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Online Supplemental 

Methods 

CNV screening 

A qPCR approach was used to identifying further patients with CNVs at Xp21.2. 168 

Patients with 46,XY DSD of unknown molecular genetic origin were studied. qPCRs 

were performed on a LightCycler 96 (Roche, Basel, Switzerland) with a CYBR-Green 

system using the Takyon No Rox SYBR MasterMix dTTP Blue (Eurogentec, Seraing, 

Belgium). Six primer pairs were designed to cover both the up- and downstream 

regions of NR0B1 and located in the exons of IL1RAPL1, MAGEB1, NR0B1, TASL 

(also known as CXorf21), GK and TAB3. Primer validation consisted of standard 

curves for efficiency calculation (2.00  0.10), melting curve analysis and gel 

electrophoresis of PCR products. Fertile males and females were included in each 

run as positive and negative controls for the x-chromosomal locus. ZNF80 and 

GPR15 were used as reference genes with primers published in RT-PrimerDB (ID 

1021 and 1022, respectively) (Pattyn et al., 2003).  

 

Breakpoint Sequencing 

Primers at either end of the constructed breakpoint sequences were designed using 

Lasergene PrimerSelect (DNASTAR, Wisconsin, USA). Optimal annealing 

temperature was determined through gradient PCR and electrophoresis. 

Consequently, PCR setup was 35 cycles with 30 sec. at 95°C for denaturation, 30 

sec. at primer specific temperature (Table S2, Supporting Information) for annealing 

and 1 min. extension at 72°C. Sanger Sequencing of amplicons was performed on a 

3130 Genetic Analyzer (Applied Biosystems, Foster City, USA).  
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Supporting Figures  

 

 

Figure S1. aCGH and GS comparison in P1 at NR0B1 locus (A) aCGH results for P1. Green dots 

indicate probes used for hybridization. A pooled sample of 10 normal 46,XY males was used as 

control. Results show two separate duplications as illustrated by increased hybridization of probes 

and emphasized by green bars. To the left a 389kb duplication (chrX:29,924,420-30,313,761; 

GRCh37/hg19) was detected by increased hybridization of 17 probes. The second duplication was 

detected as 447kb of size (chrX: 30,401,819-30,848,988; GRCh37/hg19) indicated by 23 probes. The 

duplications are separated by four probes labelled 1 – 4. Probes 1, 3 and 4 hybridized only to a single 

copy. Probe 2 showed no hybridization. (B) Probes 1 to 4 have been compared to genome 

sequencing data. For visualisation of WGS data of P2 (region ChrX:30,292,562-30,423,695; 

GRCh37/hg19) the Integrative Genome Viewer (IGV) was used (Robinson et al., 2011). Increased 

number of reads (grey bars) at both sides of the viewing window signify duplication detected by WGS 

(green bars). Deletions are evident through the lack of reads in the two regions marked with red 

bars. Single hybridized CGH probes 1, 3 and 4 map to areas not duplicated according to WGS data. 

Probe 2 maps to a deletion and correspondingly did not hybridize. Note that the aCGH could be easily 

misinterpreted as one large duplication, if the different hybridisation of probes 1-4 is not recognized.  
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Figure S2. aCGH in P2 at NR0B1 locus. Green dots indicate probes used for hybridization. A pooled 

sample of 10 normal 46,XY males was used as control. Results show a 1,2 Mb triplication 

(ChrX:29,851,537-31,069,736; GRCh37/hg19) emphasized by green bar. The genes MAGEB1-4, 

NR0B1, TASL (also known as CXorf21) and TAB3 are fully triplicated whereas IL1RAPL1 is only partially 

triplicated.  
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Figure S3. Structural Variation of Patient 1 (A) Overview of the structural variation upstream of the 

NR0B1 gene. The genomic distances are not to scale. A 447kb duplication of TASL (CXorf21), GK and 

part of TAB3 (yellow) originally mapping to 30,401,819-30,848,988 is inserted in an inverted manner 

between breakpoint 1 (bp1; chrX:30,336,745; GRCh37/hg19) and bp2 (chrX: 30,340,605; 

GRCh37/hg19) 9.25kb upstream of the NR0B1 reading frame. * marks a 1.2kb piece of reference 

sequence inverted between bp2 and bp3 separating the two large duplications. Both duplications are 

flanked by deletions indicated by the grey flags denoted Deletion I & II. A 389kb duplication of the 

MAGEB genes 1-4 and part of IL2RAPL2 (blue) originally mapping to chrX: 29,924,420-30,313,761 

(GRCh37/hg19) is inserted between breakpoint 3 (chrX: 30,339,452; GRCh37/hg19) and 4 (chrX: 

