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Abstract

Next-generation sequencing strategies have resulted in mutation detection rates of 21% to 61% in
small cohorts of patients with microphthalmia, anophthalmia and coloboma (MAC), but despite
progress in identifying novel causative genes, many patients remain without a genetic diagnosis.
We studied a cohort of 19 patients with MAC who were ascertained from a population with high
rates of consanguinity. Using single nucleotide polymorphism (SNP) arrays and whole exome
sequencing (WES), we identified one pathogenic variant in 7TENM3in a patient with cataracts in
addition to MAC. We also detected novel variants of unknown significance in genes that have
previously been associated with MAC, including K/F26B, MICU1 and CDON, and identified
variants in candidate genes for MAC from the Wnt signaling pathway, comprising LRP6, WNTZB
and /QGAP1L, but our findings do not prove causality. Plausible variants were not found for many
of the cases, indicating that our current understanding of the pathogenesis of MAC, a highly
heterogeneous group of ocular defects, remains incomplete.
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1| INTRODUCTION

Microphthalmia, anophthalmia and coloboma (MAC) are structural eye defects with high
importance because of the lifelong medical and social implications of reduced vision. Both
environmental and genetic factors have been implicated in the pathogenesis of MAC and
there are at least 82 known causative genes.! MAC can arise due to defects in early eye
development, including the induction, proliferation, migration and differentiation of ocular
tissues.? Pathogenic genes for MAC can be subdivided into transcription factors (SOX2,
OTX2, PAX6, VSX2, PITX3, RAX, SIX6, PAX6, FOXE3, SALLZ, ATHO?), genes
involved in the retinoic acid signaling pathway (ALDHIA3, STRA6, RARB), genes from
the TGFR/BMP signaling pathway (BMP4, BMP7, GDF6, GDF3), and other genes with
known or unknown functions that do not fit into these categories (SHH, ABCB6, MABZ21L2,
Cl120rf57, TENM3/ODZ3, PXDN, YAP1, HMGBS3, CRIMI).3 In order to obtain data
regarding causative genes and variants for MAC and to identify novel genes and variants, we
performed single nucleotide polymorphism (SNP) arrays and trio whole exome sequencing
(WES) on 19 patients with MAC that were recruited from a consanguineous population of
Pakistani ethnicity. We have previously been successful in identifying causative variants for
structural eye defects in a population with high rates of consanguinity.?

2| MATERIALS AND METHODS

Written, informed consent was obtained in Urdu using a protocol approved by the
Committee for Human Research at the University of California, San Francisco (UCSF;
protocol 15-17 275). Clinical information and ophthalmological examination findings were
collected as part of standard clinic practice. SNP-based cytogenomic arrays were performed
in 16 patients using the Illumina CytoSNP-850 K Platform with genome build hg19 to detect
genome-wide genomic copy number changes (CNVSs) and regions of homozygosity (ROH)
and reported as for standard clinical practice by the UCSF Cytogenetics laboratory
(Supplemental File 1). We used the software program “Firefly” together with the search
terms “coloboma”, “microphthalmia” and “microcornea” to interrogate ROHs from the SNP
arrays for causative genes. WES was performed by the Baylor Hopkins Center for
Mendelian Genomics (BHCMG; see Supplemental File 1). We utilized the web-based,
BHCMG PhenodB tool to examine the data for deleterious variants in known genes for
MAC.> We also examined the .vcf files for variants using Opal Clinical (Fabric Genomics)
and Moon Diploid and compared variants in patients with those in biological parents to
search for causes of Mendelian genetic disease (de novo, homozygous, compound
heterozygous and inherited heterozygous disease-causing variants). We used the guidelines
published by the American College of Medical Genetics (ACMG)8 to evaluate variants.

The ophthalmological findings and extraocular features of the patients are summarized in
Table 1 and pedigrees from each family are shown in Figure S1. Of the 19 families, 15 were
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consanguineous, with 12 sets of parents who were first cousins and one set of parents who
were second cousins. All patients had ocular colobomas, with 15 patients having iris
colobomas, 16 with chorioretinal colobomas, 12 with optic nerve colobomas, and one
patient with a macular coloboma. Additional eye findings comprised microphthalmia (12
patients), microcornea (13 patients), retinal dystrophy (8 patients), cataract (4 patients),
vitreous syneresis (3 patients), and single patients each had lens subluxation or retinal
detachment. Extraocular findings were rare, but single patients were diagnosed with hearing
loss, anterior glottic web and hearing loss, nephrotic syndrome, cleft lip, or global
developmental delays (Table 1).

