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Supplementary Figures

Fig. S1: Strategy for laser-capture microdissection and validation
A total of 84 tumor islets and 41 stroma islets were microdissected by using individual caps for each islet. For each microdissected islet, at least five images were obtained for documentation. Islets were subjected to LFR WGS. A. Shown are representative images of one microdissected islet at low magnification, high magnification, after microdissection, and in the collection cap. Scale bars = 150 m. B. A diagram depicting the workflow and the number of genomes used at each stage of the study.
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Fig. S2: Noncoding core mutations cluster at potential enhancers of stem cell differentiation genes.
A. A diagram depicting the validation strategy of the identified variants. Further validation using 1) WGS of unamplified lymphocyte DNA, 2) LFR sequencing of a further stroma sample (85 % genome coverage) and 3) targeted sequencing (at 50X read depth) of all variants in germline DNA excluded the possibility of these being germline variants. Repeat deep targeted sequencing (450X) of all variants on germline DNA identified two that were compatible with mosaic state (chr21: 9,833,828_C/A; 204 out of 2542 reads and chr7: 61,874,043_C/A; 273 out of 1115 reads). Other variants (n = 7) were either present at a very low frequency (< 1: 100) or were not confirmed by subsequent standard sequencing. Furthermore, extensive validation using 1) LFR WGS of three additional tumor islets, 2) standard WGS of bulk omental tumor and 3) deep targeted sequencing of all variants on DNA from two bulk tumor samples (positions B and C) confirmed the presence of all 750 mutations. B. The fold enrichment and the log number of variants that supported any significantly enriched ontologies are presented. The top five ontologies with greater than 2-fold enrichment over the background are also indicated.
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Fig. S3: Analysis strategy for identifying enriched gene ontologies
A flowchart illustrating the steps of our validation approach of the stem cell differentiation ontology enrichment The 750 variants shared by more than 90 % of tumor islets, hence called ancestor variants, were mapped to the potential gene regulatory regions. Initially, to test for enrichment, somatic variants that were called in any two tumor islets (n = 330,811, progeny variants used as a “background” comparator) were used as a background comparator (BG). See supplementary methods for analysis details. 
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Fig. S4: Rare variants cluster at biochemically active sites within a 2Mb region encompassing SOX2  
Deep-targeted sequencing was performed on 33 HGSOCs, and 861 rare variants (not previously reported in the 1,000 Genomes Project) were identified. We tested the assumption that the region was enriched in variants that occupied functionally important elements by mapping the variants to biochemically active sites, as reported from the ENCODE project. The BB5 region was also significantly enriched (p < 0·01) in variants that overlapped with genomic sites previously reported to harbor biochemical activity (DNaseI hypersensitivity or transcription factor binding activity). Shown is the statistical significance (log10 1/p-value) of the enrichment of rare variants that fall in known biochemically active sites (orange bars) in 40 Kb moving windows. The locations of the BB nucleotides are shown, and the BB5 region is indicated by a horizontal magenta bar. 
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Fig. S5: Mutations in the BB5 enhancer region in HGSOCs are associated with high SOX2 expression in the FTE
A-F. The identified somatic mutations (A, B, D, E, F) or LOH (C) in the 40 Kb region containing BB5 in six HGSOCs (left panel) are shown. SOX2 immunohistochemistry (IHC) staining in the corresponding apparently normal FTE and (for C and E) the lack of SOX2 nuclear expression in the adjacent ovarian tumors (right panel) are also shown. Note that for patient 11249, macrodissection of the fallopian tube was possible. DNA sequencing from the FTE revealed that a heterozygous mutation found in the tumor was also present in the FTE and appeared to be homozygous.
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Fig. S6: SOX2 expression in the FTE and tumor tissue samples in patient 11152
A. Bar plot of the percentage of nuclei exhibiting strong (green), medium (magenta) or low SOX2 expression (blue) in the apparently normal FTE, tumor tissue prior to chemotherapy (Pre) in two omentum samples (OM1 and OM2) and one diaphragmatic peritoneum sample (DR), and following chemotherapy (Post) in the left ovarian tumor (LOT) of our index case patient 11152. B. IHC staining for SOX2, p53 and WT1 (an epithelial cell marker) in the FTE at the p53 signature, a pre-chemotherapy tumor islet (OM1) and a post-chemotherapy tumor islet (LOT) of the index case patient. Positive p53 and WT1 staining confirms that the SOX2-negative cells are cancer cells. Scale bars = 100 μm.
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Fig. S7: The BB5 nucleotide is located within a Sox2 regulatory element and represses SOX2 expression in-vivo in a chicken embryo model and mammalian cells 
A. Logo for sequence motif UW.0169. The letter height corresponds to the probability of occurrence of a nucleotide. At the BB5 nucleotide, strong preference (14-fold higher frequency) for the wild type C nucleotide over the mutant G nucleotide (observed frequencies C = 0·86 and G = 0·06) was identified. B. Activity of the BB5 wild type and mutant enhancer region in chicken embryos at somite stage nine (n = 8). C. The transfection of wild type and mutant plasmids on opposite sides of the same embryo, to reveal differences in activity, is shown. A typical image of ten repeats is presented. Note that the wild type enhancer controlled citrine expression predominantly within the neural tube, the endogenous site of Sox2 expression, in both the head and trunk regions, and in the delaminating neural crest cells. By contrast, the activity was dramatically decreased in the single-point (C/G) mutant version in the neural crest but was retained in the cell population within the head region at early stages as shown. Thus, this nucleotide possesses an important functional role in the regulatory activity of the element, and its function as repressor or enhancer is tissue specific. D. A systematic analysis of deletion mutants of the 1 Kb fragment encompassing the BB5 nucleotide. A diagram representing the genomic regions tested in the chicken embryo reporter assays. The magnitude of activity was estimated as weak (+), moderate (++) or strong (+++). E. The transfection of wild type and mutant plasmids containing the “test 3” region on opposite sides of the same embryo to indicate recovery of the activity after inducing the BB5 mutation. A representative image of five embryos is presented. Note that systematic truncations mutants of the 1 Kb fragment revealed that a 363 bp segment downstream of the BB5 nucleotide retained full enhancer activity. However, extending this segment to involve the BB5 nucleotide resulted in a significant loss of enhancer activity. Moreover, mutating the BB5 nucleotide from C to G in the extended segment to mimic the patient’s mutation significantly increased the enhancer activity, indicating that the BB5 element had a repressive function. F. CRISPR-mediated deletion of six nucleotides (magenta) downstream of the BB5 nucleotide. The protospacer adjacent motif (red) and representation of ENCODE data for transcription factor binding at this site is also shown. G. DNA electrophoresis and western blots for wild type HEK293 cells and mutant clone SH26A. Note the loss of overexpression that coincided with overgrowth of the wild-type subclone as indicated by the DNA electrophoresis (n of replicates indicated in supplementary table 9). 
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Fig. S8: EZH2 occupies the BB5 repressor element
A. Whole-genome ChIP-seq was performed on FTE cells using EZH2 antibody to detect areas of occupancy. The peaks presented are significantly enriched (p < 0·01) relative to those of input control. The location of the 11 identified somatic mutations found in our HGSOC cohort are also presented. B. ChIP-qPCR results indicating the significant reduction of H3K27me3 at the BB5 element following chemical inhibition of EZH2 (n = 3 patients). 
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Fig. S9: The expression of SOX2 and MYC in the FTE is mutually exclusive.  
A-B. Representative IHC images of the FTE stained for PAX8 (A), MYC or SOX2 (B) are shown. Arrows point to ciliated cells. Note that while PAX8 and MYC expression are limited to non-ciliated cells, SOX2 expression is exclusively in ciliated cells. C. Representative images of HGSOCs stained for SOX2 and MYC (n = 209). A summary table for the staining intensity is also presented. 
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Fig. S10: Ectopic expression of SOX2 represses MYC and PAX8 in primary cultured FTE cells and SKOv3 cells
A. Primary cultured FTE cells were transduced with SOX2-expressing viruses for five days then fixed and stained for SOX2, PAX8 or MYC. Images were collected from 20 fields and the percentage of cells was obtained as indicated. Shown is the mean + s.e.m of percentages obtained from 290 cells. B-C. Immunofluorescence images of SKOv3 cells that were transduced with either SOX2-expressing lentiviruses or empty vector controls then fixed and stained using the indicated antibodies to test the change in expression of MYC (B) or PAX8 (C). Also shown are representative images of SOX2-overexpressing cells that were treated with SOX2-targeting siRNAs to deplete the ectopically expressed SOX2. Note the reappearance of PAX8 and MYC following SOX2 depletion. 
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Description of supplementary tables and videos

