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Purpose of this study is to identify selected single nucleotide polymorphisms (SNP) of the PAX6 gene and to assess their correlation
with congenital iridofundal colobomas and other congenital ocular anomalies. Material and methods. It was a case-control study done
on 45 patients aged from 75 days to 58 years (mean age 29.36 * 14.4 years) with irido-fundal coloboma and 45 healthy controls aged
35.23 £ 13.92 years. Ocular examination was done by using slit-lamp microscopy inspection, fundoscopy and intraocular pressure
measurement. Genotyping was done by using the polymerase chain reaction — restriction fragment length polymorphism (PCR-RFLP)
method. Results. Two irido — fundal coloboma patients showed CT (+/—) heterozygous genotype of rs667773 SNP and the rest were
wild-type CC (—/—) homozygous genotype. All controls showed CC (—/—) wild-type homozygous genotype. PAX6 SNP rs3026354 showed
CC (—/—) wild-type homozygous genotype condition in all patients. Neither CG (+/—) heterozygous nor homozygous GG (+/+) genotype
was reported in patients and controls. SNP rs662702, genotype pattern was CC (—/—) wild type homozygous in all patients and controls.
CC genotype frequency was 95.56 and CT genotype was 4.4% while C allele frequency was 97.78 and T allele frequency was 2.22 %
in 15667773 C>T SNP. rs3026354C>G SNP had 100% CC genotype and C allele frequency in both case and control populations.
SNP rs 662702C>T showed 100 % CC genotype and C allele frequency in the case and control respectively. Conclusion. The elevated
Sfrequency of the CC genotype with C allele was more common in irido fundal patients. Two heterozygous CT genotype of rs667773C>T SNP
were reported in two irido-fundal coloboma patients.
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Hactota BbIABAEHUA OAHOHYKAEOTMAHOIO
noammopduama PAX6 npu BpPOXAEHHOM
MPUAO(PYHAAABHOM KOAODOME M APYIUX
BPOXXAEHHbIX TAA3HbIX aHOMAAMSX: OMbIT OOAbHMLIbI
TPETUYHOIO YPOBHSA M3 LEeHTpaAbHON MHamK

Wawn AxeitH', Cyaxata Aakxtakus', Mankaax Yoyaxapu', Canaxai Kymap Manaen” =,
lineuapan Aan “YaHapaBaHiwm', AHammka Tusapu'
"MeaunumnHcknii konneax LLesma Lllaxa, kagpeapa o¢pransmonorum, Pesa, Maaxesi-lpaaed, 486001, UHans

2 MeaunuuHckuii konneax LLeama Lllaxa, MHoronpoguisHoe nccaenosatesibckoe rioapasneneHve, Pesa, Maaxbs-lpaaeLd,
486001, Hansa

