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LADD syndrome with glaucoma is caused by a novel gene
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Purpose: Lacrimo-auriculo-dento-digital (LADD) syndrome is an autosomal dominant disorder displaying variable
expression of multiple congenital anomalies including hypoplasia or aplasia of the lacrimal and salivary systems causing
abnormal tearing and dry mouth. Mutations in the FGF10, FGFR2, and FGFR3 genes were found to cause some cases
of LADD syndrome in prior genetic studies. The goal of this study is to identify the genetic basis of a case of LADD
syndrome with glaucoma and thin central corneal thickness (CCT).

Methods: Whole exome sequencing was performed, and previously described disease-causing genes (FGF10, FGFR2,
and FGFR3) were first evaluated for mutations. Fifty-eight additional prioritized candidate genes were identified by
searching gene annotations for features of LADD syndrome. The potential pathogenicity of the identified mutations was
assessed by determining their frequency in large public exome databases; through sequence analysis using the Blosum62
matrix, PolyPhen2, and SIFT algorithms; and through homology analyses. A structural analysis of the effects of the
top candidate mutation in tumor protein 63 (TP63) was also conducted by superimposing the mutation over the solved
crystal structure.

Results: No mutations were detected in FGFI10, FGFR2, or FGFR3. The LADD syndrome patient’s exome data was
searched for mutations in the 58 candidate genes and only one mutation was detected, an Arg343Trp mutation in the
tumor protein 63 (7P63) gene. This TP63 mutation is absent from the gnomAD sequence database. Analysis of the
Arg343Trp mutation with Blosum62, PolyPhen2, and SIFT all suggest it is pathogenic. This arginine residue is highly
conserved in orthologous genes. Finally, crystal structure analysis showed that the Arg343Trp mutation causes a sig-
nificant alteration in the structure of TP63’s DNA binding domain.

Conclusions: We report a patient with no mutations in known LADD syndrome genes (FGFI10, FGFR2, and FGFR3).
Our analysis provides strong evidence that the Arg343Trp mutation in 7P63 caused LADD syndrome in our patient and
that TP63 is a fourth gene contributing to this condition. 7P63 encodes a transcription factor involved in the development
and differentiation of tissues affected by LADD syndrome. These data suggest that 7P63 is a novel LADD syndrome

gene and may also influence corneal thickness and risk for open-angle glaucoma.

Lacrimo-auriculo-dento-digital (LADD) syndrome
(OMIM 149730), also known as Levy-Hollister syndrome, is
an autosomal dominant disorder displaying variable expres-
sion of multiple congenital anomalies. Levy first described
LADD syndrome in 1967 as an isolated case with an absent
lacrimal system, dry mouth, malformed ears, and dental,
arm, and digital abnormalities [1]. Tearing is a central
feature in LADD syndrome due to abnormalities of the
lacrimal system that may range from hypoplasia to aplasia
of puncta, ducts, and glands. Hypoplasia or aplasia of the
salivary glands and ducts may also cause dry mouth. Patients
with LADD syndrome have external ear abnormalities that
include low-set, cup-shaped auricles. Sensorineural, conduc-
tive, and mixed hearing deficits may also be present [2].
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Dental anomalies in LADD syndrome include microdontia,
hypodontia, and enamel dysplasia. Finally, patients with
LADD syndrome may have a variety of distal limb and digit
abnormalities, such as hypoplastic thumbs and radii, lateral
or medial bending of the digits (clinodactyly), and webbing
or fusion of the digits (syndactyly) [3,4]. Most LADD cases
have ocular involvement. Lacrimal system defects are present
in 71% of patients with LADD syndrome and subsequent
tear deficiency and dry eye may cause chronic keratocon-
junctivitis or corneal ulcerations in 64% of cases [5]. Limbal
stem cell deficiency has also been associated with LADD
syndrome, which may predispose the patient to corneal
epithelial erosions, neovascularization, and hypoesthesia
[5,6].

