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SUMMARY

Direct reprogramming of glia into neurons is a potentially promising approach for the replacement
of neurons lost to injury or neurodegenerative disorders. Knockdown of the polypyrimidine
tract-binding protein Ptbp1 has been recently reported to induce efficient conversion of retinal
Muiller glia into functional neurons. Here, we use a combination of genetic lineage tracing,
single-cell RNA sequencing (SCRNA-seq), and electroretinogram analysis to show that selective
induction of either heterozygous or homozygous loss-of-function mutants of Ptbp1 in adult retinal
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Muiller glia does not lead to any detectable level of neuronal conversion. Only a few changes

in gene expression are observed in Miller glia following PtopI deletion, and glial identity is
maintained. These findings highlight the importance of using genetic manipulation and lineage-
tracing methods in studying cell-type conversion.
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In brief

Using genetic loss of function of Ptbp1 in adult retinal Miiller glia, Hoang et al. show that Ptbp1
deletion does not convert adult retinal Miiller glia into neurons or significantly change Maller glial
transcriptional identity.

INTRODUCTION

Neurodegenerative disorders are clinically diverse and represent a huge public-health
burden. To address this, considerable effort has been focused on directed transdifferentiation
of endogenous glial cells into functional neurons that were lost to disease. Most strategies
to achieve this have included glial-specific overexpression of genes that promote neuronal
identity, including transcription factors and microRNAs (miRNAs) (Berninger et al., 2007;
Caiazzo et al., 2011; Cervo et al., 2017; Jorstad et al., 2017; Liu et al., 2015; Niu et al.,
2013), or genetic or small-molecule-based manipulation of extracellular signaling pathways
(Zamboni et al., 2020; Zhang et al., 2015). These approaches have achieved variable rates
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of success (Vignoles et al., 2019). Many treatments often work only /n vitro or in immature
glia or else induce only partial reprogramming. Furthermore, studies that reported highly
efficient reprogramming of glia into photoreceptors or retinal ganglion cells have been
criticized for lacking data that unambiguously demonstrate a lineage relationship between
reprogrammed glia and neurons (Blackshaw and Sanes, 2021; Qian et al., 2021).

The ability to reliably and efficiently induce glial reprogramming /n7 vivo by manipulation
of a single factor would be a major advance towards effective cell-based therapy for
neurodegenerative disorders. Several recent reports have claimed to achieve exactly this
outcome through knockdown of Pthp1 expression in retinal Miiller glia and brain astrocytes
(Fu et al., 2020; Maimon et al., 2021; Qian et al., 2020; Zhou et al., 2020). Ptbp1is an
RNA-binding protein and splicing regulator that is broadly expressed in non-neuronal and
neuronal progenitor cells and represses neuronal-specific alternative splicing (Boutz et al.,
2007; Ling et al., 2016; Makeyev et al., 2007). Neural progenitor-specific deletion of Ptbp1
leads to precocious neurogenesis (Shibasaki et al., 2013), and knockdown of Ptbp1 has
been reported to be sufficient to convert both fibroblast and N2a cells into neurons /n vitro
(Xue et al., 2013). Furthermore, several recent papers reported that knockdown of Ptop1 is
sufficient to induce glial conversion into neurons. One study reported that Ptbp2 knockdown
in retinal Miiller glia using adeno-associated virus (AAV)-mediated CasRx led to rapid

and efficient transdifferentiation of Mdiller glia into retinal ganglion cells, which were then
able to efficiently innervate targets in the brain following excitotoxic inner retinal injury
(Zhou et al., 2020). This same study also reported that PtHp1 knockdown was sufficient for
the efficient conversion of brain astrocytes into dopaminergic neurons in the striatum and
rescued function in a 6- hydroxydopamine (6-OHDA)-induced mouse model of Parkinson’s
disease (PD). A second study showed that lentiviral-mediated short hairpin RNA (shRNA)
and antisense oligonucleotide (ASO)-mediated knockdown of PtopI in astrocytes in the
cortex, striatum, and substantia nigra all induced efficient reprogramming of astrocytes into
functional neurons, which in turn also rescued neurological defects in this same PD model
(Qian et al., 2020). Other studies have reported that PropI knockdown can convert retinal
Muller glia to photoreceptors (Fu et al., 2020) and restore neurogenic competence in neural
progenitor cells in the dentate gyrus of aged mice (Maimon et al., 2021).