SNP array results on 16 patients confirmed parental consanguinity, with ROHSs ranging from
16 megabases (Mb) to 503 Mb and coefficients of inbreeding of 1/64 to 11/64 (Table 2). All
families underwent WES and variants in genes related to MAC have been listed in Table 3.

RESULTS

Patient EG16_1, with bilateral iris and chorioretinal colobomas, microphthalmia and
cataracts, had a large ROH on chromosome 4q [4934.1935.2(175936490_187,257 576)x2
hmz]. WES identified the homozygous variant ¢.1558C>T:p.(Arg520*) in TENM3, a gene
contained within this ROH. Given the association between biallelic loss of function variants
in TENM3and MAC,”-10 the variant was considered to be pathogenic. The presence of
cataracts potentially expands the ocular phenotype associated with loss of function variants
in TENM3, as cataracts have not previously been described. We also identified a variant with
a classification of likely pathogenic in POLR2A (Table 3), but this gene is not known to be
associated with MAC.11

We found several variants of unknown significance (VUSS) in these patients. In EG38_1,
with unilateral iris and chorioretinal colobomas, a homozygous missense variant,
€.2285G>A:p.(Arg762GIn) was detected in K/F26B. A heterozygous, 22 bp deletion
affecting exon 12 of K/F26B was previously described in a patient with renal coloboma
syndrome who had mild, bilateral optic nerve colobomas and underwent renal transplant.12
In EG40_1 with unilateral macular coloboma, microphthalmia and microcornea, cataract
and lens subluxation, homozygosity for ¢.886T>G:p.(Phe296Val) was identified in M/CU1,
a gene previously associated with cataracts, but only in one patient with a partial,
homozygous gene deletion.13 In patient EG37_1, with coloboma of the iris, chorioretinal
structures and optic nerve, microphthalmia, cataract and retinal dystrophy, a homozygous
variant, c.863A>G:p.(Tyr288Cys), was identified in CODON. A homozygous, truncating
variant, ¢.622C>T:p.(Arg208Ter), was described in CDON in a female with bilateral optic
nerve colobomas, unilateral retinal coloboma, growth and developmental delays, hypotonia
and facial anomalies.1* The reported patient also had a homozygous missense variant in
MAPRE, ¢.344G>A:p.(Arg115GIn), but MAPRE is not associated with MAC.14
Heterozygous, missense variants in CDON have been reported in patients with
holoprosencephaly spectrum and pituitary stalk interruption syndrome, but only congenital
convergent strabismus was reported in these patients.1> Cdon is a multifunctional, cell
surface protein of the immunoglobulin superfamily that is expressed in the dorsal eye during
early ocular development of the mouse and functions as a co-receptor for Shh in early

Clin Genet. Author manuscript; available in PMC 2021 April 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Islam et al.

Page 4

forebrain development.16-17 Mice lacking Cdon display coloboma, failure to form a proper
boundary between the retinal pigmented epithelium and optic stalk, defective lens formation,
failure of the lens to separate from the surface ectoderm, and microphthalmia.16-17 In
cardiomyocytes from Cdonhomozygous null mice, hyperactivity of Wnt signaling has been
observed!8 and this mechanism may also be relevant to the eye defects observed with
bialleic variants in this gene. This patient has a broader spectrum of eye defects and is the
third to be reported with retinal coloboma in association with biallelic variants in CDON, as
whilst this paper was in review, two patients with ocular colobomas involving the iris, retina
and choroid who were compound heterozygotes for ¢.928 +1G>A and ¢.2650 +1G>T in this
gene were published.19

We noted several variants in genes that are members of the Wnt signaling pathway or
putatively involved in Wnt signaling. Patient EG22_1 with colobomas of the iris,
chorioretinal structures and optic nerve, microphthalmia, microcornea and retinal dystrophy
had a heterozygous missense variant, ¢.802C>T:p.(Arg268Cys), in WNTZ2B. This gene was
expressed in the anterior epithelium of the lens, anterior rim of the optic vesicle and in the
retinal pigment epithelium in animal studies and inhibits differentiation of the progenitor
cells in the marginal retina by downregulating the expression of proneural genes.2%-22 The
gene is an excellent candidate for structural eye defects and the variant had a CADD score of
33, but heterozygosity for this WNT2B variant was present in 10/251396 individuals in the
gnomAD database. In EG28_1 with unilateral chorioretinal coloboma and coloboma of the
optic nerve, we detected heterozygosity for ¢.1031T>C:p. (Leu344Ser) in LRP6, a member
of the low-density lipoprotein receptor family. Murine embryos that were homozygous for a
Lrp6loss-of-function allele displayed microphthalmia and colobomas involving the retina
and the optic nerve that varied in laterality and severity, but were fully penetrant.23-24
Patient EG21_1 has colobomas of the iris, chorioretina, and optic nerve and was
homozygous for c.2524A>C:p. (1le842Leu) in /QGAPI. This gene encodes a multidomain,
scaffolding protein that interacts with numerous signaling molecules, including calmodulin,
MAPK, PI3K, AKT, and forkhead box protein 01.25 IQGAP1 interacts with -catenin in the
Wnt signaling pathway in the retinal pigment epithelium,6 but there is no data on eye
defects in association with this gene in humans or animal models.