We recently described a 30-year-old male patient that had
typical features of LADD syndrome as well as thin corneas
and open angle glaucoma [7]. He had classic abnormalities
of his lacrimal system, ears, teeth, and fingers. He also had
limbal corneal stem cell deficiency as has been previously
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TABLE 1. ANALYSIS OF THE TP63 MUTATION ARG343TRP.
Detected Coding gnomAD Allele Blosum62 PolyPhen SIFT
Gene Sequence Variations Frequency Score Score Score
TP63  Arg343Trp 0% -3 Probably Deleterious
Damaging

The Arg343Trp mutation was not observed in the gnomAD database of over 126,000 human exomes
suggesting that it is essentially absent from unselected populations. Mutation analyses with Blosum62,
PolyPhen2, and SIFT all suggest that the Arg343Trp mutation is likely pathogenic.

reported [5]. This patient had additional corneal abnormali-
ties and open angle glaucoma, which have not been previously
identified as part of LADD syndrome. His central corneas
were very thin at 387 pum right eye (OD) and 334 um left
eye (OS) and he also had severe irregular astigmatism and
corneal neovascularization. Moreover, this LADD syndrome
patient had classic signs of open angle glaucoma including
glaucomatous optic neuropathy and corresponding visual
field defects [7].

Genetic studies of several LADD syndrome pedigrees
led to the identification of disease-causing mutations in the
fibroblast growth factor receptor 2 (FGFR2) gene [2]. Linkage
analysis of these families mapped a LADD syndrome gene
to chromosome 10q26, which encompassed the FGFR?2 gene.
DNA sequencing subsequently detected FGFR2 mutations in
three LADD syndrome pedigrees and in one sporadic LADD
syndrome case. However, no FGFR2 mutations were identi-
fied with genetic studies of two additional LADD syndrome
pedigrees, indicating that this condition is heterogeneous and
may be caused by more than one gene. These pedigrees were
consequently tested for mutations in other genes in the FGFR
gene family that are related to FGFR2. A mutation in the
fibroblast growth factor receptor 3 (FGFR3) gene was discov-
ered in one pedigree, while a mutation in the fibroblast growth
factor 10 (FGF10) gene was detected in the other pedigree
[2]. Mutations in FGFR2, FGFR3, and FGF10 are plausible
causes of LADD syndrome because defects in these genes
have been previously reported in humans and transgenic
mice with similar abnormalities of the lacrimal and salivary
glands as well as limb and digit anomalies [8-10]. These data
indicate that the cluster of mutations in three members of
the fibroblast growth factor (FGF) signaling pathway have
central importance in the pathogenesis of LADD syndrome.
In this report, we describe research to identify the genetic
cause of our patient’s case of LADD syndrome that includes
thin corneas and open angle glaucoma among its clinical
features.

METHODS

Patient enrollment: The study was approved by the Institu-
tional Review Board at the University of lowa and adhered
to the tenets of the Declaration of Helsinki and the ARVO
statement on human subjects. Clinical assessments of this
patient were previously reported [7]. After the patient was
enrolled in the study, a blood sample was drawn and a skin
biopsy was obtained as previously described [11,12]. DNA
was isolated from a blood sample using the QlAamp Blood
Maxi Kit (Qiagen, Valencia, CA) and fibroblast cells were
isolated and cultured from the skin biopsy using standard
techniques [13].

DNA sequencing, filtering algorithms, and mutation anal-
yses: Whole exome sequencing was performed on the LADD
syndrome patient’s DNA with the Agilent v5 kit (Santa
Clara, CA) and an [llumina Hiseq2500 next-generation DNA
sequencer (San Diego, CA) using the manufacturers’ proto-
cols. The Burrows-Wheeler aligner (BWA) was used to align
DNA sequencing reads to the human reference genome [14].
DNA sequence variations were identified using the Genome
Analysis Toolkit (GATK) [15], CoNIFER [16], and a custom
sequence analysis and annotation pipeline (Wynn Institute for
Vision Research, lowa City, 1A).