This simple and elegant loss-of-function approach potentially addresses many of

the difficulties associated with previous efforts toward directed glial reprogramming,
particularly in a clinical setting, such as low reprogramming efficiencies and the use

of complex overexpression constructs. However, several major concerns remain to be
addressed. First, none of these approaches convincingly demonstrated a reduction of Pthp1
expression in glial cells /n situ. Second, lineage relationships between glia and neurons were
inferred through the use of GFAP promoter-based AAV constructs or transgenes, which

are known to show neuronal expression in some contexts (Fujita et al., 2014; Su et al.,
2004). Third, convincing evidence for direct glia-to-neuron conversion using reliable genetic
lineage analysis and/or single-cell RNA sequencing (scRNA-seq)-based trajectory analysis
is missing. These concerns need to be addressed before the PrhpI knockdown approach can
further advance toward clinical applications.
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Here, we address the question of knockdown specificity and efficiency of glia-to-neuron
conversion upon Ptbp1 reduction through the use of glial-specific conditional mutants of
Prbp1. We combined both genetic lineage and scRNA-seq analysis of adult wild-type
Muiller glia, as well as Miller glia carrying heterozygous or homozygous mutants of
Prbp1. Although we observe efficient and cell-specific disruption of Pthp1, we observe no
evidence for conversion of Miiller glia into neurons in either heterozygous or homozygous
Ptbp1 mutants. We do not find significant changes in either dark- or light-adapted
electroretinogram (ERG) responses in mice with Miiller-glial-specific PtopI deletion.
scRNA-seq analysis reveals only subtle changes in gene expression in mutant Mdller glia.
Our data indicate that the Muller-glia-to-neuron conversion reported in previous studies
following PtopI knockdown does not reflect the effects of Prhp1 loss of function.

Genetic loss of function of Ptbp1 in retinal Muller glia did not lead to glia-to-neuron

conversion

To simultaneously disrupt Ptbpl in adult retinal Mdiller glia and irreversibly label these
cells with a visible marker, we used three transgenic lines: G/ast“"®ER72 which efficiently
and selectively induces Cre-dependent recombination in Mdiller glia following tamoxifen
treatment in the adult retina (Hoang et al., 2020; de Melo et al., 2012), Suni-GFPloxIox,
which expresses GFP targeted to the nuclear envelope under the ubiquitous CAG promoter
following Cre activation (Mo et al., 2015), and Prbp1/0%1oX in which /oxPsites flank

the promoter and the first coding exon of PtbpI and Cre activation disrupts transcription
(Shibasaki et al., 2013). We then generated wild-type (G/lastc"eERT2. Sun1-GFplox/lox:
PthpI*!*), heterozygous (GlastCreERTZ, Sun1-GFPIoXIox. pihp1/0X/#), and homozygous
(GlastCTeERTZ. Syn1-GFPloXIox. pipp1/0x/1oX) mutant mice. Starting at ~5 weeks old, we
induced Cre activation by using 4 doses of daily injections of 4-hydroxytamoxifen (4-OHT)
and conducted immunohistochemical analysis 2 and 4 weeks later (Figure 1A).

Immunohistochemistry data showed that PTBP1 protein expression is enriched in Miiller
glia and some other non-glial cells in adult wild-type retinas (Figure 1B). We observed that
Cre activation led to a ~90% reduction in the number of PTBP1-positive Miiller glia cells

at both 2 and 4 weeks following 4-OHT induction in the homozygous retinas (Figures 1B
and 1C). GFP-positive nuclei of Miller glia remained confined to the inner nuclear layer,
implying that they did not generate either retinal ganglion cells or photoreceptors (Figure
1B). To confirm this finding, we then conducted immunostaining for the retinal-ganglion-
cell-specific markers RBPMS (Figures 1D, S1A, and S1B) and BRN3B (Figures 1E and
S1C). In contrast to a recent report (Zhou et al., 2020), we did not observe any colocalization
of these markers with GFP following Ptbp1 deletion. We likewise observed no colocalization
of the cone-specific marker arrestin (Figure 1F) or the photoreceptor and bipolar marker
OTX2 (Figure 1G) with GFP, in contrast to another recent study (Fu et al., 2020).