We also detected several variants in genes associated with MAC, but that we could not
conclude were pathogenic because of zygosity or inheritance from a reportedly unaffected
parent. These variants included a heterozygous variant, ¢.2675G>A:p.(Arg892GlIn), in
DHX37, a gene recently associated with chorioretinal lacunae and optic nerve coloboma,?’
€.4268A>G:p.(His1423Arg) in MYOI10in patient with iris and chorioretinal colobomas,
microcornea and unilateral retinal dystrophy and a heterozygous, missense variant in RERE,
€.4087C>T:p.(Pro1363Ser), that was paternally inherited.

Only one CNYV, a heterozygous, 47.6 kilobase deletion at chromosome 6g21 containing
exons 2 to 10 of the F/G4 gene was considered likely to be pathogenic by the reporting
laboratory. FIG4 is a lipid phosphatase and although biallelic, deleterious variants in this
gene are associated with Yunis-Varon syndrome,2® haploinsufficiency for £/G4is not known
to cause MAC. We therefore consider that this deletion is of unknown significance. No
further variants in this gene were found with WES.
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Our yield of pathogenic variants (1/19; 5%) was much lower than two recent studies
employing WES in patients with anophthalmia and microphthalmia (60%)2° and in
microphthalmia and posterior microphthalmia (61%).1 However, low rates of diagnosis have
previously been reported in patients with MAC who underwent exome sequencing (11%).30
Other factors that may have influenced variant detection rate in our work include incomplete
phenotypic information and a lack of direct patient contact after sequencing, which hindered
our ability to re-phenotype the patients and to perform further clinical investigations to
evaluate candidate variants. Despite the low yield, this study has identified plausible
candidate variants and genes for MAC that can be further evaluated with entry into gene
matchmaking sites and functional research.

In summary, we studied 19 patients with MAC from a population with high rates of
consanguineous unions to increase the probability of finding causative, autosomal recessive
variants. We identified a pathogenic variant in TENM3and identified VUSs in genes that
have previously been associated with structural eye defects, including K/1F268, MICUI and
CDON. We also identified candidate variants in WNT2B, LRP6 and /IQGAPI, genes that are
related to the Wnt signaling pathway, that require further investigation. However, the lack of
pathogenic variants in many patients emphasizes the high heterogeneity of MAC and
suggests that previously unknown variants or novel genes will be relevant to the etiology of
eye defects in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

This work was supported by grant number NHGRI UM1 HG006542 to the Baylor-Hopkins Center for Mendelian
Genomics and a research allocation program (RAP) Team science award, Genomic Variation in Structural Eye
Defects, to AS.

Funding information

National Human Genome Research Institute, National Institutes of Health, Grant/Award Number: NHGRI UM1
HG006542; research allocation program (RAP) Team science award

REFERENCES

1. Patel N, Khan AO, Alsahli S, et al. Genetic investigation of 93 families with microphthalmia or
posterior microphthalmos. Clin Genet. 2018;93:1210-1222. [PubMed: 29450879]

2. Graw J Eye development. Curr Top Dev Biol. 2010;90:343-386. [PubMed: 20691855]

3. Slavotinek A Genetics of anophthalmia and microphthalmia. Part 2: syndromes associated with
anophthalmia-microphthalmia. Hum Genet. 2019;138:831-846. [PubMed: 30374660]

4. Ullah E, Nadeem Sagib MA, Sajid S, et al. Genetic analysis of consanguineous families presenting
with congenital ocular defects. Exp Eye Res. 2016;146:163-171. [PubMed: 26995144]

5. Sobreira N, Schiettecatte F, Boehm C, Valle D, Hamosh A. New tools for Mendelian disease gene
identification: PhenoDB variant analysis module; and GeneMatcher, a web-based tool for linking
investigators with an interest in the same gene. Hum Mutat. 2015;36:425-431. [PubMed: 25684268]