First, DNA variations in the coding sequences or the
canonical splicing sites of known LADD genes (FGFR2,
FGFR3, and FGF10) were identified and analyzed. Next,
variations present in the entire exome were filtered and
prioritized using previously described methods [17,18]. Vari-
ants were filtered to identify those that altered the coding
sequences or canonical splicing sites of known genes. Vari-
ants that were previously reported in the public database of
the Exome Sequencing Project (ESP) [19] were judged to be
too common to cause LADD syndrome and were excluded.
Candidate mutations and genes were further filtered based
on their annotation and reported function using an advanced
search of the GeneCards Human Gene Database [20] with
input keywords “lacrimal,” “auricular,” “dental,” “digital,”
“salivary,” and “morphogenesis.” Top candidate mutations
were further evaluated by investigating their prevalence in
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Figure 1. TP63 amino acid
sequence conservation. The argi-
nine amino acid that is altered by
the Arg343Trp mutation (indicated
with a bold “R”) is highly conserved
in the TP63 transcription factor
across many species (indicated by
the gray shading), which suggests
that it may have a conserved role in
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the protein’s function.

the public database curated by the Genome Aggregation
Database (gnomAD) [21]. The pathogenicity of these candi-
date mutations was also estimated using the BLOSUMG62
matrix [22], PolyPhen2 [23], and SIFT [24] analyses. For the
top candidate, TP63, the Arg343Trp mutation was assessed
for alteration of conserved protein sequences by constructing
homology tables using the UCSC browser (genome.ucsc.edu)
[25]. The likely effects of the Arg343Trp mutation on TP63
protein structure were investigated based on a wild-type
structure determined by X-ray crystallography (3US2) [26].
The analysis began by mutating the Arg343 residue of the
crystal structure to Trp, followed by repacking of nearby
residues using a rotamer optimization algorithm [27] and a
potential energy function defined by the polarizable atomic
multipole AMOEBA force field [28] in the program Force
Field X [29].

RESULTS

We recently reported a patient with LADD syndrome that
included early-onset open angle glaucoma and remarkably
thin corneas (central corneal thickness of 387 um OD and
334 um OS) [7]. This patient was of non-Hispanic Caucasian
and Asian heritage. Reportedly, neither the patient’s parents
nor other family members are affected by LADD syndrome,
but were unavailable for examination or inclusion in our
genetic study.

In this report, we searched for the genetic cause of our
patient’s LADD syndrome using whole exome sequencing.
In the first stage of our analysis, we searched our patient’s
exome data for mutations in the three known LADD
syndrome genes, FGFR2, FGFR3, and FGFI0. A heterozy-
gous, synonymous variant, Leu703Leu, was discovered in
FGFR2. However, no plausible disease-causing mutations
were detected in these genes.
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As a second stage, we identified genes previously anno-
tated to influence the structures altered in LADD syndrome
using the keywords “lacrimal,” “auricular,” “dental,” “digital,”
“salivary,” and “morphogenesis” as potential causes of this
disease using the online resource GeneCards [20]. A total of
58 candidate genes were prioritized for analysis (Appendix
1). Three of the top four candidates on this gene list were
the previously identified LADD syndrome genes—FGFR?2,
FGFR3, and FGFI10—providing some validation for our
prioritization approach. The fourth top candidate on the list
was tumor protein 63 (TP63).

When we examined our patient’s exome, we detected a
plausible disease-causing mutation in only one of the 58 candi-
date genes. A missense mutation, Arg343Trp, was identified
in TP63. This mutation is not present in the exomes of more
than 126,000 humans (gnomAD database) [21], including
over 24,000 Asian and 56,000 Non-Finnish Europeans who
have the most relevant heritage for use as a control data set for
this study’s LADD syndrome patient. These data suggest that
the TP63 Arg343Trp mutation is extremely rare, as would be
expected for a mutation thought to cause LADD syndrome.
The potential pathogenicity of the 7P63 mutation was further
assessed with several mutation analysis algorithms (Table
1). The Arg343Trp mutation generated a Blosum62 score of
—3, a PolyPhen?2 score of “probably damaging,” and a SIFT
score of “deleterious.” Moreover, the Arg343Trp mutation
alters an amino acid that has been highly conserved in the
encoded TP63 protein across many diverse species (Figure
1). Finally, molecular modeling of the TP63 protein based
on its solved crystal structure was conducted both with and
without the Arg343Trp mutation using structural refinement
algorithms based on the polarizable AMOEBA force field.
These analyses showed that the Arg343Trp mutation caused a
dramatic conformational alteration of TP63 that would likely
be deleterious to its DNA-binding domain (Figure 2).
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DISCUSSION

