence variants in the ASB10 gene was compared
between sporadic POAG patients and control individuals using a Fisher’s exact test for rare
variants (n<5), and a Chi-square test for common variants. P-value <0.002 was considered
significant after correction for multiple testing (o/number of variants) [22], (https://www.
easycalculation.com/statistics/bonferroni-correction-calculator.php).

Results

Analysis of the ASB10 gene in 30 probands (one per family) of Pakistani glaucoma families
revealed six nonsynonymous, two synonymous, and two intronic variants (Tables 1 and 2).
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Fig 1. Pedigrees of consanguineous Pakistani glaucoma families, with a probable autosomal dominant inheritance pattern. Segregation analysis of
three nonsynonmous variants: (1A) represents segregation of p.Arg49Cys, (1B) segregation of p.Arg237Gly change, (1C) shows p.Arg453Cys variant
segregation, Variant allele is indicated with an “M1(p.Arg49Cys), M2(p.Arg237Gly) and M3(p.Arg453Cys)”, and the wildtype allele indicated with “WT” for the
three variations. This demonstrates that the variants do not segregate with the disease in the respective families. The proband is indicated with an arrow.

doi:10.1371/journal.pone.0145005.g001

Of these variants, three nonsynonymous variants (p.Arg49Cys, p.Arg237Gly, p.Arg453Cys)
were not detected in control individuals (Table 1). However, none of the variants segregate
with the disease in the family members of the probands (Fig 1). However individual III:2, who
is homozygous for the pArg453Cys variant, has a more severe phenotype compared to his sibs.
He was diagnosed with bilateral glaucoma in the age of 15 years. He was subjected to two trabe-
culectomies to control the IOP of both eyes (right 42mmHg; left 38mmHg). The cup-to-disc
ratios of both eyes were also high (0.9). He lost the vision in both eyes at age 35, presenting
visual acuities of 20/25 and 20/60 with tubular visual fields (less than 10°). He still needs to use
prostaglandin analogs to lower his IOP.

Sequence analysis of the ASB10 gene was further extended to a Pakistani cohort of 208 spo-
radic POAG patients and 151 controls. In addition to the above mentioned variants, 14 addi-
tional variants were identified in sporadic POAG patients. Of these, seven variants were
nonsynonymous, 4 synonymous and 3 were intronic variants (Tables 1 and 2). Five nonsynon-
ymous variants (p.Val62Met, p.GIn295His, p.Arg296Gln, p.Arg304Cys, p.Arg447His) identi-
fied in POAG patients were not detected in control individuals. Conversely, no
nonsynonymous, synonymous and intronic variants were identified that are present in control
individuals but not in POAG patients.

Association of each individual nonsynonymous, synonymous and intronic variant with
POAG was assessed (Tables 1 and 2). One rare nonsynonymous variant (p.Arg453Cys) was
detected in 6 sporadic POAG patients, but not in control individuals (p [uncorrected] = 0.04).
However, this difference also did not remain significant after correction for multiple testing (p
[corrected] = 0.62). One common synonymous variant (p.Ala290Ala) was detected heterozy-
gously more frequently in POAG patients (49%) and probands (50%) compared to control
individuals (33%), and the difference in genotype frequencies remained significant after correc-
tion for multiple testing (p [uncorrected] = 0.002, p [corrected] = 0.047).

PLOS ONE | DOI:10.1371/journal.pone.0145005 December 29, 2015 6/10
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Table 3. Burden test for rare nonsynonymous variants identified in POAG patients and controls in different cohorts.

Pakistan
Patient 23/238 (9.7%)
Control 2/151 (1.3%)
p-value 0.0005

doi:10.1371/journal.pone.0145005.1003

lowa [19] Germany and US [18] Combined form 3 studies
13/158 (8.2%) 70/1172 (6.0%) 106/1468 (7.2%)

3/82 (3.7%) 13/461 (2.8%) 18/694 (2.6%)

0.27 0.008 0.000006

One variant (c.1218+42T>C) was found more frequently in control individuals than in
POAG patients but the frequencies of three genotypes in patients compared to controls shows
a trend towards association (p [uncorrected] = 0.04), suggesting it might have a protective role,
but this did not remain significant after correction for multiple testing (p [corrected] = 0.62).

