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Abstract

The CRISPR/Cas13b system has been demonstrated as a robust tool for versatile RNA studies
and relevant applications. New strategies enabling precise control of Cas13b/dCas13b activities
and minimal interference with native RNA activities will further facilitate the understanding and
regulation of RNA functions. Here, we engineered a split Cas13b system that can be conditionally
activated and deactivated under the induction of abscisic acid (ABA), which achieved the
downregulation of endogenous RNAs in dosage- and time-dependent manners. Furthermore, an
ABA inducible split dCas13b system was generated to achieve temporally-controlled deposition
of mBA at specific sites on cellular RNASs through conditional assembly and disassembly of split
dCas13b fusion proteins. We also showed that the activities of split Cas13b/dCas13b systems can
be modulated by light via using a photoactivatable ABA derivative. Overall, these split Cas13b/
dCas13b platforms expand the existing repertoire of the CRISPR and RNA regulation toolkit to
achieve targeted manipulation of RNAs in native cellular environments with minimal functional
disruption to these endogenous RNAs.
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Clustered regularly interspaced short palindromic repeats (CRISPR), originated from the

adaptive immunity systems in the bacteria and archaea,1~2 have been reprogrammed for
various biological applications with different CRISPR associated (Cas) proteins and the
corresponding single guide RNA (sgRNA).3-10 For example, Cas9 and Cas12a systems
have been extensively utilized for genome editing, while their nuclease-inactive version
(dCas9 and dCasl12a) have been used to recruit various effectors to specific genome
loci for desired purposes.5—¢ 11-13 RNA-targeting CRISPR systems have also been
discovered, including the Cas13 subfamily, which have been used for RNA silencing

and detection.14-17 Moreover, nuclease-inactive Cas13 (dCas13) have been employed in

different applications, including RNA imaging, splicing control and the editing of RNA

bases or posttranscriptional modifications (e.g., N6-methyladenosine, méA).8-10. 16. 18-22 ¢
offer precise spatiotemporal controls of CRISPR activities, which can be crucial for studying

the associated biological activities within the dynamically changing cellular contexts,
conditional CRISPR methods regulated by small molecules, light or magnet have been

reported. 12 23-29

One concern regarding the CRISPR systems is the bulky size of Cas proteins. Besides
the challenges for their /in vivo delivery, it has been shown that the bulky Cas proteins
can impede endogenous cellular processes through steric interference.39-31 The steric
disruptions can be a critical concern for RNA studies, as bulky Cas fusion proteins

may interfere with the native functions of the bound RNAs in unexpected ways.

For example, it can alter their 3-dimensional structures/conformations, or disrupt their
interactions with various endogenous RNA-binding proteins (RBPs) and heterogeneous
nuclear ribonucleoproteins (hnRNPSs), which are vital for carrying out their biological
activities.32-3 This drawback limits the wider applications of RNA-targeting CRISPR

systems for purposes other than RNA suppression or detection. To overcome the size-related
limitations of CRISPR-based RNA targeting system, a modular CRISPR-Cas-inspired RNA-
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targeting system (CIRTS) has been reported, which uses a much smaller RNA-targeting
protein component engineered from the human protein parts.36 In addition, the small
molecule inducible CIRTS system has been developed to provide temporal control of the
targeted RNA manipulation.3” Although the CIRTS system reduces the steric interference by
employing a protein that is much smaller than the Cas proteins, the constitutive binding of
CIRTS fusion proteins on target RNAs can still be an issue in certain applications.

