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Fig S1. Candidate factors for RGC induction from hiPSCs. (a) Schematic representation of the 
strategy used to test the candidate transcription factors (TFs) for induction of RGC 
differentiation from hiPSCs (upper panel). Seven TFs were selected as the candidates based on 
their functional roles in developmental retinogenesis and the maintenance of RGCs in vivo 
(lower panel). (b) Overexpression of the genes of interest was confirmed measuring protein 
levels using Western blot analysis after doxycycline induction. (c) Representative phase contrast 
images that display the morphological changes in the hiPSCs after induction with the indicated 
genes on days 1, 3 and 6. Most cells failed to survive under neuronal culture conditions after 
days 6. Scale bar, 20 μm.
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Fig S2. Ectopic expression of candidate TFs in hiPSCs induces neuronal-like morphology. (a)
Overexpression of the genes of interest was confirmed by measuring protein levels using
Western blot analysis after doxycycline induction. (b) Ectopic expression of TFs in hiPSCs
induces neuronal-like morphology. Representative phase contrast images that display the
morphological changes in the hiPSCs after induction with the indicated genes on days 1, 3, 8
and 15. The cells, on 15 days after doxycycline induction, displayed distinct neurite-like
structures and were immunostained with the neuronal marker SMI312. Scale bar, 20 μm.
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Fig S3. Differentiation of hiPSC-derived RGC-like cells. (a) Flow diagram of the generation of
induced RGC (iRGC). (b) Representative images of iRGC cells immunostained for neuronal
(MAP2) and RGC (ISL1, BRN3A) markers. Scale bar, 20 μm. (c) Quantification of the BRN3A+ cells
present among hiPSCs ectopically expressing the candidate genes. Data are presented as means
± SEM (n = 5 batches of independent differentiation). (d) Quantification of the ISL1+ cells
present among hiPSCs ectopically expressing the candidate genes. Data are presented as means
± SEM (n = 5 batches of independent differentiation). (e) Quantification of the BRN3A+ISL1+
cells present among hiPSCs ectopically expressing the candidate genes. Data are presented as
means ± SEM (n = 5 batches of independent differentiation).
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Fig S4. Comparison of different protocols for generation of hPSC-derived RGCs and human fetal
retina. (a) A comparison of different protocols used for generating hPSC-derived RGC-like cells is
presented. In our protocol, stable hiPSC lines carrying both pTetO-ATOH7-T2A-BRN3B-T2A-Puro
and pTetO-SOX4-Zeo were induced for RGC-like cell differentiation upon treatment with
doxycycline. Total RNA was extracted from hiPSC-derived RGCs at indicated time points and
subjected to total RNA sequencing (RNA-seq). In the protocols of Gill et al. (2016) and
VanderWall et al. (2020), hPSCs or hESCs were first differentiated into neuralized embryonic
bodies (EB), followed by a switch to RGC maturation media containing N2 and B27 supplement.
After sorting via magnetic anti-THY1 microbeads, these cells were kept in culture for 10 or 15
days before undergoing RNA-seq analysis. (b) The 9 datasets used for bioinformatic analysis are
described.
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Fig S5. Marker gene expression and enrichment analysis in all samples. (a) A heatmap showing
the expression of marker genes during retinal development and within retinal cell types in all
samples. The Tet-on inducible genes are marked with asterisk (*). (b) A gene enrichment
analysis was performed on the top 500 differentially upregulated genes (sorted by adjusted p-
value and a fold change of ≥2). The eleven most significant groups are presented in terms of
GOBP (left panel) and the tissue protein expression (right panel). Gray bars indicate no
significant expression (padj > 0.05).
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Fig S6. EMB-induced apoptosis and neurite degeneration in iRGC-ATOH7/BRN3B/SOX4 cells is
able to be rescued by NAC. (a) iRGC cells were treated with various concentrations of EMB in
the presence or absence of 500 μM NAC for 24 hrs. ROS generation was measured by flow
cytometry using DCFDA staining. (b) Quantitative results of the geometric mean fluorescence
intensity (MFI) of the treated cells relative to control non-treated cells. All results are presented
as the mean ± SEM (n = 4 independent experiments; *: p < 0.05 by two-way ANOVA and Šídák's
test). (c) The morphological changes in the iRGCs after 1000 μg/mL EMB treatment in the
presence or absence of 500 μM NAC for 24 hrs and immunolabeled for MAP2 and TuJ1. Scale
bar, 50 μm.