6. Richards S, Aziz N, Bale S, et al. Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American College of Medical Genetics and

Clin Genet. Author manuscript; available in PMC 2021 April 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Islam et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 6

Genomics and the Association for Molecular Pathology. Genet Med. 2015;17:405-424. [PubMed:
25741868]

. Aldahmesh MA, Mohammed JY, Al-Hazzaa S, et al. Homozygous null mutation in ODZ3 causes

microphthalmia in humans. Genet Med 2012;14:900-904. [PubMed: 22766609]

. Williamson KA, FitzPatrick DR. The genetic architecture of microphthalmia, anophthalmia and

coloboma. Eur J Med Genet. 2014;57: 369-380. [PubMed: 24859618]

. Chassaing N, Ragge N, Plaisancié J, et al. Confirmation of TENM3 involvement in autosomal

recessive colobomatous microphthalmia. Am J Med Genet A. 2016;170:1895-1898. [PubMed:
27103084]

Singh B, Srivastava P, Phadke SR. Sequence variations in TENM3 gene causing eye anomalies
with intellectual disability: expanding the phenotypic spectrum. Eur J Med Genet. 2019;62:61-64.
[PubMed: 29753094]

Haijes HA, Koster MJE, Rehmann H, et al. De novo heterozygous POLR2A variants cause a
neurodevelopmental syndrome with profound infantile-onset Hypotonia. Am J Hum Genet.
2019;105:283-301. [PubMed: 31353023]

Okumura T, Furuichi K, Higashide T, et al. Association of PAX2 and other gene mutations with the
clinical manifestations of renal coloboma syndrome. PLoS One. 2015;10:e0142843. [PubMed:
26571382]

Lewis-Smith D, Kamer KJ, Griffin H, et al. Homozygous deletion in MICU1 presenting with
fatigue and lethargy in childhood. Neurol Genet. 2016;2:e59. [PubMed: 27123478]

Berkun L, Slae M, Mor-Shaked H, Koplewitz B, Eventov-Friedman S, Harel T. Homozygous
variants in MAPRE2 and CDON in individual with skin folds, growth delay, retinal coloboma, and
pyloric stenosis. Am J Med Genet A. 2019;179:2454-2458. [PubMed: 31502381]

Bashamboo A, Bignon-Topalovic J, Rouba H, McElreavey K, Brauner R. A nonsense mutation in
the hedgehog receptor CDON associated with pituitary stalk interruption syndrome. J Clin
Endocrinol Metab. 2016;101:12-15. [PubMed: 26529631]

Zhang W, Mulieri PJ, Gaio U, Bae GU, Krauss RS, Kang JS. Ocular abnormalities in mice lacking
the immunoglobulin superfamily member Cdo. FEBS J. 2009;276:5998-6010. [PubMed:
19754878]

Cardozo MJ, Sanchez-Arrones L, Sandonis A, et al. Cdon acts as a hedgehog decoy receptor
during proximal-distal patterning of the optic vesicle. Nat Commun. 2014;5:4272. [PubMed:
25001599]

Jeong MH, Kim HJ, Pyun JH, et al. Cdon deficiency causes cardiac remodeling through
hyperactivation of WNT/ B-catenin signaling. Proc Natl Acad Sci U S A. 2017;114:E1345-E1354.
[PubMed: 28154134]

Reis LM, Basel D, McCarrier J, et al. Compound heterozygous splicing CDON variants result in
isolated ocular coloboma. Clin Genet. 2020;98:486-492. [PubMed: 32729136]

Kubo F, Takeichi M, Nakagawa S. Wnt2b inhibits differentiation of retinal progenitor cells in the
absence of notch activity by downregulating the expression of proneural genes. Development.
2005;132:2759-2770. [PubMed: 15901663]

Fokina VM, Frolova El. Expression patterns of wnt genes during developmemnt of an anterior part
of the chicken eye. Dev Dyn. 2006; 235:496-505. [PubMed: 16258938]

Iwai-Takekoshi L, Balasubramanian R, Sitko A, et al. Activation of Wnt signaling reduces
ipsilaterally projecting retinal ganglion cells in pigmented retina. Development.
2018;145(21):163212.

Zhou CJ, Molotkov A, Song L, et al. Ocular coloboma and dorsoventral neuroretinal patterning
defects in Lrp6 mutant eyes. Dev Dyn. 2008;237:3681-3689. [PubMed: 18985738]

Zhou CJ, Wang YZ, Yamagami T, Zhao T, Song L, Wang K. Generation of Lrp6 conditional gene-
targeting mouse line for modeling and dissecting multiple birth defects/congenital anomalies. Dev
Dyn. 2010;239:318-326. [PubMed: 19653321]

Erickson HL, Anakk S. Identification of 1Q motif-containing GTPase-activating protein 1 as a
regulator of long-term ketosis. JCI Insight. 2018;3:€99866.