To introduce a new temporally-controlled CRISPR-Cas13b technology and address the
critical issue of potential steric interference caused by dCas13b fusion proteins with

target RNAs, we engineered two inducible split Cas13b/dCas13b platforms, which allow
conditional assembly and disassembly of Cas13b/dCas13b complex under the control of
the abscisic acid (ABA)-based chemical induced proximity (CIP) system. We showed that
the split Cas13b-mediated RNA silencing can be rapidly induced upon ABA addition and
reversed after ABA removal. Moreover, we demonstrated that the same splitting strategy
can be applied to the nuclease-inactive Cas13b (dCas13b) to generate a split dCas13b-based
m®A editing platform. This m8A editing platform (i.e., split dCas13b-M3), incorporating

a mSA writer, methyltransferase-like 3 (METTL3),38-39 successfully achieved site-specific
mOA writing on target RNA transcripts in a time-dependent manner. Through studying the
kinetics of the inducible assembly and disassembly of the split dCas13b-M3 fragments,
we confirmed that the split dCas13b-M3 complex was only transiently reconstituted at

the targeted RNA locus for site-specific m8A writing in the presence of ABA and was
rapidly released from the target RNA after ABA removal. We observed that the artificially
deposited m8A persisted for an extended period after the split dCas13b-M3 fusion proteins
were released, which offers an ideal temporal widow to investigate m®A functions in its
native cellular environment without disruptions from the dCas13b complex. In addition, we
demonstrated that light can be introduced as an alternative trigger to control the activities
of split Cas13b/dCas13b system using a synthetic photoactivatable ABA derivative (ABA-
DMNB).#0 Taken together, we developed novel inducible split Cas13b/dCas13b systems,
regulated by both small molecules and light, which expanded the CRISPR toolkit for RNA
studies. The inducible and traceless m8A editing platform developed based on this strategy
provides a unique tool for unveiling m®A’s biological roles at specific RNA loci, while
maintaining minimal interference with the native functions of target RNAs.

Results and Discussions

Design of chemically inducible split PspCas13b

The split protein strategy offers a unique way to conditionally control the activities and
functions of chosen proteins with specific triggering signals.12- 41-44 Previous studies have
shown that Cas9 and Cas12a proteins can be split into two fragments and reconstituted

upon rapamycin-induced dimerization for targeted gene silencing.#3-44 We hypothesize that
the inducible assembly of split Cas13b can be achieved similarly. This inducible system

was designed by splitting PspCas13b protein into the N- and C-terminal fragments, which
were fused separately with PYL and ABI, two inducer-binding protein domains that can

be heterodimerized by ABA (Fig. 1). A suitable split PspCas13b pair should fulfill the
following requirements. First, neither of the two split protein fragments can bind the sgRNA
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by itself and target the RNA of interest. Second, these two fragments cannot self-assemble
effectively in the absence of ABA. Third, the intact and functional Cas13b can be efficiently
assembled from these split fragments upon ABA induction. Last, the reconstituted Cas13b
should be disassembled rapidly and released from the target RNA after ABA removal.

Screening and testing the chemically inducible split PspCas13b pair

To identify the optimal split site on PspCas13b to generate the inducible split Cas13b pair,
different split sites will be screened on the wild type PspCas13b based on its ribonuclease
activity. The reconstituted nuclease active Cas13b from the inactive halves under ABA
induction was expected to cleave the target RNA in the presence of sgRNA,; in contrast, no
assembly of the functional Cas13b should occur without ABA trigger, therefore, no RNA
cleavage should be observed (Fig. 1).

Because the crystal structure of PspCas13b is unknown, an alignment analysis using the
Phyre2 web portal#® was performed to predict PspCas13b structure by comparing its amino
acid sequences to those of PbuCas13b whose structure has been reported.46 Based on the
predicted structure of PspCas13b (or Cas13b hereafter), we chose 10 potential split sites
including the ones within the catalytic or sgRNA binding domains as well as some random
sites in the unstructured regions (Fig. S1). Accordingly, 10 pairs of plasmids expressing the
N-Cas13b-PYL and ABI-C-Cas13b tagged with HA and Flag separately were successfully
cloned (Fig. 2a).