To determine whether loss of function of Ptbp1 disrupts retinal function, we performed ERG
analysis to measure both rod- and cone-induced light responses in uninjured mice. We did
not reveal any obvious defects or significant differences between control and PtbpI-deficient
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retinas in photoreceptor-derived a-or bipolar-cell-derived b-wave amplitude dark-adapted
animals or in b-wave amplitude in light-adapted animals (Figures 2A-2D).

It had also been previously reported that the robust conversion of Muller glia to retinal
ganglion cells induced by Ptbp1 depletion resulted in the restoration of visual function
following excitotoxic NMDA damage (Zhou et al., 2020). Although NMDA treatment

led to extensive loss of RBPMS-positive retinal ganglion cells, we likewise did not

observe any GFP/BRN3B-positive or GFP/RBPMS-positive cells nor the recovery of retinal
ganglion cells after 4 weeks following NMDA injury (Figures 2E-2H). Together, our data
demonstrate that loss of PrHpI does not convert Miller glia into retinal neurons either in
healthy or damaged retinas.

Genetic loss of function of Ptbp1l leads to only subtle changes in the gene-expression
profile of Muller glia

Previous studies did not characterize the gene-expression profile of glial cells after Ptop1
knockdown (Qian et al., 2020; Zhou et al., 2020). To comprehensively profile the cellular
phenotype induced by PtbpI deletion in Muller glia, we performed scRNA-seq analysis of
retina 2 weeks following tamoxifen treatment of wild-type, heterozygous, and homozygous
mice (Figures 3A-3C). The relative fraction of either Muller glia or any major subtype of
retinal neurons did not change among any of the genotypes (Figure 3D). Miiller glia were
then subsetted for further analysis (Figure 3E). We saw a consistent reduction in Pthp1
expression levels in Muller glia in heterozygous and homozygous mice (Figure 3F).

We did not observe either significant reductions of expression of Miller-glia-specific
markers, including Sox9, Glul, RIbp1, Slc1a3, Apoe, Aqp4, Mlcl, Kenj10, and Tcf7/12,

or induction of genes specific to retinal progenitors or mature neurons in heterozygous and
homozygous mutants (Figure 3G; Table S1). Immunostaining confirmed that PtopI-deficient
Muller glia retained expression of the glial marker SOX9 (Figure 4A). No induction of
GFAP expression was observed in PtopI-deficient Miller glia (Figure 4B), indicating that
Prbp1 depletion did not initiate reactive gliosis. In all cases, the changes in gene expression
were quite modest (Table S1). We observed an increased expression of the Ptbp1 paralogue
Ptbp2 expression level following PropI disruption (Figure 4C). Ptbp2 upregulation has
previously been reported in neural progenitors following Ptbp1 loss of function (Boutz et al.,
2007), and since Pthp1 and Ptbp2 show partially redundant functions (Muong et al., 2016),
this may provide some functional compensation for Ptop1 loss of function. We also observed
increased expression of /d3, 7Trf, Enol, Mt3, and Lgals3, with reduced expression of MsiZ,
Dio2, Rnf121, and Afpla2 (Figure 4C). Together, our data demonstrate that loss of function
of Ptbp1 does not dramatically alter gene expression in Miiller glia or cause these cells to
lose their identity.

DISCUSSION

Using the genetic loss-of-function and cell-lineage analyses, in combination with SCRNA-
seq analysis, we observed no evidence that either partial or complete loss of function

of Ptbp1 induces glia-to-neuron conversion in the retina. Our data contrast sharply with
several recent studies that analyzed the effects of Ptbp1 knockdown using ASO, shRNA,

Cell Rep. Author manuscript; available in PMC 2022 October 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoang et al.

