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well as rod differentiation and homeostasis. Mutations in this
gene cause retinitis pigmentosa (RP), enhanced S cone syn-
drome (ESCS) and Goldmann-Favre syndrome (GFS). There is

ﬁggm&. one reported Nr2e3 isoform that contains all 8 exons and
CRISPR a second -previously unreported- shorter isoform, which
Cas9 D10A nickase only spans the first 7 exons and whose function is still un-
Mouse models known. In this data article, we designed and generated two
Inherited retinal dystrophies new mouse models by targeting exon 8 of Nr2e3 using the
Retinitis pigmentosa CRISPR/Cas9-D10A nickase in order to dissect the role of the
Enhanced S-cone syndrome two isoforms in Nr2e3 function and elucidate the different

disease mechanisms caused by NR2E3 mutations. This strat-
egy generated several modified alleles that altered the cod-
ing sequence of the last exon thereby affecting functional
domains of the transcription factor. Allele A27 is an in-
frame deletion of 27 bp that ablates the dimerization domain,
whereas allele AE8 (full deletion of exon 8), produces only
the short isoform that lacks the dimerization and repressor
domains. Morphological and functional alterations of both
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A27 and AE8 mutants are reported in the associated re-
search article “Nr2e3 functional domain ablation by CRISPR-
Cas9D10A identifies a new isoform and generated Retinitis
Pigmentosa and Enhanced S-cone Syndrome models” (Aisa-
Marin et al., 2020).
© 2020 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject Genetics

Specific Generation of two Nr2e3 mouse models by CRISPR/Cas9-D10A
subject area

Type of Table, Figure

data

How data Generation of a murine model by gene editing in the zygote,
were genomic PCR, Sanger DNA sequencing.

acquired

Data format Raw, analyzed

Parameters Nr2e3 mutant compared to wild-type mice.

for data

collection

Description One cell/First-stage embryos were microinjected with RNAs
of data coding for guide RNAs and Cas9D10A nickase. Products of
collection specifically designed PCRs on mosaic founder gene-edited mice

were electrophoresed to detect the generation of different alleles.
Sanger sequencing of the CRISPR-deleted alleles was performed
to validate targeting and resulting deletions.

Data source Universitat de Barcelona. Barcelona, Spain. Latitude and longitude

location (and GPS coordinates) for collected samples/data: 41.385634 ° N,
2120092 ° E

Data Within this Data in Brief article.

accessibility

Related Aisa-Marin, . Lopez-Iniesta, M.J. Milla, S. Lillo, J. Navarro, G. de la

research Villa, P. Marfany, G. Nr2e3 functional domain ablation by

article CRISPR-Cas9D10A identifies a new isoform and generates

Retinitis Pigmentosa and Enhanced S-cone Syndrome models.
Neurobiol. Dis. 146, 2020, 105122.

Value of the Data

The presented data give a detailed account of the generation of two mouse models caused
by mutations in exon 8 of Nr2e3 using the CRISPR/Cas9 system. The Cas9-D10A nickase (re-
quiring the use of 4 different guide RNAS) was used to prevent potential off-target effects.
These data may provide useful information for researchers who seek better understanding of
CRISPR/Cas9-D10A modifications (using the nickase mutant enzyme) and the generation of
new mouse models, as well as researchers interested in using the novel A27 and the AE8
Nr2e3 mouse models because of their resemblance to human-related phenotypes.

These data may stimulate further investigations comparing the molecular mechanisms of the
two diseases caused by mutations in NR2E3, Retinitis Pigmentosa and Enhanced S-cone Syn-
drome, in humans and mice. The novel mice models may also provide an instrumental tool
for evaluating disease progression and therapeutic efficacy since the AE8 mutant is the first
model of Retinitis Pigmentosa caused by mutations in Nr2e3. From the technical point of
view, other researchers may be interested in comparing methods for minimizing potential
off-target effects of the full Cas9, or in the efficiency of the Cas9 D10A nickase for the gener-
ation of medium-large size deletions.
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1. Data Description