Next, we tested the protein expression of these split Cas13b pairs in human embryonic
kidney 293T (HEK293T) cells. We found that all split protein fragments can be expressed
in cells, although at varied levels (Fig. S2). Then, we tested the RNA silencing efficiency
of all 10 split Cas13b pairs with the sgRNA targeting KRAS mRNA in HEK293T cells.
We observed that some split pairs reduced KRAS mRNA levels in cells treated with ABA
or DMSO (Fig. S3), indicating the spontaneous self-assembly of functional Cas13b from
these pairs. Other pairs failed to decrease KRAS mRNA levels even in the presence of
ABA, suggesting that these pairs cannot be assembled into a functional Cas13b upon ABA
induction. Out of the 10 pairs tested, the pair generated by splitting at amino acid 761 of
Cas13b resulted in the downregulation of KRAS mRNA only in the presence of ABA with
an efficiency comparable to that of the intact Cas13b, while ABA itself did not impact the
level of KRAS mRNA (Fig. 2b and Fig. S3). These results suggested that a chemically
inducible split Cas13b platform was successfully established by splitting at amino acid 761
of Cas13Db (i.e., split Cas13b-761).

To verify the physical interaction of two fragments of the split Cas13b-761 pair in the
presence of ABA, we transfected cells with N-Cas13b-PYL-HA and Flag-ABI-C-Cas13b
plasmids, followed by ABA or DMSO treatment. Cell lysates were then collected and
subjected to co-immunoprecipitation (co-1P) experiments. We found that when pulling
down the Flag-tagged C-terminal fragment, the HA-tagged N-terminal fragment can be co-
immunoprecipitated only when cells were treated with ABA (Fig. 2c), indicating that these
two fragments can physically associate only in the presence of ABA. Taken together, the
above mRNA silencing studies and co-IP experiments confirmed that the split Cas13b-761
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pair can be effectively assembled into a functional Cas13b to cleave the target RNA under
ABA induction.

Dosage and temporal controls of split Cas13b assembly and RNA cleavage induced by

ABA

We further investigated the dosage dependence and the time course of ABA-induced
RNA cleavage mediated by the split Cas13b-761 system. We observed a clear ABA
dosage-dependent downregulation of KRAS mRNA in cells treated with ABA at different
concentrations (Fig. S4). Moreover, the time-course study of the KRAS mRNA silencing
revealed that KRAS mRNA started to reduce as early as 2 h post ABA treatment

and continued to decrease during the 48 h-observation period (Fig. S5). These results
demonstrated that the activity of the split Cas13b system can be precisely controlled by
ABA in dosage- and time-dependent manners.

Disassembly of split Cas13b after ABA removal

The ABA-induced binding between ABI and PYL fusion proteins are readily reversible upon
ABA removal.1! 47 To investigate if the ABA-induced assembly of the Cas13b-761 pair can
be reversed after ABA removal, co-IP experiments were performed. Cells transfected with
the split Cas13b-761 pair were then treated with 100 pM of ABA for 24 h, followed by a
washing step (replacing with fresh media) to remove ABA. After another 24 h incubation,
cells were harvested for the co-IP study. We observed that while the HA-tagged N-terminal
fragment can be co-immunoprecipitated with the Flag-tagged C-terminal fragment in the
presence of ABA, this interaction was lost after ABA was removed (Fig. 2d).

Next, we investigated if the ABA removal can also lead to the reversal of RNA silencing.
After KRAS mRNA was knocked down by split Cas13-761 pair upon ABA induction, ABA
was removed and cells were harvested at different time points to determine KRAS mRNA
levels. We observed that the KRAS mRNA de-repressed over time after ABA withdrawal
and its level was fully restored after 9 h (Fig. 2e). These results showed that the RNA
silencing mediated by the inducible split Cas13b system can be reversed after removing
ABA. Overall, the findings from the co-1P and the RNA knock-down experiments suggested
that the reconstituted Cas13b fusion protein can be disassembled and detached from the
targeted RNA upon ABA removal.

