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Figure S1. A tissue invariant TAD border separates GPR101 from further centromeric genomic

sequences at the X-LAG locus

TAD position (black bars) in 22 different human primary tissues and cell lines (Table S3). Predicted TAD
positions are based on Hi-C data at 40 kb resolution and retrieved from the 3D genome browser." Note that
the TAD border (gap between TADs) separating GPR101 from the centromeric genes is present in most

analyzed tissues and cells. Although not computationally predicted in HUVEC cells and thymus, visual

inspection of Hi-C data confirms the TAD border position between RBMX and GPR101.
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Figure S2. Conserved synteny and chromatin structure around the X-LAG locus between human
and mouse

Hi-C data at 40 kb resolution from human H1-ES cells (top, NCBI Gene Expression Omnibus (GEO)
GSE52457)? and mouse ES cells (bottom, GEO GSE96107),% visualized in the 3D genome browser.'
Displayed genomic regions (human, hg19, chrX:135,240,000-136,960,000 and mouse, mm10,
chrX:56,640,000-58,360,000) are centered at GPR101/Gpr101.
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Figure S3. Gene expression patterns at the X-LAG locus

Expression data, gene and tissue clustering were obtained from the GTEx Portal, using the GTEx Multi
Gene Query.* ARHGEF6, RBMX, and HTATSF1 are broadly expressed, with strong expression in the
pituitary. In contrast, GPR101, CD40LG, and VGLL 1 show restricted expression patterns. Note the pituitary
expression (red square) of CD40LG (0.1 TPM) and VGLL1 (1.1 TPM), but not of GPR101. Median TPM
(Transcripts Per Million) are displayed.
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Figure S4. Smallest regions of overlap (SROs) of X-LAG duplications overlap with candidate
pituitary enhancers and GPR101 promoter elements

Genomic position of pituitary active CREs (related to Figure 5A) and published duplications at the X-LAG
locus (blue and green). All duplications include genomic regions around GPR101 and centromeric to the
TAD border. SROs (black squares) at the telomeric and centromeric side of the TAD border include
GPR101 and candidate pituitary enhancers (yellow boxes) within VGLL1, respectively. Note that, although
the duplications reported in subjects / and S4 are interrupted, the rearrangements at the duplication
breakpoint favor proximity of GPR101 and candidate pituitary enhancers. In blue, duplications used for 4C-
seq analysis in this study. We herein defined as S78 and S79 the two females reported in Trivellin et al.,?
S20 the female described in Liang et al.,® and S271 and S22 the two females described in Trarbach et al..”
Note that the duplication breakpoints for individuals F3, S718, S19, S20, S21, and S22 (light green) are

approximate, as only determined by array CGH.
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Figure S5. Location and biochemical features of the two CREs located upstream of GPR101

The proximal promoter sequence (light blue shading) overlaps with a CpG island (green bar) spanning
GPR101 start codon, and it includes most of the 5’'UTR of isoform 1 previously described.? It is also marked
by H3K4me3 - a promoter-specific histone modification - in several cell types, including HEK293. The distal
promoter sequence (dark blue shading) spans the non-coding exon 1 of isoform 2,8 as well as another CpG
island and CAGE-seq defined TSS.® It also overlaps with the H3K27ac histone enhancer mark, specifically
in the pituitary and in HEK293 cells (GEO GSE81696)."° Note also the location of the far distal putative
GPR101 promoter on the right side of the figure. The pituitary (Pit) and hypothalamus (Hyp) H3K27ac ChlIP-
seq tracks were retrieved from GEO GSM1119175 and GSM1119152, respectively.' Layered H3K27ac,
layered H3K4me3, and H3K4me3 in HEK293 cells tracks were retrieved from the ENCODE consortium.'?
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Figure S6. Sequence and functional conservation of candidate pituitary-specific enhancers in
mouse pituitary cells

Equivalent position of candidate human pituitary enhancer (yellow boxes) in the mouse genome (mm10).
ATAC-seq tracks from purified mouse gonadotropes, corticotropes, and melanotrope cells and anterior lobe
pituitary cells (mostly composed of Pit1-dependent somatotropes and lactotropes but excluding
gonadotropes) retrieved from NCBI GEO GSM3579920, GSM2324083, GSM2324084, and GSM3579919,
respectively.’ Note that enriched open chromatin regions (indicated by green boxes) in anterior lobe cells

overlap with candidate pituitary enhancers identified in the human pituitary.