Collectively, nonsynonymous variants were detected in 106/1468 (7.2%) patients, and in 18/
694 (2.6%) controls after excluding the common variants (¢.1075 G>A, c.1114 C>T,
c.1204C>A). A significant difference in number of variants in patients compared to controls
was observed (p-value 0.000006) upon combing the number of patients and controls of the cur-
rent and previous two studies (Table 3).

Six of the 10 rare, nonsynonymous variants are predicted to be pathogenic by at least 2 path-
ogenicity prediction tools (p.Arg49Cys, p.Val62Met, p.Arg237Gly, p.Arg304Cys, p.Leu342Pro,
p-Arg447His) (Table 1). In addition, seven variants (p.Glu229Asp, p.Arg296GIn, p.Val3591le,
p-Arg372Cys, p.Pro420Thr, p.Arg447His, p.Arg453Cys) affect amino acids that are highly con-
served during evolution (Fig 2).

Discussion

In a recent study, ASB10 was identified as a novel gene for glaucoma at the GLCI1F locus. A
synonymous variant (c.765C>T; p.Thr255Thr) was identified in a large family with POAG,
which was found to segregate with the disease. Further support was provided by the identifica-
tion of ASBI10 variants in POAG patients from Oregon and Germany [17]. A few additional
variants were identified in POAG patients from Iowa, but they were reported not to be signifi-
cantly associated with POAG [18]. In the current study 10 rare amino acid changes were identi-
fied in 23/238 (9.7%) patients (Table 1) compared to 2/151 (1.3%) of the population matched
controls (p-value 0.0005). Similarly in the study performed by Pasutto et al 70 patients were
identified with 26 (6.0%) rare amino acid changes compared to 9 amino acid changes in 13
controls (2.8%) (p-value 0.008). However, in the Iowa cohort 11 rare amino acid substitutions
were detected in 13/158 (8.2%) patients compared to 3/82 (3.7%) controls, and the difference
was not statistically significant (p-value 0.27). Taken together, the burden of rare amino acid
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| R o
Human PIVTRTASGPALAFWQAVLA | LGHVELADLLLRRGA IADQDKQRPLHLACRRGIAALAQSPEHWRALLNHGAVRVWPGALPKVLERWSTC VTPETLQ, GSLPQALPRLPLPPRLLRYLQLD
Chimp PLLCQD----~- MALQNALYT| LGHVELADLLLRRGA |ADQDKQRPLHLACRRG |AALAQS PEHVVRALLNHGAVRVWPGALPKVLERWSTC |V‘I‘PETLQ I GSLPHALPRLPLPPRLLRYLQLD
Monkey PLLCQD----- MALQNALYT| LGHVELADLLLRRGA |ADHDKHRPLHLACRRG | AALAQS PEHVVRALLNHGAVRVWPGALPKVLERWSTC |VPPETLQ | GSLPHALLRLPLPPRLLRYLQLD
Rat PI IVRKASGPALAFWQAVLVI LGHVELADLLLRWGA IADQDKQRPLHLACRHG IAALAQS PEHIVRDLLNHGAVRVWPGALPKVLERWSTC IVPPEILQ | GRLPHALPRLPLPPRMLRYLQLD
Mouse PI IVRKASGPALAFWQAV’LVI LGHVELADLLLRWGA IADQDKQRPLHLACRHG ! TAVAHSPEHTVRDLLNHGAVRVWPGALPKVLERWSTC ,VPPEILQ, GCLPHALPRLPLPPRMLRFLQLD
Rabbit PLLCRD---~-~ MALQNALYTl LGHVELADLLLRRGA |ADQDKLRPLHLACRRG |AALAQSPERMVRALLNHGAVRVWPGALPKVLERWSTC |VPPETLQ | GCLAHALPRLPLPPRLLRYLQLD
Dog PIVTRTASGPALAFWQALLA| LGHVELADLLLRRGA |ADQDKRRPLHLACRRG | AALAQS PERMVRALLNHGAVRVWPGALPKVLERWSTC |[VPLETLQ | ACLPHALPRLPLPPRLLRYLQLD
Cow PLLCPD---—- MALQNALYT| LGHVELADLLLRRGA | ADQDRORPTL.HLACRRG | AATAQS PERMVRALLNHGAVRVWPGALPKVLERWSTC | VPPETLQ | ACLPHALPRLPLPPRLLRYLQLD
Chicken LQ-CQD----~ LLVQNALFT | HGLTDHVQLLLQHGA IADQDHQHPLHLACKNA | YKLEHHPELVVRTLLNYGAIRIWPGSLLKVLRYCNAC IVPAEVVQ | GRLLPVLSQLHLPSALHRFLLLS
Tetraodon AAVCQD-----. AVVQNALYTI NGLPDHVELYLRYGA IADQDRRSPLHMSCK]\IA | YKVLHQPERIVPALLDHGS IRVWPGALPKVLKHCSMS IVPPEVQK| GRVHKVVPKLALPTFIKNYLLLE

Fig 2. Amino acid conservation of amino acids of ASB10 in different species. Mutated amino acids conserved in humans and other species are shown

in blue color.
doi:10.1371/journal.pone.0145005.g002
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changes among all three cohorts, a significant association with POAG (p-value 0.000006) was
observed.

