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ABSTRACT

The RNA editing enzyme adenosine deaminase acting on RNA 1 (ADAR1) is an essential regulator of the innate immune
response to both cellular and viral double-stranded RNA (dsRNA). Adenosine-to-inosine (A-to-I) editing by ADAR1 modi-
fies the sequence and structure of endogenous dsRNA and masks it from the cytoplasmic dsRNA sensor melanoma differ-
entiation-associated protein 5 (MDA5), preventing innate immune activation. Loss-of-function mutations in ADAR are
associated with rare autoinflammatory disorders including Aicardi–Goutières syndrome (AGS), defined by a constitutive
systemic up-regulation of type I interferon (IFN). The murine Adar gene encodes two protein isoforms with distinct func-
tions: ADAR1p110 is constitutively expressed and localizes to the nucleus, whereas ADAR1p150 is primarily cytoplasmic
and is inducible by IFN. Recent studies have demonstrated the critical requirement for ADAR1p150 to suppress innate im-
mune activation by self dsRNAs. However, detailed in vivo characterization of the role of ADAR1p150 during development
and in adultmice is lacking.We identified a newADAR1p150-specific knockoutmousemutant based on a single nucleotide
deletion that resulted in the loss of the ADAR1p150 protein without affecting ADAR1p110 expression. TheAdar1p150−/−

died embryonically at E11.5–E12.5 accompanied by cell death in the fetal liver and an activated IFN response. Somatic loss
of ADAR1p150 in adults was lethal and caused rapid hematopoietic failure, demonstrating an ongoing requirement for
ADAR1p150 in vivo. The generation and characterization of this mouse model demonstrates the essential role of
ADAR1p150 in vivo and provides a new tool for dissecting the functional differences between ADAR1 isoforms and their
physiological contributions.
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INTRODUCTION

Adenosine-to-inosine (A-to-I) editing is one of the most
prevalent RNA modifications in mammals. Tens of thou-
sands tomillions of A-to-I editing sites havebeen identified
inmammalian genomes, the vastmajority of which lie with-
in repetitive elements such as SINEs and LINEs, as well as a
smaller number present in coding regions and other RNAs
such as miRNAs (Bazak et al. 2014; Picardi et al. 2015; Tan
et al. 2017; Pfaller et al. 2018; Licht et al. 2019b). Two cat-
alytically activeADARenzymes havebeen identified, aden-
osine deaminase acting on RNA 1 (ADAR1) (gene: ADAR)
and adenosine deaminase acting on RNA 2 (ADAR2)
(gene:ADARB1).WhenA-to-I editing occurs in a coding re-
gion, the physiological functions of the resultant protein

may be altered because inosine is usually interpreted as
guanosine by the ribosome (Basilio et al. 1962; Martin
et al. 1985; Licht et al. 2019a). Recoding of the transcript
of the glutamate receptor subunitGRIA2, at a single aden-
osine, is the essential physiological function of ADAR2 in
mice (Higuchi et al. 1993, 2000). In contrast, the primary
functionofADAR1editing is tomodify the structureand im-
munogenicity of cellular double-stranded RNA (dsRNA)
(Walkley and Li 2017; Eisenberg and Levanon 2018).
Alterations in ADAR1 expression or function have been
linked to various pathological states, from common auto-
immune diseases to cancers (Jain et al. 2019; Li et al.
2022). A subset of Aicardi–Goutières syndrome (AGS), a
severe pediatric autoinflammatory disease and type I inter-
feronopathy, are caused by inherited ADAR mutations
(Rice et al. 2012; Crow and Stetson 2022). In AGS, ADAR
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mutations aremost often a compoundheterozygote, with a
frequent pattern being where one allele has amutation im-
pacting the p150 isoform (e.g., p.P193A) and a second
mutation impacting the deaminase domain or leading to
loss of the ADAR1 protein (Rice et al. 2012, 2017).
Delineating the full spectrum of ADAR1 functions is critical
to understanding the role of each isoform in disease and
developing new therapeutics.

The cellular cytosolic antiviral system can distinguish en-
dogenous (“self”) from foreign (“nonself”) nucleic acid
(Schlee and Hartmann 2016). An established function of
ADAR1 is to mark endogenous dsRNA as “self” through
A-to-I editing, thus masking dsRNA from the cytosolic
RNA-sensing receptor melanoma differentiation-associat-
ed protein 5 (MDA5) (Mannion et al. 2014; Liddicoat et al.
2015; Pestal et al. 2015). Activation of MDA5 and its down-
stream effector, mitochondrial antiviral signaling protein
(MAVS), triggers type I interferon (IFN) production and sig-
naling which initiates a cascade of transcription of interfer-
on-stimulated genes (ISGs). Adar1 null (Adar1−/−) animals
are embryonic lethal between E11.5 and E12.5, accompa-
nied by activated type I IFN, ISG production and cell death
across different organs, most notably failed hematopoiesis
in the fetal liver (FL) (Hartner et al. 2004, 2009; Wang et al.
2004).Mice expressing an editing deficient ADAR1 protein
(Adar1E861A/E861A) also die embryonically at E13.5 with an
elevated ISG signature and cell death in the FL (Liddicoat
et al. 2015). Deleting either MDA5 or MAVS can rescue
the embryonic death of Adar1 null animals to 2–3 d post-
birth (Mannion et al. 2014; Liddicoat et al. 2015; Pestal
et al. 2015; Bajad et al. 2020), andmore strikingly, can allow
survival of ADAR1 editing deficient mice to adulthood
(Liddicoat et al. 2015). Adar1E861A/E861AIfih1−/− mice sur-
vive long-term (Heraud-Farlow et al. 2017; Chalk et al.
2019). These genetic studies indicate the importance of
ADAR1 protein and A-to-I editing in suppressing the
MDA5 sensing pathway and preventing embryonic abnor-
malities. Importantly, the genetic pathways are conserved
in humans. Loss of ADAR1 in human cells triggered an
MDA5-dependent up-regulation of the type I IFN response
(Pestal et al. 2015; Chung et al. 2018; Pfaller et al. 2018).
Consistent with the genetics resolved in mouse models,
patients with loss-of-function mutations in ADAR or gain-
of-function mutations in IFIH1 (encoding MDA5) both
develop AGS (Crow and Stetson 2022).

In both humans and mice, the ADAR gene encodes two
protein isoforms with distinct functions. ADAR1p110 is
constitutively expressed and restricted to the nucleus,
where it edits RNA cotranscriptionally (Hsiao et al. 2018).
ADAR1p150 is primarily expressed in the cytoplasm and
is inducible in response to stimuli such as viral infection
and type I IFN (Samuel 2011, 2019). In some organs of
the developing mouse, such as the spleen and thymus, it
appears to be the predominant isoform (Kim et al. 2021).
ADAR1p150 has a unique Z-DNA/RNA-binding alpha

domain (Zα) at its amino terminus that can bind to and
interact with the alternative left-handed conformation of
RNA (Z-RNA) (Herbert et al. 1995, 1998; Nakahama and
Kawahara 2021). The importance of understanding the
specific functions of ADAR1p150 has been highlighted
with rising interest in functions of the Zαdomain, particular-
ly as this domain is a mutational hotspot in patients with
AGS6 (Rice et al. 2017). Recent studies have interrogated
the importance of this domain in repressing the type I
IFN response (de Reuver et al. 2021; Guo et al. 2021;
Nakahama et al. 2021). In mammals, the Zα domain is
found in only one other protein, Z-DNA-binding protein 1
(ZBP1). Some ADAR1 Zα mutant mice have RIPK3-depen-
dent necroptosis and inflammation triggered by ZBP1 (de
Reuver et al. 2022; Jiao et al. 2022; Zhang et al. 2022).

The p150 isoform has been considered key to suppress-
ing MDA5-mediated dsRNA sensing. This is primarily evi-
denced by the phenotypes of ADAR1p150-specific
knockout mice (Adar1p150−/−), generated by the deletion
of the first exon of the gene (Ward et al. 2011c). The
Adar1p150−/− mutant was embryonic lethal at E11.0–
E12.0, similar to the Adar1−/− that lacked both p110 and
p150 isoforms (Hartner et al. 2004; Ward et al. 2011c).
Adar1p150−/− embryos had abnormal morphology, and
cells derived from them were more susceptible to viral in-
fection (Ward et al. 2011c). Concurrent deletion of MAVS
could rescue the embryonic lethality of the Adar1p150−/−

mice, with animals surviving to weaning (Pestal et al.
2015). In contrast, mice without the p110 isoform
(Adar1p110−/−) have normal embryonic development but
a high post-natal mortality (Kim et al. 2021). The p110-de-
ficient mice had no ISG signature indicating that the re-
tained expression of the p150 isoform was sufficient
to prevent MDA5 activation. Deletion of MDA5 in the
Adar1p110−/−model (Adar1p110−/−Ifih1−/−) failed to pre-
vent the high level of postnatal lethality; however, expres-
sion of a single editing dead allele of ADAR1
(Adar1p110−/E861A) could rescue viability (Kim et al.
2021). The above studies suggest that ADAR1p150, but
not ADAR1p110, is required to suppress MDA5 activation
during embryonic development.