Page 6

and/or CasRx (Fu et al., 2020; Maimon et al., 2021; Qian et al., 2020; Zhou et al.,

2020) but is in agreement with recent studies that reexamined previous studies reporting
astrocyte-to-neuron conversion following either NMeurodl overexpression or ShRNA- or
CasRx-mediated Ptbp1 knockdown in brain (Chen et al.; Wang et al., 2021). These latter
studies concluded that reports of glia-to-neuron conversion in these two models represented
a leaky neuronal expression of GFAP-based AAV reagents used to label astrocytes. Leaky
neuronal expression of GFAP-based reagents has been previously reported in other contexts
(Fujita et al., 2014; Su et al., 2004), and caution should be used when interpreting results
obtained using these methods without corroborating data obtained using more strongly
glial-specific minipromoters and Cre lines, such as the extensively validated G/astc"eERT2
line used here.

Our data show that the previous reports of Miiller-glia-to-neuron conversion are unlikely

to have resulted from Ptbp1 loss of function in Muller glia cells. Then, what could have
accounted for the recovery of visual function following NMDA excitotoxicity? Ectopic
neuronal expression of GFAP-based reagents in native neurons represents one possible
explanation. The inclusion of the PtbpI-dependent splicing of proapoptotic gene Bakl is
essential for neuronal and animal survival (Lin et al., 2020). Knockdown of residual Ptbp1
expression in neurons may therefore further promote neuronal survival. Another possibility
is unexpected beneficial off-target effects of reagents targeting PropI in the previous reports.
In either case, genetic methods should be used to validate future reports of glia-to-neuron
conversion.

Limitations of the study

Our genetic loss-of-function approach does not precisely replicate the knockdown of Ptop1
reported in previous studies, which used either ASOs, shRNA, or CasRx (Fu et al., 2020;
Maimon et al., 2021; Qian et al., 2020; Zhou et al., 2020). It is formally possible that
glia-to-neuron conversion is only efficiently induced by a reduction in Ptbp1 rather than
complete loss of function. However, in PtbpI heterozygous conditional mutants, which
show a ~50% reduction in PtbpI mRNA expression, we did not observe any conversion of
Muiller glia to retinal neurons. It is also possible that the upregulation of Pthp2that is seen
in Ptbp1-deleted Miiller glia in our study may have a potential compensatory function in
maintaining glial identity, if CasRx-mediated PthpI knockdown in Zhou et al. (2020) does
not result in Ptbp2 upregulation. However, other studies have reported that ShRNA-mediated
Ptbp1 knockdown induces both Pthp2 upregulation and neurogenesis (Qian et al., 2020;
Xue et al., 2013), making this also unlikely. Finally, AAV infection might in some way
promote reprogramming following Ptbp1 knockdown. However, others have recently failed
to observe astrocyte-to-neuron reprogramming following AAV-mediated delivery of either
Ptbp1 shRNA or CasRx constructs (Chen et al.; Wang et al., 2021), implying that AAV
infection does not promote neurogenesis in combination with Ptbp1 knockdown.
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STARXMETHODS
RESOURCE AVAILABILITY

Lead contact—Further information and requests for resources and reagents should be
directed to and will be fulfilled by the lead contact, Seth Blackshaw (sblack@jhmi.edu).

Materials availability—All unique/stable reagents generated in this study are available
from the Lead Contact without restriction.

Data and code availability

. All single-cell RNA-seq data have been deposited at GEO and are publicly
available as of the date of publication. Accession numbers are listed in the key
resources table. All other data reported in this paper will be shared by the lead
contact upon request.

. No unique code is described in this study.

. Any additional information required to reanalyze the data reported in this paper
is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Mice—All experimental procedures were pre-approved by the Institutional Animal Care
and Use Committee (IACUC) of the Johns Hopkins University School of Medicine and/or
the Cleveland Clinic. Glast"®ERT2 and Suni-GFPX/IX transgenic mice were provided by
Dr. Jeremy Nathans (de Melo et al., 2012; Mo et al., 2015). Ptbp1/0%//X mice carrying loxP
sites that flank the promoter and 15t exon of Pthp1 were generated as described previously
(Shibayama et al., 2009). To induce specific Cre activation in adult Mdiller, 4 consecutive
doses of 4-Hydroxytamoxifen (4-OHT) intraperitoneal (i.p) injection (30 mg/kg) were
performed in adult wildtype, heterozygous and homozygous mice at ~5 weeks old. Mice
were sacrificed at the indicated time for analysis. All procedures were approved by the Johns
Hopkins University Animal Care and Use Committee.