Ileav pabomer — 6vlsaereHUe 0MOOPAHHBIX OOHOHYKACOMUOHbIX noaumopgusmoe (SNP) eena PAX6 u ouenka ux koppeasyuu
C 8PONCOeHHOU UPUOOPYHOANbHOU KOA0O0MOU U OpYeUMU 8PONCOCHHbIMU AHOMAAUIMU 2na3. Mamepuaa u memodol. B ucciedosanue,
nposedeHHoe 6 ghopmame cAy4ai-KOHMPOAb, GOULAU 45 nayuermos ¢ upudopyrHdarbHoll K01000Moil 6 8o3pacme om 75 Ouell do 58 aem (8
cpeonem 29,36 £ 14,4 200a) u 45 300posuvix auy (cpednuti eozpacm 35,23 £ 13,92 200a). Ogpmanvmonocuueckoe obcredosanue Ka04a10
ouomuxpockonuro, hyHoockonuro u monomempuio. IeHomunupoganue nPo8oOUAOCH MeMOOOM NOAUMEPAZHOU UENHOU PeaKyuu ¢ AHAAU30M
noaumopguszma oaun pecmpuxyuonnvix gpaemenmos (I1LP-IIP®D). Pesyavmamot. Y 0cyx nauuenmos ¢ upuoogyHoarbHol Koa060mMoi
Obin evisaeaen eemeposucomuniii eenomun CT (+/—) SNP rs667773, a y ocmanvhvix 6bin comozueomuwiti eenomun CC (—/—) duxoeo
muna. Y ecex KOHMPOAbHbIX AuY, Obia 8biaeaen comozueomubiil eenomun CC (—/—) dukoeo muna. PAX6 SNP rs3026354 xapakmepu-
306anca CC (—/—) dukoeo muna eomo3ueomHoeo eenomuna y eécex nauuenmos. Hu eemepozueomuviii CG (+/—), HU 20MO3UOMHbLLL
GG (+/+) eenomunvt He ObiaU 3ape2UCMPUPOBAHbL Y NAUUEHMO8 U AUY KOHMPOAbHOU epynnbl. [lammepn cenomuna SNP rs662702
ovin CC (—/—) Odukoeo muna 20MO3U2OMHBIM Y 6CeX NAYUEHMO8 U AuY, KOHmMpoavHoU epynnsl. Yacmoma eenomuna CC cocmasu-
aa 95,56%, a eenomuna CT — 4,4%, ¢ mo eépems kak ywacmoma ainesss C cocmasuna 97,78%, a wacmoma ainens T — 2,22 %
6 15667773 C>T SNP, uacmoma SNP rs3026354C>G eenomuna CC u annensn C 6viaa 100 % kax 6 nonyaayuu nayueHmos, max u 6 KoH-
mpoavrou epynne. Yacmoma SNP rs 662702C>T eenomuna CC u C annens makxce 6viaa 100% y nayuenmos u 6 Konmpose.
3axarouenue. llosviuennas wacmoma CC eenomuna ¢ C annenem Obina 6oaee pacnpocmpaHeHa y NAUUEHMO8 ¢ UpUdo-gyHOANbHOU
Konobomoii. ea ecemeposucomuvix CT eenomuna rs667773C>T SNP Gviau 3apecucmpuposatvt y 08yX HAUUEHMOE8 ¢ UPUAO-PYyHOaAbHOU
K04000MO1l.

Kmouesbie cioBa: momumopdusm; mytauust; ressr; [11[P; RFLP; SNP

KonhmkT nHTEpEeCcOB: OTCYTCTBYET.

IIpo3paunocTb GUHACOBOIT JeATETLHOCTH: ICCISIOBAHME TTOIIEpKaHO JlernapraMeHTOM MEeIMIIMHCKMX UCClienoBaHN MUHUCTepCTBa
3IpaBoOOXpaHeHus 1 OyiarococtossHus cembu, Hpro-/lenmn, Unmus.

Baarogapaoctu: MckpenHnss GiarogapHocTh r-Hy BuBeky Kamkenio 3a ero TeXHMYECKYIO IIOMOIIb.

Jlna maraposanus: Ixxeitx 1., Jlakxrakus C., Yoynxapu I1., I1angeit C.K., Yangpaanmm L1.J1., TuBapu A. YacToTa BBHISIBICHUS
OJHOHYKJICOTUAHOTO moaumopdusma PAX6 mipu BpoXIECHHON MpUAODYHAAIBHON KOJOOOME M APYTMX BPOXKIEHHBIX IJIa3HBIX
AHOMAJIMSIX: OTBIT OOJBHMIIBI TPETMYHOTO YPOBHSI M3 LeHTpanbHoi MHauu. Poccuiickuil oTasbMOJOTMUECKU KypHAaI.
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PAXG6 is located on human chromosome 11pl13, PAX6 deletions of PAX6 were the major causes of aniridia and iris

spans 22 kilobases and contains 14 exons encoding a protein
with 422 amino acids. The PAX6 gene codes a transcriptional
regulator that controlled development of forebrain, pancreas
and ocular tissues, including corneal epithelium, lens
and retina in human [1]. PAX6 gene is also a master control
gene in the development of ocular tissues in invertebrates [2].
Mutations in PAX6 gene lead to a variety of hereditary ocular
malformations of the anterior and posterior segment, including
aniridia, coloboma of the iris, keratitis, congenital cataracts,
Peter’s anomaly, and optic nerve defects [3, 4]. A total
of 300 mutations in the PAX6 gene resulted in different disease
phenotypes, many of which resulted from gain-of-function
or loss-of-function mutations [5]. Mutations or intragenic

coloboma, however, rare cases could be associated with large
chromosomal deletions or rearrangements [6]. Ocular coloboma
is a congenital eye disorder characterized by partial absence
of the iris and fundus coloboma. The aim of this study was
to establish the correlation between PAX6 gene polymorphism
and the development of irido-fundal coloboma.

