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SUPPLEMENTARY DATA

Section 1: Whole exome sequencing analyses for patient 1 and patient 2.
 Patient genomic DNA was extracted from whole blood using the Gentra Puregene Blood kit (Qiagen, Valencia, 
CA). Patient genomic DNA was then sent for SNP array and whole exome sequencing. Sequence reads collected from 
patient genomic DNA were aligned and genotyped using the UDP’s DiploidAlign pipeline. Briefly, BEAGLE software 
version 3 was used to generate a phased and imputed Variant Call Format (VCF) file from SNP chip data of the parents 
and offspring and 1000 Genomes HapMap data.1 The VCF file was then used by vcf2diploid version 0.2.3 to modify 
the human reference (hg19) and create a maternal reference and a paternal reference, which were concatenated 
together to generate a parental reference.2 Patient short reads were aligned with Novoalign version 2.08.03  
(http://www./novocraft.com/main/downloadpage.php) to each of the three reference sequences and were lifted 
back over to the standard human reference using a custom extension of Picard Liftover Java class. Bam files were 
recalibrated and genotyped by HaplotypeCaller and GenotypeGVCFs according to GATK Best Practices using GATK 
v2.5-2 (http://www.broadinstitute.org/gatk/).3

The VCF files were annotated relative to RefSeq transcripts using SnpEff.4 Each variant was filtered for rarity 
in the population, segregation with disease, protein deleteriousness, and quality. We defined a variant as rare if it 
had an allele frequency of <2% in the UDP founders cohort, African and European populations in the 1000 Genomes 
Project (version hg19_v3_20101123), and African American and European American populations in the Exome 
Sequencing Project (ESP6500SI-V2). If any one of these populations had fewer than 100 genotyped individuals at the 
genomic position of the variant, then that population’s allele frequency was disregarded for filtration, with exception 
to the UDP founders cohort for which an allele frequency of <5% at a position that had 50-99 individuals genotyped 
individuals was also acceptable. Only rare variants that segregated with disease according to an autosomal recessive, 
de novo dominant, or X-linked recessive inheritance models were kept. We then excluded biallelic variants that 
(excluding the affected individuals of each family) occurred in homozygosity more than once in the UDP founders 
cohort and de novo variants that (excluding the affected individuals of each family) occurred more than twice in the 
UDP founders cohort. From the remaining variants, we selected those annotated as nonsynonymous, frame shift, 
premature stop, loss of start codon, loss of stop codon, or splicing mutations. 

To test for copy number variants, Omni Express 1.1B for patient 1 and Omni Express 1.2 for and patient 2 
(hg19) SNP arrays were run on genomic DNA from all family members as described.5 For both families, deletion 
BED files were generated with PENNCNV using the minimum SNP threshold of five (Table S-1).6 Exomic variants 
located within the regions of the family’s deletion BED file that passed the filters described above and segregated 
appropriately were considered. Since patient 1 had an available sibling, a recessive segregation BED file was generated. 
All autosomal recessive exomic variants were required to pass filtration and fall within the regions delineated in the 
recessive segregation BED file.5

CNV	  region	  (hg19) Copy	  
number

Parent	  of	  
origin

No.	  of	  genes	  
within	  region

Genes CNV	  region	  (hg19) Copy	  
number

Parent	  of	  
origin

No.	  of	  genes	  
within	  region

Genes

chr1:149039930-‐149201987 1 Maternal 0 -‐ chr4:33355067-‐33411555 1 Maternal 0 -‐
chr3:2902492-‐2906446 1 Paternal 1 CNTN4 chr8:3996630-‐4005469 1 Maternal 0 -‐
chr3:175893082-‐175907342 1 Maternal 0 -‐ chr8:75602527-‐71676477 1 Paternal 1 XKR9
chr5:151514956-‐151518810 1 Paternal 1 AK001582,	  intronic chr9:570428-‐626231 1 Maternal 1 KANK1,	  intronic
chr6:31221485-‐31228972 1 Paternal 0 -‐ chr11:104918425-‐104936068 1 Maternal 1 CASP1,	  intronic
chr6:67017494-‐67047294 1 Maternal 0 -‐ chr19:54720950-‐54749154 1 Maternal 2 LILRB3,	  LILRA6
chr8:137682484-‐137857327 1 Maternal 0 -‐ chr9:11224194-‐11531715 3 Paternal 0 -‐
chr9:8009428-‐8014674 1 Paternal 0 -‐ chr11:27248923-‐27276563 3 Paternal 0 -‐
chr10:42725663-‐42827951 1 Maternal 1 LOC441666 chr15:43893272-‐44049665 3 Paternal 5 STRC,	  CATSPER2,	  

CKMT1A,	  
CATSPER2P1,	  PDIA3

chr10:82879719-‐82890180 1 Maternal 0 -‐ chr17:44164016-‐44583060 3 Paternal 5 KANSL1,	  KNSL1-‐AS1,	  
ARL17A,	  ARL17B,	  
LRRC37A

chr2:34699812-‐34717799 3 Neither 0 -‐ chr19:43557716-‐43767348 3 Maternal 3 PSG2,	  PSG4,	  PSG5
chr5:139931633-‐139931740 3 Neither 1 SRA1 chr21:21299953-‐21336134 3 Maternal 0 -‐

UDP_5185 UDP_6399

Table S-1. Copy number variations detected it the propositae.
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 The variants that passed filtration for each mode of inheritance were submitted to Exomiser v4.0.1  
(ftp://ftp.sanger.ac.uk/pub/resources/software/exomiser/downloads/exomiser/old_versions). All the variants 
were recombined, ranked on their Exomiser score for interpretation, and BAM file curated using the Integrative 
Genome Viewer (https://www.broadinstitute.org/igv/home) to assess the quality of the variant’s alignment and 
genotype call in all family members.7 Variants with an Exomiser score ≥0.1were Sanger sequenced to validate (Table 
S-2 and S-3).

