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ABSTRACT

Synthetic messenger RNA (mRNA) has been focused
on as an emerging application for mRNA-based ther-
apies and vaccinations. Recently, synthetic circu-
lar RNAs (circRNAs) have shown promise as a hew
class of synthetic mRNA that enables superior sta-
bility and persistent gene expression in cells. How-
ever, translational control of circRNA remained chal-
lenging. Here, we develop ‘circRNA switches’ capa-
ble of controlling protein expression from circRNA
by sensing intracellular RNA or proteins. We de-
signed microRNA (miRNA) and protein-responsive
circRNA switches by inserting miRNA-binding or
protein-binding sequences into untranslated regions
(UTRs), or Coxsackievirus B3 Internal Ribosome En-
try Site (CVB3 IRES), respectively. Engineered circR-
NAs efficiently expressed reporter proteins without
inducing severe cell cytotoxicity and immunogenic-
ity, and responded to target miRNAs or proteins, con-
trolling translation levels from circRNA in a cell type-
specific manner. Moreover, we constructed circRNA-
based gene circuits that selectively activated trans-
lation by detecting endogenous miRNA, by connect-
ing miRNA and protein-responsive circRNAs. The de-
signed circRNA circuits performed better than the
linear mRNA-based circuits in terms of persistent ex-
pression levels. Synthetic circRNA devices provide
new insights into RNA engineering and have a po-
tential for RNA synthetic biology and therapies.

INTRODUCTION

Gene delivery using synthetic messenger RNA (mRNA) is
an effective method for transient gene expression, with a
reduced risk of genomic integration in the cell (1). One of
the limitations hindering its broader application for medi-
cal research is lower gene expression persistence caused by
its instability. To improve the stability and performance of

synthetic mRNA, substantial efforts have been made to en-
gineer new RNA structures and, in recent years, synthetic
circular RNAs (circRNAs) have shown promise as a new
class of synthetic mRNA with superior stability and persis-
tent gene expression (2-4).

Endogenous circRNAs are generated through back-
splicing (5). When first discovered, they were thought to
be products of splicing errors (6). However, they have since
been reported to be involved in various biological functions
as either protein-coding or non-coding RNA (7). Addition-
ally, these circRNAs resist exonuclease-mediated degrada-
tion as their covalent-closed loop structure lacks free 5" and
3’ ends. This common structural feature allows circRNAs to
exhibit a longer half-life than linear mRNAs in cells (7,8).

To expand the potential of mRNA therapeutics, it is im-
portant to produce desired outputs depending on the cell
state and reduce off-target effects in non-target cells and
tissues (9,10). Such ‘smart mRNA’ could be a useful tool
for cell type-specific gene regulation and future therapeutic
applications (11,12). Even before the function of endoge-
nous circRNAs was determined, there had been efforts to
adapt the circular structure to improve the stability of syn-
thetic RNAs (13,14). However, research in the field of cir-
cRNA is relatively early, and studies have mainly focused on
the methods of cyclization (3), the immunogenicity (15-18),
and the performance of translation (3,19). Design princi-
ples of circRNAs that sense intracellular conditions and au-
tonomously control their translation level remain unknown.
Defining these principles would be useful in the develop-
ment of therapies with suppressed off-target expression in
non-target cells, maximizing the therapeutic effect.

MicroRNAs (miRNAs) are small non-coding RNAs that
regulate protein expression from mRNAs via translational
repression and mRNA degradation (20). As the activity
of miRNAs differs among cell types, they can be used as
an indicator to distinguish between various cell types (21).
We have previously developed miRNA-responsive linear
mRNA (miRNA-responsive switch), which is composed of
a protein-coding sequence and an antisense sequence to the
target of the miRNA (anti-miR) at the untranslated region
(UTR), enabling the distinguishment of cell types based on
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endogenous miRNA activity. We have succeeded in regulat-
ing gene expression using miRNA-responsive switches in a
cell type-specific manner for various applications, including
cell purification derived from human pluripotent stem cells,
selective killing of cancer cells, and genome editing of target
cells (22-25). Notably, these miRNA-responsive switches
did not change the expression level of endogenous tar-
get miRNA and global gene expression patterns regulated
by miRNAs, indicating that perfect base-pairing between
miRNA and its antisense target induces mRNA cleavage
through siRNA-like pathways with the RNA-induced si-
lencing complex (RISC) (i.e. miRNA-responsive switches
do not function as a miRNA ‘sponge’) (22,25). Studies on
endogenous circRNAs suggested that circRNAs with par-
tially matched miRINA target sites have been reported as
potential miRNA sponges or inhibitors (26-28), whereas
circRNAs with a near-perfect miRNA target site undergo
degradation by sensing miRNA, much like linear mRNAs
(29). Therefore, to perform cell-type-specific protein expres-
sion from circRNA, we expected that miRNA-responsive
switch technology could be applied.

RNA-binding protein (RBP)-responsive mR NA switches
also allow the control of protein expression from linear
mRNAs in a cell-type-specific manner. In previous stud-
ies, protein-responsive switches have been designed to re-
press cap-dependent translation of linear mRNAs by in-
serting the protein-binding aptamer sequence at the 5'-UTR
(23,30,31). The virus-derived Internal Ribosome Entry Site
(IRES) can be used for designing translatable circRNA
(2,3), and its underlying translation mechanism and the
composition of its initiation factors are similar to those
of cap-dependent translation (32). We expected that IRES-
dependent translation could be controlled by RBPs, simi-
lar to the protein-responsive switches reported previously
(23,30,31). So far, endogenous circRNAs have been re-
ported to function as sponges or scaffolds for RBPs (33—
36), and synthetic circRNA devices have mimicked these
functions, only as RBP regulators or inhibitors (18,37,38).
In translatable circRNAs, no devices have been reported
in which RBPs regulate the translation of circRNA. Thus,
we aimed to investigate the design principles of protein-
responsive switches for cap-independent translation of cir-
cRNA.

Here we present a design strategy for developing syn-
thetic circRNA devices that control circRNA translation
in a cell type-specific manner by detecting target miRNAs
and RBPs (Figure 1). We designed miRNA- and RBP-
responsive circRNA switches by engineering the UTRs and
Coxsackievirus B3 (CVB3) IRES and constructed synthetic
circRNA circuits for RNA-only delivery. The designed cir-
cRNA circuits showed better expression level persistence
than linear mRNA-based circuits.

MATERIALS AND METHODS

Template plasmid construction for circRNA and linear
mRNA

All PCRs were performed by PrimeSTAR MAX DNA
polymerase (TaKaRa). After the template was digested
by Dpnl (TOYOBO) at 37°C for 30 min, PCR prod-
ucts were purified by QIAquick PCR Purification Kit
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(QIAGEN) or Monarch DNA Gel Extraction Kit (New
England Biolabs). To prepare template plasmids for
RNA, PCR products were cloned into PCR-linearized
pUCI9 vector by Gibson assembly using NEBuilder HiFi
DNA Assembly Master Mix (New England Biolabs) and
transformed to DynaCompetent Cells JetGiga Escherichia
coli DH5a (BioDynamics Laboratory). After culturing
Escherichia coli at 37°C for 8-16 h with 3 ml LB/Ampicillin
(Amp) media, plasmids were purified by NucleoSpin
Plasmid EasyPure (TaKaRa). For template plasmids for
internal polyA-containing circRNAs, the internal polyA
part was inserted and cloned by using synthetic ssDNA
has A120 mer with 20 nt overhang for assembling (5'-
ttGAATAAAGCCTGAGTAGGAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAGGCTATTATGCGTTACCGGC-
3’). Then, transformed E. coli was cultured with 50 ml
LB/Amp media, and plasmids were purified by PureYield
Plasmid Midiprep System (Promega). All plasmid se-
quences were checked by the Sanger sequencing method
using BigDye Terminator v3.1 Cycle Sequencing Kit
(Thermo Fisher Scientific) and 3500xL Genetic Analyzer
(Thermo Fisher Scientific).

Synthesis and purification of circRNA and linear mRNA

DNA templates for in vitro transcription (IVT) were ampli-
fied from template plasmids using PrimeSTAR MAX DNA
polymerase (TaKaRa). After the template plasmid was di-
gested by Dpnl (TOYOBO) at 37°C for 30 min, PCR prod-
ucts were purified by QIAquick PCR Purification Kit (QI-
AGEN). For IVT templates for internal polyA-containing
circRNAs, template plasmids were linearized by EcoRI-HF
(New England Biolabs) or BamHI-HF (New England Bio-
labs) and purified by Monarch PCR & DNA Cleanup Kit
(New England Biolabs).

Synthesis of mRNAs used the MEGAscript T7 Kit
(Thermo Fisher Scientific). For capped linear mRNA
synthesis, transcription was performed with 75 mM
Anti Reverse Cap Analog (TriLink BioTechnologies) or
G(5)ppp(5)A RNA Cap Structure Analog (A-cap) (New
England Biolabs Japan) in a GTP 4:1 solution. For modi-
fied base-containing circRNA and linear mRNA synthesis,
pseudouridine-5'-triphosphate (V) and 5-methylcytidine-
S'-triphosphate (m5C) or Nl-methylpseudouridine-5'-
triphosphate (m1W) (TriLink BioTechnologies) were used
instead of uridine triphosphate (U) and cytidine triphos-
phate (C). IVT reaction mixtures were incubated at 37°C
for up to 6 h and then mixed with TURBO DNase (Thermo
Fisher Scientific), and additionally incubated at 37°C for
30 min to remove the template DNA. The resulting RNAs
were purified by the Monarch RNA Cleanup Kit (New
England Biolabs). For circRNAs, they were incubated at
55°C with splicing buffer (50 mM Tris—HCI, 10 mM MgCl,,
I mM DTT, pH 7.5, 2 mM GTP) for 30 min and purified
again. Purified RNAs were subjected to 4% denaturing
polyacrylamide gel electrophoresis (PAGE) (8.3 M urea)
and subsequent elution from the gel by overnight incuba-
tion at 37°C with 200 rpm shaking in elution buffer (0.3 M

€202 Jaquieoa(] | | Uo Jasn AJisiaAlun 010AY ‘e1niisu| Jojoeay yolessay 10 Alelqi Aq 1Z85869/v28/1/ 1 S/a01e/leu/woo dno olwapeoe//:sdiy Woll papeojumoc]



PAGE 3 OF 15

A

* miRNA-responsive circRNA

miRNA target site
(complementary)

\

ON

<
%QQ
‘«z

_—

N

&

<
<o

Target miRNA

* Protein-responsive circRNA

ON Protein binding motif

(aptamer)

<
<SS

ribosome
B
ON OFF

ro- == N ro- == N\
[ mrna | !
1 1
| [ 1
| [ 1
| [ 1
1, [ 1

i il f |
: : » : | Protein |I
1 [ |
1 [ |
1 [ |
1 : 1 :
/| Output | Lo )
\ LI |
N e e - / N e e - /

miRNA + miRNA -

Target protein

target miRNA

Nucleic Acids Research, 2023, Vol. 51, No. 4 e24

Figure 1. Schematic illustrations of circRNA switches and circuits. (A) Design of miRNA or protein-responsive circRNA switch. miRNA-responsive
circRNA has the antisense of target miRNA sequence at the UTR. Protein-responsive circRNA has a protein-binding motif in IRES region. In both
systems, gene expression from circRNA is repressed if the target miRNA or protein is present. (B) Scheme of circRNA circuit composed of miRNA- and
protein-responsive circRNA switches. The first output (MS2CP or UIA protein) is encoded on a miRNA-responsive cirtcRNA switch, and the second
output (reporter protein) is encoded on a protein-responsive circRNA switch. In the OFF state (absence of input miRNAs), MS2CP or U1A protein
represses translation of the second output gene-coding circRNA. In ON state (presence of input miRNAs), the MS2CP or U1A translation is repressed
by the miRNAs, which leads to output translation.
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sodium acetate pH 5.2, 0.1% SDS). The eluted RNAs were
purified by phenol-chloroform extraction and precipitated
with isopropanol. After dissolving the RNA pellet in
nuclease- free water, RNAs were desalted using Amicon
Ultra 0.5 ml Centrifugal Filters Urtracel-50K (Millipore),
then incubated with Antarctic Phosphatase (New England
Biolabs) at 37°C for 30 min. Phosphatase-treated RNAs
were re-purified by phenol-chloroform extraction and
isopropanol-precipitation. In this study, all circRNAs and
linear mRNAs were purified from polyacrylamide gel,
except for linear mRNAs used in Figure 5C to screen the
appropriate variant. Concentrations of purified RNAs were
measured by NanoDrop2000 (Thermo Fisher Scientific)
and used in cellular experiments. All RNA sequences used
in this research are described in Supplementary Sequences.

shRNA preparation for U1A knockdown

For transcribing shRNAs, a single-strand DNA templates
(UlA-shRNA 5- CTGATCAAGAAGGATGAGCTAA
AAAAGCTATGCTCTTTTTTAGCTCATCCTTCTTG
ATCTATAGTGAGTCGTATTAGC-3, Control-shRNA
5" -CTGCCTAAGGTTAAGTCGCCCTCGCCTATGC
TGCGAGGGCGACTTAACCTTAGGCTATAGTGA
GTCGTATTAGC-3') were annealed to T7 forward primer
(5 -GCTAATACGACTCACTATAG-3'). Generated par-
tial double-stranded templates were transcribed by using
MEGAshortscript T7 Kit (Thermo Fisher Scientific). IVT
reaction mixtures were incubated at 37°C for 16 h and then
mixed with TURBO DNase (Thermo Fisher Scientific),
and additionally incubated at 37°C for 30 min to remove
the template DNA. After IVT and template removal,
shRNAs were purified by the same procedures described in
‘Synthesis and purification of circRNA and linear mRNA’
with 12% denaturing PAGE and isopropanol-precipitation
using Gene-Packman Coprecipitant (Nacalai Tesque).

The shRNA sequences (30) were as follows:

UlA-shRNA  5-GAUCAAGAAGGAUGAGCUAAA
AAAGAGCAUAGCUUUUUUAGCUCAUCCUUC
UUGAUCAG-%

Control-shRNA 5- GCCUAAGGUUAAGUCGCCCU
CGCAGCAUAGGCGAGGGCGACUUAACCUUA
GGCAG-%¥

Cell culture and RNA transfection

HEK?293FT (Invitrogen), HeLa CCL2 (ATCC) and A549
(RCB3677) cells were cultured in Dulbecco’s modified Ea-
gle’s medium (DMEM) 4.5 g/1 glucose (Nacalai Tesque)
supplemented with 10% fetal bovine serum (FBS) (Bio-
cera, Ireland Origin), 0.1 mM MEM non-essential amino
acids (Life Technologies), 2 mM L-glutamine (Life Tech-
nologies) and 1 mM sodium pyruvate (Nacalai Tesque). All
cell lines were cultured at 37°C with 5% CO,. All transfec-
tions were performed using Lipofectamine MessengerMAX
(Thermo Fisher Scientific) according to the manufacturer’s
protocol. RNAs were co-transfected with synthetic miRNA
mimics or inhibitors (Thermo Fisher Scientific) in the case
of miRNA-responsive switch experiments. In the case of the
RBP-responsive switch experiments, the target RBP was ex-
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pressed in cells by co-transfecting with RBP-coding mR-
NAs. The transfection condition details of each experiment
are shown in Supplementary Table S1.

RNase R digestion assay

2.5 pg of in vitro-transcribed RNAs (Circular EGFP
ApAAIRES) were incubated at 37°C with 10 U of RNase R
(Cosmo Bio) in a 10 pl mixture. After a 45 min incubation,
the mixture was subjected to 4 and 8% denaturing PAGE
(8.3 M urea), and then stained by SYBR Green II Nucleic
Acid Gel Stain (TaKaRa). Stained RNA was detected by
Typhoon FLA-7000 (GE Healthcare).