The synonymous variant p.Thr255Thr identified by Pasutto et al. [17] was not found in a
subsequent study from Iowa nor in the current study of Pakistani POAG patients. This suggests
that Thr255Thr is a rare variant that may be population- or region-specific. The Thr255Thr
was reported to affect an exonic splice enhancer, leading to aberrant splicing of the ASB10
transcript.

In the current study we detected a significant association of another synonymous variant
(c.870G>C; p.Ala290Ala), which was also reported previously in POAG patients from Ger-
many, Oregon and Iowa. In the Iowa cohort the p.Ala290Ala variant (labeled as p.Ala275Ala)
was also present at a higher frequency in POAG patients compared to controls with a margin-
ally significant p-value 0.05 [18]. In Pakistani POAG patients a similar frequency of the hetero-
zygous genotype (49%) was observed, and the frequency in controls (33%) was slightly lower
than in the Iowa cohort (p-value 0.01; OR 1.76 [95% CI 1.10-2.83]). However, in the German
cohort the frequency of the heterozygous genotype was higher in controls (57%) compared to
POAG patients (47%) [17]. Therefore, the significance of this association in the pathogenicity
of POAG is unclear.

Interestingly, both synonymous variants, p.Thr255Thr [17] and p.Ala290Ala, are located in
one of the ankyrin repeats. The ankyrin repeat structure and number is an important determi-
nant of the target substrate to which ASB10 protein is bound. Disruption of the repeat structure
by altered splicing may thus affect the substrate binding of ASB10 [23]. Based on an in silico
analysis of exonic splice enhancer sites, we assume that the effect of the p.Ala290Ala variant
may be subtle as the affinity for SRp55 is predicted to be reduced by approximately 40%, while
the splice enhancer (SF2/ASF) site affected by the p.Thr255Thr variant was completely lost. In
a survey by Chen et al it has been observed that both nonsynonymous and synonymous poly-
morphisms have an equal probability of their association with the disease (1.46% versus 1.26%
respectively) [24].

Three rare nonsynonymous variants were analyzed in family members, and did not segre-
gate with the disease in these families. The ASB10 protein is expressed in the retina, the retinal
ganglion cells, the trabecular meshwork, and the ciliary body. The ciliary body is involved in
the production of aqueous humor, and the trabecular meshwork plays a phagocytic role to
clear and regulate the outflow of aqueous humor. In the study of Pasutto et al, silencing of the
ASBI10 gene was shown to lead to a higher resistance in the outflow of aqueous humor in a per-
fused segment organ culture [17]. Recently, evidence has also been provided for the involve-
ment of ASB10 in the ubiquitin-mediated degradation pathways in trabecular meshwork cells
[23].

In summary, the current study demonstrates that variants in ASBI0 are significantly associ-
ated with POAG in the Pakistani population. The current case-control study had 84% power to
confirm the association. This study replicates the previous findings that sequence variants in
the ASBI0 gene may act as a risk factor for glaucoma. Further studies in other populations are
required to better understand the role of ASB10 gene variants in glaucoma.

Acknowledgments

This study was supported by the Stichting Blindenhulp, a Shaffer grant from the Glaucoma
Research Foundation, the Glaucoomfonds, Oogfonds, and the Algemene Nederlandse Vereni-
ging ter Voorkoming van Blindheid (awarded to A. I. den Hollander and S. Micheal). The
funders had no role in study design, data collection and analysis, decision to publish, or prepa-
ration of the manuscript.