In this data article, we first designed the deletion of exon 8 of Nr2e3 using the CRISPR-Cas9
system. The CRISPR-Cas9 system, which is widely used to target genes and generate modifica-
tions in the genome, has two components: a cis proto-space adjacent motif (PAM) next to the
target site, and a trans guide RNA (gRNA) complementary to the target DNA. gRNAs are normally
designed to be specific for the desired target site, however, in large genomes such as those of
rodents, there are often similar sequences with a few mismatches that may be recognized by
Cas9, thereby representing potential off-target effects. Actually, off-target effects are the main
concern of the CRISPR-Cas9 system usage, as it may negatively affect experimental results, espe-
cially in clinical applications [2-12]. We thus explored the use of the mutant variant Cas9 D10A,
which produces nicks on one strand of the DNA. In this case and to induce one double strand
break (DSB), two gRNAs closely located in the genome target site (each with its PAM sequence
motif nearby) have to be designed. If the gene-editing design intends a medium/large size dele-
tion, then four different gRNAs have to be designed (two per each flanking DSB), which strongly
minimize the probability of undesired off-target site cuts [13-17].

To generate the genetically modified mice, embryos from pregnant donor females were ex-
tracted, manipulated in vitro and then transferred to pseudo-pregnant receptor females (Fig. 1).
As aforementioned, we opted for the use of the D10A Cas9 nickase and therefore, we used a total
of 4 guide RNAs to delete exon 8 (guide design and position in Fig. 2). These four gRNAs were
microinjected together with the mRNA encoding the Cas9D10A nickase into in vitro fertilized
zygotes. In order to identify potentially modified alleles, we first used the T7 endonuclease as-
say, but immediately designed a highly specific and discriminative PCR test (specific primers and
electrophoresis gels with high percentage agarose, 3%), which allowed the detection of different

pregnant pseudo-pregnant vasectomized
donor female receptor female male
S [
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» / -\ I 4 \/ \\
P 4 ; il N
y, 4
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the deleted allele

Fig. 1. Generation of gene-edited mice using the CRISPR/Cas9-D10A system. Embryos from pregnant donor females
were extracted in a one- or two-cell state and were microinjected with the four gRNAs and the Cas8-D10A RNA. Receptor
females were mated with vasectomized males, which present an escision of the testis vas deferens, to achieve the state
of pseudo-pregnancy. The modified embryos were transferred to the pseudo-pregnant receptor females, thus obtaining
mosaic mice bearing different deleted alleles.



4 1. Aisa-Marin, M,J. Lopez-Iniesta and G. Marfany/Data in Brief 33 (2020) 106447

17 pb
fl
(e O R N
0 200 - 18 200
==
55 pb
Guide A Guide B Pair score, A& B
CACGGCT( W { G JTTGAGCITCTCTTCTTCAGAAAGACCATA & 3 ALACTCCGA

quality quality quality

high high high
cuts after position cuts after position # offtarget pairs of A& B

80 In query 136 in query 1
sequence #genic OTpairs of A& B

C2 ! 2 = 0

# offtargets

77
# genic offtargets # genic offtargets

17 12
Export off-targets to .csv Export off-targets to .csv

. ¥

Guides 5

gRNANR2e3 51 GCTCAATGCGCTCAGCCGTG
gRNANR2e3 52 GACCATAGGGAACACTCCGA

19 pb
Il
e T A (e
— 0 >. 00 180
(
Overhang region Guide A Guide B Pair score, A & B
25T SNGRCATGANC .

quality quality quality
high high high

cuts after position cuts after position # offtarget pairs of A& B
31 in query 90 in query 0

sequence #genicOTpairsofA& B
oI CGEACACAGTTTICTES 0
[ERGCS PR RAT £ Xe s <

# offtargets
349

Guides 3’

# genic offtargets
3%

Export off-targets to .csv

# genic offtargets

17
Export off-targets o .csv

gRNA NR2e3 31: GAGCCTGGGACACAGTTTTC
gRNA NR2e3 32: AAGGTCTTTTGAGTTTTATC

Fig. 2. CRISPR/Cas9-10A guide position. To perform Nr2e3 gene edition with the Cas9-D10A nickase, we used four
guides, (A) two guides at 5/, and (B) two guides at 3’. Selected guide sequences and position are depicted.