Splice junction sequencing

Circular EGFP ApAAIRES purified from denaturing
polyacrylamide gel was reverse transcribed using reverse
transcription primer (5-CCTACTCAGGCTTTATTCA
AAGACCAAG-3) and SuperScript IV Reverse Transcrip-
tase (Thermo Fisher Scientific). Reverse-transcribed cDNA
was used as a template for PCR using PrimeSTAR Max
DNA Polymerase (TaKaRa) with primer set for splice
junction amplification (Fwd: 5'-agctcgecgaccactaccageag
-3, Rev: 5'-gtagcggctgaagcactgeacg-3'). Amplified product
was purified by Monarch DNA Gel Extraction Kit (New
England Biolabs), and then sequenced by the same method
described in ‘“Template plasmid construction for mRNA’.

Flow cytometry and data analysis

HEK293FT, A549 (1.0 x 10 cells), and HeLa (0.5 x 10°
cells) cells were seeded onto 24-well plates 24 h before trans-
fection. All flow cytometry measurements were performed
24 h after the transfection using BD Accuri C6 (BD Bio-
sciences). Cells were washed with phosphate buffered saline
(PBS, Nacalai Tesque), trypsinized with 100 pl of 0.25%
Trypsin~EDTA (Thermo Fisher Scientific), and incubated
at 37°C for 5 min. After incubation, 150 pl of fresh medium
was added. Cells were transferred to a fresh microcentrifuge
tube passing through a nylon mesh. EGFP was detected
by FL1 (533/30nm, 99% attenuated), and iRFP670 was
detected by FL4 (675/25 nm) filters, respectively. Collected
data were analyzed using FlowJo 10.5.3 software. For data
analysis, gates were generated by using mock samples. Data
from the debris were removed when preparing forward ver-
sus side dot plots (FSC-A versus SSC-A). Then, events
on the chart edges in the dot plots of FL-1 versus FL-4
were removed. In the histogram where iRFP670-intensity
is displayed on the X-axis, the iIRFP670-positive (reference-
positive) gate was defined by a mock sample with 99.9%
cells outside the gate. In the following analysis, the mean
of EGFP+/iRFP670+ was used for calculation.

RT-qPCR analysis

For the RT-qPCR targeting immune response-related genes,
A549 (1.0 x 10° cells) cells were seeded onto 24-well plates
24 h before transfection. Then, cells were washed with 1 ml
of PBS and total RNA was extracted 24 h after transfec-
tion. To induce immune response-related genes, 200 ng of
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Polyinosinic-polycytidylic acid [Poly(I:C)] (Enzo Life Sci-
ences, Inc.) was transfected as a positive control. Total RNA
extraction was performed using TRIzol Reagent (Thermo
Fisher Scientific) and Monarch RNA Cleanup Kit (New
England Biolabs) according to the manufacturer’s protocol.
400 ng total RNA was used as a template for reverse tran-
scription performed using ReverTra Ace gPCR RT Master
Mix with gDNA Remover (TOYOBO) in a 10 pl reaction
mixture. All optional steps described in the kit manual were
applied.

For the RT-qPCR targeting synthetic linear mRNAs
and circRNAs (Supplementary Figures S2B and S4B),
HEK293FT (1.0 x 10° cells) cells were seeded onto 24-well
plates 24 h before transfection. Then, total RNA was ex-
tracted at each time point after transfection. Extracted to-
tal RNA was treated with TURBO DNase (Thermo Fisher
Scientific) and re-purified by Monarch RNA Cleanup Kit
(New England Biolabs) according to the manufacturer’s
protocol. Reverse transcription was performed using a
High-Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific) with 100 ng total RNA template and 20
wl reaction volume. In both cases, the synthesized cDNA
solution was diluted by nuclease-free water with 5-fold di-
lution. One pl of the diluted-cDNA solution was analyzed
by qPCR. The gPCR analysis was performed using THUN-
DERBIRD Next SYBR qPCR Mix (TOYOBO) with 20
wl reaction mixture and QuantStudio 3 Real-time PCR
Systems (Thermo Fisher Scientific) following the manufac-
turer’s protocol, with three steps reaction. Target mRNA
quantities were normalized by ATPSB mRNA. All gPCRs
were performed in technical duplicates and the averages of
Ct were processed to calculate relative expression levels us-
ing the ACt or AACt method. The primers for gPCR are
listed in Supplementary Table S2.

Western blot analysis

HEK293FT (1.0 x 10° cells) cells were seeded onto 24-well
plates 24 h before transfection. 24 h after transfection, cells
were washed with 1 ml of PBS and lysed in 50 wl of RIPA
buffer (Nacalai Tesque). The cell lysates were analyzed with
subsequent western blotting as previously performed (30).
The transferred membranes were incubated with specific
primary antibodies, Anti-SNRPA (Santa Cruz Biotechnol-
ogy, 200-fold dilution) and Anti-Enterobacterio Phage MS2
Coat Protein (Sigma-Aldrich, 5000-fold dilution), respec-
tively. Anti-GAPDH antibody (Santa Cruz Biotechnology)
was used at 500-fold dilution. Then, the blot was incu-
bated with secondary antibodies. Goat Anti-Mouse IgG
(H + L)-HRP conjugate (Bio-Rad) or Goat anti-Rabbit [gG
(H + L)-HRP conjugate (BIO-RAD) was used at 400-fold
dilution. All incubation steps were performed using iBind
Flex Western Device (Thermo Fisher Scientific). Detection
of the blot was performed with ECL Prime Western Blotting
Detection Reagent (GE Healthcare) and Amersham Image-
Quant 800 (Cytiva). The protein expression level was calcu-
lated from band intensities with ImageJ (NIH).

WST-1 assay

HEK293FT, A549 (2.0 x 10* cells) and HeLa (1.0 x 10*
cells) were seeded onto 96-well plates 24 h before transfec-
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tion. 24 h after transfection, 10 wl/well of WST-1 reagent
(Sigma-Aldrich) was added to the medium of each well, and
the plates were incubated for 1 h at 37°C. After the incuba-
tion, the absorbance of 440 and 620 nm was measured by
PE Envision 2104 Multilabel Reader (PerkinElmer).

Secreted luciferase assay

HEK293FT, A549 (1.5 x 10* cells) and HeLa (0.5 x 10*
cells) cells were seeded onto 24-well plates 24 h before
transfection. After transfection, culture media was har-
vested and replaced every 24 h up to 5 days (120 h) at
each time point. Culture media was harvested and re-
placed for 24-120 h after transfection at each time point.
Media was harvested into Protein LoBind tubes (Eppen-
dorf) and stored at —30°C. To detect bioluminescence from
Metridia Luciferase (MetLuc2), 50 pl of harvested media
was transferred into a Greiner LUMITRA 200 microplate
(Greiner), and then 10 pl of 0.5x substrate/reaction buffer
from Ready-To-Glow Secreted Luciferase Reporter Assay
(TaKaRa) was added by injector attached on a plate reader.
After 30s double orbit shaking with 3.0 mm diameter and
30s incubation delay, luminescence was detected by Centro
LB 960 (Berthold Technologies) with an integration time of
1 s. Normalized MetLuc activity was calculated by normal-
izing the MetLuc activity 24 h after transfection.

Statistical analysis

Statistical values including the exact n and statistical test
are reported in the figure legends. The levels of significance
are denoted as *P < 0.05, **P < 0.01 and ***P < 0.001.
N.S. means non-significant (0.05 < P). All statistical tests
were performed by Dunnett’s test, and two-tailed unpaired
Student’s or Welch’s t-test using R or Excel (Microsoft). The
type of z-test was determined by F-test.

RESULTS
Design and evaluation of synthetic circRNAs

Several strategies for in vitro mRNA cyclization have been
reported (39). We chose an engineered Permuted Intron-
Exon (PIE) Splicing system, which is an efficient circular-
ization method with no enzymatic treatment for long cir-
cRNA construction (3). We designed a circRNA construct
that had permuted split fragments of group I catalytic in-
trons corresponding to Anabaena pre-tRNA with homol-
ogy arms at both ends, and a CVB3 IRES upstream of the
open reading frame (ORF) (Figure 2A). The circRNA con-
struct with splice sites resulted in a migrated band expected
as a circular RNA in denaturing PAGE (Figure 2B), which
was confirmed to be circRNA through splice junction iden-
tification with ligated 5" and 3’ splice sites (Figure 2C). Re-
sistance to RNase R was confirmed by observing a band
of the migrated product of circRNA even after RNase R
treatment whereas other linear products were degraded by
the treatment (Figure 2D). RNA purification from poly-
acrylamide gels removed most of the impurities as reported
previously (3,16) (Supplementary Figure S1). These data in-
dicate that our construct generated circRNA products as
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Figure 2. circRNA construction by permuted intron-exon (PIE) splicing. (A) Schematic illustration of PIE splicing. (B) Denaturing PAGE gel images after
in vitro transcribed circRNA (ApA). DynaMarker RNA High (BioDynamics Laboratory) and Low Range ssRNA Ladder (NEB) were used as molecular
weight markers. In the 4% gel, 4 bands (Splice Site +) represented as linear products are predicted to be 3805, 2060, 1910 and 1745 nucleotides (nt) in length
from top to bottom. Linear product (Splice Site —) is predicted to be 2041 nt. In the 8% gel, bands at the bottom (Splice Site +) are predicted to contain
linear products after splicing (the predicted length is 164 and 151 nt). (C) Sanger sequencing result of RT-PCR amplifying splice junction. (D) Denaturing
PAGE gel images after RNase R treatment. In the 4% gel, four bands (RNase R —, Splice Site +) represented as linear products are predicted to be 2323,
1319, 1168 and 1004 nt in length from top to bottom. Linear product (Splice Site —) is predicted to be 1300 nt. Gel imaging experiments were repeated

independently, at least twice.

expected. Previous studies reported that such features are
unique in PIE Splicing-derived circRNA (3,18).

Next, we examined the translatability of synthesized cir-
cRNAs and the effect of circularization. We compared the
levels of protein production from circRNAs with those of
linear mRNAs (IinRNAs). Overall protein expression lev-
els from circRNAs and linRNAs were evaluated using re-

porter expression (EGFP) normalized by transfection con-
trol (1IRFP670). We prepared different types of RNA, in-
cluding four types of circRNAs with or without 120 nu-
cleotides of polyA (pA) sequences (circRNA + pA, cir-
cRNA ApA), without IRES (circRNA + pAAIRES, cir-
cRNA ApAAIRES), and three types of linRNAs (Linear
EGFP, Cap-EGFP) (Figure 3A).
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Figure 3. Comparison of reporter expression and immunogenicity. (A) Structure illustration of linear mRNAs and circRNAs used in these evaluations. All
mRNAs code EGFP as a reporter gene. (B) Comparison of reporter expression between circRNAs and linear mRNAs with the same sequence component.
0.3 pmol of each reporter mRNA and transfection control, iRFP670-coding mRNA were transfected. (C) Comparison of circRNAs and linear mRNAs
(Cap-EGFPs) without any other structural features corresponding to CVB3 IRES and self-splicing ribozyme. 0.3 pmol of each reporter EGFP-coding
mRNA and transfection control, iRFP670-coding mRNA were transfected. (D) Evaluation of immune response-related genes by RT-qPCR after 24 h
of transfection in A549 cells. 0.6 pmol of each mRNA was transfected. 200 ng poly I:C was transfected as a positive control. Levels of significance are
denoted as **P < 0.01, ***P < 0.001 (Dunnett’s test). N.S. (non-significant, P > 0.05) pairs were not denoted on the graph. (E) Evaluation of cytotoxicity
by WST-1 assay was performed with a 96-well format. 0.15 pmol of each mRNA was transfected. For toxic control, the cells were cultured in 1 pg/ml
(HEK293FT, HeLa) or 2 pg/ml (A549) puromycin for 1 day before the measurement. All data in this figure are presented as mean + SD, n = 3.
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First, we compared EGFP expression of circRNA and
linRNA with the same sequence components (UTR, CVB3
IRES, ribozyme-derived sequence, EGFP-coding region,
pA). circRNAs with IRES showed higher expression lev-
els than linRNAs in the three tested human cell lines
(HEK293FT, HelLa, A549) whereas circRNAs AIRES
did not activate translation (Figure 3B). Notably, cir-
cRNA + pA showed higher EGFP expression than IRES-
dependent linRNAs or circRNA ApA (Figure 3B, Supple-
mentary Figure S2A), confirming that the pA sequence en-
hances protein expression from circRNA. It has been re-
ported that pA or pAC spacer sequences inserted to the
vicinity of 5" and 3’, or only that of 5 intron fragments
in circRNA promote translation by interaction with eu-
karyotic translation initiation factor (eIF4G) and polyA-
binding protein (PABP), similar to the translation mech-
anism of linRNA (3,40,41). We assume that a similar ef-
fect was also observed when the 120-mer polyA sequence
used in the tail of our linRNA was inserted internally into
the circRNA (between the 3’ UTR and the 3’ intron frag-
ment). To investigate the stabilization of RNA by cycliza-
tion, we quantified the amount of residual circRNA and lin-
RNA by RT-qPCR. The relative levels of circRNA (Circu-
lar EGFP + pA) are higher than linRNA (Linear EGFP) at
8 and 24 h after transfection (Supplementary Figure S2B),
indicating that enhanced stability by cyclization is likely to
contribute to higher reporter expression.

We next compared the performance of circRNAs with
conventional cap-dependent linRNAs (Cap-EGFP) with
modified bases (m5C/{, mly; modRNAs). These base
modifications have been applied to synthetic mRNAs to
reduce immunogenicity and improve protein expression
(42-44). Although the protein expression level from cir-
cRNA + pA was lower than ml{s or native linRNA, it
showed a higher expression level than that from Cap-EGFP
with m5C/ys (Figure 3C, Supplementary Figure S2C). The
results indicate that the expression level from circRNA is
superior to that from linRNAs with the same sequence con-
text and cap-dependent modRNA with m5C/is.

We next investigated the effect of immunogenicity of
linRNAs or circRNA transfection by RT-qPCR (Figure
3D). As expected, expression levels of immune response-
related genes (RIG-1, IFNB and IL-6) were upregulated af-
ter transfecting native mRNA, and the degree of upregu-
lation was decreased when the modRNA (m1s) equivalent
was transfected in place of its native mRINA. We observed
that circRNA constructs with native bases also reduced the
expression of these genes, confirming the reduced immuno-
genicity of circRNAs (16). CircRNA ApA showed similar
levels of the expression of these genes compared with Acap-
linRNA (m1y). Interestingly, circRNA + pA decreased the
expression of these genes compared with circRNA ApA, in-
dicating that the addition of the internal polyA sequence
further reduced the immunogenicity of circRNA.

Additionally, we investigated the cytotoxic effect of the
circRNAs in the three cell lines (Figure 3E). We confirmed
that transfection of linRNA with native base decreased
HeLa or A549 cell viability whereas that of modRNA
(m1¢) maintained normal cell viability, confirming previ-
ous observations (42-44). Our circRNAs (circRNA + pA
and circRNA ApA, with or without IRES sequences) also
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maintained cell viability without cytotoxic effect. Thus, we
conclude that our circRNA constructs efficiently expressed
target proteins without inducing severe cell cytotoxicity and
immunogenicity, which can be used for further circRNA en-
gineering.