Outside of identifying the day of embryonic lethality of
the Adar1p150−/− animals, there was no further in vivo
characterization of the original Adar1p150−/− allele (Ward
et al. 2011c). Furthermore, the isoform specificity of the
original Adar1p150−/− allele and whether the method
used for gene targetingmayaffect the expression of the re-
tained ADAR1p110 expression remains an unresolved
question (Matthaei et al. 2011; Steinman and Wang 2011;
Ward et al. 2011a,b,c). In this study, we have identified
and characterized a new Adar1p150−/− mouse allele. This
allele has a single nucleotide deletion which caused a
frameshift and in-frame stop codon, leading to the specific
loss of ADAR1p150. Critically, this point mutation did not
interfere with either the constitutive or IFN-inducible
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promoters of ADAR1, so the expression of ADAR1p110 re-
mained unaffected.Wehave characterized the in vivo func-
tions of ADAR1p150 during development and adult
homeostasis to allow comparison to theAdar1 null and ed-
iting deficient alleles. Themodel provides a new tool for fu-
ture studies delineating the isoform-specific effects of
ADAR1 and its role in disease.

RESULTS AND DISCUSSION

Identification of a new Adar1p150-specific
loss-of-function allele

The two isoforms of ADAR1 are produced by alternative
use of the first exon via different promoters. ADAR1p150
is produced from a type I IFN-inducible promoter that is lo-
cated upstream of exon 1A (Fig. 1A). The initiation of trans-
lation of the p150 isoform starts at M1 within exon 1A and
the entire exon 2 functions as a coding sequence for p150.
In contrast, the p110 isoform is expressed from a constitu-
tive promoter upstream of exon 1B which is spliced into
exon 2, where the p110-specific initiation codonM249 (hu-
man M296) is located (George et al. 2005). ADAR1p110
can also be produced from the IFN-inducible promoter
due to inefficient translation initiation at M1, leading to
the initiation of translation of p110 at M249 in exon 2
(Wong et al. 2003; George et al. 2005; Sun et al. 2021).
The IFN-inducible expression of p110 alongside p150
may contribute to optimal editing during the IFN response
(Sun et al. 2021). The previously described ADAR1p150
knockout mouse allele was generated by substituting the
IFN-inducible promoter and exon 1Awith an antisense-ori-
entated PGK-Neo cassette (Fig. 1A; Ward et al. 2011c).
During the generation of a p.P195A knock-in allele using

CRISPR/Cas9 (Liang et al. 2023), we identified an incidental
mutation that was predicted to result in a p150 isoform-
specific knockout allele. A single nucleotide deletion at nu-
cleotide 587 (587delT) was identified (nomenclature based
onNCBI CCDS50963). This was predicted to result in a leu-
cine 196 to cysteine (p.L196CfsX6) amino acid change and
introduction of in-frame stop codon(s) due to the change in
the reading frame (Fig. 1B–D). We tested whether the
L196Cfs mutant sequence would give rise to a protein
product.We transducedHEK293T cells with a lentivirus ex-
pressing an amino-terminalNeonGreen fusion proteinwith
either ADAR1p150 WT or a cDNA encoding the
ADAR1L196Cfs mutation. In the p150 WT cells, NeonGreen
was apparent in the cytoplasm as expected (Supplemental
Fig. S1A, top panels). In the L196Cfs expressing cells, no or
a very low level ofNeonGreenwasdetectable (Supplemen-
tal Fig. S1A, bottom panels). Protein lysates from the
HEK293T cells were probed with an anti-NeonGreen anti-
body. In cells expressing NeonGreen-ADAR1p150 WT, a
fusion protein size of ∼178 kDa was detected by either
the anti-NeonGreen or anti-ADAR1 antibody indicating

the expression of NeonGreen and full-length ADAR1p150
protein (Supplemental Fig. S1B). In NeonGreen-
ADAR1L196Cfs cells, a very low to barely detectable level
of a ∼50 kDa fusion protein was detected with the Neon-
Green antibody. Given that this small amount of protein
was produced under optimal expression conditions with a
strong viral promoter, it is likely the protein produced at
the native locus is negligible. Any truncated protein from
the L196Cfs allele would contain a partial Zα domain lack-
ing the critical residues for Z-RNA-binding such as W197;
however, the L196 itself is not involved in the binding.
For a detailed description of the key residues of the Zα
domain, see the review paper by Nakahama and Kawahara
(2021). We therefore conclude that the L196Cfs mutation
resulted in a null Adar1p150 allele.
We confirmed the introduction of the mutation in the

germ-line bySanger sequencingand then inbredheterozy-
gous mice to assess this new allele. We generated and im-
mortalized MEFs from E11.5 embryos and treated them
with murine IFN-beta (IFNβ) to assess ADAR1p150 ex-
pression. The Adar1+/+ MEFs expressed ADAR1p110 ba-
sally, and ADAR1p150 was robustly induced upon
treatment with IFNβ. An elevation of ADAR1p110 protein
was observed following IFNβ treatment of Adar1+/+ MEFs
(Fig. 1E). Homozygous Adar1L196Cfs/L196Cfs (referred to
herein as Adar1p150−/−) MEFs had comparable levels of
ADAR1p110 toWT cells at baseline and had no expression
of ADAR1p150 following IFNβ treatment. Importantly, the
expression of ADAR1p110 was equivalent in Adar1p150−/−

versus Adar1+/+ MEFs, both at baseline and following
induction by IFNβ treatment, indicating ADAR1p110 ex-
pression and induction was unaffected by the point muta-
tion (Fig. 1F; Supplemental Fig. S1C). Therefore, the
Adar1L196Cfs point mutation generated a Adar1p150-null
allele without any apparent effect on ADAR1p110
expression.
OurAdar1p150-specific knockout contrasts with the pre-

vious model, which used an inverted PGK-Neo cassette to
disrupt the p150 isoform (Fig. 1A). Analysis of the available
published western blots from the existing Adar1p150−/−

model indicates that the retained ADAR1p110 may not
be expressed comparably to the Adar1p150+/− sample,
nor is it induced by type I IFN treatment in a manner similar
to the control used in those studies (Ward et al. 2011b; Pes-
tal et al. 2015). Therefore, two potential caveats of the orig-
inally developed Adar1p150−/− allele are (1) the IFN-
inducible expression of ADAR1p110 may be reduced due
to the disruption of the IFN promoter, and (2) the inverted
PGK-Neo cassette may impact ADAR1p110 expression
from both the targeted and nontargeted allele via tran-
scriptional interference and/or production of aberrant anti-
sense RNAs, as has been reported for other alleles using
this method of gene disruption (Scacheri et al. 2001; Mat-
thaei et al. 2011; Steinman and Wang 2011; Ward et al.
2011c). This may be particularly relevant when the allele
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FIGURE 1. Adar1L196Cfs mutation leads to an isoform-specific deletion of ADAR1p150 but retention of p110. (A) Genomic organization of the
murine Adar locus showing locations of alternative exon 1A/1B and exon 2 and individual promoters and initiation (M1 and M249) codons
that lead to expression of two ADAR1 isoforms. The IFN-inducible promoter upstream of exon 1A leads to the ADAR1p150 expression from
M1, and ADAR1p110 from M249 when leaky ribosome scanning occurs. The constitutive promoter upstream of exon 1B maintains the constitu-
tive expression of ADAR1p110. The schematic provides the comparison of the locus and protein products from wild-type (WT)Adar, the previous
ADAR1p150-deficient model (Ward et al. 2011c) and the L196Cfs allele described in this report. (B) Schematic of the WT ADAR1 isoforms p110
and p150 and the location of the L196Cfsmutation that leads to knockout of the ADAR1p150 protein. (C ) Sanger sequencing chromatogram and
alignments of genomic DNA isolated from Adar1+/+, Adar1p150+/− (Adar1L196Cfs/+), and Adar1p150−/− (Adar1L196Cfs/L196Cfs) animals indicating
1 bp deletion in the L196Cfsmutation. (D) Predicted amino acid translation of theWTADAR1p150 and L196Cfs allele. (E) Western blot analysis of
WTAdar1+/+ andAdar1p150−/−mouse embryonic fibroblasts (MEFs) after 24 h of IFN-beta (IFNβ) treatment. Expression of ADAR1 isoforms p150
and p110,MDA5 as well as ACTIN are indicated. (F ) Quantification of thewestern blots is shown in (E) and Supplemental Figure S1C. ADAR1p110
expression was normalized to ACTIN. The left panel shows ADAR1p110 expression at baseline normalized to Adar1+/+. The right panel shows
ADAR1p110 levels plus IFN normalized to minus IFN for each cell line. N=4 for both Adar1+/+ (+/+) and Adar1p150−/− (p150−/−) generated
from three independent mice. The figure presented here is the replicate of the samples in lanes 3–6 of Supplemental Figure S1C (left image)
from a different batch of IFNβ treatment. Data represent the mean±SEM.
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is used to study in vivo function of p150 and p110 isoforms
or when paired with other mutants as a compound hetero-
zygote (Pestal et al. 2015; Maurano et al. 2021; Hubbard
et al. 2022).