Light-induced activation of the split Cas13b system

Besides small molecules, light has been shown as another triggering signal to manipulate the
activity of Cas protein.23: 28. 48 To enable the optical control of the split Cas13b platform,

a synthetic photo-caged ABA (ABA-DMNB) was used, which can be uncaged under light
irradiation and generate active ABA.%0 To test the light control of the split Cas13b-761
activity, cells were transfected with the split Cas13b-761 pair and sgRNA for 24 h, followed
by treatment of ABA, pre-cleaved ABA-DMNB and ABA-DMNB with or without light
exposure (365 nm light for 2 min). After another 24 h, cells were harvested to determine

the KRAS mRNA levels. In cells treated with ABA-DMNB, the downregulation of KRAS
mMRNA was only observed when cells were exposed to light (Fig. S6). These results
demonstrated that the light inducible split Cas13b platform was successfully developed.
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Engineering a split dCas13b-M3 system for inducible m6A writing

Encouraged by the results of the inducible split Cas13b system described above, we further
generated a catalytic inactive split dCas13b system. To demonstrate the utility of this
system, we applied this platform to achieve site-specific m®A editing. m6A is the most
prevalent chemical modifications in eukaryotic RNAs, which is dynamically regulated by
various mPA effectors in the cells.49-50. It is known that m®A can impact the RNA fate and
activities in a context-dependent manner.10: 51-54 Therefore, tools enabling programmable
mSA editing in transcript and site-specific manners will be invaluable for dissecting the
function of m8A. So far, several CRISPR dCas13-based methods have been reported, which
recruit different mBA effectors to specific RNA transcripts/loci to achieve targeted méA
editing.10. 21-22, 28-29, 55-56 However, in these methods, the bulky dCas13 fusion proteins
remain constitutively bound to the target RNAs, which can disrupt the interactions between
various endogenous effectors and these RNAs or the installed m8A modification. We
hypothesize that a split dCas13b-based m8A editing platform allowing conditional assembly
of the dCas13b fusion proteins on the target RNA can address this concern.

To develop an inducible and reversible “traceless” m®A editing system, a split dCas13b
protein pair was engineered by splitting the full length dCas13b (the H133A/H1058A
mutant of Cas13b) at amino acid 761. We cloned plasmids with the N-terminal fragment (1-
761 aa) of dCas13b fused to PYL and an HA tag, while the C-terminal fragment (762-1090
aa) was fused to Flag-tagged ABI and a truncated METTL3 without the RNA-binding motif
(Fig. 3a). It is expected that the assembly and disassembly of the split dCas13b-METTL3
(or split dCas13b-M3 hereafter) on the target RNA can be controlled by the addition and
removal of ABA to achieve inducible and reversible site-specific m6A writing (Fig. S7). The
expression of these split dCas13b-M3 fusion proteins was confirmed by western blotting
(Fig. S8). The ABA inducible m8A writing activity of the split dCas13b-M3 system was
tested at the A1216 site of ACTB mRNA in HEK293T cells, which was shown to be
amenable to m8A deposition.10: 29 We transfected cells with ACTB-targeting sgRNA and
the split dCas13b-M3. The non-split version of dCas13b-M3 and dCas13-PYL were used

as positive and negative controls. Cells were then treated with 100 uM ABA or DMSO

for another 24 h before harvested for subsequent methylated RNA immunoprecipitation
with anti-m8A antibody (m8A-MeRIP) and qPCR assays. We observed that méA levels

on ACTB mRNA increased only when ABA was added to cells transfected with the split
dCas13b-M3 system, and the elevated m6A level was comparable to that caused by intact
dCas13b-M3 (Fig. 3b). To confirm that the observed m8A writing occurred selectively on
the targeted ACTB mRNA, the mBA levels at other RNA loci (e.g., GAPDH A690, FOXM1
A3488/A3504, and SOX2 A1398/A1405 sites) not targeted by the ACTB sgRNA were also
quantified.2® As expected, we did not find the increase of m8A level at these sites (Fig. S9).
Taken together, these results suggested that the split dCas13b-M3 can be reconstituted into a
fully functional m8A writer for site-specific m6A writing under ABA induction.