Construction and evaluation of miRNA-responsive circRINA
switches

Next, we designed circRNAs that contained a fully com-
plementary anti-miR sequence at the UTRs and evalu-
ated them by co-transfecting various miRNA mimics. We
prepared four different Homo sapiens microRNA (hsa-
miR-206, hsa-miR-302a-5p, hsa-miR-21-5p and hsa-miR-
339-5p)-responsive circRNA switches by inserting anti-
miR either before the CVB3 IRES (5-insertion) or after
the EGFP-coding sequence (3'-insertion). Twenty-four h
after transfection with circRNA switches and the corre-
sponding miRNA mimics, we analyzed EGFP expression
from the circRNAs by flow cytometer and fluorescent mi-
croscopy. Notably, all designed miRNA-responsive switches
repressed EGFP expression by sensing the target miRNA
mimic (Figure 4A, Supplementary Figure S3A). The ob-
served fold changes (approximately 2- to 38-fold ranges) be-
tween the ON state and OFF state depended on the target
miRNA, the insertion position of anti-miR, and the pres-
ence or absence of an internal polyA sequence (Figure 4B).

We speculated that the relatively low-fold change of miR-
21-5p- and miR-339-5p-responsive switches might be due to
endogenous miRNA activity expressed in the HEK293FT
cell (45). Thus, we added target miRNA inhibitors into
the cells to block the activity of endogenous miRNA. Co-
transfection with the miR-21-5p inhibitor resulted in the
rescue of circRNA translation; however, this was not seen
for the miR-339-5p inhibitor (Supplementary Figure S3B).
This result suggests that the observed low fold change in the
case of the miR-21-5p-responsive switch is due to a decrease
in the ON state caused by intrinsic miR-21-5p activity. In
fact, our previous study showed that the HEK293FT cell
expresses endogenous miR-21-5p, although its activity is
lower compared with other cancer cell lines (e.g. HeLa cells)
(44,45). For the miR-339-5p-responsive switch, however, it
may be caused by other factors like accessibility to the tar-
get site caused by RNA secondary structures, as predicted
with CentroidFold (46) (Supplementary Figure S3C).

To investigate whether target miRNA could enhance the
cleavage and degradation of miRNA-sensing circRNAs,
we analyzed circRNA levels in the presence or absence of
miRNA mimic by RT-qPCR. We used miR-206- and miR-
302a-5p-responsive switches and the corresponding primer
pairs that amplify the remaining sequence at three differ-
ent regions of the circRNAs (Supplementary Figure S4A).
The presence of target miRNA mimic enhanced the degra-
dation of both circRNA switches, confirming the miRNA-
mediated circRNA degradation. The surrounding region of
the miRNA target site in the 3’ UTR (ORF end~3UTR)
is more susceptible to degradation than the top and middle
region of ORF (ORF top, ORF middle) (Supplementary
Figure S4B), suggesting that miRNA-responsive circRNA
switch may undergo endonucleolytic cleavage at the fully
matched miRNA target site portion and be degraded from
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Figure 4. Design and evaluation of miRNA-responsive circRNA switches. (A) Evaluation by co-transfecting miRNA mimics in HEK293FT cells. Relative
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data in this figure are presented as mean & SD, n = 3.
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the vicinity of the target site after the miRNA-mediated
cleavage (20,29). The results also indicates that the low leak-
age expression observed in the OFF state of the circRNA
switch (Supplementary Figure S3A, mimic+) may be due
to the translation from partially degraded circRNAs.

In addition, we investigated whether the designed cir-
cRNA switches could detect endogenous miRNAs and
modulate translation in the target cell. We focused on hsa-
miR-17-5p in HEK293FT and hsa-miR-21-5p in HeLa
and A549 because these miRNAs are efficiently expressed
in each cell type (45,47). The reporter expression from
the transfected switches was rescued only when it was co-
transfected with a target miRNA-specific inhibitor, show-
ing ON/OFF fold changes were approximately 12-fold (hsa-
miR-17-5p) and 80-fold (hsa-miR-21-5p), with clear sep-
aration of each cell with or without the inhibitor by flow
cytometry (Figure 4C, D, and Supplementary Figure S5),
which was comparable to the results obtained with the
miRNA mimics (Figure 4A, B, and Supplementary Fig-
ure S3A). These results indicate that miRNA-responsive cir-
cRNA switches efficiently detected target miR NAs, control-
ling their translation level in a cell type-specific manner.

CVB3 IRES engineering for RBP-responsive circRNA
switches

We next designed protein-responsive circRNA by using
two RBPs: MS2 bacteriophage coat protein (MS2CP) and
spliceosome-related SNRPA (U1A) protein. To investi-
gate the positions of protein-binding that enable IRES-
dependent translation repression, we tested four CVB3
IRES variants (variants 1-4) designed by inserting protein-
binding motifs (MS2SL and U1A aptamer) while referring
to the secondary structure model and structural features
necessary for translation initiation (32,48,49) (Figure 5A).
Inserting the MS2CP or UlA-binding motif showed that
only variant 4, in which the motif was inserted in domains
VI (MS2CP) or VII (U1A), was able to repress translation
in the presence of the target RBP, whereas other variants
did not efficiently express the reporter or did not respond
to target RBP (Figure 5B and Supplementary Figure S6).
From these results, we expected that motif insertion to
CVB3 IRES near or downstream of the binding site for
translation initiation factors, elF4G and eIF4A (which bind
to domains V-VII) (49), or the antisense region against
18S rRNA (the linker region between domains V and VI)
(48), may be effective for generating the RBP-responsive cir-
cRNA switch. To optimize the insertion position, we fur-
ther designed variants 5 and 6, with the inserted-motif at
20 nt or 98 nt (just upstream of the ORF) downstream of
the domain VII stem-loop and compared their repression
efficiencies with that of variant 4. We evaluated the pro-
tein production of CVB3 IRES variants 4-6 using A-cap
linear EGFP mRNA which also functioned as a miRNA-
responsive switch (Supplementary Figure S7). The results
showed that variant 4 for MS2SL, and variant 5 for U1A
aptamer were the best for translation repression in the pres-
ence of MS2CP or UlA (Figure 5C and Supplementary
Figure S8). We applied these variants to evaluate their per-
formance in circRNA to confirm the effect of the presence
or absence of the internal polyA sequence on translational
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suppression and fold change. The translational repression
observed in circRNA switch constructs was all efficient, as
seen in the fold changes (7.3- to 13.9-fold ranges) between
ON and OFF states in the presence or absence of MS2CP
or UIA (Figure 5D). Together, these results indicates that
RBP-responsive circRNA switches can be designed by en-
gineering the regions of domains VI and VII of CVB3 IRES.
In addition, we analyzed the expression level of MS2CP
and U1A by western blotting and confirmed the effective ex-
pression from these RBP-coding mRNAs (Supplementary
Figure S9A and B). Although we detected the expression of
endogenous U1A, an apparent increase in expression was
observed in cells transfected with Ul 4-coding mRNA. We
next investigated whether endogenous U1A protein may af-
fect the ON state of UlA-responsive circRNA, even in the
absence of UlA-coding mRNA. We performed a knock-
down assay of endogenous U1A by shRNAs used in the pre-
vious study (30). As expected, the endogenous U1A expres-
sion was repressed by UlA-targeted shRNA (Supplemen-
tary Figure S9C, left), but the knockdown of endogenous
U1A did not increase the reporter EGFP expression from
the UlA-responsive circRNA (Supplementary Figure S9C,
right), suggesting that endogenous U1A does not affect the
performance of the circRNA switch under the condition.

Construction of synthetic circRNA circuits and their ex-
tended driving

Finally, we investigated whether circRNAs could improve
the driving time of synthetic RNA circuits composed of
both the miRNA-responsive and RBP-responsive switches.
When multiple switches are available, it is possible to con-
struct synthetic genetic circuits by designing the output
from one switch to be the input of another switch (23) (Fig-
ures 1B and 6A).

We first confirmed the enhanced stability and gene ex-
pression persistence of the designed circRNA. We com-
pared gene expressions of Metridia luciferase (MetLuc2)-
coding circRNA (Circular MetLuc2 + pA), with con-
ventional cap-dependent linRNAs with modified bases
(m5C/{, m1ys) using the three human cell lines (Supple-
mentary Figure S10). The circRNA constructs showed bet-
ter expression persistence than the linRNAs with enhanced
expression duration by modified bases (42), consistent with
the previous reports (3,16).

We next designed a miRNA-responsive ON system
by using two circRNA switches, miRNA (miR-302a-5p)-
responsive circRNA that produced RBP (MS2CP or U1A)
and the RBP-responsive circRNA that produced EGFP.
The designed circRNA circuits using either MS2CP or
U1A produced EGFP only in the presence of miR-302a-
5p mimic, functioning as an ON switch by detecting target
miRNA (Figure 6B, left). The fold changes between the ON
and OFF states of these miRNA-responsive circuits were
approximately 3.5-folds in the presence of 1 pmol of miR-
302a-5p mimic (Figure 6B, right).

We also compared the performance of the persistence of
circRNA circuits with linear mRNA circuits used in pre-
vious studies (31,44,50), by using the MetLuc2 reporter.
We tested them using two cell lines, HEK293FT and A549,
to detect exogenous miR-302a-5p mimic or endogenous
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Figure 6. circRNA-based gene circuits that activate translation by detecting miRNA. (A) Schematic illustration of miR NA-responsive ON circuit. MS2CP
or ULA is encoded on the first miRNA-responsive circRNA switch. The reporter gene (EGFP or MetLuc?2) is encoded on the second protein-responsive
circRNA switch. (B) Fluorescent images, scatter plots of a flow cytometer, and titration results of ON circuits with miR-302a-5p mimic in HEK293FT
cells. The scale bar at the fluorescent images indicates 200 pm. 0.3 pmol of RBP (MS2CP or UlA)-coding mRNA, reporter mRNA and transfection
control mRNA were transfected. 0.25, 0.5 or 1 pmol of hsa-miR-302a-5p mimic was co-transfected for evaluation. The plots shown are representative
data from three biological replicates. The vertical axis of the scatter plot shows the fluorescence intensity of EGFP, and the horizontal axis shows the
fluorescence intensity of iRFP670. (C) Evaluation of circRNA circuit persistence with a miR-302a-5p mimic in HEK293FT cells. 45 fmol of RBP (MS2CP
or UlA)-coding mRNA and reporter mRNA were transfected. 1 pmol of hsa-miR-302a-5p mimic was co-transfected to activate the circuits. (D) Evaluation
of circRNA circuit persistence with endogenous miR-21-5p in A549 cells. 45 fmol of RBP (MS2CP or Ul1A)-coding mRNA and reporter mRNA were
transfected. Levels of significance are denoted as *P < 0.05, **P < 0.01, ***P < 0.001 (two-tailed unpaired Student’s or Welch’s 7-test determined by
F-test). N.S. means non-significant (P > 0.05). All data in this figure are presented as mean + SD, n = 3.
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miR-21-5p, respectively. In both cases, the circRNA cir-
cuit showed better performance of duration than the linear
RNA circuit with m1ys (1.5- to 137-fold duration) after ap-
proximately 96 h of RNA transfection (Figure 6C and D),
indicating that our circRNA circuits improved the expres-
sion persistence of synthetic mRNA circuits.

DISCUSSION

In this study, we provided the principle for designing
miRNA and protein-responsive circRNA switches with
controlled expression by detecting intracellular conditions
in mammalian cells. No previous studies have shown syn-
thetic circRNAs with regulatory functions. In particular,
RBP-mediated translational repression of circRNA was not
observed in either the synthetic or endogenous system.
Among RBP-responsive CVB3 IRES variants, only those in
which the protein-binding motif was inserted into domain
VI or VII, downstream of the binding site for translation
initiation factors and antisense region against 18S rRNA,
were functional (variant4, Figure SA, B and Supplementary
Figure S6). A previous report with a cap-dependent system
suggested that inhibition of the translation initiation step
by RBP binding plays a central role in repression (51,52).
Our results indicate that the protein-responsive switch can
also be designed for cap-independent translation by insert-
ing motifs at a position that efficiently inhibits the assem-
bly of the translation initiation factors or subsequent ribo-
some scanning in the IRES. The suitable position for the
motif insertion seems to be located at the downstream re-
gion of domain VIin the CVB3 IRES, which was confirmed
by experiments using variants 1-6 (Figure 5B, C and Sup-
plementary Figure S6). Further investigations will be re-
quired to study whether similar results could be obtained
in other IRES-inserted circRNA switches in the future. For
miRNA-responsive circRNA switches, it was noted that
they were able to detect endogenous miRNAs in the tar-
get cell (hsa-miR-17-5p in HEK 293FT, hsa-miR-21-5p in
HeLa and A549 cells), making it possible to regulate cir-
cRNA translation in a cell-type-specific manner (Figures
4D and 6D). Such cell-type-specific regulation would re-
duce potential side effects for future mRNA therapeutics.
Due to the superior stability and expression persistence
of circRNAs, RNA-based gene circuits constructed from
circRNA switches were more durable than those composed
of linecar modRNAs (Figure 6 and Supplementary Figure
S10). Thus, our circRNA switches may solve the previously
reported issue of a shorter half-life for modRNA-based cir-
cuits (23). Durable RNA-based gene circuits have also been
realized using replicon vectors (23). Our circRNA-based
circuits may have several advantages over such replicon-
based circuits, such as a more compact size, no unexpected
self-replication, easier handling, and higher transfection ef-
ficiency with lipid nanoparticle-based systems (53). Direct
comparison of the performances between circRNA- and
replicon-based circuits will be important in future studies.
Improving the performance of circRNA switches should
also be addressed in future studies. In the comparison us-
ing our linear mRNA switch systems (31,44,50) (linear
switches) with HEK293FT, the performance of miRNA-
responsive circRNA switches was comparable (m1is) or su-
perior (m5C/{) to that of base-substituted linear switches,
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except for the one affected by endogenous miR-21-5p
activity (Supplementary Figure S11A), whereas protein-
responsive circRNA switches performed less efficiently than
mlys-substituted linear mRNA switches (Supplementary
Figure S11B). In the linear switches, it has been shown
that incorporation of mlys to mRNA could enhance its
sensitivity to several miRNAs and RBPs, contributing to
better performance (44,54). However, CVB3 IRES with
the base modification (e.g. m5C/{s or m1y) disrupted pro-
tein expression (16) (Supplementary Figure S12). Therefore,
to develop chemically modified IRES-dependent circRNA
switches, we need to engineer functional IRES with mod-
ified bases through rational engineering or directed evolu-
tion approaches.

RNA sequence and structure engineering is an alterna-
tive method to achieve a superior ON and OFF state with-
out modified-base substitution for circRNA switches. Previ-
ous research on linear mRNA engineering has achieved im-
provements through codon optimization of the ORF (55),
more stable UTRs (56,57), and engineering for protein or
miRNA binding sequences (30,31,58). These approaches
may be adaptable to circRNA-based systems, although op-
timization would be required in some cases. For example, in
miRNA-responsive circRNA switches, they likely preferred
3’ insertion, rather than 5, with internal polyA-containing
constructs (Figure 4B), contrary to our previous observa-
tion with the linear mRNA system (22). We expected this
tendency was caused by the rigid structure derived from
CVB3 IRES on the 5 side, which may affect miRNA-
mediated circRNA degradation, although the miR-17-5p-
responsive circRNA switch showed the best fold-change in
5’ target site insertion (Figure 4D). In addition, contrary
to the previous report of increased sensitivity with increas-
ing copy number of miR-302a-5p target sites in the lin-
ear mRNA switch (58), a single copy insertion in the 3’
UTR showed the best fold-change between ON and OFF
states for miR-302a-5p responsive circRNA switch (Sup-
plementary Figure S13, right). In the case of the miR-206-
responsive circRNA switch, 2-copy insertion into both the
5"and 3’ UTRs (2 x 2 insertion, 4 copies total) showed the
best fold-change (Supplementary Figure S13, left). These
observations suggest that sequence dependency in circRNA
systems is more pronounced than in linRNA systems, and
that target miRNA-specific optimization steps will be re-
quired to maximize performance for circRNA switches (59).
Recently, Chen et al. reported the sequence elements that
enhance circRNA performance (41). The identified various
accessory parts and engineered IRES with enhanced trans-
lation would improve the performance of circRNA switch
(e.g. enhanced ON state) (44).

