
 

  



 



 

  



 

  



 

 

 



 

  



 

  



 

  



 

  



 

  



 

  



 

  



 

  



 

  



 

 

  



 

  



 

Supplementary Table 1. Phenotypes in individuals with the p.Met101Ile mutation of NUP107  

Family 

-Individual 

Nucleotide 

change 

 

Amino acid 

change 

Exon (zygosity, 

segregation) 

PPH2 

scorea 

SIFT MT Amino acid 

conservation to 

species 

gnomAD Sex Ethnic 

origin 

Parental 

consan-

guinity 

Age of 

onset 

(yrs) 

Extrarenal 

manifestations 

Biopsy 

 

Renal phenotype 

and therapy 

(ESRD at yrs) 

NUP107 

B1426  

-21 

 

 

-22 

c.303G>A 

 

p.Met101Ile 

 

4 (Hom, 

segregates) 

0.02 

 

Del 

 

 

DC D. rerio 

 

         

 

 

0/1/ 

245,544 

 

 

 

 

F 

 

 

F 

Indian Y 10  

MC, ID, arachnodactyly, 

high arched palate 

 

MC, ID, arachnodactyly 

and high arched palate 

 

FSGS 

 

 

FSGS 

 

SRNS 

 

 

SRNS, ESRD (14) 

 

A802-21 c.303G>A 

 

p.Met101Ile 

 

4 (Hom) 0.02 

 

Del 

 

DC D. rerio 0/1/ 

245,544 

F Pakistani Y ND MC, ID,  

VSD, Nystagmus 

ND  SRNS, ESRD (11) 

FA 

-21 

-22 

-23 

c.303G>A 

 

p.Met101Ile 

 

4 (Hom, 

segregates) 

0.02 

 

Del 

 

 

DC D. rerio 

 

0/1/ 

245,544 

 

 

F 

M 

M 

Arabic  

Y 

ND  

MC, ID  

 

FSGS 

FSGS 

FSGS  

 

 SRNS 

SRNS 

SRNS 

PN-1 

IV-5* 

V-1 

V-2 

V-3 

V-5 

V-6 

V-7* 

V-9 

V-12 

VI-1 

c.303G>A p.Met101lle 4 (Hom, 

segregates) 

0.02 Del DC D. rerio 0/1/245530  

M 

M 

F 

F 

F 

F 

M 

M 

F 

F 

Pakistani Y  

ND 

22 

15 

ND 

15 

ND 

ND 

12 

ND 

ND 

MC, ID, SS ND  

ESRD (ND) 

SRNS 

SRNS, ESRD (ND) 

ND 

SRNS, ESRD (ND) 

ND 

ESRD (ND) 

SRNS 

ND 

SRNS, ESRD (ND) 

 

 

   



 

Supplementary Table 2. Quantification of phenotypes in homozygous nup85 knockout zebrafish larvae (p.Arg107Cysfs*15)  

(see Supplementary Figure 15) 

 small eyes ventral curvature
*
 body edema

**
 peri-orbital edema

**/***
 normal 

Homozygous 
18 3 5 3 1 

Heterozygous 
2 0 0 0 31 

Wildtype 
2 0 0 0 15 

Quantification in 71 larvae (hom, homozygous=21, het, heterozygous=33; wildtype, wt=17). 

 

Definition of the assessed phenotypes:  

Small eyes: assessed by the measuring surface area of the retinal pigmented epithelium, in dorsal view images (see yellow line in c).  

Body edema: defined as a clear, fluid filled space around the torso in the dorsal view.  

Peri-orbital edema: defined as a clear, fluid filled space before and/or behind the retinal pigment epithelium of the eye in the dorsal view.  

 

*Eye size, body and periorbital edema could not by assessed in ventrally curved fish (n=3).  

**All but 3 homozygous fish had small eyes.  

***2 out of 3 homozygous fish with normal eye size had edema or body axis curvature.  

   



 

Supplementary Table 3. gRNA and morpholino target sequences.  

gRNAs for cell culture experiments 

NUP85-exon 1    GGTACCCTTACAGTGACTGTTGG,    

NUP85-exon 15  AGCACGGATGCTCCAAGAGAGGG,  

NUP107-exon 4  CTGGCTGCCTTAGTAAGCTTCGG,  

NUP107-exon 11 TTTACCAATTCAGTGACAAGCGG 

NUP133-exon 1 GGCGTAGCTCGCTAAGCTCGCGG 

NUP133-exon 5 GCGGATAGATCCTTCTCTGGTGG 

 

gRNAs for zebrafish experiments 

nup107-exon 2 GGACGCTGAGGTGACCCGTG 

nup85-exon4 GGTGATCAGAGCCTGTATGG 

 

Morpholinos for Xenopus experiments 

nup85 5’GGTCCACATCCAGCTCCTCCATG 

nup107 5’TACCGGCGAAAGCATATCCATGCTG 

nup133 5’CCGCTGTGTCGGGATAGTTTGAAAA 

nup155 5’TTACACTGGGCATGGCTGCCTCCAA 

 

  



 

Supplementary Table 4. Antibodies.  