size alleles and heteroduplexes. The presence of gene-edited alleles in mosaic mice (shown in
Figs. 3 and 4) were detected by PCR and confirmed by Sanger sequencing. Most of the gene-
edited alleles were only modified at the junction of intron 7 with exon 8 (Fig. 3A and 3B). Only

one allele was modified containing the whole deletion (Fig. 4A and 4B) and no modifications

were found only affecting in the 3’UTR region (Fig. 4C), which strongly suggest that the 4 gRNAs
were not equally efficient in targeting their sites.
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Fig. 3. Generation of Nr2e3 mutant alleles modified at 5 of exon 8. A) Genotyping of gene-edited alleles at the 5

position (junction of

intron 7 and exon 8) showing the products of highly specific and discriminative PCR tests. The am-

plification of additional PCR bands and heteroduplexes indicated mosaic mice carrying different gene-edited alleles. Blue

boxes indicate mice

selected for further analysis. Lane 11 corresponds to the mosaic mouse carrying the A27 mutant

allele. The predicted size of the PCR products for the wildtype and targeted mutant alleles is indicated within the box. C)
Sequence of PCR bands amplified from gene-edited animals showing different Nr2e3 alleles solely edited at the 5'-end.
Many modified alleles with partial deletions and modifications at the junction of intron7- exon8 were generated. In red,
PAM sequences; in blue, additional nucleotides added after DNA repair of the DSB. Dashes indicate deleted sequences,
whereas the sequence in bold indicates a duplicated sequence in tandem.
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CHROM POSITION SEQUENCE MISMATCH SCORE
GUIDE 51
chr9+ 59791264  GCTCAATGCGCTCAGCCGTGAGG 0 100.00
chr15- 35664286  GCTCCATGCGCTCAGCCGCGAGG 2 3.84
chr13- 35152712  GAAAAATGTGCTCAGCCGTGCAG 4 0.84
GUIDE 52
chr9- 59791225  GACCATAGGGAACACTCCGATGG 0 100.00
chr15+ 35664325  GACCATGGGGAACAGTCCGATGG 2 1.38
chr8- 84266017  GGGTAAAGGGAACACTCCGAAAG 4 0.79
GUIDE 31
chr9+ 59790567  GAGCCTGGGACACAGTTTTCTGG 0 100.00
chr7+ 36693711  GAGTCTGGGAAACAGTTTTCAGG 2 3.94
chr10+ 102854119 GAGTGTGTGACACAGTTTTCTAG 3 2.43
chr14- 119837656 GCAGCTGGGACACAGTTTTCAGG 3 2.29
chr13+ 55217157  CAGACTGGGACTCAGTTTTCAGG 3 1.42
chr8+ 90126754  GATCCTGGGACACTGTTTTCTGG 2 1.37
char2 + 177960888 GAGCTTGGGCGACAGTTTTCAGG 3 13
chril+ 116161455 GAGCCTCTAACACAGTTTTCAGG 3 1.02
GUIDE 32
chr9- 59790525  AAGGTCTTTTGAGTTTTATCTGG 0 100.00
chr2- 162224448 CAGGTCTTTTGAATTTTATCGAG 2 3.91
chr2+ 38667474  GAGGTCTTAAGAGTTTTATCCAG 3 1.54
chro+ 17578558  AATTTCTTTTTAGTTTTATCTAG 3 1.46
chr3+ 146572367 AAGAACTTTTAAGTTTTATCAAG 3 1.45
chr12- 40044796  TATCTCTCTTGAGTTTTATCCAG 4 1.37
chr12- 40044796  TATCTCTCTTGAGTTTTATCCAG 4 135
chr7+ 59967793  AAGTTCTGTTGGGTTTTATCCAG 3 131

Fig. 5. List of on-target (100% match) and potential off-target regions (all showing very low scores for each guide)
that were tested in all the pups. No off-target events were detected.