Recently, it has been reported that exogenous circRNAs
cause an immune response, while contrasting reports sug-
gested that they are less immunogenic (15-17). RT-qPCR
analysis for immune response-related genes (RIG-I, IFNB,
IL-6) showed that our circRNA is less immunogenic than
linear mRNASs with native bases, whereas a more intense
immune response was observed compared with chemically
modified linear mRNAs, especially linear mRNAs with the
commonly used Cap-EGFP structure (Figure 3D). Notably,
lower immunogenicity was observed in circRNAs with in-
ternal polyA sequences compared to those without an in-
ternal polyA sequence. A previous report by Liu ef al. sug-
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gested that the RNA duplex constructed by ribozymes and
CVB3 IRES causes circRNA immunogenicity (18). Our
observations indicate that immunogenicity caused by such
structures in circRNAs may be reduced by internal polyA-
120 sequence longer than constructs in previous reports
(3,16,41). Thus, the stronger expression levels observed with
long polyA insertion may be a synergistic effect of the re-
cruitment of elF4G by PABP (3,40,41) and the reduction
of immunogenicity. We expect that further investigation is
needed to determine the composition and length of the
polyA sequence to achieve enhanced translation and re-
duced immunogenicity. In terms of cytotoxicity, our circR-
NAs showed better cell viability than native linear mRNAs,
which was comparable to those of chemically modified ones
(Figure 3E), indicating that the induction level of these im-
mune response-related genes by our circRNA does not af-
fect cells. However, future in vivo evaluation is required to
determine how these immunogenicity differences will affect
actual therapeutic applications.

In conclusion, our circRNA switches and circuits provide
new insights into the engineering of circRNA, which is still
underdeveloped compared to linear synthetic mRNA. We
believe that synthetic circRNA devices with translation reg-
ulations process the broad potential for synthetic biology,
mRNA-based therapies, and cellular engineering.
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Supplementary Table

S1. Transfection overview

Figure

Transfected-mRNA(s) (/well)

miRNA mimic/inhibitor (/well)

Cell line and number of seeded cells
(cells/well)

Lipofectamine
MessengerMAX (pl/iwell)

3B

0.3 pmol Cap-iRFP670 (m5C/¥)
0.3 pmol Linear EGFP (m7G cap, A-cap), Circular EGFP
(DpA, +pA) or Ciruclar EGFP DIRES (DpA, +pA)

HEK293FT, A549 : 1.0 x 10"5
HelLa: 0.5 x 10"5

1

0.3 pmol Cap-iRFP670 (m5C/¥)
0.3 pmol Circular EGFP DpA, Circular EGFP +pA or Cap-
EGFP (Native, m5C/¥, m1¥)

HEK293FT, A549 : 1.0 x 10"5
HelLa : 0.5 x 10"5

0.6 pmol Linear EGFP (m7G-cap, A-cap, Native, m1¥),
Cirular EGFP (DpA, +pA) Circular EGFP DIRES (DpA, +pA)
or Cap-EGFP (Native, m1¥)

A549 : 1.0 x 10”5

3E

0.15 pmol Linear EGFP (m7G-cap, A-cap, Native, m1¥),
Cirular EGFP (DpA, pA+) Circular EGFP DIRES (DpA, pA+)
or Cap-EGFP (Native, m1¥)

HEK293FT, A549 : 2.0 x 104
Hela: 1.0 x 10"4

0.2

4A-B

0.3 pmol Cap-iRFP670 (m5C/¥)
0.3 pmol 5' or 3T miR Circular EGFP DpA or 5' or 3T miR
Cirular EGFP +pA
5'or 3T miR Linear EGFP

0.25 pmol miRNA mimic or Negative Control mimic

HEK293FT : 1.0 x 10"5

4c-D

0.3 pmol Cap-iRFP670 (m5C/¥)
0.3 pmol 5" or 3T miR Circular EGFP DpA or 5' or 3T miR
Cirular EGFP +pA

HEK293FT : 1 pmol miR-17-5p inhibitor or Negative Control inhibitor
HeLa : 2 pmol miR-21-5p inhibitor or Negative Control inhibitor
A549 : 4 pmol miR-21-5p inhibitor or Negative Control inhibitor

HEK293FT, A549 : 1.0 x 10"5
Hela: 0.5 x 10"5

5B

0.3 pmol Cap-iRFP670 (m5C/¥)

MS2CP : 0.3 pmol Cirular EGFP or MS2CP responsive
Circular EGFP variantl~4, 0.05 pmol Cap-MS2CP (m1%¥)
U1A : 0.3 pmol Cirular EGFP or U1A responsive Circular
EGFP variantl~4, 0.05 pmol Cap-U1IA (m1¥)

HEK293FT : 1.0 x 10"5

0.3 pmol Cap-iRFP670 (m5C/¥)
MS2CP : 0.3 pmol MS2CP responsive linear EGFP variant4
~6 (A-cap), 0.05 pmol Cap-MS2CP (m1¥)
U1A : 0.3 pmol U1A responsive linear EGFP variant4~6
(A-cap), 0.05 pmol Cap-U1A (m1¥)

HEK293FT : 1.0 x 10"5

0.3 pmol Cap-iRFP670 (m5C/¥)

MS2CP : 0.3 pmol Cirular EGFP (DpA or pA+) or MS2CP
responsive Circular EGFP variant 4 (DpA or pA+), 0.05
pmol Cap-MS2CP (m1¥)

U1A : 0.3 pmol Cirular EGFP (DpA or pA+) or U1A
responsive Circular EGFP variant 5 (DpA or pA+), 0.15
pmol Cap-U1A (m1¥)

HEK293FT : 1.0 x 1075

6B

0.3 pmol Cap-iRFP670 (m5C/¥)

MS2CP : 0.3 pmol MS2CP responsive Circular EGFP
variant4 +pA, 0.3 pmol 3'T302a-5p Circular MS2CP +pA
U1A : 0.3 pmol U1A responsive Circular EGFP variant5
+pA, 0.3 pmol 3 T302a-5p Circular U1A +pA

0, 0.25, 0.5 1 pmol miR-302a-5p mimic

HEK293FT : 1.0 x 10"5

MS2CP : 45 fmol MS2CP responsive Circular MetLuc2
variant4 + pA, 45 fmol 3 T302a-5p Circular MS2CP +pA
U1A : 45 fmol U1A responsive Circular EGFP variant5 +pA,
45 fmol 3'T302a-5p Circular U1A + pA

1 pmol miR-302a-5p mimic

HEK293FT : 1.5 x 10"4

6D

MS2CP : 45 fmol MS2CP responsive Circular MetLuc2
variant4 +pA, 45 fmol 3'T21-5p Circular MS2CP +pA
U1A : 45 fmol U1A responsive Circular EGFP variant5 +pA,
45 fmol 3'T21-5p Circular U1A +pA

A549 : 1.5 x10M




Cell line and number of seeded cells

Lipofectamine

Figure Transfected-mRNA(s) (/well) miRNA mimic/inhibitor (/well) (cellsiwell) MessengerMAX (uliwell)
0.3 pmol Cap-iRFP670 (m5C/¥) . Al
s28 0.3 pmol Linear EGFP (m7G cap) or Circular EGFP (+pA) - HEK293FT : 1.0 x 1075 l
03 | Cap-RFP670 (m5CIY) 0.25 pmol miRNA mimic,
.3 pmol Cap-i m . . .
s3B 0.3 pmol 5' or 3'T miR Circular EGFP or 5' or 3'T miR Cirular EGFP N?g"’_‘“f’e control ml_mlc’ MIRNA HEK293FT : 1.0 x 10"5 l
+pA inhibitor or Negative Control
inhibitor
0.3 pmol Cap-iRFP670 (m5C/¥) 0.25 pmol miRNA mimic or . A
S48 0.3 pmol 5' or 3T miR Cirular EGFP +pA Negative Control mimic HEK293FT : 1.0 x 1075 1
0.3 pmol Cap-iRFP670 (M5C/¥)
s7 0.3 pmol 5' or 3T miR Linear EGFP or 5' or 3'T miR Circular EGFP 0.25 pmol miRNA mimic HEK293FT : 1.0 x 10"5 1
DpA or 5' or 3T miR Cirular EGFP +pA
0.3 pmol Cap-iRFP670 (M5C/¥)
SOA- B 0.3 pmol Circular EGFP +pA - HEK293FT : 1.0 x 10"5 1
0.05 pmol Cap-MS2CP (m1%¥) or 0.15 pmol Cap-U1A (m1¥)
0.3 pmol Cap-iRFP670 (m5C/W)
soC 0.3 pmol U1A responsive Circular EGFP variant5 +pA - HEK293FT : 1.0 x 10"5 1
1, 2, 4, pmol shRNA (U1A or control)
. A,
s10B 45 fmol Circular MetLuc2 +pA or Cap-MetLuc2 (m5C/¥, m1¥) - HEK293FT, A549: 1.5x 104 l
Hela : 0.5 x 104
0.3 pmol Cap-iRFP670 (m5C/¥)
S11A 0.3 pmol 3'T miR Cirular EGFP +pA or linear miRNA-responsive 0.25 pmol mMiRNA mimic HEK293FT : 1.0 x 105 l
switch (m5C/¥, m1W¥)
0.3 pmol Cap-iRFP670 (m5C/W¥)
MS2CP : 0.3 pmol MS2CP responsive Circular EGFP variant4 +pA
or 0.3 pmol EGFP linear switch (m5C/¥,m1%¥), 0.05 pmol Cap-
si18 MS2CP (m1¥) - HEK293FT : 1.0 x 10"5 1
U1A : 0.3 pmol U1A responsive Circular EGFP variant5 + pA or 0.3
pmol EGFP linear switch mRNA (Native, m5C/%¥ or m1¥), 0.15 pmol
Cap-U1A (m1Y¥)
0.3 pmol Cap-iRFP670 (m5C/¥) X A
stz 0.3 pmol Linear EGFP (Native, m5C/¥, m1¥) - HEK293FT : 1.0 x 105 1
0.3 pmol Cap-iRFP670 (M5C/¥ 0.125, 0.25. 0.5 pmol miRNA
st pmol Capi (mSC/¥) P HEK293FT : 1.0 x 1075 1

0.3 pmol 3T, 4x 5'T, 4x3'T or 2x2 5&3'T miR Circular EGFP +pA

mimic

All experiments were performed in 24-well format, except for Figure 3E (WST-1 assay), which was

performed in 96-well format.



Supplementary Table S2. Primers used in RT-qPCR analysis.

Target gene Primers (5'-3") |:r:gfr|1i((;§;) Sugg:c::r:lzteary
i e R
RiG- rev: GOARGTOTTAGATOGOAGGA 124 (S2)
o meTeTEe
L fwd : AGCCACTCACCTCTTCAGAAC 110 (S4)
rev: GCCTCTTTGCTGCTTTCACAC
EGFP ORF middle rfe"\vld: Gﬁﬁ%ﬁi@?ggﬁ‘ggﬁgﬁg%@% 129 this paper
EGFP ORF~3'UTR (miR-206) r]:av://d: Cmg&%zﬁgiggﬁéig%ﬁ% 114 this paper
EGFP ORF~3'UTR (miR-302a-5p) ':’evs ; g::;g;gg:fg fggﬁfgfggﬁg 114 this paper




Supplementary Figures
* 4% gel
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Figure S1. Denaturing polyacrylamide gel images for RNAs after the gel purification.
DynaMarker RNA High (BioDynamics Laboratory) and Low Range ssRNA Ladder (NEB)
were used as molecular weight markers. circRNA band is shown by red dotted rectangle.
While only a minor contamination of nicked circRNA product was seen, which was also
observed in the previous reports (3, 16). The gel images are representative data from at

* 8% gel
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least two independent experiments.
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Figure S2. (A) Scatter plots generated from flow cytometry analysis in Figure 3B. (B)
Analysis of the relative amount of circRNA and linRNA by RT-gPCR. The residual RNA
level was compared between Linear EGFP and Circular EGFP +pA transfection after 8,
24 and 48 h in HEK293FT cells. Target mRNA quantities were normalized by ATP5B
mRNA. Levels of significance are denoted as *P < 0.05, **P < 0.01 (two-tailed unpaired

Student’s or Welch’s t-test determined by F-test). N.S. means non-significant (P > 0.05).



(C) Scatter plots generated from flow cytometry analysis in Figure 3C. All data in this
figure are presented as mean + SD, n = 3. The plots shown are representative data from
three biological replicates. The vertical axis of the scatter plot shows the fluorescence
intensity of EGFP, and the horizontal axis shows the fluorescence intensity of iRFP670.
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Figure S3. (A) Scatter plots generated from flow cytometry analysis in Figure 4A and 4B.
(B) Evaluation of miR-21-5p- or miR-339-5p-responsive circRNA switches with co-
transfecting miRNA mimic or inhibitor. (C) Secondary structure predictions of miRNA
target sites used in Figure 4A and 4B with the base-pairing probabilities shown in color.
Base-pairing probabilities were calculated by CentroidFold software (S5). The red pairs
have a high probability of forming, green pairs have a medium probability of forming, and
blue pairs have a low probability of forming. The normalized scale showing zero to one
probability is shown on the lower right. All data in this figure are presented as mean +
SD, n = 3. The plots shown are representative data from three biological replicates. The
vertical axis of the scatter plot shows the fluorescence intensity of EGFP, and the
horizontal axis shows the fluorescence intensity of iRFP670.
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Figure S4. (A) Schematic illustrations of primer pairs on miRNA-responsive circRNA
switches. Three different regions were amplified by each primer pair. (B) Evaluation of
mRNA amount by RT-gPCR after 24 h of transfection in HEK293FT cells. The relative
mMmRNA amount was calculated by normalizing the sample without a miRNA mimic
(magenta). Target mRNA quantities were normalized by ATP5B mRNA. Levels of
significance are denoted as *P < 0.05, **P < 0.01, ***P < 0.001 (two-tailed unpaired
Student’s or Welch’s t-test determined by F-test, mimic + vs Negative Control mimic +).
N.S. means non-significant (P > 0.05). All data in this figure are presented as mean *
SD, n=3.
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Figure S5. Scatter plots generated from flow cytometry analysis in Figure 4C, 4D. The
plots shown are representative data from three biological replicates. The vertical axis of
the scatter plot shows the fluorescence intensity of EGFP, and the horizontal axis shows

the fluorescence intensity of iRFP670.
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Figure S6. Fluorescent microscopy images and scatter plots from flow cytometry
analysis in Figure 5B (including variants 1-4). The scale bar in fluorescent images
indicates 200 ym. The plots shown are representative data from three biological
replicates. The vertical axis of the scatter plot shows the fluorescence intensity of EGFP,
and the horizontal axis shows the fluorescence intensity of iRFP670.