Target antigen Species Source Catalogue number Concentration 

NUP107 Rabbit polyclonal antibody SIGMA-Aldrich, St. Louis, USA SAB2702098 1:1,000 - WB 
1:200 - IF 

Rabbit polyclonal antibody Novus Biologicals, Littleton, USA NBP2-19602 1:1,500 - WB 

Goat polyclonal antibody Santa Cruz biotechnologies, Dallas, USA sc-27396 1:50 for IF 

NUP85 Mouse monoclonal antibody Santa Cruz biotechnologies, Dallas, USA sc-376111 1:1,000 - WB 
1:200 - IF 

NUP133 Mouse monoclonal antibody Santa Cruz biotechnologies, Dallas, USA sc-376763 1:1,000 - WB 
1:200 - IF 

Mouse monoclonal antibody Santa Cruz biotechnologies, Dallas, USA sc-37669 1:1,000 - WB 
1:150 - IF 

NUP160 Rabbit monoclonal antibody Abcam, Cambridge, USA ab151563, 
EPR10291(B) 

1:1,000 - WB 
 

Rabbit polyclonal antibody Abcam, Cambridge, USA ab74147 1:1,000 - WB 
1:50 - IF 

NUP37 Rabbit polyclonal antibody Abcam, Cambridge, USA ab201161 1:1,000 - WB 
1:100 - IF 

NUP93 Mouse monoclonal antibody Santa Cruz biotechnologies, Dallas, USA sc-374400 1:1,000 - WB 

F-actin Rhodamine Phalloidin Thermo Fisher, Waltham, USA R415 1:200 - IF 

Fibrillarin Rabbit polyclonal antibody Abcam, Cambridge, USA ab5821 1:100 - IF 

HP1β Rabbit polyclonal antibody Sigma Aldrich, St. Louis, USA H2039 1:200 - IF 

mAb414  
(FG-repeat NUPs) 

Mouse monoclonal antibody Abcam, Cambridge, USA ab24609 1:1,000 - WB 
1:400 - IF 

Loading controls 
    

beta actin HRP-conjugated Abcam, Cambridge, USA ab20272 1:10,000 - WB  

beta-tubulin Mouse monoclonal antibody Sigma Aldrich, St. Louis, USA T8328 1:3,000 - WB  

IF, immunofluorescence; WB, Western Blotting



 

Supplementary Methods:  

Homozygosity mapping. For genome-wide homozygosity mapping the GeneChip® 

Human Mapping 250k StyI Array, Affymetrix was used. Non-parametric LOD scores were 

calculated using a modified version of the program GENEHUNTER 2.1 (1, 2) through 

stepwise use of a sliding window with sets of 110 SNPs and the program ALLEGRO (3) 

in order to identify regions of homozygosity as described previously (4) using a disease 

allele frequency of 0.0001 and Caucasian marker allele frequencies. For graphical 

presentation, non-parametric lod scores (NPL) were calculated and plotted across the 

human genome. The x-axis shows Affymetrix 250K StyI array SNP positions on human 

chromosomes concatenated from p-ter (left) to q-ter (right). Genetic distance is given in 

cM. Alternatively, homozygosity mapping was generated based on whole-exome 

sequencing data. In the first step, the programs Picard and SAMtools4 were used to 

process aligned BAM files (5). Subsequently, single nucleotide variant calling was 

performed using Genome Analysis Tool Kit (GATK) (6). The resulting VCF files were used 

to generate homozygosity mapping data and visual outputs using the program 

Homozygosity Mapper (7). For the Pakistani family (PN-2) with a mutation in NUP37, the 

Illumina HumanCoreExome 24 v1.1 array from Illumina (San Diego, CA) was used for 

genotyping. The procedure for data handling and linkage analysis was as described 

previously (8). 