MATERIAL AND METHODS

The study included 45 patients with congenital iris
colobomas or fundal iris colobomas. Among the patients,
the age ranged from 75 days to 58 years, with a mean
of 29.36 + 14.4 years. With 18 males and 27 females, the male
to female ratio was 2: 3. A total of 45 healthy controls were also
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Table 1. SNPs, Primer sequence, and PCR Conditions
Ta6muua 1. SNP, nocnenoBarenbHOCTb npaitmepa u yciosust [TLP

PAX6 Genes SNPs
OOHOHYKJIEOTUIHbBIC Primer sequence PCR Conditions
MOJTUMOP(PU3MBI [TocnenoBaTeIbHOCTL MpaliMepa Ycnosus TP
reHa PAX6
1s667773C>T 5’-TGGCACAATATGGAAAATCAA-3’F | One cycle at 95 °C for 5 min, 35 cycle of 95 °C for 30s, 62 °C for 40 s
5’-CGGAGCAAACAGGTTTAAAGA-3’R | and 72 °C for 40 s and one final extension cycle at 72 °C for 10 min
Onun 1wk nipu 95 °C B TeyeHue 5 MuH, 35 1ukiioB mipu 95 °C B TeueHue
30 ¢, 62 °C B Teyenue 40 c u 72 °C B TeueHue 40 ¢ ¥ OOUH 3aKIIIOYUTENLHBIIA
vk yummHeHust ipu 72 °C B teueHue 10 MmuH
1s3026354C>G 5-CTCCCAAGCTCCCTAAGCCA-3 F One cycle at 95 °C for 5 min, 35 cycle of 95 °C for 30 s, 63 °C for 40 s
5-CGCCCGAGGCTCTGTACGGC-3-R | and 72 °C for 40 s and one final extension cycle at 72 °C for 10 min
Onmun 1wk npu 95 °C B TeyeHue 5 MuH, 35 1ukiioB mipu 95 °C B TeueHUe
30 ¢, 63 °C B Teuenue 40 c u 72 °C B Teuenue 40 ¢ 1 OOMH 3aKITIOYUTETBHBIIA
uuki yuiuHenust npu 72 °C B Teuenue 10 MuH
1s662702C>T 5-ACCAGACTGTGCTACTTTGC-3' F One cycle at 95 °C for 5 min, 35 cycle of 95 °C for 30 s, 62 °C for 40 s
5" ATTGAGATTCATTGCTCCGG-3-R and 72 °C for 40 s and one final extension cycle at 72 °C for 10 min
Onun uukia npu 95 °C B TeyeHue 5 MuH, 35 1ukiios npu 95 °C B TeueHue
30 ¢, 62 °C B teuenue 40 c u 72 °C B reuenue 40 ¢ ¥ OIMH 3aKIIIOYNTETLHBIIA
kI ywimHeHus npu 72 °C B TeueHue 10 MuH

recruited for comparison of allele frequencies. The control group
had a mean age of 35.23 £ 13.92 years and included 12 males
and 33 females.