PLOS ONE | DOI:10.1371/journal.pone.0145005 December 29, 2015 8/10



@’PLOS ‘ ONE

ASB10 Gene Association with Primary Open Angle Glaucoma

Author Contributions

Conceived and designed the experiments: SM RQ MIK AIdH. Performed the experiments: SM
HA MIK. Analyzed the data: SM HA MIK. Contributed reagents/materials/analysis tools: FI
SNS FA WAK RQ AIdH. Wrote the paper: SM MIK RQ AIdH.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

Quigley HA. Number of people with glaucoma worldwide. Br J Ophthalmol. 1996; 80: 389-93. PMID:
8695555

Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010 and 2020. Br J
Ophthalmol. 2006; 90: 262—267. PMID: 16488940

Kwon YH, Fingert JH, Kuehn MH, Alward WL. Primary open-angle glaucoma. N Engl J Med. 2009;
360: 1113-24. doi: 10.1056/NEJMra0804630 PMID: 19279343

Liu Y, Allingham RR. Molecular genetics in glaucoma. Exp Eye Res. 2011; 93:331-9. doi: 10.1016/].
exer.2011.08.007 PMID: 21871452

Allingham RR, Liu Y, Rhee DJ. The genetics of primary open-angle glaucoma: a review. Exp Eye Res.
2009; 88:837—44. doi: 10.1016/j.exer.2008.11.003 PMID: 19061886

Fingert JH, Robin AL, Stone JL, Roos BR, Davis LK, Scheetz TE, et al. Copy number variations on
chromosome 12q14 in patients with normal tension glaucoma. Hum Mol Genet. 2011; 20: 2482-2494.
doi: 10.1093/hmg/ddr123 PMID: 21447600

Sheffield VC, Stone EM, Alward WL, Drack AV, Johnson AT, Streb LM et al. Genetic linkage of familial
open angle glaucoma to chromosome 1g21-g31. Nat Genet. 1993; 4: 47-50. PMID: 8513321

Stone EM, Fingert JH, Alward WL, Nguyen TD, Polansky JR, Sunden SL, et al. Identification of a gene
that causes primary open angle glaucoma. Science. 1997; 275: 668—70. PMID: 9005853

Rezaie T, Child A, Hitchings R, Brice G, Miller L, Coca-Prados M, et al. Adult-onset primary open-angle
glaucoma caused by mutations in optineurin. Science. 2002; 295: 1077—1079. PMID: 11834836

Monemi S, Spaeth G, DaSilva A, Popinchalk S, llitchev E, Liebmann J, et al. Identification of a novel
adult-onset primary open-angle glaucoma (POAG) gene on 5g22.1. Hum Mol Genet. 2005; 14: 725—
733. PMID: 15677485

Melki R, Colomb E, Lefort N, Brézin AP, Garchon HJ. CYP1B1 mutations in French patients with early-
onset primary open-angle glaucoma. J Med Genet. 2004; 41: 647-51. PMID: 15342693

Micheal S, Ayub H, Zafar SN, Bakker B, Ali M, Akhtar F, et al. Identification of novel CYP1B1 gene
mutations in patients with primary congenital and primary open-angle glaucoma. Clin Experiment
Ophthalmol. 2014. doi: 10.1111/ce0.12369

Burdon KP, Macgregor S, Hewitt AW, Sharma S, Chidlow G, Mills RA, et al. Genome-wide association
study identifies susceptibility loci for open angle glaucoma at TMCO1 and CDKN2B-AS1. Nat Genet.
2011; 43:574-578. doi: 10.1038/ng.824 PMID: 21532571

Thorleifsson G, Walters GB, Hewitt AW, Masson G, Helgason A, DeWan A, et al. Common variants
near CAV1 and CAV2 are associated with primary open angle glaucoma. Nat Genet. 2010; 42: 906—
909. doi: 10.1038/ng.661 PMID: 20835238

Ramdas WD, van Koolwijk LM, Cree AJ, Janssens AC, Amin N, de Jong PT, et al. Common genetic
variants associated with open-angle glaucoma. Ophthalmology. 2011; 118: 2389-2397. doi: 10.1016/j.
ophtha.2011.05.040 PMID: 21872936

Khor CC, Ramdas WD, Vithana EN, Cornes BK, Sim X, Tay WT, et al. Genome-wide association stud-
ies in Asians confirm the involvement of ATOH7 and TGFBRS3, and further identify CARD10 as a novel
locus influencing optic disc area. Hum Mol Genet. 2011; 20: 1864—1872. doi: 10.1093/hmg/ddr060
PMID: 21307088

Pasutto F, Keller KE, Weisschuh N, Sticht H, Samples JR, Yang YF, et al. Variants in ASB10 are asso-
ciated with open-angle glaucoma. Hum Mol Genet. 2012; 21: 1336—1349. doi: 10.1093/hmg/ddr572
PMID: 22156576