Primer names Sequence Reference

EcoRI-Atoh7-Forward 5'-CCCCGAATTCATGAAGTCCTGCAAGCCCAGCG-3'
NM_145178

Atoh7-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCGGTGGCCATCTGGAAGGGCT-3'

EcoRI-Brn2-Forward 5'-CCCCGAATTCATGGCGACCGCAGCGTCT-3'
NM_008899 

Brn2-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCCTGGACGGGCGTCTGCACC-3'

EcoRI-Brn3A-Forward 5'-CCCCGAATTCATGATGTCCATGAACAGCAAGCAG-3'
NM_006237 

Brn3A-FLAG-XbaIReverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCGTAAGTGGCAGAGAATTTCATCCGCT-3'

EcoRI-Brn3B-Forward 5'-CCCCGAATTCATGATGATGATGTCCCTGAACAGCA-3'
NM_004575 

Brn3B-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCAATGCCGGCGGAATATTTCATTCT-3'

EcoRI-PAX6-Forward 5'-CCCCGGTCTCGAATTCATGCAGAACAGTCACAGCGGAGT-3' 
NM_000280 

PAX6-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCCTGTAATCTTGGCCAGTATTGAGACATATCAGGT-3'

EcoRI-Irx6-Forward 5'-CCCCGAATTCATGTCCTTCCCACACTTTGGACAC-3'
NM_024335 

Irx6-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCACCTGCTTCTGCTCCAGACGGG-3' 

EcoRI-SOX4-Forward 5'-CCCCGAATTCATGGTGCAGCAAACCAACAATGCCGAGAA-3' 
NM_003107 

SOX4-FLAG-XbaI-Reverse 5'-CCTCTCTAGACTTATCGTCGTCATCCTTGTAATCGTAGGTGAAAACCAGGTTGGAGATGCTGG-3'

EcoR,Age-Ascl1-Forward 5'-GCAAGAATTCGAACCGGTGCCACCATGGAAAGCTCTGCCAAGATG-3'
NM_004316 

Ascl1-FLAG-XbaIReverse 5'-GCAATCTAGACTTGTCATCGTCGTCCTTGTAATCGAACCAGTTGGTGAAGTCGAG-3' 

GSG-T2A-Forward 5'-CCCCTTTGGTCTCGAATTAACCGGTGGATCCGAATTCACATCTAGAGGAAGCGGAGAGGGCAGGGGAAGTCTTCTAACATGCGG-3'

Zeo-PacI-Reverse 5'-TAGCTTAATTAATCAGTCCTGCTCCTCGGCCACGAAG-3'

AgeI-Atoh7-Forward 5'-ATTCACCGGTATGAAGTCCTGCAAGCCCAGCG-3'
NM_145178 

Atoh7-myc-Reverse 5'-AGAAGACTTCCCCTGCCCTCTCCGCTTCCCAGATCCTCTTCAGAGATGAGTTTCTGCTCGGTGGCCATCTGGAAGGGCT-3'

myc-GSG-T2A-EcoRI-Reverse 5'-ACATGAATTCTGGGCCGGGATTTTCCTCCACGTCCCCGCATGTTAGAAGACTTCCCCTGCCCTCTCCGC-3'

AgeI-Brn3B-Forward 5'-ATTCACCGGTATGATGATGATGTCCCTGAACAGCA-3'
NM_004575 

Brn3B-myc-Reverse 5'-AGAAGACTTCCCCTGCCCTCTCCGCTTCCCAGATCCTCTTCAGAGATGAGTTTCTGCTCAATGCCGGCGGAATATTTCATTCT-3' 

Table S1. Primers used for plasmid construction



Antibody Names Manufacturer Cat. # Dilution

Mouse anti-FLAG M2 monoclonal antibody Sigma-Aldrich F3165 1:5000

Mouse anti-c-myc monoclonal antibody Developmental Studies 
Hybridoma Bank (DSHB)

AB_2266850 1:5000

Mouse anti-β-tubulin monoclonal antibody Developmental Studies 
Hybridoma Bank (DSHB)

AB_2315513 1:5000

Mouse anti-glyceraldehyde-3-phosphate 
dehydrogenase monoclonal antibody

Millipore MAB374 1:5000

Mouse anti-neuronal class III β-tubulin 
monoclonal antibody

Covance MMS-435P 1:1000

Rabbit anti-microtubule-associated protein 2 
antibody

Millipore AB5622 1:2000

Rabbit anti-Islet 1 polyclonal antibody abcam ab20670 1:2000

Mouse anti-Brn3a polyclonal antibody Millipore AB5945 1:500

Mouse anti-Tau antibody (clone Tau-5) Sigma-Aldrich MAB361 1:2000

Rabbit anti-microtubule-associated protein 1 
light chain 3 α polyclonal antibody