ABA-dependent assembly of the split dCas13b-M3 on the target RNA

To further confirm that the assembly of the split dCas13b-M3 did occur at the targeted
RNA site upon ABA addition, we quantified the enrichments of the HA-tagged N-terminal
and Flag-tagged C-terminal of the split dCas13b-M3 at the targeted RNA locus by cross-
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linking immunoprecipitation (CLIP) and gPCR analyses. We found that neither the N- nor
C-terminal fragment of the split dCas13b-M3 was enriched at the target ACTB site in the
absence of ABA (Fig. 3c). However, both of them were significantly enriched at the target
RNA site upon ABA addition. These results confirmed that the split dCas13b-M3 were
assembled and localized at the targeted locus in an ABA-dependent manner.

m6A-dependent RNA destabilization via the split dCas13b-M3 controlled by ABA

The mBA at A1216 locus of ACTB mRNA has been reported to destabilize the mRNA.10 29
To confirm that the artificially installed m®A by the split dCas13b-M3 can lead to the same
biological outcome, cells were transfected with the split dCas13b-M3 and sgRNA, followed
by ABA or DMSO treatment. Then cells were treated with 5 pg/ml actinomycin D to inhibit
RNA synthesis before harvested to determine the mRNA level. As expected, the ACTB
mRNA level was significantly reduced only when cells were treated with ABA (Fig. 3d),
and the ABA-induced mRNA decrease was comparable to the destabilization caused by the
intact dCas13b-M3. These results confirmed that the m®A deposited by the inducible split
dCas13b-M3 platform was biologically relevant and can regulate the fate of target RNA
under ABA control.

Customizable mSA writing for different RNAs using the inducible split dCas13b-M3

platform

To demonstrate that this inducible split dCas13b-based m®A writing platform can be applied
to edit mBA on other RNAs, we designed a new sgRNA to target the A1398/A1405 area of
SOX2 mRNA by switching the spacer sequence in ACTB sgRNA.2% We observed that the
mBA level at the A1398/A1405 sites on SOX2 mMRNA increased only when ABA was added
to cells transfected with the split dCas13b-M3 and SOX2 sgRNA (Fig. 3e). This increased
level was comparable to the mBA increase caused by intact dCas13b-M3. To further confirm
that the m6A writing occurred selectively at SOX2 mRNA, we examined the m8A levels

on other RNA loci not targeted by the SOX2 sgRNA and found no obvious changes of

mOA levels at those loci (Fig. S10). These results demonstrated that the inducible split
dCas13b-M3 platform can be easily tailored to achieve site-specific m8A modification on
different RNAs by customizing the sgRNA spacer sequences.

Temporal control on the assembly of split dCas13b-M3 and m®A writing

To characterize the kinetics of split dCas13b-M3 assembly and the m6A writing as well as
its biological impact in response to ABA induction, we investigated the recruitment of each
half of the split dCas13b-M3 and the m8A level at the A1216 locus on ACTB mRNA as well
as the m8A-mediated RNA destabilization in time-course experiments after ABA addition.
We found that both fragments of the split dCas13b-M3 were significantly enriched at the
targeted site as early as 1 h post ABA treatment. Such enrichment continued to increase
gradually within 24 h (Fig. 4a and 4b). Correspondingly, we observed a significant increase
of the m®A level within 1 h after ABA addition and its level increased in a time-dependent
manner (Fig. 4c), which correlated well with the kinetics of the split dCas13b-M3 assembly.
Moreover, we found that the destabilization of ACTB mRNA mediated by m®A occurred
rapidly after 3 h post ABA treatment, and the mRNA level continued to decrease over

time (Fig. 4d). Taken together, the inducible split dCas13b-M3 platform enabled rapid and
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temporal control of the site-specific m®A deposition and the induced biological impact on
target RNA.