13



hsa-miR-302a-5p

hsa-miR-206
30— 40=-
(@) Fan) o~
g = g > 20—
52 s<
L 10- L
10=-
0= o
targetsite 5 3 5 3 5 3 5 I targetsite 55 3¥ 5 3 5 3 5 3
Linear Linear Circular Circular Linear Linear Circular Circular
(A-cap) DpA  +pA (A-cap) DpA  +pA
hsa-miR-21-5p hsa-miR-339-5p
5—
12—
(0]
L g
T L 8- S
< 0O
6 Q (@] > 2.5=-
25 25
L 4 L
0—

0—
targetsite 5 3 5 3 5 3 5 3F targetsite 55 3 5 3 5 3 5 3
Linear Linear Circular Circular Linear Linear Circular Circular

(A-cap) DpA  +pA (A-cap) DpA  +pA

Figure S7. Comparison of miRNA-responsive circRNAs and linear mRNAs with the
same sequence components of circRNAs in HEK293FT cells. For circRNA constructs,
the results from a single comparison performed simultaneously were presented in two
separate graphs, Figure 4B and S7. All data in this figure are presented as mean + SD,

n=23.
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Figure S8. Scatter plots generated from flow cytometry analysis in Figure 5C. The plots
shown are representative data from three biological replicates. The vertical axis of the
scatter plot shows the fluorescence intensity of EGFP, and the horizontal axis shows the

fluorescence intensity of iRFP670.
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Figure S9. (A) Western blot analysis of MS2CP. 0.05 pmol of MS2CP-coding mRNA, 0.3
pmol of each reporter mRNA and transfection control mMRNA were co-transfected. Cell
culture was performed in 24-well format. (B) Western blot analysis of U1A. 0.15 pmol of
U1A-coding mRNA, 0.3 pmol of each reporter mRNA and transfection control mRNA
were co-transfected. Cell culture was performed in 24-well format. (C) Western blot
analysis of U1A (left) and EGFP reporter expression from U1A-responsive circRNA
switch (right) with shRNAs. 4 pmol of shRNAs were co-transfected for knockdown
evaluation in western blotting. 0.3 pmol of each reporter mRNA and transfection control
mRNA were transfected and 1, 2 or 4 pmol of shRNA was co-transfected. The slight
increase in reporter expression upon co-transfection of control shRNA has also been
observed in previous studies (S6). All data in this figure are presented as mean + SD, n
= 3. The experiments were performed in HEK293FT. GAPDH was used as a loading
control for all western blot analyses. The band images of western blotting shown are
representative of data from three biological replicates. The contrast of each western blot

band shown in the figures was adjusted (Figure S9A - B right, S9C left). Quantification
of band intensity was performed using image data before contrast adjustment (Figure

S9A - B left graph).
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Figure S10. (A) Structure illustration of mMRNAs used in the secreted luciferase assay.
All mRNAs code Metridia Luciferase (MetLuc?2) as a reporter gene. (B) Comparison of
circRNAs and conventional linear mRNA with base substitutions (m5C/y, m1y). 45 fmol
of reporter mMRNA were transfected, and cell culture was performed in 24-well format. All
data in this figure are presented as mean £ SD, n = 3.
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Figure S11. (A) Comparison of the designed miRNA-responsive circRNAs and linear
mRNAs with base substitution (m5C/y, m1y) in HEK293FT cells. 0.3 pmol of each
reporter mRNA and transfection control mMRNA were transfected, and cell culture was
performed in 24-well format. 0.25 pmol of specific miRNA mimic or Negative Control
mimic was co-transfected for evaluation. (B) Comparison of MS2CP- or U1A-
responsive circRNAs and linear mRNAs with base substitution (m5C/y, m1y) in
HEK293FT cells. 0.3 pmol of each reporter mMRNA and transfection control mMRNA were
transfected and cell culture was performed in 24-well format. 0.05 pmol of MS2CP-
coding mRNA or 0.15 pmol of U71A-coding mRNA was co-transfected for evaluation.
Levels of significance are denoted as *P < 0.05, ***P < 0.001 (Dunnett’s test). N.S.
means non-significant (P > 0.05). All data in this figure are presented as mean = SD, n

=3.
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Figure S12. Translatability of linear mRNAs (m7Gcap-EGFP and A-cap-EGFP) with
IRES transcribed with non-modified bases (Native) or modified bases (m5C/y, m1y). 0.3
pmol of each reporter mRNA and transfection control mMRNA were transfected, and cell

culture was performed in 24-well format. All data in this figure are presented as mean *

SD, n=3.
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Figure S13. Evaluation of miR-206 or miR-302a-5p-responsive circRNA switches with
multiple copies and its patterns of the miRNA target site. 0.3 pmol of each reporter mMRNA
and transfection control mMRNA were transfected and cell culture was performed in 24-
well format. 0.125, 0.25, 0.5 pmol of specific miRNA mimic was co-transfected for
evaluation. Levels of significance are denoted as *P < 0.05, ***P < 0.001 (Dunnett’s test).
N.S. (non-significant, P > 0.05) pairs were not denoted on the graph. All data in this figure

are presented as mean + SD, n = 3.
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Supplementary Sequences

Supplementary Sequences. mRNA sequences used in this report

Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGcecceccececu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugecac
cuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGAC
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GCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAA
CUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUA
AUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGcecceccececu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgcecaugcccgaaggcuacguccaggagcyg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcac
cuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCG
AGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCU
CAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGU
AGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAAC
AGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCC
CGGGUACCGAGCUCGAAUU

Circular EGFP ApAAIRES (bold: circularized)
Group | intron, CVB3 IRES, EGFP
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
augggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgac
guaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaagu
ucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagug
cuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccag
gagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacce
uggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggagu
acaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagau
ccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcc
ccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcga
ucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagauc
ucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucce
uugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGC
GAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUC
UCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAG
UAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

Circular EGFP +pAAIRES (bold: circularized)
Group | intron, CVB3 IRES, EGFP

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
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CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
augggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgac
guaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaagu
ucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagug
cuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccag
gagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacce
uggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggagu
acaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagau
ccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcc
ccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcga
ucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagauc
ucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucce
uugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUAC
CGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAU
GCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAG
GAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGA
UCCCCGGGUACCGAGCUCGAAUU

Linear EGFP
Group | intron, CVB3 IRES, EGFP
GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCcCcCAcGce

GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
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AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggaucc
gugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagecuggacggcgacguaaacggccacaag
uucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaage
ugcccgugcccuggeccacccucgugaccacccugaccuacggcgugcagugeuucagecgeuaccccgaccacaugaa
gcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagegcaccaucuucuucaaggacgacggcaac
uacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaag
gaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaageag
aagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccage
agaacacccccaucggcgacggccccgugecugecugeccgacaaccacuaccugagcacccaguccgeccugagcaaaga
ccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecgccgggaucacucucggcauggacgageug
uacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugecuucuggecaugcccuucuucu
cucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGG
CGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAA

Cap-EGFP

EGFP
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUcgecaccauggga
uccgugagcaagggcgaggagcuguucaccgggguggugeccauccuggucgagcuggacggcgacguaaacggecac
aaguucagcguguccggcgagggcgagggcgaugcecaccuacggcaagcugacccugaaguucaucugcaccaccgge
aagcugcccgugcccuggeccacccucgugaccacccugaccuacggcegugcagugeuucagecgeuaccccgaccacau
gaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagegcaccaucuucuucaaggacgacgge
aacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuuc
aaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaag
cagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuace
agcagaacacccccaucggcgacggccccgugecugeugeccgacaaccacuaccugagcacccaguccgeccugagceaa
agaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacga
gcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugeggggcuugccuucuggccaugcccuuc
uucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Cap-iRFP670

25



iRFP670
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUcgeccaccATGge
gcguaaggucgaucucaccuccugcgaucgcgagccgauccacauccccggcagcauucagecgugeggeugecugeua
gccugcgacgcgcaggeggugcggaucacgcgcauuacggaaaaugccggcgcguucuuuggacgcgaaacuccgegg
gucggugagcuacucgccgauuacuucggcgagaccgaagcccaugcgeugegcaacgcacuggcgcaguccuccgauc
caaagcgaccggcgcugaucuucgguuggcgcgacggccugaccggcecgcaccuucgacaucucacugcaucgecauga
cgguacaucgaucaucgaguucgagccugcggcggccgaacaggccgacaauccgecugeggecugacgcggcagaucauc
gcgcgcaccaaagaacugaagucgcucgaagagauggecgcacgggugccgcgcuaucugcaggcgaugeucggeuau
caccgcgugauguuguaccgeuucgcggacgacggeuccgggauggugaucggcgaggcgaagcgcagegaccucgag
agcuuucucggucagcacuuuccggcgucgcuggucccgcagcaggcgcggcuacuguacuugaagaacgcgauccgeg
uggucucggauucgcgcggcaucagcagccggaucgugcccgagcacgacgccuccggegecgegeucgaucugucguu
cgcgeaccugcgcagcaucucgcccugccaucucgaauuucugcggaacaugggcgucagegccucgaugucgeugucg
aucaucauugacggcacgcuauggggauugaucaucugucaucauuacgagccgcgugccgugecgauggegeagege
gucgcggccgaaauguucgccgacuucuuaucgcugcacuucaccgecgceccaccaccaacgcagaucucauauGCAU
CUCGAGUGAUAGucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguace
ucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAA

Circular MetLuc2 +pA (bold: circularized)
Group | intron, CVB3 IRES, MetLuc2
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUcCCcGGCCcCccu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
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UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugga
caucaaggugguguucacccugguguucagcgcccuggugcaggccaagagcaccgaguucgaccccaacauc
gacaucgugggccuggaaggcaaguucggcaucaccaaccuggaaaccgaccuguucaccaucugggagacca
uggaagugaugaucaaggccgacaucgccgacaccgaccgggccagcaacuucguggccaccgagaccgacgc
caaccggggcaagaugcccggcaagaagcugccccuggccgucaucauggaaauggaagccaacgccuucaag
gccggcugcacccggggcugccugaucugccugagcaagaucaagugcaccgccaagaugaagguguacaucc
ccggcaggugccacgacuacggcggcgacaagaaaaccggccaggccggcaucgugggcgccaucguggacau
ccccgagaucagcggcuucaaagaaauggcccccauggaacaguucaucgcccagguggacagaugcgccagce
ugcaccaccggcugccugaagggccuggccaacgugaagugcagcgagcugcugaagaaguggcugcccgacc
gcugcgccagcuucgccgacaagauccagaaagaggugcacaacaucaagggcauggccggcgacaggugauc
uagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuu
GAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUU
AAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAAC
CUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGAC
CAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAU
UACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCG
AAUU

Cap-MetLuc2

MetLuc2
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUcgecaccauggac
aucaaggugguguucacccugguguucagcgcccuggugcaggccaagagcaccgaguucgaccccaacaucgacauc
gugggccuggaaggcaaguucggcaucaccaaccuggaaaccgaccuguucaccaucugggagaccauggaagugaug
aucaaggccgacaucgccgacaccgaccgggccagcaacuucguggccaccgagaccgacgccaaccggggcaagauge
ccggcaagaagcugcecccuggecgucaucauggaaauggaagcecaacgccuucaaggecggeugeacccggggeugecu
gaucugccugagcaagaucaagugcaccgccaagaugaagguguacauccccggcaggugecacgacuacggeggega
caagaaaaccggccaggccggcaucgugggcgecaucguggacauccccgagaucagcggcuucaaagaaauggeccce
auggaacaguucaucgcccagguggacagaugcgccageugcaccaccggeugccugaagggcecuggccaacgugaag
ugcagcgagcugcugaagaaguggcugeccgaccgecugegecagcuucgecgacaagauccagaaagaggugcacaac
aucaagggcauggcecggcegacaggugaucuagaccuucugeggggcuugccuucuggecaugcccuucuucucucccuu
gcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5'T206 Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCCACAC
ACUUCCUUACAUUCCAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCC
CAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUAcCCcccC
UCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCA
GCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCAC
GCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAAC
ACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCA
UGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUA
GUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACAcCCCU
CAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUG
GGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCC
CUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUU
AAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauc
cuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccacc
uacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugacca
cccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgce
caugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgag
gugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaaca
uccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacgg
caucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcag
aacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaa
agaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaug
gacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucugg
ccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCU
AUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAL
UCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAU
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CCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCA
UAUCUAG

5'T206 Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCCACAC
ACUUCCUUACAUUCCAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCC
CAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUAcCCcccCc
UCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCA
GCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCAC
GCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAAC
ACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCA
UGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUA
GUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCU
CAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUG
GGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCC
CUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUU
AAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauc
cuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccacc
uacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugacca
cccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgce
caugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgag
gugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaaca
uccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacgg
caucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcag
aacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaa
agaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaug
gacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggecuugccuucugg
ccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
GGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAG
AAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGG
CAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAAC
AGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGC
AGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T206 Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagceg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug

cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
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gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagCCACACACUUCCUUACAUUCCAucuagaccuucugcggggcuugccuucug
gccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGC
UAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAA
UUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAA
UCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAG

3'T206 Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagceg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca

caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgug
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cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagCCACACACUUCCUUACAUUCCAucuagaccuucugcggggcuugccuucug
gccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAA
GAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAG
GCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAA
CAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUG
CAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

4x 5T206 Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCCACAC
ACUUCCUUACAUUCCACCACACACUUCCUUACAUUCCACCACACACUUCCUUACAUUC
CACCACACACUUCCUUACAUUCCAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACC
CACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCcUGUUUU
AUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUG
GCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAAC
CUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUC
AGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGG
CCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUA
UUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCA
CACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGA
CUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAU
UGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAU
UAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAA
UUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccggg
guggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgag

ggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggccca
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cccucgugaccacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuu
cuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaag
acccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaagg
aggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaa
gcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgac
cacuaccagcagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguc
cgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggauc
acucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcgggg
cuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGA
GUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCC
UUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUA
UAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCG
ACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUG
CAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

4x 3T206 Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcccu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
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UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagCCACACACUUCCUUACAUUCCACCACACACUUCCUUACAUUCCAC
CACACACUUCCUUACAUUCCACCACACACUUCCUUACAUUCCAuUcuagaccuucugcggggc
uugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGA
GUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCC
UUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUA
UAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCG
ACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUG
CAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

2x2 5'&3'T206 Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-206 target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCCACAC
ACUUCCUUACAUUCCACCACACACUUCCUUACAUUCCAGCCACCUUAAAACAGCCUGU
GGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUU
UGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAU
CAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGA
CUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCA
ACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACU
ACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGG
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UGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAU
GGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACU
CUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCU
GCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGU
GACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAG
GUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagggc
gaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagc
guguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagce
ugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgcuaccccgacca
caugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaag
gacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcuga
agggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgu
cuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggc
agcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgugcugcugcccgacaacc
acuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguu
cgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugaua
gCCACACACUUCCUUACAUUCCACCACACACUUCCUUACAUUCCAuUcuagaccuucugecggg
gcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUG
AGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGC
CUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUU
AUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUC
GACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUU
GCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

5'T302a-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAG
UACAUCCACGUUUAAGUGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGC
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CCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACC
AGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAA
CACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGA
UGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCcCcUGCCcC
AUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCU
AGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCC
UCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGA
UCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGU
UAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugecca
uccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugeca
ccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugac
cacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaagucc
gccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccg
aggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggca
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaa
cggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccag
cagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucgg
cauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuu
cuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGG
GCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGA
AAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGC
AAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACA
GCAUAUCUAG

5'T302a-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA

CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAG
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UACAUCCACGUUUAAGUGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGC
CCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACC
AGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAA
CACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGA
UGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCcUGCCC
AUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCU
AGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCC
UCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGA
UCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGU
UAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugecca
uccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugeca
ccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugac
cacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaagucc
gccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcegccg
aggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggca
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaa
cggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccag
cagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucgg
cauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuu
cuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAG
AAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACA
AGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCC
UGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T302a-5p Circular EGFP ApA (bold: circularized)

Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC
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UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGcecceccecceu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagAGCAAGUACAUCCACGUUUAAGUucuagaccuucugcggggcuugccuuc
uggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGG
CUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAA
AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCA
AUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAG
CAUAUCUAG

3'T302a-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
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GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGcecceccecceu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagAGCAAGUACAUCCACGUUUAAGUucuagaccuucugcggggcuugccuuc
uggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGA
AGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAA
GGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUA
ACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCU
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GCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

