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Supplementary Methods 

Human study participants and DNA extraction 

Subjects and their families were recruited from multiple international centers, for 

which each site received study approval from their respective Institutional Review Board (IRB). 

These studies adhered to the tenets of the Declaration of Helsinki. The IRBs approved the 

recruitment of individuals and family members with inherited developmental ophthalmologic 

disorders, the collection of blood, cheek cells and saliva samples for DNA extraction, screening 

for genetic mutations and creation of genotype-phenotype correlations. Written informed consent 

for study participation was obtained from the subject or subject’s parents, as appropriate. The 

studies were also compliant with the Health Insurance Portability and Accountability Act 

(HIPAA). 

Primary congenital glaucoma (PCG) was defined by the following characteristics: (i) 

age of onset less than 3 years, (ii) increased corneal diameter greater than 10 mm accompanied 

by corneal edema and/or Haab striae and (iii) increased IOP greater than 21 mmHg and/or optic 

nerve cupping greater than 0.4. Any patient with other ocular abnormalities or systemic condition, 

other than iris stromal hypoplasia, was excluded from the study. Ocular anomalies excluded were 

posterior embryotoxon, correctopia, cataract, Axenfeld Reiger syndrome, Peter’s Anomaly, 

apparent corneal dystrophy, megalocornea, and aniridia. A questionnaire request for family and 

medical history was completed by the subject and/or the subject’s parent or guardian. 

In total, 189 families were included in the study. All families had been previously 

screened for known PCG gene variants and found to be negative. One-hundred and seventy-three 

of the families contained only a single affected individual, 13 families contained 2 affected 

individuals, 2 families contained 3 affected individuals and 1 family included 4 affected 
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individuals (1 affected by family history, 2 were later-onset disease). One-hundred and forty of 

the affected individuals showed disease in both eyes, 34 were unilaterally affected and 35 were 

unknown. Blood, buccal cheek or saliva samples were collected from the subject and any 

available family members. Genomic DNA was extracted according to the manufacturer’s 

instructions using AutoPure LS DNA Extractor (QIAGEN Inc., Valencia, CA) and PUREGENE 

reagents (Gentra Systems Inc., Minneapolis, MN). 

 

Exome sequencing and TEK Sanger sequencing 

For the initial U.S. exome sequencing cohort, 21 affected individuals from 20 families 

underwent exome sequencing using the NimbleGen v2 exome capture kit (Roche NimbleGen, 

Inc., Madison, WI) and HiSeq2000 platform (Illumina, Inc., San Diego, CA). Raw sequence 

reads were aligned to the human reference genome assembly (GRCh37/hg19) using the 

Burrows-Wheeler Aligner (BWA) (1) and variants were called with the Genome Analysis Toolkit 

(GATK) (2, 3). Variants were analyzed and filtered using SNP and Variation Suite software (SVS 

version 8.3, Golden Helix, Inc., Bozeman, MT) and sequence reads were visualized using 

GenomeBrowse (Golden Helix, Inc., Bozeman, MT). All variants were validated by direct 

Sanger sequencing. 

DNA samples from an additional 24 Italian families (74 exomes, 26 affected 

individuals) were enriched using the SureSelect Human All Exon Kit version 5 (Agilent, Santa 

Clara, CA) and paired-end sequenced (100 bp forward and reverse) on an Illumina HiSeq 2500 

instrument (Illumina, San Diego, CA). Image analysis and base calling was performed using the 

HiSeq instrument control software with default parameters. After de-multiplexing with bcl2fastq 

v1.8.4 from Illumina, read alignment was performed with BWA (1, 2) version 0.7.8 using the 
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GRCh37/hg19 human reference genome assembly. Duplicate reads were marked with Picard 

MarkDuplicates (version 1.111, http://broadinstitute.github.io/picard). Furthermore, local 

re-alignment around potential insertion and deletion (indel) sites was performed with GATK 

version 3.1 (2, 3). Single-nucleotide variants and small indels were detected using five different 

caller algorithms: HaplotypeCaller and UnifiedGenotyper of the aforementioned Genome 

Analysis Toolkit (2, 3), SNVer (4), freeBayes (http://arxiv.org/abs/1207.3907v2), and Platypus 

(5). Variant annotation was performed using ANNOVAR (6) in conjunction with a variety of 

open and proprietary annotation database files. Detected variants were confirmed by direct 

Sanger sequencing using the primers listed in Supplemental Table 1. 

Exomes from a further 44 Australian families (44 affected individuals) were captured 

using the Agilent SureSelect v4 kit (Agilent, Santa Clara, CA), and sequenced on an Illumina 

HiSeq2500 (Illumina, San Diego, CA) (125bp paired-end library). Reads were aligned to the 

GRCh37/hg19 human reference genome using BWA, and duplicates were marked and removed 

using Picard (1, 2). Single nucleotide variants and indels were called using GATK and annotated 

against RefSeq transcripts using ANNOVAR (2-4, 6). Variants present in 84 unrelated 

non-glaucomatous control exomes were eliminated. 