 Exomiser is a variant prioritization algorithm that uses Human Phenotype Ontology descriptors8 and 
the OwlSim (v1. 5) algorithm to compare patient phenotypes to known human diseases,9,10 mouse phenotype data 
(Mouse Genome Informatics and the Sanger Mouse Portal : http://www.sanger.ac.uk/mouseportal),11 and zebrafish 
phenotype data.12-16 Exomiser also performs a network analysis using a random walk algorithm to compare phenotype 
data for neighboring proteins in the network and phenotype data for proteins with similar function to the patient’s 
phenotype.17 The Exomiser algorithm combines this phenotype analysis with a variant analysis that is based on 
predicted deleteriousness (Polyphen2, MutationTaster, and SIFT) and allele frequencies (1000 Genomes and Exome 
Sequencing Project). The score on which variants are prioritized is a combination of phenotype score and variant 
score as determined by logistic regression on a training set of 10,000 HGMD disease variants and 10,000 benign 
variants from the 1000 Genomes.12
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Figure S-1. Protein expression in Patient 1 (P1) with and without overexpression of iPLA2VIA-1 com-
pared to control (C).
Analysis of protein expression by western blot. GAPDH protein served as loading control. Similar overexpres-
sion levels were obtained for iPLA2VIA-1 and iPLA2VIA-2 in all three patients (data not shown).

C P1 P1

iPLA2VIA-1
iPLA2VIA-2 >>

- - +

GAPDH

iPLA2VIA-1 overexpression:

Table S-4. Primers used for PCR amplification and Sanger sequencing 

1 c.950G>T 7 TCAGAGCAGAAGTGGCAGTG TCAGAGCAGAAGTGGCAGTG

c.426-‐1077dup 4	  -‐	  7 NA* NA*

2 c.609G>A 4 GTCCACACTAGGGCTGGG GCTCAGCCTGACTCGAAAG

c.2222G>A 16 GAAAAGGGCTGGGAGGGAA GGAGAACGAGGAGGGCTG

3 c.1799G>A 13 GTGTGAATTGTGGGGAAAGG GATGGCAAGTGCACGACTC

c.2221C>T 16 CTGACTCGAAAGAGCCTGG GGGAACAGAGCAGACCCTTG

*	  The	  duplication	  of	  exon	  4	  -‐	  7	  was	  confirmed	  by	  multiplex	  ligation-‐dependent	  probe	  amplification.

Patient Mutation Exon Forward	  primer	  5’	  to	  3’ Reverse	  primer	  5’	  to	  3’

Section 2: Supplementary figures and tables
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Figure S-2. Glycosylation analysis using lectins MAL-II, SNA, PNA and sWGA
Laser-scanning microscope images (A) and quantification of the signal intensity (B) of the lectin stain 
against alpha-2,3-sialic acid (SNA) and alpha-2,6-sialic acid (MAL-II) and terminal galactose (PNA) in 
cultured skin fibroblasts of  a control before and after neuraminidase treatment and in the three patients 
without (-) and with overexpresion of iPLA2VIA-1 (1) or iPLA2VIA-2 (2). After neuraminidase treatment 
the signals of MAL-II and SNA decrease 2-fold whereas the signal for PNA increases 6-fold. In the patients 
the signals for MAL-II and SNA decrease as well but the increase in PNA intensity is minimal, suggesting a 
global defect in glycosylation versus a sialylation specific defect. The signal intensity for sWGA (terminal 
GlcNAc) shows a similar pattern as the lectins against sialylation (C). Error bars represent the standard 
error of the mean.
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Figure S-3. Laser-scanning microscope images of the lectin stain against alpha-2,3-sialic acid (SNA) 
and alpha-2,6-sialic acid (MAL-II) in cultured skin fibroblasts of patient 1. 
Compared to control fibroblasts. Overexpression of iPLA2VIA-1 in fibroblasts from patient 1 rescued the sig-
nal of both types of sialylation, whereas overexpression of iPLAVIA-2 minimally improved the MAL-II and SNA 
intensity. Patient 2 and patient 3 had similar SNA and MAL-II profiles (data not shown).
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Figure S-4. Laser-scanning microscope images of the lectin stain against terminal GlcNAc (s-WGA) in 
cultured skin fibroblasts. 
Compared to control fibroblasts, the intensity of s-WGA is significantly reduced in fibroblasts from all three 
patients. Overexpression of iPLA2VIA-1 rescued the signal of s-WGA, whereas overexpression of iPLAVIA-2 
minimally improved the s-WGA signal.
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Figure S-5. Laser-scanning microscope images of the Golgi stain using anti-Golgin-97 in cultured skin 
fibroblasts. 
Compared to control fibroblasts, the Golgi in all three patients are smaller in area and have a more round 
compact morphology. Overexpression of iPLA2VIA-1 rescued the Golgi morphology, whereas overexpression 
of iPLAVIA-2 rescued neither Golgi size nor morphology.
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Figure S-6. Overlay of CSF O-glycan profiles of control (blue) and patient 2 (red). 
Overall O-glycan levels are reduced in CSF from patient 2; particularly both monosialylated core 2 at m/z 1344 
and disialylated core 2 at m/z 1705 are significantly lower in this patient compared to the control CSF. All three 
patients had similar profiles showing a mild general reduction of O-linked glycans in their CSF.