Reversibility and kinetics of the split dCas13b-M3 mediated mSA writing

To investigate the reversibility of the inducible split dCas13b-M3 system, the enrichment
of the split dCas13b-M3 fragments and the corresponding m6A level on ACTB mRNA
after ABA withdrawal were studied. We found that the abundance of both fragments at the
A1216 region of ACTB mRNA decreased rapidly and significantly within 1 h after ABA
removal and reached background levels after 3 h (Fig. 5a and 5b). Interestingly, the m6A
level reduced at a much slower pace after ABA removal, which returned to the background
level after 24 h (Fig. 5¢). The observed differential kinetics between the release of split
dCas13b-M3 from RNA and the decrease of installed m6A on RNA offers a wide temporal
window and an optimal opportunity to investigate m®A functions in a native environment
without the potential interference from the bulky dCas13b fusion protein.

Furthermore, the reversibility of the m8A-dependent ACTB mRNA destabilization was
investigated. We observed that the decreased ACTB mRNA level was restored after ABA
removal (Fig. 5d). These results suggested that the m®A-mediated biological effect regulated
by the split dCas13b-M3 was not only inducible but also reversible.

Light-controlled m®A writing through the split dCas13b-M3 platform

To validate the ABA-DMNB-mediated light control of the split dCas13b-M3 platform,

cells were transfected with split dCas13b-M3 and sgRNA for 24 h before treated with ABA-
DMNB and exposed to 365 nm light for 2 min. After another 24 h, cells were harvested

to test the light-inducible m8A writing at A1216 of ACTB mRNA. We observed that m®A
level was elevated only when cells were exposed to UV light (Fig. S11). These results
demonstrated that the light control of the split dCas13b-M3 platform can be successfully
achieved. As light has been broadly applied to provide spatiotemporal control of various
biological activities, the light-inducible split Cas13b/dCas13b system can potentially offer
spatial-specific RNA manipulation in suitable applications.

Conclusions

To expand the CRISPR toolkits and address the critical issue of steric interference with
target RNAs from dCas13b fusion proteins, we developed novel small molecule- and
light-regulated split Cas13b/dCas13b platforms with inducible and reversible assembly of
functional Cas13b/dCas13b complex to achieve conditional RNA silencing and site-specific
m®A editing on RNA. Through time course studies, we found that the assembly of functional
Cas13b and dCas13b-M3 occurred rapidly upon ABA addition and can be reversed after
ABA removal. Most interestingly, the observed release of dCas13b complex was much
faster than the diminishment of m6A on the target RNA, which can be essential for
studying the native cellular function of m8A modification without perturbation from the
bulky dCas13b proteins. Other approaches have also been reported to overcome the size
issue of Cas protein for targeted RNA manipulation, specifically the CIRTS system,36-37
which incorporates a much smaller protein component. The CIRTS-based methods have the
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advantages of small protein size and minimal immunogenicity, which are crucial properties
for /n vivo applications when compared to current CRISPR methods. However, both CIRTS
and existing CRISPR methods will have proteins components constitutively bound on the
target RNA. Although the split Cas13b/dCas13b platform shares similar RNA targeting
efficiency to the CIRTS and non-split Cas13b systems based on this study and previous
reports,36-37 the spatiotemporally controlled assembly and disassembly of the split Cas13b/
dCas13b alleviate the concerns of persistent protein binding and perturbation on targeted
RNAs. Therefore, this new split Cas13b/dCas13b method provides an alternative strategy
to minimize the unwanted interference with target RNAs introduced by current methods in
RNA studies. Taken together, we established unique inducible and reversible split Cas13b/
dCas13b systems for conditional RNA downregulation and traceless site-specific mfA
editing. We expect that these inducible split Cas13b/dCas13b systems will expand the utility
of RNA-targeting CRISPR system, which have a significant impact on understanding and
manipulating RNA in cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
The chemically inducible split PspCas13b platform. The N- and C-terminal of PspCas13b

are fused to PYL and ABI separately. The addition of ABA initiates the heterodimerization
of PYL and ABI, which induces the reconstitution of the functional PspCas13b protein from
its two fragments for RNA cleavage. When ABA is removed, the reconstituted PspCas13b
will be dissembled and released from the target RNA.
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Figure 2.