ADAR1p150-specific knockout mice
are embryonic lethal

Having established that our allele was aAdar1p150-null al-
lele,without impactingADAR1p110expression,we sought
to characterize its phenotype.Adar1p150+/− heterozygous
mice were fertile and had no discernible phenotype. We
bred Adar1p150+/− animals to determine the survival of
Adar1p150−/− mice. No live Adar1p150−/− pups were
identified (Fig. 2A). Based on the embryonic lethality of
the Adar1−/− mice (Hartner et al. 2004, 2009; Wang et al.
2004), we assessed embryos at E11.5 and E12.5 and found
Adar1+/+, Adar1p150+/−, and Adar1p150−/− embryos
were present at the expected Mendelian ratio (Fig. 2A).
Adar1p150−/− embryos, while present, showed evidence
of developmental abnormalities and reduced viability be-
tween E11.5 and E12.5. At E11.5, three of the eight
Adar1p150−/− embryos had a normal appearancewhereas
the other five had morphological abnormalities. At E12.5,
all Adar1p150−/− embryos had abnormal features. The
Adar1p150−/− embryos were fragile and had a pale color.
Some abnormal embryos showed hemorrhage on the
back or the head (Fig. 2B). Similar features were previously
reported for the Adar1−/− mutant, lacking both p110 and
p150, with embryonic lethality at E11.0–E12.5 (Hartner
et al. 2004, 2009; Wang et al. 2004). Given the importance
of ADAR1 in inhibiting the activation of MDA5 and down-
stream ISGs, we performed qRT-PCR on tissue from the
embryos. At both E11.5 and E12.5, Adar1p150−/− animals
had a profound induction of the ISGs Ifit1 and Irf7 (Fig. 2C)
compared to the littermateWT controls. The expression of
Ifit1 and Irf7 was higher at E12.5 than in E11.5 in the
Adar1p150−/− embryos (Supplemental Fig. S1D). The level
of ISGs in the previous Adar1p150−/− mutant was not re-
ported. The embryonic lethality of our Adar1p150−/− is
consistent with the originally described Adar1p150−/− al-
lele, which died between E11.0 and E12.0 (Ward et al.
2011c).
Detailed phenotypic analysis of Adar1p150−/− embryos

has not been reported. Previous studies found that both
Adar1 null (Adar1−/−) and the editing deficient
(Adar1E861A/E861A) embryos had a failure in hematopoiesis
in FL (Hartner et al. 2004, 2009; Wang et al. 2004;
Liddicoat et al. 2015). The FL is the primary site of develop-
mental hematopoiesis, with erythropoiesis (red cell pro-
duction) being the most important lineage during early
development. ADAR1 protein-deficient erythroid cells
had an increased rate of cell death and there was a loss of
erythroid progenitors indicatingADAR1 is essential for nor-
mal erythropoiesis (Hartner et al. 2004, 2009; Liddicoat

et al. 2016). The specific requirement of ADAR1p150 in he-
matopoiesis during embryonic development had not been
reported. Adar1p150−/− FL had fewer cells at both E11.5
and E12.5, although there was no statistical difference
(Fig. 2D). In one of the Adar1p150−/− FLs with enough via-
ble cells for flow cytometry analysis, the p150-deficient FL
had a reduction of viable erythroid cells (Fig. 2E, left). The
expression of CD71/Ter119markers identifies the differen-
tiation stage of erythroid cells, with cells progressing from
the R1 to R4 populations with maturation (Socolovsky
et al. 2001; Koulnis et al. 2011). The Adar1p150−/− embry-
os had increased R1with defectivematuration including an
absence of R2 and severely reduced R3 (Fig. 2E, right),

A B

C

D

E

FIGURE 2. ADAR1p150-specific knockout mice die mid-gestation at
E11.5–E12.5. (A) Survival and frequency of Adar1+/+, Adar1p150+/−,
and Adar1p150−/− mice at three development stages E11.5, E12.5,
and P0 (day of birth) from Adar1p150+/− inter-crosses. (B)
Representative images of embryos of the indicated genotypes at
E11.5 or E12.5. The scale bar represents 0.5 cm. (C ) Expression of
Ifit1 and Irf7, both ISGs, in Adar1+/+ and Adar1p150−/− embryos’ at
E11.5 and E12.5. Data expressed as log10 gene expression relative
to Ppia expression (reference gene). Three independent samples
were used for each indicated genotype and developmental stage.
Significance was determined by a two-way ANOVA test with
Bonferroni’s multiple comparisons with statistical significance of (∗∗∗)
P<0.001 and (∗∗∗∗) P<0.0001. Data represent the mean±SEM. (D)
Cellularity of FL from E11.5 (left) and E12.5 (right). At E11.5, the num-
ber of Adar1+/+ (+/+) n=10, Adar1p150+/− (+/−) n=12, and
Adar1p150−/− (−/−) n=8. At E12.5, the number of +/+ n=9, +/− n
=13, and −/− n=5. Significance was determined by a one-way
ANOVA test with Dunnett’s multiple comparisons. Error bars are
SEM. (E) Representative flow cytometry profiles of FL erythroid cells
of interest at E12.5 with SSC-A/FSC-A (left); the proportion of erythro-
blast population of the viable FL erythroid cells labeled with CD71/
Ter119 (right). R1=CD71−Ter119−, R2=CD71highTer119med, R3=
CD71highTer119high, and R4=CD71−Ter119high.
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indicating defective erythropoiesis in the FL in the absence
of ADAR1p150.

These data demonstrate that the ADAR1p150 isoform is
essential for embryonic development in vivo. The embry-
onic lethality, abnormal embryo appearance, abnormal
FL hematopoiesis, and high ISG signature of the
Adar1p150−/− embryos reproduced the previously de-
scribed phenotypes observed in both Adar1−/− or
Adar1E861A/E861A mutants (Hartner et al. 2004, 2009;
Wang et al. 2004; Liddicoat et al. 2015). Taken together,
the essential physiological function of ADAR1 in fetal he-
matopoiesis and suppressing IFN signaling are mediated
by ADAR1p150. The retained expression of ADAR1p110
cannot compensate for this function.

ADAR1p150 is essential for adult homeostasis
and hematopoiesis in vivo

To understand the specific requirement for ADAR1p150 in
adult homeostasis, we used an inducible model that we
have previously used to assess the somatic restricted ex-
pression of Adar1 null, editing deficient ADAR1 or an
AGS-mimicking mutation (Liddicoat et al. 2015; Heraud-
Farlow et al. 2017; Liang et al. 2023). We crossed the

Adar1p150+/− animals to R26-CreERT2 Adar1fl/fl mice. This
enabled tamoxifen-induced deletion of the floxedAdar1 al-
lele, leavingmice either heterozygous and retaining expres-
sion of p110 and p150 isoforms ( fl/+ becomes Δ/+) or p150-
deficient and only expressing p110 ( fl/p150− become Δ/
p150−). R26-CreER Adar1fl/+ (control) and R26-CreER
Adar1fl/p150− adult mice aged 8–10 wk were fed tamoxi-
fen-containing food for up to 28 d (Fig. 3A). This bypassed
the developmental requirement for ADAR1p150. The
Adar1 floxed allele is deleted broadly across cell types
and organs upon tamoxifen treatment. We confirmed the
efficient recombination of the floxed allele in the bone mar-
row (BM) of the Δ/+ mice (Fig. 3B; Supplemental Fig. S2A).
In contrast, despite being moribund the Δ/p150− mice re-
tained a high percentage of theAdar1 floxed allele, indicat-
ing most likely selection against cells that had deleted the
floxed allele. This phenomenonof retention of an unexcised
allele has previously been seen using the same experimen-
tal model with both a fl/fl (loss of Adar1 in both alleles upon
tamoxifen) and fl/E861A (expressing editing dead ADAR1
upon tamoxifen) genotypes (Liddicoat et al. 2015; Heraud-
Farlow et al. 2017).

The loss of ADAR1p150 led to significant weight loss
compared to day 0 weights, resulting in euthanasia prior

A B C

HGFED

FIGURE 3. Somatic deletion of ADAR1p150 in adult mice is lethal. (A) Illustration of somatic deletion model. Upon tamoxifen treatment, R26-
CreER Adar1fl/+ and R26-CreER Adar1fl/p150− animals became Δ/+ and Δ/p150−, respectively. (B) Representative genotyping of genomic
DNA and percentage deletion of the floxed allele on the day of euthanasia using DNA isolated from whole BM. Image and recombination per-
centages were calculated using LabChip (PerkinElmer). (C ) Percentage change in body weight on the day of euthanasia compared to day 0 (be-
fore the start of the tamoxifen diet). Δ/+ (n=5) and Δ/p150− (n=6). (D) Kaplan–Meier survival plot of the Δ/p150− animals (n=6). Note the control
animals are not plotted and were healthy; each Δ/p150− was collected with a control animal on the same day to allow paired analysis. (E) Total
white blood cell counts (WBC) in peripheral blood (PB) at day 0 (pre-tamoxifen) and day of euthanasia (final). (F ) Absolute numbers of each lineage
in PB on the day of euthanasia (final). (G) Hematocrit (HCT) populations in PB at day 0 (pre-tamoxifen) and day of euthanasia (final). (H) Total plate-
lets in the PB at day 0 (pre-tamoxifen) and day of euthanasia (final). Statistical comparison in all plots was done by unpaired t-test (C ), two-way
ANOVA (E,G,H) with Bonferroni’s multiple comparisons or ordinary two-way ANOVA (F ) tests with statistical significance of (∗) P<0.05, (∗∗) P<
0.01, (∗∗∗) P<0.001, and (∗∗∗∗) P<0.0001. Data represented as mean±SEM.
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to day 28 due to meeting of ethical endpoints (Fig. 3C).
Each moribund Δ/p150− animal was assessed in parallel
with a paired control Δ/+ on the same day (Fig. 3D; note
that the Δ/+ are not represented on the plot and have sur-
vived to 28 d of tamoxifen feeding without requiring eu-
thanasia in all prior experiments). Given the characterized
impact of ADAR1 loss on hematopoiesis (Hartner et al.
2004, 2009; Liddicoat et al. 2016; Liang et al. 2023), we
quantified PB indices of mice on day 0 and on the day
of collection (Fig. 3E–H; Supplemental Fig. S2B–F).
Reduced WBC counts have been observed following ta-
moxifen treatment in R26-CreERT2 mice previously
(Smeets et al. 2018); the loss of ADAR1p150 in the Δ/
p150− mice resulted in a more significant decline of
WBC compared to the controls (Fig. 3E). The Δ/p150−
samples also had reductions in B lymphocyte numbers
(Fig. 3F), platelets (Fig. 3H), and mean corpuscular volume
(Supplemental Fig. S2D).
We further assessed the requirement for ADAR1p150 in