4x 5'T302a-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAG
UACAUCCACGUUUAAGUAGCAAGUACAUCCACGUUUAAGUAGCAAGUACAUCCACGUU
UAAGUAGCAAGUACAUCCACGUUUAAGUGCCACCUUAAAACAGCCUGUGGGUUGAUC
CCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUAcCcCUUUGUGCGCccu
GUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCA
GCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUC
AAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCG
AAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUG
UAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGU
UGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAG
AGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGC
GGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGU
GACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAG
AGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACA
UUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguu
caccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcga
gggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugccce
uggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagce
acgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaa
cuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgac
uucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucaugg
ccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcu
cgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcea
cccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgce
cgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuuc
ugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAA
GCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAL
UGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUC
UAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGA
CAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCA
AGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

4x 3'T302a-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggageg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug

cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
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gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagAGCAAGUACAUCCACGUUUAAGUAGCAAGUACAUCCACGUUUAAG
UAGCAAGUACAUCCACGUUUAAGUAGCAAGUACAUCCACGUUUAAGUucuagaccuucug
cggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGC
CUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUG
AGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUA
GUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACA
AUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAG
CUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

2x2 5'&3'T302a-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAG
UACAUCCACGUUUAAGUAGCAAGUACAUCCACGUUUAAGUGCCACCUUAAAACAGCCU
GUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACC
UUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCG
AUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCG
GACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGC
CAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCA
CUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGC
GGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGAC
AUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAA
CUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGG
CUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCG
GUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAG
AGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaag
ggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguuc
agcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggea

agcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgcuaccccga
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ccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuuc
aaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagc
ugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaa
cgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggac
ggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugcccgaca
accacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcugga
guucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagug
auagAGCAAGUACAUCCACGUUUAAGUAGCAAGUACAUCCACGUUUAAGUucuagaccuuc
ugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAA
GCCUGAGUAGGAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAU
UGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUC
UAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGA
CAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCA
AGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

5'T21-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-21-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCUCAACA
UCAGUCUGAUAAGCUAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGC
CCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACC
AGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAA
CACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGA
UGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCcUGCcCcC
AUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCU
AGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCC
UCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGA
UCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
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CCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGU
UAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugccca
uccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugceca
ccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugac
cacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaagucc
gccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccg
aggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggca
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaa
cggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccag
cagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucgg
cauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuu
cuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGG
GCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGA
AAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGC
AAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACA
GCAUAUCUAG

5'T21-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-21-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCUCAACA
UCAGUCUGAUAAGCUAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGC
CCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACC
AGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAA
CACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGA
UGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLCGGCcUGCCcC
AUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCU
AGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCC
UCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGA
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UCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGU
UAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugccca
uccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugceca
ccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugac
cacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaagucc
gccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccg
aggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggca
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaa
cggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccag
cagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucgg
cauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuu
cuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAG
AAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACA
AGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCC
UGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T21-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-21-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
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CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcUcCCcGGCCcCcCcU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagUCAACAUCAGUCUGAUAAGCUAucuagaccuucugcggggcuugccuucu
ggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGG
CUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAA
AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCA
AUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAG
CAUAUCUAG

3'T21-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-21-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
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GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugecuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagceg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagUCAACAUCAGUCUGAUAAGCUAucuagaccuucugcggggcuugccuucu
ggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAA
GAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAG
GCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAA
CAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUG
CAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

5'T339-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-339-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCcgugagcu
ccuggaggacagggaGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUU
GGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCcccucce
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CCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCA
CGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCG
GUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACC
GUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAG
UCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGG
GGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUU
GGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAA
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGU
GUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGU
UACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAG
UUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccug
gucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuac
ggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacce
ugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgcecau
gcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggug
aaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacaucc
uggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcau
caaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaac
acccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaag
accccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgeccgggaucacucucggcaugga
cgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggcc
augcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAU
UAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAALLC
UUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCC
UGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

5'T339-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-339-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCcgugagcu
ccuggaggacagggaGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUU
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GGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCcccuccc
CCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCA
CGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCG
GUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACC
GUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAG
UCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGG
GGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUU
GGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAA
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGU
GUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGU
UACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAG
UUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccug
gucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuac
ggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacce
ugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccau
gcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggug
aaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacaucc
uggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcau
caaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaac
acccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaag
accccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaugga
cgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggcce
augcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGG
CUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAA
AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCA
AUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAG
CAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAG
GUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T339-5p Circular EGFP ApA (bold: circularized)

Group | intron, CVB3 IRES, EGFP, miR-339-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC
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UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGceccceceu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagcgugagcuccuggaggacagggaucuagaccuucugcggggcuugccuucuggcca
ugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAU
UAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAALULUC
UUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCC
UGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

3'T339-5p Circular EGFP +pA (bold: circularized)

Group | intron, CVB3 IRES, EGFP, miR-339-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC
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UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGcecceccecceu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgcecaugcccgaaggcuacguccaggagceg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggegacggcecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagcgugagcuccuggaggacagggaucuagaccuucugcggggcuugccuucuggeca
ugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGC
UAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAA
UUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAA
UCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGG
UCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU
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5'T17-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-17-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCcuaccuge
acuguaagcacuuugGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUU
GGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACcCCcccucce
CCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCA
CGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCG
GUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACC
GUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAG
UCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGG
GGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUU
GGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAA
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGU
GUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGU
UACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAG
UUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccug
gucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuac
ggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggceccacccucgugaccacce
ugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccau
gcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgcecgaggug
aaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacaucc
uggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcau
caaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaac
acccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaag
accccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaugga
cgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggce
augcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAU
UAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAALULC
UUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCC
UGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
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UCUAG

5'T17-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-17-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCcuaccuge
acuguaagcacuuugGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUU
GGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACcCcccucce
CCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCA
CGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCG
GUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACC
GUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAG
UCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGG
GGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUU
GGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAA
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGU
GUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGU
UACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAG
UUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccug
gucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuac
ggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggceccacccucgugaccacce
ugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccau
gcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgecgaggug
aaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacaucc
uggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcau
caaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaac
acccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaag
accccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaugga
cgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggce
augcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGG
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CUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAA

AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCA
AUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAG
CAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAG
GUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T17-5p Circular EGFP ApA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-17-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggageg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcegaucacau

gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
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gcaucucgagugauagcuaccugcacuguaagcacuuugucuagaccuucugcggggcuugccuucuggcca
ugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAU
UAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAALLC
UUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCC
UGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

3'T17-5p Circular EGFP +pA (bold: circularized)
Group | intron, CVB3 IRES, EGFP, miR-17-5p target site
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgug

cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
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gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagcuaccugcacuguaagcacuuugucuagaccuucugcggggcuugccuucuggceca
ugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGC
UAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAA
UUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAA
UCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGG
UCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

5'T206 Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-206 target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCCCACACACUUCCUUACAUUCCAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCA
CCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUU
UAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUG
GCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGAC
UGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGU
CGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGLUGCGUUGGLGGLCUG
CCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACC
CUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCC
UUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAA
GUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugeccauccuggucg
agcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugcecaccuacggcaageuga
cccugaaguucaucugcaccaccggcaagcugeccgugeccuggceccacccucgugaccacccugaccuacggegugea
gugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugceccgaaggeuacguccaggag
cgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggugaace
gcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagec
acaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacg

gcagcgugcageucgccgaccacuaccagcagaacacccccaucggcgacggecccgugecugeugeccgacaaccacuac
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cugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugecuggaguucgugaccgecg
ccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugegg
ggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUA
GGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3'T206 Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-206 target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGLCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauce
gugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaag
uucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaage
ugcccgugcccuggeccacccucgugaccacccugaccuacggcgugcagugcuucagecgeuaccecgaccacaugaa
gcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaac
uacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaag
gaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcag
aagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuaccage
agaacacccccaucggcgacggccccgugecugecugeccgacaaccacuaccugagcacccaguccgeccugagcaaaga
ccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgcecgecgggaucacucucggcauggacgageug
uacaagagaucucauaugcaucucgagugauagCCACACACUUCCUUACAUUCCAucuagaccuucugcgg
ggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUA
GGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5'T302a-5p Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCAGCAAGUACAUCCACGUUUAAGUGCCACCUUAAAACAGCCUGUGGGUUGAUCCC
ACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUU
UUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGU
GGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCU
AGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGG
UCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGLCGUUGGLCGGCCU
GCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGA
GCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACAC
CCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGA
UCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCC
CUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUA
AGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagecuguucaccgggguggugeccauccugguc
gagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaageug
acccugaaguucaucugcaccaccggcaagcugceccgugceccuggeccacccucgugaccacccugaccuacggeguge
agugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugeccgaaggeuacguccagga
gcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggegacacccuggugaa
ccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacag
ccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgagga
cggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgugcugeugeccgacaaccacu
accugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccge
cgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucuge
ggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAG
UAGGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3'T302a-5p Linear EGFP
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Group | intron, CVB3 IRES, EGFP, miR-302a-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC

GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU

AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU

CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG

AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC

CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC

CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU

GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggaucc
gugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagecuggacggcgacguaaacggccacaag
uucagcguguccggcgagggcgagggcgaugcecaccuacggcaagcugacccugaaguucaucugcaccaccggcaage
ugcccgugeccuggeccacccucgugaccacccugaccuacggcgugcagugcuucagecgecuacceccgaccacaugaa

gcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaac
uacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaag

gaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcag

aagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuaccage
agaacacccccaucggcgacggcecccgugecugecugeccgacaaccacuaccugagcacccaguccgeccugagcaaaga

ccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgcecgecgggaucacucucggcauggacgageug
uacaagagaucucauaugcaucucgagugauagAGCAAGUACAUCCACGUUUAAGUucuagaccuucugcg
gggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGU
AGGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5'T21-5p Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-21-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCUCAACAUCAGUCUGAUAAGCUAGCCACCUUAAAACAGCCUGUGGGUUGAUCCCA
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CCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUU
UAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUG
GCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGAC
UGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGU
CGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGLCUGCGUUGGLGGLCUG
CCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACC
CUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUU
GGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCC
UUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAA
GUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugeccauccuggucg
agcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaageuga
cccugaaguucaucugcaccaccggcaagcugeccgugeccuggceccacccucgugaccacccugaccuacggegugea
gugcuucagccgeuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugeccgaaggeuacguccaggag
cgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggegacacccuggugaace
gcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagec
acaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacg
gcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgugcugecugeccgacaaccacuac
cugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecg
ccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugegg
ggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUA
GGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3'T21-5p Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-21-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
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GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggaucc
gugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaag
uucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaage
ugcccgugcccuggceccacccucgugaccacccugaccuacggcgugcagugcuucagcecgecuaccccgaccacaugaa
gcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaac
uacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaag
gaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcag
aagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccage
agaacacccccaucggcgacggecccgugcugeugceccgacaaccacuaccugagcacccaguccgeccugagcaaaga
ccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgageug
uacaagagaucucauaugcaucucgagugauagUCAACAUCAGUCUGAUAAGCUAucuagaccuucugcgg
ggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUA
GGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5'T339-5p Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-339-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC

GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCcgugagcuccuggaggacagggaGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCA
CAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUA
CCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCAC

ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCU
CACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAA
CACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU

GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCA

UGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAG

UUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCA
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AGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGU
GUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUU
ACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUG
UUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUG
AAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgageugg
acggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaagecugacccuga
aguucaucugcaccaccggcaagcugcccgugcccuggeccacccucgugaccacccugaccuacggegugcagugeuu
cagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagegeace
aucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcauc
gagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaac
gucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcage
gugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgugeugeugeccgacaaccacuaccuga
gcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecgecgg
gaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugeggggeu
ugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGG
GGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3'T339-5p Linear EGFP

Group | intron, CVB3 IRES, EGFP, miR-339-5p target site

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauce
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gugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagecuggacggcgacguaaacggccacaag
uucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaage
ugcccgugeccuggeccacccucgugaccacccugaccuacggcgugcagugcuucagecgcuaccccgaccacaugaa
gcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagegcaccaucuucuucaaggacgacggcaac
uacaagacccgcgccgaggugaaguucgagggegacacccuggugaaccgcaucgagcugaagggcaucgacuucaag
gaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcag
aagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccage
agaacacccccaucggcgacggecccgugcugeugceccgacaaccacuaccugagcacccaguccgeccugagcaaaga
ccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecgccgggaucacucucggcauggacgageug
uacaagagaucucauaugcaucucgagugauagcgugagcuccuggaggacagggaucuagaccuucugcggggcuug
ccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGG
CUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

linear switch (MiR-206)

EGFP, miR-206 target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCCCACACACU
UCCUUACAUUCCAgccaccaugggauccgugagcaagggcgaggagcuguucaccgggguggugeccauccugg
ucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaage
ugacccugaaguucaucugcaccaccggcaagcugcccgugeccuggeccacccucgugaccacccugaccuacggegu
gcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccag
gagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaac
agccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgag
gacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgugcugecugeccgacaace
acuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugac
cgccgecgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuuc
ugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUG
AGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

linear switch (miR-302a-5p)

EGFP, miR-302a-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAGUAC
AUCCACGUUUAAGUgccaccaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccug
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gucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaag
cugacccugaaguucaucugcaccaccggcaagcugeccgugeccuggceccacccucgugaccacccugaccuacggeg
ugcagugcuucagccgcuacceccgaccacaugaagcagcacgacuucuucaaguccgccaugeccgaaggeuacgucca
ggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggu
gaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaa
cagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucga
ggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggecccgugcugeugeccgacaac
cacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucguga
ccgecgecgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuu
cugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCU
GAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
A

linear switch (MiR-21-5p)

EGFP, miR-21-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCUCAACAUCA
GUCUGAUAAGCUAgccaccaugggauccgugagcaagggcgaggagcuguucaccgggguggugeccauccugg
ucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaage
ugacccugaaguucaucugcaccaccggcaagcugcccgugeccuggeccaccecucgugaccacccugaccuacggegu
gcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugeccgaaggcuacguccag
gagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaac
agccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgag
gacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggcecccgugcugecugeccgacaace
acuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugac
cgccgecgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuuc
ugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUG
AGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

linear switch (miR-339-5p)

EGFP, miR-339-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUccgugageuccug
gaggacagggagccaccaugggauccgugagcaagggcgaggagcuguucaccgggguggugeccauccuggucgage

uggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacce
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ugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggegugcagug
cuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugeccgaaggeuacguccaggagcege
accaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcegacacccuggugaaccge
aucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccac
aacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacgge
agcgugcagcucgccgaccacuaccagcagaacacccccaucggegacggecccgugeugeugeccgacaaccacuaccu
gagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgcecgec
gggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugegggg
cuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAG
GAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MS2CP responsive Circular EGFP variant1 (bold: circularized)
Group | intron, CVB3 IRES, EGFP,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCC

CUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGU
GGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUC
ACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGG
AAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGG
UAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGC
CAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGU
CCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUA
CCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUG
UUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUU
GAAUACAGCAAAaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccugguc
gagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggc
aagcugacccugaaguucaucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccuga

ccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcce
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cgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaag
uucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccugg
ggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaa
ggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacc
cccaucggcgacggccccgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagacce
ccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacga
gcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaug
cccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUA
UGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAALULUCUU
UAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUG
AGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUC
UAG

MS2CP responsive Circular EGFP variant2 (bold: circularized)
Group | intron, CVB3 IRES, EGFP,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGU CACCCACAGGCCC

GGGCGCTAGCACTCTGGTA UACCUUUGUGCGCC
UGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUC
AGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUC
GAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGU
GUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCG
UUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAA
GAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUG
CGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGG
UGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUA
GAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAAC
AUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgaggagcugu
ucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcg

agggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugcccgugcec
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cuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgcuaccccgaccacaugaagcag
cacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggca
acuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucga
cuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucaug
gccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcage
ucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugcccgacaaccacuaccugagce
acccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecg
ccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuu
cugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAA
AGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGA
GCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAG
UUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAA
UCGACGGAUAACAGCAUAUCUAG

