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Supplemental figure 1: Epigenetic age estimates of the cortex (Numata et al. 

2012) and fetal retina. Uncalibrated DNAm age estimates show a strong non-linear 

relationship with chronological age, retina is shown in red and cortex in black (A-C). 

Calibrated DNAm age refers to the linear transformation of the uncalibrated estimates 

(D-F).  

Supplemental figure 2: DNAm biomarkers versus age (defined as gestational 

age plus days in vitro) in retina samples. A) Pan tissue estimator from Horvath 2013. B) 

Blood based DNAm age estimator from Hannum et al. 20131, C) Skin and blood clock 

from Horvath et al. 20182, D) DNAm PhenoAge estimator from Levine et al. 20183, 

DNAm GrimAge estimator from Lu 2018 and F) Proportion of neurons estimated with 

the CETS algorithm4. Horvath age estimate has a high positive correlation with time 

(r=0.78), with negative values representative of prenatal ages less than minus 0.75 

years, y-axis. Other estimators lead to less accurate prenatal age estimates (minus 20 

years) or negative correlations with time.  

 

Supplemental figure 3: A-B. Retinal organization and differentiation is 

conserved across D57 fetal retina (A) and D54 stem cell-derived retinal organoid (B) 

despite differences in size (Scale =200 µm).  At this stage, the retina primarily consists 

of ganglion cells (ELAVL3/4, green) and progenitors (SOX9, cyan, progenitors) in the 

inner nuclear layer (A’ and B’ refers to the white box region in A and B respectively, 

scale = 50 µm) while photoreceptors (OTX2, magenta) are just beginning to form. 

Within the fetal retina, there is a central (C) to periphery (P) gradient, where the central 

retina is accelerated by several weeks compared to the periphery (D).  

 

Supplemental Figure 4: A. D72 fetal retina exhibit increased photoreceptor 

expression from 21 days to 42 days of culture, and early bipolar expression (OTX2 in 

magenta and RCVRN in yellow in INL). B Explants at D103 exhibited increased RCVRN 

expression and expressed short wavelength S opsin proteins (SW opsin, cyan), whose 

morphology became more elongated as the as the ONL matured,  

 



Supplemental figure 5: A. RNAseq comparison of WT and trisomy21 retinas revealed 

that chromosome 21 genes were highly upregulated in the trisomy retinas as expected. 

B. Total read counts between the trisomy and the control samples remained consistent. 

C. Scatter plot illustrating a strong correlation between the control and trisomy age-

matched samples 
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Extended Data Table 1: Timing of retinal differentiation in mouse and human pluripotent 
stem cells 

 

Mouse: 

Stages of retinal 
development 

Differentiation day References 

Eye field D5 1  

Optic vesicle D5–D8;  

 

1-9  

Optic cup D7–13 

 

1-3,7 

 

Cell-specific markers Differentiation day References 

Progenitors D7–12 (Rax, Pax6, Vsx2, 
EdU) 

 

1,5,6,9  

Ganglion cells D9 (Pou4f2, Islet, Elavl3/4, 
Tuj1, Pax6) 

 

1,2,4-7,9,10  

Horizontal/Amacrine cells D14–26 (Calb1, Calb2, Pax6, 
Prox1)  

 

2,3,5,7,10  

Cone photoreceptors Early markers: 

D12–16 (Crx, Rxrg) 

Late markers: 

D22–29 (Opn1sw, 
Opn1mw/Opn1lw) 

 

1,3,4,6,9,10  

Rod photoreceptors Early markers: 

D15–21 (Crx, Nrl, Rcvrn) 

Late markers: 

1-3,5-11  



D24–28 (Rho) 

 

Bipolar cells D24–32 (Otx2+/Crx-, Prkca, 
Vsx2) 

 

2-4,7,9,10  

Müller glia D25–28 (Rlbp1, Vim, Glul) 

 

3-5,7,9 

Synaptic markers D22–32 (Bsn, CtBP2, Syp) 

 

4,7,9  

 

Human: 

Stages of retinal 
development 

Differentiation day References 

Eye field Week 1–2 (RAX, PAX6, 
SIX3, LHX2, SIX6) 

 

12-15 

Optic vesicle Week 2 16  

Optic cup Week 3 16  

 

Cell type Differentiation day References 

Progenitors Week 2–6 (PAX6, RAX, 
VSX2, SOX2, SOX9) 

 

6,10,12-14,16-20  

Ganglion cells Week 3–9 

 

14-19,21-26  

Horizontal and amacrine cells Week 6–18 (PTF1A, CALB1, 
CALB2, PROX1, TFAP2, 
ELAVL3/4) 

 

 

14,16,17,19,20,23,26  



 

Cone and rod photoreceptors Pan photoreceptor markers: 

Week 3–24 (CRX, OTX2, 
RCVRN, AIPL1, PRDM1 

 

Early cone markers 

WK7 -19 (RXRG, ONECUT1, 
ARR3) 

 

Late cone markers 

Week 11–24 
(OPN1MW/OPN1LW, 
OPN1SW, PDE6C, ARR3) 

 

Early rod markers 

Week 9–18 (NRL, NR2E3) 

 

Late rod markers 

Week 15–29 (RHO, PDE6B, 
CNGA1, GNAT1, SAG) 

10,12,14-28  

Bipolar cells WK9–23 (PRKCA, 
VSX2/MCM2-, CABP5, 
GRM6) 

 

19,26  

Müller glia Week 12–17 (GLUL/SOX9, 
RLBP1) 

17,19,23  

Synapses W12–23 (SV2, SLC17A7, 
BSN, CTBP2) 

19,22,29  
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Extended Data Table 2: Antibodies used in this study. 
 

Antibody Source Catalog # Dilution 
CALBINDIN Swant Swiss antibodies CD38 1:250 
ELAVL3/4 Invitrogen A-21271 1:200 
NR2E3 Abcam Ab172542 1:250 
OTX2 R&D Systems BAF1979 1:200 
POU4F2 Santa Cruz Biotechnology SC-6026 1:250 
RCVRN Chemicon AB5585 1:2000 
SOX2 Santa Cruz sc-17320 1:100 
VSX2 Santa Cruz SC-21690 1:300 
VGLUT1 Synaptic systems 135 304 1:500 
Donkey anti-goat 488 Life Technologies A11055 1:250 
Donkey anti-goat 568 Life Technologies A11057 1:250 
Donkey anti-mouse 488 Jackson Immuno 715-546-151 1:250 
Donkey anti-mouse 568 Life Technologies A10037 1:250 
Donkey anti-rabbit 647 Thermo Fisher Scientific A-31573 1:250 
DAPI Sigma D9542 1:5000 
 

	


