
Supplementary Data 1 

Detailed description of Genetic Analysis Methods, Quality Metrics and Results 

A)  

Whole genome chromosomal microarray analysis was done from the index patient and his parents 

(Supplementary Figure A). DNA was extracted using QIAsymphony DSP DNA Midi Kit (Qiagen, 

Germany) from the blood samples. The microarray analysis was done according to the manufacturer’s 

protocol (Cytosure Genomic HT DNA labelling kit protocol, 4×180k format, Oxford Gene Technology 

Ltd). A pooled DNA reference, extracted from Red Cross Blood Donor blood samples using 

QIAsymphony DSP DNA Midi Kit (Qiagen), was used. The array slides (AMADID 022060; Agilent 

Technologies Inc, Santa Clara, CA, USA) were scanned using the Agilent DNA Microarray Scanner 

G2505C with 2 µm resolution, Agilent Scan Control version A.8.5.1 (Agilent Technologies Inc). 

CytoGenomics software v.4.0.3.12 (Agilent Technologies Inc) was used for graphic analysis of the data 

and a minimum of 4 probes was used as a threshold for making a positive call for an aberration. 

Cartagenia Bench Lab v.5.1.8 software (Agilent Technologies Inc) was used for interpretation of the 

data. 

 

Supplementary Data 1, Figure A. The array-CGH profiles of the index patient, mother and father. The 

array data showed a partial duplication of JARID2 of the index patient; GRCh38 

chr6:g.(15158120_15181642)_(15490178_15504505)dup. The duplication contained at least exons 1-

6 of the 18 exons of JARID2 (NM_004973.4). The status of exons 7 and 8 remained uninformative. All 

detected copy number variants are listed in Supplementary Table 1). The parental array-CGH profiles 

were normal. 



B) 

Fluorescent in situ hybridization (FISH) study on blood lymphocytes was done using a BAC probe 

(RP11-61I16, chr6:15257029-15411784, GRCh38, Empire Genomics, NY, USA) targeting the duplicated 

region and TelVysion 6q subtelomere probe (VIJyRM2158, Abbott Laboratories, Illinois, USA) as a 

control probe. 16 metaphases were analysed using a fluorescence microscope (Axioscope, ZEISS Inc, 

Germany) and imaged using Isis Fluorescence Imaging Platform v. 5.8.12 microscope (ZEISS Inc). 

 

 

Supplementary Data, Figure 1B. The fluorescent in situ hybridization image of the index patient. The 

BAC probe (RP11-61I16) indicated a duplicated signal in chromosomal region 6p22.3 in one 

chromosome 6 of each analyzed metaphase. The FISH results of the parents were normal (not 

presented). 

 

 

 



C) 

Whole genome sequencing (WGS) was done from DNA extracted from blood samples of the index 

patient and the mother using QIAsymphony DSP DNA Midi Kit (Qiagen) to further study the exact 

breakpoints of the duplication. WGS libraries were sequenced using Illumina Novaseq 6000 (PE300) 

with 150-bp reads. The raw whole genome sequencing reads were trimmed and filtered using the 

Trimmomatic software (v0.39) (Bolger et al., 2014) with default parameters. Paired-end reads passing 

the processing were then aligned to the GRCh38 human reference genome using the Burrows-

Wheeler Aligner (BWA-MEM, v0.7.17) (Li & Durbin, 2009) with defaults. Deduplication based on the 

unique molecular identifier (UMI) sequences was performed using seqtk (v1.3) (Shen et al., 2016), 

fgbio (v1.1.0, http://fulcrumgenomics.github.io/fgbio/), and Picard (v2.22.2, 

https://broadinstitute.github.io/picard/). Alignment quality was improved using the Genome Analysis 

Toolkit (GATK, v3.8-1) (McKenna et al., 2010) local realigner and base quality score recalibrator with 

GATK resource files converted from GRCh37 to GRCh38 using chain files that were downloaded from 

EnsEMBL and CrossMap (v0.2.8) (Zhao et al., 2014) tool. FastQC (v0.11.9, 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) was used to assess data quality. 

Coverage statistics were generated using Picard (v2.22.2).  

Copy number aberrations were evaluated using Control-FREEC (v11.6) (Boeva et al., 2012) and lumpy-

sv (v0.2.14a) (Layer et al., 2014). For the Control-FREEC analysis, samtools (Li et al., 2009) was used to 

generate a mpileup file by including bases with base quality ≥13 and reads with mapping quality ≥1. A 

mappability file specific to the read size was generated using GEM (Marco-Sola et al., 2012) (binary 

pre-release 3). The SNP file used in the analysis included all common human SNPs from the dbSNP 

database (Sherry et al., 2001) with at maximum two alleles. The copy number aberrations were then 

computed in a case-control setup using the default whole genome sequencing parameters except for 

setting the tumour sample contamination level to zero and disabling of contamination adjustment. 

Non-neutral aberrations with uncertainty value ≤1, Benjamini-Hochberg adjusted 

WilcoxonRankSumTest p-value ≤0.1, and Benjamini-Hochberg adjusted KolmogorovSmirnov p-value 

≤0.1 were accepted. Lumpy was run in a multi-sample mode to jointly analyze both samples. SVtyper 

(Chiang et al., 2015) (v0.7.1) was then used to genotype calls. Deletion and duplications ≥100,000 bp 

in size and having a higher alternative allele count in the index than in the control were accepted.  