METHOD DETAILS

Intravitreal NMDA injection—We followed a previously described protocol (Zhou et al.,
2020). Briefly, adult mice were anesthetized with 4% isoflurane inhalation. 1.5 pL of 200
mM NMDA in PBS was injected intravenously into the retinas. 4 consecutive doses of
4-OHT i.p injection (30 mg/kg) were performed at 2 weeks after NMDA injection. Mice
were sacrificed, and retinas were collected at 4 weeks after 4-OHT injection.

Immunohistochemical and imaging analysis—Retinal collection and
immunohistochemical analysis were performed as described previously (Hoang et al., 2020).
Briefly, mice were anesthetized by CO,, and eye globes were fixed in 4% paraformaldehyde
in PBS for 4 h at room temperature. Retinas were dissected and placed into 30% sucrose

in PBS at 4°C overnight. Retinas were embedded in OCT, sectioned at 16 pm thickness,

and stored at —20°C. Retinal sections were air-dried at 37°C for 20 min, washed 3 times

x 5 min with PBS, and incubated in a blocking buffer (0.4% Triton X-100, 10% horse
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serum in PBS) for 1 h at room temperature. Primary antibodies were incubated in the
blocking buffer at the indicated concentration overnight at 4°C. Primary antibodies used

in this study were: rabbit anti-Ptbp1(1:200, Proteintech, #125821-AP), rabbit anti-RBPMS
(1:200, Proteintech, #151871-AP), goat anti-BRN3B (1:200, Santa Cruz, #sc6026), rabbit
anti-cone arrestin (1:200, Millipore Sigma, #AB15282), goat anti-OTX2 (1:200, R&D
systems, #AF1979), rabbit anti-GFAP (1; 300, Dako, #z0334), rabbit anti-SOX9 (1:200,
Millipore Sigma, #AB5535), rabbit anti-GFP (1:400, Life technologies, #A6455) and
chicken anti-GFP (1:400, Thermo Fisher Scientific, #A10262). Secondary antibodies were
incubated at 1:400 dilution in the blocking buffer. Retinal sections were then incubated
with DAPI, washed 4 times x 5 min in PBS, mounted with ProLong Gold mounting media
(ThermoFisher Scientific, #P36935), air-dried, and stored at 4°C. Images were acquired
using Zeiss LSM700 confocal microscope at > 6 random regions for each retina. Images
were processed using ImageJ.

Electroretinogram analysis—Mouse ERGs were recorded using a published procedure
(Kinoshita and Peachey, 2018). After overnight dark adaptation, mice were anesthetized
using intraperitoneal injection of ketamine (80 mg/kg) and xylazine (16 mg/kg) and

placed on a temperature-controlled heating pad. The pupils were dilated with eye drops

(1% tropicamide, 1% cyclopentolate, 2.5% phenylephrine HCI). Strobe flash stimuli were
presented within UTAS Bigshot system (LKC Technologies) first in darkness (=3.6 to

2.1 log cd s/m?) and then superimposed upon a steady 20 cd/m? achromatic background
(0.8 to 1.9 log cd s/m2). ERGs were recorded (0.3-1,500 Hz) using a stainless-steel wire
electrode contacting the anesthetized (proparacaine HCI) corneal surface through a layer of
1% methylcellulose. The a-wave amplitude was measured at 8 msec after flash onset relative
to the pre-stimulus baseline. The b-wave amplitude was measured from the a-wave trough to
the peak of the b-wave, or from the pre-stimulus baseline if the a-wave was not detectable.

Cell dissociation and scRNA-Seg—Retinal cell dissociation was performed as
described previously (Hoang et al., 2020). Briefly, one female mouse per genotype was
euthanized by CO,, and eye globes were removed and placed in ice-cold PBS. Retinas

were dissected, cells were dissociated using Papain Dissociation System (LK003150,
Worthington). Dissociated cells were resuspended in a buffer containing 9.8 mL Hibernate
A, 200 uL B27, 20 uL GlutaMAX and 0.5 U/uL RNAse inhibitor. Cells were filtered
through a 50 pm filter. Cell count and viability were determined by using 0.4% Trypan blue.