Phenotyping in Xenopus embryos. Xenopus tropicalis were housed and cared for in our 

aquatics facility according to established protocols approved by Yale IACUC. We induced 

ovulation and collected embryos by in vitro fertilization as previously described (9). Embryos were 

raised to stage 35-37 in 1/9MR + gentamycin. Staging of Xenopus tadpoles was performed 

according to Nieuwkoop and Faber (Nieuwkoop and Faber, Normal Table of Xenopus Laevis 

(Daudin), 1994). Antisense morpholino oligonucleotides (MO) or mRNAs were injected at either 

the one cell stage or into one cell of the two-cell embryo as previously described (10). The 

following MOs were used: nup85 (5’GGTCCACATCCAGCTCCTCCATG), nup107 

(5’TACCGGCGAAAGCATATCCATGCTG), nup133 (5’CCGCTGTGTCGGGATAGTTTGAAAA), 

and nup155 (5’TTACACTGGGCATGGCTGCCTCCAA). We generated mRNA of wildtype and 

mutated human sequences by PCR amplification of a T7 promotor template from the sequences 

in the pcDNA6.2-N-GFP backbone. We then generated in vitro capped mRNA using the T7 

mMessage machine kit (Ambion, Thermo Fisher, Waltham, USA). MOs for knockdown 



 

experiments were injected into one cell of the two-cell embryo at a concentration of 5ng in a 2 

nanoliter volume which included a fluorescent tracer (mini-ruby, Thermo Fisher, Waltham, USA). 

Embryos that did not have a lateralized targeting of the MO were excluded. For rescue 

experiments, MOs were injected in the one-cell embryo at a concentration of 10 ng in a 2 nanoliter 

volume. Subsequently, mRNA corresponding to either wildtype or a nup variant was injected into 

one cell of the two-cell embryo at a concentration of 200pg in a volume of 2 nanoliters. Each of 

the nups were N-terminally tagged with GFP which provided the tracer for injection side for further 

analysis via in situ hybridization. To label the pronephros, we detected Xenopus atp1a1 

expression by generating a digoxigenin-labeled antisense probe using the T7 High Yield RNA 

Synthesis kit (NEB, E2040S) and DIG-dUTP (Roche) from clone number TTpA007m23. Embryos 

were collected at stage 35-37 and fixed in MEMFA (1:1:8 10X MEMFA salts, 37% formaldehyde, 

distilled water) (10X MEMFA salts: 1 M MOPS, 20 mM EGTA, 10 mM MgSO4) for 1-2 h at room 

temperature and dehydrated in 100% ethanol. Whole mount in-situ hybridization was done as 

previously described (10). We qualitatively assessed pronephric morphology based on atp1a1 

expression. Abnormalities were designated as mild, moderate, or severe. Mild abnormalities were 

those where pronephric morphology appeared underdeveloped. Moderate abnormalities were 

those where S-shaped pronephric morphology was indistinguishable. Severe abnormalities were 

those where the pronephros was absent. All experiments were performed a minimum of two times 

and numbers stated in graphs are the composite of multiple experiments. Statistical significance 

of glomerular abnormalities and rescues were evaluated using Fisher’s exact tests using 

GraphPad Prism version 7.00 (GraphPad Software, La Jolla California USA, 

www.graphpad.com). In all figures, statistical significance was defined as p<0.05. A single 

asterisk indicates p<0.05, while double and triple asterisks indicates p<0.005 and p<0.0005, 

respectively. 

Sample preparation for immunofluorescence. Immunostaining in human podocytes was 

performed following fixation with 4% paraformaldehyde (in phosphate buffered saline, PBS) and 

permeabilization with 0.25% Triton-X100 (PBS). Slides were blocked for 60 min at room 

temperature (RT) in 10% donkey-serum and 1% bovine-serum albumin (PBS). Subsequently, the 

primary antibody was incubated over-night at 4°C, followed by 60 min of incubation with 

secondary antibody and/or phalloidin (f-actin staining) at RT. DAPI (4,6-Diamidino-2-

phenylindole) was used to stain DNA. Confocal imaging was performed using the Leica SP5X 

system with an upright DM6000 microscope and images were processed with the Leica AF 

software suite.  

http://www.cbrmed.ucalgary.ca:9080/geneExpression/showclone.do?method=displayCloneSummary&cloneId=4218072


 

Immunostaining of human primary fibroblasts and LCLs were performed by fixation either with 3% 

paraformaldehyde (PFA) for 15 minutes at room temperature or with methanol (ice cold) for 10 

minutes, permeabilization with 0.5% Triton X-100 (only for PFA fixed cells) and blocking with PBG 

(PBS with 5% BSA and 0.45% fish gelatine) for 15 minutes. Subsequently, cells were incubated 

with primary antibodies overnight at 4°C and later with appropriate secondary antibodies. Finally, 

the mounting was performed with Gelvatol.  
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