hematopoiesis by collecting and analyzing the BM, spleen,
and thymus on the day of euthanasia (Fig. 4; Supplemental
Fig. S2G–I). Previous work demonstrated the requirement
of ADAR1 in the maintenance of adult hematopoiesis in
mice (Hartner et al. 2009; Heraud-Farlow et al. 2017;
Nakahama et al. 2018). In these prior studies, it was deter-
mined that acute deletion of ADAR1 resulted in hematopoi-
etic failure because of both cell intrinsic requirements in
mature lineages and for sustaining hematopoietic output
from hematopoietic stem and progenitor populations in
theBM(Hartner et al. 2009). In theBM, therewasa reduction
in the total cellularity (Fig. 4A) and a significant loss of CD71
+/Ter119+ erythroid cells (Fig. 4B). Common myeloid pro-
genitors are generated from HSCs and can further differen-
tiate into either GMP, or MEP cells (Akashi et al. 2000). The
number of CMPs were significantly decreased by the acute
loss ofADAR1p150, indicative of an impairment in adultmy-
eloid progenitors (Fig. 4C). TheHPC,MPP, andHSCs canbe
identified in the Lineage−Sca-1+c-Kit+ (LSK+) fraction of BM
cells using CD150 and CD48 markers (Oguro et al. 2013;
Pietras et al. 2015). The population of HPC was abnormal
in the Δ/p150−mice, while theMPP andHSCswere compa-
rable with the control mice (Fig. 4D).
Loss of ADAR1 or A-to-I editing by ADAR1 led to a pro-

found increase in the ISG expression (Hartner et al. 2009;
Liddicoat et al. 2015). The activation of the innate im-
mune/interferon pathway in Δ/+ and Δ/p150− was first as-
sessed by measuring the cell surface expression of Sca-1,
an IFN-induced cell surface protein, by flow cytometry.
There was a ∼10-fold up-regulation of Sca-1 expression
on the BM cells of p150-deficient animals (Fig. 4E,F). The
expression of two hallmark ISGs, Ifit1 and Irf7, was as-
sessed by qRT-PCR in BM cells. There was an elevated ex-
pression of both genes in the Δ/p150− BM (Fig. 4G,H).
In the spleen, there was a reduced weight and cellularity

(Fig. 4I; Supplemental Fig. S2H). This was due to reduced

numbers of B lymphocytes (Fig. 4J) and erythroid cells (Fig.
4K). The thymus had reduced cellularity and weight (Fig.
4L; Supplemental Fig. S2I). Consistent with previous
work, the number of CD4+/CD8+ T cells was drastically re-
duced suggesting the importance of ADAR1p150 in thy-
mic T cell maturation (Fig. 4M; Nakahama et al. 2018).
Taken together, all results demonstrate a continuous re-
quirement for ADAR1p150 for maintenance of normal he-
matopoiesis in adult mice, consistent with a generalized
failure in hematopoiesis as seen in germ-line Adar1 null,
editing dead, and cell-specific conditionalAdar1 knockout
models (Hartner et al. 2009; Liddicoat et al. 2015, 2016;
Heraud-Farlow et al. 2017; Nakahama et al. 2018).
The new ADAR1p150-specific knockout mouse model

describedhere has allowedamoredetailed characterization
of the in vivo functionsofADAR1p150. It alsoprovides a tool
to address long-standing questions about the role of
ADAR1p150 in suppressing different dsRNA sensors such
as MDA5, PKR, and RNaseL. Abundant in vivo work has
demonstrated MDA5-mediated immune activation in the
absence of ADAR1 in both human cells and mice (Mannion
et al. 2014; Liddicoat et al. 2015; Pestal et al. 2015; Heraud-
Farlow et al. 2017). Studies in various cell lines and mouse
models have alsodemonstrated a role for ADAR1 in the sup-
pressionofPKR (Wanget al. 2004; Li et al. 2010;Chunget al.
2018; Gannon et al. 2018; Maurano et al. 2021), OAS-RNa-
seL (Li et al. 2017), andZBP1 (deReuveret al. 2022;Hubbard
etal. 2022; Jiaoet al. 2022; Zhangetal. 2022). These sensors
exert direct antiviral activities following dsRNA sensing
through translational shutdown, RNA cleavage or triggering
cell death pathways, respectively (Levin and London 1978;
Zhou et al. 1993; Upton et al. 2019; Zhang et al. 2020). To
assess PKR activation, we treated Adar1p150−/− or control
MEFs with IFNβ for 24 h and performed immunoblotting
(Supplemental Fig. S3A). Sensing of dsRNA by the kinase
PKR triggers phosphorylation of eIF2α and translational
shutdown (Levin and London 1978). As there is no specific
antibody for p-PKR in mouse, p-eIF2α is used as a proxy
for PKR activation. Following IFNβ treatment of MEFs there
was a higher induction of p-eIF2α in Adar1p150−/− MEFs
compared to the control suggesting ADAR1p150 protein
may suppress IFNβ-induced PKR activation. We do not see
evidence for RNA degradation and activation of OAS-RNa-
seL in brain, liver, or heart tissue from Adar1−/−Ifh1−/− mice
and therefore did not test this in the Adar1p150−/− mice
(Supplemental Fig. S3B). In a parallel study, we have directly
assessed the role of dsRNA sensors where we interbred
Adar1p150+/−micewith Ifih1−/− (MDA5KO) andEif2ak2−/−

(PKR KO) mice (Hu et al. 2023). Knockout of MDA5 allowed
Adar1p150−/−mice to survive to shortly after birth, similar to
the rescue of fully Adar1−/− animals. Concurrent deletion of
MDA5 and PKR generated a full Mendelian rescue of
Adar1p150−/−, with Adar1p150−/−Ifih1−/−Eif2ak2−/− ani-
mals surviving to adulthood with apparent normal develop-
ment and lifespan. This demonstrated that MDA5 and PKR
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are the primary effectors of lethal autoimmune activation
that led to the death of Adar1p150−/− mice.

In this work, we characterized a new Adar1p150−/− and
demonstrated that this allele resulted in the specific loss of
the ADAR1p150 isoform, without any apparent impacts on
the expression of the p110 isoform, both basally and fol-
lowing IFNβ treatment. We completed analysis that al-

lowed a direct comparison to previous studies describing
the phenotypes of Adar1 null (loss of both p110 and
p150), editing deficient mutants (E861A), and AGS-mim-
icking mutant (P195A) (Hartner et al. 2004, 2009; Wang
et al. 2004; Liddicoat et al. 2015; Liang et al. 2023). This
provides an important comparison of these distinct alleles.
When considered together with the recently described

A
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FIGURE 4. Acute loss of ADAR1p150 disrupted hematopoietic homeostasis in adult mice accompanied by an elevated innate immune response.
Analysis of BM, spleen and thymus from R26-CreER Adar1Δ/+ and R26-CreER Adar1Δ/p150− animals described in Figure 3. (A) Total cellularity per
femur. (B) Erythroid cells per femur. (C ) Numbers of myelo-erythroid progenitors per femur. Cell populations measured were granulocyte–mono-
cyte progenitor (GMP), common myeloid progenitor (CMP), and megakaryocyte–erythrocyte progenitor (MEP) cells. (D) The absolute number of
stem cell and multipotent progenitor (MPP) populations per femur. Cell populations measured were hematopoietic progenitor cells (HPC) frac-
tions 1 and 2, MPP, and hematopoietic stem cells (HSCs). (E) Representative flow cytometry histograms of Sca-1 expression on the lineage neg-
ative (lin−c-kit+) BM fraction. (F ) Quantification of the mean Sca-1 fluorescence intensity by flow cytometry. (G) Normalized expression of Ifit1
transcripts measured by qRT-PCR in the BM; Δ/+ (n=3) and Δ/p150− (n=5). Data expressed as mean±SEM gene expression relative to Ppia
expression. (H) Normalized expression of Irf7 transcripts measured by qRT-PCR in the BM; Δ/+ (n=3) and Δ/p150− (n=5). Data expressed as
mean±SEM gene expression relative to Ppia expression. (I ) Total viable cellularity of the spleen. (J) The absolute number of B lymphocytes,
CD4 positive (CD4+), and CD8 positive (CD8+) T lymphocytes in the spleen. (K ) Erythroid cells in the spleen. (L) Total viable cellularity of the
thymus. (M ) The absolute number of CD4 positive (CD4+), CD8 positive (CD8+), and CD4 and CD8 double positive (CD4+/CD8+) T cells in
the thymus. Statistical tests used were unpaired t-test (A,F,G,H,I,L) and two-way ANOVA (B,C,D,J,K,M ) with Bonferroni’s multiple comparisons
with statistical significance of (∗) P<0.05, (∗∗) P<0.01, (∗∗∗) P<0.001, and (∗∗∗∗) P<0.0001. Data expressed as mean±SEM. In (A–F ) and (I–
M ), Δ/+ (n=5) and Δ/p150 − (n=6).

Liang et al.

1332 RNA (2023) Vol. 29, No. 9



Adar1p110−/− allele, we conclude that ADAR1p150 is spe-
cifically required to suppress the activation of the innate
immune response and allow normal development and
adult homeostasis. This is the physiologically essential
and nonredundant function of ADAR1p150.