An additional 17 families (79 exomes, 31 affected individuals) collected in Boston, 

USA, were captured with the Agilent SureSelecct V4+UTR+Mito Agilent exon capture (71.4 Mb 

target region) and sequenced on an Illumina HiSeq2500 (75X mean coverage). The sequence 

data was aligned using BWA (version 0.6.2-r126), duplicates were removed and variants called 

using SAMtools (version 0.1.18 or r982:295), which were then refined using a custom human bp 

codon resource (Genomics core, Mass Eye and Ear) as well as GATK. Custom scripts were also 

developed and used to annotate variants. 

http://broadinstitute.github.io/picard
http://arxiv.org/abs/1207.3907v2
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A further 84 families (87 affected individuals) from the USA, Bulgaria, Brazil, 

Australia, Italy and Romani population were screened for coding exon and splice site variants in 

TEK (NCBI Reference Sequence, NM_000459.4) by direct Sanger sequencing. In total 58 

families (including 7 of 10 families that harbored a TEK mutation reported here) were screened 

for TEK core promoter variants (genomic sequence 60 bp upstream to 40 bp downstream of the 

predicted transcriptional start site at position chromosome 9:27,109,145 (GRCh37/hg19)). 

Genomic primer sequences are provided in Supplemental Table 1. 

 

In silico functional studies 

Polymorphism Phenotyping version 2 (PolyPhen-2, 

http://genetics.bwh.harvard.edu/pph2/) (7, 8) and SIFT (Sorting Intolerant From Tolerant version 

5.2.2, http://sift.bii.a-star.edu.sg/) (9) were used to predict any functional effects that the three 

TEK missense variants (p.C233Y, p.Y611C, and p.K294N) may have on protein function. Three 

versions of SIFT analyses were performed using different multiple alignments of homologous 

sequences as input. Alignments were created using MAFFT (version 7.130b) with L-INS-I 

parameters (10) and any sequences seen to contain large gaps in Jalview (version 2.8) (11) were 

removed. The first SIFT analysis used 73 orthologs of human TEK (NP_000450.2), retrieved 

using Orthologue search on ANNOTATOR (12). Since TEK belongs to the TIE receptor family 

that contains both TEK (TIE2) and TIE1, we wanted to know whether wild-type (WT) residues 

of the three missense variants were conserved throughout the whole family or subfamily-specific 

residues. Therefore, the second analysis incorporated an additional 80 TIE1 (NP_005415.1) 

orthologs for an analysis of 155 TIE receptor family sequences (which include human TEK and 

TIE1). Finally, a SIFT-BLink (http://sift.bii.a-star.edu.sg/www/SIFT_BLink_submit.html) 

http://genetics.bwh.harvard.edu/pph2/
http://sift.bii.a-star.edu.sg/
http://sift.bii.a-star.edu.sg/www/SIFT_BLink_submit.html
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analysis was performed using 399 sequences closely related to TEK (obtained via BLAST, 

http://blast.ncbi.nlm.nih.gov/Blast.cgi).  

To analyze the effect of missense variants on protein structure, FoldX 

(http://foldx.crg.es/, http://foldxyasara.switchlab.org/)(13) analyses were performed using known 

crystal structures when available. The crystal structures were retrieved from the PDB (14) 

(Protein Data Bank) database via BLAST search. For the p.C233Y and p.K294N variants, the 

human TEK (PDB ID: 2GY5(15); E-value=0.0, Resolution=2.9 Angstrom), was used for the 

FoldX analysis. For the p.Y611C variant, since the fibronectin domain structure of TEK was 

unavailable, the respective domain subsequence of TEK (543-625aa) was used to search the PDB 

for suitable templates using HHpred (http://toolkit.tuebingen.mpg.de/hhpred). A crystal structure 

of an internal FN3 domain from human Contactin-5 (PDB ID: 4N68 chain A (16)) was identified 

as the top-hit (E-value=1.2e-18 resolution=1.8 Angstrom) and used as a template structure for 

modeling with MODELLER (17) with loop refinement. The FoldX plugin for YASARA (18) was 

then used for differential stability analysis of wild-type and mutant versions of the above 

described structures and modeled with 5 repetitions each and visualized with YASARA (19). All 

three mutations were consistently found to be destabilizing, with a stronger effect estimated for 

the p.C233Y and p.Y611C mutations (see Supplemental Figure 4 and 5, and Table 3). When we 

looked at the subfamily-specific conservation at the variant’s position and neighboring amino 

acids, p.C233 and p.Y611 were highly conserved throughout the TIE receptor family from 

human, primates, mouse, rat, chicken, frog and zebrafish (Supplemental Figure 6). 