Our genetic studies of a patient with LADD syndrome, glau-
coma, and thin corneas detected no mutations in the previ-
ously reported LADD syndrome genes, FGFI10, FGFR2, and
FGFR3. Subsequently, whole exome sequencing identified a
novel Arg343Trp mutation in the TP63 gene as a potential
cause of LADD syndrome. This 7P63 mutation is exceedingly
rare and was not detected in over 126,000 individuals in the
gnomAD database. Moreover, a range of mutation analysis
approaches (Blosum62, SIFT, PolyPhen2), homology studies,
and protein modeling all suggest that the Arg343Trp mutation
is likely pathogenic. Additional support for the pathogenicity
of the TP63 mutation might be obtained by examining our

© 2017 Molecular Vision

patient’s family with genetic tests. Since both of his parents
are reportedly unaffected by LADD syndrome, one might
expect them to test negative for the Arg343Trp mutation.
Such test results would indicate that our patient carries a
de novo TP63 mutation and would be further evidence that
the Arg343Trp mutation is disease-causing. Unfortunately,
neither parents were available for examination or enrollment
in our study.

TP63 encodes a transcription factor that is expressed in
ectodermal tissue during development, and mutation of this
gene is a highly plausible cause of the congenital features
of LADD syndrome. Mutation of 7P63 has been previously
associated with the spectrum of developmental diseases
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Figure 2. Modeling of the effects of the Arg343Trp mutation on TP63 structure. Beginning from a TP63 crystal structure, mutation of
residue 343 from Arg to Trp followed by side-chain repacking demonstrates a loss of favorable electrostatic contacts between wild-type
Arg and negatively charged phosphates of the accompanying double stranded DNA. This suggests that the functional consequence of Trp
is diminished binding affinity and thereby a change (i.e., a reduction) in transcriptional control. The wild-type structure of TP63 (with an
Arg residue at position 343) is shown in blue, the mutant structure with a Trp residue at position 343 is shown in yellow, and a DNA helix
is shown in brown and green.
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termed ectrodactyly, ectodermal dysplasia, and cleft lip/
palate syndrome (EEC, OMIM 604292) [30]. The features
of EEC overlap significantly with LADD syndrome. Both
syndromes may include lacrimal duct abnormalities, hearing
abnormalities, digital abnormalities (syndactyly), and dental
abnormalities (hypodontia). There are even families in which
some members have LADD syndrome while others have cleft
lip and palate and were diagnosed with EEC [31]. The overlap
of the clinical features of LADD syndrome and ECC may be
due in part to common genetic bases, that is, that some muta-
tions in 7P63 may be more likely to cause LADD syndrome
while others may be more likely to cause ECC. Together
these data and observations provide additional support for
our hypothesis that mutation of 7P63 may cause LADD
syndrome. We further suggest the possibility that 7P63 may
also be associated with risk for thin central corneal thickness
and for glaucoma. Overall, the evidence is compelling that
mutation of TP63 plays a role in the pathogenesis of LADD
syndrome, however, further investigation with functional
studies is warranted. Additional support for the pathogenicity
of the TP63 mutation might be obtained by examining our
patient’s family with genetic tests. Since both of his parents
are reportedly unaffected by LADD syndrome, one might
expect them to test negative for the Arg343Trp mutation.
Such test results would indicate that our patient carries a
de novo 7P63 mutation and would be further evidence that
the Arg343Trp mutation is disease-causing. Unfortunately,
neither parents were available for examination or enrollment
in our study.

APPENDIX 1.

Fifty-eight candidate genes were identified by searching the
annotated human genes in the GeneCards database using the
keywords, “lacrimal,” “auricular,” “dental,” “digital,” and
“morphogenesis.” The candidate genes were prioritized based
on the strength of the annotation for these terms. To access
the data, click or select the words “Appendix 1.”

ACKNOWLEDGMENTS

This research was funded in part by NIH grant ROIEY 023512,
the Research to Prevent Blindness Physician Scientist Award,
and Dr. Albert and Evelyn Mintzer.

REFERENCES

1.  Levy WIJ. Mesoectodermal dysplasia. A new combination
of anomalies. Am J Ophthalmol 1967; 63:978-82. [PMID:
6066655].

2. Rohmann E, Brunner HG, Kayserili H, Uyguner O, Niirn-
berg G, Lew ED, Dobbie A, Eswarakumar VP, Uzumcu A,

10.

12.

13.