MATERIALS AND METHODS

Ethics statement

All animal experiments were approved by the Animal Ethics
Committee of St. Vincent’s Hospital, Melbourne, Australia
(Protocol number 016/20). Animals were euthanized by CO2 as-
phyxiation or cervical dislocation.

Animals

Adar1L196Cfs mice were identified as an incidental mutation aris-
ing from CRISPR/Cas9 targeting in C57BL/6 zygotes to generate
a p.P195A knock-in point mutation by the Monash Genome
Modification Platform (Monash University) (Liang et al. 2023). A
single nucleotide deletion at nucleotide 587 (587delT) resulted
in the p.L196CfsX6 mutation (nomenclature based on NCBI
CCDS50963). The introduction of the mutation was confirmed
by Sanger sequencing of the region in both the founders and sub-
sequent generations. Adarfl/fl (Adar1fl/fl; exon 7–9 floxed; MGI al-
lele: Adartm1.1Phs; MGI:3828307) (Hartner et al. 2004, 2009) and
Rosa26-CreERT2 (Gt(ROSA)26Sortm1(cre/ERT2)Tyj) (Ventura et al.
2007) mice were on a backcrossed C57BL/6 background as previ-
ously described (Hartner et al. 2009; Liddicoat et al. 2015, 2016;
Heraud-Farlow et al. 2017). All animals were housed at the
BioResource’s Centre at St. Vincent’s Hospital, Melbourne,
Australia. Mice were maintained and bred under specific patho-
gen-free conditions with food and water provided ad libitum.
For the somatic deletion models R26-CreER Adar1fl/+ and R26-
CreER Adar1fl/p150, all animals were aged from 8 to 10 wk at the
initiation of tamoxifen; tamoxifen-containing food was prepared
at 400 mg/kg tamoxifen citrate (Selleckchem) in standard mouse
chow (Specialty Feeds).

Genotyping

Genotyping of the L196C mutants was determined by PCR and
Sanger sequencing. The following primers: primer P1 (5′-ACCA
TGGAGAGGTGCTGACG-3′) and P2 (5′-ACATCTCGGGCCTTG
GTGAG-3′), were used to obtain a 489 bp product. The purified
PCR product was sequenced using P1 primer (Australian
Genome Research Facility). Genotyping of all other lines and
Cre recombination was performed as previously described by
Liddicoat et al. (2015) and Heraud-Farlow et al. (2017).

Embryo and fetal liver analysis

Timed mating of Adar1p150+/− females was undertaken for em-
bryo analysis, andembryoswere collected at E11.5 andE12.5. Fetal
livers (FL) were isolated from the embryos and suspended in 1mLof
PBS containing 2% FBS using a 21G needle/1 mL syringe. FL cell

counts were performed on a hematological analyzer (Sysmex
KX1000). Single-cell FL suspensions were then subjected to anti-
body staining for flow cytometry analysis. The measurement of ery-
throid cells used antibodies against murine Ter119 (PE), CD71
(APC), and CD44 (PE-Cy7) sourced from eBioscience, BioLegend,
or BD Pharmingen. Cells were acquired on a BD LSRII Fortessa
and analyzed with FlowJo software version 9 or 10.0 (TreeStar).

Mouse embryonic fibroblasts and immortalization

Mouse embryonic fibroblasts (MEFs) were generated from E11.5
embryos of the indicated genotypes. The embryos were dissect-
ed, the head was used for qRT-PCR, and the heart and FL (for flow
cytometry) were removed. MEFs were made from the remaining
embryo. The tissue was drawn through an 18G needle/1 mL sy-
ringe, suspended in 1mL of 0.025% trypsin-EDTA (Gibco/Thermo
Fisher), and incubated at 37°C in a 10 cm2 tissue culture plate for
30 min. Then, 10 mL of normal growth media (High glucose
DMEM [Sigma] containing 10% FBS [not heat-inactivated, Assay
Matrix], 1% penicillin/streptomycin [Gibco], 1% glutamax [Gibco],
and 1% amphotericin B [Sigma; 250 µg/mL stock]) was directly
added to the plate. The digested tissuewas resuspended and dis-
persed. The MEFs were incubated in a hypoxia chamber flushed
with 5% oxygen and 5% carbon dioxide in nitrogen at 37°C. Once
the cells were confluent (>70% confluency), the cells were trypsi-
nized and passaged onto 10 cm2 plates in normoxic conditions for
all further culturing. MEFs were immortalized with 1 mL of media
containing an shRNA targeting murine p53 (shp53.1224 in LMP
vector), 1% polybrene, and normal growth media (Dickins et al.
2005). After 12 h of infection, 1 mL of fresh media was added to
the cells. After 72 h, the media was replaced with fresh normal
growth media. The immortalized MEFs were treated with recom-
binant murine interferon beta (PBL Assay Science; PBL-12405) at
250 U/mL for 24 h in normal growth media.

Western blot analysis

MEFs or HEK293T cells were collected by trypsinization, and pel-
lets washed in cold PBS and resuspended in RIPA buffer (20 mM
Tris-HCl, pH 8.0, 150 mM NaCl, 1 mM EDTA, 1% sodium deoxy-
cholate, 1% Triton X-100, and 0.1% SDS) supplemented with 1×
HALT Protease Inhibitor and 1× PhosSTOP Phosphatase Inhibitor
(Thermo Fisher Scientific). Lysates were used for western blot
analysis as described below. Protein was quantified using the
Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) on an Ens-
pire multimode plate reader (PerkinElmer). Ten or 20 µg of pro-
tein extract per sample and protein markers (SeeBlue Plus2 Pre-
stained Protein Standard [Invitrogen]) were loaded on precast
NuPAGE 10% or 4%–12%, Bis-Tris polyacrylamide gels (Invitro-
gen) and transferred onto Immobilon-P PVDF membranes (Merck
Millipore). Membranes were blockedwith 5%milk in Tris-buffered
saline with tween (TBST) and incubated at 4°C overnight with rat
monoclonal anti-mouse ADAR1 antibody (clone RD4B11) (Liddi-
coat et al. 2015), rabbit anti-MDA-5 (Cell Signaling, D74E4), rab-
bit anti-PKR (Abcam, EPR19374), phospho-eIF2α (anti-EIF2S1
[phospho S51], Abcam, ab32157), total eIF2α (Cell Signaling
Technology, 5324), mouse anti-NeonGreen (Chromotek 32F6),
and mouse anti-ACTIN (Sigma Aldrich, A1978). Membranes
were then probed with HRP-conjugated goat anti-rat (Thermo
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Fisher Scientific, 31470), anti-rabbit (Thermo Fisher Scientific,
31460), or anti-mouse (Thermo Fisher Scientific, 31444) second-
ary antibodies and visualized using ECL Prime Reagent for chemi-
luminescent detection on Hyperfilm ECL (Amersham) or the
iBright FL1500 Imaging system (Thermo Fisher). Western band in-
tensities were quantified using Fiji.

Peripheral blood analysis

Peripheral blood was obtained via retro-orbital bleeding into BD
Microtainer K2E tubes (Becton Dickinson) from the somatic muta-
tion models. PB samples were counted on a hematological ana-
lyzer (Sysmex KX1000). The red blood cells were lysed using
hypotonic lysis buffer (150 mM NH4Cl, 10 mM KHCO3, 0.1 mM
Na2EDTA, pH 7.3) and resuspended in 50 µL of FACS buffer for
flow cytometry analysis.

Flow cytometry analysis

Antibodies against murine B220 (APC-eFluor780), CD11b/Mac-1
(PE), Gr1 (PE-Cy7), F4/80 (APC), CD4 (eFluor450) and CD8a
(PerCP-Cy5.5), Ter119 (PE), CD71 (APC), CD44 (PE-Cy7), Sca-1
(PerCP-Cy5.5), c-Kit (APC-eFluor780), CD150 (PE), CD48 (PE-
Cy7), CD34(eFluor660), CD16/32 (eFluor450), and biotinylated an-
tibodies (CD2, CD3e, CD4, CD5, CD8a, B220, Gr-1, CD11b/Mac1)
were used. The biotinylated antibodieswere detectedwith strepta-
vidin-conjugated Brilliant Violet 786. All antibodies were obtained
from eBioscience, BioLegend, or BD Pharmingen (Singbrant et al.
2011; Smeets et al. 2014; Liddicoat et al. 2015; Heraud-Farlow
et al. 2017). Cells were acquired on a BD LSRII Fortessa and ana-
lyzed with FlowJo software version 9 or 10.0 (TreeStar).

qRT-PCR

Whole heads from embryos or single-cell suspensions of BM from
the somatic deletionmodelswere collectedand immediately snap
frozen in liquid nitrogen or dry ice and stored at−80°C. Frozen tis-
sueswerehomogenized inTRIsure reagent (Bioline) using IKAT10
Basic S5 Ultra-Turrax Disperser. RNAwas isolated usingDirect-Zol
columns (Zymo Research) following the manufacturer’s instruc-
tions and cleaned up with Zymo Clean & Concentrator Kit. Com-
plementary DNA (cDNA) was synthesized using the Tetro cDNA
Synthesis Kit (Bioline). qRT-PCR of ISGs (Ifit1 and Irf7) was per-
formed using SYBR green and the ΔΔCT method (normalized to
Ppia) as previously described (Heraud-Farlow et al. 2017). Dupli-
cate or triplicate reactions per sample were measured using an
AriaMx Real-time PCR machine (Agilent). The following primers
were used: Ifit1 P1 (5′-ATGGGAGAGAATGCTGATGG-3′); Ifit1
P2 (5′-AGGAACTGGACCTGCTCTGA-3′); Irf7 P1 (5′-CCAGTTG
ATCCGCATAAGGT-3′); Irf7 P2 (5′-AGCATTGCTGAGGCTCA
CTT-3′); Ppia P1 (5′-GTCAACCCCACCGTGTTCTT-3′); and Ppia
P2 (5′-CTGCTGTCTTTGGAACTTTG-3′).

