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Lay description: Eye diseases caused by genetic defects are numerous and devastating to
patients and families. These conditions affect the neural retina at the back of the eye in
particular the light sensing cells, the photoreceptors. The aim of this project was to enhance
our understanding of inherited eye diseases by combining two important technologies, stem
cells and single cell RNA sequencing. Here we used stem cells generated from patient’s blood
(iPSCs) to generate mini human retinas called organoids. Due to limited accessibility of human
tissue samples, these organoids offer unlimited amounts of human retinal tissues that can be
used in multiple applications in the laboratory, in a dish. In this study we characterised cells
isolated from organoids from two distinct forms of diseases, named Usher2a and Stargardt’s
and compare these to normal organoids and the adult human retina transcriptome. We identified
the cell populations within organoid cultures and established that they compare with published
datasets from the human adult retina samples. This data demonstrated differences between
disease and control organoids. Further bioinformatics analysis will elucidate the causes of cell
damage in disease. Therefore, this study enhanced our understanding of eye Usher and
Stargardt’s retinal diseases.
Scientific Outcomes resulting from this funding:
Retinal organoids generated using varied methodologies have been comprehensively
characterised using transcriptome analysis by RNA sequencing. Single cell RNA sequencing
(scRNA-seq) has elucidated the cellular composition of organoids generated from a number of
protocols. In this study, we aimed to utilised scRNA-seq to characterise retinal organoids
generated using our 2D/3D method of differentiation (Gonzalez-Cordero et al., 2017) and
compare these to the adult human retina as well as to organoids generated from iPSCs from the
two most common form of inherited retinal degeneration, Usher2a and Stargartd’s.
Using this technique, we confirmed our hypothesis that healthy control and diseased iPS
cell lines generate retinal organoids contained similar cell types and gene expression
similar to the human retina. We also established that iPSC-derived Usher2a and
Stargardt’s retinal organoids contain different proportion of cells and present different
molecular characteristics when compared to control photoreceptor cells.
1) Comparison of single cell RNA-sequencing of adult human retina datasets and iPSCderived control organoids.
We first investigated the cell-type composition of two control retinal organoids at day 210 of
culture (~30 weeks of development). Previous studies have revealed that at this stage retinal
organoids transcriptomes show maturation of retinal cell classes and reached a stable state
(Cowan et al., 2020). TSNE plots have demonstrated the presence of discreet cells populations
(Figure 1A). The expression profiles of key marker genes for each cell type population were

used to delineate specific cell clusters (Figure 1B). The presence of three distinct rod
photoreceptor cells populations, might indicate differences in developmental stages of these
cells as well as changing in health status. Further analysis of differential expressed genes will
highlight the differences of these particular populations.
Cowan et al., 2020 has recently demonstrated that the transcriptome of the adult human retinal
change rapidly post mortem in ischemia (Cowan et al., 2020). They have developed a
procedure to obtain adult human retinas that were exposed to less than 5 min of ischemia and
maintained light responses and functional retinal circuits for 16 h ex vivo. Therefore, this
transcriptome dataset is considered gold standard and we aimed to compare this publicly
available data and two other transcriptome datasets with our ‘in house’ dataset.
The three published human adult retina scRNA-seq transcriptome datasets (Cowan et al., Cell,
2020, Sridhar et al., Cell Reports, 2020 and Lukowski et al., EMBO J, 2019) were compared
to our retinal organoids using the predefined cell type labels from the public datasets. Next, we
measured the agreement between differential analysis statistics of all cell types across the
multiple datasets and visualised the pairwise comparisons of the correlations on a clustered
correlation heatmap (Figure 1C). We demonstrated that the same cell types show high
correlation with one another (even though they are from different datasets) and distant cell
types show relatively lack of correlation. Rod population 1 appears to correlate with the adult
peripheral rods of Cowan et al., indicating that this population is indeed a more mature
population than the one named Rods 2.
2) Data analysis to establish cell composition and diversity of control, Usher2a and
Stargardts hiPSC-derived retinal organoids
Next, we compared the cell number and proportion of different retinal cell types present in the
two WT healthy control organoids and four Usher2a retinal organoids. The overall cell type
compositions were similar between control and Usher2a organoids. However, rod
photoreceptors appear to be reduced in Usher samples. Furthermore, a clear increase in
apoptotic cells was observed (Figure 2A). When controls were compared to Stargardt’s
organoids we observed similar proportion of cell populations (Figure 2B). However, no
distinct differences between the six biological samples, in terms of cell composition were
observed.
3) Data analysis for each cell type to elucidate cellular mechanisms and signalling pathways
of disease photoreceptor cells
Gene ontology enrichment analysis demonstrated a downregulation of metabolic processes in
in Usher2a organoids when compared to healthy control organoids. Differential gene set
enrichment analysis between Rods 3 and Rods 1 in USHER organoids demonstrated up
regulation of oxygen disregulation and mitochondrial pathways on the Rods 3 population.
Further studies are ongoing to reveal pathways in Stargartd’s organoids and to further validate
the pathways enriched in Usher organoids.
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Figure 1. A) TSNE plot of single cells from 210 day old healthy retinal organoids. Upper TSNE plot
is colored by biological samples and lower TSNE pot is colored by cell types that were manually
annoted through marker gene analysis. B) Gene expresssion (log2 normalised expression) of key cell
type marker genes overlaid on TSNE. C) Correlation heatmap of global differential analysis statistics
derived from public retinal tissue datasets and in-house retinal organoid datasets. Pearson correlation
was uesd to calculate the correlation across approximately 5600 features. Color bar denotes cell types
(upper panel) and the original dataset (lower panel).

Figure 2. A) Bar plots of cell number (uppper) and proportion (lower) of cell types across six
biological samples of healthy (orange) and diseased organoids (green). Each bar represents
the number or proportion of cell types present in each organoid samples. B) Bar plot showing
proportion of cell types in Stargardt’ organoids across six biological samples of healthy
(orange) and diseased organoids (green).
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