Supplemental Tables

Table S1. Summary of details of X-LAG individuals studied by 4C-seq and RNA-seq

X-LAG Sex Age at disease Tumor Technique Reference
subject code onset (months) classification

S2 Female 12 Macroadenoma 4C-seq 14,15

S4 Female Macroadenoma RNA-seq st

S6 Female Macroadenoma 4C-seq, RNA-seq '41°

S7 Female 36 Macroadenoma 4C-seq st

S9 Female 3 Macroadenoma 4C-seq 14515

S11 Male 48 Macroadenoma RNA-seq (15

S13 Female 48 Macroadenoma 4C-seq, RNA-seq 41

S17 Female 12 Macroadenoma 4C-seq na

na: not available.



Table S2. Primers used in this study

Viewpoint Read Primer 1 (5’-3’) Primer 2 (5’-3’) gef. RE (1% 2")  Fragend coordinates
enome

GPR101 TCTTTCTCCCCCTCTCTCT TTTCTGACTCTCTCCACCAC hg19 Csp6l/ chrX:136115379-

Dpnll 136116771

Dpnll/ chrX:135961852-
RBMX GCTTAAGAACAGCTAAGGGTGA AGTCCTAACACGGGGAGA hg19 Csp6l 135962755

Dpnll/ chrX:135614980-
VGLL1 CAGGGAGTTGCTTGTGAG CATATCAGTGCCTGGCTTAT hg19 Cspbl 135615359

unique fragend

Breakpoint Csp6l/ around breakpoint
for patient S6 ACAGTAGGTGTTCTGTAAACTGC TGAGTCTATTTCTGGCCTCTC hg19 Dpnll chrX:135615580-

136220614

4C-seq primer sequences for inverse PCR and digestion strategy for 4C library preparation. Fragend coordinates for viewpoint (first to second restriction enzyme).

CRE Forward Primer (5’-3’) Reverse Primer (5’-3°) et F.ragment Genor.mc
Genome size (bp) coordinates

proximal chrX:136113819-

GPR101 TCGACCATATGGGAGGGGCCATGGGAAAAAGATGTAGAG  ATCCAACGCGTTGGGGGCAACAGCCAGAGGGCG hg19 1,300 SO

promoter

el chrX:136115961-

GPR101 TCGACCATATGGGAGATTTCCCCTTGTGCCCTGCC ATCCAACGCGTTGGGCTGTTGCTGCTGCAGACG hg19 1,146 SR

promoter

CARHGEFS:  CGATCTAAGTAAGCTTCATGACCGACTGGTCTCTGAAA CCAGCAAACGAAGCTTTAAGCATTTTTTTAAAAAAGGAAT  hg19 4811 O 2096959

i‘{gﬁé - TCTTACGCGTGCTAGCTCATGGTGAAACTAATGCAGGC ~ GATCGCAGATCTCGAGTGGGGAACACAGGATGCCC hg19 1,357 ?2%;352632564'

Cloning primer sequences for functional evaluation of CREs.



Table S3. TAD maps in BED format for human tissues and cell types retrieved from the 3D Genome Browser