The nonsense mutation p.Y307* either results in transcript loss due to 

nonsense-mediated decay or causes truncation of TEK protein from the third EGF domain 

onwards, and should therefore have a strong effect because it lacks the entire intracellular protein 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://foldx.crg.es/
http://foldxyasara.switchlab.org/
http://toolkit.tuebingen.mpg.de/hhpred
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kinase domain (Supplemental Figure 2A). This domain is an important part of initiating 

downstream signaling, and our cellular functional studies have proven that the p.Y307* mutant 

cDNA does not produce an intact protein (Figure 2A and Supplemental Figure 2B). Another 

nonsense mutation, p.G984*, if escaping nonsense-mediated decay, causes disruption of the DFG 

motif in the activation loop of the kinase domain, as in our artificial kinase dead mutant 

(p.D982A), and truncation from the middle of the protein kinase domain (See Supplemental 

Figure 2A). We attempted to calculate the change in structural stability by modeling the p.G984* 

truncation using the human TEK kinase domain crystal structure (PDB ID: 2WQB (20)). The 

estimated free energy of the wild-type structure is 42.45 kcal/mol. However, when the region 

from 984 onwards is deleted, the energy is raised to 59.02 kcal/mol, which means the truncation 

strongly destabilizes the protein. The p.E150* and p.K745fs mutations are also expected to cause 

the loss of functional protein by either nonsense-mediated decay or protein truncation (See 

Supplemental Figure 2A). 

For the two invariant splice donor variants (c.760+2T>C and c.3300+2delT), we used 

Human Splicing Finder version 3.0 (HSF, http://www.umd.be/HSF3/HSF.html) (21) and 

Automatic Analysis of SNP sites (AASsites, 

http://genius.embnet.dkfz-heidelberg.de/menu/biounit/open-husar) (22) to analyze whether the 

variants could cause changes to the splice sites. HSF utilizes two algorithms, which are position 

weight matrices (HSF Matrices) and maximum entropy (MaxEnt) to predict a mutation’s effect 

on splicing motifs including donor splice sites. We used the gene name of “TEK” and mutants 

c.760+2T>C and c.3300+2delT as input, and selected the longest transcript (ENST00000380036) 

for the analysis. Both variants were predicted to result in a “Broken WT Donor site”, which 

means that the variants likely affect splicing (Table 2).  

http://www.umd.be/HSF3/HSF.html
http://genius.embnet.dkfz-heidelberg.de/menu/biounit/open-husar
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Similarly, AASsites is an automated bioinformatics pipeline to analyze SNP containing 

DNA sequences mainly for finding SNPs, which cause a change in the splicing pattern using 

different gene prediction programs. The results are combined, and a probability for a change in 

splicing in the classes "likely", "probable", and "unlikely" are given. Input DNA sequence of the 

c.760+2T>C and the c.3300+2delT variants were 

“TATGGGAAGGACGTGTGAGAAGGGCAAGTAAAGAGACTTGATAAGTAAG” and 

“ACAGAATGTTAGAGGAGCGAAAGGAAGTATTAAAGTCAGGCAGGAGAT”, 

respectively, together with the EnsEMBL gene ID ENSG00000120156. Results of both variants 

were predicted to cause a “probable” change in splicing with the score 1 for SNP distance and 

gene prediction. Altogether, both HSF3 and AASsites programs agree that the variants 

c.760+2T>C and c.3300+2delT affect the splice sites. Furthermore, our cell-based exon trapping 

functional assays proved that these 2 splice donor variants led to the loss of normal functional 

protein (See Supplemental Figure 3 and Figure 4). 

 

Cloning of TEK-expressing plasmids 

Full-length human TEK cDNA was cloned into vector pcDNA3.1 with the stop codon 

replaced by an in-frame Flag-tag sequence encoding DYKDDDDK using XbaI/ApaI sites using 

standard procedure. To introduce mutations to TEK-Flag expressing vector (p.D982A, p.Y307*, 

p.K294N, p.C233Y, and p.C224S), site-directed mutagenesis was performed using Primestar 

Max (Takara, Japan), and sequence validated. To make the deletion mutants, synthesized DNA 

was sub-cloned into wild type TEK-Flag plasmid using BamHI site and sequence verified. Please 

see Supplemental Figure 7 for details. 
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Soluble TEK detection assay 

TEK expressing vectors that encode cDNA for TEK306-Fc (expected product of 

p.Y307*) or TEK440-Fc fusion protein were constructed (Supplemental Figure 7), and 

transfected to HEK293 cells. C-tail Fc-tag allows the protein to be pulled down by protein G 

beads and to be detected by anti-human Fc antibody (1:5K, cat. 31413, Invitrogen). Secreted 

TEK-Fc fusion protein into the serum free medium was purified by protein G Sepharose beads 

(GE healthcare), and extracted by 2x sample buffer. TEK-Fc fusion protein was detected by 

immunoblotting with anti-human Fc antibody. As TEK440-Fc fusion protein was reported to 

secrete into the medium, this artificial fusion protein was used as the positive control (23). 