183

© 2017 Molecular Vision

Ulubil-Emeroglu M, Leroy JG, Li Y, Becker C, Lehnerdt
K, Cremers CWRJ, Yiiksel-Apak M, Niirnberg P, Kubisch
C, Kubisch C, Schlessinger J, van Bokhoven H, Wollnik
B. Mutations in different components of FGF signaling
in LADD syndrome. Nat Genet 2006; 38:414-7. [PMID:
16501574].

Hollister DW, Klein SH, De Jager HJ, Lachman RS, Rimoin
DL. The lacrimo-auriculo-dento-digital syndrome. J Pediatr
1973; 83:438-44. [PMID: 4725147].

Inan UU, Yilmaz MD, Demir Y, Degirmenci B, Ermis SS,
Ozturk F. Characteristics of lacrimo-auriculo-dento-digital
(LADD) syndrome: case report of a family and literature
review. IntJ Pediatr Otorhinolaryngol 2006; 70:1307-14.
[PMID: 16460812].

Cortes M, Lambiase A, Sacchetti M, Aronni S, Bonini
S. Limbal stem cell deficiency associated with LADD
syndrome. Arch Ophthalmol. American Medical Association
2005; 123:691-4. [PMID: 15883293].

Heinz GW, Bateman JB, Barrett DJ, Thangavel M, Crandall
BF. Ocular manifestations of the lacrimo-auriculo-dento-
digital syndrome. Am J Ophthalmol 1993; 115:243-8.
[PMID: 8430736].

Tandon A, Tehrani S, Greiner MA, Fingert JH, Alward
WLM. Thin central corneal thickness and early-onset glau-
coma in lacrimo-auriculo-dento-digital syndrome. JAMA
Ophthalmol 2014; 132:782-4. [PMID: 24921174].

Coumoul X, Shukla V, Li C, Wang R-H, Deng C-X. Condi-
tional knockdown of Fgfr2 in mice using Cre-LoxP induced
RNA interference. Nucleic Acids Res. Oxford University
Press; 2005;33(11):¢102-2.

Gorivodsky M, Lonai P. Novel roles of Fgfr2 in AER differ-
entiation and positioning of the dorsoventral limb interface.
Development. The Company of Biologists Ltd 2003;
130:5471-9. .

Entesarian M, Matsson H, Klar J, Bergendal B, Olson L,
Arakaki R, Hayashi Y, Ohuchi H, Falahat B, Bolstad Al,
Jonsson R, Wahren-Herlenius M, Dahl N. Mutations in the
gene encoding fibroblast growth factor 10 are associated with
aplasia of lacrimal and salivary glands. Nat Genet 2005;
37:125-7. [PMID: 15654336].

Fingert JH, Robin AL, Ben R. Roos, Davis LK, Scheetz TE,
Wassink TH, Kwon YH, Alward WLM, Mullins RF, Shef-
field VC, Stone EM. Copy number variations on chromosome
12q14 in patients with normal tension glaucoma. Hum Mol
Genet 2011; 20:2482-94. [PMID: 21447600].

Tucker BA, Solivan-Timpe F, Roos BR, Anfinson KR, Robin
AL, Wiley LA, Mullins RF, Fingert JH. Duplication of TBK1
Stimulates Autophagy in iPSC-derived Retinal Cells from
a Patient with Normal Tension Glaucoma. J Stem Cell Res
Ther 2014; 3:161-[PMID: 24883232].

Tucker BA, Mullins RF, Stone EM. Stem cells for investigation
and treatment of inherited retinal disease. Hum Mol Genet
2014; 23:R9-16. [PMID: 24647603].


http://www.molvis.org/molvis/v23/179
https://www.ncbi.nlm.nih.gov/omim/?term=604292
http://www.molvis.org/molvis/v23/appendices/mv-v23-179-app-1.xlsx
http://www.ncbi.nlm.nih.gov/pubmed/6066655
http://www.ncbi.nlm.nih.gov/pubmed/6066655
http://www.ncbi.nlm.nih.gov/pubmed/16501574
http://www.ncbi.nlm.nih.gov/pubmed/16501574
http://www.ncbi.nlm.nih.gov/pubmed/4725147
http://www.ncbi.nlm.nih.gov/pubmed/16460812
http://www.ncbi.nlm.nih.gov/pubmed/15883293
http://www.ncbi.nlm.nih.gov/pubmed/8430736
http://www.ncbi.nlm.nih.gov/pubmed/24921174
http://www.ncbi.nlm.nih.gov/pubmed/15654336
http://www.ncbi.nlm.nih.gov/pubmed/21447600
http://www.ncbi.nlm.nih.gov/pubmed/24883232
http://www.ncbi.nlm.nih.gov/pubmed/24647603

Molecular Vision 2017; 23:179-184 <http:/www.molvis.org/molvis/v23/179>

14.