Fingert JH, Roos BR, Solivan-Timpe F, Miller KA, Oetting TA, Wang K, et al. Analysis of ASB10 vari-
ants in open angle glaucoma. Hum Mol Genet. 2012; 21: 4543-4548. PMID: 22798626

Francis BA, Varma R, Vigen C, Lai MY, Winarko J, Nguyen B, et al. Population and high-risk group
screening for glaucoma: the Los Angeles Latino Eye Study. Invest Ophthalmol Vis Sci. 2011; 52:
6257—64. doi: 10.1167/iovs.09-5126 PMID: 21245400

Sambrook J, Russell DW, Sambrook J. The condensed protocols from Molecular cloning: a laboratory
manual. Cold Spring Harbor ( NY): Cold Spring Harbor Laboratory Press; 2006.

PLOS ONE | DOI:10.1371/journal.pone.0145005 December 29, 2015 9/10


http://www.ncbi.nlm.nih.gov/pubmed/8695555
http://www.ncbi.nlm.nih.gov/pubmed/16488940
http://dx.doi.org/10.1056/NEJMra0804630
http://www.ncbi.nlm.nih.gov/pubmed/19279343
http://dx.doi.org/10.1016/j.exer.2011.08.007
http://dx.doi.org/10.1016/j.exer.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21871452
http://dx.doi.org/10.1016/j.exer.2008.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19061886
http://dx.doi.org/10.1093/hmg/ddr123
http://www.ncbi.nlm.nih.gov/pubmed/21447600
http://www.ncbi.nlm.nih.gov/pubmed/8513321
http://www.ncbi.nlm.nih.gov/pubmed/9005853
http://www.ncbi.nlm.nih.gov/pubmed/11834836
http://www.ncbi.nlm.nih.gov/pubmed/15677485
http://www.ncbi.nlm.nih.gov/pubmed/15342693
http://dx.doi.org/10.1111/ceo.12369
http://dx.doi.org/10.1038/ng.824
http://www.ncbi.nlm.nih.gov/pubmed/21532571
http://dx.doi.org/10.1038/ng.661
http://www.ncbi.nlm.nih.gov/pubmed/20835238
http://dx.doi.org/10.1016/j.ophtha.2011.05.040
http://dx.doi.org/10.1016/j.ophtha.2011.05.040
http://www.ncbi.nlm.nih.gov/pubmed/21872936
http://dx.doi.org/10.1093/hmg/ddr060
http://www.ncbi.nlm.nih.gov/pubmed/21307088
http://dx.doi.org/10.1093/hmg/ddr572
http://www.ncbi.nlm.nih.gov/pubmed/22156576
http://www.ncbi.nlm.nih.gov/pubmed/22798626
http://dx.doi.org/10.1167/iovs.09-5126
http://www.ncbi.nlm.nih.gov/pubmed/21245400

el e
@ ' PLOS ‘ ONE ASB10 Gene Association with Primary Open Angle Glaucoma

21. NgPC, Henikoff S. SIFT: Predicting amino acid changes that affect protein function. Nucleic Acids Res.
2003; 31:3812-3814. PMID: 12824425

22. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ. 1995; 310(6973): 170.
PMID: 7833759

23. KellerKE, Yang YF, Sun YY, Sykes R, Acott TS, Wirtz MK. Ankyrin repeat and suppressor of cytokine
signaling box containing protein-10 is associated with ubiquitin-mediated degradation pathways in tra-
becular meshwork cells. Mol Vis. 2013; 19: 1639-55. PMID: 23901248

24. Chen R, Davydov EV, Sirota M, Butte AJ. Non-synonymous and synonymous coding SNPs show simi-
lar likelihood and effect size of human disease association. PLoS One. 2010; 5(10):e13574. doi: 10.
1371/journal.pone.0013574 PMID: 21042586

PLOS ONE | DOI:10.1371/journal.pone.0145005 December 29, 2015 10/10


http://www.ncbi.nlm.nih.gov/pubmed/12824425
http://www.ncbi.nlm.nih.gov/pubmed/7833759
http://www.ncbi.nlm.nih.gov/pubmed/23901248
http://dx.doi.org/10.1371/journal.pone.0013574
http://dx.doi.org/10.1371/journal.pone.0013574
http://www.ncbi.nlm.nih.gov/pubmed/21042586