 

Western blot analysis 

Plasmids (2.5g) containing variant or wild type TEK-Flag were transfected into 

sub-confluent HEK293 cells in 6 well dishes using lipofectamine 2000 (Life Technologies, 

Carlsbad, CA). Two days after transfection, cells were harvested by NP40 buffer with 

proteasomal inhibitor cocktail (Sigma-Aldrich, St. Louis, MO) and phosphatase inhibitor cocktail 

(Sigma-Aldrich), with addition of NaOV3, NaF2, and PMSF. For immunoprecipitation, TEK-Flag 

protein in supernatant was immunoprecipitated using anti-Flag antibody-conjugated beads (cat. 

A2220, Sigma-Aldrich) for 2 hrs at 4℃. Immunoprecipitated proteins were then washed with 

Tris-balanced saline buffer with Triton X100 (0.1%, TBST) three times, and eluted with 2x 

sample buffer. Same volume of each sample was used to detect total phosphorylation level and 

protein expression level by using anti-pY antibody (1:10K, 4G10P, cat. 05-1050X, EMD 

Millipore, Billerica, MA) and anti-Flag M2 antibody (1:10K, clone M2, cat. F3165, 

Sigma-Aldrich) by immunoblotting after separation with SDS-PAGE and transferred to PVDF 
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(polyvinylidene difluoride) membrane. For detecting the subcellular localization of TEK proteins, 

cell lysates were separated into supernatant soluble fraction and insoluble pellets. 4x sample 

buffer was added to the supernatant. Insoluble proteins in pellets were washed twice with TBST, 

and extracted using 2x sample buffer and sonicated. The same amounts of samples were 

subjected to SDS-PAGE and transferred to PVDF membrane. The Flag signal was detected using 

anti-Flag M2 antibody (Sigma-Aldrich). For loading control, -tubulin in soluble fraction was 

detected using anti--tubulin antibody (Clone DM1A, cat. 32293, Santa Cruz, Dallas, TX). For 

the proteasomal inhibitor study, transfected HEK293 cells were treated with 5 M MG132 (Enzo 

Life Science, Farmingdale, NY) or DMSO for indicated times. Cell lysates were fractionated and 

immunoblotted as described above. 

 

Stable isotope labeling by amino acids in cell culture (SILAC) 

SILAC analyses were performed as previously described (24). HEK293 cells were 

grown in the culture medium with light form of isotopes (Arginine 0, Lysine 0) or heavy form of 

isotopes (arginine 10, lysine 8) in 10 cm dishes, and allowed more than 5 cell doublings for 

complete labeling (confirmed by Liquid chromatography-tandem mass spectrometry, LC/MS/MS, 

data are not shown). After cells fully incorporated heavy amino acids, cells were transfected with 

20 g TEK-Flag plasmids expressing wild type (WT) or variants using lipofectamine 2000. 

WT-TEK-Flag vector was transfected to light-labeled cells and variants were transfected to 

heavy-labeled cells, thereby WT TEK was labeled by light, and variants were labeled by heavy 

isotope. Then, cells were harvested with NP40 buffer. Cell lysates were centrifuged and the 

supernatants from heavy (variants) and light (WT) were mixed together, and immunoprecipitated 

with anti-Flag conjugated beads (Sigma). Immunoprecipitated proteins were eluted with 2x 
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sample buffer. Samples were separated by SDS-PAGE, and stained with blue dye (Thermo 

Scientific, Waltham, MA). Corresponding gel pieces for TEK-Flag proteins were excised, and 

then subjected to in-gel-digestion with trypsin. Digested peptides were analyzed with 

LC/MS/MS. 

 

Mass spectrometry 

The extracted peptides were loaded directly onto a 15 cm long, 75 µM reversed phase 

capillary column (ProteoPepII C18, 300 Å, 5 µm size, New Objective, Woburn MA) and 

separated with a 200-minute gradient from 5% acetonitrile to 100% acetonitrile on a Proxeon 

Easy n-LC II (Thermo Scientific). The peptides were directly eluted into an LTQ Orbitrap Velos 

mass spectrometer (Thermo Scientific) with electrospray ionization at 350 nl/minute flow rate. 