The breakpoints and the orientation of the duplication was in addition determined visually in 

Integrative Genomics Viewer (IGV v.2.7.2) (J. T. Robinson et al., 2011) by utilizing read pair orientation 

coloring.  



For both samples, the WGS analysis yielded a mean coverage of 21×. Over 93% of genome bases was 

covered at 10× or higher coverage (Supplementary Table 2). The analyses revealed in total 35 non-

over lapping variants (Supplementary Table 1). Control-FREEC data showed a duplication spanning the 

region GRCh38 chr6:g.15160000-15499999dup covering the exons 1-7, which contain the JmjN 

domain and part of the ARID/BRIGHT DNA binding domain (domain (Supplementary Figure C1 and C2). 

The copy-number alteration was also visually detectable from the IGV alignment view (Supplementary 

Figure C3). The duplicated allele was of maternal origin. The read pair orientation analysis indicated a 

tandem duplication, but because of the repetitive nature of the genomic regions around the 

breakpoints, definitive conclusions could not be established. 

 

Supplementary Data 1, Figure C1. B-allele frequency (BAF) profile along the chromosome six obtained 

by Control-FREEC. Heterozygous polymorphisms with equal presence of both alleles are marked with 

red dots and those with unequal presence of alleles are marked with blue dots. Black and magenta 



lines present inferred and fitted A-allele and B-allele estimates, respectively. Genomic region 

containing JARID2 gene is highlighted with an arrow. 

 

Supplementary Data 1, Figure C2. Normalized copy-number profile along the chromosome six 

obtained by Control-FREEC. Gains, losses, and copy neutral regions are shown in red, blue, and green, 

respectively. Genomic region containing JARID2 gene is highlighted with an arrow. 



 

Supplementary Data 1, Figure C3. IGV alignment view of WGS data of the index patient and mother. 

The copy-number alteration was visually detectable as double read depth in the index patient 

compared to the mother, spanning the region chr6:15,164,000-15,497,540. The breakpoints are 

marked with arrows.  

 

D) 

RNA sequencing analysis was done on total RNA extracted from the peripheral blood mononuclear 

cells. Agilent Bioanalyzer RNApico chip (Agilent) was used to evaluate the integrity of RNA and Qubit 

RNA –kit (Life Technologies) to quantitate RNA in samples. 1ug of total RNA was used for ScriptSeq 

v2™ Complete kit for human (Illumina, Inc., San Diego, CA, USA) to ribodeplete rRNA and further for 

RNA-seq library preparation. SPRI beads (Agencourt AMPure XP, Beckman Coulter, Brea, CA, USA) 

were used for purification of RNAseq libraries. The library QC was evaluated on High Sensitivity chips 

by Agilent Bioanalyzer (Agilent). Sequencing of RNAseq libraries was done using 100 bp paired-end 



read chemistry and Illumina HiSeq technology (HiSeq 2000, Illumina, Inc., San Diego, CA, USA). The 

experiment yielded over 150 million raw and 115 million mappable reads for both samples 

(Supplementary Table 2). Sequencing reads were trimmed and filtered using the Trimmomatic 

software (Bolger et al., 2014). Read-pairs passing the processing were then aligned to the GRCh38 

human reference genome (EnsEMBL v82) using STAR (Dobin et al., 2013) (v2.3.0e) with the default 2-

pass per-sample mapping settings. The subread package (v 1.4.6-p5) (Liao et al., 2013) was used to 

assign reads to gene and exon features and compute expression estimates. Quality analysis was 

performed using RNA-SeQC. Gene count expression estimates were normalized, lowly expressed 

genes filtered and, differential gene expression analyzed using the edgeR package (M. D. Robinson et 

al., 2010). Library size normalized gene counts were visualized and found to correlate with both all 

data (Supplementary Figure D1) and after trimming highest and lowest 5% expressed genes 

(Supplementary Figure D2).  

 

Supplementary Data 1, Figure D1. Correlation of patient (y) and mother (x) cpm values. Correlation 

R2 = 0.980. 

 



 

Supplementary Data 1, Figure D2. Correlation of patient (y) and mother (x) cpm values as in 

Supplementary Figure 3A after trimming top and bottom 5% expressed genes. Correlation R2 = 0.962.  

 

Fold change differences were scored with a local Z-score identifying genes that differ more between 

the samples than other genes expressed at similar level. The 95 percent confidence level was used as 

a threshold. Y chromosomal genes were excluded from the differential expression analysis. 

Hypergeometric distribution was used to assess statistical enrichment of JARID2 target genes as 

identified by ChIP-seq (Peng et al., 2009) among differentially expressed genes in our dataset. 

Transcript reconstruction was performed using StringTie (Pertea et al., 2015) (v2.1.4). Transcriptome 

reconstruction data was visualized using IGV (Supplementary Figure D3). 

 



Supplementary Data 1, Figure D4. Sashimi plot for JARID2 gene in the index (blue) and mother (red). 

The RNA-seq data revealed expression from an atypical exon in the index supported by 15 junction 

reads (indicated by an arrow). Only junctions covered by five or more reads were included. At bottom, 

transcript reconstructions of the index revealed an atypical transcript in the index spanning from 

15,245,989 to 15,324,347 on chromosome 6 (GRCh38), indicated by an arrow. 
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