MS2CP responsive Circular EGFP variant3 (bold: circularized)
Group | intron, CVB3 IRES, EGFP,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACcCcCUC

GAGGGCAGUGUGUCGUAA
CGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCU
AUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGG
CCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGC
UUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccy

ugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggcc
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acaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcac
caccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgce
uaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcacca
ucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccg
caucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaac
agccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaaca
ucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcu
gcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacauggucc
ugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcauc
ucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccugua
ccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUA
CGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCA
GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUA
GUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

MS2CP responsive Circular EGFP variant4 (bold: circularized)
Group | intron, CVB3 IRES, EGFP,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUU

GAUCGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACC
ACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAa
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ugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacg
uaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguu
caucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugce
uucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccagg
agcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccu
ggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguac
aacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagaucc
gccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccce
gugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgauc
acaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucuc
auaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuu
gcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCG
AGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCU
CAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGU
AGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

U1A responsive Circular EGFP variant1 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCGACAGCAUUGUACCCAGAGUCUGUCCCCAGACAUUGCACCUGGCGCUG
UCUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggg
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auccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaa
cggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucauc
ugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuuca
gccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcg
caccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggug
aaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgcca
caacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgug
cugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacau
gguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauau
gcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugeac
cuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGAC
GCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAA
CUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUA
AUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

U1A responsive Circular EGFP variant2 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAUUGUACUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGAUUGCACGUCUAUUGAGCUAGUUGGUAGUCcuUcCcGGCcccC
UGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGU
CGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUA
UUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGG
AUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCAC
UUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaug
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ggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacgua
aacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguuca
ucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuu
cagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggag
cgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccugg
ugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaa
cuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgc
cacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccg
ugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucac
augguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucau
augcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugce
accuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAG
ACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCA
AACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAG
UAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

U1A responsive Circular EGFP variant3 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCACAGCAUUGUACCCAGAGUC
UGUCCCCAGACAUUGCACCUGGCGCUGUGAGGGCAGUGUGUCGUAACGGGCAACUCU
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGC
UUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGA
CUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGU
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UAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagggcgag
gagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcgug
uccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugce
ccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgecuaccccgaccacau
gaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggac
gacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagg
gcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucua
uaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagce
gugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugcccgacaaccacu
accugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgu
gaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucgagugauaguc
uagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuu
GAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAA
UAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUA
AAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAG
UGGACAAUCGACGGAUAACAGCAUAUCUAG

U1A responsive Circular EGFP variant4 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcccu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCGACAGCAUUGUACCCAGAGUCUGUCCCCAGACAUUGCACCUGGCGCUGUCCA
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UCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUG
AAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccguga
gcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccaca
aguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccac
cggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagccgecuac
cccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucu
ucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcau
cgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagc
cacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucg
aggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugcce
cgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccugce
uggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucucg
agugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccu
cuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUACG
GACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGG
GAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGU
AAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

MS2CP responsive A-cap Linear EGFP variant4
Group | intron, CVB3 IRES, EGFP,
GGGAAAAUCCGEUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUU

GAUCGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCAC
UUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggga
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uccgugagcaagggcgaggagcuguucaccgggguggugeccauccuggucgagcuggacggcgacguaaacggcecac
aaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccgge
aagcugcccgugeccuggeccacceucgugaccacccugaccuacggcgugcagugcuucagecgcuaccccgaccacau
gaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacgge
aacuacaagacccgcgccgaggugaaguucgagggegacacccuggugaaccgcaucgagcugaagggcaucgacuuc
aaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaag
cagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuace
agcagaacacccccaucggcgacggccccgugcugeugeccgacaaccacuaccugagcacccaguccgeccugageaa
agaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacga
gcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuuc
uucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUAC
CGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAA

MS2CP responsive A-cap Linear EGFP variant5
Group | intron, CVB3 IRES, EGFP,
GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGLCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUA

UCCCUUUGUUGGGUUUAUA
CCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAa
ugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacg
gccacaaguucagcguguccggcgagggcgagggcgaugcecaccuacggcaagcugacccugaaguucaucugcaccac

cggcaagcugcccgugceccuggeccacccucgugaccacccugaccuacggcegugcagugcuucagecgcuaccecgace
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acaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgecaccaucuucuucaaggacga
cggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggeaucga
cuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccga
caagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgecgacca
cuaccagcagaacacccccaucggcgacggccccgugeugcugeccgacaaccacuaccugageacccaguccgceccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcaugg
acgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggeuugccuucuggecaugec
cuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGU
UACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAA

MS2CP responsive A-cap Linear EGFP variant6
Group | intron, CVB3 IRES, EGFP,
GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUU
AGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAA

a
ugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacg
gccacaaguucagcguguccggcgagggcgagggcgaugecaccuacggcaagcugacccugaaguucaucugcaccac
cggcaagcugcccgugcccuggeccacccucgugaccacccugaccuacggcgugcagugcuucagecgcuaccccgace
acaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacga
cggcaacuacaagacccgcgecgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucga

cuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggecga
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caagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgecgacca
cuaccagcagaacacccccaucggcgacggccccgugcugcugeccgacaaccacuaccugageacccaguccgeccuga
gcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgccgecgggaucacucucggcaugg
acgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggecuugccuucuggecaugee
cuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGU
UACCGGCGAGACGCUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAA

U1A responsive A-cap Linear EGFP variant4

Group | intron, CVB3 IRES, EGFP, U1A binding motif

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGLCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCGACAGCAUUGUACCCAGAGUCUGUCCCCAGACAUUGCACCUGGCGCUGUCCAU
CCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAA
AGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagg
gcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagegugu
ccggcgagggegagggcgaugecaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugeccgugec
cuggcccacccucgugaccacccugaccuacggcgugcagugcuucagecgcuaccccgaccacaugaagcagcacgac
uucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacce
gcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcea
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggca
ucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuaccagcagaacaccce
caucggcgacggccccgugcugcugceccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgag

aagcgcgaucacaugguccugcuggaguucgugaccgcecgccgggaucacucucggcauggacgagcuguacaagaga
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ucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucceuugea
ccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACG
CUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAA

U1A responsive A-cap Linear EGFP variant5

Group | intron, CVB3 IRES, EGFP, U1A binding motif

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACCUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGLCGCU
AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGU
AACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAU
CAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAG
AAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCC
CACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGC
CCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUU
AUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAGACAGCAUUGUACCCAGAGUCUGUC
CCCAGACAUUGCACCUGGCGCUGUCUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAA
AGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgugagcaagg
gcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagegugu
ccggcgagggecgagggcgaugecaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugeccgugec
cuggcccacccucgugaccacccugaccuacggcgugcagugcuucagecgcuaccccgaccacaugaagcagcacgac
uucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacce
gcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcea
acauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggca
ucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagecucgccgaccacuaccagcagaacaccce
caucggcgacggccccgugcugcugceccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgag
aagcgcgaucacaugguccugcuggaguucgugaccgcecgccgggaucacucucggcauggacgagcuguacaagaga
ucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugea
ccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACG
CUACGGACUUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

U1A responsive A-cap Linear EGFP variant6

Group | intron, CVB3 IRES, EGFP, U1A binding motif

GGG UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACAC
CGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGU
AUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUA
ACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUG
UUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUU
AUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCU
CAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCG
UGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACA
GACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCA
ACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGG
CUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGG
UGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAG
GUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGACAGCAUUGUACCCAGA
GUCUGUCCCCAGACAUUGCACCUGGCGCUGUCaugggauccgugagcaagggcgaggagcuguucac
cgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcguguccggcgagggcegaggag
cgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugceccgugeccuggeccaccecucgug
accacccugaccuacggcgugcagugcuucagcecgcuaccccgaccacaugaagcagcacgacuucuucaaguccgeca
ugcccgaaggceuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgccgaggugaagu
ucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggeaca
agcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuuca
agauccgccacaacaucgaggacggcagcgugcageucgccgaccacuaccagcagaacacccccaucggcgacggece
cgugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaug
guccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucuc
gagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggu
CUUUGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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MS2CP responsive Circular EGFP +pA variant4 (bold: circularized)
Group | intron, CVB3 IRES, EGFP,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUcCcuUccGGceccecccecu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUU

GAUCGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACC
ACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAa
ugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacg
uaaacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguu
caucugcaccaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugce
uucagccgcuaccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggceuacguccagg
agcgcaccaucuucuucaaggacgacggcaacuacaagacccgcgcecgaggugaaguucgagggcgacacccu
ggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguac
aacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagaucc
gccacaacaucgaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccce
gugcugcugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgauc
acaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucuc
auaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuu
gcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCG
GCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGC
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UCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGA
AGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGA
AACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUC
CCCGGGUACCGAGCUCGAAUU

U1A responsive Circular EGFP variant5 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAGACAGCAUUGUACCCAGAGUCUG
UCCCCAGACAUUGCACCUGGCGCUGUCUCCCUUUGUUGGGUUUAUACCACUUAGCUU
GAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgug
agcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccac
aaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcacca
ccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucageccgeua
ccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccauc
uucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcea
ucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacag
ccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacauc
gaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugce
ccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccug

cuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucuc

30



gagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguacc
ucuuggucuuuGAAUAAAGCCUGAGUAGGGGCUAUUAUGCGUUACCGGCGAGACGCUAC
GGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAG
GGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAG
UAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGAC
CAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCG
AGCUCGAAUU

U1A responsive Circular EGFP +pA variant5 (bold: circularized)
Group | intron, CVB3 IRES, EGFP, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAGACAGCAUUGUACCCAGAGUCUG
UCCCCAGACAUUGCACCUGGCGCUGUCUCCCUUUGUUGGGUUUAUACCACUUAGCUU
GAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaugggauccgug
agcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccac
aaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcacca
ccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugcuucagecgcua
ccccgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcgcaccauc
uucuucaaggacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgca
ucgagcugaagggcaucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacag

ccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacauc
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gaggacggcagcgugcagcucgccgaccacuaccagcagaacacccccaucggcgacggccccgugcugcugce
ccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaagcgcgaucacaugguccug
cuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagaucucauaugcaucuc
gagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguacc
ucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGC
UACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACU
CAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAU
UAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

Cap-MS2CP

GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUcgecace

ucua
gaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAA
GCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAA

Cap-U1A

U1A
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUcgeccaccAUGG
cgGCAGUUCCCGAGACCCGCCCUAACCACACUAUUUAUAUCAACAACCUCAAUGAGAAGA
UCAAGAAGGAUGAGCUAAAAAAGUCCCUGUACGCCAUCUUCUCCCAGUUUGGCCAGAUC
CUGGAUAUCCUGGUAUCACGGAGCCUGAAGAUGAGGGGCCAGGCCUUUGUCAUCUUCA
AGGAGGUCAGCAGCGCCACCAACGCCCUGCGCUCCAUGCAGGGUUUCCCUUUCUAUGA
CAAACCUAUGCGUAUCCAGUAUGCCAAGACCGACUCAGAUAUCAUUGCCAAGAUGAAAG
GCACCUUCGUGGAGCGGGACCGCAAGCGGGAGAAGAGGAAGCCCAAGAGCCAGGAGAC
CCCGGCCACCAAGAAGGCUGUGCAAGGCGGGGGAGCCACCCCCGUGGUGGGGGCUGU
CCAGGGGCCUGUCCCGGGCAUGCCGCCGAUGACUCAGGCGCCCCGCAUUAUGCACCAC

32



AUGCCGGGCCAGCCGCCCUACAUGCCGCCCCCUGGUAUGAUCCCCCCGCCAGGCCUUG
CACCUGGCCAGAUCCCACCAGGGGCCAUGCCCCCGCAGCAGCUUAUGCCAGGACAGAU
GCCCCCUGCCCAGCCUCUUUCUGAGAAUCCACCGAAUCACAUCUUGUUCCUCACCAACC
UGCCAGAGGAGACCAACGAGCUCAUGCUGUCCAUGCUUUUCAAUCAGUUCCCUGGCUU
CAAGGAGGUCCGUCUGGUACCCGGGCGGCAUGACAUCGCCUUCGUGGAGUUUGACAAU
GAGGUACAGGCAGGGGCAGCUCGCGAUGCCCUGCAGGGCUUUAAGAUCACGCAGAACA
ACGCCAUGAAGAUCUCCUUUGCCAAGAAGUAGucuagaccuucugcggggcuugeccuucuggccaugce
ccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3'T302a-5p Circular MS2CP +pA (bold: circularized)
Group | intron, CVB3 IRES, miR-302a-5p target site,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAA
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AGCAAGUACAUCCACGUUUAAGUucuagaccuucugcggggcuugccuucuggeccau
gcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGC
UAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAA
UUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAA
UCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGG
UCGACUCUAGAGGAUC

3'T302a-5p Circular U1A +pA (bold: circularized)
Group | intron, CVB3 IRES, miR-302a-5p target site, U1A
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCcCcCcU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAAUGG
cgGCAGUUCCCGAGACCCGCCCUAACCACACUAUUUAUAUCAACAACCUCAAUGAGAA
GAUCAAGAAGGAUGAGCUAAAAAAGUCCCUGUACGCCAUCUUCUCCCAGUUUGGCCA
GAUCCUGGAUAUCCUGGUAUCACGGAGCCUGAAGAUGAGGGGCCAGGCCUUUGUCAU
CUUCAAGGAGGUCAGCAGCGCCACCAACGCCCUGCGCUCCAUGCAGGGUUUCCcCcuuu
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CUAUGACAAACCUAUGCGUAUCCAGUAUGCCAAGACCGACUCAGAUAUCAUUGCCAAG
AUGAAAGGCACCUUCGUGGAGCGGGACCGCAAGCGGGAGAAGAGGAAGCCCAAGAGC
CAGGAGACCCCGGCCACCAAGAAGGCUGUGCAAGGCGGGGGAGCCACCCCCGUGGUG
GGGGCUGUCCAGGGGCCUGUCCCGGGCAUGCCGCCGAUGACUCAGGCGCCCCGCAUU
AUGCACCACAUGCCGGGCCAGCCGCCCUACAUGCCGCCCCCUGGUAUGAUCCCCCCG
CCAGGCCUUGCACCUGGCCAGAUCCCACCAGGGGCCAUGCCCCCGCAGCAGCUUAUG
CCAGGACAGAUGCCCCCUGCCCAGCCUCUUUCUGAGAAUCCACCGAAUCACAUCUUGU
UCCUCACCAACCUGCCAGAGGAGACCAACGAGCUCAUGCUGUCCAUGCUUUUCAAUCA
GUUCCCUGGCUUCAAGGAGGUCCGUCUGGUACCCGGGCGGCAUGACAUCGCCUUCGU
GGAGUUUGACAAUGAGGUACAGGCAGGGGCAGCUCGCGAUGCCCUGCAGGGCUUUAA
GAUCACGCAGAACAACGCCAUGAAGAUCUCCUUUGCCAAGAAGUAGAGCAAGUACAU
CCACGUUUAAGUucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcace
uguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGA
GACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUC
AAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUA
GUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACA
GCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUC

EGFP linear switch (MS2CP)
EGFP,
GGUCAGAUCCGCUAGCGGAUCC

ACCGGUCgccaccaugggauccgugagcaaggge
gaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacguaaacggccacaaguucagcguguce
ggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucugcaccaccggcaagcugeccgugeccu
ggcccacccucgugaccacccugaccuacggcgugcagugcuucagecgcuaccecgaccacaugaagcagcacgacuu
cuucaaguccgccaugcccgaaggcuacguccaggagcgcaccaucuucuucaaggacgacggcaacuacaagacccge
gccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggcaucgacuucaaggaggacggcaac
auccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucauggccgacaagcagaagaacggcauc
aaggugaacuucaagauccgccacaacaucgaggacggcagcgugcageucgccgaccacuaccagcagaacacceeca
ucggcgacggccccgugcugeugcccgacaaccacuaccugagcacccaguccgcccugagcaaagaccccaacgagaa
gcgcgaucacaugguccugcuggaguucgugaccgccgccgggaucacucucggcauggacgagcuguacaagagauc
ucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcace
uguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAA

EGFP linear switch (U1A)

EGFP, U1A binding motif
GACAGCAUUGUACCCAGAGUCUGUCCCCAGACAUUGCACCUGGCGCUGUCCGCAGAUC
GAGAAGAAGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUgee
accaugggauccgugagcaagggcgaggagcuguucaccgggguggugcccauccuggucgagcuggacggcgacgua
aacggccacaaguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcugacccugaaguucaucuge
accaccggcaagcugcccgugcccuggcccacccucgugaccacccugaccuacggcgugcagugeuucagccgcuacce
cgaccacaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacguccaggagcegcaccaucuucuucaag
gacgacggcaacuacaagacccgcgccgaggugaaguucgagggcgacacccuggugaaccgcaucgagcugaaggge
aucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaacagccacaacgucuauaucaug
gccgacaagcagaagaacggcaucaaggugaacuucaagauccgccacaacaucgaggacggcagcgugcagcucgec
gaccacuaccagcagaacacccccaucggcgacggccccgugeugcugceccgacaaccacuaccugagcacccaguccge
ccugagcaaagaccccaacgagaagcgcgaucacaugguccugcuggaguucgugaccgecgecgggaucacucucgge
auggacgagcuguacaagagaucucauaugcaucucgagugauagucuagaccuucugcggggcuugccuucuggeca
ugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MS2CP responsive Circular MetLuc2 +pA variant4 (bold: circularized)
Group | intron, CVB3 IRES, MetLuc2
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCcGGCCcccu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
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GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUU

GAUCGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACC
ACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAa
uggacaucaaggugguguucacccugguguucagcgcccuggugcaggccaagagcaccgaguucgacccca
acaucgacaucgugggccuggaaggcaaguucggcaucaccaaccuggaaaccgaccuguucaccaucuggga
gaccauggaagugaugaucaaggccgacaucgccgacaccgaccgggccagcaacuucguggccaccgagacc
gacgccaaccggggcaagaugcccggcaagaagcugccccuggccgucaucauggaaauggaagccaacgccu
ucaaggccggcugcacccggggcugccugaucugccugagcaagaucaagugcaccgccaagaugaaggugua
cauccccggcaggugccacgacuacggcggcgacaagaaaaccggccaggccggcaucgugggcgccaucgug
gacauccccgagaucagcggcuucaaagaaauggcccccauggaacaguucaucgcccagguggacagaugcg
ccagcugcaccaccggcugccugaagggccuggccaacgugaagugcagcgagcugcugaagaaguggcugcc
cgaccgcugcgccagcuucgccgacaagauccagaaagaggugcacaacaucaagggcauggccggcgacagg
ugaucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuugg
ucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGG
ACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGG
AAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUA
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCA
UGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAG
CUCGAAUU

U1A responsive Circular MetLuc2 +pA variant5 (bold: circularized)
Group | intron, CVB3 IRES, MetLuc2, U1A binding motif
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
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UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCuUCCcGGCccceu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAGACAGCAUUGUACCCAGAGUCUG
UCCCCAGACAUUGCACCUGGCGCUGUCUCCCUUUGUUGGGUUUAUACCACUUAGCUU
GAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAauggacaucaag
gugguguucacccugguguucagcgcccuggugcaggccaagagcaccgaguucgaccccaacaucgacaucg
ugggccuggaaggcaaguucggcaucaccaaccuggaaaccgaccuguucaccaucugggagaccauggaagu
gaugaucaaggccgacaucgccgacaccgaccgggccagcaacuucguggccaccgagaccgacgccaaccgg
ggcaagaugcccggcaagaagcugccccuggccgucaucauggaaauggaagccaacgccuucaaggccggcu
gcacccggggcugccugaucugccugagcaagaucaagugcaccgccaagaugaagguguacauccccggcag
gugccacgacuacggcggcgacaagaaaaccggccaggccggcaucgugggcgccaucguggacauccccgag
aucagcggcuucaaagaaauggcccccauggaacaguucaucgcccagguggacagaugcgccagcugcacca
ccggcugccugaagggccuggccaacgugaagugcagcgagcugcugaagaaguggcugcccgaccgcugcg
ccagcuucgccgacaagauccagaaagaggugcacaacaucaagggcauggccggcgacaggugaucuagacce
uucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUA
AAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUA
AUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAA
UCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUG
GACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGC
CAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCCCGGGUACCGAGCUCGAAUU

3'T21-5p Circular MS2CP +pA (bold: circularized)
Group | intron, CVB3 IRES, miR-21-5p target site,
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
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UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCcGGCCcccu
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAA

UCAACAUCAGUCUGAUAAGCUAucuagaccuucugcggggcuugccuucuggccaugce
ccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUA
UUAUGCGUUACCGGCGAGACGCU

ACCAGUGGACAAUCGACGGAUAACAGCAU
AUCUAGACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUC
GACUCUAGAGGAUC

3'T21-5p Circular U1A +pA (bold: circularized)
, CVB3 IRES, miR-21-5p target site, UTA
GGGAGACCCUCGACCGUCGAUUGUCCACUGGUC

UGA
CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGC
CGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCGCCACC
UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGG
UAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAG
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UAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUU
CUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGG
GCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCcCUCCGGCCCCU
GAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUC
GUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAU
UCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGA
UUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACU
UAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAAUGG
cgGCAGUUCCCGAGACCCGCCCUAACCACACUAUUUAUAUCAACAACCUCAAUGAGAA
GAUCAAGAAGGAUGAGCUAAAAAAGUCCCUGUACGCCAUCUUCUCCCAGUUUGGCCA
GAUCCUGGAUAUCCUGGUAUCACGGAGCCUGAAGAUGAGGGGCCAGGCCUUUGUCAU
CUUCAAGGAGGUCAGCAGCGCCACCAACGCCCUGCGCUCCAUGCAGGGUUUCCcCcuuu
CUAUGACAAACCUAUGCGUAUCCAGUAUGCCAAGACCGACUCAGAUAUCAUUGCCAAG
AUGAAAGGCACCUUCGUGGAGCGGGACCGCAAGCGGGAGAAGAGGAAGCCCAAGAGC
CAGGAGACCCCGGCCACCAAGAAGGCUGUGCAAGGCGGGGGAGCCACCCCCGUGGUG
GGGGCUGUCCAGGGGCCUGUCCCGGGCAUGCCGCCGAUGACUCAGGCGCCCCGCAUU
AUGCACCACAUGCCGGGCCAGCCGCCCUACAUGCCGCCCCCUGGUAUGAUCCCcCcCCG
CCAGGCCUUGCACCUGGCCAGAUCCCACCAGGGGCCAUGCCCCCGCAGCAGCUUAUG
CCAGGACAGAUGCCCCCUGCCCAGCCUCUUUCUGAGAAUCCACCGAAUCACAUCUUGU
UCCUCACCAACCUGCCAGAGGAGACCAACGAGCUCAUGCUGUCCAUGCUUUUCAAUCA
GUUCCCUGGCUUCAAGGAGGUCCGUCUGGUACCCGGGCGGCAUGACAuUCGCCcuUuUcCGU
GGAGUUUGACAAUGAGGUACAGGCAGGGGCAGCUCGCGAUGCCCUGCAGGGCUUUAA
GAUCACGCAGAACAACGCCAUGAAGAUCUCCUUUGCCAAGAAGUAGUCAACAUCAGUC
UGAUAAGCUAucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccugu
accucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGCUAUUAUGCGUUACCGGCGAGA
CGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAA
ACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGU
AAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGACACAGGAAACAGC
UAUGACCAUGAUUACGCCAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUC

5'T302a-5p MS2CP
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, MiR-302a-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAGUAC
AUCCACGUUUAAGUgccacc

ucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuu
gcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5T302a-5p U1A

U1A, miR-302a-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCAGCAAGUAC
AUCCACGUUUAAGUgccaccAUGGcgGCAGUUCCCGAGACCCGCCCUAACCACACUAUUUA
UAUCAACAACCUCAAUGAGAAGAUCAAGAAGGAUGAGCUAAAAAAGUCCCUGUACGCCA
UCUUCUCCCAGUUUGGCCAGAUCCUGGAUAUCCUGGUAUCACGGAGCCUGAAGAUGAG
GGGCCAGGCCUUUGUCAUCUUCAAGGAGGUCAGCAGCGCCACCAACGCCcUGcaGeUce
AUGCAGGGUUUCCCUUUCUAUGACAAACCUAUGCGUAUCCAGUAUGCCAAGACCGACUC
AGAUAUCAUUGCCAAGAUGAAAGGCACCUUCGUGGAGCGGGACCGCAAGCGGGAGAAG
AGGAAGCCCAAGAGCCAGGAGACCCCGGCCACCAAGAAGGCUGUGCAAGGCGGGGGAG
CCACCCCCGUGGUGGGGGCUGUCCAGGGGCCUGUCCCGGGCAUGCCGCCGAUGACUC
AGGCGCCCCGCAUUAUGCACCACAUGCCGGGCCAGCCGCCCUACAUGCCGCCCCCUGG
UAUGAUCCCCCCGCCAGGCCUUGCACCUGGCCAGAUCCCACCAGGGGCCAUGCCCCCG
CAGCAGCUUAUGCCAGGACAGAUGCCCCCUGCCCAGCCUCUUUCUGAGAAUCCACCGAA
UCACAUCUUGUUCCUCACCAACCUGCCAGAGGAGACCAACGAGCUCAUGCUGUCCAUGC
UUUUCAAUCAGUUCCCUGGCUUCAAGGAGGUCCGUCUGGUACCCGGGCGGCAUGACAU
CGCCUUCGUGGAGUUUGACAAUGAGGUACAGGCAGGGGCAGCUCGCGAUGCCCUGCAG
GGCUUUAAGAUCACGCAGAACAACGCCAUGAAGAUCUCCUUUGCCAAGAAGUAGuUcuagac
cuucugcggggcuugccuucuggccaugceccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGC
CUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAA
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57T21-5p MS2CP

, miR-21-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCUCAACAUCA
GUCUGAUAAGCUAgccacc

ucuagaccuucugcggggcuugccuucuggccaugcccuucuucucucccuugea
ccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAA

5T21-5p U1A

U1A, miR-21-5p target site
GGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUCUCAACAUCA
GUCUGAUAAGCUAgccaccAUGGecgGCAGUUCCCGAGACCCGCCCUAACCACACUAUUUAU
AUCAACAACCUCAAUGAGAAGAUCAAGAAGGAUGAGCUAAAAAAGUCCCUGUACGCCAU
CUUCUCCCAGUUUGGCCAGAUCCUGGAUAUCCUGGUAUCACGGAGCCUGAAGAUGAGG
GGCCAGGCCUUUGUCAUCUUCAAGGAGGUCAGCAGCGCCACCAACGCCCUGCGCUCCA
UGCAGGGUUUCCCUUUCUAUGACAAACCUAUGCGUAUCCAGUAUGCCAAGACCGACUCA
GAUAUCAUUGCCAAGAUGAAAGGCACCUUCGUGGAGCGGGACCGCAAGCGGGAGAAGA
GGAAGCCCAAGAGCCAGGAGACCCCGGCCACCAAGAAGGCUGUGCAAGGCGGGGGAGC
CACCCCCGUGGUGGGGGCUGUCCAGGGGCCUGUCCCGGGCAUGCCGCCGAUGACUCA
GGCGCCCCGCAUUAUGCACCACAUGCCGGGCCAGCCGCCCUACAUGCCGCCCCCUGGU
AUGAUCCCCCCGCCAGGCCUUGCACCUGGCCAGAUCCCACCAGGGGCCAUGCCCCCGC
AGCAGCUUAUGCCAGGACAGAUGCCCCCUGCCCAGCCUCUUUCUGAGAAUCCACCGAAU
CACAUCUUGUUCCUCACCAACCUGCCAGAGGAGACCAACGAGCUCAUGCUGUCCAUGCU
UUUCAAUCAGUUCCCUGGCUUCAAGGAGGUCCGUCUGGUACCCGGGCGGCAUGACAUC
GCCUUCGUGGAGUUUGACAAUGAGGUACAGGCAGGGGCAGCUCGCGAUGCCCUGCAGG
GCUUUAAGAUCACGCAGAACAACGCCAUGAAGAUCUCCUUUGCCAAGAAGUAGucuagacc
uucugcggggcuugccuucuggccaugcccuucuucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCC
UGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAA
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MetLuc2 linear switch (MS2CP)
MetLuc2,
GGUCAGAUCCGCUAGCGGAUCC

ACCGGUCgccaccauggacaucaaggugguguuc
acccugguguucagcgcccuggugcaggccaagagcaccgaguucgaccccaacaucgacaucgugggcecuggaaggea
aguucggcaucaccaaccuggaaaccgaccuguucaccaucugggagaccauggaagugaugaucaaggccgacaucg
ccgacaccgaccgggccagcaacuucguggccaccgagaccgacgccaaccggggcaagaugcccggcaagaagceugec
ccuggccgucaucauggaaauggaagccaacgccuucaaggcecggeugeacccggggcugecugaucugecugageaag
aucaagugcaccgccaagaugaagguguacauccccggcaggugccacgacuacggcggcgacaagaaaaccggecag
gccggcaucgugggegccaucguggacauccccgagaucagcggcuucaaagaaauggeccccauggaacaguucauc
gcccagguggacagaugcgcecageugcaccaccggcugccugaagggcecuggcecaacgugaagugcagegageugeug
aagaaguggcugcccgaccgcugcgccagecuucgccgacaagauccagaaagaggugcacaacaucaagggcauggec
ggcgacaggugaucuagaccuucugeggggcuugccuucuggccaugcccuucuucucucccuugecaccuguaccucuu
ggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAA

MetLuc2 linear switch (U1A)

MetLuc2, U1A binding motif
GACAGCAUUGUACCCAGAGUCUGUCCCCAGACAUUGCACCUGGCGCUGUCCGCAGAUC
GAGAAGAAGGCGAAUUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACACCGGUgee
accauggacaucaaggugguguucacccugguguucagcgcccuggugcaggccaagagcaccgaguucgaccccaac
aucgacaucgugggccuggaaggcaaguucggcaucaccaaccuggaaaccgaccuguucaccaucugggagaccaug
gaagugaugaucaaggccgacaucgccgacaccgaccgggccagcaacuucguggcecaccgagaccgacgccaaccggg
gcaagaugcccggcaagaagceugccccuggecgucaucauggaaauggaagccaacgccuucaaggecggeugeacceg
gggcugccugaucugccugagcaagaucaagugcaccgccaagaugaagguguacauccccggcaggugecacgacua
cggcggcgacaagaaaaccggccaggccggcaucgugggcgccaucguggacauccccgagaucagcggcuucaaaga
aauggcccccauggaacaguucaucgcccagguggacagaugcgcecagcugcaccaccggcugecugaagggecuggee
aacgugaagugcagcgagcugcugaagaaguggceugcccgaccgcugcgccagcuucgecgacaagauccagaaagag
gugcacaacaucaagggcauggcecggegacaggugaucuagaccuucugcggggcuugecuucuggccaugcccuucu
ucucucccuugcaccuguaccucuuggucuuuGAAUAAAGCCUGAGUAGGAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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