The mass spectrometer was operated in data dependent mode, and for each MS1 precursor ion 

scan, the ten most intense ions were selected from fragmentation by CID (collision induced 

dissociation). The other parameters for mass spectrometry analysis were: resolution of MS1 was 

set to 60,000, normalized collision energy to 35%, activation time to 10 ms, isolation width to 

1.5, and rejection of +4 and higher charge states. Data was processed with Proteome Discoverer 

(version 1.4; Thermo Scientific, San Jose, CA), using the embedded SEQUEST HT search 

engine. The data were searched against human reference proteome (Proteome ID: UP000005640, 

Download date: February 2015) (uniprot.org). The other parameters were as follows: (i) enzyme 

specificity: trypsin, with maximum of two cleavages; (ii) variable modification: methionine 

oxidation and cysteine carboamidomethylation; (iii) serine, tyrosine and threonine 

phosphorylation; (iv) SILAC labels, lysine (13C6 lysine and arginine (+6 Da), 13C6 15N2 lysine 

(+8 Da) and 13C8 15N2 arginine (+10 Da); (v) precursor mass tolerance was ±10 ppm; and (vi) 
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fragment ion mass tolerance was ±0.8 Da. All spectra were searched against target/decoy 

databases, and the results were used to estimate the q values in Percolator algorithm as embedded 

in Proteome discoverer 1.4. The peptide identification was considered valid at q value < 0.1 and 

was grouped for protein inference to satisfy the rule of parsimony. The confidence on 

phosphorylation for each site was calculated by PhosphoRS node and the ratio of light to heavy 

peptide was calculated by quantification node in Proteome discoverer. The ratio was normalized 

by the protein abundance for analyzing phosphorylation status. For peptide level validation, we 

choose a 1.5 fold threshold as indicative of an increase and a 0.5 threshold as a reduction. 

Furthermore, all phosphorylated assignments demonstrating significant differences were 

manually validated. 

 

TEK localization assay 

HUVECs obtained from ATCC were cultured using EndoGRO LS Supplement Kit 

(EMD Milipore). Cells were transfected with either wild type or variant TEK-Flag vector by 

electroporation with 4D nucleofector (Lonza, Basel, Switzerland). The transfected cells were 

then grown on glass cover slips coated with 0.1% poly L-lysine (Sigma-Aldrich). Cells were 

stimulated with recombinant human Angiopoietin 1 (600 ng/mL, R and D systems, Minneapolis, 

MN) for 30 min at 37℃ (25, 26), and then fixed with 2% paraformaldehyde (PFA) for 15 min at 

room temperature. Cells were made permeable with 0.1% Triton X100 in PBS for 10 min and 

were blocked with 1% bovine serum albumin/ phosphate balanced saline (PBS) for 30 minutes, 

and incubated with primary antibody against Flag (M2, 1:100, Sigma-Aldrich) and against ZO-1 

(1:200, cat. 402200, Invitrogen) overnight at 4℃. Then, Alexa 488- or Alexa 555-conjugated 

secondary antibodies (Cat. A-11029 and A-21433, Life technologies) were used to detect Flag or 

http://en.wikipedia.org/wiki/Basel
http://en.wikipedia.org/wiki/Switzerland
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ZO-1 signals. 4',6-Diamidino-2-Phenylindole dihydrochloride (DAPI) was used for staining 

nuclei. Images were obtained using Nikon C2+ confocal microscopy. 

 

Exon trapping splicing assay 

Phusion Hot Start High-Fidelity DNA polymerase (Thermo Fisher) was used to amplify 1457bp 

and 831bp genomic DNA fragments containing TEK exons 5-6 and exon 22, respectively, from 

affected individuals from families 7 and 8 and a control subject. PCR products were inserted into 

the multiple cloning site of the exon trapping vector, pSPL3 (Invitrogen-Life Technologies, 

discontinued), using XhoI and BamHI endonucleases (Life Technologies) and the resulting 

constructs were verified by Sanger sequencing. Wild-type (WT) and mutant (M) mini-genes 

were transfected into Cos-7 cells using FuGene 6 (Stratagene, La Jolla, CA), and 24 hours later 

total RNA was isolated using the RNeasy Mini Kit (QIAGEN Inc.). A High Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems, Foster City, CA) was used with random primers 

to generate cDNA, and the splicing vector-transcribed cDNA species were specifically amplified 

by PCR using primer pairs corresponding to sequences in vector exons V1 and V2. The resulting 

RT-PCR products from the wild-type and mutant mini-genes were visualized by gel 

electrophoresis and their sequence composition determined by Sanger sequencing. 
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Mice and breeding 

All animal experiments were approved by the Animal Care Committee at the Center 

for Comparative Medicine of Northwestern University (Evanston, Illinois, USA). Whole-body 

Tek conditional knockout mice were bred and maintained as previously described (27). Tek 

wild-type, hemizygous, and homozygous knockout mice were generated by crossing 

TekCOIN/WT;ROSA26-rtTA;tetO-Cre males with hemizygous Tek knockout females 

(TekΔ/WT;ROSA26-rtTA;tetO-Cre). Doxycycline hyclate (5%, Sigma-Aldrich) was added to the 

drinking water of pregnant dams from 17.5 days post coitum (17.5 d.p.c.) to induce Tek deletion 

until postnatal day (P) 7. For the present study only TekWT/WT (control), TekDel/WT (hemizygote; 

Tek+/- in Figure 5 – 7), and TekDel/COINΔE17.5 (knockout; Tek cKO in Figure 5 – 7) mice were 

included in experimental groups (Supplemental Figure 12). Primers used for genotyping are 

listed in Supplemental Table 2. TEK expression in lung lysates was analyzed by standard 

blotting procedures using anti-TEK antibody (1:1000, sc-324, Santa Cruz). 