The study was conducted in the tertiary care hospital
of Madhya Pradesh, India. The study was approved by Institutional
Human Ethical Committee of college and all participants gave
their written informed consent for the study. A pretested
questionnaire was applied to obtain detailed relevant information
of ophthalmological examination. Study design was case-
control. All patients were informed verbally as well as in written
form about the purpose and the method of the research
and the voluntary nature of participation in the study.
A total 45 cases of congenital ocular coloboma attended
in ophthalmology out-patient department (OPD) for routine
checkup and 45 age and sex matched normal individuals without
any ocular disorder were enrolled as controls. Patient diagnosed
with presence of deficient iris tissue and presence of coloboma
in retina on clinical examination was included in study. Acquired
Coloboma subjects and patients not willing for study were
excluded from study. Both the patients and controls underwent
ophthalmologic examination including bilateral naked eyes visual
acuity, eye ball movement, lid, conjunctiva, cornea, sclera,
anterior chamber, iris, pupil, lens, and fundus by using slit-lamp
microscopy inspection, fundoscopy, retinoscopy, and intraocular
pressure measurement. Visual acuity was examined by Snellen
chart and converted in logMAR value. Examination of ocular
anterior and posterior segments was performed with a slit-lamp
biomicroscope and a binocular indirect ophthalmoscope.

About 2 ml venous blood was collected in EDTA
vacutainers from patients and controls for DNA extraction.
DNA was extracted by kit method (Geneaid Biotech Ltd,
Taiwan). Single nucleotide polymorphisms
(SNP) of the PAX6 gene were selected
from the published literature [7—9].
Primers for two of the three SNPs
were manually designed for polymerase

and 1.5 mM MgCl, concentration was used for all SNPs
to 50 pL reactions. Amplification was performed using
thermo cycler (IGENE LABSERVE) machine. Appropriate
restriction enzymes were used according to the manuals
of the manufacturer. Molecular investigation was done as per
previous published literature [10]. Details of the SNPs, primer
sequence, and PCR conditions are given in table 1. Amplified
product was analysed by horizontal electrophoresis in Ethidium
Bromide containing 2 % Agarose gel while restriction enzyme
digested sample were analyzed on a 3 % Agarose gel. Frequency
distribution used to compare the various parameters and t-test
(Graphpad software, Version 4) was applied to compare
the means of group. The odd ratio (OR), its standard error
&95% confidence interval are calculated according to [11].
P value <0.05 was considered statistically significance.

RESULTS

Congenital ocular anomalies had been documented
in three cases. For the case group, the mean visual acuity
(VA) was 1.65 = 0.83 logMAR in the right eye (RE)
and 1.26 £ 0.55 logMAR in the left eye (LE), while for the control
group it was 0.30 = 0.40 and 0.32 £ 0.46 respectively.
A statistically significant difference was found between RE
and LE when the values were compared between the cases
and controls. The data on demographics and visual acuity
are provided in table 2.

The 45 patients studied had 40 bilateral iris colobomas,
while 22 had unilateral iris colobomas. Nine unilateral cases
involved RE and 13 involved LE. A total of 35 patients had choroidal
colobomas, of which five had isolated choroidal colobomas, while
the remaining 30 patients had both iris and choroidal colobomas.

Table 2. Demographic details & visual acuity data (Snellen measurement of visual acuity converted
to logMAR visual acuity measurements)

Taomuua 2. JIlemMorpaduyeckue JaHHbIC U JaHHBIE 00 OCTPOTE 3peHUs (3HAYCHUST OCTPOTHI 3PEHUS
o CHeJieHy, TpeoOpa3oBaHHbIE B 3HAYE€HUST OCTPOTHI 3peHust logMAR)

chain reaction — restriction fragment | Characters Case Control p-value
length polymorphism (PCR-RFLP). [Tokasarenn [TauueHTs Koutponb 3HayeHue p
Restriction enzymes were selected Age, years

with the help of NEB cutter software. Bospacr, ner (Mean + SD) 29.36 + 144 3523+ 1392 0.0524
Oligonucleotide (BR Biochem, India) Visual acuity

concentration was 25 pico moles and 2.5 U Octpora 3penust (mean log MAR)

DNTPs (BR Biochem, India) each OS 1.26 £ 0.55 0.32 + 0.46 < 0.0001
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In the remaining 25 patients with unilateral choroidal coloboma,
10 patients had RE and 15 patients had LE involvement. Among
the 29 patients, microcornea was the most common congenital
ocular anomaly. There were 14 patients with nystagmus
and 8 with microphthalmos. Nine patients were found to have
congenital cataracts. In addition to bilateral congenital
anomalies, there were 2 cases of disc colobomas, 2 cases of lens
colobomas, 1 case of optic disc pits, 1 case of morning glory
syndrome, 1 case of Bergmeister’s papilla, 1 case of persistent
hyperplastic primary vitreous (PHPV) and 1 case of persistent
hyaloid arteries among the study patients.