Clin Genet. Author manuscript; available in PMC 2021 April 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Islam et al.

26.

217.

28.

29.

30.

Page 7

Wang H, Han X, Bretz CA, et al. Retinal pigment epithelial cell expression of active Rapla by
scAAV?2 inhibits choroidal neovascularization. Mol Ther Methods Clin Dev. 2016;3:16056.
[PubMed: 27606349]

Paine 1, Posey JE, Grochowski CM, et al. Paralog studies augment gene discovery: DDX and DHX
genes. Am J Hum Genet. 2019;105:302-316. [PubMed: 31256877]

Campeau PM, Lenk GM, Lu JT, et al. Yunis-Varén syndrome is caused by mutations in FIG4,
encoding a phosphoinositide phosphatase. Am J Hum Genet. 2013;92:781-791. [PubMed:
23623387]

Matias-Pérez D, Garcia-Montafio LA, Cruz-Aguilar M, et al. Identification of novel pathogenic
variants and novel gene-phenotype correlations in Mexican subjects with microphthalmia and/or
anophthalmia by next-generation sequencing. J Hum Genet. 2018;63:1169-1180. [PubMed:
30181649]

Deml B, Reis LM, Maheshwari M, Griffis C, Bick D, Semina EV. Whole exome analysis identifies
dominant COL4A1 mutations in patients with complex ocular phenotypes involving
microphthalmia. Clin Genet. 2014;86:475-481. [PubMed: 24628545]

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 8

Islam et al.

AydonsAp eunas y elweyydotoiw Su| ON N T 993
B3UI020101W
- - ‘elweyiydoloiw 1 aAJau onRdQO ‘eunaionioy) ‘Su| SuISn02 1841y 4 T 2vo3
©3UJ090491
- AydonsAp [eunal y ‘elweyydosoiw as1p ondo ‘eunaioloyd SuISno2 1841} W T 1v93
(ren962z3ud) eppeydoaydsoloiw ©3UI000.01W
'd:9<1988'9 1NN - ‘uolzexn|gns suaj ‘19ee1e) ‘elweyydosorw y 'UNBIOLIOYD SUISN09 151} N T oro3
(u1929.61v) _
'd 1W<9G58220 921X - - - eunalolioyd sl SUISN0J 111} 4 T 893
(sAD8gzIAL) 1oRIEIRD ©3UI020.101W
"d:9<VvEIBINOTD - ‘sIsaIauAs Y ‘AydonsAp feunsy ‘elweyydosonN - anJsu andQ ‘eunaionoy) (su| SUISN0J puU023sS N T /€93
- AydonsAp feunas ¥ ©3UI00I0IN as1p ondQ ‘eunalonoyd ‘su| SUISN09 151} 4 T 6293
(19spENST) _
‘d:0<1TE0T 2907 _ - - anJau ondo ‘eunaloloyd ON W T 8293
- - — anJBu andQ ‘eunaloloy ‘sl payoadsun aalbap (SeA W T 9293
(diLegebiv)  gam amojh JoLsuy
'd :11<D/8829 VZM 104 ‘sso| BurresH AydonsAp jeunay B3UJ00IDIN ansau ondo ‘su| ON 4 T 6293
(sAog89zbly) ©3UI020101W
'd:1<D208992LINM - AydonsAp [eunal y ‘elweyiydoloiw 1 aAJau 9nRdQO ‘eunaionioy) ‘Su| SuISnod 1841y 4 T 2z93
(ne1zysal) -
4102582 IdYO0! _ - - aAJBU IRdQ ‘eunaloloy) ‘su| SUISN09 1s.14 4 T 1293
BaUI00IDIN
- AydonsAp feunas y ‘elwieyydosonN - anJau andQ ‘eunalonoy) ‘su| SUISN09 1511} W T 0293
B3AUI020101W
sAe|ap [eqo|9 - ‘elweyydosorw y 9sIp ondQ ‘eunalonoyd ‘su| SUISN09 1511} 4 T 8193
B3UI020101W
- - ‘elweyydosorw y anlau andQ ‘eunsioioyd SUISN09 1s.1} W T 2193
(reng6zaud) B
'd:9< 19880 EWNTL - SIS8IBUAS ‘1oeIeIR) elweyydosoiw 'UIBIOLIOYD ‘SU| SUISN09 1S} N T 9193
enjeydosaydsoidiw Joelejed B3UI020101W
sso| BurieaH ‘s1Sa1auAs 7 ‘AydonsAp jeunay ‘erweyydosorw o anJau ondo ‘eunasonioyd  paiidadsun 9a1bap SaA 4 16193
B3UI020101W
awoupuAs onoiydaN 108JB1RD T ‘JUBIYI'Iap [eUnal T ‘elwreyydosoiw BUIIBIOLIOYD ‘SU| ON N T ¥193
131 Ul sBuipuiy
pasSNIsSIP S1URIfeA dus D) Je[nooe 11x3 Jayio :adAlousyd akg aqo|b :adAouayd aAg ewoqo|od 2dAjousyd a3 Aluinbuesuo)  xes  1udired