Cells were then loaded into the 10x Genomics Chromium Single Cell System (10x
Genomics) and libraries were generated using v3.1 chemistry following the manufacturer’s
instructions. Libraries were sequenced on the Illumina NovaSeq platform (500 million reads
per library).

QUANTIFICATION AND STATISTICAL ANALYSIS

ScRNA-Seq data analysis—Sequencing data were first processed through the Cell
Ranger (v6.0.1, 10x Genomics) with default parameters, aligned to the mm10 genome
(refdata-gex-mm210-2020-A), and matrix files were used for subsequent bioinformatic
analysis.
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Matrix data were further processed using Seurat 3.4 version (Stuart et al., 2019). Low
quality cells with <500 genes, < 2000 UMI and >30% mitochondrial genes were removed.
Datasets were normalized using Seurat ‘sc7ransfornr function. Cells were clustered and
visualized using UMAP. Retinal Muller glia (Sox9" & Slc1a3") clusters were subsetted
for further analysis to compare differential gene expression across genotypes. Differential
gene expression between different genotypes was calculated using the Seurat * FindMarker
function.

Image analysis—All image data were analyzed statistically by one-way ANOVA with a
post hoc t test for multiple comparisons using Excel. In all tests, values of p < 0.05were
considered to indicate significance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Ptbp1is genetically disrupted selectively in adult mouse Muller glia

The fate of cells lacking Ptp1 is analyzed with lineage tracing and molecular
markers

Ptbp1 deletion does not lead to glia-to-neuron conversion in retina

scCRNA-seq shows that glial identity is maintained after PropI deletion
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Figure 1. Ptbpl deletion does not result in the conversion of Miller glia into retinal neurons in
uninjured adult mice

(A) A schematic diagram of the generation of specific deletion of Ptbp1 and lineage tracing
of Muller glia.

(B) Representative immunohistochemistry of PTBP1 expression in wild-type (Ptbp1-Ctrl),
heterozygous (Ptbp1-Het), and homozygous (Ptbpl-knockout [KO]) Ptbp retinas after 4
weeks of 4-OHT intraperitoneal (i.p.) injection. White arrowheads indicate residual Ptbpl-
expressing Muller glial cells.

(C) Quantification of the percentage of PTBP1/GFP-double positive Muller glial cells after 2
and 4 weeks of 4-OHT i.p. injection (n = 4 retinas/genotype).

(D) Representative immunohistochemistry for RBPMS, a pan-retinal ganglion cell marker,
in retinal sections from three genotypes (n = 6 retinas/genotype) after 4 weeks of 4-OHT i.p.
injection.

(E-G) Representative images of immunohistochemical analysis of BRN3B (E), cone arrestin
(F), and OTX2 (G) in retinal sections from three genotypes after 4 weeks of 4-OHT i.p.
injection (n = 3 retinas/genotype). ONL, outer nuclear layer; INL, inner nuclear layer; GCL,
ganglion cell layer. Scale bars, 100 pm.
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Figure 2. Ptbpl deletion does not affect ERG response in the uninjured retina and does not lead
to the conversion of Miiller glia into retinal neurons following NMDA injury

(A-D) A schematic diagram of the generation of specific PtgpI deletion (A) and
experimental timeline for ERG response (B-D).

(B) Representative waveforms for dark- and light-adapted ERGs. No obvious defect is seen
in Ptbp1-deficient retinas.

(C and D) Dark- (C) and light- (D) adapted ERGs as a function of stimulus intensity (n =

5 mice/genotype). No differences are seen between PtopI-deficient retinas and controls (p >
0.06).
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(E-H) A schematic diagram of the generation of specific Ptgp1 deletion (E) and
experimental timeline of lineage tracing of Miiller glia following NMDA injury (F-H).