 

Intraocular pressure measurement  

Intraocular pressure was measured at 4 to 25 weeks of age using a Tonolab rebound 

tonometer (iCare, Vantaa, Finland) as previously described (27, 28). Mice were restrained in a 

soft plastic cone, and IOP measurements from each eye were averaged from 3 sets of 6 

recordings. Littermate controls were used for all live-animal studies.  
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Schlemm’s canal imaging 

Schlemm’s canal imaging was performed as previously described (27). Eyes from 10 

to 25 week-old control, Tek+/-, and Tek cKO mice were enucleated and immersion fixed by 

Periodate-lysine-paraformaldehyde (29). After fixation, a single incision was made from the 

optic nerve to the center of the cornea. The lens, retina and iris were removed, and the remaining 

eye tissues were stained for immunofluorescence imaging using standard protocols. After 

blocking, (5% donkey serum, 5% bovine serum albumen (w/v), 0.5% Triton X100 in TBS, pH 

7.4) eyes were incubated in appropriate primary (Rat anti-CD31, clone MEC13.3, cat. 553370, 

BD Pharmingen, San Jose, CA) and fluorescently labeled secondary antibodies (Invitrogen, 

Carlsbad, California) diluted in blocking buffer. To allow flat-mounting, a series of incisions 

were made in the cornea and sclera before the eyes were extended, mounted and imaged using a 

Nikon C2+ confocal microscope. For low-magnification images of Schlemm’s canal 

morphology, the confocal pinhole was set to 150μm, and a series of stitched images was 

captured using a 20x objective. Depth projections were prepared from confocal Z-stacks 

captured using a 20x objective and 20μm pinhole (1.2 aery units). As Schlemm’s canal is absent 

in Tek knockout mice, the superficial limbal vasculature was used for orientation. The imaging 

plane was focused on the superficial limbal vasculature and 44μm Z-stacks towards the center 

of the eye were captured. Fiji software was used to depth-code slices, and pseudo-colored 3D 

projections were prepared (30). 
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Quantitative analysis of SC morphology 

 Flat-mounted eyes from wild-type and Tek+/- mice were stained with anti-CD31 

antibody to visualize SC and images were captured by using a Nikon C2+ confocal microscope 

as described above. Blinded observers counted the number of narrowing points in the full length 

SC as shown in Figure 6 (17 eyes for Tek +/+ and 23 eyes for Tek +/-; 10 to 25 week-old mice, 

littermate controls were used). 

 

Histological analysis for iridocorneal angle of eyes 

 Eyes were enucleated and fixed in Smith Rudt fixative for 24 hrs, then transferred to 

0.1M Phosphate Buffer and processed as described before (31-33). Briefly, samples were placed 

and processed in a 20ml glass vial (one sample/vial) and subjected to dehydration using an 

ethanol series on a rotator at room temperature (70% ETOH for 2 hours, 95% ETOH for 1 hour 

on rotator at RT and 95% ETOH). The Technovit 7100 Glycol Methacrylate Kit is used for 

infiltration and embedding (Energy Beam Sciences, Catalog # H7100). Eyes are embedded in a 

mold and the orientation noted. 18-42 section of 2µm thickness were cut from three different 

locations of each eye as described before (31). After hematoxylin eosin staining the eye were 

imaged using Nanozoomer slide scanner (Hamamatsu Photonics). The images were then visually 

analyzed blindly for pathological changes. Based on our experience at looking at over 40 

wild mice with mixed background we assessed if the iridiocorneal angle, the trabecular 

meshwork and the Schlemm’s canal had a normal appearance. Conclusions were drawn only 

from high quality sections and abnormalities had to be present in multiple sections from the same 

region to be regarded as real.
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Supplemental Figures 

 
 

 

Supplemental Figure 1. Copy number variant (CNV) analyses using whole exome sequence 

(WES) read depths. Read depth coverage is shown for the TEK exons (individual peaks) obtained 

from a single PCG case (red line) and compared to the average read depth obtained from unrelated 

samples exome sequenced in the same batch (black line). By this method, TEK CNVs were not 

detected in all 7 WES families known to contain a single nucleotide variant in TEK. Please note 

that mutation screening of the TEK gene in families 2 (p.T19_R210del), 4 (p.K294N), and 5 

(p.Y611C) was performed by direct Sanger sequencing. 
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Supplemental Figure 2. Predicted TEK mutant protein structures. (A) Schematic diagrams 

of TEK mutants harboring either nonsense mutations or a frame-shift mutation are shown. All the 

predicted proteins lack an intracellular signaling domain, making all the mutant alleles 

functionally null. Furthermore, most mRNA with premature termination is predicted to undergo 

mRNA degradation via nonsense-mediated decay. (B) Detection of secreted TEK mutant protein. 