Author Manuscript

S1INSaJ SWOXa YlIM Jay1abo] ‘s10aep aAa [ean1onas yim siuaned gT ul sbulpuly Jejnoo

T3149vL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 9

Islam et al.

dijys1d - - anJau ondQ ‘eunaionoy) ‘su| SUISN09 1511} 4 T /v93
] Ul sBuipuiy
pasSNISIp S1UelfeA aus D) Je[nooe J1x3 Jayio :adAlousyd akg aqo|b :adAouayd akg ewoqo|od :2dAjousyd aAg Aluinbuesuo)y  xes  udIred

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 10

*30UBOIIUBIS UMOUNUN JO JUBLIBA ‘'SNA ‘AlIsoBAzowoy Jo suoiBal ‘HOY ‘UBWA Ul 8oUBILIBLYU] UBI[BPUBIA BUIUO ‘INIINO ‘Saseqefiaw ‘qIAl ‘saseqoliy ‘gy “ueLeA Jaquinu Adod ‘AND :SUOIBIABIGGY

- - - - €01 4318 suisnodisiy T /y93
uBiuag A1 aw €x(29626¥82_vT8108.2)TTP6/Tx _

- 'snAuBlusg A1 'SNA - T69°0/AIN GZ€'0 (0z2201€2T 699.L.22T)E VTbT 1.2 cele suisnod sy T zy93

- - - - rAR € suisnodisiy T Ty93

- - - - 8.1 9T/T suisnodjsily T 0v93

- - - - 1T € suisnoo isiy T 8€93

- - - - 85 vrT SuIsnod puodss T /€93

XTIHA@Od SNA 4N 720'T €x(128029¢6 06.97ST6)2€ TZbTe TehX 6 e suisnodisily T 6293
23154 ‘TIIGHO

GNINL TEWIL uBiuag A1 aIN 2070 Tx(ESECTLY 06660€Y) 'GTATT €9¢ ze/e  payloadsun sa1b9p 'sSA T 9293

€x(806€T22Z T€L0LYTT)

- ubBuag AT 'SNA /SNA TN E72°0/0% 96 T'TTde TTdLT/Tx(6.626.29T L1596929T) 929 - - ON T 5293

- - - - 62 zele sulsnod isiy T ¢¢93

- ubuag Ao aN T80 €x(828921€8 6¥89TELZ8)C CTdE 99T 9u/T suisnodisily T 1¢93

- - - - AR e sulsnod isiy - T 0293

- ubuag Ao an T €x(898558T8 61655808)T TZhbX 9 /T suisnodisiy T 8193

- - - - €05 YoITT suilsnod isiy - T LT93

0T SUOX8 9/ ousboyted A1 P 9Ly Tx(9€60L00TT ¢2€EZ00TT)TZhY 88 cele suisnod isily T 9193

— ~ — _ 9T —  payloadsun salbap ‘ssA T ST93

(I 1INO) soush Kioretoqe| 8z5s AND 6TOU/LEUDYD SIUelIeA JBquinu AdoD  (dIN) HOY (2) Buipssqg AnuInG -uesuon  JuBIYed

Buipoo-uplold  Busel Aq uoleseideiu] -Ul JO JUBP1P0D

Islam et al.