Three SNPs of interest were amplified by simple PCR.
A 2 % agarose gel was used to visualize rs667773, rs3026354 and
1$662702 PCR products at 581, 511 and 551 bp respectively.
Based on the manufacturer’s instructions, the amplified PCR
product was digested with Bccl, Bsrl, and Hpyl88l enzymes.
A 3% agarose gel was used to check digested products. Based
on restriction digestion of the PCR product, the rs667773 SNP
fragmented product size was 581bp, 391bp, and 190bp.

A total of 2 irido-fundal colobomas were CT(+/—)
genotypes, whereas all the others were CC(—/—) genotypes.
Agarose gel pictures are given in Fig. 1 & 2. TT homomozygous
condition was not reported in the patient. CC—/— wild type
genotypes were found in all controls. The ancestral allele was C
since the reference SNP allele was C/T. As a result of PCR
analysis of the rs3026354 SNP, all patients showed CC(—/—)
wild type homozygous genotype conditions. The heterozygous
CG (+/—) genotype or the homozygous GG (+/+)
genotype was not observed in either patients or controls.
SNP reference alleles were C/G and ancestral allele was C.
The restriction digestion of rs662702 SNP produced a 551bp
PCR product, and the genotype pattern was CC—/— wild
type homozygous in both patients and controls, while
reference SNP alleles were C/T, and ancestral allele was C.
In the rs667773 C>T SNP, the CC genotype frequency
was 95.56, the CT genotype frequency was 4.44%, the C allele
frequency was 97.78, and the T allele frequency was 2.22%.
As a result of the rs3026354C>G SNP, 100% of the cases
and controls had C allele frequencies and CC genotypes.
SNP rs662702C>T displayed CC genotypes and C allele
frequencies in cases and controls, respectively. The genotype
and allele frequency distribution of the studied SNPs are shown
in table 3. CT heterozygous genotypes of the rs667773 SNP
were found in only 2 patients in this study. It appeared that one
of them had choroidal and iris colobomas in both eyes, as well
as microcorneas in both eyes. On the other hand, the choroidal
coloboma was limited to the right eye in the other case.

100bp 1

2 3 456 7 8 9101112 131415

581 bp
Fig. 1. PCR Amplicon of PAX6 rs667773 SNP
Puc. 1. MNLP-amnaukor SNP PAX6 rs667773

1 2 3 4 (100 bpM)

581 bp

391 bp

190 bp

Fig. 2. PCR product restriction enzyme analysis of PAX6 rs667773
single nucleotide polymorphism using Bccl restriction enzyme. Digested
samples were analysed by horizontal electrophoresis on a 3% agarose
gel. Lane 1 and 2 resulted in heterozygote condition with CT genotype.
Lane 3 resulted in an undigested 581bp fragment of genotype CC.
Lane 4 is a 100bp DNA ladder

Puc. 2. AHanna pectpukTtasoii npogykta MLUP ogHOHYKNeoTuaHOro
nonumopdunama PAX6 rs667773 ¢ MCNONb30BaHMEM PECTPUKTa3bI
Bccl. PacwenneHHble 06pa3subl aHanmM3npoBanu ¢ NOMOLLbIO ropu-
30HTasIbHOro anekTpodopesa B 3 % arapo3Hom rene. JJopoxkn 1 1 2
nokasanu retepo3mrotHoe coctosiHme ¢ reHotunom CT. opoxka 3
nokasasna HepacLuenneHHblii pparmeHT reHotuna CC gnvHon 581 nH.
Jopoxka 4 npeactasnset coboin nectHmuy AHK anvHoin 100 nH

Table 3. Genotype and allele frequency of PAX6 SNPs in case versus control. The odd ratio (OR), its standard error and 95 % confidence interval

are calculated according to [11]