The p.Y307* mutant cDNA with C-tail Fc-tag was expressed in HEK293 cells (TEK306: See 

Supplemental Figure 7 for the constructs). The secreted protein, TEK306-Fc, in the medium was 

detected by anti-human Fc antibody. The TEK440-Fc artificial protein was used as a positive 

control, as previously reported (23). Data representative of 3 biological replicates are shown. 
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Supplemental Figure 3. Predicted effects of splice donor site mutations. Schematic diagrams 

of TEK mutants harboring invariant splice donor site mutation are shown. (A) TEK gene 

structure. Exon 5 encodes the EGF1 domain and exon 22 encodes a part of the C-terminal kinase 

domain. (B) Splicing predictions for the c.760+2T>C mutation in Family 7. (C) Splicing 

predictions for the c.3300+2delT mutation in Family 8. TM, transmembrane domain. 
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Supplemental Figure 4. C233 and C224 form a disulfide bond within the EGF1 domain. 
Ectodomain of TEK receptor (amino acid number 23-536, PDB ID: 4K0V (34)) with 

Angiopoietin1 (ANGPT1) is shown using YASARA (19). C233 and C224 form a disulfide bond 

(red) and create the loop structure in the EGF1 domain (cyan). 
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Supplemental Figure 5. FoldX result of the three missense variants. (A-B) FoldX results of 

p.C233Y and p.K294N using the known human TEK crystal structure (PDB ID: 2GY5 (15)). The 

p.C233Y mutation was predicted to be highly destabilizing to the protein structure (average ddG 

= 7.52 kcal/mol, SD=3.48) due to the loss of a disulfide bond with C224. (C) Fold X result of 

p.Y611C. A structural model of the TEK FN3 domain was created. FoldX predicted Y611C to be 

moderately destabilizing with an average ddG of 2.02 kcal/mol, SD=0.02. ddG =the difference in 

the calculated free energies between mutant and wild-type proteins. Blue, wild-type residues; 

Red, mutant residues; Yellow, hydrogen bonds. 
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Supplemental Figure 6. TEK and TIE1 protein sequence conservation. Subfamily-specific 

conservation for regions containing variant residues p.C233, p.K294 and p.Y611. Orthologs for 

TEK are shown above paralogs for TIE1. The variant positions are shown at the bottom of each 

panel. Histograms show the degree of conservation at each residue. 
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Supplemental Figure 7. Schematic representation of TEK plasmids structures. (A) 

Wild-type TEK expressing vector. Wild type TEK cDNA was cloned into the pcDNA3 vector 

with C-tail FLAG tag. (B) Missense mutants. Site-directed mutagenesis was performed to 

produce each mutant using the wild-type TEK-Flag expressing vector as template. (C) Nonsense 

mutant. The premature stop codon was introduced before the FLAG tag. (D) Deletion mutants. 

(E) TEK-Fc fusion proteins. TEK cDNA encoding 306 or 440 amino acids were directly fused to 

the Fc-tag cDNA, and cloned into the pcDNA3 vector. Please note that mutants in red are the 

PCG mutants. 
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Supplemental Figure 8. Overall protein expression by stable isotope labeling by amino 

acids in cell culture (SILAC) analysis. Consistent with the immunoblotting results, we 

observed markedly reduced expression of the large deletion mutant (p.T19_R210del, labeled as 

T_R) and p.C233Y mutant. Expression levels of p.Y611C were equivalent to wild-type (WT). 
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Supplemental Figure 9. ANGPT1 re-localizes TEK into cellular junctions. (A) Expression 

pattern of wild-type TEK in HUVEC with ANGPT1 stimulation. Transfected HUVEC cells were 

treated with ANGPT1 (600 ng/mL) for 30 min. The cells were fixed and stained with anti-Flag 

(green) and anti-ZO-1 antibody (red). Nuclei were stained with DAPI, 4',6-Diamidino-2- 

phenylindole dihydrochloride (blue). (B) Magnified image of dotted box in (A). White 

arrowheads indicate the TEK receptor on cellular junctions. Scale bars indicate 25μm in (A) and 

