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jkrijthe/Rtsne). Copy number variation (CNV) analysis from methylation array data was performed using the “Conumee” package (version
1.16.0). Most differentially methylated regions were detected with DMRcate (version 1.18.0).

Whole Genome Sequence Analysis

The paired end sequencing reads were mapped with bwa. In addition, we used an ensemble approach to call somatic mutations (SNV/indels)
with multiple published tools, including Mutect2 (v4.1.2.0), SomaticSniper (v1.0.5.0), VarScan2 (v2.4.3), MuSE (v1.0rc) and Strelka2 (v2.9.10).
The consensus calls by at least two callers were considered as confident mutations. The consensus call sets were further manually reviewed
for the read depth, mapping quality, and strand bias to remove additional artifacts. In terms of somatic copy number alternations (SCNA), in
addition to CONSERTING, which is described previously, they were also determined by CNVkit (Talevich E. et all, 2016) and cn.Mops.

For somatic structural variants, five SV callers were implemented in the workflow for SV calling, including Delly (v0.8.2), Lumpy (v0.2.13),
Manta (v1.5.0), Gridss (2.5.0) and novoBreak (v1.1). The SV calls passing the default quality filters of each caller were merged using SURVIVOR
and genotyped by SVtyper. The intersected call sets were manually reviewed for the supporting soft-clipped and discordant read counts at
both ends of a putative SV site using IGV.

Single cell RNA-seq analysis

Approximately 10,000 cells from each sample were taken and loaded onto the 10x chromium controller for single cell RNA sequencing analysis
which was completed according to the 10x genomics protocol. Barcoded RNA was sequenced according to 10x Genomics protocol on an
illumina HiSeq 2500 or 4000.Cell type recognition was determined using SingleR (v1.0.1)60 and copy number variation (CNVs) were identified
using inferCNV (v1.2.1, inferCNV of the Trinity CTAT Project. https://github.com/broadinstitute/inferCNV).

In human fetal retina datasets, only cells with more than 500 genes and less than 3000 genes expressed and with less than 5% of
mitochondrial reads are retained for analysis. The retained data were normalized and scaled using the SCTranform method in Seurat 3.
Dimensionality reduction and clustering were also performed using Seurat functions. A list of genes indicating S and G2M phases of the cell
cycle, compiled from the cell cycle genes provided in Seurat and in the G2M human genes provided in Aldiri et. al., were used to identify
proliferating progenitor cells. Only clusters with enriched expression of at least three of those genes (adjusted p-value < 0.05, average logFC >
0.5, and percent of cells in the cluster expressing the genes is 1.5 folds higher than that of the rest of cells) were assigned as progenitor cells.

Single cell RNA-seq reads from tumors and normal retina samples were aligned using the cell ranger pipeline (v3.0.2) to the hg19 reference
data (v3.0.0). Aligned data were processed using Seurat 3. Specifically, only cells with more than 400 genes and less than 7000 genes
expressed and with less than 10% of mitochondrial reads are kept for downstream analyses. All cells in normal retina samples were then
merged into one dataset. Cells in normal retina and all tumor datasets were scored for their cell cycle phase using the CellCycleScoring
function in Seurat 3, based on the combined list of cell cycle genes provided in Seurat and in the G2M human genes

provided in Aldiri et. al. Normalization, scaling, dimensionality reduction, and clustering of normal retina and individual tumor datasets were
performed as described above, but with cell cycle effects regressed out. Cell types in the normal retina dataset were identified based on
enriched expressions of signature genes.

The identified progenitor cells across all ages in the fetal retina dataset were then combined with the normal adult retina dataset to serve as a
reference for identification of cell types in tumor samples. Label transfer was performed using the default pipeline in Seurat 3 with
FindTransferAnchors and TransferData functions.

RNA velocity analysis

Counts of unspliced and spliced reads from each tumor sample were derived using the velocyto command line tool, and reads mapped to
multiple locus or mapped inside repeat regions (derived from UCSC genome browser) were discarded. The generated loom files were then
analyzed using scVelo with a generalized dynamical model. Briefly, only genes with at least 10 counts for spliced and unspliced RNAs were
kept for velocity analysis. Normalization, modeling of transcriptional dynamics, and estimation of RNA velocities were preformed using default
parameters in scVelo. For visualization, single cell velocities were projected onto the precomputed umap embedding from Seurat.

Flow Cytometry Analysis

Flow cytometry data was analyzed using FACSDiva 8.0.1

All raw genomic data from Figures 3, 4, and 5 will be made publicly available on GEO database under accession code GSE174200, GSE174201, and GSE174202.
SIngle cell sequencing data is available in a Cloud-based viewer (https://pecan.stjude.cloud/static/rbsinglecell).
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Methods
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ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Sample size was determined by the number of tumors generated in the course of the study using 15 patient derived iPSC lines.