Tabmuna 3. I'eHotun u yactota ayuteneit PAX6 SNP y maunenToB u B rpymmne KoHTpoas. Koabduunenr sepostHoct (OR), ero cranmaprHast
ommbka u 95 %-Hblit foBepuTebHBIN MHTepBai (JJWN) paccunrtansl mo [11]

SNPs Case Control Odd ratio
ONHOHY- IMauueHTo Konrtposb 95% CI
AHOHY n=4>5 n =45 Koabou-
KJIEOTUIHbIE LHEeHT p
MoJMMOp- genotype allele frequency genotype allele frequency BEPOATHOCTH
Pusmbr PEeHOTHIT YACTOTa ajuieseit FEHOTHIT YacTOTa ajiesieil 95% ON
18667773C>T | CC{43(95.56)} CT{2(4.44)} TT(0) C{88 (97.78)} T{2(2.22)} | CC{45(100)} CT(0) TT(0) C{90(100)} T(0) 5.22 0.29
0.244 to 112.06
153026354C>G | CCI45(100))  CG (0) GG (0) C{90 (100} G{(0) | CC {45(100)} CG(0) GG(0) C {90(100)} G(0) 1.0 1.0
0.0194 to 51.49
18662702C>T | CC{45(100)} CT (0) TT (0) C{90 (100)} T(0) CC{45(100)} CT(0) TT(0) C{90(100)} T(0) 1.0 1.0
0.0194 to 51.49
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DISCUSSION

One of the most extensively studied genes, PAX6 performs
a variety of roles in oculogenesis and contributes to many human
congenital ocular malformations. Coloboma patients and those
with other ocular congenital anomalies can have the PAX6 gene
sequenced to determine novel sequence changes and clinical
phenotypes that may shed light on disease pathogenesis. There was
no evidence of an association between PAX6 and coloboma
in a study in the north Indian population, but it was a pilot study
and suggested expanding the study to large populations [12].
The PAX6 gene SNPs rs662702 and rs667773 were associated
with extreme myopia in Japanese patients [13]. As a result
of our study, two patients with irridofundal coloboma carried
a heterozygous CT genotype of 1s667773C>T SNP. In this study,
we focused on the population of Vindhyan region and conducted
a hospital-based study. In three of the studied PAX6 SNPs,
the CC wild type genotype was observed in both patients
and controls. A recent study by Y.Tsai et al. found rs667773
to be associated with high myopia among Chinese Taiwanese [10].
In an independent study conducted in China, PAX6 mutations
were associated with microcornea [14]. Mutations in PAX6 coding
regions are associated with thinning of the outer and inner retinal
layers of the macula, consistent with fewer neurons in the macula
and abnormal foveal formation [15]. As a result of this study,
we demonstrated the use of PCR-RFLP for the detection of SNPs
in the PAX6 gene in iridofundal colobomas. The frequency
of PAX6 SNPs in iridofundal colobomas was determined using
a rapid and inexpensive method. As well, this study confirms
that CC wild type homozygous genotypes and C alleles are most
common in case and control groups. In Tunisia, a nonsense
mutation (p.Q89X) was found in a family with aniridia
and congenital cataracts [16]. As well as the coloboma mutations,
N. Azuma et al. also identified new mutations in pedigrees
with optic-nerve malformations, including hypoplasia/aplasia
of the optic-nerve, persistent hyperplastic primary vitreous,
and morning glory disc anomaly [17]. There may be a correlation
between vitamin A levels and coloboma, since vitamin A may
be an important ocular marker. Deficiency of vitamin A occur
in the majority of Indians, which affects their vision. Vitamin
A is essential for the expression of many genes involved in ocular
morphogenesis and eye development. It is unable to close
the optic fissure in embryos deficient in vitamin A.

Limitation of the study. The correlation between
the polymorphism of the PAX6 gene and the iridofundal
coloboma was not established because of the small sample size.
A larger study of the population must be conducted in order
to determine the genotype associated with iridofundal colobomas.