(F) Efficient depletion of BRN3B-positive retinal ganglion cells in all three genotypes after
6 weeks of intravitreal NMDA injection. White arrowheads indicate remaining BRN3B-
positive retinal ganglion cells that survived after intravitreal NMDA injection.

(G) Representative immunohistostaining of RBPMS in retinal sections from the three
genotype groups at 6 weeks after NMDA injury (n = 3 retinas/genotype). White arrowheads
indicate residual RBPMS-expressing ganglion cells.

(H) Quantification of RBPMS-positive cells in wild-type, heterozygous, and homozygous
PthpI mutant retinas (n = 4 retinas/genotype) with and without NMDA injury.

ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer. Scale bars,
100 pm.
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Figure 3. scRNA-seq analysis of mouse retinas after Miller-glia-specific Ptbpl deletion reveals
that glial identity is maintained

(A) A schematic diagram of sScRNA-seq experiments in G/ast©"¢ERT2; Syn1-GFplox/iox.
Ptbpl+/+ (Ptbpl-Ctrl), Glast"eERTZ: Sun1-GFPOXIoX; prbp1/0X/+ (Ptbpl-Het), and
GlastCTeERTZ. Syn1-GFPIoX/Iox. pibp 110710 (Pthp1-KO) retina.

(B) Gene plots of representative Mller glia markers, Sox9and S/c1a3.

(C) Uniform manifold approximation and projection (UMAP) plots showing scRNA-seq
clusters of all three combined genotypes.
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(D) UMAP plots showing scRNA-seq clusters of all three genotypes separately and the
percentage of Maller glia in each scRNA-seq dataset.

(E) UMAP plot showing subsetted retinal Muller glia from all 3 genotypes. Note that there is
no separated Ptopl knockout Miller glia cluster(s).

(F) Violin plots showing Ptbp1 RNA expression in Miiller glia across the 3 genotypes.

(G) Violin plots showing no significant change in the expression of Miiller glia markers
across three genotypes.
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Figure 4. Only subtle changes in gene expression in Muller glia are observed after Ptbpl deletion
(A) Representative SOX9 and GFP immunostaining images of the retina from 3 genotypes at

4 weeks after 4-OHT i.p. injection (n = 4 mice/genotype).

(B) Representative images of immunohistochemical analysis for GFAP expression in the
retinas of the three genotypes after 4 weeks of 4-OHT i.p. injection (n = 3 mice/genotype).
(C) Dot plots showing some mildly changed gene expression of Miller glia across the three
genotypes in SCRNA-seq dataset.

ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer. Scale bars,
100 pm.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

PTBP1 Proteintech #125821-AP
RBPMS Proteintech #151871-AP
BRN3B Santa Cruz #sc6026
Cone arrestin Millipore Sigma #AB15282
OTX2 R&D systems #AF1979
GFAP Dako #20334
SOX9 Millipore Sigma #AB5535
GFP Life technologies #A6455

GFP Thermo Fisher Scientific #A10262
Chemicals, peptides, and recombinant proteins

NMDA Millipore Sigma M3262-25MG
Tamoxifen Millipore Sigma H6278-50MG
Papain Dissociation System Worthington LK003150
Hibernate™-A media Thermo Fisher Scientific A1247501
GlutaMAX™ Thermo Fisher Scientific 35050061
B-27™ Supplement (50X), serum-free Thermo Fisher Scientific 17504044
RNasin® Ribonuclease Inhibitor Promega N2615
Critical commercial assays

10x scRNA-Seq 3’ v3.1 10x Genomics 1000268
Deposited data

All scRNA-Seq data GEO GSE184933

Experimental models: Organisms/strains

Gla s{CreERTZ

Dr. Jeremy Nathans

(de Melo et al., 2012)

Suni-GFPoIox

Dr. Jeremy Nathans

(Mo et al., 2015)

Pth . _Z/ox//ox

Dr. Manabu Ozawa

(Shibayama et al., 2009)

Software and algorithms

Cell Ranger 10x Genomics Version 6.1.1
Seurat https://github.com/satijalab/seurat ~ Version 3.4
ImageJ/Fiji https://imagej.net/software/fiji/ N/A

Adobe Illustrator http://www.adobe.com V25.2.1

R https://www.r-project.org v3.6.1
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