No data was excluded

Validation of the RB mutation retention of the iPSC lines were completed on 3 independent clones.

We used 15 independent patient derived induced pluripotent stem cell lines to show retinoblastoma could be generated from iPSC derived

retinal organoids. Retinal differentiation of each line was done in replicate by 2 different technicians.

Analysis of tumors by Taqman qRTPCR was completed on the tumors (n=14). 12 had markers of retinoblastoma, 2 (from the same iPSC line)
were not retinoblastoma.

Randomization was not completed for this study, a variety of RB mutations were used to accurately reflect the mutations found in patients
with germ line mutations in RB.

Blinding was not relevant to this study, there were no data that would influence the outcome of tumor formation from the iPSCs.

PAX6 DSHB AB_528427 Mouse 1:100

Recoverin Millipore AB5585 Rabbit 1:5000

VSX2 Exalpha Biologics Inc. X1180P Sheep 1:200

OTX2 Santa Cruz sc-30659 Goat 1:200

OCT3/4 BD Biosciences BD 611202 Mouse 1:500

The Pax6, Recoverin, Vsx2, and Otx2 antibodies have been routinely used to identify retinal cells in retina. Here we used them to
identify retinal cell types in organoids, using retina as a control.Hiler D, Chen X, Hazen J, Kupriyanov S, Carroll PA, Qu C, Xu B, Johnson
D, Griffiths L, Frase S, Rodriguez AR, Martin G, Zhang J, Jeon J, Fan Y, Finkelstein D, Eisenman RN, Baldwin K, Dyer MA. Quantification
of Retinogenesis in 3D Cultures Reveals Epigenetic Memory and Higher Efficiency in iPSCs Derived from Rod Photoreceptors. Cell
Stem Cell. 2015 Jul 2;17(1):101-15. doi: 10.1016/j.stem.2015.05.015. PMID: 26140606; PMCID: PMC4547539.

Oct3/4 has been used to identify pluripotent stem cells. Watanabe K, Ueno M, Kamiya D, Nishiyama A, Matsumura M, Wataya T,
Takahashi JB, Nishikawa S, Nishikawa S, Muguruma K, Sasai Y. A ROCK inhibitor permits survival of dissociated human embryonic stem
cells. Nat Biotechnol. 2007 Jun;25(6):681-6. doi: 10.1038/nbt1310. Epub 2007 May 27. PMID: 17529971.

H9 (WA09) WiCell

Powerplex was completed to authenticate the lines

All cell lines tested negative for mycoplasma.
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Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJEguidelines for publication of clinical research and a completedCONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

No commonly misidentified lines were used in this study

All animal procedures and protocols were approved by the St. Jude Laboratory Animal Care and Use Committee. All studies conform
to federal and local regulatory standards. Female C57BL/6 scid mice were purchased from Jackson Laboratories (strain code 001913).
Mice were housed on ventilated racks on a standard 12-hour light-dark cycle.

This study did not involve wild animals

This study did not involve field-collected samples

The St. Jude Animal Care and Use Committee and the The St. Jude Children’s Research Hospital Institutional Review Board approved
and provided guidance on the study protocol.

Eligibility criteria included a family history of retinoblastoma with

an identified germline RB1 mutation, diagnosis of bilateral retinoblastoma, or diagnosis of

unilateral retinoblastoma with germline RB1 mutation, MYCN amplification, or 13q deletion

identified. Participants were male and female, ages 4 months to 36 years.

Written informed consent was obtained from each participant or

participant’s parent/guardian. Eligibility criteria included a family history of retinoblastoma with

an identified germline RB1 mutation, diagnosis of bilateral retinoblastoma, or diagnosis of

unilateral retinoblastoma with germline RB1 mutation, MYCN amplification, or 13q deletion

identified. Participants with a variety of RB1 mutations were chosen to ensure a specific mutation would not effect the iPSC
creation, retinal organoid creation, or tumor formation.

RETCELL (NCT02193724), a protocol to establish the feasibility, validation and differentiation

of induced pluripotent stem cells produced from patients with heritable retinoblastoma, was

approved by the St. Jude Children’s Research Hospital Institutional Review Board and open to

accrual in July 2014.

NCT02193724

The goal of this study is to determine if human RB1-deficient induced pluripotent stem cells (iPSCs) can produce retina, and,
furthermore, can give rise to retinoblastoma in culture. This unique opportunity to study the initiation of retinoblastoma in the
developing retina will shed light on the cell of origin for retinoblastoma and allow the investigators to study the earliest molecular
and cellular events in retinoblastoma tumorigenesis.

Participants identified with heritable retinoblastoma will undergo a skin biopsy or blood draw to collect cells for processing and
analysis.

Skin biopsy or peripheral blood mononuclear cells will be collected from eligible, consenting participants and shipped directly to the
University of Wisconsin for processing. All samples will be returned to the St. Jude investigator within two months of reprogramming
for further analysis.