CONCLUSION

Very few studies were evaluated the association of PAX
6 gene with choroidal fundal coloboma or other congenital
ocular anomalies. A large part of human ocular tissue
development is controlled by the PAX6 gene. PAX6 encodes
a transcriptional regulator involved in regulating development

of the forebrain, pancreas, cornea, lens, and retina of the human
eye. Using PAX6 gene polymorphism as a marker for iridofundal
colobomas, we sought to establish a correlation between the two.
We identified only 2 patients with irridofundal coloboma who had
a heterozygous CT genotype for rs667773C>T. Due to the small
number of heterozygous genotypes and/or alleles present
in the 2 cases with different clinical phenotype patterns,
correlation studies could not be performed. Wild type CC
homozygosity has been reported for three SNPs in the PAX6 gene
in both patient and control groups. It was found that iridofundal
colobomas had an ancestral allele of C for rs667773, rs3026354,
and rs662702 polymorphisms of the PAX6 gene.

References/JInteparypa

1. Georgala PA, Carr CB, Price DJ. The role of PAX6 in forebrain development.
Dev Neurobiol. 2011 Aug; 71 (8): 690—709. doi: 10.1002/dneu.20895

2. Gehring WI. The master control gene for morphogenesis and evolution of the eye.
Genes Cells. 1996 Jan; 1 (1): 11-5. doi: 10.1046/j.1365-2443.1996.11011.x

3. Vincent MC, Gallai R, Olivier D, et al. Variable phenotype related to a novel
PAX6 mutation (IVS4+5G>C) in a family presenting congenital nystagmus
and foveal hypoplasia. Am J Ophthalmol. 2004 Dec; 138 (6): 1016—21.
doi: 10.1016/j.aj0.2004.08.003

4.  Azuma N, Yamaguchi Y, Handa H, et al. Mutations of the PAX6 gene
detected in patients with a variety of optic-nerve malformations. Am J Hum
Genet. 2003 Jun; 72 (6): 1565—70. doi: 10.1086/375555

5. Slavotinek AM. Eye development genes and known syndromes. Mol Genet
Metab. 2011 Dec; 104 (4): 448—56. doi: 10.1016/j.ymgme.2011.09.029

6. D’Elia AV, Pellizzari L, Fabbro D, et al. Adeletion 3’ to the PAX6 gene
in familial aniridia cases. A deletion 3’ to the PAX6 gene in familial aniridia
cases. Mol Vis. 2007 Jul 23; 13: 1245—50. PMID: 17679951.

7.  Miyake M, Yamashiro K, Nakanishi H, et al. Association of paired box 6
with high myopia in Japanese. Mol Vis. 2012; 18: 2726—35. PMID: 23213273.

8. Jiang B, Maurice KH, Leung KH, et al.. PAX6 haplotypes are associated
with high myopia in Han chinese. PLoS One. 2011 May 12; 6 (5): €19587.
doi: 10.1371/journal.pone.0019587

9.  ChungLL, Edward H, Chen KC, et al. A functional polymorphism at 3’UTR
of the PAX6 gene may confer risk for extreme myopia in the Chinese. Invest
Ophthalmol Vis Sci. 2011 Jun 1; 52 (6): 3500—5. doi: 10.1167/iovs.10-5859

10. Tsai YY, Chiang CC, Lin HJ, et al. A PAX6 gene polymorphism is associated
with genetic predisposition to extreme myopia. Eye (Lond). 2008 Apr;
22 (4):576—81. doi: 10.1038/sj.eye.6702982

11. Altman DG, Martin Bland J. How to obtain the confidence interval
from a P value. BMJ. 2011; 43: d2090. https://doi.org/10.1136/bm;j.d2090

12. Kumar K, Tanwar M, Naithani P, et al. PAX6 gene analysis in irido-fundal
coloboma. Mol Vis. 2011; 17: 1414—9. PMID: 21655361.