30,342,785; GRCh37/hg19) in the same orientation as its reference sequence. (B) Shows position of 

extracted and aligned WGS split reads crossing the four breakpoints. Split reads mapped at varying 

distances apart for each breakpoint. Each pair was separated by at least >29kb. Sequences at either 

side of bp1 and bp4 showed homology, thus no exact definition of the breakpoint position was 
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possible, as depicted by the overlap of the grey and yellow or blue bars. (C) Shows verification of 

sequences deduced from WGS reads through Sanger sequencing.  
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Figure S4. Structural Variation of Patient 2. (A) Overview of the structural variation at Xp21.2 locus. Genomic distances are not to scale. The chromosome 

segment is drawn with the distal chromosome arm to the left and centromere to the right. WGS showed the triplication originally mapped to chrX: 

29,849,782 – 31,088,713 (GRCh37/hg19) and is arranged in a tandem manner. The triplicated fragments are connected by two identical 49 bp inserts at the 

breakpoints. This sequence originates from an intron of the DMD gene, located to the centromere of the SV event. CXorf21 corresponds to TASL 

(B)Verification of sequences deduced from WGS reads through Sanger sequencing. 
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Figure S5. aCGH of mother of P2 at NR0B1 locus. Green dots indicate probes used for hybridization. A pooled sample of 10 normal 46,XX females was used 

as control. Results show a 1,2 Mb duplication (ChrX:29,851,537-31,069,736; GRCh37/hg19) in a 46,XX karyotype. The size of the copy number gain 

corresponds to that of P2 i.e. the genes MAGEB1-4, NR0B1, TASL (CXorf21) and TAB3 are fully duplicated whereas IL1RAPL1 is only partially duplicated. 
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Figure S6. Proposed effects of inter-TAD deletions and duplications on Xp21.2 chromatin 

organisation.  

Deletions (A) and duplications (B-F) at Xp21.2 are associated with gonadal dysgenesis and their 

chromatin landscape was modelled based on the TAD structure observed in our study. Since not for 

all duplications the exact breakpoints have been determined, tandem duplications have been 

assumed for all. The deletion (A) (Smyk et al., 2007) and all Inter-TAD duplications (B-F) (Barbaro et 

al., 2008; Barbaro et al., 2012; Barbaro et al., 2007; Dong et al., 2016; Ledig et al., 2010; White et al., 

2011) containing NR0B1 upstream boundary result in the incorporation of NR0B1 into new 

chromatin domains (neo-TADs) with a novel regulatory landscape that can result in NR0B1 

upregulation. Red oval represents enhancers between TASL (CXorf21) and GK. Partially duplicated 

genes are in in light grey.  
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Figure S7. GeneHancer Promoters and Enhancers upstream of NR0B1. Data from the GeneHancer database (Fishilevich et al., 2017) was visualized in the UCSC 

genome browser (Kent et al., 2002). Promoters and enhancers are distinguished by red and grey colours respectively in the GH Reg Elements (DE) track. Colour 

intensity shows confidence score of the respective enhancers. According to Fishilevich et al. this is based on: “the number of supporting data sources, the 

number of unique TFBSs contained, and the overlap with ultra-conserved non-coding genomic elements“.(Fishilevich et al., 2017) Arcs in this tack show 

proposed gene-enhancer interaction in the reference genome.  
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Figure S8: NR0B1 TAD conformation of different human cell lines: Representation of TADs (rectangles) and their boundaries (empty spaces 

between rectangles) taken from 3D Genome Browser (Wang et al., 2018). The region encompassing all TAD boundaries consensus is shaded as 

light green. 
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Supporting Tables 

Table S1. Mutations in Genes Associated With 46,XY DSD Found in Patients 1 and 2. 

Patient Gene dbSNP ID ExAc All 

(Lek et 

al., 2016) 

ExAc 

European 

Non-Finish  

(Lek et al., 

2016) 

SIFT 

(Vaser et 

al., 2016) 

Polyphen2 

(Adzhubei et 

al., 2010) 

MutationTaster 

(Schwarz et al., 

2014) 

ClinVar Miner 

(Henrie et al., 

2018) 

cDNA change Protein Change 

P1 ZFPM2 rs202217256 0.00366 0.00567 T (0.422) P (0.914) D (1.0) benign NM_012082.3: 

c.292G>A 

NP_036214.2: 

p.Asp98Asn 

P2 ESR2 rs367855747 

 

0.0002 0.0004 D (0.021) D (0.975) D (0.999) n.a. NM_001214902.1: 

c. 1331G>A 

NP_001201831.1: 

p.Ser444Asn 

 

All three mutations are heterozygous missense SNVs.  

SIFT: D = Deleterious, T = Tolerated; Polyphen2: B = benign, D = probably damaging, P = possibly damaging; MutationTaster: D = disease causing
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