16.

17.

18.

19.

20.

21.

Li H, Durbin R. Fast and accurate short read alignment with
Burrows-Wheeler transform. Bioinformatics 2009; 25:1754-
60. [PMID: 19451168].

DePristo MA, Banks E, Poplin R, Garimella KV, Maguire JR,
Hartl C, Philippakis AA, del Angel G, Rivas MA, Hanna M,
McKenna A, Fennell TJ, Kernytsky AM, Sivachenko AY,
Cibulskis K, Gabriel SB, Altshuler D, Daly MJ. A framework
for variation discovery and genotyping using next-generation
DNA sequencing data. Nat Genet 2011; 43:491-8. [PMID:
21478889].

Krumm N, Sudmant PH, Ko A, O’Roak BJ, Malig M, Coe
BP. NHLBI Exome Sequencing Project, Quinlan AR, Nick-
erson DA, Eichler EE. Copy number variation detection and
genotyping from exome sequence data. Genome Res 2012;
22:1525-32. [PMID: 22585873].

Tucker BA, Scheetz TE, Mullins RF, DeLuca AP, Hoffmann
JM, Johnston RM, Jacobson SG, Sheffield VC, Stone EM.
Exome sequencing and analysis of induced pluripotent stem
cells identify the cilia-related gene male germ cell-associated
kinase (MAK) as a cause of retinitis pigmentosa. Proceed-
ings of the National Academy of Sciences. National Acad
Sciences; 2011 Aug 23;108(34):E569-76.

Wagner AH, Taylor KR, DeLuca AP, Casavant TL, Mullins
RF, Stone EM, Scheetz TE, Braun TA. Prioritization of
retinal disease genes: an integrative approach. Hum Mutat
2013; 34:853-9. [PMID: 23508994].

National Heart Lung and Blood Institute. Exome Sequencing
Project (ESP) [Internet]. Available from: http://evs.
gs.washington.edu/EVS/

Stelzer G, Rosen N, Plaschkes I, Zimmerman S, Twik M, Fishi-
levich S, Stein TI, Nudel R, Lieder I, Mazor Y, Kaplan S,
Dahary D, Warshawsky D, Guan-Golan Y, Kohn A, Rappa-
port N, Safran M, Lancet D. The GeneCards Suite: From
Gene Data Mining to Disease Genome Sequence Analyses.
Curr Protoc Bioinformatics 2016; 54:1-[PMID: 27322403].

Lek M, Karczewski KJ, Minikel EV, Samocha KE, Banks E,
Fennell T, O’Donnell-Luria AH, Ware JS, Hill AJ, Cummings
BB, Tukiainen T, Birnbaum DP, Kosmicki JA, Duncan LE,
Estrada K, Zhao F, Zou J, Pierce-Hoffman E, Berghout
J, Cooper DN, Deflaux N, DePristo M, Do R, Flannick J,
Fromer M, Gauthier L, Goldstein J, Gupta N, Howrigan D,
Kiezun A, Kurki MI, Moonshine AL, Natarajan P, Orozco
L, Peloso GM, Poplin R, Rivas MA, Ruano-Rubio V, Rose
SA, Ruderfer DM, Shakir K, Stenson PD, Stevens C, Thomas
BP, Tiao G, Tusie-Luna MT, Weisburd B, Won H-H, Yu D,
Altshuler DM, Ardissino D, Boehnke M, Danesh J, Donnelly
S, Elosua R, Florez JC, Gabriel SB, Getz G, Glatt SJ, Hultman

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

© 2017 Molecular Vision

CM, Kathiresan S, Laakso M, McCarroll S, Mccarthy MI,
McGovern D, McPherson R, Neale BM, Palotie A, Purcell
SM, Saleheen D, Scharf JM, Sklar P, Sullivan PF, Tuomilehto
J, Tsuang MT, Watkins HC, Wilson JG, Daly MJ, MacArthur
DG. Exome Aggregation Consortium. Analysis of protein-
coding genetic variation in 60,706 humans. Nature 2016;
536:285-91. [PMID: 27535533].