10μm in (B). Data representative of more than 3 biological replicates are shown. 
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Supplemental Figure 10. p.Y611C mutant has reduced ligand responsiveness. Western blot 

analysis of wild type and p.Y611C mutant TEK proteins following immunoprecipitation with 

anti-Flag antibody. TEK proteins were co-expressed with protein tyrosine phosphatase receptor 

type B (PTPRB) in HEK293 cells, and stimulated with Angiopoietin 1 (ANGPT1) ligand, a 

major agonist of TEK receptor, (400 ng/mL) for 30 min at 37℃. Note that PTPRB completely 

abolished the phosphorylation of TEK proteins, and ANGPT1 stimulation recovers 

phosphorylation only in WT TEK. Data representative of 2 biological replicates are shown. 
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Supplemental Figure 11. Time-course analysis of intraocular pressure (IOP) change. IOP of 

control (Tek+/+) and Tek hemizygous (Tek+/-) mice were serially measured using a rebound 

tonometer (n=6-11). Please note that IOP levels of Tek+/- mice started to increase from 12 weeks 

old. *** p<0.001. Two-way ANOVA with Bonferroni correction was used for statistical analysis. 
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Supplemental Figure 12. Breeding strategy of mouse models. Tek COIN (Conditional by 

inversion) mice were bred with whole body inducible Cre expressing mice (ROSA26-rtTA; 

tetO-Cre). The ROSA26-rtTA-TetOnCre system allowed robust, whole-body deletion of Tek 

upon induction with doxycycline. TekCOINΔE17.5/WT mice were excluded from the study population. 
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Supplemental Table 1. Primers for gDNA PCR amplification and direct Sanger sequencing 

of the human TEK gene core promoter region and coding exons. 

 

Exon # Forward Primer Sequence Reverse Primer Sequence 
Promoter CCAACCAACAGGCCAT GAGGAATTTTTGTTGG 

1 GTCTGAGAAGGATTGGTCATCA CTGGAGACTCACAGAGAAATGG 

2 TTGGATTTTGTCCAGTGGAAG GAGACAGGCAAGATCGTCAAG 

3 AGTGCCAGCCCTCATTTTC GCCCACAAGACCACAATAGG 

4 AAACCAGACAAGGAAGCAGG TTTGCTTAAGAAGCCATGGTTAG 

5 TTCACCATTGTCCACTGAATG TAGATCCAGCAACGATGGC 

6 AAAGAATTATGTATTTCAAGGGGTTG GCAGTCCAGGTATATCCGATG 

7 TTCCCCTGGATTAATACTGGTTT TCCCAACTTCTGGATGGAAA 

8 CCCGGTGCATGACTTACTAAA AGTTCCCCAGGAGGCATATT 

9 GACCTTTGCGTTTATGCCTC CCCAAAGGTATTTTAGTGGTCG 

10 GAACAATCACAAAACCTCAAAGC GTAGAGGATTGAGGCAGGGAG 

11 ATCGCAATAACAACAACCCC CCTGGTCTTCCTTCCTCTTTC 

12 GGACACTAATCCAAACTATATCAGCC GTTAGCTAAGTCTGCATGGCG 

13 ACCAATTGATTGGGGTACCAT CCTATAGGGCTGCACGGTAA 

14 ACGGTGTGGGTCTGTTTCTC AAGGTTCTGCCTGTACTTGGAC 

15 ACCAGAAGACATTATGCCCC AAATCAAGTTTTCTCCACACCC 

16 TGGTGACTGAGGGTAGCTGA CAAAAACAAGGCAAACCACA 

17 AATGTCATAGCTGTTCAGGGC AACTGACTTTAGAGGGAACTCCAC 

18 TGTTCCCCAAAGTTTTCAGC AGCAACATCAGGAGACAGGG 

19 GAGCCTCTTAAAGACCCTGTCC TTGTTCCCGAGAGCTACAGG 

20 TCTCCCTGGCTTTTGGG GAGGCTTCCACTCACTTTGC 

21 TCACCCTCTCTTGCCATACC AAAATAGCCCCAGGATGAGG 

22 CTCCTCTCTTTTCCTGCCG CCTGGGCACATCAGGTATTC 

23.1 GAAAAGTATCCCCCAAGTGCT CGCCTTCCTATGAAGTCCAC 

23.2 AATCAGAATGCCTGTTTGTGG AGGCTTGTAAGCAATGAGATTTAAG 

23.3 TGAATGCTATTAAATGTTTTCCTGTG CTGGAACACTCCCAAAGGTG 
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Supplemental Table 2. Mouse genotyping primer sequences. 

 

Gene Forward Primer Sequence Reverse Primer Sequence 

TekCOIN CTGAAGCACTGCACGCCGTAG CTCAGAGTATTTTATCCTCATCTC 

TekCOININV CTGAAGCACTGCACGCCGTAG GTTTTCAGGGTGTTGTTTAG 

TekWT GCTCAGACAGAAATGAGACTG GAATCTGAACTTCAAAACCGTTGCCA 

tetO-Cre GTGCAAGTTGAATAACCGGAAATGG AGAGTCATCCTTAGCGCCGTAAATCAAT 

Rosa26-rtTA GGCGAGTTTACGGGTTGTTA AAGGGAGCTGCAGTGGAGTA 
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