9 12 24
Tlme after ABA removal (h)

The development and validation of the ABA-inducible split Cas13b system. (a) The protein
domains of Cas13b and DNA constructs of the split Cas13b fusion protein. The arrows
indicate the 10 split sites to give each N- and C-terminal pair. The red arrow indicates the
amino acid 761 site. The N- and C-terminal fragments of Cas13b were sub-cloned into

the constructs as shown. (b) Downregulation of KRAS mRNA using the split Cas13b-761
pair with 100 uM ABA. (c) The ABA-dependent interaction of split Cas13b-761 fusion
proteins determined by the co-IP assay. (d) The interaction between the split Cas13b-761
pair after ABA removal determined by the co-IP assay. () The time-course of KRAS
MRNA silencing mediated by the split Cas13b-761 upon ABA withdrawn. The Flag-tagged
C-terminus of Cas13b fusion protein was pulled down and analyzed to detect its physical
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interaction with the HA-tagged N-terminus of Cas13b fusion protein by western blotting in
(c) and (d). Values and error bars in (b) and (e) represent the mean and s.e.m. of 5 or 3
independent biological experiments. The KRAS mRNA percentage changes were calculated
by normalizing to the results in the non-transfected and non-treated cells (Ctr). P values
were determined by one-way ANOVA.
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Figure 3.
Site-specific mSA writing by the ABA-inducible split dCas13b-M3 platform. (a) The DNA

constructs of split dCas13b-M3. (b) ABA-induced méA writing on A1216 of ACTB mRNA
by the split dCas13b-M3 platform. (c) ABA-dependent recruitment of the N- and C-terminal
of split dCas13b-M3 to the ACTB mRNA A1216 site. (d) Impact of the induced méA
writing on the stability of ACTB mRNA. (e) Targeted m8A writing at A1398/A1405 site of
SOX2 mRNA by the split dCas13b-M3 platform. All enrichment fold changes in (b) to (e)
were calculated by normalizing to the results from the condition using dCas13b-PYL with
sgRNA. Values and error bars represent the mean and s.e.m. of 3 independent biological
experiments. P values were determined by one-way ANOVA.
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Figure 4.

Kinetics of split dCas13b-M3 assembly-mediated m®A writing and the impact on RNA
stability induced by ABA. Enrichment of the HA-tagged N-terminal fragment (a) or the

Flag-tagged C-terminal fragment (b) of the split dCas13b-M3 on ACTB mRNA at different

time points after ABA addition. (c) The relative m®A level at A1216 of ACTB mRNA at
different time points after the ABA addition. (d) The time-course impact of m®A on the
stability of ACTB mRNA. All relative enrichment levels were calculated by normalizing
to the results from the group of dCas13b-PYL with sgRNA (Ctr). Values and error bars
represent the mean and s.e.m. of 3 independent biological experiments. P values were
determined by one-way ANOVA.
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Figureb.

Reversibility of the split dCas13b-M3-mediated mBA writing. The relative enrichment levels
of the HA-tagged N-terminal fragment (a) and the Flag-tagged C-terminal fragment (b) of
the split dCas13b-M3 on ACTB mRNA at different time points after ABA removal. (c) The
mOA level at the A1216 site of ACTB mRNA at different time points after ABA removal.

(d) Reversibility of mA-induced ACTB mRNA destabilization. All the relative enrichment
and mRNA levels were calculated by normalizing to results from the group of dCas13b-PYL
with sgRNA (Ctr). Values and error bars represent the mean and s.e.m. of 3 independent
biological experiments. P values were determined by one-way ANOVA.
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