This manuscript has 11 supplementary tables and a supplementary video as follows:
Supplementary Table 1:
Description of genomes analyzed for patient 11152. 

Supplementary Table 2:
The coordinates and functional annotations of the 750 mutations are presented. 

Supplementary Table 3:
The complete analysis results for enrichment in ontologies of biological processes using the list of progeny variants as a background comparator. 

Supplementary Table 4:
The gene symbols that correspond to the identified five significantly enriched ontologies are presented along with the distance in bases from the mapped mutation to the gene’s transcription start site.  

Supplementary Table 5:
The clinical details of patients who donated samples used for targeted sequencing

Supplementary Table 6:
The 861 rare variants identified by targeted sequencing of samples from 33 patients are presented. 

Supplementary Table 7:
The coordinates of the somatic mutations identified at the 40 Kb region flanking SOX2 in HGSOCs.

Supplementary Table 8:
The clinical details of patients who donated the samples used for SOX2 immunohistochemistry are presented. 

Supplementary Table 9: 
List of transfections and summary results for CRISPR experiments.

Supplementary Table 10:
Coordinates of the areas of focal enrichment (peaks) for the EZH2 ChIP-sequencing analysis in the 1.6 Mb region around the SOX2 transcription start site. 

Supplementary Table 11:
Primers used for sequencing individual variants in patients with HGSOCs. 

Supplementary Video:
A video showing the laparoscopy finding for the sites that were sampled at presentation for whole genome sequencing prior to chemotherapy and the findings following the administration of three cycles of chemotherapy. Note the complete macroscopic resolution of the tumors. 
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