13. Kanemak N, Meguro A, Yamane T, et al. Study of association of PAX6
polymorphisms with susceptibility to high myopia in a Japanese population.
Clin Ophthalmol. 2015 Oct 27; 9: 2005—11. doi: 10.2147/OPTH.S95167

14. Wang P, Shiqiang Li WS, Zhang Q. PAX6 mutations identified
in 4 of 35 families with microcornea. Invest Ophthalmol Vis Sci. 2012 Sep 19;
53 (10): 6338—42. doi: 10.1167/iovs.12-10472

15. Pedersen HR, Baraas RC, Landsend ES, et al. PAX6 Genotypic and retinal
phenotypic characterization in congenital aniridia. /nvest Ophthalmol Vis Sci.
2020 May 11; 61 (5): 14. doi: 10.1167/iovs.61.5.14

16. Chograni M, Derouiche K, Chaabouni M, Lariani I, Bouhamed HC.
Molecular analysis of the PAX6 gene for aniridia and congenital cataracts
in Tunisian families. Hum Genome Var. 2014 Sep 4; 1: 14008. doi: 10.1038/
hgv.2014.8

17. Azuma N, YamaguchiY, Handa H, et al. Mutations of the PAX6 gene detected
in patients with a variety of optic-nerve malformations. Am J Hum Genet.
2003 Jun; 72 (6): 1565—70. doi: 10.1086/375555

82 Incidence of PAX6 single nucleotide polymorphisms in congenital iridofundal coloboma and

Russian ophthalmological journal. 2024; 17(4): 78-83

other congenital ocular abnormalities: a tertiary care hospital experience from central India



Authors’ contribution: all authors made a significant contribution to the concept development, research and writing of the article, read and approved

the final version before publication.

Bkuiian aBTopoB B padoTy: BCe aBTOPBHI BHECIM CYLIECTBEHHBIN BKJIa B pa3pabOTKy KOHLEMIMH, TPOBEACHUE NCCIIENOBAHMST M HAMTMCAHUE CTAThH,

MPOWIN ¥ 0H00pUIN (PMHATBHYIO BEPCHUIO TIepes MyOJInKaIuei.

Hocmynuaa: 19.02.2024. [lepepabomana: 14.03.2024. [Ipunama k newamu: 15.03.2024
Originally received: 19.02.2024. Final revision: 14.03.2024. Accepted: 15.03.2024

INFORMATION ABOUT THE AUTHORS / C UTHOOPMAILIUA OB ABTOPAX

Department of Ophthalmology, Shyam Shah Medical College, Rewa,
Madhya Pradesh, 486001, India

Shashi Jain — Professor

Sujata Lakhtakia — Associate Professor

Pankaj Choudhary — Professor

Shivcharan Lal Chandravanshi — Associate Professor

Anamika Tiwari — Assistant Professor

Multidisciplinary Research Unit, Shyam Shah Medical College, Rewa,
Madhya Pradesh, 486001, India

Sanjay Kumar Pandey — Scientist I1

For contacts: Sanjay Kumar Pandey,
pandeysanjaybt@rediffmail.com

Meouuunckuii koanedxc llvama llaxa, kagpedpa opmanvmonoeuu, Pesa,
Maoxvs-Ilpadews, 486001, Hnous

IMamm JIkeiitn — mipocdeccop

Cymxkata JIakxTakusi — JOLEHT

IMankamk Yoynxapm — mipocdeccop

IITusuapan Jlan YanapaBaHmm — JOLEHT

Anamuka Tusapu — mpodeccop

Meouyunckuii koanedxuc llvama Illaxa, mroeonpoguavhoe uccredosamens-
ckoe nodpaszodenenue, Peea, Maoxves-Ilpadew, 486001, Hnous
Canmxkaii Kymap Ilangeit — uccinenoBaresib

Jlns konrakroB: Canmxaii Kymap Ilanzeii,
pandeysanjaybt@rediffmail.com

Poccurickuii opTarbMorormdeckmnii xypHan, 2024; 17(4): 78-83

YacToTa BbisiB/IEHWSI OAHOHYK1€0TUAHOro nosmmopduama PAX6 npu 83

BpO)K,quHOIZ Mpl/lqod)quaanoﬁ konobome W OpYrux BPOXAEHHbIX r71a3HbIX aHOMaslnsx:

onrbIT 60/IbHULBI TPETNYHOIr o yPOBHSA N3 HeHTpaﬂbHOﬁ WHonn