From all the edited alleles, we selected alleles A27 (a short in-frame deletion at the 5’ target
site) and AES8 (the designed medium size deletion of exon 8) for further analysis. By subsequent
crosses, we generated heterozygous and homozygous strains of these two selected alleles, whose
phenotypic and molecular characterization is described in the related research article [1]. In
addition, potential off-target effects were analyzed using the Zhang Lab Tools for Guide Design
(https://zlab.bio/guide-design-resources) (Fig. 5). Specific primers were designed and assayed in
all the gene-edited animals, but no additional off-target site editing was detected.

2. Experimental Design, Materials and Methods
2.1. Generation of gene-edited mice using the CRISPR/Cas9 system

The CRIPSR/Cas9 system was used to generate a Nr2e3 mouse model by deleting the exon
8 of the locus. To generate this Nr2e3 mutant mice, zygotes from pregnant donor females were
extracted, then modified and finally transferred to pseudo-pregnant receptor females (Fig. 1). Su-
perovulation of donor females was achieved by administering 51U PMSG (Pregnant Mare’s Serum
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Gonadotropin) and, 47 h later, 5IU hCG (human Chorionic Gonadotropin) via intraperitoneal in-
jection. Immediately after hGC administration, females were mated with males [18]. 24-48 h
post-mating, several murine zygotes (in a one or two-cell state) from pregnant donor females
were extracted [19] and microinjected with a number of guide-RNA and the endonuclease Cas9-
D10A mRNA. To minimize potential off-targets, D10A Cas9, one of the nickase mutants of Cas9,
was used. Four guides were designed, two guides per deletion site, in such a way to ensure
single strand breaks in the targeted acceptor site of intron 7 and 3’ UTR region of Nr2e3 lo-
cus (Fig. 2) and minimize potential off-target effects. A schematic representation of the gRNA
location in the Nr2e3 locus can be found in the related research article [1]). Microinjected zy-
gotes were subsequently transferred to pseudo-pregnant receptor females [20, 21]. To induce
the pseudo-pregnant state in the receptor females, they were crossed with vasectomized males,
which presented an excision of the testis vas deferens [22] and were capable to mate but unable
to fertilize the female. The copulation induced a pseudo-pregnancy state in the receptor females,
optimal for the embryo implantation and gestation. All embryonic procedures up to the gener-
ation of the chimaera founder mice (Fig. 1) were performed at the Mouse Mutant Core Facility,
Institute for Research in Biomedicine (Barcelona, Spain).

2.2. Characterization of the offspring modified alleles

The offspring obtained was genotyped to characterize the modified alleles as well as to detect
off-targets, if any, generated by the system. PCR products were electrophoresed in a resolutive
high concentration agarose gel (3% agarose, composed of 1.5% normal agarose and 1.5% low melt-
ing agarose) that allowed to resolve different size alleles without the need to perform T7 En-
donuclease I Assay. When PCR bands for CRISPR-edited alleles were identified, the deletion was
validated by Sanger sequencing. To confirm that the CRISPR-Cas9 technique did not introduce
any off-target deletion/mutation, all the potential off-target sequences (up to three mismatches
with sgRNA) determined by a prediction software (https://zlab.bio/guide-design-resources) were
analyzed (Fig. 5). Subsequently, the mice bearing alleles of interest were selected and crossed
to obtain murine heterozygous and homozygous lines for the different mutations [23]. Mutants
with a partial or complete deletion (Fig. 3 and Fig. 4) of the exon 8 and 3’-UTR regions were
selected.

2.3. Genotyping

Mouse genomic DNA was isolated from ear biopsies following overnight digestion at 55 °C
in a lysis buffer with proteinase K. DNA amplification by PCR was used to genotype the mouse
colony. Primer pairs were used to discern between Nr2e3 A27 allele (Nr2e3 intron 7 Fw and
exon 8 Rv), AE8 allele (Nr2e3 intron 7 FW and down Rv), and WT alleles (primer sequences are
detailed in the related research article [1]). Founder mice bearing the selected alleles were sub-
sequently mated for heterozygous F; offspring. After genotyping, animals carrying the selected
allele were further mated until obtaining an F, or F3 homozygous lineage to perform phenotypic
studies.

Ethics Statment
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