Abbreviation Data file from 3D Genome Browser Cellular context girtiagtiir;e: stllirgbae(;cession
H1-ESC_Dixon2015 H1-ESC_Dixon2015-raw_TADs.txt Embryonic stem cells 2 GSE52457
H1-TRO_Dixon2015 H1-TRO_Dixon2015-raw_TADs.txt Trophoblast-like cells 2 GSE52457
H1-MSC_Dixon2015 H1-MSC_Dixon2015-raw_TADs.txt Mesenchymal stem cells 2 GSE52457
H1-NPC_Dixon2015 H1-NPC_Dixon2015-raw_TADs.txt Neural progenitor cells 2 GSE52457
H1-MES_Dixon2015 H1-MES_Dixon2015-raw_TADs.txt Mesendoderm cells 2 GSE52457
AdrenalGland_Schmitt2016 ~ AdrenalGland_Donor-AD2-raw_TADs.txt Adrenal Gland (primary tissue) (S GSE87112
VentricleRight_Schmitt2016  VentricleRight_Donor-RV3-raw_TADs.txt Right Ventricle (primary tissue) 16 GSE87112
Bladder_Schmitt2016 Bladder_Donor-BL1-raw_TADs.txt Bladder (primary tissue) (S GSE87112
Cortex_Schmitt2016 Cortex_DLPFC_Donor-CO-raw_TADs.txt Prefrontal Cortex (primary tissue) 16 GSE87112
Bowel_Schmitt2016 Bowel_Small_Donor-SB2-raw_TADs.txt Small bowel (primary tissue) (S GSE87112
Lung_Schmitt2016 Lung_Donor-LG1-raw_TADs.txt Lung (primary tissue) 16 GSE87112
Muscle_Schmitt2016 Muscle_Psoas_Donor-PO1-raw_TADs.txt Psoas Muscle (primary tissue) (S GSE87112
Pancreas_Schmitt2016 Pancreas_Donor-PA2-raw_TADs.txt Pancreas (primary tissue) 16 GSE87112
Spleen_Schmitt2016 Spleen_Donor-PX1-raw_TADs.txt Spleen (primary tissue) (S GSE87112
Aorta_Leung2015 Aorta_STL002_Leung2015-raw_TADs.txt Aorta (primary tissue) 7 GSE58752
VentricleLeft_Leung2015 VentricleLeft_STLO03_Leung2015-raw_TADs.txt  Left ventricle (primary tissue) 7 GSE58752
Thymus_Leung2015 Thymus_STL001_Leung2015-raw_TADs.txt Thymus (primary tissue) 7 GSE58752
HMEC_Rao2014 HMEC_Lieberman-raw_TADs.txt Human Mammary Epithelial Cells B GSE63525
IMR90_Rao2014 IMR9O0_Lieberman-raw_TADs.txt Foetal lung fibroblast 18 GSE63525
NHEK_Rao2014 NHEK_Lieberman-raw_TADs.txt Normal Human Epidermal Keratinocytes 2 GSE63525
GM12878_Rao2014 GM12878_Rao_2014-raw_TADs.txt Transformed lymphoblastoid cells 18 GSE63525

HUVEC_Rao2014

HUVEC_Lieberman-raw_TADs.txt

Umbilical vein endothelial cells

GSE63525




Table S4. List of differentially expressed genes



Table S5. Mean raw gene counts at the X-LAG locus

Annotation Mean (logCPM) Mean (logCPM)
Normal Pituitary X-LAG
GPR112 -1.585844278 -1.487361093
BRS3 -1.183253634 -0.424866166
HTATSF1 8.980024092 9.833832722
VGLL1 -0.263426474 0.420912497
MIR934 -4.187293202 -3.65754158
LINC00892 -3.417444506 -2.186648854
CD40LG -2.068764489 -0.860794746
ARHGEF6  4.58984749 5.231740189
RBMX 6.883316259 7.787668371
SNORD61  -1.439633306 -0.873762095
GPR101 -3.260984837 7.927241678
ZIC3 0.336778929 0.27451518

Both genes found duplicated in at least one X-LAG individual and neighboring genes never duplicated in

X-LAG (GPR112 and ZIC3) are reported.



Table S6. Gene fusion analysis



Supplemental Materials and Methods

Fusion gene analysis
The fusion gene analysis was performed on the total RNA-seq data described in the main text

Materials and Methods. Following QC assessment and read trimming steps, fusion gene analysis
was performed using the TopHat tool and the TopHat-fusion-post function.'® The annotated
results were manually inspected for any fusion of GPR701 with any other gene. Since no mate

was detected, no threshold for fusion score was required.
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