(OWIN) ewoqojoa pue eiwjeyiydoue ‘eiwreyiydoloiw yum suaned 91 ul synsal Aede (dNS) wsiydiowAjod spnoajonu ajbuls

¢ 3149vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 11

Islam et al.

wa/a/snwin ZH [ejuasediq (sAo88zIAL) o<l
(vdd ‘edd) SNA [4/WINAC 6'S¢ 6660 :0Q 0T'a'doid  ON 0ZETSZ/T 'snobAzowoH  'd :9<ve€980:ZS69T0 N 8v0/88SZT:TTIONOGD T €93
IXMQ/BO/SNWIN [eu.ayed (1asggeToud) d _
(€dd ‘2N) SNA [O4/WINAd 92 0T:0d  6960:A qoid esqy 'snoBAzossleH  11<D/80%°0 :€'Z0TZT0 AN  V<O80S8TY8'TIY0FYFY T G193
X/wa/a/snwin ZH [ewiared  (1959g/A19)d 1w<99022 D B
(edd)SNA /o4/WN 182 666°0 :0d 0T'A'goid  ON 0985v2/8 ‘snoBAzolsieH ‘€G8YTTO0 N V<O8ZLE0€9: VU IS4M T G293
x/way/a/bosnwin [eussyed (19sprenaT)d :0<L V<OBTEVEETTICTIYD
(€dd ‘ZTNd) SNA JWIAP 8'82 0T:0Q 0'T ‘A ‘qoid wesqy ‘snobAzolsleH TE0T'0 :€'98€200 WIN 9447 T 8293
1X/82/1a/69/sNWIN ZH [eusarew (ne19tT9TdiL)d V<D06G9EGVI:EID
(edd) SNA JWIAN §'6C 666'0:0a  686°0:Q'0id  ON 09€TSZ/Z 'snobAzolsleH  11<9D/p8Y'0 :T°02628T AN 6SIWVaY T TvO3
X/R0),
waya/L/Bo/snw
ar Q\ ﬁ %\Es_ z_\w__ [eluasediq (reng6zayd) d :o<L O<VS06YEZVLOTIY
(edd 'TAA) SNA =y g'62 666°0 :04 0'T ‘dgoid wesqy ‘snobAzowoH 9880 :Z'8TSS6TT00 NN oW T 0v93
§XABD
14Q/, AL1:69/ snwiN )
ey , 960 22H [ewaedig (u9z9.B1v)d V<OTIS.Y8SYZ TAYD
1,3d .. qoid ) —
(€dd ‘2N) SNA 9 1€ 666°0 :0d » ON 8968v2/S ‘snoBAzowoH 'V<96822'0:2T08T0 NN g9z41 T 8€93
80/Wa/ay/,
Bo/sn
LlgPOsNUN ZH lewsred  (UI9Z6861v)d '¥<95.097 1<O9VYBEVSTTZI
(edd)SNA [O4/WIN z€ 666°0:04 0T!Q9oid  ON YSYTVe/S ‘snobAzoJa1oH :£'9592€0 N ZEXHA T Tv93
(6dd) SAA ST/ 54/ WNA N feusarew (sk0gazbay)d 1<OE986G0ETT T
0 uw €e 666'0:0a 6660 -4 ‘G0Id 96€TG2/0T ‘snobAzolsleH  :1<0Z08' :£'¥6vrZ0 NN gZINM T 2293
aoueolIubs
umoudun Jo Sluelep
I
80/, WA/zAa/, SN
25d ‘ZIN QVAmMm__ v / 1 07" a 90id onou 9p (diLe96bav)d 1<00/890VL:LTAP
Y 9 112 666°0:04 14 wssqy 'snobAzolsleH  :1<D/882'0 :¥'2£600 NN vZ4710d 1 5293
(dd ejUaled] ( fiw)d: ) Py
ZNd "TSA) .d 0100 . Iq x025biv) d :1<08gST 1<OTZrT09E8T VY _
9 - 8¢ q - wasqy ‘snobAzowoH ‘¥'1/¥080T00 N EWNFL T 9193
siuelren ojusboyred
Kp3tio1usboyred
quOITRD SR |D uoIfeA jasuo) P10 Rse] Z-uaydAjod Aouenba iy A1s0bAz aJnjepuswou aweuaws a|dwes
9OV uoieINniN ap|fe Joulw (SADH) A0S
aavo avwoub uoljel.reAawousb uewnH

Author Manuscript

(OVIN) ewoqojo9 pue eiweyydoue ‘elweyiydoloiw yiim paleidosse sauab ul sjueries

€3149vl

Author Manuscript

Author Manuscript

Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 12

Islam et al.