Plasmid generation and lentivirus
production/infection

We generated cDNAs using gBlocks (IDT DNA) to generate an
amino-terminal fusion of NeonGreen to an existing Adar1p150

cDNA (GeneArt) (Mendez Ruiz et al. 2023). The NeonGreen cod-
ing sequence was placed upstream of the WT and 587delT (en-
coding the frameshift and L196Cfs allele) p150 sequence. Final
plasmids were verified by Sanger sequencing. The cDNAs were
then subcloned into pLVX (Clontech). To produce lentivirus,
HEK293T cells were plated in medium (high glucose DMEM
[Sigma] containing 10% FBS, 1% penicillin/streptomycin
[Gibco], and 1% glutamax [Gibco]) on 10 cm tissue culture plates
and cotransfected with 10 µg of the pLVX-Adar1 vectors, 6.5 µg
psPAX2, and 3.5 µg VSVg. psPAX2 was a gift from Didier Trono
(Addgene plasmid # 12260; http://n2t.net/addgene:12260;
RRID:Addgene_12260). At 48 and 72 h after transfection, viral-
containing supernatant was collected. HEK293T cells were infect-
ed with 48 h of lentivirus expressingNeonGreen-ADAR1p150WT
and NeonGreen-ADAR1L196Cfs. Infected cells were selected by
puromycin (1 µg/mL) for 3 d and expanded for further analysis.
Microscopy images were captured by Olympus IX-81 inverted
fluorescence microscope using a 20× objective lens.

Statistical analysis and figure preparation

To determine statistical significance, unpaired t-tests and one-
way or two-way ANOVA tests with Dunnett’s or Bonferroni’s mul-
tiple comparisons were conducted in GraphPad Prism software
version 9 (GraphPad). Throughout this study, significance is
indicated using the following convention: ∗P<0.05; ∗∗P<0.01;
∗∗∗P<0.001; and ∗∗∗∗P<0.0001. Data are presented as mean±
SEM. The number of samples used is described in the corre-
sponding figure legends. The figures were generated using
BioRender.com and Affinity Designer.

SUPPLEMENTAL MATERIAL

Supplemental material is available for this article.

ACKNOWLEDGMENTS

The authors thank S. Taylor and E. Tonkin for technical assistance;
R. Dickins (Australian Centre for Blood Disease, Monash
University) for p53.1224 shRNA; the Monash Genome
Modification Platform (MGMP) at Monash University for the gen-
eration of theAdar1L196Cfs (p.L196CfsX6) mice; Monash Antibody
Technology Facility (MATF) for purification of ADAR1 antibody
from hybridomas; Addgene for plasmid distribution; and
St. Vincent’s Hospital BioResource’s Centre for the care of exper-
imental animals. TheAdar1L196Cfsmutantmicewere produced via
CRISPR/Cas9 mediated genome editing by the Monash Genome
Modification Platform (MGMP), Monash University as a node of
Phenomics Australia. Phenomics Australia is supported by the
Australian Government Department of Education through the
National Collaborative Research Infrastructure Strategy, the
Super Science Initiative, and the Collaborative Research
Infrastructure Scheme. This work was supported by the National
Health and Medical Research Council (NHMRC; APP1183553 to
C.R.W. and J.E.H.-F.; APP1182453 to J.E.H.-F.); a Melbourne
Research Scholarship (to Z.L. from The University of Melbourne).
J.E.H.-F. is supported by a fellowship from 5point Foundation

Liang et al.

1334 RNA (2023) Vol. 29, No. 9

http://n2t.net/addgene:12260
http://n2t.net/addgene:12260
http://n2t.net/addgene:12260
http://n2t.net/addgene:12260
http://n2t.net/addgene:12260


and in part by the Victorian State Government Operational
Infrastructure Support Scheme to St. Vincent’s Institute.

Author contributions: J.E.H.-F. and C.R.W. conceptualized the
study. Z.L., J.E.H.-F., and C.R.W. designed the experiments.
Z.L., A.G., J.E.H.-F., and C.R.W. performed the experiments.
Z.L., J.E.H.-F., and C.R.W. wrote the manuscript, and all authors
reviewed and edited the manuscript. J.E.H.-F. and C.R.W. were
responsible for funding acquisition. J.E.H.-F. and C.R.W. provid-
ed supervision.

Received November 7, 2022; accepted May 9, 2023.

REFERENCES

Akashi K, Traver D, Miyamoto T, Weissman IL. 2000. A clonogenic
common myeloid progenitor that gives rise to all myeloid lineag-
es. Nature 404: 193–197. doi:10.1038/35004599

Bajad P, Ebner F, Amman F, Szabo B, Kapoor U, Manjali G,
Hildebrandt A, JanisiwMP, JantschMF. 2020. An internal deletion
of ADAR rescued by MAVS deficiency leads to a minute pheno-
type.Nucleic Acids Res 48: 3286–3303. doi:10.1093/nar/gkaa025

Basilio C, Wahba AJ, Lengyel P, Speyer JF, Ochoa S. 1962. Synthetic
polynucleotides and the amino acid code. V. Proc Natl Acad Sci
48: 613–616. doi:10.1073/pnas.48.4.613

Bazak L, Haviv A, BarakM, Jacob-Hirsch J, Deng P, Zhang R, Isaacs FJ,
Rechavi G, Li JB, Eisenberg E, et al. 2014. A-to-I RNA editing oc-
curs at over a hundred million genomic sites, located in a majority
of human genes. Genome Res 24: 365–376. doi:10.1101/gr
.164749.113

Chalk AM, Taylor S, Heraud-Farlow JE, Walkley CR. 2019. The major-
ity of A-to-I RNA editing is not required for mammalian homeosta-
sis. Genome Biol 20: 268. doi:10.1186/s13059-019-1873-2

Chung H, Calis JJA, Wu X, Sun T, Yu Y, Sarbanes SL, Dao Thi VL,
Shilvock AR, Hoffmann HH, Rosenberg BR, et al. 2018. Human
ADAR1 prevents endogenous RNA from triggering translational
shutdown.Cell 172: 811–824.e14. doi:10.1016/j.cell.2017.12.038

Crow YJ, StetsonDB. 2022. The type I interferonopathies: 10 years on.
Nat Rev Immunol 22: 471–483. doi:10.1038/s41577-021-00633-9

de Reuver R, Dierick E, Wiernicki B, Staes K, Seys L, De Meester E,
Muyldermans T, Botzki A, Lambrecht BN, Van Nieuwerburgh F,
et al. 2021. ADAR1 interaction with Z-RNApromotes editing of en-
dogenous double-stranded RNA and prevents MDA5-dependent
immune activation. Cell Rep 36: 109500. doi:10.1016/j.celrep
.2021.109500

de Reuver R, Verdonck S, Dierick E, Nemegeer J, Hessmann E,
Ahmad S, Jans M, Blancke G, Van Nieuwerburgh F, Botzki A,
et al. 2022. ADAR1 prevents autoinflammation by suppressing
spontaneous ZBP1 activation. Nature 607: 784–789. doi:10
.1038/s41586-022-04974-w

Dickins RA, Hemann MT, Zilfou JT, Simpson DR, Ibarra I, Hannon GJ,
Lowe SW. 2005. Probing tumor phenotypes using stable and reg-
ulated synthetic microRNA precursors.Nat Genet 37: 1289–1295.
doi:10.1038/ng1651

Eisenberg E, Levanon EY. 2018. A-to-I RNA editing—immune protec-
tor and transcriptome diversifier. Nat Rev Genet 19: 473–490.
doi:10.1038/s41576-018-0006-1

Gannon HS, Zou T, Kiessling MK, Gao GF, Cai D, Choi PS, Ivan AP,
Buchumenski I, Berger AC, Goldstein JT, et al. 2018.
Identification of ADAR1 adenosine deaminase dependency in a
subset of cancer cells. Nat Commun 9: 5450. doi:10.1038/
s41467-018-07824-4

George CX, Wagner MV, Samuel CE. 2005. Expression of interferon-
inducible RNA adenosine deaminase ADAR1 during pathogen in-

fection and mouse embryo development involves tissue-selective
promoter utilization and alternative splicing. J Biol Chem 280:
15020–15028. doi:10.1074/jbc.M500476200

Guo X, Wiley CA, Steinman RA, Sheng Y, Ji B, Wang J, Zhang L,
Wang T, Zenatai M, Billiar TR, et al. 2021. Aicardi-Goutieres syn-
drome-associated mutation at ADAR1 gene locus activates innate
immune response in mouse brain. J Neuroinflammation 18: 169.
doi:10.1186/s12974-021-02217-9

Hartner JC, Schmittwolf C, Kispert A, Muller AM, Higuchi M,
Seeburg PH. 2004. Liver disintegration in the mouse embryo
caused by deficiency in the RNA-editing enzyme ADAR1. J Biol
Chem 279: 4894–4902. doi:10.1074/jbc.M311347200

Hartner JC, Walkley CR, Lu J, Orkin SH. 2009. ADAR1 is essential for
the maintenance of hematopoiesis and suppression of interferon
signaling. Nat Immunol 10: 109–115. doi:10.1038/ni.1680

Heraud-Farlow JE, Chalk AM, Linder SE, Li Q, Taylor S, White JM,
Pang L, Liddicoat BJ, Gupte A, Li JB, et al. 2017. Protein recoding
by ADAR1-mediated RNAediting is not essential for normal devel-
opment and homeostasis. Genome Biol 18: 166. doi:10.1186/
s13059-017-1301-4

Herbert A, Lowenhaupt K, Spitzner J, Rich A. 1995. Double-stranded
RNA adenosine deaminase binds Z-DNA in vitro. Nucleic Acids
Symp Ser 33: 16–19.