Proteintech 12135-1-AP 1:3000

Rabbit anti-p62/SQSTM1 polyclonal antibody Proteintech 18420-1-AP 1:5000

Rabbit anti-caspase-3 antibody Cell Signaling 
Technology

#9662S 1:2000

Rabbit anti-cleaved caspase-3 (Asp175) (5A1E) Cell Signaling 
Technology

#9664S 1:2000

Goat anti-mouse IgG-HRP Bethyl laboratories A90-216P 1:5000

Goat anti-rabbit IgG-HRP Bethyl laboratories A120-201P 1:5000

Rhodamine (TRITC)-conjugated goat anti-mouse 
IgG (H+L)

Jackson 
ImmunoResearch

115-025-146 1:1000

Goat anti-mouse IgG, DyLight™ 488 conjugated 
highly cross-absorbed

Thermo Scientific 35503 1:500

Goat anti-rabbit IgG H&L DyLight® 550 abcam ab96900 1:500

Table S2. The antibodies and dilutions used in this study



Gene Sequence Probe Reference

ATOH7 (3' UTR) 
(F) 5'-CAGACCTATGGACGCAATCA-3'

#63 NM_145178
(R) 5'-CAACCCATTCACAAGATCCAT -3' 

RBPMS 
(F) 5'-TGTGCCCTTAGAAAGCCCTA-3'

#78 NM_001008710.3
(R) 5'-CACACTTGGCACACAGTTGA-3'

POU4F1 (BRN3A) 
(F) 5'-CTCCCTGAGCACAAGTACCC-3'

#78 NM_006237.4
(R) 5'-CTGGCGAAGAGGTTGCTC -3' 

POU4F2 (BRN3B) (5' UTR) 
(F) 5'-CCGAGATCAGGCGTACAGAG-3'

#70 NM_004575.3
(R) 5'-GGGCTGTGCGAAGTTGAG -3' 

ISL1 
(F) 5'-AAGGACAAGAAGCGAAGCAT-3'

#66 NM_002202.2 
(R) 5'-TTCCTGTCATCCCCTGGATA -3' 

SOX4 (5' UTR) 
(F) 5'-CCAACTCCTTAGTGCCGATT-3'

#1 NM_003107.3
(R) 5'-CCTCTCCTACAATGCAAAGCA-3' 

EBF1
(F) 5'-AGCTGCCAACTCCCCCTAT-3'

#42 NM_001290360.2 
(R) 5'-GGGAGGCTTGTGGAGGAG -3'

RBFOX3 (NEUN)
(F) 5'-CCCTCCGACCCTACAGAGA-3'

#66 NM_001082575.1 
(R) 5'-CCACGTCTAAAATTTTTCCGAAT -3' 

TUBB3 (TUJ1)
(F) 5'-GCAACTACGTGGGCGACT-3'

#78 NM_006086.3 
(R) 5'-ATGGCTCGAGGCACGTACT-3' 

POU5F1 (OCT4)
(F) 5'-CTTCGCAAGCCCTCATTTC-3'

#60 NM_002701.4 
(R) 5'-GAGAAGGCGAAATCCGAAG -3' 

SLC17A7 (VGLUT1)
(F) 5'-AGAGCGCGAAACTCATGAAC-3'

#29 NM_020309.4
(R) 5'-GCAGCAGGTAGAACGTCCAG -3'

SLC17A6 (VGLUT2)
(F) 5'-AATCACTCGGCCAGATCTACA-3'

#67 NM_020346.3
(R) 5'-CGTCAGCTCGATTGTCTCC-3' 

TH 
(F) 5'-TCAGTGACGCCAAGGACA-3'

#42 NM_199292.3
(R) 5'-GTACGGGTCGAACTTCACG-3' 

GAD1 
(F) 5'-CAACTTGGAGCTCTCTGACCA-3'

#1 NM_013445.3 
(R) 5'-TGAAAAATCGAGGATGACCTG -3'

CHAT 
(F) 5'-GGAGCCTGAGCACGTCAT-3'

#40 NM_020984.4
(R) 5'-CGGAAATTAATGACAACATCCA -3' 

TPH1 
(F) 5'-GCTTCTCTTGGCGCTTCA-3'

#75 NM_004179.3
(R) 5'-ACCAAACTCCACAGTGAAAAAGT-3'

RPL13A 
(F) 5'-CAAGCGGATGAACACCAAC-3'

#28 NM_012423.4
(R) 5'-TGTGGGGCAGCATACCTC-3' 

Table S3. Primers and TaqMan probes for qPCR analysis