Jspsebouejaw gj1ydosoiq .EQQ

‘olas oleg ‘1d 5

“snnasnuw sy a:E_>_»N

“SapApojbos) ued ‘I1d R

‘BuiBewep Ajqeqoid ‘g .go\_n_h
"9 90UBJ9Jal Wl suoleIAsiqqe olushoyred ,n_“N
"Buisneo-aseasip dn_n

*A1063180 Y98 Ul $3100S 4QVD 1S8MO] 03 1S8yBiy Woly paiaplo ale $3U9D),,

(13pY90TSIH) LVOIBP.LY8TY6YY
[eularew 'd 1vOI8pZ6TE 06TED GY8TYeYY:ETIUD
(ZNd 'PIND)SNA - BO/SNWIN/IL/WINAC - 666°0:0Q - - ‘snobAziweH ¥'66828£00000.LSN3 voway T 8293
ZHON [eu.ayed (S1H.egg01d) d 1w<D086'9 _
(Sdd) SNA SNWIA/O4/WINAd 89T 1500:0d 0'T ‘ublusg 2ES6YT/LL ‘snoBAzo.sieH ‘Z'LSSTO0TO0 NN 1<96.T/ST/6:8IY097409 T 9v93
666°0 N [eusajed (49s96TEIV)d L<O9ITSBEVET 6D
(znd) snA Bo/wNAd z0z s ¥60°0 ‘ublusg wesqy ‘snobAziwsH '1<99850:€'TLTZ00 INN IINOd T ¢v93
X/1Q/L/BosnuN ZH [eussrew  (U19zz9bIV) d 'W<DG98T™2 V<OEEBIBEVET:BIUD
(edd) SNA JWIAN T2 666'0:0d  219'0°Assod  ON 808282/6 ‘snobAziwaH ‘€' TLTL00 NN LINOd T 2v93
(BawEZyTSIH)
X/AQ/L/BOsNWN [eusared 'd :9<v89zyd o<l
(znd) snA JWIAP [ 0T:0a  ¥¥0°0 :ublueg wasqy ‘snobAzolsleH £'YEECTO NN YESTB99T:SIDOTOAN T 6293
(1anz8zzIeN)
IX/AQ/L/BosnWN [eusared 'd 'y<Orr890 V<09680VGL8T:7IY0
(znd)sna JWIAAC €72¢ 666004  Syz'0 :ublusg esqy ‘snofAzolsieH ‘¥'G¥2G00 NN LIv4 T v193
IX/BO/sNWN ZH [euJaleN (Jasp2961v)d V<OETYSESOTT:ETIYD
(edd)SNA /o4/WAAd 972 666000 066°0:d'40ld  ON 876972/2 'snobAziweH  :1<9ZZ029 ¥'S¥8T00 INN V#1700 T ¥193
X
jwansaiL/bosnun ZH ON [eussiew  (SIHOEYBIV) d '¥<D68ZT 0 1<OS8TOVVIViETIYD
(edd)SNA [o4/WINAd 7€ 6660 :0d - 80TE0Z/LY ‘snobAziwsH ‘750921700 WN MSYo T L1193
X/1Q/B9/snWN ZH [euasediq (uswsaas)d V<OB60TSTTT:OTIYD
(edd)SNA /o4/WAAd '€ 666000  ¥00°0 ‘ublusg  ON 8T¥1SZ/Z ‘snofAzowoH V<OYT0 :€€Z0VT0 NN 84am T ¢vo3
! ¥26'0
X[8/1A/L/BO/SNWIN © g 'ssod ZH [eus.rediq (ns1zwsel)d O<VHTELTOTESTIY
(edd)SNA [O4/WINAd ¥'6e 6660 :0d 1 ON 2560G2/€ ‘snobAzowoH  :0<V¥2SZ0 1#0/800 N Idvo0! T 1293
quolTeOlSSR|D Uo1TeA JBsU0D Lo R1Ie] Z-WaydAjod fouenba 1y A1sobBAz a.inyepuawou auwruauwes  a|dwes
9OV uoIrINN ap|[e Joulw (SA9H) Ap0S
aavo avwoub uolrel.renawousb uewnH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



Page 13

Islam et al.

‘wisiydiowAjod ._>_n_m
‘Buibewep Ajqissod ‘q .mmon_\
‘sadligns nbnjiyel ‘i ._.NN

'snyjeb snjeo ‘69 »

*90URDIHIUBIS UMOUYUN JO JUBLIBA .m3>u

‘Snjed Sija+ .o“_:
BlBINW 2IBIBYY ‘W _>_E
'snobAzowoy ‘ZH

/

"olusbouyped Afax1| m._«
‘siyeatdoly sndouax ‘yx “

SUBBS|9 SIIPGRYIoUSED 30,

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Genet. Author manuscript; available in PMC 2021 April 27.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	References
	TABLE 1
	TABLE 2
	TABLE 3