Herbert A, Schade M, Lowenhaupt K, Alfken J, Schwartz T,
Shlyakhtenko LS, Lyubchenko YL, Rich A. 1998. The Zalpha
domain from human ADAR1 binds to the Z-DNA conformer of
many different sequences. Nucleic Acids Res 26: 3486–3493.
doi:10.1093/nar/26.15.3486

Higuchi M, Single FN, Kohler M, Sommer B, Sprengel R, Seeburg PH.
1993. RNA editing of AMPA receptor subunit GluR-B: a base-
paired intron–exon structure determines position and efficiency.
Cell 75: 1361–1370. doi:10.1016/0092-8674(93)90622-W

Higuchi M, Maas S, Single FN, Hartner J, Rozov A, Burnashev N,
Feldmeyer D, Sprengel R, Seeburg PH. 2000. Point mutation in
an AMPA receptor gene rescues lethality in mice deficient in the
RNA-editing enzyme ADAR2. Nature 406: 78–81. doi:10.1038/
35017558

Hu S-B, Heraud-Farlow J, Sun T, Liang Z, Goradia A, Taylor S,
Walkley CR, Li JB. 2023. ADAR1p150 prevents MDA5 and PKR ac-
tivation via distinct mechanisms to avert fatal autoinflammation.
bioRxiv doi: 10.1101/2023.1101.1125.525475

Hubbard NW, Ames JM, Maurano M, Chu LH, Somfleth KY,
Gokhale NS, Werner M, Snyder JM, Lichauco K, Savan R, et al.
2022. ADAR1 mutation causes ZBP1-dependent immunopatholo-
gy. Nature 607: 769–775. doi:10.1038/s41586-022-04896-7

Hsiao YE, Bahn JH, Yang Y, Lin X, Tran S, Yang EW, Quinones-
Valdez G, Xiao X. 2018. RNA editing in nascent RNA affects pre-
mRNA splicing. Genome Res 28: 812–823. doi:10.1101/gr
.231209.117

Jain M, Jantsch MF, Licht K. 2019. The editor’s I on disease develop-
ment. Trends Genet 35: 903–913. doi:10.1016/j.tig.2019.09.004

Jiao H, Wachsmuth L, Wolf S, Lohmann J, Nagata M, Kaya GG,
Oikonomou N, Kondylis V, Rogg M, Diebold M, et al. 2022.
ADAR1 averts fatal type I interferon induction by ZBP1. Nature
607: 776–783. doi:10.1038/s41586-022-04878-9

Kim JI, Nakahama T, Yamasaki R, Costa Cruz PH, Vongpipatana T,
InoueM, KanouN, Xing Y, TodoH, Shibuya T, et al. 2021. RNA ed-
iting at a limited number of sites is sufficient to prevent MDA5 ac-
tivation in the mouse brain. PLoS Genet 17: e1009516. doi:10
.1371/journal.pgen.1009516

Koulnis M, Pop R, Porpiglia E, Shearstone JR, Hidalgo D,
SocolovskyM. 2011. Identification and analysis of mouse erythroid
progenitors using the CD71/TER119 flow-cytometric assay. J Vis
Exp 2809. doi:10.3791/2809-v

ADAR1p150 is essential for normal development

www.rnajournal.org 1335



Levin D, London IM. 1978. Regulation of protein synthesis: activation
by double-stranded RNA of a protein kinase that phosphorylates
eukaryotic initiation factor 2. Proc Natl Acad Sci 75: 1121–1125.
doi:10.1073/pnas.75.3.1121

Li Z, Wolff KC, Samuel CE. 2010. RNA adenosine deaminase ADAR1
deficiency leads to increased activation of protein kinase PKR and
reduced vesicular stomatitis virus growth following interferon treat-
ment. Virology 396: 316–322. doi:10.1016/j.virol.2009.10.026

Li Y, Banerjee S, Goldstein SA, Dong B, Gaughan C, Rath S,
Donovan J, Korennykh A, Silverman RH, Weiss SR. 2017.
Ribonuclease L mediates the cell-lethal phenotype of double-
stranded RNA editing enzyme ADAR1 deficiency in a human cell
line. Elife 6: e25687. doi:10.7554/eLife.25687

Li Q, Gloudemans MJ, Geisinger JM, Fan B, Aguet F, Sun T,
Ramaswami G, Li YI, Ma JB, Pritchard JK, et al. 2022. RNA editing
underlies genetic risk of common inflammatory diseases. Nature
608: 569–577. doi:10.1038/s41586-022-05052-x

Liang Z, Chalk AM, Taylor S, Goradia A, Heraud-Farlow JE,
Walkley CR. 2023. The phenotype of the most common human
ADAR1p150 Zα mutation P193A in mice is partially penetrant.
EMBO Rep 24: e55835. doi:10.15252/embr.202255835

Licht K, Hartl M, Amman F, Anrather D, Janisiw MP, Jantsch MF.
2019a. Inosine induces context-dependent recoding and transla-
tional stalling. Nucleic Acids Res 47: 3–14. doi:10.1093/nar/
gky1163

Licht K, Kapoor U, Amman F, Picardi E, Martin D, Bajad P, JantschMF.
2019b. A high resolution A-to-I editing map in the mouse identi-
fies editing events controlled by pre-mRNA splicing. Genome
Res 29: 1453–1463. doi:10.1101/gr.242636.118

Liddicoat BJ, Piskol R, Chalk AM, Ramaswami G, Higuchi M,
Hartner JC, Li JB, Seeburg PH, Walkley CR. 2015. RNA
editing by ADAR1 prevents MDA5 sensing of endogenous
dsRNA as nonself. Science 349: 1115–1120. doi:10.1126/sci
ence.aac7049

Liddicoat BJ, Hartner JC, Piskol R, Ramaswami G, Chalk AM,
Kingsley PD, Sankaran VG, Wall M, Purton LE, Seeburg PH, et al.
2016. Adenosine-to-inosine RNA editing by ADAR1 is essential
for normal murine erythropoiesis. Exp Hematol 44: 947–963.
doi:10.1016/j.exphem.2016.06.250

Mannion NM, Greenwood SM, Young R, Cox S, Brindle J, Read D,
Nellaker C, Vesely C, Ponting CP, McLaughlin PJ, et al. 2014. The
RNA-editing enzyme ADAR1 controls innate immune responses to
RNA. Cell Rep 9: 1482–1494. doi:10.1016/j.celrep.2014.10.041

Martin FH, Castro MM, Aboul-ela F, Tinoco I Jr. 1985. Base pairing in-
volving deoxyinosine: implications for probe design. Nucleic
Acids Res 13: 8927–8938. doi:10.1093/nar/13.24.8927

Matthaei KI, Frese M, Hill CE. 2011. Is the p150 isoform of the RNA
editing enzyme adenosine deaminase 1 really responsible for em-
bryonic lethality? Proc Natl Acad Sci 108: E43; author reply E44.
doi:10.1073/pnas.1100419108

Maurano M, Snyder JM, Connelly C, Henao-Mejia J, Sidrauski C,
Stetson DB. 2021. Protein kinase R and the integrated stress re-
sponse drive immunopathology caused by mutations in the RNA
deaminase ADAR1. Immunity 54: 1948–1960.e5. doi:10.1016/j
.immuni.2021.07.001

Mendez Ruiz SM, Chalk AM, Goradia A, Heraud-Farlow J,Walkley CR.
2023.Over-expression of ADAR1 inmice does not initiate or accel-
erate cancer formation in vivo. NAR Cancer 5: zcad023.
doi:10.1093/narcan/zcad023

Nakahama T, Kawahara Y. 2021. Deciphering the biological signifi-
cance of ADAR1–Z-RNA interactions. Int J Mol Sci 22: 11435.
doi:10.3390/ijms222111435

Nakahama T, Kato Y, Kim JI, Vongpipatana T, Suzuki Y, Walkley CR,
Kawahara Y. 2018. ADAR1-mediated RNA editing is required for

thymic self-tolerance and inhibition of autoimmunity. EMBO Rep
19: e46303. doi:10.15252/embr.201846303

Nakahama T, Kato Y, Shibuya T, Inoue M, Kim JI, Vongpipatana T,
Todo H, Xing Y, Kawahara Y. 2021. Mutations in the adenosine
deaminase ADAR1 that prevent endogenous Z-RNA binding in-
duce Aicardi-Goutieres-syndrome-like encephalopathy.
Immunity 54: 1976–1988.e7. doi:10.1016/j.immuni.2021.08.022

Oguro H, Ding L, Morrison SJ. 2013. SLAM family markers resolve
functionally distinct subpopulations of hematopoietic stem cells
and multipotent progenitors. Cell Stem Cell 13: 102–116. doi:10
.1016/j.stem.2013.05.014

Pestal K, Funk CC, Snyder JM, Price ND, Treuting PM, Stetson DB.
2015. Isoforms of RNA-editing enzyme ADAR1 independently
control nucleic acid sensor MDA5-driven autoimmunity and mul-
ti-organ development. Immunity 43: 933–944. doi:10.1016/j
.immuni.2015.11.001