Eddy SR. Where did the BLOSUMG62 alignment score matrix
come from? Nat Biotechnol 2004; 22:1035-6. [PMID:
15286655].

Adzhubei 1A, Schmidt S, Peshkin L, Ramensky VE, Gera-
simova A, Bork P, Kondrashov AS, Sunyaev SR. A method
and server for predicting damaging missense mutations. Nat
Methods 2010; 7:248-9. [PMID: 20354512].

Ng PC, Henikoff S. Predicting deleterious amino acid substitu-
tions. Genome Res. Cold Spring Harbor Lab 2001; 11:863-
74. [PMID: 11337480].

Kent WJ, Sugnet CW, Furey TS, Roskin KM, Pringle TH,
Zahler AM, Haussler D. The human genome browser at
UCSC. Genome Res. Cold Spring Harbor Lab 2002; 12:996-
1006. [PMID: 12045153].

Chen C, Gorlatova N, Herzberg O. Pliable DNA conformation
of response elements bound to transcription factor p63. J Biol
Chem. American Society for Biochemistry and Molecular
Biology 2012; 287:7477-86. .

. LuCore SD. Litman JM, Powers KT, Gao S, Lynn AM,
Tollefson WTA, Fenn TD, Washington MT, Schnieders
MJ. Dead-End Elimination with a Polarizable Force Field
Repacks PCNA Structures. Biophys J 2015; 109:816-26.
[PMID: 26287633].

Ponder JW, Wu C, Ren P, Pande VS, Chodera JD, Schnieders
MJ, Haque I, Mobley DL, Lambrecht DS, DiStasio RA,
Head-Gordon M, Clark GNI, Johnson ME, Head-Gordon T.
Current status of the AMOEBA polarizable force field. J
Phys Chem B 2010; 114:2549-64. [PMID: 20136072].

Fenn TD, Schnieders MJ. Polarizable atomic multipole X-ray
refinement: weighting schemes for macromolecular diffrac-
tion. Acta Crystallogr D Biol Crystallogr. International
Union of Crystallography 2011; 67:957-65. .

Rinne T, Hamel B, van Bokhoven H, Brunner HG. Pattern of
p63 mutations and their phenotypes—update. Pattern of p63
mutations and their phenotypes--update. Am J Med Genet
A 2006; 140:1396-406. [PMID: 16691622].

Ramirez D, Lammer EJ. Lacrimoauriculodentodigital
syndrome with cleft lip/palate and renal manifestations.
Cleft Palate Craniofac J 2004; 41:501-6. [PMID: 15352854].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 30 March 2017. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

184


http://www.molvis.org/molvis/v23/179
http://www.ncbi.nlm.nih.gov/pubmed/19451168
http://www.ncbi.nlm.nih.gov/pubmed/21478889
http://www.ncbi.nlm.nih.gov/pubmed/21478889
http://www.ncbi.nlm.nih.gov/pubmed/22585873
http://www.ncbi.nlm.nih.gov/pubmed/23508994
http://evs.gs.washington.edu/EVS/
http://evs.gs.washington.edu/EVS/
http://www.ncbi.nlm.nih.gov/pubmed/27322403
http://www.ncbi.nlm.nih.gov/pubmed/27535533
http://www.ncbi.nlm.nih.gov/pubmed/15286655
http://www.ncbi.nlm.nih.gov/pubmed/15286655
http://www.ncbi.nlm.nih.gov/pubmed/20354512
http://www.ncbi.nlm.nih.gov/pubmed/11337480
http://www.ncbi.nlm.nih.gov/pubmed/12045153
http://www.ncbi.nlm.nih.gov/pubmed/26287633
http://www.ncbi.nlm.nih.gov/pubmed/20136072
http://www.ncbi.nlm.nih.gov/pubmed/16691622
http://www.ncbi.nlm.nih.gov/pubmed/15352854

	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1