Pfaller CK, Donohue RC, Nersisyan S, Brodsky L, Cattaneo R. 2018.
Extensive editing of cellular and viral double-stranded RNA struc-
tures accounts for innate immunity suppression and the proviral ac-
tivity of ADAR1p150. PLoS Biol 16: e2006577. doi:10.1371/
journal.pbio.2006577

Picardi E, Manzari C, Mastropasqua F, Aiello I, D’Erchia AM, Pesole G.
2015. Profiling RNA editing in human tissues: towards the inosi-
nome Atlas. Sci Rep 5: 14941. doi:10.1038/srep14941

Pietras EM, Reynaud D, Kang YA, Carlin D, Calero-Nieto FJ,
Leavitt AD, Stuart JM, Gottgens B, Passegue E. 2015.
Functionally distinct subsets of lineage-biased multipotent
progenitors control blood production in normal and regenerative
conditions. Cell Stem Cell 17: 35–46. doi:10.1016/j.stem.2015.05
.003

Rice GI, Kasher PR, Forte GM, Mannion NM, Greenwood SM,
Szynkiewicz M, Dickerson JE, Bhaskar SS, Zampini M, Briggs TA,
et al. 2012. Mutations in ADAR1 cause Aicardi-Goutieres syn-
drome associated with a type I interferon signature. Nat Genet
44: 1243–1248. doi:10.1038/ng.2414

Rice GI, Kitabayashi N, Barth M, Briggs TA, Burton ACE,
Carpanelli ML, Cerisola AM, Colson C, Dale RC, Danti FR, et al.
2017. Genetic, phenotypic, and interferon biomarker status in
ADAR1-related neurological disease. Neuropediatrics 48: 166–
184. doi:10.1055/s-0037-1601449

Samuel CE. 2011. Adenosine deaminases acting on RNA (ADARs) are
both antiviral and proviral. Virology 411: 180–193. doi:10.1016/j
.virol.2010.12.004

Samuel CE. 2019. Adenosine deaminase acting on RNA (ADAR1), a
suppressor of double-stranded RNA-triggered innate immune re-
sponses. J Biol Chem 294: 1710–1720. doi:10.1074/jbc.TM118
.004166

Scacheri PC, Crabtree JS, Novotny EA, Garrett-Beal L, Chen A,
Edgemon KA, Marx SJ, Spiegel AM, Chandrasekharappa SC,
Collins FS. 2001. Bidirectional transcriptional activity of PGK-neo-
mycin and unexpected embryonic lethality in heterozygote chime-
ric knockout mice. Genesis 30: 259–263. doi:10.1002/gene.1072

Schlee M, Hartmann G. 2016. Discriminating self from non-self in nu-
cleic acid sensing.Nat Rev Immunol 16: 566–580. doi:10.1038/nri
.2016.78

Singbrant S, Russell MR, Jovic T, Liddicoat B, Izon DJ, Purton LE,
Sims NA, Martin TJ, Sankaran VG, Walkley CR. 2011.
Erythropoietin couples erythropoiesis, B-lymphopoiesis, and
bone homeostasis within the bone marrow microenvironment.
Blood 117: 5631–5642. doi:10.1182/blood-2010-11-320564

Smeets MF, DeLuca E, Wall M, Quach JM, Chalk AM, Deans AJ,
Heierhorst J, Purton LE, Izon DJ, Walkley CR. 2014. The
Rothmund-Thomson syndrome helicase RECQL4 is essential for
hematopoiesis. J Clin Invest 124: 3551–3565. doi:10.1172/
JCI75334

Liang et al.

1336 RNA (2023) Vol. 29, No. 9



Smeets MF, Tan SY, Xu JJ, Anande G, Unnikrishnan A, Chalk AM,
Taylor SR, Pimanda JE,Wall M, Purton LE, et al. 2018. Srsf2P95H ini-
tiates myeloid bias and myelodysplastic/myeloproliferative syn-
drome from hemopoietic stem cells. Blood 132: 608–621.
doi:10.1182/blood-2018-04-845602

Socolovsky M, Nam H, Fleming MD, Haase VH, Brugnara C,
Lodish HF. 2001. Ineffective erythropoiesis in Stat5a−/−5b−/−

mice due to decreased survival of early erythroblasts. Blood 98:
3261–3273. doi:10.1182/blood.V98.12.3261

Steinman RA, Wang Q. 2011. ADAR1 isoform involvement in embry-
onic lethality. Proc Natl Acad Sci 108: E199; author reply E200.
doi:10.1073/pnas.1105004108

Sun T, Yu Y, Wu X, Acevedo A, Luo JD, Wang J, Schneider WM,
Hurwitz B, Rosenberg BR, Chung H, et al. 2021. Decoupling ex-
pression and editing preferences of ADAR1 p150 and p110 iso-
forms. Proc Natl Acad Sci 118: e2021757118. doi:10.1073/pnas
.2021757118

Tan MH, Li Q, Shanmugam R, Piskol R, Kohler J, Young AN, Liu KI,
Zhang R, Ramaswami G, Ariyoshi K, et al. 2017. Dynamic land-
scape and regulation of RNA editing in mammals. Nature 550:
249–254. doi:10.1038/nature24041

Upton JW, Kaiser WJ, Mocarski ES. 2019. DAI/ZBP1/DLM-1 complex-
es with RIP3 tomediate virus-induced programmed necrosis that is
targeted by murine cytomegalovirus vIRA. Cell Host Microbe 26:
564. doi:10.1016/j.chom.2019.09.004

Ventura A, Kirsch DG, McLaughlin ME, Tuveson DA, Grimm J,
Lintault L, Newman J, Reczek EE, Weissleder R, Jacks T. 2007.
Restoration of p53 function leads to tumour regression in vivo.
Nature 445: 661–665. doi:10.1038/nature05541

Walkley CR, Li JB. 2017. Rewriting the transcriptome: adenosine-to-
inosine RNA editing by ADARs. Genome Biol 18: 205. doi:10
.1186/s13059-017-1347-3

Wang Q, Miyakoda M, Yang W, Khillan J, Stachura DL, Weiss MJ,
Nishikura K. 2004. Stress-induced apoptosis associated with null
mutation of ADAR1 RNA editing deaminase gene. J Biol Chem
279: 4952–4961. doi:10.1074/jbc.M310162200

Ward SV, George CX, Samuel CE, Oldstone MB. 2011a. Reply to
Matthaei et al.: The p150 isoform of the RNA editing enzyme
adenosine deaminase 1 is required for embryogenesis. Proc Natl
Acad Sci 108: E44. doi:10.1073/pnas.1101560108

Ward SV, George CX, Samuel CE, Oldstone MB. 2011b. Reply to
Steinman and Wang: Involvement of the p150 isoform of the
RNA editing enzyme ADAR1 in embryonic lethality. Proc Natl
Acad Sci 108: E200. doi:10.1073/pnas.1105352108

Ward SV, George CX, Welch MJ, Liou LY, Hahm B, Lewicki H, de la
Torre JC, Samuel CE, Oldstone MB. 2011c. RNA editing enzyme
adenosine deaminase is a restriction factor for controlling measles
virus replication that also is required for embryogenesis. Proc Natl
Acad Sci 108: 331–336. doi:10.1073/pnas.1017241108

Wong SK, Sato S, Lazinski DW. 2003. Elevated activity of the large
form of ADAR1 in vivo: very efficient RNA editing occurs in the cy-
toplasm. RNA 9: 586–598. doi:10.1261/rna.5160403

Zhang T, Yin C, Boyd DF, Quarato G, Ingram JP, Shubina M,
Ragan KB, Ishizuka T, Crawford JC, Tummers B, et al. 2020.
Influenza virus Z-RNAs induce ZBP1-mediated necroptosis. Cell
180: 1115–1129.e13. doi:10.1016/j.cell.2020.02.050

Zhang T, Yin C, Fedorov A, Qiao L, Bao H, Beknazarov N, Wang S,
Gautam A, Williams RM, Crawford JC, et al. 2022. ADAR1 masks
the cancer immunotherapeutic promise of ZBP1-driven necropto-
sis. Nature 606: 594–602. doi:10.1038/s41586-022-04753-7

Zhou A, Hassel BA, Silverman RH. 1993. Expression cloning of 2-5A-
dependent RNAase: a uniquely regulated mediator of interferon
action. Cell 72: 753–765. doi:10.1016/0092-8674(93)90403-D

MEET THE FIRST AUTHOR

Zhen Liang

Meet the First Author(s) is an editorial feature within RNA, in
which the first author(s) of research-based papers in each issue
have the opportunity to introduce themselves and their work
to readers of RNA and the RNA research community. Zhen
Liang is the first author of this paper, “Generation of a new
Adar1p150−/− mouse demonstrates isoform-specific roles in
embryonic development and adult homeostasis.” Zhen is a
PhD student at the Cancer and RNA Biology laboratory of
St. Vincent’s Institute of Medical Research and the University

of Melbourne. Her current research focuses on how mutations
in an RNA editing enzymeADAR1 can lead to the development
of disease and the physiological requirements of ADAR1 in nor-
mal development.

What are the major results described in your paper and how
do they impact this branch of the field?

The major results described in our paper highlight the crucial role
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deaminase acting on RNA 1 (ADAR1) in regulating the innate im-
mune response. We characterized a specific knockout mouse
model lacking the ADAR1p150 isoform of ADAR1 without com-
promising the expression of nuclear expressed ADAR1p110. The
germline loss of ADAR1p150 led to cell death in the fetal liver, ac-
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tool for further investigating the functional differences between
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